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suMxÅar

Thc aiu of the rork d.csorlbed. Ln thts thegi¡ çap to
cerry out ueasursEents of the abeorptLon of, sol,ar yêouuE

ultra-vLolet raclLatl,on fn the eartht¡ etnoa¡herc anð to
uce tbcse úoasureuont¡ to clgrlvs atnospherf.o noleoul¿r

o4rgc¡¡ d.cnsltLesr l{eaaurcnentø hacl ¡lrev!.ouaLy becn nadte

by ¡ovoral rorkers uoLng both dl.Lcperslvc rn¡trunento¡
rhich raqu!.re ¿ rookat rlth a poLntlng oontrol¡ anü t¡or¡-

d.LsperEive ln¡tnuuentr, wh!.oh can be usecL wlth unstebflt¿cil
rooketr, but no noleor¡lar orygGn dl.ensltter drrivcdl in thts
ray badL becn rcported^ for the southarn lleniopherc. lhc
opportunlty of ual.ng tbe un¡teblll¡ad HAD andt r,oag ton
rooketa fÍreê frou ffooncra nadle it posclble to plan a

nunber of fLfghtr uaing rinplo ion ohanu""c ecncitive to
varlous ravelength bandl¡ !.n tho rên6o looo to 16501.

lhe¡e provl<le a relatf.vel.y slnplê ne&¡B of ¡¡earuring

aocuretely the abaoLuts fJ.uxcc anct glve ablorptlon profl,Ler
¡rlth better hctght resoLutJ.on than la obtglnabre ualng

dl.Lap er rlvo jlnstrurn ent ¡o

Tro H.å.D rookets wero Euooeosf,ully flredl oerry!,ng ton

shanber¡ sensltlve to rrynau-c radtl,atLon. Orygcn it.enol,tLes

toro d.erlved. for thrce artltudl.¡r fron the re¡ult¡ of, tha

flrat flteht ancl. at I kn lntorval¡ fron the reaulto of the
geoouil. The two gets of va,Luet aro ln gooit agrconent andt

lle ol,osor to those of tbe u.$. stand.ard Âtnosphcre than
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tboor obteineil by llortharn lfanLaphere workarãr Horcvar

tt ls ruggeatedL that the rilcnri.tle¡ dlcvLatc ei6n{ft oantly
bclo; those of the II¡S. StaadLardl Àtnorphere et hei8hto

bsLor 8O kn. lenperature profLles d,erLvedl fron the¡e

orygôn d,enEltLes Lnd.loate tenperaturea 5 to lOoG ¿bove

tbsso of the u.so stancLaril. å.tuoa¡lherc. Íhe neasure¡ent¡

of tbs lntcnslty of thø sol.ar Ïryncn-c llnc¡ oonblnedt. wlth
tbo¡r of othor ryorkersrlnply that ths v¿r!.atLon l.¡
lntcpal.ty d!.url,ng o¡¡c aunrBot oyole !.a not Eorr than tlØ",
À Ïrong îou rooket, whl.oh hac a la¡lnu¡¡ altj.tud.c of ll0 kn,
vas :lnstru¡¡ontecl nltb s aunber of dllffercat lon obauberc

ooverf.ng the range l0OO-l6SOî but thLa ex¡rerf.neat rat
utrtuootü¡fuL orLng to a falluro !.n the tclenetry oquf.puent.

J[¡r Lnva¡tlgatl.on har becn uad.c of a nu¡¡ber of

oharaçterfstLE¡ of the vêour¡tr ultra-vlolet ion ohanber¡

çlth the sl"a of f.n¡rroring th¡1r rellabl.llty ea rockGt-

bornc ilct¡otor¡o Flre dllfferent rlndlors andL tçcrvc
f,til.tng gaccr havs baan useð Ln yarlous oonblnatloac to
pro<luoo fourtaea ohanberr ¡cnsl"tlvc to ¡llfferr¡t ¡arelaneth

bandl¡ In tho rango l0OO-16501. the apeotral rêrponÉc

and[ ab¡o].ute effiolenoy of eaoh ohauber ha¡ tsen nêÈguród..

Thc cffeot of tcnperature ohangcr in the rånga o to roorc

on the speotraL rðËponåos h¡¡ been d,ctern!,nec[, tt belng

foundt that both the Lorcr andl upper 11n!.t¡ of the cpootral
r6tpon6r aro novecl to htgher r¿vclongthr a¡ the tonBeraturo
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f.o ralseû. Xt hss aLso becn ¡horn that sarbon ûleutBh!,ðc

1¡ un¡ultable aa I fLlJ.lng for loa oh¡nbcr! uredl ln ths

clctcotion of aol.ar r¡ülatLon rf.poc tha deoonporLtl"on of tho

oarbon dlLøul;ohld.e by the r¡Ltr*-vLolet radll¿ti.sn leatlc to &

¡crioua rødluoÈi.on !.n the tranrul¡aLon of the rlndlor. lba

abaorptf.on oosf,flsf.ents of sone of the fiLl.tng gâl€s¡ rhlsh

rers not prevloull'y kno*nn h¿ve been neacurcdl.

As an atlJunct to tha rork on Lon shanber¡ tn

tnverttgatlon har boen nadlc sf the staù{stfoal propcrü!.ea

of the g&6 nulttpllcatLon rhLsh takea plaoe çhen thesc

ilcteotor¡ are ueedl å,Ë propo¡rtLonal oountsr!r PrevLous

nêaruroncnt¡ on thc st¡ttsttoal fluotuotLoa in the ¡1¡o

of av¡l¿noho¡ tai.ti.atedl b,y a rlngle prLnary øleotro¡ hail,

beon madle çlth onJ.y a f,cç fllllng gâõê8o Pul¡o speotra

Íâ16 racordled. for ¡lx dtlffercnt flllLngr, at a nunÞer of

oounter voLtêg€ðr cnê oretr a rLcle rangc of pul-rc helghtr.

fhs rhapcs of thE pul¡o apcotra ean bç reLatcdL qultr
retLsfaotoríly to vêrLouô thoorotloa,l dtlctrlb.rtlonr but

thc prorsao¡ of, seoondary eval¡noha¡ Ln al,noet al.l o&sG6

lnc!.loates that the rslstfve vartanos of thc dlL¡trlbu'ü{on¡

ls greater than prevlouuly a¡sunedl.



(vlrr)

PREF*C8Ë

fbi¡ thcst¡ oonta!.ns no natsrlal rhloh har bcoa

ooocptact for the arari[ of a¡ry othor dlcgrlc or ûlDlO¡¿ ln

any UnlvercLtyr |!O tht be¡t of the authort¡ knortrcú'gr

a¡{l beltef f.t oouta!.na no netcrial, ¡rrovlously puÞllcbcdl

or rrltt¡n by a¡other perüor¡ exocpt rhtn ûuc rcf,gino.

l¡ raôr ln tho tc¡tr
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4cHrgqItFpÊqqEryrfl

fhc roolrct rr¡rrrlnont¡ lltrlrlb¡il tn thi¡ th¡¡i'¡

rtrt o¡pl,edl ottt la ooloporctfon rlth tbe fllgbt ProJcotr

Oroup¡ Wcapona Rc¡earoh Fstabürhnentr lcit ùy llrr Dr REf,¡

to rhol thc euthor roullL lf.ke to ttq,rtll bi,¡ th¡nkr for

nalf,n6 thcro orportr6atr poarlblc.

fh¡ ¿uthor noul,dt alro ltkr to thanlc Dro E.I*r lurray

nho oagleü out nsrt of, the rork lnvolvrtl ln iLlrigntnC

thc eilaotrlo¡l cLroultry for thr rcoket¡¡

Sl,aally the ¡r¡tbor çoulit llke to thènk blr , ru¡larYltor

Proftr¡orJrll¡0¡r?a¡rno¡talnolrclyforhll6ulilanoo
thror¡gbout tbE oosrts of, thl'¡ tsrLe

Thlr lnvorttrg¡ti.on las o¿rrl¡dl out lhllr tho tuthor

rar boldlLng a Senior $tuðrntlhlB grcntcû by thc

couourlsltb s0lcntJ.fl,o andl Indl.ustrlrl Rs¡erroh

Ort¿ntrratl"o¡.
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1.1 å-Rtvle; g[ Prsvtg$q,l{?gåu¡rrnq+ts o.f the Solag

gl!E;!!gtgg-Soootru¡
I.'l.1 Dr.aBersLro l[ca¡uranent¡.

PrLor to 19116 the naturc of thc ¡ol,¿r apeotruu ot

rarclengtho J.osg ttran 29OOl ral t¡¡hnorn orlng to tbc f,*Et

that thc rarthrc atuorpherc ¿bsorb¡ etron6ly ln thlr reglon.

fhc out-off, at AgOCIl ob¡ervcl!. frpa the groundt La tur to otont

rhleb, atrthough prütont la only a îorJr s¡¡all quantlt¡r (tle

totcl otone oontent of thc atnoopherc la equ!.valcnt to a

Ia¡rcr about 2 to 5as thlok ct S.B.P.)¡ har ¡uoh a hlgh

abror¡rtLon ooefffoicnt ln thp rcglon 22Oô to 29001 that lt

¡ffcotl,r6l.y prcrouta any of tht¡ r¡dllatfon f,ron thc tun

rra6htng the groundlr Bal}oonc dto not attaln ¡uffl,olcat

eltttutto to r1¡o absva tho oron., rhLoh reaohc¡ ttr na¡t¡u¡

senoentretloa Et about 2þ ka¡ andl lo thc üq]lorctlon of thl¡

rogLon of tho solar sptotrun hadt to ar¡l,t thc ¿dlrcnt sf

rookatt oapablc of rl¡lnS to hel6htr st 75 kl or lot3o lhc

flr¡t to b6 uËedl wers the V2 rookst¡ oapturedl fron thc

Ocr¡aar ilurl,ng ths rar å,nd[ f,lroit ln å¡crloa it'urLng tbc ye¡rt

1946 to l9l+9. lh¡ btttory of thsrr ¿l¡iL lubÚcqusnt

lnvertlgatloaa uB to 196, ha¡ þecn revlercit by loulry (tg6S)

andt Ps8cl (116l). lhe 1att6f I,8pGr oontal'no ¿ lL¡t of thc

nost aotable fllehtl noçt of, lhLoh havo becn rsile fron

Whitc Sandl¡ ln Àncrlsa.
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Tht f,|r¡t rpeotra taken fron ths V2 rookct (faun at a!.

19I+6) ¡howriL quttG clçsrly thc rffrst of thl ¿tnosphcr!.o

olorar À torlet of thLrty-ftve spsotÍ'a' tel tôk'n at helght¡

up to 88 ka, andl a¡ thc rooþat ollnboû tbo }!¡tt of, ths

ob¡ervcdL a¡rcotRra novsô frop 29001 tora to 2{OOl,. thr

!.notn¡ssnt uscdl, raa ¡ norr¿l. lnoLdleuo¡ tratlng tpcotrotraph

t!.th photographto reoorttLng of the opeotra, the f,lla bct'n5

rooovercdl after the fllght. thc opeotra lr.rt lot of, gooê

rtsolutlon anil. ¡hsr¡dl only ¿ oontl¡uatlo¡ of, tbe rl,llblo

oontl.nuun togcther rLth the vor¡r ltrong eb¡orptlon dloublet

of tlg II at e8051 anå 2796î. tho¡s arc thc rüsoll¿uoo liner

of, llg II sndl oorroopondl to thc H rnù K absorpttrEn lin¿r of

ca xx ob¡crvcdl in tho rxal'brc' ånothcr fllcÈt raç uadlr ln

lgb| u¡!,ns the f2 (Hopfletdt andl 0lsarnau f 9¡18), ¡nd' rptotrs

ræt obta{aa{t rhorLng that tbc Sreuabof,m cbrorptlon linar

obscrvedl Ln the rl¡ibtr a oontlnueil bclor e9o0l' tbost tb!'rty

*brorptlon llnet wsro litcatf.fto<l' Ln the re¡go 25O0 to 290CI1.

Brtenslqn of the obaervationâ to rhortsr r¿vctr cngthl rar

not posaLblcn howcYer, uolng tho tcohnlquc of, thsrl fll6ht¡

f.n çhloh the rookat ça¡ un¡tabi.lLrcdt andl tbc sp€8trcßreph

h¿dL to hevs ù rt dl.t f tsldt of Ylar. ßbf.¡ !.¡ a rt¡ult of tho

raptdl. dlrop in lntqnrlty of thc çolar tpüotrun ¿t ravcl'on6th¡

leac than 2lOOl,. Ío ovsrçone thL¡ {tlff,loulty e golutlng

sontrol çaa dl.creloped, rht çh osuldl. kecp an lngtrunent polntcdl

torsrdls the cu¡ :lrrolp6otL1c of thc Egt!.on of, thc rêåt of
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the roOkct. It vas butlt lnto thr Acrobecl r rsokot

dtrvclopcit for lrleh aLtLtu{to rütcåtloh ¿ttdt u!c'l el¡o¡t

rxctrualvcly for ¡o1.ar tptotrulr ob¡Orvetlonr at htgh altt'tuitc¡

fron 1952 snrarill.

In f952 Ren¡c (lglr), u¡tag tbc polntln6 oontrol ¿ndL

r grütl.n6 lnoLitoaoc tpoÖtrograpb¡ obte,inoit thr f,lrat l'regc

of L¡rnan-cn th. rËro¡anoa lL¡o sf atOn:[O hyilrogcn¡ tndl

tbor¡rl that Lt ras an r¡Ls¡l0n lÍnc l.¡ oontrr¡t to thc

Belnsr ll,na¡ ob¡orrcdl i,n tha vlriblc anû aoan ultr¡-rLol¡t

¡hleh tp¡,sar tt abrorptLon lt¡re¡. fhc ¡rtJ'natedl LntcnlLty

of thLa llae ças o.9 
"og 

ð"-' !fo-l '
Brttor Lnagcr of thr Lyuas'c lLac ttrt oþ?atracil ln f 95l

by Johnron ot ¿f,.. (lg¡lr) urlng a dtsublc lptstfotraph rhloh

taa florR ¡ nunber of tluq¡ a¡dl he¡ beca ilcrortbril by

Joharoa ct alo (ffEg). Ono lpootrograpb oorGrcdl the ran6e

5Ot to A50OR, the sun bclng Lna6cd[ onto the alLt by a

oonoevo Ëlrror, rhlLe the othcr ooYcroô the ren6c lSOO to

55004 andt rlp!.oyeô t ltthlul fluortùe lon¡ to lnago thr ülË

onto thc rLltr Tha aLtttuô¡ rçaobcil on that fllght ral

lolr hnr xn {955 afl.tsht urlng tbe tl¡G lnrtrun¡nt r'eÛhail

an eltltuilt of I t 5 hn andt tho rpeotra ¡borr{[ for tbc ff'rrt

tLn¡ rnlrrlon l1net othcr th¡n Lylan-c (Johnroa rt ¿X' 1958)'

åÞout forty llneg sero ltlcnttftst Drtrera 16?0l a¡dt' thc

c IrI l!.no at 9??1. The 50o to 25ool üPcotrograph rar

dl.e¡|,tnei!'Eothatthelna6c¡of,thc.rpcotr¡xll¡eåtcl¡O
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rtLguatJ.e lrc¡ tho f.nttnr¿ty ûLttrl,butl,o¡ al,o!ß ¿ ll,nr
oorrotponilrdL to the lntr¡¡l,ty ili"¡trtbutl,on sLart e dtLanctcr

of tho solar rilf.rc at tbat ravrLrngtbr Erccu¡e of thla,
Dôürur.rcatc coulil bo nad,o of thr Lhb brfghtrai.ng or

dLarks¡tng for ?ar:Lour rerrloa6Èhr. lbc ruild[.! i!,roB La

Latr¡rtty ct 20891 raa rllo r.oordhil on tbi,¡ fl.l.6ht.

futracltLcr of 016 andi 1.6 rrg eü-r tto-f for thc &¡rnan-a

llne t6rG ûtrfvoil f nsn thc l95tr anil 199, fllghtt rrrl,ootlrc].yr
Fron ¡ flteht Ët{[. tu 1957 urlng ¡ gl.otl¡t l,¡rcl,ilonor

apcatrograBb Àbouit ct aI. (tg¡g) aælvcê !.ntultttar for r
aunÞc¡r of tho rnr.stlûD lLncrr i.aoludll,n6 ¡ t¡lur of

rt ¡l
5.4 cr8 ôE toô for Lylal-c. Àn Ln¡lrorcdl v¡rr!,on of

thtr f¡¡truuent res f,l.ora la t9Í8 aadt 1959 Þ¡r llolrtt snil

Rcn¡r (f g59) rt¡o dlsteotril f,or thc ftr¡t tlnr thr rr¡onano¡

llae¡ of frÏ audt IlcIS ¡t 58& aaû ,O4l rrtpcotLvil¡rr ll¡c
of tbr grer!.ng lnalilrao¡ lountl,ng for thc 6retl.ng r[rbl'el
rhorter tlèr.lcagth¡ ts br ðctcoteð ¿r thç rcflleotlvlty of

tht gretlng f.a highor at 6rarl.ng lno!.üanoo, agdl line¡ ôora

to 8lrl roro oùrerYcð.

lhc bc¡t apaotra obtsln¡il rlth ¡ rLngJ.e illr¡rærtoa

l¡¡trr¡ncat rerc t¿kra tn 1959 þy Purorll ot ¿1. (tggO)

uaing tho ¡or¡¿l. L¡oi.i!.cnoc Lnrtrul¡nt alraail¡r ncntl,onril

(Johaaon et al. f958), but rltb å !pro!.al ooatln6 on th¡
gratLng ùo rriluor the rff¡st of ¡tr¿y l.lght¡ tho rpcotra

;ôrr ¿tso takcn at e hl6hcr eltltuilr than prrrtouËly (tgg hr).
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Flfüy-¡17" c¡¡{ssl.on ll¡cr ¿bort 58å.1 tart I'dlcnti.f,l"lilo

Furthrr Lrprovensnt Ls th¡ opcctra r¡¡ obt¡Lnedl by the urr

of ¿ d.oubLr dl!,rportion lültrultbt flr¡t flsr¡r Ln t 960 by

DrtriLæ ct a1r (t96le). fhc f,lrat Gretlnt ttapcr¡r{l' thr

rol¡r radllatlon sloag tha ¡ftt froa çhteh tbr redtl¡ti.oa

parrcdl to thc scooadl gnatlngo In tbls ray tbr l¡Yll of

atrey trlght lnrlåt thr tp¡Otrotmph t¡¡ vGry luoh rtd.uocdlo

îhc flrrt Sretf.n$ tåt dl!.¡torürü to la&c thc fllt¡L l.¡ag¡¡

atf.6netlo sr ln thc rta6lr dl,lrptr¡loa Lnrt¡ullnt. Fror

ths rpeotrr obtatneil ilur!.ng thir fllgbt ¡n L¿trartty

illrtrlbutXon for tho rcgloa 9OO te l55Ol re.l ôlrlvrdt (rer

FLgurr 2,, ;htoh ge'vl tbc tb¡olutr latrnrtttc¡ of el'l tho

sbrcrvcú, tritct tüû thc sont!'nur¡¡ (¡rtri,lu of el. f96tù).

Àn lon oh¡lÞcr floç¡ to6atbcr slth th¡ tp.ôtro6rrph rrr

utedt to dtrte¡rEl,nc ths aþrolute lrvrL of, tho f,}ur¡ro

thc lo¡t rco¡at photo6raphlo aptctre o61üriag thc r¡n6l

loo0 to l6oollrorr obtai.scô tn t963 ty lourry rt elr (lg6l)

urLng tro ôouþlr illrprrrlon ln¡tru¡r¡tr oovortn6 ühr rc¡tr¡

l?0O to 2OOO[ anil 80CI to f250l çlth recoluttoaa of O.21

andl O,11, rrlpret!,volyr ï¡¿rly aolpLrt: olLrlaatfoa of rtrry

ltght r¡rblctl thc osntlnuul to br tr¡ordl ilorn to e ravcl¡agth

of, absut 9501. Intc¡ltty aur"ö! frol thcrr tpêotr¡ þ¡vr not

yrt botn ¡rubllrbeilr
A oolplotoly d.!.f,ferrat tcohntquc for tha rtrlurclünt of

thc roLer c,paotrun har beon ulrdl by BLntc¡rogt.r andl h!,r
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ooLLÊagüclr fhey hav; ogartruotctl a grallng LnoLdL¡cs¡

noaoohronator Ln whloh the apeotnrr l,e roanncil by a ¡X.lt Ln

a lorlag belt cndl dlcùoot*dt^ by a rLaitor!.cttr ra6actloally
foourrcd, atrlp pbotonul.tl¡lller. Îb¡ output pulaoa fron

ttra photouulttpller erç tclccrterctl to thc 6roundt to that

thc rpGotrr ¡ra råoordledl l!,urlng the ftfght a¡ thc rolro-

ohrolator rcpootoôly s6ea! throu6h tbc ûorl.rrû rprotral
râng€r å ûct¿lledl ila¡orlptlon of thlr lnrtnrncnt, rbLoh

rrs ftr¡t auooc¡rfuLly florn tn 19r9, her børn Btvrn by

HlntcrcggÊr (t96fa). tho property of thc photonultLBll,cr

rhLob nohc¡ Lt part!.oularly ¡ult¡ble for thLs r¡rplloatLon

ls tbc nctltgibLe ¡rnrLtivlty of tho photoorthoitr ta

radltatlon of revclength longcr th¿n about I5OOl. lfh!.r

E6eat that i.t 1¡ f.nrenrLtlvo to tho lon¡ ravrlrngth rtray

lXsbt rhiob 1r alraya ¡ prôblül Ln rp ?otrogra¡rhr urrdl for
ilcteotlng the ¡unt¡ ultra-vl,ol¡t rprotrun rlnoc ggr999aþ of

tl¡¡ rnnr¡ rnsrgy trr radll,atcô at revrlon6thr trongcr then

15OOl. lho acanaíng ¡onoobronator 1r ¡lro yo!.y cuLtrbl¡

for rtudlytng abrorptlon La tbe earthr¡ atnorphera of

re{t!.atLon of a partloul¿r narclcn6tb, about trcnty toa¡¡o bel,ng

nadlc dlurln8 a fllghtr
fro flf.ghta üurLn6 '1960 rith thLr Lnctrucent

(nfntæog8Gr 196{b, H!.ntcrôgger r96{o) 6a?o rpootrr oovering

thc ran6a 500 to t r00ft. ¡l¡rou thr ro¡ult¡ of the ¡¿sont

f116ht çaluoo $cro obtelnet for tho ab¡oluto fXurra,
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ertrapoLatodL to the top of the atuoa¡rherc, of all tbo

lEportant l.!.ner andl the oonttnuun ln thlr ra¡1Sto Ertln¿tec

Ícrc alto radlr of thc hatght hr at rçhloh the ¡olar f,Iu¡ hsdl

beo¡ ett¡üuatccl to * of åtl v¡luc rbovc the atnolphcro f,or

tho varl,ouË üeytlongthl. Âbaorptl,o¡ rato dtl¡¡ltlcr (tUc

nuuber of pbotona ab¡orbstt PGr unlt volurc per unlt tlur)

rar6 glV¡n aü a funotlon of, helgbt for rlvrral rtrong lf"nec

wlth rav¡lrngth¡ rôagLn6 fron l$¡rl to leQ?|. lhc tal.uor

for thc lntançlty of lrylan-C ðlrlYc{l f¡ron tbo rosultr of

tho¡c tro fllghta rorl 6.O ¡nd. 3.5 116 o.-t ôlo-frâlpcotivcly,

the l¿ttcr r¡lue bcf ng obt¡Laoit frs¡ ¡a Lo¡r shqlbcr florn

rlth thc tpôötrogra¡lb.

tlrsr ¡ fught ln 196l rlf¡lr th¡ roeaainS lonsshreactor

H¿ll. et al. (lg65a)ritætvodt furtbsr t¡luca for aþ¡olutc flurcl

ln tbr rÈngr ]OO to f r00lr audl Bhoto¡ abtorpt!,on ratl itrarl'tl'er

for trcaty ttroa6 l,Lner Ërtre¡n 28!l andl { 2051. îb¡¡¡ anil

latcr eb¡orptLon BeatureEsntc haro bccn t¡¡e{l togothcr llth t

knorLËtge of, the ebrorptLon ooeff,lol'e¡tr of th¡ ¡rrlaolpaL

ataooplrerlo esnstLtuenta to sbtatr tbs {l¡ncttltr of, t}rcae

oonrtltucnta aÞove lO0 bn (¡er$ 2.5,. Furthcr ¡n¿lytt'l

lavslvlng thc photolonl¡atloa affLsi¡nsle¡ ha¡ lnobledl

Ht¡tr¡:¡g8cr anil watauabs Uggz) to g'tv¡ a faLrly itctallcit

eooount of the prooGttôð ls¡dLing to the f,orsatlon of thc E

and S rcgLone Of thc lonorplrerl. fhcr¡ Oaloulatlonr h¿vc

boon r6y!.6odt (nfnterÊgger et aL. 1965) ualng thr rc¡ults of
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ra?ËrrJ, latcr flLghùar lhlc pt¡¡er al¡o oont¡lnt tho no¡t

r¡srntly oonBlLedt llrt of ¿broluta flu¡ol. Telucr ln tho

rrntr 55 to 1r00l arç ba¡¡dl oa ttrc rornrrång roËoÊhrol¡ùor

lcrrurttcntt anil Laoluils tbc flurcr for ¡1L tbc hport¡at

llnrr. ÀÞovr f t008 ths v¡luêt ¡rt baaodl oa thç ¡¡bstographl.o

rcaluf.¡rntt ¡ndl art gLtra o¡¡l¡r al tht tat¡Srrtodl flur¡l la

5Ol f¡taryel,l. lbc ¡r¡1lul rrrgrt ln the dlctr ¡rr rrtL¡atcdt

to br ,O8".

Phets8napbf.o ttrtôotr¿ eovlrlnå the rangr t00O to JOOOI

balr rl,ro bocn oÞtalneil by rorkora ¿t tho Culhan I'abor*tory

of thc U.K.À.E.À. urlng a nOrnal laoldlrnoC tpüOtËogr*¡lh andl

tho rroeatly dtertLopcil potntlng oontrol for thr Skylark

rook.t (gl¿st at ¿1r 1965t Surtoa aail fil¡oa 1965)o fhL¡

polnttrn6 oontrol her tho cilrantrga orrr thc oa¡ ulcd[ La tbl

Acrobec rsçkot thet It Íc ¡tabtLl'rrll along tbrco tl..t
rhcrrrr tho Àuobeo ¡ro1ntl,n6 oontrol L¡ ¡tabl.llrlCt e1sn8 tro

e¡.t orr}y end ell.or¡ ùhc rpcotrc6rr¡lh to rotatr about ¡ ll'ng

Joiatrng the rookat to thc ru¿. IlrLn5 thls ssntrol Lt ba¡

be¡n potllblt to att¡f.a ¡uff,Lef,ent polatLn6 rocureoy to

ti,rcot tbc sÞ6otrogrrph ¡t tho llnb of lhe lun anil Pheto-

graph tbe spootrun of, tha roler obroroaphcrc aadl oorona¡

rathcr th¡n photograpb!.ng tho pbotorpborlo ÉPootrq! obtalnoil

¡hen tbe speotregrapb la Polntedl dllraetly at thc tülr

8br iltfflcul.ttcr aåtool,ètodl ri.th abmluta fl'u¡

dleternl.nation f,ron ¡rhotographt o et¡turêEcnta h¿ve þrln
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dll¡ouosedt üy John¡on tt al. (l gps) r Dctrtl.er ct alr (t g6l ¡ )

andl Rln¡r (tg6l ). lba rr¿tLt!.vlty of thc f,lLn on{t thc

Lnrtrunaat tr¡n¡sl¡sl,on øoartrat nurt bc a¡r¡ur¡t ac

f,unotl,ons of ravalengtb. Àlt¡rnntf.r¡Iy tbs tro guantttler

oan bc noarurodl cl,nuLteaooudy by pXaotag tbr rholr lartru¡cr¡t

f.n a rsor¡un ohasbor andl or¡loel'ng lt to ¡p aÞroXutrly

oalLbratgdl bran of, nonssbro¡atLo rrdllatlol at varLour

ravrl¡ngtht¡ Brcn thl¡ iloer aot p¡rortrdlc an ¡oouratt

rrtbEdl of ileterni.nlng thc ¿b¡elute lcrol of the EIt€otru¡

rLnoc thc aagular dllrerg€no¡ of tho btau fron the laboratory

rouroc nay nOt bc tha ta6o a¡ that f,rou the türr Qnc of

the foLlorLn6 aôdltlonel netbsðr hal ulually þern uladl.

(o) SBcotra çhloh rst¡udt abovr 
'OOOI 

oqn be Gonp*reil

Íf.th ¡ù¡sLut. tatlurc¡cntr n¡ilt fn'oa tho grounilo

fbi,¡ ¡¡cùhodl l.¡ sl.ful dlorn to about f SOOÎ !r¡'t aot

for rhortcr çavrleagthr Þce¡u¡t thc vcry grrrt

dtJ.fforrnce in Lntsn¡!'tle¡ b¡tlacn the )0OO to

4oOOl re6!.ou a¡dt the roglon brlon t8O0l f¡

dtl,fftoult to tooonroð¿tc Ln ons lrpoõüter

(t) Iraaurcnent¡ nadlr rlth ¡brslutoly oal,f.br¿tr{l lttûli¡-

ð!.¡pcrrine il¡tootort o&n bo u¡rd[.

Ího lattsr lctbodt ça¡ flrat cuployrdt Þy Eyraa ot 81. (lg¡g)

tho ulell ntrturoacnt¡ nailc ;lth dlrtroùsr¡ ¡rnsltlvc to th¡

ranã6! t0t0 to rr50l ¿nð 1225 ns frt0Î (aoo 9o15) te oorrost

tbc ¡broluta fluxc¡ ilorl.vcil fron the apectrographf.o

rratu,.ononta of 1955 by Johnaon st 81. (tg¡g). ft r¿a
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por,Btcdt out by Byrau ct al' that lhlla ËoaturoËêâtã of tbc

totaL flur f.n the logo to rrgol raag. liy bc t¡rôdt to dl'rtsr¡nLnl

the ab¡oluti Lyra,a-a flur¡ thc 12Í.5 tø f 55Ol r¡n3. Ls ùtttæ

f,or dtetarstntng the 1,,6c1 of tho otbor llnc¡ llnor tho

Lylan-c ll,nc 1¡ u¡ual,ly overOr¡tolial oä llhote6rapb!.o tpcotra

snè aorparilon nltb othÊr llncl 1¡ i[l,f,ff.sultr Ion ohanbcr¡

stalltlvË to Lyran-c havs 8rnÜr¡J.ly been LnoLuitcdl la rreæt

rookot f,ltghtl of photo6ra¡rbla ¡pootr.og¡.rpht ooYorint tbl¡

Il.ns (octr!.ler ot aI. t96rt).
lon ohanbert hsvü elso bcO¡¡ inolud¡ð. llth coaÛ of, tb¡

phototlcotrLo totnnlng noaoohronato¡¡'¡ (Htntrrrg6or t96f o),

but rcocnt!,y r.ôllêuoe b¿r bccn l¡laoril on the laÞoratory

callbr¡tloa of thesc ln¿tn¡aent¡ btfo¡rr fltght rhlsh l'¡

oar!.er th¡¡ ln the oalt of thc pbotogrephlo l.n¡trunc[tÜr

gbe o¿ll.bratl.on proocilur. her ÞtcB üÜlorlbeð by III'ntrrtSStr

(lt6t¡). fbo uoaeohronator¡ oolltot rtitl'atLon froa thc

rholo d,l,¡o of, thc ltll¡ lh¡r¡or tha ptrotogrephLo l,n¡tnrneate,

beln6 gcnarolLy rtlSaatte¡ glv. ¡ tptgtral trLnl thc lataaatty

of thlcb vtrltl ¿long ths J.Lnc oora.tpoaûlng to èotr.rt

rrgionar fhla nadtc¡ Lt Gat!êrr to usarurc thc lntcgrateè

lntcns!,ty frou tbe rhole dt:Lrs rLtb tbø ¡onooùro¡eùorr than

rtth thc lptotro6raPha.

In eercsalng thc ra}atlvc nËrr.tr of the tro nethoðr lt

oouldl pürhÈpr be aalð that the photogrephLo uctborit ¡lrovlilce

botter rorrlutlon aað ¡catltlvttlr nak!,ng tt norG uscf,ul fsr
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obtaLnLng clate of, aatrophyploal lntero¡t (tf¡e nature of

the tolår atnocpherc ator ) + the photoeleotr:Lo nethocl, otl

tho other haad., provldce bottor abaoluto ts€aËurenents !n the

regf.on belor 1 jOOf íherc ft te appLloabLe and ls alss Buoh

nore aui.teble for etuclylng the abaorptlon of ðo1ar raåiatJ-on

ln the earthta atnoaphere. lIhun tt givcs bctter clata f,er

use Ln the invoctl"6atl.on of proeðaa€ð takln6 pl'acc f'n the

Uppe" atnocpherc (tfre fornatlon of the lonorpherc¡ thc

dll¡soeLatLoa of orygsn Pto.).

1.1.2 Non-tl'Lapcralne MeaEuronentE'

Aftsr the f f.rst speotrographLo üeêst¡re!¡ento¡ oarrleð ot¡t

urtng tbe V2 rooketsr hadt ¡uco€tdledt ln relcaltng the solar

rpeotnrn dtorn to ¿ rar¿lengùh of 2106l attenpta Íoro nastc to

e¡tandl tbe reåsureücntç to the nuoh rcaler ahort rtgelen6th

ultra-vlolet ra,<tj.atlon urlng non-tliaperaÍvç teohnlguar. The

fl,r¡t nethodL lnvoLveð the u¡s of the thernoLnnLae¡ee¡rt

photphor casor ¡Mn. îht¡ phoophor f.r aotlvatedl rhcn cxpooGdl

to radlatlon of rravelrn6th loaa th¡n r*01 anit pborphorercca

when eubrequcntLy heatett,. By plaolng ¡.tneloçs of ltthlun

fluorlile ânü caloiur fluorldts Ln front of, lt the rocponõo

oan be Lf.¡¡iteô to the ranges 105o to 15401 ana 122Q ta 1)¡¡01

r68p€ottvelyr Thess rletaotorð tGrs fLown a nuuber of tiseg

dturtng thç psrlodL lgl+8 to 1g5CI tn V? rookete (Touoay et al.

1g51). ås cl,eteotors for ueaourlng absolute fLuxo¡ they Íer'

aot yery Fuoaessful, f"nctloatlng an lntenalty for thc Lyoan-c
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llus of 0.1+ erg ot-t t"O-t, but thcy ðtdl shoç that radtlatlo¡

ln the råntot 1O5O to f r¡+Ol a¡it 1220 to ll$Ol raa ¿bEorÞodt

!.n tbc 80 to 9O kn a.ûô 90 to 12, ka rcSlonl roipsotlvely.

In l9[9 Frlcdtaaa et al. (tElt) u¡lag s Y2 rookct ftcr

thr6c ðtffcrent ßef.6er oounter¡ acnrltlve to ultra-v:Lolet

Ilgbt. The one ss¡ltti1c to üynanr& rtilÍstLon hadl ¡

llthlun fluorldl¡ rLndlor andl ¿ fllliag of, oblorlnc andl ncoa.

It roaponðeü ovcr the rengc 'llOO to l!t$l,. Intørprrtatlpn

of thc rasul.tr tråt ûtff1auLt oring to saturation sf, thc

oouatGrt, but the Lynan-c lntÊnrLty rar c¡ttnatcô ts be ln

the ran5e I to t0 ""6 o""ûtô-t. $!.nll.ar oountera rôre

flsrn !n Ê6varê1 åerobes f,Ltghta dturing 1952 (Dyren ct 41.

lgrÐ, y!.aLtltng valuer of 0.15 anil O.l er6 on'ltoo-r for tbc

lrynan-c flu¡. I¡fks tbe thcrao}u¡L¡etqtnt pborphor thccc

oousters ÍGrü uuultabLo f,or ab¡olt¡tc f,lu¡ ilctcrnlnetl,on

(reo$j.f ). Horoearr by enalyrl'a of tha varLatlon rlth

hotght of tt¡e !.nteaatty of thc lloo to rr50l rsðLatLoa

Byren et alo rerê ablo to ahor that Lt raa ¡bsorbctl, ln thc

atnorphc¡¡o llke Boüoobronctlo rad!!.atloa antL soncluðcd' that

¡t least 9}a/o at thc rrdtlatLoa ln th!.s ran6o Yat lynaa-co

!!he !,oa obanber¡ rhloh lrave ¡f.nçr bccn utoil olro¡t

ôrolullvcly for nOn-ill¡PôrlLv¡ ncoturoncnta rtre flrct

florn 1n 1955 bv Eyran ct al. (lggø), thrca yea,r3 aftcr

Lynan-c ba{t flr¡t bcrn itcteotodl tpootrographfoallyr A

llthlun fLuorlclc ;inttsl a¡it r¡itrdo o:cldta f,ttll¡g rrcrÇ ulcö
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for th'esc chanbcr¡ rrhLoh rcrpondlcd. to tbl renSc {o50 to

{ }t6l. Values for thr Lynê¡¡-g flu¡ obta1ncû rlth the¡

rËrr cll htgher then ltrcnLotlt lceturÜnont¡¡ both üpcotror

graphLo andL aon*ê!.rperrfvo, ondt lay La tbe rÈugc l¡r0 to

-l ,iö'r. $orcvtr thcar hlgher raluet tttrt9.2 êrg qtl !

aooeBtadt Ln profsronoe tE tho prçv!.ouc oaôt booauor¡ at

pol¡¡tedt out by Byrao åt a1. (tg¡g), tha ¡aarl'tlvtty of tbc

oh¿nber¡ thsrrolvss oan onl.y dlccrcasç àt ¡ rcruXt âf, age!'ng

bctrrc¡ oallbratLon ¿ndl f,t16htr co that prorl'dlôdl thsrr arl

no Grror. froq otbcr tguroct tho V¡lus¡ ottafnedl urÍng I'on

sha¡b¡rr uuct bc ¡lul¡ur îalußt. In '1956 ü! Loa oh¡lbct¡'

ç¿a floçn itur{ng a ðolar flerr Ëy 6hubb ct al. (lg¡f) in

ordt¡r to dtctcot any ohange ln thc þlan-c f,lu¡ t!'urlag thc

fl.arc¡ but f,rou the ro¡ultr they oo!ûLud[.d[ t]rat thc flu¡

iliit not vary to an¡r nsttur¡blo c¡tont. îht¡ andl otber

nôeãuronent¡ dlurS,ng 1gr7 8êv. v¡luo¡ for the flu¡ Úloar to

6.0 crg ôD-l 'io't. Ân lon ohanbcr rtth * o¡lo!.un fluoridle

rrir¡ûor aadt nLtr*s E*ldte fll.lLn6t tlnt!'tlvc to the ran6c .|â2O

to rr50l, üar r¡rgdt to6rtb€r ¡7lth thc1050 to r5tol obanb¡r

by Byren rt e1¡ (fElg) ln tço fllgbta ¡¿dlc Ln 1957 anil 1998'

Íhoy uacdt the ritt¡ltf to dtctcruln¡ thr absolutc lcvclr of,

töDG prrvloug epeotrograph1o uealu¡,ig6nti (res p.9 ). lhc

f.ntrn¡Lty sf, the tylca-c llnc hol ¡l.ro boea aealurcll by

t?o!!.kort u¡lng a llthlu¡ fluorldl6 - [ltrlo gli'¡t' i'on ohenb¡¡'

florn Lu a $kylerk roohst ¿t Ûoo¡srar lhe rcsult
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+ 2.6
oÞtaluod. (wiu.norc 196f ) rar (r.o - 1.6)

rl rl
ofg êü lio ,l!

¡ubrtaatl,al agatfücnt ttth sarl!.er lon ohanbcr nÜtultËr

Itorr frsontLy, Sotth .t el¡ (tfg!) havc ultil ¡l,nllar I'on

obaabcrc ts obtai.a e îaluo of, 2.& ü o') ¡r8 og-r tÜ€-t for

tbe Lynan-c fLu¡.

A llthj.ul flusrlðQ - nl.trlo o*ldlo lon Eh¿nbcr raa

lnoludlcit Ln thc Solar R¡dtlati.on t aatelllts launohet' i'¡

1960, rlth the aln of dtrteotlag larlatlon¡ !'n tbo Lynen'e

f1u¡ iturlng ro1êr f!.erc¡ (ßrepltn et aX. t96a), lbc los

obaubcr f¡!.Ledt after loveral nonthr but tbr rrrutt¡ obtalnedl

üurLng thf.c ti.nc atreüdl nltlr thoer obtataeil by ohubb ct ¡1.

(l ygZ) ln augge atLng that dtur1ng ¡ flaro thcra ''ürt no

rarLatl.on¡ l.n the L¡ruea-c flux rcscLvet at thc tarth lartr

enougb tO Oauso a!6nLfl.oaat obanScr tn tbc ut4rtr atnolphere

(o.g. Ð rogLoa Lonl¡atl.on).

tha nEir{t8 Ef t\c, 4o1.Sç-FPeo!I\tr-biltqe,in,..l0g9 c*¡t,, 1?09[1.2

fn thc rl.rLbla ra6Lon tbc lolar tp;Etru! agatLttt of tn

clla¡lou oontt¡ruutr rhleh folloç¡ elor;ly that of a bLaoE bo(y

¡t about 6090otr, togctbtr rtth r ".ry lergc Eulb.r of,

abaorBt!.oa l.tntt (tt¡a lrarrnhofrr llno¡)r thc cl''Ëtru! trr

thO ultrc-v1ol¡t enô ¡-rl¡r reglonr horrvlr L¡ gui,tr d,lf f croat'

¡l oaä bG tÉGn f.n Flturt I o

Iht naturc of tho rolef t¡ltra-vlatrct tpcotrun ¡l

rrvc¡lcil by çxpËrlnqnt¡ rrcLag roekÖta h¿r torp ðc¡orlbril tn
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itctatl by Tourcy (lg6f ) andt Pasel ('tg6l)' rhlle l,tc

J.ntcrX¡rctatLon ln ternc of thc prootsael oeourring ln th¡

layera of the cun rharo tt orlginatcg ha¡ Þeen clLsoua¡rdl. ln

therc pap6r6 anil elro by Pottacoh (rg6+), ôe .ïagor (rp6+)

anct å.I1en (t965). the cnLttlng re6{on of the ¡ol¿r

¿tnorpherc oan be lll,vlôcå L¡to throo layerat

(s) lhe photoopherc. Thig ls the l.nncruoat regf-on

andl. ls sbout IOO kn thLck' îbc tenperaturo 1l

6ooooK at the bacc¡ ôroppíng to about lrOooox at

the top.
(t) Ibe obrouoaphere. Thta reglon is 12r0OO kn thlok

andt bas a tenperaturc rlalng f,ron $Ooootr rhero tt
adlåoln¡ the photorpberc to about &Or000oK rhcrc l,t

rcrts tbe ooroü8¡

(o) lho soronao fhts rcgLon of extrololy lor dlrnllty

sxtontls for p.crha¡ra l0' kr andl. he¡ e touperaturo

of, about 10P otrt

Tbc vlt!.ble oontLnuun or!.gLnat¡¡ ln the photoa¡rherl aat!,

r¡f,lcot¡ lts tenpcreturo of, 6O000ß. lbo Sraunhof,er lLne¡

arr prodtuoeil at the balc of,.tha shronorphcro rhtrc thc

trnBeratura Ls lor¡rr Àg the lavcl.ength dleorcaaec¡ bOreter¡

tbc opeolty of tho ohronoapbcrs lnoreeaos a.adl tho obaorvodl

radli.atl.on oolles fron hlghor andl hlgher regtonor lhtl

oausoa the rarlLatlon teaperaturc f*(l)t to ileoraa¡o a¡ tha

15

Tho rsdJ.atl.on tauperaturc of the pun at a BartlouLar
ravrLrngtb te tbe tolparaturc of a blaok boðy rhLoh louldl
cnlt er nush radleti.sn lt that ravoLongth as tha tüDr

t



rertl6agth I dleoreaaeo¡ anô the tntcnsLty of the soLEr

oontlauur 1i.or bclor that of a 6OOOoX blaok boû.y ln tbc

ultr¡-vlolet re8lon dlorn to 100fl. !f* rerohel a lllntrur

of bTOOof at ebor¡t ft¡O$l oorr.lPondlj'ng to ¡ ohangc |n thc

orltl.B ef thc sontlnuun f,rou tbe photolpbcrr to thc

obroaotpherr. lfhc Íraunhof,or Llnc¡ erG not ¡lrcrrnt at

rarrlen6th¡ lctt than r5501 s¡ral arc roplooeit by cnLstr.on

llnea rhloh ooüEðnoe ¿t about {9OOl. lherr ¡lL¡¡foa llnor¡

lnalr¡{tl¡g lrynau-c¡ orlglnato Ln thc h16b ohrsnaephcrc. Àt

rayclcngthr lesa than f+OOl Î, lnoro&Ëco èõ thü orlgla sf, thr

rad.latlotr Ëo?ês r¡p throu6b thc ohroloa¡rherc andl !,ats thc

16

ûO!Oltð¡

FL8uner 2 andt 5 ¡bon tbc loat rcoontly publtahadl' tolar

latcnrtty our16ð for the rangG 105o to 155t1, t6lvcô fron

¡rhotograph!.o anrt phOtosleotrlo goaÊurcnentl rctpcotlvclyr

îhe¡s sp€otrc eo?€r the navalcaGth rcgion Ln rhloh

Bcalu¡fèEeat¡ EÉn bo naôc l!.th the lon ebanbcr¡ {llcorLbsdt

ln Chagtcr lt enoept for thc ltotlot¡ 155O to {6501 . fhe

euLa¡lon li.ne¡ tn this rsngç arl dlne to þdtrogcn¡ oaFbo¡¡

nLtrogea¡ gggon, elllooa atdL lulpbur atona¡ i.a tarloug

¡t¿6¡s of, lon!,¡atLou¡ lbc prcdlonLnaÃoa of tbc r'to¡ûaot

llno of atouLO þdLrogon¡ [ylon-c¡ !.r cloarly ahornr lha

pboto6rrpbto eurïe ¿1oo ¡howl tbc preaô¡€G of thc reak

oontlnuun¡

Íhc profLla of ûynan'c tal dlctcrni'aedl Ln '1959 bV
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Itgure lr. lhe ohape of the Lynan-c llne aa neaguredl
by Purc¡I1 and. louacy (tggO) wlth a rosolutLon
of O.0rÃr A nLcrod.enEitometer traoing Lx
shown below the lLne.
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Chanter 2. e Àb¡orntl,on of Solar Ultra t olot R,eillaùloa
Ln the Earthf¡ Âtno¡nhere.

2.1 f\q ¡,þs"oJntlpu C,{osç-9qott,qns g{ lhq,å{lqq{psl
.0,tno gpherlç Con¡tltuent ç.

lhlE seot!.on d.eala çLth the pboto-¿bsorptloa croasr

sootLona of all the at¡¡orpherLo oonrti.tue¿ts rhlah ns¡r bc of

Lnportascc f.n the abrorptLon of solar radl.latlon i.n th¡ ¡rang¡

't000 to 17OOl. It l"e ln thf.¡ rang. that atnorpherLo

ebaorpt!"on eessurcnent¡ ocn br uailc ualug the ton ohanbcr¡

ttecorLbedl ta OhaBter 5. PertlouLer attentlon rLll bø gf.van

tE abaorption orosr-scotJ.on¡ at tho Lynan-c llnc.
(a) Iol,soul,ar Orygea.

lhe abrorption of noleoular orygG¡ ln the vrouua ultre-
violet rogton has been lnveatLgatod. by e nunber of rörkerrr
The Eo¡t ,ilstailed. ne&autrctrent¡ arc thçce of 'rfat¿nabe of ¿1.

(tg5¡a), tatrËér andr. Cook (tg6t*)r atdt B1ako ct st. (t966).

fbsy rere al"l" uadç ultng photoclootrlo tcohnlquer anô arc

sub¡tanttatly ln egreenont with one anothen. Tbo genaral

noturt of the abrorptton apeotrun oan bc re6n frop Fl.gurc 5.

ït 1¡ oharacterlsedl by ver¡r ridlc varlatf.onc ln abuorptlon

o?osr-oêotlon¡ The $ohunann*Rungc gontlauun oounonoot at

about 17501 s¡d. c:rtend.c to 1r00l, tlrs. oross-seot!.on

reaohing a na¡!.nun of 1.b8 I 1O-f o onr at lt$z5fl. It Lr

sðsootstccl rltb ths ðLstoqLatlon

q (tr;) * o (tP) + o ('¡)
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Io longer rareLengths thcrc are the Sohunann*RulÊc banrla¡

thc êroõ!-sêotloa ðeorcaritg aa the ravelongth Lnqreaasr

untll they e6r6o lnto thc 
"Gry 

rcak Hcrtlberg oonti,auun.

At ravclen6ths chorter than f 5OO3 tfre apeotrun ¡hoss e

nunber of ver¡r rtrong iH.ffusr abaorptto¡ þandlr rcparated[

by ir!.ndlow¡i where the oros!-r6oti.on 1¡ ¡uoh lovor. lho

r!.nd[or whLoh oo!.nol"dtea wlth *n" ü""ôn.c tr!.ne ha¡ often becn

sturtLedt. Ita abape 1¡ rhorn la Flguro 6 (gtatce ot a1.

1965 unpubllshcit)r tsgcther nlth a hLgb ro¡olutlon profÍ.le

of the sol.ar Lyuan-a lLua. I¡ rplto of the narrornetl of

the rLudlor and. thc rlitth of thc lynen-a llno thc ¡l.roat

ersot ooinoLdlenoe of, tho osntto of the rLndlot rtth thc

ocntro of tho llne neans th¿t the orolt-rêoùLon dloel aot

"srîf rlgntflaantly åoros¡ thç llne. lhc orot!-l6ot1on f.¡
prrssure ilepcnd.eat at the botton of the rfnilor¡ LnoreacLng

lluoarJ"y es tbs pressuro 1s inorsapatl (Preaton I gr+Or Blakc

et ¡1. 1966). fhe retc of Lnoroasc 1r about

1.7 x lo-rt st' tstrr'i. À¡ the orosr-ãügtlop ls of, thc

ordtcr of {O"o ôd tho praËaure ôepcndlonor lr negllglbla

f,or the range of prcssurr! enoountçrcd!. ln thc reglon of

the atnoapberc where ¡o1ar úyuau-c radiatlon ls ebaorbsit

OO to 90 kn)r The values for the orosðarrotlon obt¿f.nedL

by dll.ff eront rorkera årç obors Ln lcble '1.
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fADI¡E tæ

InveatLgator Crotc-8cot!.on Fresaure Rssolu-
tLon

Prc¡toa (t plo) 1.0¡Þ r 1O
-t0 Ino extrapolated. to

8etro pres8urt
Satanabç et ¡1.
(tg 5ld)

1.00 cxtreBoLat acl to
!ero prSssurg

o.28

Dltsh
(1e54

burn et 41.
)

0. Br* no prrssur€
ilepend.eno e

Leo (rgt¡) o.89 no prcssutro
elcpsndl,onc s

Metrger andl Cook
(t 96,+)

'l .O¿Þ 9.5 torr 0. 5l

Blaka et cl.
(r s66 )

1r12 crtra¡lol.ateð to
tåro prg8surc

1l

Photographlo neasuranent. wa,t uaodL by Dltohburn et 41. and.

Lac¡ andl nclther reportedl any prtonurc dl,ependltueor

FhotoeLcotrl.c teohnlqucs wero uaodl by thc othør lorkergr "À

ç¿lue of 1.o0 r íO-io od for the oroaü-sêotlöa extrapoLate{l

to lore pr.rs¡rrê haa bcan u¡cdl {n thc preaont rork thcn

oaloulatin6 atqospherl6 otßygen clensLtisE f,rou Lyna¡-c

abaorptlon EeaÉurenont¡. thLü oorrerpoallr to an aþrorptLon

soeffj.sLent of Q.269 o"-tr tshe sb¡ErptLon oocf,f,f.oleat for
alr, aaaunLng that orJ¡gon is ths sole cbaorblag aon¡tltuent

rlll then br 0.0566 o"*t. t.

(¡ ) $oleaular lßtrogon.

l[oleou]"ar nltrogen absorbs atrongly at wavcleagthr Lc¡¡

then TOOOT but above thls the abeorptlon apeotrun oonsi'gt¡,
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only of the "ety rs¡k Þandt ayatonl oor¡cppondl.lng to aeïsral

forblilùan tran¡ltlon¡. the prl'aolpal oãçâ aro thG

L,ynan-B!.r6e-ñopf,Le1il. bandt¡ rhicb ¡tart at 14501 and[ havs

becn obaervedt ilorn to about 115O1. Íbay oorroÜpo¡rit to the

transi.ti.oo an[g**tt;. Seoar¡se of the very snèll 6rots'

rcotLon In thoae bandlc üost neåsuro¡ûent¡ haro provf.dt.edL only

upp6r llstts to thc crosô¡ËtotLon at varlouã lra16lcngtha.

L,cc (f 955) f,ounil the cros!*seotLon to bc Lo¡e than

Z x 10"1 oûil st aIJ. rarolcngthl above lg40l' lhc lrynan-n

llnc 11,e¡ betreen the (8ro) ¡ntl (9rO) banûa af tbe

,.fig{-x"xl ryrten¡ nhtoh 8rô at ravelength s 1227 anrl '1206r

respootÍvoly (lanatca 1955)t ¡o the orosg-ð€otioo here Lc

parttoulerly lor. Upper lLntta rhloh bavs boen obtalnedl'

ur" z rlo'tr our (Preatos l9l+0)r ) x t0-rr ünt ($atanaba

rt al. 1g5rb), andt 6 1¡ lg'rt ot' (Ottotrturn st 41. 195h).

I{ons of thoso re¡uLts supportg the blgh orosa-toütl6nt

obtaåneit by -welsalar et ¿1. (lggZ) abovo 'lOOOl.

(o) Ifatsr Ya¡rour.

fhc ebeorptton spcctlrts of rater na¡to¡r 1¡ shoçn ln

Ff.guro 7 (Watanabø ancl Zellkoff '1991)r lherc ara tro

oontlnUa wtth ¡aaxfnun OroctåteOttsn¡ of t+.5 r 10-tl ort at

16501r endt, 8o0 r 10-rt Got s.t 11009. Bclor leSol tne

spðotru¡ oonslsta of benits ln rhloh the otoEt-Ëootlon

rarieo by about a feotor of tenr fn oontrast to the

sltuatlon wlth nolecular oxygen the Ïrynan-c l|ne lLc¡ very
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neetr I ne:ßtBuF 1n the water yrgour aboorptlon tp6otrür¡

lhe yalu€c f,or thê oross-leati.ou at Lynan-c obtatncð by

varLoug norkere ara {.lr5 r lo-l? ort (prcrtoa rgrÉ)r
¿l?

1rlr.9 Í {0-.' orr (Watanebs andl 9¡lLkoff 1955), and,
:lt1.5lr r 1O-" oat (uttoltura at å1. f95b).

(¿) osono.

O¡oae abeorbg rtrongly throughout thc ultr¿-ylolêt
rc6lonr the ctroÊ!-têotLon boLaB greater than 'lO-lt o*t

at aL1 ravðIengtha less than ,CI001. thc varf,atf.on of

orotr-øostion wlth ravelen6th ln thø re8lon {O00 to eOOOl,

ha¡ beaa stud.led. ln itst¿Ll by lrnaka et ¡Lr (tgSl), vhotr

re¡ultt êrÇ sþolrn Ln Flgura 8. îbs!.r 
"a1u6 

for tbs erosl-

sàotlon at Ï,ynaa-c 1o 2.5 x 10-tt o[1.

(") Carbon Dlo¡l.dle.

fha abtorptXoa rireotnrn of, o¿rbsa tlLoxLðc 1g ¡horn ta

F!.ture 9 (tnn et al¡ 195r). The lynaa-c lLne lLo¡ olos.

ts tho ¡lnlnup betrecn thø oontluuun rhlsh oxtandlr to

ravolån6thr longer than 12001 endl tha Yery åtrosg bandt.s

vhteh ]'le at r¿velen6tbr ¡horter than l2OO1,. lhc ralue

for the absorptloû orotÈ-¡e6tL.on at lrynan-c obtelnedt by

fnn çt ¿1. ü&t 7155 x {0{o on', rhl,eb ls vory olosa to the

valuô ?.t+7 x tro-ru ott oþt¿l.ned. by Praaton (tg4O).

(r) Nitrr.o oxidlc.

lhc absorptLon orors-seotLon of nltrLo oxidle h¡a bcan
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rûeaaureê by llarno (lgfl) ¿nð TÍatanebe (lg¡r*), their re¡uLta

bsl.ng ln gooð agreement. Flgure 1O ¡hors thoae of ltarnor

¡,t Lynan-c the v¿Lues oltaLnedt rere 2.5 x 1O'r'cf (Xarno)

¿ndl 2.1+ x 1O-l tolrt (Wetanaþo).

(c) AtonLo 0rygen and. Àtonlo llltrogen.

fhsse tto ga8e8 cx!¡lblt oontlnuous ab¡orptLon o¡lly

boloç their flrst ionl.satl'on Ll¡¡lts çhLoh a:re 9108. for o¡çfgcn

antt 8521 for nf,trogo6 Thus they oan be ncSleotedl ln

ooaa!,ôcrl.ng the abaorptton of aolar radll.atLon ln the range

1O0t ts 1700i. For the tane r'ðåso¡¡ the laart galest rhLoh

havs tontgatfon Lf.nLts at 5Trî (xe)r ?8?l (¡) ana 8861' (rt),

neeô not bo taken Lato aceount.

2.2 åÞqg$rltop .PgogoEg.qg, .Îek{a*.Elgcs *4 .ÎhÊ, 4tuoeph.ers'

labLe ? ¡hons the nalor oonltltuents of the a|r ln the

honoophere (t¡e røglon uB to 90 ka)r êDð e}so sone of, the

slnor ooncti.tuents rh{ch shouLdt be taken into oon¡liloratlon

rhen ðoallns rtth ultra-vlolet absorptLon prooêaôGB¡

îrtBtE 2

Fractfon by VoLuns*

HaJor oonrtltuents
nitrogen

orygên

srgon

l{¡

0r

Â

.7808

.2095

.009'tr
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ÎÀBI.E A (ûoattnueil)

Frastlon by VoS.uucf

Hlnor oon¡tltuenta

c¿rbon dl,loxi.dLe

¡¿ter vepour
o!ong
nLtrto oxLrle

C0r

ñh0

Or

NO

.-
SxlA a

rllO - lO
-l10 o 10
¡310 - - l0

rl

rf

:l}

rlbe frastfçns
tho U.S. $tan
alnor eon¡tlt
nodll.ftoatlon

f,or ths naror oonttltusnts arË froL
df,arð .[tuosphêrer 196.2, a,ndl f,or tho
uente fros NLooLet (tggO) rtth sorè
(see $5.8).

lhe relative oonoêntretl.ona of the raJor aonttr.tuent¡ renaLn

oonrtålrt throughout the honorpherc¡ rhcrtas thc nl'nor

oonttitu€ntr have ooroentratlons whloh ¿r€ dlsterniaed. by

photoohenloaL andl. ahctsLo¡L rêaatLönt anð to arc rather

varlabla. Very f,e¡r ütrcot arporlncatal d.eterni[natlona havc

besn nadLç of the ôronô end nltrlo orLüc Cl,l¡trlbutLons above

?O ku. In the oê¡to of tbr r¿tcr ?apour a¡cl csrbgn illo:cLðq

itLgtrlbuttoaa there Ls ao dlLreot erlrorLËcntal. evlilênoo êadt

theoretloal sstinctøl hav¡ to bc u¡edl (rce $5.8 f,or a

illsous¡:[on of tbe oonocntratlon¡ of the ll.nor oonttttuênts

ln tbe 70 to 9O ha reglon). B:sapt for otoner nhloh 1¡

the only atrong etnospherio ¿b¡orbsr åt tsve¡.eagthr longer

than 20OOlr tho aLnor oonttituent¡ aeoount for oaly ô enaLl

f¡raotlon of, the abaorptlon. Flgure l1 ËboÍ¡ the varf.atLon
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rfth retcloûgth of the ponetratlon hrLght h* et rbi.oh

the sslar fLu* has beoa ¿ttcnuateü to a fraotfou å of, lts

velue out¡Ítta tbo atnoopherc (after Frlcdtnan 1960)' Fron

20oo to ,tool thc radttation ta absorbcd by oãono whtoh

r¿¿ohes lts na¡L¡nuü Ooncôntratf.on st an altl.tutte Af about

25 kar At shorter çavelengtha ¡oleoular o¡qtrgcn èbcorba

atrongLy anct tho abrorptlon tåkeÊ plaoe at htghar altl'tud.eË.

Ectnean tOCIO anü 2OO0l t¡" vsrLatl'on of br ¡how¡ tbs ¡enc

fraturçs ar thc fartatlon tlth rsvelength of thc abeorptl'on

oroÐa-roEtLoa of, noLeot¡lar olgrgtao ÀbaorptLoa by tho

olygcn Iearls to tta ili¿¡oo!.atlon anct the trtroðuottro¡ of, atonLo

oglsonr At çcveleagtb¡ chortcr than lOOOI üEl6ou}ar

ntrtrogcn elao ebsorbr strosg!.y¡ ¿rd atouLo orygânt rhioh 1l

thc prlnot'pal oonstltu€nt abovc ¡bout ll+0 kn¡ çoatrlbutc¡ to

tht absorpËf"on at rarelengtbo rhorter than 70Ol' the adlvant

of htgh aLtLtuôs rookôtô ha¡ n¿tlc lt po*aLblt to u¡r the

aÞrorptlon of solar uLtro-vlolet ractl¿tlon å8 I tsaanã of

l.nvcstlgattng the dtf.strlbutlon r!.th altttutlø of varl'ou¡

atnocpherLo Eongti.tu&nùs.

2., tbe .Ðcter¡nåSêtågg of 41Eoãnh?r1,9 , CEsno¡t3ton .fËo$
Illtra-Vlolet å,b¡orptlon Haesureasnta.

2,5'.1 Ths ÅbrorPtlon Ï,ar¿

Shen nonoohromatlo radllati.on passos through e 8aÚ tbt

varLatlon of the f,Lu¡ stth dllgtanoc tbrough the 6sË t8

governed bY tha aboorPtLon Lel
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ü '¡ fo cxp(-dÎ{) (r )

rhcre Q La the ft ur l"n photons s"-" ,"u*t,
g Lo tba abrorptLoa orottrú6ct!.oa for thc

partloulÈr 88É ¡t tho ravclcngth tn quectlgrtr

neasureð, ln 6f ¡

I{ La the nuuber of, roX.ccr¡le¡ ln a oolurn of

èroe 1 orr ¡ along tho path tbe rattletlon has

travcreêd't

andt lo 1r the f,l,u¡ rherr ![ r o¡

lho quantlty r r Í,1{ Ls oalle{l tbc optloel itepth or optioal

thf.okue sr¡ If, the nu¡bcr ilcn¡lty of the gea solcsuLer
¡la on-- !.¡ ooaatant ovor thc path traçer¡c{[ by tbr bcaa th¡

abaorptlon lar oan be lrlttca

S(¡) * Éo oxB(-sr¡¡t) (e)

whsro É(¡) ls the f,Lu¡ rftor the bcan haa travcrlôdl a lengtb

lr on ef the geðr sguatlon (a) nay be çrltten

É(r) t Ío üxP('ax) (f )

rhcr¡ I r (ftl is ùbe abaorptlon ooeffloleat of, the 6aa :tn
¡lon-'r at a nunber tleRaf.ty n. fhe *bcorptlon ooeffLoLent

oan br dlatcrnlneê Ln tho laboratory Þy ncasurLn8 tha

r ú Esy ðopandl on faotors other tha¡l the type of uoleoule
anil tbo ravolsngth ergr ttnperatr¡rç and prtðtllroo The
Latter effoot !.s to bc dltatlngulshcdl f,rou the rÀpparont
proscgro cffeotr eLus to varlatf.on of, 6t. over the rav¡}rngth
ianå rhlot¡ 1g belng noagureil (oct p.J1 )r
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tran¿nlsslon f /r, of a ¡rath length x of the gao, It l.a

uoually tabuletacL for the 6eB at S.T.P. (O"C anil 76O t,çrr

praa*ure ), anð ln the abgc¡oe of tcnperature or proslrurr

ôcpencteace of ø tt nay bo caloulatod, for eny athor

oo¡dl,ltLons to0 endl. p torr preÊBuro fron the fornula

a(t,B) . sc ' 7ffibz-5l (L)

thcre rr 1¡ tbo aÞoorptf.on oosf,flolsat at 8of.P. Th¡

quentlt!.o* ¡o anð er ars ralatcd. by ic r fi¡ rhor¡ u¡ 1¡

T,o¡ohgl.ttra nunber (4.687 ¡ l0rt ot-t).
Onoe the value of c h¿a beo¡ il,cterelnodl. tquct{on (l )

oon be u¡edl to dl¡terul,no f fron a neeturodt trenr¡¡lttanoa.

fbts nrthodl has beE¡ uocdl by a nunbcr of cxperlncntorr to

iletera!.aø nunbcr êcnritl¡ø f.n the atnoaphrrc ur!"ng nê8rura-

ncltr of the attc¡u¿ti.on of ¡slar ultra-vl,olet redlLatlon at

varlour altLtudlo¡, Bstb dllcperrlng lnrtruntntl tuob at

photo6raphlc rpeotro6ra¡rhr andl photoelestrlo Êoaoohronatorr¡

andl uôa-dll,rporrLro ilctcotor¡ ¡uoh aa photon eountcrr¡ Lo¡

ohcsbar¡ aniL Dhotocleotri.e oct.l¿ havc becn r¡acü (roo $2.5).

2.I.2 åtnoaphorLo å'brorptlon

À itst¿tLeê d[{;oucclon sf the Lntcrpretatåon of

atnorpherLc abaorptloa dltte lc osnt¡iaedl 1n a papor by

Hl,nteregger (1162)r anrl tho not¿tlon uasit herc Lg takcn fros

tbet p@porr If, tho ra{Li,¡tLon la bel¡¡g ebaorbodl, by ¿ ¡Lng}e

oon¡tl"tuent of thc *tuorphcrc the flu¡ $(I¡h¡l)r et
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raTcl.ongth I, hetgbt abovc the earthrc rurfaoc h, ¿ncl

¡oLar ronltb angler Ir ll gl.ven by

'{
o

f (rrhrr) o Sr (L ) rræ( dr(r)nr(n)¿u s6o ¡) (¡)

rhero al (t) f " the aboorptLon erots-Eåstl.oa of, the

abeorbLng oon¡tltuent¡

n, (¡) i¡ the nunber dtrnrlüy of thc ¿bsorbl.ng

ooa¡tltuont¡ l

a¡dl Cr (f ) la ttrs solar fLur ¡t çsvel.cagth Xr

lhls fornula oontal,nfng .Qa r i.¡ cxast oaly for ¡ planar

atnoaphere, but ts a gooû approxln¿tLon for thc rcal

(rpherloal) etnoa¡rboro rlran ¡ Ls not too Lar6or Hl.ntcreggcr

dl,cfiner & quantLty gr çhfoh he o¡11¡ tht r¡¡tl¡otlon

qocfflolentrr by the rcl¡tion

,¡(l*rh) . å åt rt (ra 6).oou tfoot ! r a (6)

Tbc ¡xtlnotlou Eoef,flotent oan be dlrrlvcdl dlLreotly fron thc

f,Itr¡ qoasurtncnto¡ andl nay be rcgordlod. a¡ tha a¡in

e:pcr!.rcnteLly dlcternlneil quentlty ¡!,noc thc nunber ôensltf.e¡

oan b¡ oxprtËtoû ta tcras of, Lto Xt ¡houltt bc notoil that

an ab¡olutc EÊaatrrencat of { !"¡ aot rcgulrcdt to dl'oteruLnc f .

In tha oa6o of, abcorptlon of uonoohrorat!.o raill'atloa by ô

l|[he tslar ¡onlth angle ls the angle betrecn tbe dl,reotLon
of, the gun end. the leni.th.
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¡Lngle oonrtLtuent¡ ae dl'esoribødl by oquatf.on (¡), tha

re].atlon

,r(rrh) . 6r (r)n, (u) (z)

hoLtls.

In general aavernl Oonctf.tucnta of the ctnoaphere ltll

bo absorblne the racl!.at!.on, andl thsn equatlon (¡) euct be

roplaoetl by

t(r,h,E) * lc (r)""rf 
{i"t(r)nl(r¡)¿¡ 

sGo ¡) (8)

rhcro err(f ) anð nr(U) retrcr to thc dlLfforent oo¡¡tituentt.

Íhts o¿n bc rowlttan

$ (xrhr!) ,, úe (r,)crBt-f i{rro)n(n)¿¡ ãao s) (g)

T

cherc n(¡) o fnr(U) tr tho totat nuuber ttcnalty¡ aaa a()'r¡)

La the quantf'tY dleflnett

a(r'¡) '

by
(r )n, (tr)

a
(r o)

o(tt)

Ei.ntsregger oal1s A(Lrh) tls ircightcdl aean abaorption

oroBt-sootlont. In thta 0ßðo lo bave, fro¡¡ equatLon (9)t

$(r,h) r o(r,t)n(u) ' ltr(r)n*(a) 
(rl)

In praot!.oe the quant!.ty ueasursd Is not a u¡aoohronetlo

ftu¡ t(Irhru)r but tho lnt¡gratcð flux l(frallh¡l)

eorrâsponitlng to ea lnatruusntal b¿n¡Lrlilth A?r' rhlch nay bc

only about I to el, at !.n the oase of thc photocleotrlo

nonoohrprcatorc, or 5O to ,00tr as ln the oaBe of the
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ultrs-vlotct f.oa chanbott¡

gtvra by

fho ¡rasurcdl flu¡ 1r thcn

I+ôl
l(rrar¡h¡l) * l(trrhrr)in

ÀT

{?ü f¡ (r)rrp( (rrt)n(r)üb rcó r)a . (t a)

Xt ots bo lhorn that thtr¡ lcadt¡ to

{

l+aI
rhor¡ fu(frr¿f) rl ¡(l)ð¡r aat ûor(rrarrl) t¡ thc

guantttY ilrf,tnait þY

f (trbr ¡ )¡r(rr¡)ot
r.fr(rrarrn)

t(rratrhrr) * fc (rrr,tr)r¡p(-I -t"rr(trarrn)n(r)a¡ tÊo r)
I qu)

ü a

I (trôr,rh, I ) (r4)

fllnterogger orllt oaf,f,(lraf,rl) tbe r¡ffootl've rrlShtoll ne¡n

abrorptioñ orslr-¡sotlonro rf 
gE{È*b} ¡ or tht

tt.r{ rÕ (r¡)-1tt-

l'te tf tbo oonpoalti.on of the alr j.s sonstaatr thsn olttf osn

only ileoroa¡s or rsnaln soa¡tant as tho radLi.atlon ptaetrster

dlorn through the atnol¡rherrr It rtU. ctloresse rhgn (f rarl'oa

asrott thr Lnatruncatal band,rl-ttth, bcoau¡o the radll'atlon of

navel¡ngthr et rhLoh A Lr lcrgor rl.tl þc ¿baorbodl loro
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qulckl.yl.eavJ.rrgahlgherfraot!.oaoftheradltatl.onof

feïGlengtbs et rtrloh c¡ í¡ ¡naLler. fhe ohangf'ng d[:[strl-

buti.on of fLu¡ rithf.n the banürlûtb aI Lr sonetl¡¡ca oallet

rrad.latlon bardlenl¡8t e¡dl ln Iaboratory neÐËureucntc of

eboor¡ltlon ooeffLoieutl appairû It an tapparcnt presÉurt

effootË vhoa the fLns ãtruoturo of or (f) 1a ataLlar than

the lnttrusoatal rsoplutlon" Froa oquatlon (t:)t ro haYc

s(rrarrh) . a"or(lrôlrh)n(u) ' Iorreff 
(r,ralrn)lr(tr) . (t6)

2.j.) åbrorptton of SolEr Ratti'¿t'1on ln tho rêngÊ

lOoO to {7OOf.

A.t ravslongths lco¡ than f Oool noleouLar nltrogcn,

nolesular Orygonf 8að etonlo orry6en a}L ooatr:lbuto to tbc

atnoapherLo absorptlon (rcc $a.Z)r ¿¡dl tbr cltLnotlon

ooef,ficLaut nust bo ¡caoursit at ¡t lc¿st throo ravclrngÈbr

¡o that three equatlona llke cquatLon (tg) arc obtaLncdl

rhi.oh oan ba tolvc{t. for thc nr(U). Horovort betreln {OO0

anil f ?OOL, the raage oovcredl by loa ohanbcr¡¡ atuor¡lhcrlO

abrorptlon ls d.ue alnort Cntircly to noleOuL¡r Orytür l'Gr

cn. (I)"n. (h) n, cr (r)nl (r) + ür (¡-)nn (r) + " t

|n tha betght ra¡rge n€ar çhcrr å* t" a rall.lun, the croõl-

leotlonc (ll ¡(Fl r.' . ref err:lng to the other oon¡tl.tuentg.

(ffrf ¡ atatenent nay aeed ton6 quallfLoatlon in tha oaar of

Lyuan-er raä:Latlon¡ but thf.s rlLl be ill'sous¡eð i.n ilcta1l Ln

(rz )
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95. g). ündle r eo ncl.ltL on (t 7 ), eguatl oa (t 6 ) beoone t

r(IrÀtrh) * ro, rrr(lraIrh)n¡, (h)

therr ôtr
6 (trt, a )a¡. (r )ar

60¡ off,(r,norrn) a
É(rrarrbrl)

a

({8)

(u)

lhe ¡olar fLux Éo(lt) anè tho nolestrlar o:Srgên abrorptLon

oroBt-tootLon ao, (l) vary rldtely çlth raveLongth ovçr thr

rsngc I0CI0 to I7O0l (acc $t.2 anA $g"t rcapaottvoL¡r), to

i.t tould rpp68r tt¡at oxy8tn dlcncLty dhtcrnl.natf.on ullng filu¡c

ncaðuronents naåe lrltb l.on otranbers aadl cquatlona (f Z) s¡dl

lle) rouLdt be oonplJ.oatedlr ñoneYer, thc¡c equatlonr oôã

bc oousj.dlorebLy atnpltfloi!, Ln oertain oaüêtr Ílo I'nportent

onct ar6

(r) Wben ao, (1) l" oonatant oyår tbs ravelengÊb r&n'â

ì. to t+Åf, rquatton çtf) bcooee¡

r., orf (rrÂrrh) ' r", (ao)

aadl oquatloa (tg) bcooae ¡

¡(Iraì.rb) ,n úr, nor (h) . (ar )

lhosc re¡ultð ero lndtepenttcnt otr tlre fu¡ottoa

Ér(f ) rhtoh dlr¡orlbse tbe l.ntcnalty dttltr1but1on

f.n the soler cpaotrun ovsr thc ran8c I to l,+ôI.

Àn t:racpLe !.r provLitcd. by an Lon ohanbcn¡ sush at

thc ona rrth a rap¡rh!.re çi"ndloç antl rylcnc ft11f.n5t
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rhLoh rcapondlr to th¡ rl!6t 1l¡2O to ltrT0 l,

trtthl,a th!.r rangê tho aùror¡ltloa oro6!-lootl.on

of, orygsn vuLe¡ ltttl¡ ($e.t), andl oqurt{or (aO)

aail oquatLon (el ) err gooü rpprollratlouo
(f ) If l.(r) lr auob l¡r6er orfr tol. n¡llo¡r r¡atr

AII th¡a oLrcrhrrr ln thr loa shalbcr ran8r Âl

then th,r cffootlvl valuc of thr inrtruacat¡l

bandtrLdlth i.¡ ôIf . Thr ùrrt cnrl¡l¡ of, tb!'r

ooourt rh¡n th¡ loa chalbcr rtlpondlr to I r¡lge

of ¡yavrlcnStha l¡oLudll¡g thr þnatt-c llne lhl,ob

eooountr for 80% of tho ¡ol¿r l.ntenatty ia tbl

r8n6c to50 to rrSO l. I¡ rôiltt!.oa 61. (I) v¡r1cr

llttL¡ ovGr tho ravsLongth ran6o oovorct' by thr

Irynra-a Ll¡r ($g.l) ,o tbrt útrcttúo. (tet 5r7,

for a¡ Lon ob¿nbcr arn¡Ltlv¡ to llyran'e andl

,(lrarrh) . rrr (ztl.ll¿r (b) . (zzl

â1¡o tbe Eotr¡oldlrnoe of þuen*c rLth i Yl4f aher1l

rln!.nur Ln o¡n (1r) ($e.t) rcaar th¡t rort of tbr

oth¡r narclrngthr 1n thr fO50 to lrr¡ I rangr 1111

bc ab¡orbcl!. at luoh bf6hcr ¡ltl'tudtel th¡a tbr

Lynan-c Il.nt, ro th¡t rEuatl'oa (zz) rü.tr br ¡

!'6ry oLocc appro:katl,oa to tho ¡otual oondlLtlo¡r

t¡ the ?o to 90 kl r¡rgr rbcrr 3t t" ¿ lr¡lrul.
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2,5t\, fho thape of ¿t¡ .ltlorpher!.o .àbærptloa $urrr

Equat!.on (6 ) sau bc rtrrl.ttftl

S(rrat rh) ¡ 6(trar)r-p(
{-'

(tralrh)ðh reö ¡)

'fu(t'nlo¡rp('r) (af)

rhoro tbc optlcal ilc¡rth f,or the ravrlcngth bandl ll to l+Âl

1r ilrftaeil by

r(r¡atrrh¡r) a Iit*rôrrb)ðb !Êo ! e (e+)

{

It t¡ oonvc¡f.ent to Lntroôuoe tbe prnotratlon helght hr ¡t

tblobfrl lrt¡
æ
,¡(trat,rh)übrrorrl a (rt)

rt

Hst sonold.lr a ¡LnBl!.fiall' ri'tu¿tLon ln ;bt'ob

(") thc cbcorBtto¡ {r dlus to one oon¡tttuGätr

(U) thc abaorptto! otreå!-rcotLon Ír of thir ooartLtuoat

L¡ oonrt¿¡t ovêr tba rangc I to I + ôl ¡

(") tbe nunber ôtnslty of thtr sonltLtueaù larl.el

arponcattally r{th bat6ht f,oto n(b)"¡rr¡p('h/n)
rherc f 1¡ o¡I1¿il thq rselc haLgbtr

CondlltLon (o) rlff Þc ¡ goodt apprortaatloa f,or Èüt

l*Jor oon¡tituo¿t of the ataor¡rhcra ovtr s lLnf,tcd[ bolsbt

fanllr tndlcr tb¡¡e oorttltlonr

\
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r(rratru) ' crn(b)'ei:þe"tp(-h/n) (26)

anð ro

t ¡ ñoH r¡o r crp(-h7") . (eZ)

îhe varl¿tj.sn of p rith helgbt !,c chotn !n Flguro lde)'

As g Lr proportlonaL to the alope of thc Sraph of ln Í

e5a:[nst helght (aguatf.on (6)) tbc varlatlon of ln f, rlth

hetght 1111 be &a ahorn in FJ.gurr r'e(b)r an<l the verlatlou

of I a,s sbonn ln FLguro le(o). Urtn6 equatlonø (Zl) endl

(Zl) the vs¡f,atlon of f rtth helght orn bc tabulatedl ar

rhora ln 1[sb].e 5.

IÀBLE 1

h Í n/n
o

hf + ïfr"

h*+ 2n
ah +H

hr

h'-H
ht- 2g

o.o5

0.l r+

o.37

I

2.7

?.lr

û.95

0.87

0.67

O rrT

0.067

0.00061

Xt oan bo te€n that 90fr of, tha abaorptf.oa takc¡ plaoe orer

a hclght rslga of aÞout lrll. Thl¡ roprct6nts tbo ¡lraotLoal

Itntt to the raãgê orcr nhloh dten¡ltles oan b¿ dleterri.neiL

Þy tbe Esaturcnont of abrorptlon at one vaLuo of ¡ro thc

rsDgc lr l.lntteit at the upper cndt by thc åtfftoulty of

!Bô&Ëuf!.ng the relatlvoly analL ohangeo ln ü, anil at the
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lnô

lnf.

.Figure 1z^, The variatíon wit
logarithm of the radiation f
of, monochromatic radiation i
scales are marked in units o
(see p,34).

'ì
h height of (a) the extinction c
luxlrvô and ( c ) the radi at i on f lux
n a homogeneousrisothermal atmos
f the scale height H.. h* is the

oef f icient ¡¡., (b) the

0

HEIG[.rT

+,
Phe

for the absorption
re. The he,ight .,.

penetration height
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lorar endl by tbe d.lfftoulty of oongtruotlng a nesourJ.ng

oyrten rhloh oan ¿coonnod.¿ta ths Ísry ;Lde rangc of

varlatf.on of f . In praotLoe tha lnatrunentr u¡etl urually

havo â. range of aþout a fagtgr of tronty.
.l

Slno6 ob¡It sco ! Êïp(-o /n) r I tha cffeot of altcrlng

r L¡ to elter hr, but the rtl.uea glvon ln fable J 1111 not

be aff,cotect, so the f,lnaL re¡ult Ls that tha aboorptLon

taker plaoe hlgher up but oYcr rraotly thø ðaDG rangc of

hej.ghtc. lhLs statonent Ls e:raotly truo, of courtËr oüy

f,or e ¡llcnar atnoapbare slth the ltrpltfylng caaunptLonl

narlc nbovcr lthen the ¡cnlth angle ohaagcc fron O to t tho

absorptLo! ourre torèN l¡p by a,n anount hr Slvcn by

rso 3 ¿ 6xp(h'/r) (cquatlon (zf))' $ono v¿lue¡ ef hr arå

cborn ln lablE lr.
Tå,BLE l+

!
hl /n

0r

201

40t

6oo

0

o.06

o.21

o.69

ft oan be Êsên fron thc tsbLs that tbc rargç ovtr rhloh

dtcualty oa¡ þa dlcterulnetl fron an aboorptl.on Doaruranent L¡

not ralsect nuch for gulte large v¿rf.attonc of cçnith anglc.

In faot, bcoause of the rpherl'oal ahapo ôf thc actual
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Otno6phsr6, the range t¡ not raLsoct Dore than cover4l ¡oale

helghtc f,or ro¡lith sn8lol up to 90e.

2.4. lbg Dgtelplggt&o4 ,qf .r?qqer+ggqo ¿roftlEq f rq¡-DensdtÏ
Proflle¡.æ
lbç ba¡l,o equatLons go"ar¡lng the ¡truoturo of the

atnoa¡rlrarc ar!
(a) F1 r nrkT (rne Gas &ar)

ühero pt ið thc partLal prstsürc anil n, the

nuubar clcaaity of, the oonltltusnt l'r k ls

Boltsn¿nnr¡ oonltent¡ and. T la ths absolutc

tcnpcratür o ¡

We aay a1¡s rrl'to
p ¡¡ nkÎ P !t 8Pf¡ ll * 8nn

therc B e$d[ n ¡re the total prcesur. ¡nê

total nunber tlcasltY.

(t) pr."loi. P rf,rrn,

Eass of conltltueat 1, eô p lc tho total

dlenaLty.

(o) itp ' -pgðb (fne $ydl'ro¡t¿tlo Lar)

fhc dtote¡m!.natlon of the Ruuber d.cncLty of ons

contti.tucnt nn(h) as a funotlon of helght d'11' not la 8oncrel

¡lLoç a tonperature Brofll.c to bc oaloulatedl. Horoçort

thort are tro ape oLal ri.tuattons Lu nhloh thc oaloulati.on c¿n

be nad.c. these arc
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(.) DiffurLva rgul,1'lbrl'ul

Thl¡ La tbc ¡ltu¿tlon rhorr eaoh ooa¡ttrtusrrt

l¡ lll¡trtbutclt l'¡¡ botsht turt a¡ lf tt r¡nr thc

oûly Eon¡tLtuent lrto a¡oh eoartltucnt bchavtr

lattrptail,ently of the othe¡r¡. 8b¡a

r1(hc ) " {, 
rr(¡)s¿r

'{ ar(h)ectr

"{." 
(t)¡¿¡

t

I

(r )

anû

r(nr) (e)
a

n, (u )r

(¡) f,t¡r.ng

Ia tJ¡t.¡ ôalt o¡oh oo¡ltl'turnt oooupler É

oo¡¡tant fr¿st!.on by volulc (1'c' nunbor 'itonatty)

ef ths a1¡rr Îf thr fraotloa oooupt cdl by tbc
ll¡

Eonrtltr¡eat I Lr tl t ;å anil lc dlcfl'nt t ¡cln

¡otrourar ru. i .3,.1å1å'* , thcn
n

9rnfi t . IÍöl3boi

nr(u.) * rrn(¡.)
dt

Jrll
hl

I (¡)sûb
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!¡r t

!¡

drhI- oor(rr)eJo,-r

{J'
(n)sdh (r)

ani[
oo

r(uc) n n, (n)sühI

(t*)

Xolooular OxygËn Ls probebly !.n ðlffu¡lvc cqulllbrlun

above sbout 'tZO kn dturlng thc ilsy (fatlnan'BlJl andl Stblcy

lg6l), antl þa}ow 9O kn thore lLa lftlng, the ro&n noleoular

EÊrr beûnS 28.g6 (U.S. $tandlardL Â.t¡o¡phero, 1962).

8et¡ecn 9O end 120 kn¡ ¡herc thc photott!'asooLEtlon of

o¡Þrgên takea pLaoe¡ arfther of, the ltrtuatlona dtc¡orl'bcdl'

¿bovs are cppl.Locbls.

å,¡ the uunber ðcn¡lty leaotnsnenta do ¡ot crtanil to

an Lnflnf,ta be{ghtr but oaly to ¡¡ont la¡tlnun hetgbt hn,

tbc Lntegrcl 1n equatl,on (¡*) aennot bo cvalu¿tcdl froq th¡

Bcaruroüonts alonor fhere ¿ro tro ra¡rr of overoonlng thl¡

il,lffloutty. The flr¡t ls to nalcc e dt'lreot c¡tlnatc of

["r(f¡)eüù frou ¡n erttrapolatLon of tUcnr(h) oürr3r lhs

I
E

aeOondl¡ !ûoro Usual, nethoct Ls to asürnc a tenperature I, at
qt

a

nl

h, anû oaloulaùe

&

ur(n)sûh fro¡
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(¡)sdh

ftn

f clt
nl ol
I,

a

nr(nn)u (¡)

(6)

(z)

Ifhlohcver nethotl ls oÌ¡ogen thø lnte6nal above b. toon

þaooneg a very snaLl part of the total lntegral o¡ tha

Lntegratlon La a:rtondtcd dlorn fron hrr ¡lnoa an(n) lnoraaaat

apBroxlnately oxponcntlally as h dloorcaacar anð to the

astual ohol,oe neôa he¡ ltttle sffcot on ths tenpcraturo

value¡ at hetghto Eoro than about & aoale hetght bclor h..

lhc ralue of g ;tlt uruaLly bc sufff.oLcntly osaatant

over the halght rarçe uôedl. i,n thc i'ntogratlon for ¡n

avoragr value E to bs uaodl antt lt san thcn bo tekcs out of

ths i.utcgral gfl.ag
h

r(tu )
{t/ "or(t,)an + lirtn)cü]L{_ {. -

nt (u )r

Flaally lt nay bc notedl th¿t !.n the oatt ;herc th¡ tnltteX

abaorptLon Bêarurcncnt i.a nadl.c rlth lonoohrouatLo racllatlon
h

the i.ntseral tnr(n)au nay bc sbtalnoit tllrcotLy f,ron th¡

{ 0

fl.u¡ Eea¡urôûent¡ usl.ng the rclation
b

{."

1---crsootur(u)an 1n *(¡c)
rïËJ a
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2.5 Prevlous lÍeaeure¡oent¡ of Soleoular Oryssn Densitles

In thls saotton the rÊriouû nsthodt nhùoh have becn

urcdl to obtaln Eo].eau18r orygen dtrn¡l'tles ln the rtgj.on

70 to 180 kE 1111 be cllsousseil. lhie Ls the reglon:[n

rhíob oxygen ðensltLeð o&n bo ileternLned[ fron ne&Euranentc

of the abaorptLon of tol8r uLtra-vLolot rad.Latlon, naûc rLth

lon ohanbers¡ and. thls teohnl.gua rf11 be eonparcdl wtth thc

othera, both thoas based oa the abaorption of solar ultra-

vlolet radl.lat!.on¡ ancl those usln8 aono oonptctely dufferent

nethoil,. The resuJ.t¡ of sLl the neaauronents nentt on€dl

bol"or are itlaplayed' ln Fl6urc l j.

lhe f,tr¡t atteupt to nsasuro the nblorptlon of toLar

ultr¿-vLolet raatlrtLon ln the atnoophers tað naûc ln 1949

(trrlc&nan et aL. 1951) ustüg tro klndta of photon oounttrt

the flrst having a lLttrluu fluorldl'o nLndor anô ohlorLnc

fL1L1a6¡ oncl tbe sêeonô & rapBhtro Ílniloç andl bronlnc

fllllag¡ They rqspondlodl to the rangeo 1,180 to 1lOOl anô

l,+25 to 16501 resp6otlvcLy. Hore1¡or, saturatLon of thÊ

oou[t6r.E¡ and. sone unranteit. long wevÊlsngth feaporrll3¡ nedle

the ¿nslyõl4 iti,ffloult andL no orygon ðcnsLtLes çerg

Obtal,no{.. The results of ¡LnlLar experf.uento Ln 1952

(Byran et aL. 195t) wtth thegE countera rero alao

uãtultable for ti.etern!,nLng oxygen dlcnclti.ea, but a plot of

ths lntênsf.ty in the 1f8O to f rOOl bsndt agalnst ¡Ient afr



FiËurr 15. îhr rrrultr of oxportreateL dlrterrln¿tl,ona of
noloon¡lar on¡Ë.a dtcnrltlsú J.n tho r¡ng¡ 6O to
18O lcr by torksr ud.n€ verLour tethgdLar Fhc
hrùght rangc rLthfn rhioh ecoh.¡ethodl 1¡
applloablc l¡ ¡horn la tho f,Lgurco

T,EEBHD

- U.Sr Str¡{l¡ril(rr¡ p.&,8
trorphcr¡ lg6e,

pbotogrrph!,c rpcctrograph + tur¡E et el. (tg63t {96t) (feân)
Photod..otrlo lonoohronator r trall. ct ú. (t9g$, t96g)
tl¿¡¡ rpcctrouotor x l{l.cr ¡t ê1. (tf6lr) (¡ro f,ootuotr

P.b8)
{¡}5Ol 0suatcr v frlcil,¡rn rt ¡1. (lg6[)
Lyaan-c ign oha¡bcr a o Frc¡ant rork (rnnnrr tfo8)

â
)

1220 to trS0l lon ohalbüf .... .. .

snLth aad!, rr¡kr (1965)
(ruuor !9e¡ç)

r (¡t{anæ ,8rr)
r (rutuu¿ ,80il)

(¡tnttr tEor)
ßupprrlan ct er. (lg¡f)

(runner 59elf)r
r (rprlag 59cn)r
r (rpri,ngr 59ttr)

.J
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o
trl
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I

I

t
I

il

t

t Dr¡al,tlsr a{tjurtoil to r ororr¡rtotloa of
l.oo ¡ lo-ro ott at þnan-c (¡tr footnotr
p.l¡[].
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Eettt obteLned!. fron the Rooket Pencl rhono<l that thl.s

ratllatLoa rea absorbeû ln the aLr ès lf lt Esrê [olro-

ohroaatt or artd that the absorptLon sooffieLønt çe6 olosc

to that of Lynan-c t,n cl,ry alf.
à ner oounter whÍoh haû ¿ rapphlre wl.ndlor, ancl ¿

fl1J,tng of, nl.trlc orldlc, xylcne ancl hclLun, ças first u¡odl

Ln 1951 (Ayran ot alr 1955). ft reepondert to the rangr

1t*25 to l5ool, but had. a nuoh lorer long raveLengtb reüpoast

than tbe prevlous oounter srn¡ltlvE to thl¡ rrrigcr A¡ oan

be 86€n fron the plot of hr ln Flgure 11, aboorptLon

Eeaturor¡ents neðe with thlg counter oan be usecl to

dleternf.nê o¡rygon dlenpltLes Ln the 120 kn reglon. Thc

aaalyrlr of the resuLta 1s raLattvol,y ða,ry ðlnoc thc

abrorptlon oroca-ðootion of oxygon dlocs not vsry grcctly

rtthLn the scaEltiv€ renge of the eountsr (¡ee 9Zrt.5),
Dcn¡ltloc obtaJ.neil froa t]¡e rerultr of tht¡ oxperlnent andl

st,nllar onss tn 1955 enð 1965 arø ¡hown ln Flgure'15,

(uarkeü, v). å,11 the dlonaLti.ca aro teksn fron thc ¡rapor by

Fr!.cdlnaa ct aL. (tg6+). lro of the crporLnent¡ rc¡re

oÊrrJ.eil out rhen the solar senlth an61€ tÍar slo¡o to 9O' ro

that the raglou !n whloh ilon¡!.tler serô dleterolnedl çaa 150

to l8O In lnateadt of 11O to l5O kr a¡ 1n the other

çx¡r arf.ucnt g.

rlhe ¡lant alr maag 1s the ts&Bs of alr Ln a ool.uun of uai.t
aree of oross-scotLon betrccn tha dletootor andl the BllD¡



\t

Ion shanbers Fero f!.rrt uacdl f;or abrorptlon n.ôor¡renentr

Xn 1955 (Eyren et al. 1956, Chubb ct al.1958). Ího ion

ohanbcrc, rhLoh were aonsltlve to Lynan-c, hatt. trl¡dtors of

lLthlun fluorLttc and. fllltagr of nltrl.o oxf.dl¡. Howcver,

the Lyuan-c Doêrure&ent¡ rorc not uaqdl for oaloulctlng oxygon

dlcnrltlss and. Lt rvêr auggeatað¡ on the ba¡i¡ of the abeorptf.on

ooeffLoLent obtaf,nedl frou a ¡llot of &yaan-c Lntca¡lty egat nat

cl¡nt alr aa¡a taken fron the Rooket PaneL, that rator rtpour

aooountcdl for approxiratcly half the abcorptlon of, Lrynan-c la
the atnocphcrcr Âltbough thl¡ r¡s ðuc naLuly to a ËLå-

oonooBtl.ou oonoornLng tho Rookct Panel ttanrltl"r! ttt"
quoatlon of, abaorptLou of lryuen-a by rater TÉpeur rcquLroa

e¡ellnetLon end rtll. bc dllrour¡rct rcparetcly (95.9). lro
furtbcr fll8hts tôrt nadh Ln 1957 and. 1958 (fopperLan ct al.
1959)t ualng both the lon ohanbsr ¡onaltlvs to frynan-a, aadt

onr ¡ca¡!.tlve to the råug c 'li,?o to l54Ol (oalolun f,Luarklc

rinûor, nltrl.o oxldtc f[L].1ng). Â,baorptloa Deaåurauent;

rÀ valuc of O'0t$4 or-t çar obtal¡edl for the abrorptlon
oocffloient of Lynan-c Lr¡ sr.r (Ctrutt ot el. 1958); but Lt
n&E egcunedl that the Roeket Pancl tl,cnsr.tlec nero too high
by a faotor of tro. !ÍblLe thlg aubcequently proredl to bc
oorrest for the reglon abovo IOO kn lt raE not true for thc
rrg:lon of lynan-c àboorptlon (f0 to 90 ku), rhere thc Rooket
Panel d.cncLtloa arc only about'tOf, bfsher than tho¡c of the
U.S. $tanôercl Âtnoapbcrc (t962). TÍhen the ebsorptLon rrooofflcfent Lr oorreotctl by thf.s f,aotor a val.ue of 0.048 on
la obtalbcd.._. îhi.g ls olose to tho prescntl.y eooeptedL vaLue
at o.a566 on-r foT the absorptlon ooãf,rloienl d Llnan-a !.n
ôry aLr (reo p.2o)¡ although-4t1L1 bclon lt, anit Eo these
rerult¡ aotualLy lnply that ratsr vapour dloe¡ not nakc &
largc oontrlbutlon to the abrorptlon of Irynan-c l,n tho
atno aphere.
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nadlc wíth both ohanbors rsrc u¡eð to d.crlvc orygðn dl¡n¡ltic¡
(ftgurc 13;t narke d.F.r-.;)r An¿lyrl.t of, thc dlate fro¡ thc

oh¡¡absr ¡onsLtfve to Lynaa-c la otral,gbtf,orverd dl,uc to th¡
predlouLnaaoc of thL¡ llne La tbe tolar rpeotrun (¡c¡ $e.!.)),
but tbe aaalyolo of the dl,ata f,ron thc other ob¡Ebcr uar aor.

oorplloatsð orlng to the clcteoùLon of, raiLiatlon rLth rXdloly

varyl.ng ebaorptlon ooeffLoLent¡ ln or$genr

tça¡ur;aenta of the abrorptLoa of Lyuan-c rcti,ctlon¡
n¡dla rrlth loa ahanbert, h¿vo alro þçen uscd. by $ntth andl

bf.s oôLleeguêB (Sarta 6t al. 1965, Snlth and[ ffeckr f 965) to

dl,eternlne orygËn dtensttlçs (trl6ure 13t narkad. 3 Î,1. fhey

u¡cdl both o]ranbers f,f.Ll.erl çLth a!,trLo oxldlcr anå ona¡

ftllcil rtth oerbon ü!.ouLphl.dlen but founil that the lattrr
choredl ðone ûeorease Ín scn¡Lttvfty clurLng the ¡lerlodl of

the roaket fl!.glrt. By oarrylng out rone of thc rloasurenentl

rbcn the rolar ¡entth angle res ologe ts 90', ô¡saLtler tr6rc

obtaf.ned, f or tbe 90 to 112 ku rcglon, aq ro}l eg f,or the 70

to 90 kn regLon ooverrdl by the fltght¡ at rnaller ¡enLth

englea' fhe noasurtnonts r6rc raih at tro åtf,fçrent

lotlùudle¡ (58rtt an¿ 59on) ancl !.n dl.lffcrcnt lraroas of tho

rKuppsrLan et aJ,. uooit a. value of O.82 ¡ lO-rosrl for thc
abrorption oro¡s seetLon of, orifgen at Inyoan-c rh¡n analyolag
thcLr rcauLta. Horever, both the retul.ts of Snlth eadl,
Weoks ('tgøg) anð tho¡e oi' ttre author rcr6 d,orLvcdl urlng a
value of l.OO x 10-!oourr Thereforô¡ La ondler to nakc e1i
the d.en¡ltLe¡ obtaineô fron þnan-e abcorptLon nE¿surcaent¡
ôlreotLy ooaparable, tho¡a of Kupperl.an et aL. have been
uu1tl¡rll,ed. by O.B2/1pO before Lnoluslon Ln Flgure 73,
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y€ar, anct soûc sonoluãlons havE been ilrern oonoarn!.u6

latttuitc andl acaaonal v¡rlattons ln tha oryBEn ilenrltler
(snrtU a¡¡il feak¡ 1965).

FLgure 15 alao shors the rocul.ts obt¿tnadl fro¡¡

a6asu?cnent¡ on the abcorptf,on of Lynan-c radllatl'o¡ ln
the prrrent rorkr ae tteacrLbcrit la Chapter 5 (¡arkot ¡ o ).

Jurrs et al. (1g59, 1965t '1965) have u¡edl a ilLffcrcnt

¡¡cthodl, of neasurLng the abaorptJ.on of ultra-vlolet redllatf.on

ta the atnocpheroo ltakLng u¡c of tho Âsrobec pol.atlng

ooatrol¡ th€y have florn e nunbar of, tlucr bctlecn 1958 andl.

196, Bhotographio a¡reotrograpbl ooverLug the rangr 1000 to

,O0Ol. îhc rctoLutl.on çal ¡uff,lotent to re¡oLrt tho

rotatlonsl ct¡nroturr of th¡ Sohuncna-Bulg¡ baail¡ of noleoular

oryg.nr rhlsh appeareil al "t"o"ptfon baadlc ln the spectr¿

takon Ln the 6O to 90 kn roglon. 0lygon clrn¡ltlet tôr.
it¡rLvc{l f,ror the vartat!.on rùth hef.ght of lntcnatty tn thc

rcgf.on øf ths Sohun¿an-RuD6a bandl¡ andl st vrrlou! FaYc-

Lcngtha çltbln the Sobuscnn-RüDgl ooatlauul. Ëcoau¡c of

thc r!.dlc range of, Eoleoular orygtn abmrptlo! Ero!¡t-ãtotl.olt

oovercdl (res FLgure 5), ðcnrttleo rsre obtalncct at hctghta

var'¡rlng f,ron 6o to 165 ki (flgura 1õ, oarkadl + ). å. very

d.Lreot aethocl r¡a uasdt to oallbrete tbc Lnctrunentr ln tho

rcglon of, thc Sohunan¡¡-Bungo bsndls. S¡laotra rero t¡kcn I'n

the lêùoratory rlth varlou¡ path Leagth¡ of ory6tn lno1udlot

ln froat of ths opectro6rrBh. fn tb,Lr ray the dlcptha of



L6

ths $ohunÊnn-Runge bauðr çoro d.ctcrnl.¡¡ll at funotlont of,

the cbsorbl,ng path length of ox¡rgütr ShLa ncthsdt

allri.nataø the porsLbLe cf,foot of varLatf.oa ln tbt appercnt

aÞoorptlon oroû6-soôtlon d.ue to Ln¡r¡f,f,l.sfeni lnstruuoatal

rcaolr¡tlon (cee p. l1).
lll,atorogger andl hi.e Qo*rrotrkorl havs ussd tho Photo-

eleatrle no¿sohronatorr dlsaerlbaô f.n $l .1.1 to oarrlr out

aboorptlon noa¡uronent¡ ln tbe atnoaphere. îhe¡c

!.nstrunent¡ ¡re lLn!.tedl. to ;avolcngtbs lcrs than tSOOlr a¡dl.

oan oaly bo oparetedl. at helghta abovc rbout { 2O kl dluo to

the. eff,sot of the aLr on thc open photonuLttpll'ørr thue,

although the Lynen-a Llno ts llotcotetlr lts ebaorptlon

sabaot bc nea¡urodt rj,th thcsç fa¡trunsntsr åbsorptlon

aaal.yalt L¡ logt oonvulrattry oarrledl out ¿t tho ravtlangthl

of ¡trong golsr rnlsel.oa lLaar. Plota of Lntlnalty agal.nat

hcfght for trcnty of ths¡o llnca¡ Bð&türå¿ ¿urtns a flf'ght

la 1961 , arc gl.von by H¡Ll at al. (ty6)a). 0n1y ooe llnr
(tUc $IIII lLne at f 2O?l) f r cÞ¡orb¡û trolus!.vcly by

aolsou¡.sr oxygên¡ thr othcrr llc belor {0261 antl ars

¡baorbcdl al¡o by noleouler al,trogðü or ¿tonl'o oxy6oa or

botb¡ tl¡asurcnents of tha 12071 ltae glvc noleoul.ar orygÉn

dLrnritfca cllreotly, rhtle ¡€asur¡ront¡ of the otbEr llne¡

oan be conbLnail to obtaln O¡ ¡ l[r r a¡il O dlrnalty prof!.ler.

lhe ncthodl. u¡stl, ås dlasoriboil la a I¡BItor by lltntcrttgor
(lgçg) çhioh also g!.vea the clcnrlty ctLstrlbutlon¡ obtel"nedt
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fron au enalyalc of the rcsu].ts of thc 196'l aeèturonantlr

Denrlty yal,r¡es dlcrlvedl fron the rs¡ults of tro rlnll¿r
fLlehts nailc Ln 1962 (narr ct al. 1961b) ara ahoçn ln
flgurc 13 (narkeð r).

A oonctðorable l.nprovenont l¡ tbls teohnl,quð lt&t nedll

t.n lg6I url,¡rg a ftrxe& ravelength pbotoctcotrÍa ¡onoohron¿tor

(urrr ct aI' 1965), Hinr roLestedl ttrong aolar cnls¡lon

llnet botrecn j0lr an¡l f 2O7l üor. aonLtorodl, ln turn, lnstcadl.

of aoannlng tbrough tb¡ rhol,e r¿Yclcngttt r4ng6 JOO to I t00l
ar ln ¡lrrrloua experf,ncntsr îhl,¡ ohango tffeotedl an

lnpnovcncnt by a faotor of, 5.5 i¡ altLtudl.c rt¡oLuti.oa andl

a fastor of 5.5 tn eounting rtatt¡tlo¡. îhc nolcaul¿r

orygcn cl,onaitlo¡ obtai.noê fros thLa flLsht are alro ahoç¡

ln Ftgurt 73 (narkeð ¡ ).
A Eenpletely dl!.fftrout approaeh to thc dlctcrol,natloa

of atnorpherlo eonpo¡ltlaa ba¡ bcon naôo by Nl.cr et cl.
(fg6f) rho uscð ûÊBr tpcotronçtorp f]'oru la a rookct.

Probl¡¡r ¡cpooiatcð rlth ooata¡l¿atlon by gaetr Blvc¡ off
by thc rookct lts¡lf lrctt rcdluoedt by ¡oElln6 the natt

apeotroaeter¡ u¡t1.l they re¿ohedl ¡n altltuð¡ of appror!.natcly

100 k¡, anå punplng then ooatlnuouoly rLth Lon ¡rurpr. A

oolp3.etr rårr apeotrun rer ¡oannedl, onoo evcry ùro a¡oondl¡

anct tolcnctoroð to tbo 6roundl. Don¡Ltlet rere ilerLvcdl

et t0 ku Lntsrvals f¡r.or tl0 to 210 ka¡ th¡ tolooular oxy6on
.ì.
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dtrnsÍtl,er batnø ahotn Ln Ff.gr¡rr IJ (ncrkcd!. X)r.
¡ttr ¡o shonn t.n F!.gur ç 15 l,s aa ôrygan dlonsLty profLLr

d.rrlvodl fron tbe ü.S. $tand.ard. .å,tnorphoron ,t962,. Tht¡ Lr

a ng{lcl ¡tnoaphere rvhl.oh roprrronta the rverago r¡Xuer of,

neay EelsurÇueat¡ of thc tenpcratutrü, total prrËBurr anê

total dlcnaltye rn lt tho ooapo¡ltLon of tho olr lc e¡suncdl.

to br oo¡rtant bolor 9O kn e¡dl co thc ooJ.eoular o{ytra
nunbêr dl¡¡sLty har b¡rn ûu.vrd[ by uultlply1ng tba tstel
nunbor ôs¡atty by O.Ífl95, th,e ccs-lercL freetr,o¡ of onf,gonr

å,bovc 90 tn ths oonporLtf,ol ohrn6ta d.uc ts ö.asooLat!.on of
tho oxytau, the ohauge bolng rcprcrcntcdt in tbe $tandlardl

AtrolBberr by a dlcorcaoc i.n thc nql.couler welght. Ths

orygÊn ilcuaLty proffle aboçc gO kl ln Ff.6uro,l3 l¡ac bccn

o¡lculetoû oa the aarunptlon that thc fraotLons by rrlght
sf ¡lL tlrc oon¡t:ltueat¡ cree¡lt otonLo anô noleoular ox.y6tn

roaaln oonatant and that thc changc La nolaoular rc{ght l.¡
ilua olly to thô ðl,arstlatLon of rôlðoular o¡qy8ra lnto ¡tontro

OIS$lne

Scrcral usthodls of þÞtai¡lng nunÞer dLcn¡ltl,cr of

t,aillrlitual ¿tnorpher{,o osnatLtucntr hevc þeon dlcror!.bc{l,

rÞovl¡ saoh of rhloh ba¡ lts oÍn ad,vantogtr. Thr

fÎro setg of roer¡.lts rÍer6 g!.vcn. fhe oue basedL on tbc
aorunptLo¡¡ that the ¿1r aol,oouleo rctalncrl. thcLr ¡nb!,cnt
tanperature when tbcy üêrü ¡¡ea¡urçð haa bcoa çolcotcdl¡
rho v¡Luel fa ùho other sot illffrr by ¡ faotor rhloh varieafrou 1.O7 at 110 kn to O.5 at 18O kn.
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Bhotooleatrlo nonochronators provld.e the nost dtstoÍlcdt

Lnf,ornatt on, ¡lnoe thcy glrc an ebcorptlon ourvo for caoh

of ¿ unnber of atroag solar llner¡ tlth gooü hctgbt

ro¡oJ.utLon. Àr har bcc¡ polntodl out, honc?lr¡ tho

!.natrtrnoat !.¡ ltnltsrL to o¡roratlo¡ ¿bovo about l2O kro

tho pboto6rephio apeotrographr ¡rc aot ¡o ll,nltedl¡ but horr
the aoouratE dlcternl,aatlon of ths lolar fluxsr 1¡ nush üoro

dl,l,fft oulto [ha nai.n ü,l.fftoulty L¡ ln the oallbratlou of
tbe f,Lla¡ rrhlob ie e¡tlnatedt to gLvr rlse to ¿n rrror of

sbout 5ú (turoa ct al. 196!), Ior¡over, thr nu¡bor of,

exposurtr l.¡ lLnttedt. anct cash t¡qpotura oqvert a oonrldlæabk

hetght rên6c (¡ to 9 fn), lo thl hotght tcrelution i.¡ not

goodlr Both thc¡o Ln¡tn¡nentt rcqulre tho urc of e poi.ntiag

oont¡roI.

t{on-ålppersLvc nGasurcncntr qf ultre-yLol¡t ebror¡ltlon

uolng Lon ohanbars or oounter¡ have tbe adlvrata6c of, not

rcqulrLag e poLntlng oontrol¡ cnt of bctng,la grneraX¡ ruoh

el,npl.cr ¿¡c[ losü Gxpoa¡lvo th¿¡ the dlf.rpærlvr rrrperLrmtl.
îhay rrgulrr a qLnl.lu¡ of, roohet r¡laoa anil tcLuotrlrr lFhlr

iolporrrrtr¡ to tonÊ cxtcnt fsr thc lcsp ilctafleil Lnfornatloa

rhtroh thoy provlü1. lbr hctght rctolutlon of, the abrorptioa

ü68äurrncnts na,dle rtth nou-dlltporsivc dlateotor¡ undllr

fsvour*bla oendllti.ons lg brtter th¡n that of tho sor,sursüsutr

nadlc ¡rlth thc photoeleotrl,o uonoshrsu¡tor (eEaparr flur
rråaurrtrenta cvery 0.5 seo for HAD t}t+ (Chapter 5) ritb
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[Gêturenontf ovttXr , la¡ for tho ao[oohrolator (Uaff rt

alr 196t)).

llho nas¡ ûpêotrogotlrr rhloh a!¡o dlocr not rÊqulrs a

polntLng ooatrol, lr ooaplttely indlc¡rondterrt of ¡ knorLodl'gc

of, abrorptlon oross-ttoilotrñ¡ but lr terìf ilùflfleult to

oeXlbretc abrolutely (Wtor tt al. f96å). DlffLouXtlel

orlÊo rtth oallbratLon f,or etonl,o Ol¡rgtn, dlcpoadlcaoô orf

r6tlronõt on the Orlcntatton of the rookGt, pr'odluotl'on of

yerlour aton¡ or tsoleou:.et (o.g. etonf,o nttrogea) ln thc

ln¡trunent ltrelf r eù uaocrtelnty about thc rtlatf.onabLp

botroen the tanperstur. of ths nolesuLel la the lon Ëor¡ro.

snð tbo¡c ln the lurroundltng altr. Ia r'ptte of tlrcrc

ðlf,fl.oultÍe¡ tho fotul,tl obt¿inedl 0,rG l"n goocl agrecncnt rlth

tbosc fron thc ultra-v!.o1ot aboO4ltloD EoÊ6urôEonttr Thl

tralr speotronot6r ts Ltui,tedt to oper¿tton aboYe ebout lO0 ka.

Ia aôrlltl.on to the ttohnl.quoa ücrortbcdl abovo thero

rrlrr ðovtral Eotbods rhtcùr haVe bcC¡ ussdl to ncasurc totel

¿tnoaphørlo dl,tnsltyr the¡c t¡oludc the uto of, 6rcnadlor¡

faLtrlng üphores andt varlouo ty¡rer of gât¡gcð oerr|eit t¡

rookôtlr
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Chenter l. fon eharbcrr for tha D.trotloa of Veouul

l}tfa-Tlofcl nral¡tln
t.l IntnoðuotLo¡

Ar polntodl out !.E $2.5r rr¡rerlrrntr usln6 ülrperatrr

Ln¡trun¡ntt to rtuity rol¡r r¡dlL¿tlo¡r ln thr Vrouur ultra-

v|olet rcgLon rcqulrc t roeLct çi.th a Pol.ntlng oontrol, olln6

to th¡ lot ten;tt!.vlty ¡ndl narror f,l'cldl of r!'cr of luoh

i.aatruront¡. thua therc 1r oon¡l.dterabLc valut ln h¡vlng

noa-dll¡peraLvc, but ðpðotr¡ll¡r rc].rotlve dletcotorc rhLoh have

¡uf,ff.oj.ently hlgh cenritlv!.ty andl rldh flcltt of v!.er to br

usc¿ Ln u¡stablltlodl rookctl. fn tbr 1aboratory, ¡].lor ruob

dtctcotor¡ ¡ro ugcful rhcn lt 1r dt¡rlrod to dlrtcot Yaouun

uLtra*vio!.et radtlatlorl ln thr prcrtaot of a beekgroundt of

longer revcl.ength radlLatlon. lor uro Ln roeketr trt 1r

ncoosrary tbrt thc itetcotor proytdlê ¡n clcotrloel out¡lut rhloh

6an bc tolc¡netore{L to tbo groundl d[Urln5 thr flfght. fÜô

ber|o types of dtetcotor Êrc avallablc¡ (t) tho¡r Ln çhloh

thc photorlcotrLs effoot Êt tbo surf,roe of ¿ ¡ollt lr ulrdL,

andt (t) tho¡c lu rhlsh thc photoLonl¡¿tlon of ô gal l.c u¡cilo

Dotestorr sf tho firat type hate bøln ûcsorlbed by

Dunkcln¡n et ¿1. (tggl). PhotodtLoltcr endl photonultlpllerr

havl,ag oonvantlonal Ct - gb photoolthodlcr, lhLoh rcepoadl

tbroughout tho vl¡lblc andt ultra-vLolet regfoal of thr

rpcotrua¡ oan b6 oonbLncil rfth flLtera of, varLour klndlr to

rO¡trlot thc s¡leotral rôsponsG. Intcrferlnoe fllterr orn
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bo nadlo rhloh traasni.t aarror rpeotral bandl¡ ¡t ravolengths

longer than 20o0f. $oae have, horerer¡ Èsen nadlc rhloh

transnit at ¡ravclengthl shorter tban 2OOOÎ, A itlffersut
a,pproaoh Ls to 11¡¡1t reparately the reapongs of the

photoeleotrlo oell on the sbort andl lon6 ravclength aldtcs.

X¡lu!,tatton of tt¡o r€sponËc on the ¡bort ïctrrlongth ¡ldlc ls
oonBarettve,ly eatyr ¡Lnce thcrc a.rÉ nèBy nolldlc rhl,oh oatr be

n¿ðc i.nto wåndlora, and rhLoh traarnLt oaly r¿dl,i,at!.on of

Íårolength lsnger than a ccrtala ltnl,t. lhc tren¡nl,¡Eions

of, the nost uasf,uL neterial,¡ rtrLoh are av¿llabla at pre¡e¡t

ar6 gl.von by Dua&olnan et 41. (tE6¡)i Reöcut].y ner

photooathoiLss cuoh ¿s C¡ - Tor Cr - I andl Cu - X.hove been

d.ovclopodl, rhloh havø h!.6h ssnsitivttleg to r¿dlLatLou !.n the

Íaouun ultra-vlolet rrglon but rc¡poadl only raakly to l,ongcr

ravelon6th rad.fatf.on (ounktlnan ct al.o 1962). [hc ü¡t-off¡
¿rc nst &! rharp as thopc provf.tledl by tho ttndlotå¡ thc

sançl.tlvLty dlecreaslng over a range of sevaral hundlred,

angstrous i.a nost oá,8ð8o Pura uetale çuoh aÅ ntrokcl¡

tuagaten ¿ndl tente].un heve alao been uscdl ar pbotooathodLsç.

fhesr crhiblt aenaLtlvttlec rhloh trr¡orea¡c ¿e tho ravele¡8th

of thc raillatLon ctoorçases. Ths lnorea¡ad quantua ylalil
(nunber of ¡rhotoeLèatrong roleaseû per lnof.dlent pbeton) st

ahort waralengtha has been aacrLbsdl by fl1atôrGggår ån¿l

lfatanabe (f g¡:) to the trternal photoeleotri.o tffeot, whLoh

haa both a hlgher rork funotlon endl quantun ylclü, th¡n thc
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Ëurfaoe photoelectrlo of,f,eot. lhc quantu! ytolldo of astalr
f,or the surfaoe photoeleotrlo eff,eot sftsn dlependl ot the

oond.ltLon and preylouË t¡eatne¡¡t of the rurf,aoe, ancl thercforr
?år.¡r oon¡l,dlerably fron sae surf,aoc to anothsre

Dstcotora euploylng the photoLonL¡rtlqn of e garr or

the other handl¡ rllL hava a, qur.to dl.ef,lni.tc upper l!.al,t to
tbe!.r ravelength eensLtlvlty. A noleoule of tha gaa oan bc

lonfredl only by a Bhoton çbloh hal an snæËr 6reater than

tho flr¡t loalsatlon potentlaL of the nslesuLe. The

f,onl¡etl.on potontlsl d.ccreaseç allgbtLy a¡ the tæperaturc

of, the gas lncreesea ovlng to thernal crcf"t¿ùton but thÍ.c

tff¡ot !.s ¡aeJ.l ln praetloc (reo $5.9). thc pbotoloni.satton

offl.olcney (nunber of photoelootrono prodluoedt pcr ¡rhoton

ab¡orboll Ln the gaa) 1o uruaLLy qulta hfglr (gneater thaa l}f"),
a¡dL ¡lthough Lt na¡r fluotu¿ts wltb ¡r¿v¡Length thc nagnLtudb

sf tht yarlatlor¡ ls anaLl for nopt g&tarr the tr$r La rhioh

the pbotolo¡rL¡ation effLo!.cnoy vsrl6¡ rltb r¿volength near

tbc threchol¿ dlepe¡rd¡ on the type of noleou].E. Holeoules

havlng an sff,Lolcney rhld¡ rL¡e¡ rhenply et the thrarholit

arc nost sultebla for radlietlon d!,eteotorr. å.coorôlng to

IFateaabe ot aL. (196z), these tncluðr rl.rplc rl,l,ato¡Lo

noleou1.e¡ (auoh as nltr!.o o:rLilc), al"kyl bal'l.ôc¡, aldlahydlca

¿udl kotsnesr andl oLnpJ.e aronatlo oon¡lounda ¡uoh a¡ bonscnr

andl ryJ.aner Theae obaorvations are oonfl.rneû tn the
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proretrt çork (¡eo Flgurc 26).

Detcatora ue!.ng t!¡e photf.oalratlon of, a 6a!, tøgtthe¡r

rith Ês åpproprlete rJ,ndoç to Brovl.dla the 1or rareloagtb

Itaitrrrr? fir¡t oon¡t¡t¡oteû by Cbubb anê Frfedlran (tyE¡)"

thelr ôtteotor operated. a¡ a Gef.gcr oouûtôrr the photoeleotrsnl

fron th* ga¡ LnLtletlng tho avelanohs¡o Thc oountorr provedl

rathar unroll,able f.n uae howsf€r, thclr øencttlvlty ohangtng

rlth tJ.nc¡ tpparÐnt}y beoau¡c ôf, ehanger tn the oountln6

effíoionoy (aunber of avalcnohea proðuocdl per pbOtocleotroa

rcLe¿¡odl !.n tbe 8es). îhcy rtrË rcpleoell by lon çhanbsr¡

(trrteAnan et alo 1958) fo çhioh tho photselsotmao çcrt

oollaotað by epBl,ylng a potentlal dtlfforonoc of, aÞout 50f

Borôc¡ the ohanbcr ¿adl then nêasured a¡ an eleotron q¡rrento

If, the speotra:. rðtBollôo of thc lon ohanber is b barc

I tbarp out-ef,f at the phOtotonisatLon threrhol,d of, thc

fllllne ga,t tberç nust bs negÈletblc røtponaê dluo to

¡lhotoeLaotric çnisaton fron the eEthotto¡ rhloh na,y be ctthcr \,

thc çall of the ohenber, or the orntral rlrÇo Thls ri,L1

uaueJ.try be the oaso for thc'foLlorlng rtðsontl

(a) Tha fllltng gaa vl.Ll uaually eboorb ¡troÃg1y üvo1

at navslcngths abovo the Bhotolont¡atløn thrscholil

end. ao provent thle rsdlLatl.on roaohtng thc ralL.

8l,noe the phetoaleotrlo yleltl of ¡atale ê¡or¡aesa

rapldlly ac tbe nereLeagth Lncrrestûr thc racllatlon

nogt off,ootLvo ln roleaalng elaotron¡ fron thc raLl
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trlLL probably bo ¿bsorbcil bcforc reaohLng thø rr,],1.

(t) As raa founit by 0hubb a¡dt FrLcdlaan (lg¡¡) the

photoolcotrl-e ytelitr of a autrf,¿oe f.¡ &corea¡lil t'a

tho prertnoe sf the fi.t.l:lngsas¡ portfoularly tf tb6

gcc la el.eotronegatLror

fo¡ chanbcrs rLth naohLaadl çopper botll,a¡ hate teon

llcrígnedl by norkers at the t.$. Î{¡vaL Rcsc¿roh Laboratorlcs

(trrtøðnau eù al. 1958t 196ù.)r eDð II¡i.verrlty Co}hge¡ l,ondlon

(tvJ.tlner ç 196'l) t rbl1e noulðedt seranlo boillc¡ bevo been ussdl

by rorkers at the Ooüdtardl Spcec Fltsht Ccntsr (Stobcr ct 41.

|e65),

1.2 Gonatrrrotlon of, thE lon Chanbcrt

A oro¡;-¡eotlonal dlj"egran of tï¡ø lon sh¿nber uacdl La the

praaent rsrk ls ghovrn ln Flgr¡ro 1L. lbe ileclgn rer suoh that

tho ohanberc oouLcl be qulokly andl tarlly arlcabl,odt. fhe bo{y

oonrlcte& of, a ¡rleoe of, I J.nob clf,¿netôr: ootr¡per tublng lnto

rhloh tro preEcedl ooBp€r enil ploe€Ë werc colðsrrat. Spcot atly

uadLs dl.Ler tofc u¡edl to forn the oud. pleoes fron toppef ¡bcet.

å, kovar-glas! seêl lup¡lortsð the acntral rri.rc rhLoh taE 6

length Ef 1 nu il.!,aneto¡r groundl tun6rtcn roü'e lhe ¡cal

f.noLudtrd a guerdl rln6 ¿nû haû a lealcaS¡ raslstanoa greator

than lOrtn betrecn the guard rlng antt clthsr of tho other

eLeotrpoðes. îhB fl,lll.ns tube r¡a nsdla frou 0.052 ln I.D.

anncalctl oopper tublng. Soft ¡l']ver coldter rat useð Ln

acacnblJ.ug the ohanberr
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Figure 14. Cross-section of an ion chamber showing the method of construction.
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å,fter the ¿sgenbl.ed. bo{y hacL be¡n olcanedl the rladtor

Íaa att¿ohsd ueln6 cold. scttLng cpory roaln. Tfhen ¡ot thL¡

rotln pronf.clca a hfuh-vêouun ¡ca1 rhioh oa,n ¡taacL a r!.dle ra¡oga

of tanperaturos (up to 2O0oC). 8llver ohlorlùe har becn ucodl

(frtoenan et aIe 1958)r to obtsl.n a soal rhl.oh, ûs¡ wLtb¡t¿nit

large teuporature ?arl.atlone, but Lt 1¡ nore illfftoult to use

thaa epoxy re¡!.n and osnnot bø cpplf.adt d,lrcotly to oopp€rr

llot all epory resins heve gootL ¿dlbactvc Xlropcrtie¡r andl after
6oüe oxperlaenting tt ras found. that AraldLltc Aï10O rar the

uost satLsfaoto¡y. Careful prqlaration of the oopper curf,aoc

l,¡ nsoeasaryr the best tre¿tment bolne olcanlng andl roughenLng

wlth ôuery peper folLoreô by oleanLng wtth ohloroforn. fhc

rlndlora ueeð¡ and. thetr tranrnioslon LlnLtg (ravclengths at

rhloh the trs¡sai.p¡i!.oa ras about i0f)¡ B c ahorr¡ fn fablc 5.

Íå.BtE5rfll"ndlo*auaê dt on the Xoa Chanbors

When tbe ohasberc bad. been f,ttL€ü ($¡.¡) anå teatsdl

leadls r6rs attaohedl to the r:Lro, guardl rlngr a¡rd, bo{yr andl

[atcrLal Foru Shi.okne ¡r îraa¡nlslLon
lf.ult

lLtblu¡ fluori.dLo

oalsLun f,luo¡r{dlc

barlu¡¡ fluoz{.dLe

sappbire

quartr

olc¿vcdl o4fËtal

oløavodl oryrtel,

aLeevedl oqyrtal

poll,rbeil platc

poll,rheil plat o

1.9 nn

1.5'
1,5

t.5
1.6

lo50

1225

1 r55

1'+25

157a

r



FtrSrrrr 15. Photogrrph of tro !'on ob¡rblrlr Sht guaril'-
rd.nS rcaL rni!. fLlltrne tub¡ oan þc tctn en thr
oh¡nbrr rbi.sh hra ¡ot brrn pottrü.'
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thc b¿ok of the obanbêr Ías potted. tn ryntbetlo rubbor,

to proteoÈ th¿ saaL andl tupport the laadl¡, Â t$7 kn relløtor,
sonneotcð Ln cerles çLtb the leadl to the body, wêo al¡o
Lnol.udlcil ln the pottlng, to proviile pnoteetlon agafnot ¡ho¡rt

olrouLts rhen eereral oh¿nbert rero auppLLedl fro¡¡ the rane

votta6e rupply. F!.gura 15 Ehowa tro oonplstedt lon ohanboÍlr

.Aoocleration and vlbratlon dLurÍng the burni,ng otago

of, the fllght of ¿ Hå,D rootcet nay rêeoh 70 g enrl l0 6

respeotf.nely¡ ao bsfore the flrst fllght an Lsn chaubËr Írt
te¡ted^ at the Feapong Reaearoh Srt¿blf¡hnent. It nar

¡ubJooteù to aa eoosleratlon of 100 g ln thrcc dLreotlon¡ rnd.

a Tlbrati.on of, 10 6 at freguonoLea frøn 20 to A¡OOO optr a,nit

ra¡ f,oundl to bc undlaaa6ad[' Íhc auryivalr ln rorkLng

condlitlon, of one of the ohaabsrl fron eaoh of thc fl{eht¡
IÍAD tOz ¿nd HAD JOtr a].so ôononctratcs therl.r abtl!.ty to
rlth¡tand not only the rooolcratJ.on at take-off but al¡o at

!.npaot" (trtre r!.ndl.ora of, the other lon oha¡berr rcró rnathoil

at lnpaot).

![he varlou¡ oonbLnatlont sf rLndl,or andt fLlltng 6aa rhl.oh

havs beo¡ ¡tuclicil. are LLstcdt Ln l¡bLs 6, rlth the ltnlts of

ths lpectral, rsrponse Ln eaoh oetr.

t.t Fllllnc the fon Chaubcr¡

515.1 Ihe Veouuu syãtap.

f't6ure 16 shors the vBBuuE sycten urc{[ for cveouating aadl

flll.lng the lon ahauber¡¡ Å 2 in. fraotlonatlr¡g otl illffutLon
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î,â,BLE 6 r Ultra-vlolet Ion Ghaubar¡

trfl.ndlor FlLLlng SE¡ Speotral Rclponce

ttF

CaFr

BaF¡

re¡lphlro

qu4rtl

ethyl ahl.oridl.c

cthyl bronldlt

oarboa dlloulpbtdl.e

ao at onc

nitrLc oxlåc

¿oetone

cthyl lo'ålùs

nltrlo oxldlc

banraao

tolucne

P-rYlcnc

P-¡Yl.cnç

ncritylene

trtathyl anj.no

I 050

1o5o

roSo

t0to

1050

1 220

1?,20

1 220

I 2?.0

I t50

1 r'a
1r$20

{ b20

1 560

11tO

I 200

t 2r+0

r 290

r5m

1 2go

'l tro
r r4o

r 5&o

r l.r0

f ¡l7O

r &?o

1480

r 660

r

I

-

-

Ç

-

-

t

-
¡

-

-lpuap,baoked.bysWLsco bsll.e¡tcil rotarl Fuupr wÅt useil,

å,bovo the dlLffusLon puntr) ¡rorc a b¡ffle valve c¡d' a ltaLnle¡¡

¡tscl ltqu!.d alr trep. Ân Lonl¡atlon gaugo tas uceal to

üeaðure the prossure f.n tbo trap. 8be nanlfolil to vhlab the

j.cn oha¡¡bero rtre attaohed nas separated. fron the trap by å

butterfly valva, DoubLa 0-11¡6 soala rare usEil to seel the

ftfi.lne tube¡ of the Íon chanbero Lnto the nanl'fold[, thua

aLlorlng tbe ohaabers to bc renoveû and. rc¡rlaocd. vory caellyr



lL6urt l6r fhr vrouun eytürn u¡rdl for rrrturtin6 anil
fltLtng ùhr lon ah¿nbcrl¡ lfhr m¡lJolit
ùo rhi.oh thc loa oherbôrr rorr eoanrstrt
Lr on thr tr¡ft.
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Íhe gar haadl,llne sootlon rac oonnaotedL to the nanifold.

anð oonnlEted. of a Lengtb of glaao tublng to rhj.qh ;ero

Jol¡adl, glarl gookets for atteohfag Broõsuro geug6¡, 6Larr

flagk¡, and, LLqul,d, aontaln€rËe îhc preosurc gaugst ücrt
(r ) ¡ Plraal gÊugø (r to 1o-' torr) , (z) *n oLtr, nenonstcr

(t to 20 torr), anct (¡) a ncroury b¡roncter (5 to 76o torr).
ths oLl ¡nanonater, nhloh ra¡ u¡cd. f,o¡. no¡¡urlng the flJ.ltng
prttouroc ln the Lon ohaubsr¡, ros ftllril rrith å,pLeron C oLl

enil raa oalfbratedt by ueaaurlag the ilcnotty of thc o11. lhc

norouqf nanonator, rbLoh rss Dorüally ¡hut off f,ron the

eyotan, çaa useit for nearurLn6 ftlLing prsrsurer ln tho

proportlonal oouator (Oh¿ptsr 7).
lhe o11 n¡noneter ra¡ not eatircly sati,¡f,aotory ¡i.noc

the o11 ab¡orbedt to sone c¡teut a nunber of the fllltne garca

ueød[, ancl the nanoneter had, to bo purpedl for ebout a dLcy to

rengv€ then. Horever¡ tt êoe¡ providte a alnple¡ êoorrett¡
ûåans of, neeeurlng pr€ssure, rhf.oh ls Lailc¡rendlent of the

n¿turs of, the gatr

313.2 FtLltne Prooôü.uro.

lhe ohaEberc tE be fj.l,Ledl rerc eraouatedl, uluaLly for a

perLod. of açveral dlaya¡ unttl tho prôssr¡re rag Lo¡¡ than
¡l1O-- tom. .[ nass rpeotrgnoter (.{f¡ typc l[810) rac then

usedl, to test f or any ¡nalL leakr.
l{LtrLE oxldle ra¡ Lntroilucedl i,nto the systen frou a gilarc

fLa¡k f,ttted. çLth tapr ¿nrt oones, rhlle thc other flltdnga,
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rhloh Íere lt.quLdt und.cr orcl,Lnary oonðLtLou¡ tor? tntro¡luoodl

frer a p¡nall glara phLal hoLd.lng about 5 rf of llquf.dl,r S!.nso

the phl.aL oontai.nodl. alr a¡ r¡Ll cr thc llquldl tt Í¡E trtocsËat¡r

to ¡ruap,sÍsy soaa of tbe ll,gul,ð rltb tha rotaqf punp befor¡

lntroil,uçf.ng the yaBour lato thc lon ohanÞer¡o Tbc ff.Lltng

prc¡üuro! rcro ebout 15 torr f,or rost sf tha flll,lng 6ati¡t
but rcre lon¡r fsr roue of the fi.l.ling¡r rhloh hað lor v¿pour

prôs8lrrole lhe lowect preaõuro ulcd, wa¡ ) torr, ln the oôlf
of p*lçrlene andl ueritylcnr. It 1¡ undl¡sLrable for thc ftlltüg
prs¡rr¡r€ to be oloaa to thc ¡aturatcrl va¡loun prorñt¡rs at roo!

tcuporatüro¡ ¡laoo thls oan leail to rar!.atLoa Ln thc gcr gd,n

oheraoterJ.;tl.o rlth tcu¡rereturc (å1.10)¡ anei thu¡ to crror!
la salLbratLon.

Prov{ðril they hare bcen ¡nncaletlr tåa oopper f1].11n9 tubta

osn be BLnoheil off to glvo I vcüuuu tl6ht ¡oel ncral.y by

appty!.ng auffl.oleat prcsauro to then, ¡l.noo a ooldt telð 1r

f ornedl. Ex¡lerinents rt th va¡ri.ou¡ tool,s ahowcù that ta
ordlf.nary ¡lal"r of end. cuttt¡rg nlppero rar gu!.tc ratisfaotory

for sceJ"lng ùhe tube¡. lto lcak !.n the aeal oouLdl be dletsotedl

rlth th¡ n*gs tpeotrouåterr lho ¡ea.l nea protootcd' by

ooverLrg l.t rtth ¡oft ooldlrr rhlah ral epplLeil by dl!'pBlsg¡

slnoc Lt ra¡ founil that plaoLng s hot aolclerf.ag lron on tho

rcl{l ¡onctf nac oeusell f.ù to opottr

1c5.5 Fl,lt tng 0asel.

0f th¿ LLquLda uoeð¡ the aoctoue entl oarbon dllrul.phfôc
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çere both å,R gradler th€ âoetone ¡tatedl to be 99.5f, purco

[he nLtrLo ç¡i.dlo ç¿s obtainodl fron a oyl!.ndl.or (purtty

guoted" a¡ at loaot 99.Q'!,)r end thea f,urther purLfi.cð by

passl.ng tt ovar allloe gol oocLeü to -80o0r îhLa haE bccn

.rhoçn Þy Hughoo (tggt) te bc a¡ rff,cçttrc ôr nany fr¿otlonel
dl,l¡tl.Ilations for ronovl,n6 all' ltlccly lepurltie¡ oloe¡È

nitro6m¡ lha proociluro ral to eonncot ¡ I I 6l,aar flart
to tro U-tubec fll"led rttb rllloa 6al aooled!. Ln a ¡Lu¡h b¿th.

åfter flushlag the U-tubcr andl flark rlth er6on, nLtrlc sx!.dl.c

f,ron the oylLnd,er üa.r pÊ¡tocl through uattl tho gel Ln thr
f,Lack rraa guttE ooLourl,e¡¡r a¡dl tl¡ea tho tapa on tÌ¡e f,l.ark

nl¡rß c.l,oacd,. lha only ob¡crvod!. Lnpurtty rar nl,trous o¡ldlo

(coe Sr,7).

!'â. [gaosh{on$9on,s qnf, .&{*ùt $ggTqc¡-qagil &jp tert{&t, lhe
Ion Ghanber¡.

l.l¡.1 l[onoohron¡tor¡

lro vaguua nonoohron¿torr rËre us¡dl ln oarr¡ring out

DetsurüBc¡tr requ!.rl.ng tl,nperaedl ratl.l.etlou¡ bot¡Ìr nadlc by the

ltoFher¡on Xnstru¡lent Corporetion. lhe fLrat, ¡btoh hadl ¿

{ n rarl,!.us of çurvaturo 6ratlng ln thc Saya-tÍaaLoka aouatlrg¡

rat usetl for ¿lnoat aLl the aoosutrenontlr fhc rcooadl, nhleb

had o 1 s radtLur of eurvaturr gratlag ln a nornal lnoLclrnoc

nountl,ng res not avaLLeble t111 nost of tbe rork was oonplatedl

ancl raa useô fon only e fer of the tEsta¡ lhe * n instn¡nent
hadl a gratlng rnf.tb 600 li,nes "r-tr 6lvlng e dtttper¡loR of,
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SOtt Îtn ¿t the c¡lt sLltr Tro grattngr rare avalleble for

tlre't u ln¡trr¡nent¡ on€ rrlth 6oo ltne" "r-t gLving a

dl!.rperslon of 6op l-t aaü tho othar rlth l2oo llne¡ "t-'
gl'vLn6 ¿ ðlrpcrrlon of te0f fi.rr Co¡ald.arabJ.y greater

Lnten¡Lty tn tlre cxlt bean çat av¡LlabLe rhon urlag the I r
!,natrunont beoause of, the tr arger gratlag srocr Both

:lastrunents tæê egu!,ppedl rtth revrleagth oounters aail

el'sotrloally ilrj.vsn roann{ng neshenlar¡. llhc rayclrngth

reaLeÊ rGrt obeokett pcrlodLioall,y u¡1ng & oodllur vapour laup¡

and, rcrc aLgo oheokcdl at lrynan-c e¡oh tLno t ûotturcnont ral
r¿d[c. they Í6rc esttaatcil to bl ¿oour¡ts to t goe5fl.

l.l+.2 tlght souroe¡

Ehe IleÞt touroo uaoil llth the ¡¡o¡oobronatort tat a

lÍaFhcr¡on ûl¡ohargc la¡¡¡l rbloh hcû ¿ rater*sool¡dl gla.ts

oapLllarïr e ret6r-coolodl, carthed[ eLcctrodlo¡ andL an a.Ltr-

ooolodl hlgh tcnsLon cleoüroð¡. It ça¡ operatodl rlthout a

rl,uclor betreen the Lanp anê ths tutnanor sl,tt ¡o that gtt
fron a oyllncLcr oontf,nuouoly fLorcdl lnto the lanp andl thsn

lca&edt out through the antranoe ¡Iit, to be BunBcð ara¡r by

the Bunp¡ ln the uonsohronatorr

lhe ¡lorer aupply uoetl rtth the Lang osuldl bo o¡leratrll,

1¡ t;s rråf rr lhs vtltagc froq s 15 kV tran¡fornt!¡ taË

ci.ther rppLtcô rllrcotly to the l,au¡r, (4,.CI. aodtc of oprrat!.on)

or rar uaedl to cbarge, through a rcøL¡tanoc, a ¡ot of

oonð€nror¡ rhLoh then cl.lrohargert through I e¡rark tÊp anil into
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the !.anp (epark nocle of operat:Lon). In the a¡rark aodle

¡overal ðLrchargea of tt¡e gondctrtor ooourreit èurlng eEsh hal.f,

oyol.e of the 5A epo voltagr rupplled by thc tnea¡forrcrr

The sexlnuu evorago currsnt ¡v¡lleblc fron ths ruppL¡r rar

I 20 rÀ.

EevaraL galeg enlt radl,tatlon Ln the rango 1O0O to f 7O0l

rhon sxoLtedl 1n e rliaohargo lanp¡ the ¡¡ogt useful of rhi,oh arG

hydl,rogen and. argonr fhc roat tntonar r¡êletLo¡ is obtai.¡edl

urlng h,yilrogen¡ rhloh provf,dter a largc nunber of oloroly

oBacodl llnor tn tho ragion loOO to 1650ß. lhe¡ç ll.ner

bclong to overl,applng baaðr of thc Lyncn (¡ ttl * x rf|)

and. wcrncr (c fflr, * x ttl) ryatGrtr Ia ad.dl.LtLon, therc l¡

e çeak sontlnuun undto¡rlytng the llnecr andl the dl.r¡ooilatlon

çonttnuun (q (ttl) .+ Hr ("tl) + lv * fi + tÍ) rhlob crtend.¡ to

revrlcngthr lonser than 1600l. ?hc natr¡rc of tha opeotrua

ra¡ not partloularly roa¡ltlvc to the i[!.aohargc oonilttlonet

but thc oontJ.uuua rreg founð to bc ¡nhanooil, relatlve to tht

11ne6 by uaLng the apark ¡oûe¡ arid aa hLgh e Jrrcttur€ at

pooaLble. 0n the t ¡ iurtrune¡t tho hl,ghett pre ssurt

obtal.nabla t,n tlre lanp raa I torrr rhen the prcsruro ln tho

n¿Ln ahanbør ras lr x lOd torr. F16ur ç 17 shorr thc hyitrogen

opaotrun undçr thess oondLit!.onc¡ a8 r6cord,ed. by the sodlf.un

aal.loylatr * ¡rhotouultlpller oonblnatlon¡ rlth e ban{lrl,dlth of,

Al. lhc operatlng oondttl.ons rr6re [, ¡ {60 }nr C r 0.00?9ßFr

aÍ€rogô ounent l2O nÀ, rpark gap voltage t kY1 andl {llcoharga
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frcqucnoy lO0O gpto the Lynaa-a llne ls aL¡o cËtttril by tht
h¡rttrogaa illroliargo¡ ltr lntrarLty rolatlvc to thc noLeoular

apootrua Lncreer{ng a¡ the prâËctt¡¡ ln tbo lalp dootrca¡üt¡

Íhr¡ thJ.s 1lne ras roqulrcdl'å prËarurc of I torr ¡sdl the

åo0r todle tere utodl.

å,rgon s¡¡it¡ a oontLnuun arteu{lln8 fron t0S0 to f r}50l

rtth ne¡lnua lntcnoLty at fzt0lr but ô pr.rture of l0O ùo tOO
a

torr ís rcqulredl. ln thc laap and thlr oould. bs obt¿l¡edl anLy

rrltb the 1 n Ln¡trunentr rhLoh raü fLtt¡dL rlth êLf,fc¡ranttal

pu¡plng equl,¡rueatr Thus f,ull u¡¡ oouldl not be nadh of thr
¿rgon oontl.nuun rhtoh Lt loro suLt¡bLe for obta!.alng thr

6pootrêL rcapoaser of loa ohaubora thaa the þdlro6rn apeotrun.

The lrnp aust be oxoltril !.n thc rpark aod.c to obt¿ln thc

contLnuun¡ rbLoh 1¡ ahown Ln Fl.6urg 17. Thc operetlng

ooailltl,ons rerc rf.nlLar to thorc glTin abovo for the þdlrogcu

op e otfir a.

l- E îhc Portable l¡lsht Souroc

À ¡rortable hydlrogen tllrohar6c lenp rl.th e lfthfua
fluorf.cte rlnclor ras ooutruotadl for oarryLng out tprts o¡

the l,on ohe¡berr Ln whloh dlLtpcrredl reðlatLoa rar not

reguircdl' å dtrarl,ng øf the leup i.r ¡horn L¡r Flturr 18. It
Íèl croitacl urLng a lir¡rlc R.So olÈLl].ator, oouplcð to th¡

lcnp çtth a lengtb of eoarlal s¿blc Eadl tro actaL ol!.pe

plaoect roundl the 1anp. lhs lanp tar tvrouotôð anû ftll,sit
o¡ the raouutr lystEn uEeð for the lon ohenbera¡ a fllllng of
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hydlrogcn at a prosêurs of ¿bout Orl torr bolng u¡r&. fhj.¡

prcrrurc was fouacL to gLrc ths a¿¡Laun llgbt i.nten¡Lty ln thr
l05O to f:¡Ol trôrgôr lhe cpeetruu of the tX6ht fro¡¡ thc

lanp *ar reoordledl uolng the nonoohro¡¡¿tor anil rq¡ foundl" to

ba rl.rllar to that ¡horn ln Flturc 17,

Sl,gure 19 sbosc the lanp ar¡.d orolllator bring uscü to

tert the rcspon¡o of en Lon shrnbcrr å, nountlng tr¿ü u¿ûr

rhl.eb helð both the l¡up andl lon ohanbçrr Slnce the vaouu!

ultre-yLolet radl"l"atLoa X¡ st'.onely ebsorbcdl ln the alr (tnn

of ai.r rtl1 ettenuatc tl¡50$ radtl.atl,on by a faotor of l0OO),

the nountlug ;aB oon¡truoteð so that the spaco botreen the

lanp endl Lon oharnber oouldl. be fluahed wlth nltrogeu.

0rðlnary oyllndLor nLtrogon l,s unaulteble beoauae Lt oontelnr

gonËfd.erebLe s¡¡ounts of, oxygen andt rater yèpou¡rr but a gradr

o¡11edl, üOrygcn-freø nitrogeni tal found. to b¡ rati.afaotoryr

ft oontalns IEas tha¡ lO ppn of o{fg6n and. leac than 60 ppl

of, çster yapour, nhLoh prodluoe negllglbla abaorptLon of the

uLtra-vi.olst radllEtlon ov6r a path lengtb of I ou.

å.n extra attaahnsut for tho lanp nountlng wae ¡naclq

rhloh ea¡bledl tho lan¡r to be u¡edl for oheoklng thc ¡cnrdtlrtty
of, Lon obaobers nountedl ln e rookot. In thlr raü teat¡ souldl,

bc c¿rrlcdl out at lÍoonera Jurt belOre the ],auno]rlug of thc

rook ot.

3.6 &etqrnLg&tlqq qf,-thG gpafltral, Rgçnonse ,and. ,åbsg&ulg
Effi.ol,cnoy of the lon Chenbers.
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3.6 11 Introdl.uotloa

tha s6atf.ti.?l,tf.eü of the !"on ohanbo¡t useil Ln the

prcacat çork rc¡â ncarurrdt in ùern¡ of tho quaptun rf,f,i.stoaoy,

dlrflncdL aa the aunbar of, ¡].eotnona oollcotcdt Et the anoðo of
thc oh¿nber per photon i.noidlent on thc rf.adloÍi. Thc quantun

cfflalc¡oy rlLl be thç ¡rrodtuot of, (l ) the tran¡l!.s¡J.on of the

rlndlon, (Z) tUe fraatton of tbe red.latf.o¡r absorbodt tn ths

flll.lne Eilr anð (¡) the BhotoLonl.aatlon offl.eLeäoy (p,53)

of the ft l].lne g&8r

DcternLnation of ths qucntun cff,lollenoy at e ¡rartl.oulaf
ravelan6th lavolveø the ¡¡ra¡uroncnt af tho ourrsnt fron thc

lon ohaober rhen l"t Ls crpo¡adl to a Eonochrouatio bsa¡t of,

kqorn lutonrl,ty¡ at that çavelcn6Èhr Âb¡olutc Eo&rureaent

of tho lnttnsl.ty of dlLrperredl vaouun ultr¿*vlolet radH.atLon

!.c dHfftoult beoauso of the lor lntcnsl,tl.e¡ ava:llabla.

Pnobabty thc nost eoor¡ratç netbodl (galpcon 196t*¡ [ctn6or ¿ndl

0ook 1965) f¡ to ab¡orb the bean fron the nonoohronato¡ ln o¡c

of thc lnert gs,Êes a¡rd. ¡¡e¿sure the ion ourrent, nakLng t¡st of

tbc faot that the phottonlzatl.on sffLol.enoy of these gôreü 1r

untty¡ but thLg nsthoil L¡ applloabLe on1y et rarelengthr

shortør thaa 10221, the photol,onl.tatfon thnc¡hoLd of rruon¡
Reil!.atlon thornopller, aal!.bratedt by oxpoc!.ng then to

*Tho ourrent colleotedl varles rith the oolleotr.ng rolta6e(lee $¡.tO) but tl¡ere ls c ra$ge of voltagos ln {¡c rrpl"ãteaur
ragl.on rherc the {'t¡rrent i¡ aLnoet lndlepend.ent of tho voJ,te6o,
ancl tt¡e oolLeotJ,on efff,oLenoy f.a olo¡e to 1Oq;. In the
prorent rork thc quantua cf,f,LotanoLe¡ trêrE meerurocl çith a
oolLeotlng volta6e of 45vr rhtoh lay Ln the plateau reglon for
a1.1. the shanbers uaedlr
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lan¡rs l.a the vi.cibLe regl.on¡ havc beon usadl by paokcr aa{t

Loo& (tg¡l), iïatanabc andt fnn (lggS), and. Xnapp e!,ð gntth

(lgg¿) for absoh¡to ncelu¡.sncat¡ at rsvclragtha lorgcr thaa

loâ21. îhe cccuupt!.oa nust be nadl¡ that thc thcruopllo 1¡

ogualLy ac effestive f¡r abrorbLa6 r¡d.l¡ti.on Ln the vaeuu¡

ultra-vLolet rogf,on a¡ ln thc vl¡lble t. Àn etteapt çat nadlc

d.ur1n6 the prooant nork to urr ô tbcrlopllr (Epplry, Bt - l,gr

'12 JuaotLon) to noasura the Lntcnafty of the nonooh¡ron¿tor

brann but tt Tar unruooer¡ful tooauEe of tho lor rcnlltl,vf.ty
of the tbernopilo (o.o6v r"ort ).

Tbe usutl nethodt of naki.ng the abtolutc ao¡sutrenent rhcn

a ther¡noplle ig not avallEble la by BeaDÊ of a parallel platc
lon ohanber fi.ll,odl rLth I tas, the pbotol,onla¡tlon efflo!,cnny
of rhl,oh bar boen prcvlourly dl¡tornLnatl. lhs noet oonvanl.ent

6r.i Ls nltrlc orl,d.er the photoLoaf.zattoa cfftolency of rh!.oh

bec been d.eternl,ned by iT'atenaÞe and, llatouna6a (lg6t), for
revelerythr betreen 1050 and f r50l. thj.s aethodt. ro¡ adLoptedl,

Ln the prcteat work¡ a¡ dlasorlbed. ln $t.6.J.
thc rarl.at:!.on¡ wLth ravelengthr of the guantun cfflolcaoy

gf tbc:[on ohanbers uaeü La the present rork, r&E cletersl.Rrt,

þy eo¡parl.ng their reðponsc with that of e photonul,ttpller

dtatcotlng the flLusregoeat rad.latlon rron EodH.un relioyratr¡
tt ùei.ns ac¡ußred. th¿t the latter oonblnatlon gavc I re.porrc
rhloh vas B:roportlonal to the auuber of photonr per ualt tlno

ffhe^thcrnopf.lc couLdL br osllbratrdl ¡t ro!ê revelength belor
102?,1, a6clnat ¡n lon ohauber oontaLning an Lnert gatr but th!.g
nathoil, dlacc Rot rsrn to hava Þcen u¡edl ar yeto
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lnolðent on the ¡odllun aalloylate¡ andt. lndepenc!.ont of tho

ravelen6th of the photona. 0f tho fLuora¡oent naterlala
rhLoh have been invactl"6atedl, ¡oillu¡¡ ralloylate rould appoer

to be tho one rhtoh nost neerly satl.efl.rs thlg eondtltlon,
ax,though the re¡ul"ts obtalnadt by dlfferent rorkers are not

Ln oonplate agreonent. $atanabe anct rnn (lgfl) an¿ ArlLcon
et al. (tggla) have rcportecl that the quantun cfflel.e¡oy
(nunber of fluorasoent photons per lncj.d.ent ultra-vl.olet
¡rlrotou) fo tho range 1000 to 17001 ;aa sonstant to ritlrtn
t5f* ana ¡howedl no ryatenetlo varlatlon, rhlle sanpaon (r16rr),

and. Enapp end snlth (tg6¿r), ff.ncl a dlrop fn quantun efflolenay
of approxlnately 2o$ at sbout llooir wltir a ueak ns¡{uun at

¿bout 15001,. Expo¡ure to the resLdual gascg r.n e vêouu&

Bonoohro¡¡ator oauseg a graôual d.ccrease ln the queatun

¡ffj.olênoy (sanpaon 1964r Knapp ancr snLth 1g64)¡ the dlcoroasc

bclng larger at st¡orter n¿ve}ongtha, whËreae ëxpocurc to rlry

clrr or th6 yeouun Brodluaedl. by an lon punpohaa ao of,fcet
(ïauuann 1958r.{,Lllgon et al¡ l96tþb, Nygaardl 196t]). It nay

Þe ooneluôed, that the quantuu effrolency of sodl,un aalloylatc
1¡ constent to at leact ¡1CI'.4 ovèr the rangs roo0 to i7oo8,,

provldled. thet ¿t hae not beon ln the nonoohron¿tor for norc

than sovora,l ðayr. rn the prooent sork frcsh rel.ioylatc
laycro 116râ alnayo uaeiL aqd no oorrootLons nêrü nadle for tbe
posalbl.e verlatl,on of quantun effloLonoy wLth ravelan6th.
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3.6.2 Speotral Rcoponct.

îo reoord the Bpeotrrl ¡irstpoaso of an lon ohanbar ¡
wf.re grtcl¡ ooated. rlth soèluD saLloylate¡ ree pxaocdl ln the

axl.t bcen of the nonoobroaatotr, Ln ¡uoh a ray that the
f,Luoro¡oent radllatlon oouLd be cl,eteotødl. by a Bhotonultlpll,er
(Ottotrlura 1962). lhe rad.latLon whlolr pasred. throu6b the

gr!.dl waa allowed. to f,all on the wlndor of the f.on ohenbcr,

ancl the rati.o of the ourrent fro¡o the ohanber, to tbc ourrent

fron the photonultlplLer, raE then rcsord.esl auton&ttoally af

the raveLen6th ças varle¿l.

^û, dtla6ran of the experlnental arran6enant L¡ ¡hoçn 1¡

Flgure 2O¡ ancl a pbotograpb of the ap¡laratu¡ fn Flgure 21 .

The rlre 6nl.dl (1.8uu spaoing) rar oontatnad, ln a ohenbcr rlth
a stdo arn Ln rhloh a Bollshail porspo! llght ptpe raa pJ.aoedl.

soùlu¡n aalicyLato nas ooatcil onto the 6rtd by oprayf.ng it rtttr
a oonoentratað solutl,on of, aalLoyLate ln netþt alsobol.
fhc photonul,tlpllerr typc a5llrsr hail a rpcotral rorponar rhloh
oX.ooely natsbecl the øpeotraL cll,ctrlbutlon of the ralloylate
fluore¡oent radtLatLon. A rpun elunlnlun cên wað T¡Eeð to

snolose the photonuLtlpller aad. the {lynode recÍotor ohalRr

SÍaoa the llght oones Ln ahort flasheo, about 1t, nco l.ou6¡

rhen the lanp is axoftedl ln the apark aod.e, oonrlonaerö nust

be plaoeit aorosp thE Laat fer d¡rnodlea of the photonultlpllcr
to enrurs linearLty of, rêsponaðo fho photonultlpti.or lt¡olf
wa! rrapped Ln a ebleLü oonneeted. to the oathocter ts avoLit
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FLgurr 21. fhc * I ¡saoshronator and apparatuË utcd, for
rceordlLng tbe slrcotrôl rcrpoarr of aù Lo!
ohaaÞer.
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thc f.norea¡e ln <l¿rk ourrent whioh recult¡ frou the alosc

BrorLnlty of en oarthedl uountJ"ng (d"e Valønoe I gr5).

lhe lon ohauber rar eleotrloaLty Ln¡ulatcdl fron the

oh¿nbcr oontainf,n6 tbe grldt. ¡o that the oolLeotl,ng voltagc

Eould bc applledl to the oeso¡ Cu¡:ronts fro!û the ohanbsna

rhen thcy rer€ operatedl at S5V were ln the range l0-rt to
lO-trÀ, ro ths voltoga çep lnorea¡odL to obtcLn gac gaLnr in
the rang6 5O to ,00 (¡oc $5.f0¡.

Tha ourrents fron the pbotouultl¡lli.cr aadl ion obanbcr

t€r¡ both an¡rltfted by D¡C. anpllf,l€ra, anè then the ratlo
of the tLgnala Íes for¡¡eð by nean¡ of a lcrvo eyaten andl

rcEord.edl on r oh¿rt rcqord.er. There lc alrayc e oort¿Ln

anount of loattered. v1¡lble Ltght energlng fron the e¡lt sl.lt
of the nonoohronatorr and tt 111,1 be ðetectscl by tha

¡rhotonultlpller. Hortver¡ tha i.ntonal.ty of the ¡oatteredl

lleht dloca not va¡y nuoh sLth the ravelongth rctttng of ths

nongohronator, õo tt oa¡¡ be oonpon!¿tedl for by & ¡uaLl

ailJustncnt of the !€ro on the anplffler uradl wlth the

photonultlplLer. lhe lcvel of the so¿ttered. ltght rat
ðcternlned. by neanE of a flltcr holder, 1n the ohanber

oontalnfng the grldlr rhl.oh anabledl a lltbiun fluorfuLo rLncLor

to bc noved. Lnto tho be¿no the ol.gnal obtalne¡!. fron the

photonultlplter rtth the rlnctor tn the boan anrl thc
uo¡roohronaton ¡et to ro0oL (telo; the trananl.eg:Lon ltett of

lltbtut fluorldle) rao due to the so¿ttered. ltght. It ra¡
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alraya les¡ than 1l tn thc preaont rorkc

3.6.5 Âbsolute Effloleriolr
lho ebcoJ.utr sffLolonolea of the ion ohanbcrr r6ra

dl,oternlnød, by flrst callbratl.ng onc ltthlun f,lr¡or{.dle,nltrlo
orldtc ohanber at Lynan-c, encl. then us!.ng th!.c ohaobsr to
osllbratc the other¡o the ltthlua fluorf,d.e-nl,tr!"o ox:ldls

ohanbðr raa o¿llbratod by ualn6 a parellol. pletc lon obanbor

fllled, rlth nLtrLo oxl.dle¡ anql ¿s¡r¡nlng that t]¡e photot.onl¡atl,oa

offlolenoy of nltrto sxLtla at &¡rna¡-c t¡ 81{, (Watanab¡ andl

ttataunaga {96f ).
Flgurcr 22 aadL ?! ahor tbe axper!.nontsl êrrên8crent.

îhe cxl.t baen fron the no¡oohro¡¡ator partcdt throu6h the 6rLð
ooat¡it rith so{l,Lun aalÍoylate and then enterccl. the lon
ohanbar through a 1 oa ûl.e¡. ltthi.un fluorldtc rLnclor, rhloh
r¡,r flxect ln en elunfai.un uountLng eleotrloaLly Lnrulateü, fron
tho lon oha¡¡ber aountf,ng pl,ator lhe coppgr oh¿nbcr ra¡ 6 oB

dlLan. ¿ndl l7 on longr åDd sontalnedl tro parelJ.ex. at¡lnlc¡r
¡teel pratcc nouatedl on taf].on insulator¡. RadU,atfoa not

absorbodl ln the ohanber ¡truek a layer of aod.Lun eax.l,oylatc

o¡¡ a glaae plate at the enrt. of the ohanbor a¡il c¡o!.tcô
fluorcaoant rEdlLatlon rhioh ra¡ {lctcoteit by e photoaulttrplLar

aountcdl' bcblnd, the platêr lhe steJ.nle at rteel pletor touqhclt

ths 61aac pLate at org endl anrt protrudcdl peat the rlndLo; at
tha other, so there wae I yery snarl probabLlity of ar¡ lo¡
prodluoað ln the aha¡¡ber not belng solLretedl. rn ¡dtd.itLon

the rLacl.or nountLng res oonnected eleotrfoally to the plate
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Ftrturr 8!. lhr grrall¡l Dlrtc ton shnlLür urrô for
trtcrrlaûn6 thc ¡baoluùr rffl"eLrnoy sf ùn
Lon eã¡ltær
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to çhl.oh the ¡loaLti,ve vortagc raa applledt, ln orrtrr to
¡lrodluoc a oolt,eetlng fielcr- for tha lons f.n tho Ëp¿or neetr

ths r:Lndlorr À portable rêouun oyrtcn r&r u¡od to ev¡ouatc
ths oheabcr to a prossuro lorcr than lo-ttorr, anct the nltrLo
oxl'd,r, purlflcdl. e¡ dlegsrLberl ln $].5.r¡ r&B adlntttodt through
a, Detdlle valve.

The proocdure üa8 as follow¡. The ronoohro¡r¿tor lanB

rêr s¡ol.tcil uaing the Arcr dll,ooharge through hydtrogea¡ and[

the nonoohronator wao ¡et to fynan-c ri"th ¿ a¡reotral ba¡drlilth
sf 21. The ourrenta fron the pbotonultl.plJ.ors *t ths endl of,

the çhauber (p.u. 1) ¿ndt ¿t the end. of the llght ptpr (r.x. a)

Íere f,lrst notcd.r and then nltrLo oxLcl.e adl.uLttaù to the
ohanbm at a sæles of pressurec Ln the reugo o.) to lo tonr¡
At eaoh preßaure the oollestlng vox.tege on the Lon ohenbêtr rår
attJuctEd t111 a platoau rar obtalned., then the oument f givsn

by P.I. I anil the !.on ourrent L rert notcd. the ourrent fron
P.x.2 rar usedl to oorreot r andl l for any varlations ln thc
bøan lntcnolty, whioh wsre never lorø then 5{o the ourrentË

f anð i wers then plottctl ac shown fn Fl.guro ZI+.

By uaf.ng a nunber of går preesur€Ë the ton oolleotion
cff,lol.euoy oen be oheokecl. rf c1]. the Lons are beLn6

oolleotodln the d.ocreace ln r rhen gaa i¡ adl,nlttedl to tho
oha¡ber ri.lL be proportionsl to the iaorsa¡e ln l¡ errdi a

otralght Ll,ne 6rapb rtll rerult (rtguro alr). Â¡ the presrurr
rat Lnoreageå to about l0 torr I d,ecreaeeit to rono ¡u¿ll ralue
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ro rolrrcË€ntLnt the soetterod vlrlble rlgllt ln thr
uonoobronator boenr À atral.8ht l!.nc ra¡ dlrar¡ through thr
cxperLacntar. poLnton ¿nct fron tho ltne l"r tho rclur of t
oorrGßpondtrg to ro, ;¿a rl.rtern!.aert (Ftgurc 2&). fhi.r
roPr€tcntad, tho Lon ourrent rhloh rouldt bave beaa obtalnedL

lf ell the [ynaa-c ¡rbotono cnorg!.ag f,ron the rl¡ilor hadl bron

abrorbçd. andl the l.ons oollcotcil¡ rf all the photonr hadt
I

prod.uccd!. an l.on the çunent noulrL havc bern o¡o.81 , uaing

tha aborr-nentlonedl. pbotoLonísation cffLalenoy of 81ú,

Âftcr the Boaruroneni;s rlth thc parelrer. pratc ion
ohanbcr hadl bsen oonplcteð lt üar rrtovtil¡ leavl.ng the ¡Lud.sn

ln pleoc, end, replaooð by a Llthlr¡n f,luorlrte-n!,trlo oxl.rt.o

shsnber. lhe Épaos botreoa thr rlnttor and. the oha^nbcr r¿t
eyàouatcdl ualag a rotary pìrûpo îhc ourrent lo glven by thll
ohaubcr¡ operatett at 45Yt Tar ¡rorruradl audl oorreoteit |,f,

nooetaary f,or eny varlatLons Ln tbo ourrcnt frsn p¡t. 2. Thr

guantua cfffolenoy QL, at frynen-e, of thl¡ shcubcr r¡r thon

oalouletrd. fron
o.8l xIQLt

tbc apeotral rerponsÈ ourvar for the varrou¡ ohanb€ra,

obt¡Lnsê ¿s d.ogortboð 1o $5.6.2, had il.lfferont guantun

offioLcnoy aoalea, sLnae eaoh ohanber ra,r ôpcratçd. at ê

illfforent te; 6aln, andl the senaltlvlty of thc ohart rroordlor
Trår altercd for esoh ohanber to obtal"n a traae çhloh ooeuplcd

t
0
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the fu],1 rLd"th of the ohartr [o dlcternr.nc tho soal.c in
raoh cese the followLlg proocilure ras edloptedl. .lftor cêoh

tr¿oa hað be6¡¡ reoord!.eù tlr¡ noaoohronator rar act to & ;avc,
langth rlthl,n tho ¡snsLtlvc rangc of thc chanb¡r anrL the retlo
rcsordl.cdl oa the ohart. At tbo taro tLnc the aotual v¡l.uo¡ 

.of
thø photonultl,Bller ourrent 1o and. the lon shanbor Eurrent io
ttro notedl. fhe abeol,utely oeLLbrateô llthlum fLuorlilc-nl,irlo
oxLilr shenbsr ras the¡ plaoetl in poa!.tion, tho nonoohronato¡r

pct to Lynan-a, andl the ûorrcopondLlng ourrent" IL andl if,
noteil,. |!hs nark on the ohart thcn oorrGlpond.edr, to r quantun

effl.oLenoy of,

t I rL
a

aL

rhere go and Bo traro tho gas galn¡ of the llthtun fluorld.c-
nlt¡rlc oxldle and other ohauber¡ (neeluredl ac clcrorl"bcil ln
$rrl0), and. Q, ras as dltflaerl abovc. Itr!.ng ths ¡ark on the

chert e l!.¡ear quantuu effto!,onoy ¡oale çêr then oonatruotcfl.

3.7 Spçotrgl Re¡ponse Gurver.

Fl6urea 25 andt 26 chor tbc varlatLon of quentuu rfflstoroy
rlth rarelongth fsr the Lon ohanberc listeiL ln Teb1c 6. fhe¡
eurrËl êrt rtprsdluotl.onc of ths ahart roooriler traor¡ obt¿Lneit

ât dh¡orlbadL ln $5.612 uatng the rpark rtlrohargc through

hyitnogen sg the ttght souroê aact a banðrl,ôth of g1. gf,noç

the flllLng Breesuroa f,or the praaont r.on ohanbara aro

cuffl,oLent'for elnost all the rad.iatlon enterLng the ohanber¡

úo

goI
o

tr,

I,
t,'\.
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to be sbsorbedt (aee $7"t1), the quantuu cff!.o!.rnoy rtrl be

cqual to the pretluot of the ri.ndl.or tr¿n¡rLasion end. thc
photolonl,¡atton efflo!.enoy of, the f1lLlng garr [ost of the

?eïf fLne struoture, ruoh a¡ that oa tbc ourrr for the

o¡lolun fluortdl.c-bonlene ohanbcr, oorrcrpoad.¡ to varLatlont
r¡lth ravalength of the lntonaLty of tho louroc and thu¡

refleota Lnaoouråoy ln tbe ratto ayaten, rather than

varLatlona Ln quantun eff,Lof.anoy. lhe fluotuatlons dLut to

thlg oause rer6 norçn Bore tban 5Ç{ cv¡n thou6h the bcan

Intonslty varlcdt by ar suoh a! & faotor of tto oÍrtr c fer
Angstrons. Irarger f,luotuatlono, luch ap tho¡c toca Ln thç

ourvoô for tha l{thLua fluorldtc-aoctone ¿ndl oa].oLun fl,uorl.dlo-

cthyl lodtLd,c ohcnber!, repr€roat v¿rLatlon¡ la tho

photolonlzati.on rffLoleuoy of, tbe ft11!.a6 gaar

fhe ourvG fer thc llthlun fluorLdl.e-nltrlo oxl.dlc ohanþar

f,ollors vêrT oloaely thc photolonl.rrtlon effloLenoy of nltrto
o¡i{lr ao gl.yen by tratanabe andl llltsunêgó (f pgf ) anü øhowo

olearly the of,feotc of photolon!.satlon leadllr¡g to the flr¡t
and. ¡ooondt vLbretLoaally cro!.tecl. lcvaL¡ of the nltrLo o¡l{.c

ion¡ the thro¡holds of rhloh Lls at f5001 anð lA60[

reapeotLvoly. this curvo LE Ln good. agreenent vttb th¿t

¡rubllshedt by Krc¡¡I!.n of 11. Ug6e) ror å al,nllar oha¡¡ber¡

Both shoç a ôlp at 11?7î probabl.y dtua ùo the proaanoe of,



76

n!.trous oxl¿tc l.n the f,tu.fng'. lhe o¡¡rvGr for ths ltthiun
fluorLdl.c-o¿rbol dllrulphlclcl os]'eLun fluorlcl,r-ni.trlo oxtdto

andl o¡lolun f,luorlil,c-aoctono obeubcrs a.:rG slrllar to thosr
glven by Btober et af,.¡ (tg63) for tho lenc eolblnatLo¿tr

the charp dttp at f { 171 ln thc ourvr for ths o*bon iltrulphtitr
ohanbor appoaru to be duc to a drop ln tha photoLonlsati,on

rff!.otenoy of oarbon dlf.rul¡rblrte, rLaoe Lt oorrtspondl.r to ¡
pô¡,& Ln tbc abaorptLon rpcotrun (¡rc $7rrs). lbe surr¡ for
ths rapphLrt-rylçno cha¡ber-ls rathor uoothor tha¡ thct of

Frlectnaa rt ¿Ir (tp6¡r)n and, ror. tn agree¡¡ent rlth thc

photofonLsatLon eff,lol.enoy of tylene ao g!.ven by Ïfatanabo

(r p5+).

Of, the three ohanbort aon¡ltLvc to Lynan-c tbe ots

flllcdt rlth nl.trLo o¡ldlr l"¡ the nost sultablo for Boå.surenenta

of, solar racllat!.on, ¡lnoe the oae flLledt r{th aEatoac ha¡

oon¡fdlorably loren effíolcnoy, ancl. the one *111eð ntth oarbon

it!.tulpbtd.e rhsçr a raplil dlco¡rea¡t !.n ¡on¡ltlvLty rhea cxporcdl

to bleb ultra-vls1et flu¡or (acc $).tt ¡. For ¡ f49OÎ

ohenbor nerltylcne d.oer aot tecn to offer any ailranta6ôs ovGr

ryltt¡o, andt has the dllsadlv¿ntagc tbat lt f.¡ Íer¡r ðtf,f,loult to
rGuovo conpletoly f,no¡ the yaôuun ryrten uscd for ftll.tn6 the

ohaub of!r
The X,on6 çavolength ratponre of th¡ lon ohesborr råË

tÎherc Ls a sþaqp peÊk tn the abrorptlon speotruc of ¡!.trouc
o¡f.dlr ot 1177Ã (Zetilcoff et a1. 1991)t tbe cbeorptlon orosrr
reotion belng larger than th¡t of nl.trlc ox!,dle Þy a f,aotor of
about 20, and. the photolonL¡atlon thresholð of nltroua oxl.dtc l.¡at 9,62í¡ ao only about a.TI of nltroua oxide J.e requ!.rcdt to
Brorluoc the ðlp soen Ln FLgure Zh.
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tnvert!"gateit usJ.n6 a lcan of 25171 reiLl.at!.o¡ f,ron a Ìrt6h

l,¡tcn¡Lty noaoohronator (laurob enû Lonb¡ typr ,t) with r
n€rour¡r lar¡r ac thr sgüreir lbe lntenolty of the båÊür &r

¡oaaurtdl vfth a o¡Ltþratedl rr{llati.on tbcrnopLl,er t¡t
2.1 x 10¡¡16 ""* ,"o"¡ a!ð thr ar.t rar about Or5 c¡|. It
ras f,suaiL that rhen the ;e11. of the ohanbor ras ncgatLro thcro

rât no ourrant grcater than lO-rtå,, lrrcapeotlve of, rberr tbs

been rns dl.Lrrûtedl lnc:lôc the obanbæ. 0n the other hsndl a

fcr of tbe nLtrLo oxlð. obanbsrr ahoredl r ü.ik rcsponsç rhen

tha r¡1I raa poaLtlvc anð tbe bcal rar dlfrsoted[ et thr r!.reo

Slnac the t,atcaalty ln thc bçan tar greater than thc

lutegnatodl oolsr !.atrasl,tï ct ravcleugthr le¡¡ than 29OOf,r,

anô tbe oursnt¡ obt¡f.asi!. tsrr revæal oril,cr¡ of nagnituctr

¡aalLer tha¡¡ tho¡c to bc ax¡rootcd dlnr to photof,oal¡¿tlon of

tha ftltLng talr Lt tat oor¡oXud.ril that thc loag ravelen6th

rerponse çou1dl not bc rlgnffLoaat rhcn u.fng tho¡c ghcnberr

to [Ëarurü rolar raill.¡tlonr Thc f,¿ot that therc r¡E ng

dl.ctrotablc reapenas b¡lor 69 tr fron tba ohaubcrs floçn ln
tha rookôtr flÀD lOf anit IIAD 5Ol¡ (Chaptrr 5) oo¡flrntû thl,r

oonglu¡1on.

5.8 4n{TlÈr.,rc¡qo¡¡çs aaLrf{qg3l"vc,rnfift}¡åa .of tba,-Iqq
9þsgLEË¡.

i.8.1 å,ngtùar B,rlpoarrr

ûhcn tbe lon ohanber¡ æa urscl Ln roolcatr for ucraure-

nentc of ¡olar raôlatlon lt 1r ncooslarìr to knot thc!,r

rllrers ras ¡¡o response at 29001 on any longer tavelength.



Fl6urc 2T" Ex¡lcri.uental ârrên6e¡rnt f,or iteternLnLnü
tho ¿ngular rÊàpor¡ra of, an J.o¡ obenber.
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angular rcðponsâ!r Undsr f¿vourabl¡ oondlttLon¡ theoc nay

be dlrter¡nLnsdl. dlurtng the aotual fltght¡ nak:Lng usc of ths

roll of thc rooket (aac $5.5)r but !.4 oa¡c thL¡;a¡ ¡ot

Bosa!.ble ühe angular rcËponreo of the ohaËbcr¡ urcdl !.n ths

IIJID rooket¡ çoro ûsterniueil bofore tha fllghtre
lbo apparetuc u¡eÈ ir rhoçn ln Flguro 27, lbo ¡rort¡bls

hyitro6on dtl.rcbarge lanp ilctsrLbedt la $r.5 rar nountcdÌ i¡ thc

¡ldLc of s oha¡¡ber flusboit rlth oxygon-frcs nLtro8en (ace $r.5)n

andl thc Lon oheuber çaa holit on thc cndl of a rst¡tln6 ¡baf,t

paoot ag through thc lið. 8lnor t!¡e bsa¡n fron thc }anp rar

not rtr!.otLy parallel tt rould, nst bc crpeoteit that tho

an6ular roopansc obteluedl ln thla lay roul.el be cxaotly tho

rÀnö ar that obt¿inedl, ôuring the rookct flteht for the tano

ohanberr Botrverr ê oolparl.ron of, thc rstponts obt¡lnedt t¡

tha laboretory, wlth that obteineil dLurllrg fHght, for onc of

the oherbcrs f,lorn tn IÍÀD JOI (fterrr¡ e8) shorr that th¡

Iabor¿tory roaponsô L¡ not ln orror by norc than Y,.

1.8.2 Eff,eotLvc A.perturc.

îhc oallþratÍon of thc Lon oha,ubsrü uscdl in tho rook¡t

fltgbù¡ ret oanrf.edl out ualng the bc¿s fron thc nsnoobronator¡

çhLoh r¿¡ ooasldlerably ¡n¡lLer t¡ arra th¡n the rLniloç of tho

lon ohrnber¡ ro lt rea aeoctoary to ohook that tho reapon¡c of

thc ohanbÊr rst constant sorott ths rlnûor andl that tbe cpory

rc¡ln ba{[ ¡ot oauaodl any ilrop l.n t¡ran¡nla¡Lol u¡ar tbc tilgc.

[bfs;at dlone ua5.ng the apBaratus ¡horn l.n Flgura 29t by ncanr

of rhloh a bean of radlatLon fron thc portable laup¡ 0.5nn f.n
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d,lanctor, oouLd. ba ¡aoveel aoro¡¡ the çincloç of the oh¡¡nber.

Xt raa founcl Ln all oares that the roåponse rras unlforu, andl

that the effeatLve aperture wa¡ l2.5nnr the dLlanctcr of tbs

hole ln the oopp€r encl ¡rleee of ths ohanÞer (tr1gure 1¡l). A

typtoal resu}t f.s shorn Ln $lgure 50.

1.9 Îcuoerature Effeat;.
Às the l,on ohanbêrs lay be ¡ubjeoterl to oo¡r¡:!.d[s¡rab1c

hcatlu6 dlurlng 6 reokct f,ll.ght tt ls Luportant to kaot thc

cf,feot on the ãcnül.tl.vtty of ohanger Ln tonperaturco ft tr
knorn that the trangals¡fon ltnlta of the rinilor natcrlals
art nov€d. to l;.engcr rrêval.cngtht as the tcnperoture l¡ raLredl¡

Calof.ua fl.uor{.tle hac been rtudllcct by Knudl¡on andt KupperLan

(19r7), rhlle llthlun fluort{te¡ oaloLun fluor!.dte, barLun

fl.uorLðo aad aapphlre hav¡ Þaen Lnvertl,getcdl. by I¡aufcr et al.
(t165)r rtro gavo transnittenoo oüryôs at varLor¡r toüporaturcl

for rlndloro slnllar to the oner u¡eð on the proscnt Lon

ohauÞÈrt¡ Îhc photsionlsatLon tbrarholdl. of thc ftlltng gss

111L sl¡o novc to longar ravclengthr aE the tcnperature ls

r¡J,cedl dlue to thernaL rxoltatLon of tho nolesule¡ of, thc gar.

The apparatug ahora Ln Flguro ,1 îas uacð for ral,olng

ths tonpcraturc! of, Lon ohanbars whlLe thcy rero nou¡tail on

the nonochrouator. lhe bras¡ nounting plats r&r ratæ-sool.cdl

to prrrcnt lreat betng oEniluotctl to the photouultlptlcr andl.

nonoohrqnatorr À heatl.ns Jaoket round rith ntohroue rtrl,p
rer pl.asedl ovsr tlre ohaabsr rhloh ra¡ he¿todl. by oondluotlon

through the af,r. The ten¡lerature of the Lon chanbar taa
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Etigure 31. Cross-sectional diagram of the arrangement for
heating an ion chamber mounted on the monochromator.
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neå,rur6d b¡r a thernLctor ttnparature s€nsor, the tlp of rbl.oh

re¡teð on the chanbcr. lo avol,d, the cffcot¡ of ohangcr ln
gas gatn thc oha¡nbêr r&r o¡leratad. a'ü 45V (i.o. rlthout 6ar

galu)r îho nothorl. of obtaLalng thc cpcetral rctponte rr¿t

the !¿ûo a¡ that dle¡orlbodt !.n9.6.2r croept that a vÍ.bnating

recdl eleotrouoter wet utecl, to cnpl,lf,y the ourrent frou the

!.on oh¡mbctre Wttb aaoh lon oh¿nber thc ourront through

the heatlng ool.l rao laore¿coil 1n rtcps to obtrtn ravcral

tcnperaturcç bctçeen 15 ¿ail 1O0oC. Suff,lsi.ent ttnc çat

¡Ilørradl ¡fter eaoh Ínorceac for the L¡n o!¡euber to rceoh s

atcadl¡r tenpereture baforo the apectrel rolponcÊ rrat rooordlcilo

Flnrll.y the ohanber r¿¡ alloreil ùo cool ¡ndt thc rttponto

rcoordlrdl egaf.n et roo¡ tcnperaturr to ðnrure that no

pernencnt ohangc hedt t¿ko¡ p1aûöc

A ltthi,uu fluorl.dlc-al.trlo oxldtc¡ ¡ oel,ofun fluorlldle-

bcnreno, ¿ barlun f,luorLdto-toluena¡ anit e rapphlre-¡ylcno

oherb r üerc ¡tuili.edl. Tho rr¡ult ¡ e¡ro ¡born ln Fl,gure t2.

ft oan bc toÇa that thc ohango ln ths lorcr llnlt of tbo

r¡lcotral rô.¡Eo ta nuob greater th¿n the ohango ln thc upper

lLül't.
Laufer et al. (lgSS) f,ou¡¿ that as the tcn¡rareturè ¡roúc

thc tra¡cnLttsnoe yarrut tav¡loagth ourv. ¡t raralcagtbr rrsar

the tr*n¡¡ls¡lon llnit ral dlirplaecil to longcr cayçlengtha¡

th¡ dl.lrplaccnent varyLng l.!.nøarl,y wlth tenperatüto¡ lheLr

re¡u1t l.s oo¡tflrnetl by thc prercnt lnvaatlgatlon¡ To nrlrr
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an óståRåt€ of the rate at whloh thc ourve wa! dlc¡llaoeð aa

the tenperature. changeil, the ravelength at rhl,oh the

traasnl.sslon feIl to Ê speolfied valuet "", plottett againat

taaperature for the four rindors, eB shorn Ln FLgurc 35.

Values for the rate of dJ.oplacenent of the trans¡¡lesj.on

ûurvêõ f or the four rrlnôora, obtalnecl fron Fl6ure 31t arô

shorn ln Table 7t They are slgnl.floantJ.y lorer than thosa

f.â.BtE 7. Variation of Wlnêor lrensuls¡r.ons çLth Tenperaturs
---.-aæ¡*rrri--Ê.-

of, taufer et sl. for all exoept bariun fluoride¡ r?âr

oonriderLng the posslble arrors ôue to chengeð Ln photo-

lonLsation sfflcienoy ln the preeent nork. The value for

r.Àotually the ravelength at rhLoh the quantun sfffolensy of
the lon ahe¡nber fe}l to & apeo!.fLetl value waa plottedl, the
yalueo bef.ng 71. for the lLthlun fLuorLd.e andù oaloj.un i'luorld.e
ohaubers, 0.11' for tho barlun fluorJ.d.e ohanber anct lil for the
rapphlro ohaube¡r. tlonevsr the photoLonizatLon of,fl.olenoy of
the fftl,tng d.oes not vary greatly over a snall savelen6th
ran6er antl the trensulsEJ.on fal].s rapld.ly n€ar the trang-
nlssi.on Llnltr Eo to e good. approxlnetLon Lt wa¡ the vgrf.atLon
Ln transnf.ssíon nhlch rao plottedr

WLndlow

Dlrplaoene¡rt of transplsslon
ourv6 wlth tenp. ohange (l a"g-' t )

Fresent
work

Laufer et al.
(tt6s)

Knuilson andl
KupfrerLen
(tgrt),

lLthtuc fluorfdLe

oalclun fLuorfde

barlu¡o fluorl,dle

sa¡lphl.re

o.22

a.2,

o.57

o.21

0.:0

0.55

a.5g

a. t2

4.25
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cal,otun fluorlcle Ls oLosc to th¿t of Knudteon anù Kupperi.an.

lhe varLatlon wlth tonperature of the photolonl.zstlon

rfflol.auoy of tha flLltng gês neer the photoLonL¡ati.on

thresholdl nay bc c¡ti,natcð by nakùag thc olaplLfylng

aoeutption tbat et çavelengths longer than the raveLe¡rgtb
- , hcrÀo tr ñJ, oorrespondl.Lng to the aillebatl.o lonl.¡atlon

potenttal Sor the pbotoLonL¡atl"on rffLolenoy dlepeadla ouly

on fhcthe¡r Lt is cnergctXoall.y posclble for a photon to

!.onlrc a noleouler loee that the pbotolonl.¡atl.oa rff,lol,enoy

¿t 4 ÍaveLeagth l longer than I¡ Le proportlonal to thc

f,raotLon of the Eoleoule¡ rLth energler greater than E¡ - *.
If the encrgS.es of the aoleoulee arc dll.gtrLbutetl eooord.trg

to a Eoltsnana dtJ.¡trLÞutlo¡ then tbc photoLonlsatl.on

cf'flal"enoy P(X) at a ravelength Ìr baoo¿ea

P(r) ' Po ê"{- tn.-{lzr.f

üP6

rhero F¡ Lg the photolonl¡atfon efff.clenoy at Ic. For

lavel.ength¡ near )r¡¡ ancL a fl,xedt photol.onL¡atlon rffÍcf.enoy
P(},), (t-to) rtlL bo nearLy proBortlonal to l. ff, for
exenpLc, re take n(r)7no r 0ol endt x¡ e 1¡+o0fr th¡n

""{- lhc (I-lr,¡ )lfnfro t>Ig

I-lo-r- a o.oJl I d."g-tK
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sor p(l)/pc c o.5o the proBortLonalLty oonatant L¡ 0.014

l. ô"g-tK, aadl f,or r(x)7rr r o.o5 tt 1¡ orot¡o. rn Ff.guro tr+

the ¡ravelength at rhLoh r(r)7r¡ hact ¡ rpcolffød valuot h""

bosn plottcdl agal,nct thE ¡b¡oluto tenperaturo. tha

tbreshol'd. ravol.ength I¡ rar dlcternLneil fron the ohaaga of

alopc ln the speetral rerponso ourÍo, the rd.ues obtaf,ncdl,

ln tbl¡ ray bef,ug Ln agrcenent wltb ths¡e of latanabc ct al.
(ll6e). fhe re¡ult¡ are oono!.atent rtth the tntorprctatl.on

glren eborc, the tenperaturr oôoffLolcntr lylng fn the rêago

o.ol9 to o.ora I d..g*tK.

1.1 OGa¡Gain

If the roltage applLeð to en Íon ohanber ls inarearedl,

rtth a oon¡tent ultre-rLolet Ltght f.atcnalty andl negetLvr

polarLty on the oaËe therc ç111 be a rplatcautr regton rhcrc

the ourrent ls alnost lnctependent of, tho volta6tr follovqð

by a reglon rhcre the ourront increa¡ec due to acoond!.ary

lonl¡atLon nsar the wlrro å typlcal ourrent-vgltrgo

oharaotsrLstLo obtal¡sd, under these oonilltLona L¡ rhor¡ f.n

Flgurr 55, ft naa sbtaLne<l uaing tbe cpparatur ahorn l,n

Flgurø 19. lhe gas geln at a ¡lartLouler voltâgc lt dlrflneil

es the rati.o of the ctrrrent ¡t that voltege to the ourront

1n tho plateau regfon. It ra¡ not nsoortary to urc geã gein

*[he valuer r6rc JOf for the nf.trûo sxid.c ohanbor¡ Z5l tar
tbo bonlene anil toluene ohanbert anð 20d, for thc ¡ylcnc
ohanbcr.
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for tho lon ohaubera f.n the roEket oxpcrlnentt ðosorJ"bo{l

ln thaptør t+.t but lt ls very us¡ful f.n esperLnents rhsro

Lower fLuxes havs to bc cletcotodl.¡ arrd ¿1¡o shen naki.ng

lcboratory oali.bratlon¡ (ree $5.6.2). Booau¡e of tho

lnportanoe of gar taln e !016 dleta!.Lrdl, utudly raa und.lrtekan

of the ot¿tL¡tioal propertic¡ of the nultlplloatLon proorðt,

as ilesorlbe<t ln 'Chaptçr 6.

falLe ctuüytng the cf,feot¡ of teuperaturc ohangea on

the rpeotral totponÊêa of ths Lon ohanber¡, the sffeot oa

the ge¡ galn ;ea al¡o ob¡ervctl. Il[o ohange wao observedl

rlth the chanb¿r ftLtcil rtth ni,trf.o oxldlc, but the gaa galn

at 55OV, of the ohauber ftlletl rlth :rJrlene,d.eoroa¡ed oteadl,Lly

fron 55.9 ¿t eoo0 to 1.5 at 8oeu. Íbo f,lttlng preoeurc of

tho ¡yl¡na f,llLeil ohanùer üat ) torr and. ra¡ oloce to tbe

gaturated. vapour praesurc of rylrne et roon tenperature¡

co thc d,oore¿se !.n gaa gal,n ras pretuncbly üua to lnorea¡oil

prossure Ln the ohanber rcsult!.n6 froa eva¡lonatl-on of

oondlcnsod. rylene and. ilosorptf.on fron tho r¿Llc of the ohanbèr.

lhc lncrease f"n the ôen¡lty of the xylcne laai.d.¡ tba ohanbæ

nay ba sstlnatect by esruuln6 that the gås galn ta a funotlon

of the ratlo nlr, rhorc Y ia the voltagc apBlled. to th¡

shenbcr and. p L¡ the {lonal,ty of the rylenc¡
(r.g. Sohlunboh¡a 195S)r th¡n tf, p¡ anil Pr

scy s(vrp)" r(v/e)
are tho dlenpltlc¡

at 2OoC an¿ 80Ú0 reapootlvrty

a(iiot pr) ' ut#, or )
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Uetng tbe v¿lue 5.5 for 6(550 ¡ or)¡ aniL the geü gel.n ourvc

nõasuredl at 2OoC, the r¿tio p'lpr tat foundl to be ¿bout 2.

fhtg Ls oonsldlerably lesE than the ratto of the ¡aturet¡rt
yåpour pr.Ësurss of ryl.ene at 80cC and zooG andl" lnilLs¿tc¡

that there ras not a J.argc enount of oonilea¡cdt rylcne ln
the ohenbtr.

t.Il Effeot of intcnac UItra-vl.oIet RarlLatfon on tha Ion
Cba ubera.

It i¡ ossentlal that a¡r lon ohanbcr rhloh !,a to ba urcdl

for naklng rooket neasurcncntr of, solar radlLatlon ba eblt to

nj.thstsnrl rrposuro to ths aol,or railJ.atlon above the atnocphera

without any dtoterloratl,on tn racpont6r îhe dlao¡rcasc ln
scn¡Ltlyltyr ðurÍng a rooket f,Ltght, of I ohanber f,lLLeð rtth

oarbon tlrulphl.d.e¡ rrporte{l by Suith et eI. (1965) augeesteù

thc LnvortLg¿tLon of the effect¡ of, cxtsntlodl ÉÍposure to

ultra-vLolet raillatlon on thô Lon ohanber¡ usodl Ln the pre¡ent

çork.

Eaob sf, the ohanÞera llstort ln Tablc 6 rcc cxpoaoct to

thc radti.ation fro¡s the portebl.c hydl.rogon laup ($¡.¡) for a

Fèrl,odt of saverÊl hour¡, the intcnclty of the laup belng

adJu¡todt so that the ourrert fron the ohanbor tas approxf.uetely

cqua1 to that rhish rouLdl beve bccn obtatnedl lf the ohanber

hail been oxpocecl to ths ¡un rbovc the atnoopherc. At

lntorvala the current fron the ohanber r¿a reoordtcdt. 1o

oorroot f,or ohanges d.ue to fluotuatlon¡ ln the J.ntensLty of
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tha l*npr a llthlun fLuort.ilc-nltrLo oxLds ohanb6r raü

rrpotadt to the tanp qaoh tLue the rospongo ral neaaurcð,

anrt thc ratio of the tro ourrents celoulatatl. Flgu¡ro ,6
phors the re¡ults obtaiuotl çhen ohanber¿ fJ.ll.eil r{th oarbon

rl,l,rulphldl¡r at.trJ.o oxidla' anå rylotrt tâtð arpoaoil,

oontlnuoualy. ft oan be soen that thero Lr ô atcadty

d.Eereeec tn the Ernrl.tf.vlty of thc osrbon rll,rulBhtdtc ohaabrn,

but that the other tto are unaffcotcdl. Íhc r¡¡ult¡ for ths

other chanbora lLatsê ln fable 6 rere riaLlar to thoce f,or

the ohaubers f!.LletL rj,th sltrlo oxi.dle andl rqylsne. fhe

carbon illrulphLðe ohanþcr ¡horecl a slLght rooovery over Ê

pÊrlodl of þ ilayr efter the lrr¡dH.ation ra¡ etoBpcdt. (fteurc

,6), It rEs thon eyaouatoct anrt rcfÍlIeel, to dlctcr¡ni.ns rhethe¡

thc dlatcrloratlon Ln recponsc was due to an rffoot on thc

r!.nct.ow or fLlJ.lngr the renei.tLvl.ty after refllLi.ag rråË ori],y

about half the orLglnal value (rtei¡¡rc ,6) rhorín6 olearLy that

the traacnÍsgion of the rlndlow had be€u pcrdanently dteoreaacill

prcaunably dluc to ôeoonpor{ttou of the flfltng andl ècpoatttoq,
a

of the elcoouporltlon procluotc on the çlndlor .

lhc d.ro¡r l¡ cqn¡J.t{vtty ob¡crvcdt ln thl¡ crpcrincut rar

not aa greet &r¡ that obscnrccl by S¡lth et ¡1. d.urlng thc

lA ¡fuilar cff øct ha¡ bacn observetl rlth oll vapour by
tsaylor et al. {t165),
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rooket fLlght (about 15'], !.a 2.5 nLn.l, a8 oaloulatcdl' fron

thelr publ.lsheil ourVo). Carbon dllaulphlðo, honlYer, oan bl

dteoouposodt by any radllatloa of ravelcn6th ¡bortcr than 5260L,

the threshold. for tho Brocoea

08r+b¡v+CS+S

(gnyt¡ andt Blorctt 1914)¡ and thc h¡rdl,rogcn lanp l¡ ruoh lclr

!.nt¡n¡c than the cun åt wavcl€Bgtha loreer th¡n 1600l. thr

rcfllledl shauÈer ta¡ then crpooadL to tho radll¡tion fro¡ t

guart¡ rrrrËlope üerour¡r d.l.tehargc lanpo llhe total' åntcnalty

of ths radl!.atLon cnittsil by this larp Ln the rên6c 1600 to

,OOOI (nalaty [n tho ll.nec at 2557 ø¡lA. 2967î) taã neacurâal

u¡Xng tbe r¿illatj.on thcrnoptlo andl f,ou¡tt to bo olo¡c to tb¡

totaL lntcuLty of the tolsr raðiatlon at savelengthc lar¡

th¿n ,OOOÎ. FtSure 57 thort the rcrlatlon ln roaponra

observcdl j.n tht,s oaeêo lhc tl.rop in ¡ca¡ltlv1ty ðuriag tho

flr¡t 2"9 nf.n. ra.t lflå fn agtroono¡t ;tth that obaervcdl by

$ntth et E1. Af,ter thta tert a dlcponlt of ¡rather olly

appeerÊnoc ças ol,early vlllþLe on the lnCr'dto of, ths llnclol.

Carbon il!,rulphlða fll.leil ohauber¡ aro obYloualy uBtt¡lttblr

f,or rookêt oblsrvatlons of sol'ar raêlatlon.

the otber Lon cha¡¡b€rô lLËtei!, f.r¡ T¡bte 6 rero alco

ts¡tsrl çtth the üerouty tranp but ¡¡o ehan6ea l¡ ronaltlvt'ty

rlt ha¡ bcen esauneê that tho saxinun altltudle of thc
rooket naa 200 kn, and the tlne for çhloh the ¡"ooket
¡re6 above 95 kn haa þeen halvcit to talco lnto eaoount
the ro11 of the rookot. {
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largor than {l (tne llntt of, the ¡ooureoy of tho tontltlvtty
ñoaiurtüentr) rerc ob¡arvodl aftar arporur.s of l0 ntnr

,.12 OonolurLon!¡

Fourteen dlLf,fercnt typea of, :[on sbanber¡ lult¡blc for
noatu¡rcl¡cnt¡ of ¡o1ar uLtra-vLolet rad.lation uaLng rookotã tuoh

¿¡ the lIÀD or ïron6 lon¡ harc bern construotodl¡ lhe Ll,thtur
fluorldle-nl'trlo orlôo obanbcr hal provcit ysry rc].lable for
necturlag lrynan*c flu¡ea ualng thc HÂÐ rookct (Cbaptcr 5),
lbs rpeotral rsðponset of thc ohanbers beve been nec¡uredl

uâLag r nethoil rbloh onable c tbe rütponse to bo eutonatl.oeLly

,plottodl år the ravelen6tb Ls varledl¡ It har been shorn that

the anguler rtoponõs enü. gffcotlvr aporturc of an lon ohanbon

o¡n bo qulte eoouratcly neasurod. la ths Laboratory.

å,c ¡ rs¡ult of, tc¡tr lnvoJ,vlag orporure to ultra-v:lol¡t
ltsht aourocü for per!.odt.¡ sf tlnar oarbon ðlaul.phlêc hal bcc¡

proytdl to b¡ unruLtablr ¿r ¡ fllllns for lon oharberr usedl ln
obg¡rvatlonc of the colar rpeotrur¡ broeule th¡ o¿rbon

i!,trulphLôc 1u dtcoonpsrcdl by the rslatlvcly long revalrugth

ul.tra-vl,olet radtLatf.on (f . ,â601,) endt tb¡ d.roonpoaltlon

pro{luots arr dl.cporlted[ on the rLnilot of thc cheabæ, orudng

a rapld. dtrop !"n tlan¡¿!.¡cLoa et ¡bort w¿vslrngtbl. Irtonc of
thc other ohanberô uËed!, ln the prcrent rork rhorrd. any

nr¿rur¡blc cleorease Ln lcn¡lttvtty dlurlng arporure to an

ul,tra-?!.olct lteht aouroc oqual Ln lntcnrtty to thr lun, fo¡r

a perlodl approrinately equal, to that of ¿ rooket fllghtr
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lhe cff,oôt¡ o¡¡ the rorponces of tha lon oharber¡ of

trnperature chaagea tn the r¿nge 15 to tOOr0 haye bcr¡

lnvcrtLgsteclo lhe ltni.ù¡ of the cpeotral r.tXronaê ara

both ûlaplao¡d[ to longer r¿vrlengthr c¡ the tonperature Lr

raltcdl,, but thc rctponË€ !.s otherrirc ur¡ohaagoil. A¡

crrprotodl, the ohan6s ln the traarnl.ssLon lf¡¡1t of, the

rlnðon ta larger than the ohangr l.¡ thc photo!,oulseti.oa

throeholdl of the ft11tn6 6ttr altbough thr tocpercturc

oooffiolsnts of the lLthLun fl,uorliter oaloLur flusrlûc ¿ndl

capphlre rind!.ors appcar to bo rLgnlf,l,oantly loç¡r th¡n tho¡¡

nea¡utrcdl by.I'eufer et 41. Íhe ohan6o ln thc pbotolonllatlon

threrhold. of the ftJ.llng gaa aay bc eooountcdl for þy

carull.ag that i.t Ls dluo to thEruaL c¡ol.tation of thc gal

nolcoules rhLah have a Bolt¡nann d[i.¡trl.butlon of cncrglòto

Both tho ohan6c ln ths Lowcr llnlt (- 0.25 I d,çt-rc) and

uppêr lLnft (- o.o5 I a"6-tC) of the opeetrel roaponro rouldl

¡cc{t to be taken lnto aooount rhen aaktng lolar Eo&aurcncntl

lf, e rtrong rolar 1l.ne worr near thc llnlt. It h*¡ alro

beçn ahorn that tbe gar geLn oharaoterl¡tLor of, oha¡bers

suoh ra the one f,lLlsrl rlth ryl,cne uay undGrgo oonc:leler¿blc

ohangrr as the tenperaturG ?trlct. Thor¡forl o¡re 1l

nËo.ttêry rhen nakLn6 üaaturencat¡ rlth thesc ehanber¡ us!.ug

gar galn to Gnrure that the te¡ geLn lr nealuroð et thg ta¡ûo

tonpcraturr ar that at rhl.oh the rGasur¡ncntr ar¡ to bc nadlc.

Of, the ohanbers lwe¡tlgateð the llthtun fl.uorLd.o-nltrlo
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orl,dlrl la¡lphlrt-rylc[l¡ âtrdl guartl-trletþl aul¡e oll81 ùr3

rsposlaLly suttedt to thr rilctcr¡!.natlon sf rolrouler osy6tl¡

cl,s¡¡lt.e¡ at eltttudla¡ fron 70 to t{0 kl la th¿ atuol¡rharl.

lhe fl,r¡t rcðpoudts to Lylan-e rsûlatlor rhtlc the other tro

havc rpeotrel rsngcs o"er rbi,ob thr at¡srptl.otl otrottfttottsa

of, nolcou1ar srygcn la rlrort oonttrnt (rer $e.!.3).
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Chaet o r .&g_ -Dq tåfig-gfl tþ.¡ _Rs oF etJ,*o çqtnpqt@
úyna^u-e Red.l'at!'on

¡).1 lbr HÅD Rosket

rha !1,â.0 rookct l¡ a tro-rtago ¡o11ð fuer rocket
dlaveloped by the Flleht ProJeote $roup, weapona Rcoearsh

ßstabllrhnent ¡ far aaklng upper atnospheri Esesurorcnts.

ft ha¡ been urcd. extonal.vely for oarry!.ng out {l.cternf.natlon¡

of total atnorphe rlo d.cnsLty and!. uppar etnotphoro sf ¡il.a

urlng the falltng ophere nethod (pceraon i966). Ithcn

oarrylng tercnetry oqulpneat tt reacheo en aLtttude of

apBrorl.nataly 9O kn rhf.oh rakss lt vGry tultable for
nca8t¡rcncnts of the abeorptLon of ¡oLar lrynan-c radllatlon
at cenLth augleg legs than about 60", ¡lnoe tt will speadl a

greater perLod of tlne ln th6 7o to 90 kn rogLon rhere thr
abaorptl.on takee plaoe then e rooket rhioh goet to a hl,gher

aLtltud[e. fhe spaoe avellable for ln¡trunentatlon lg Ln

the for¡rard. seotlon whloh hag a d.daneter of g in. and a

lsngth of l¡-B lnr f.noludtLng the nogøoon€¡ Careful attention
to the volunes ¿ndl arrangenant of the co&pononts ras

neoes$arîr ln oriler to aooo¡o¡¡oilate the lynan-c !.on ohanbora

and thelr assoolated. equLpnent as vyølL as the d.etcotors for
27008 radl.lation whLch were lnolud.ad. so that osone oonceÊtr¿*

tlons coulrl be neasuredl, DurLng the throe socond burnfng

per:lod of the ¡aotore the acceleratlon naj¡ reaoh 7og antL the

vl,br*tlon l0g ôo the oonpononts nust be able to rlth¡te¡dt
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thcae condH,tl,on¿.

tshrre IÍ.êÐ rcokets tirc LastrurlntedL f or thc f,yncn-c

anð ssen6 nea¡urLng crperlncnt¡. llhooe <lorf.gnatcô lIå,D tOf

anil ll[D 5O[;erc suqEsaafulty fl,rad. on 6 Deosnbçr 1965 anð

l+ Srbruery lg65t rctpeotl.vcJ.y. The thl'rdl, ltÀD ,O2r tat
flrcd. on 11 Dcoanbsn 196] þut f¡tleiL orLng to ¡ fault L¡

thc sooond otagc notor th!.oh o ¿uscdl cxhaurt gaocr to P¡¡ð

through the Ln¡ùrunent ¡oetLo¡. ¡.11 the ftrl"nga too! ¡rlaor

at tho wosner¡ Booket Rangc (1at. ,0ü56rs, 1o¡6, 156ari rE).

Àl.üLtuilr dlate for the fllebtt rGro obtaf.naô frou rað¡r

traakl.ng of the rookst bo{y. .Àgutrttlon by the ra<tar r¡t

asci,stoit by a treoklng osof.ll¡tot* 1r, tb" lnotruqent

üÇotlou. lhe analycl-r of tha hetght dlata i.¡ dlocarLbetl La

rlctai.t ln $5.1*

I+.2 De¡Ltg of tbe Rocket ÌIeadl

|[he snarrgenent of the oonponcntr ln thE rookct beadÌ !.s

¡horn ln Ff.gure 58¡ rhlle Fl.gure 59 Ls ¿ pbotogreph of tho

oolpl.ctetl he aô.

lbe rtrpng-rlng rhLoh contaLneiL the Lynan-a ilatcctorr,

aapeot !6nrorÊ and. telcnctrly acri¿ls o¿n be teên ln Figuro

,9 about haLf,-ra¡r up the headl. lhe ttcteotors entl ¡ou¡or¡

ü6rG ooveredt by a fi.brc gLaro band. dlurlng the flr¡t Part of

rîho osolllator f,ornecl. part of the taekaldlt ayatan
ln¡teLlod. et lfooner&r lho rlgnal, frorn the oaoll.lator
rê! rooef.veil by a øpeolal. aori.al ant[ ueedl to supply
altLtud.a andl ¿¡Lnuth dlsta dll.rect}y to the raclar
equLpnent.
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AN{PLIFIERS,

CALIBRATOR

AND BATTERIES

TRACKINC OSCILLATOR

FTRING CTRCUÎTS

AI.ID TTMER

CORDEX RING

MODULATOR

BATTERT ES

TELBMETRY SIïITCH

OSCILL,ATOR

TELEMETRY AERIAI-S

TON CHAMBER

SUN SLIT

ASPECT SBNSOR

ÏIIREROC CAMERA

E igure 38. Arrangement
of components in the
HAD rocket head.
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bttr¡ra tbr ü*ttåtor r{,ng rat tbr t¡lrr
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thc fltght to proteot then fron the effeots of heet

ganorateð on the surf,aoe of the rooket clur{.rrg lto rapldl

Basce6a through the alr at Low altltuiles. ft ça¡ tlneil

to be rsJ.easedt 28 sêor after lauash at an al'titudc of J0 knt

Just efter the scoond rtage notor heô flnLshedl burnlug. lwo

llthfun fluorLdte-nl"trío oxf dt.e ton ohanberr¡ one of rhf'qh oan

bo 6een ln FJ.gure 19t were nounted co that they polntodl ln

Oppocl.te c$,reotiôïlâr fha ul6 of, tço chanbers provLilcs Ê

sofeguartl êgåinst fal.lure in one of the ohenbers or J.ts

esgooiÊteil oLrouLts. ff both funotion aatlsf,aotorLly tht:¡r'

glve trlce ôl ûany ¡üêåaurenents of lrynau-c tntenolùy a! oae

ohanber anô to glve bctter dlate !.n the evont of d g1oç ro]'1

¡ratsr lef,lon sashers Tore used to f.naulatc eløotrloalLy

the oasgð of the ohanbers frotr the rooket bo{y so that the

opcratlng voLtag6 of ¿+5V oould be applùed to the oe86Çe

lho reðfstors potted. in the back¡ of the chanbers ($¡.e)

Íere lnsluclecl co thet ln the errent of, a short clroult ooourrlng

betroen the oase of one ohanber and. earth the Yoltsgc on the

other'ohanber ïoulð not also ilrop to OV.

lha çover band r€Iea60 neohanLsB oan be Éoon to the

left of the Lynan-c dLeteEtor (f tgure 59), 8nð bclor thc

dLoteotor arô the aspeot sensors fhJ.oh erê uesorlbGdl Ln

d[at¡ll belor ($¿r.l). t,âvel wlth the telcnetry aorials I't

ths dtunny wLndor shioh wat Íno1udletl ln HÀD 5Ol¡ to neatura

the tcnperaturo to shioh 8¡! len ohanber rould rLse [f
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uaprotrqted" elu¡ri.n6 the whole fLtgtlt (¡ec $5.5). Xt naa

Lôcatl.oa1 to the front ¡ootlon of an lon ohaaber but hedl

s thernf.ctor attaoheô to the baok of the rrLnd.oç.

fhs ðsotlon ¿bove tho aerlaLa, LnoS.udJ.ng the ¡¡olcootrt¡

oontalne dL the telenetry aond,er andL Ltr power aupplleat çhlle

belortheptrong-ritr8'otetheenpllfter6,oall.bratorendl
Ilor6r aupplle c assooLated ¡rJ.th the tlçteators. E¡low the¡c

were the I¡ÍREROC Eaner¿ ($l.l), the len¡ of uhlah oan be tecn

ln FLgure 79t anð the traoki,n6 otolLlator. Tbe ðark bendl

sround the base of tha heeil rac & ssrdl'tex rlng uaedl to

roparate the head fron the scoond, ctagc notor at an aLtLtudll

of 15 kn on the noy d.orn. In thi.s ïay the headl is neðe to

tunbLe rapf.dlly so that the eerofrrnaulo d'rag Íc oonaLücrably

úore than 1t woulcl be for a rooket potnttng ctralght clorn.

llhua the vel.ocf.ty Ls redluoecl and. therc I's leoo tlanage et

lnpaot.

4.5 Eleelqloal Ctrau!.trs

Ihe oiroult of an lon ohanber &¡rd" lts aopllfler 8ro

¡horn ln Flgure lr0o À nlnlaturc el'ectrouster val'vc rat

ucoô f,or the l,nput atagc of the anpllfLcr¡ the ourrent fron

the obanber being pasaedl through a reslstor oÊnnËctedt

bctneOn tha grldL of thLg valve anê earth. ReoLatanoe¡ of

27 Un t6rs requLred for the tynan-c d.cteotorc but valuea up

to tOO0 !{n oould[ be usotl wlth thLs ?alte. Conponuati.on for

üero <1rLf,t oausodl by temperature ohanger råt provlûeü by a.
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thcrnLstor attaoheel to the heat ølnk Ln rhLoh the tranalstors

Ícr6 nounted.. Durlng f,ltght the ¡ero itrlf t oboervedl et the

output rae al.rays Less than l0 nV or about A.fl, of full goalc.

the telenatry goniler r&8 assenblecl fron stêndlar{l

og¡poûe¡tlr lho outputo f,ron the Lon ohanbcr anpllflera andl

othor tonsor! (O to + 1.5f ) tere takcn to a 2l¡ obannel rotary

rt!.toh ;htoh tanp}etl. caoh ohannel, 80 tf E6Ë Fer øeooud. Frou

thc arl.tch the al6na.Le ççnt to e frequanoy notlulatorn tbe

output of, whl'ch ÍeÉ used. to nodlul'ate thø l+65 uo aLgnal fnon

the naln o¡o!}lstor. FlxcdL volt¡8c levelc lcro appl'leð to

f,lve poait!,onc on the Erltah to enable the LlncarLty of the

taLcnctry acndler and trcseivcr to be oheokedlr

"À oalLbrator wac lnoluitott so thst the Lon ohanbcr

aaplLff.er¡ oould. be oaLlbratedl. rlurlng the fl!.ght. åt ,0

ûßo¡ lntarvals the currsnte fron thc Lon ohaabcrs Í€re

clt¡eonneotacl. f,rom the aupllflers by a relay and tço voltag€Ê

of 0 and. Or55V respeotlvely were appllecL to the I'nputa for

2OO n ÊËor eaoh. The d.i¡tanac bctrcen thesO 1evcl¡ on the

fl¡el toXcnotry reooril then oorrosponclcô to an ùaput ou¡rrent

of ++ å., rhere R wae the !.nput ro¡lgtor of ths Pqrtlüul&r

anpllfler.
L.L Àsnsot Sensing

lr.¡r.1 the Different t'{ethoða of Obtalniag $oLar .Àepeotr

Slnce the rêõponsc of en lo¡r ohanber ohanger aa ths
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Ietpoot antle ?êrlet ($5.8.1 ) lt ls oEgcntLaL ts knor tbl

coler aopeot engle dlurlng the rookct fltght Êo that the

rGrponro of ths ton ohanb¡r o¡n ba ôorr.otecl to rhat !t
rouldl, hare been lf the ohanbcr hadl bocn polntlag üLraotly

et thc lrill¡ Several nethodla havc been ur¡dl fOr obt¡Lnln6

thtr lnforo¡tioa. !

Ia nost fttsbts the ro11 rate of the rookct (trro ratc

of rotatLoa about the rooket axl¡) fu nuoh Ëreater tban tho

ratt at rhLoh the rookot axl,¡ ohan6er ltr po¡Ltl.on ln spaco

ituc to preocaaS.on or any sther notLono In thts oagt thl

Lynan-a iteteotor rl}l sho¡ one pealc 1n tt¡ output f,or oeob

roll and. lt Lo the aepeot an5le at tha poak rhloh Ls

rcqulrcdl. For a¡y lon oheaber polntlng ln a dLlrcstlo¡¡

pcrBondlloular to the ¡xL¡ of, the rooket thtr angla 1s the

oonplcnont of thc an6Le betreen the dllreetloa of the tu¡

and the rooket atLË (uoe FLgurc L.|). BhJ.s rtl1 be rcfcrrcil.

tc¡ eË tho roôkot acpeot angJ.e 0 ln EuOh @tlctr lOrevcr,

th¡ IIAD rooket 11L1 not al.rayr bshavo Ln thLc lry (e.8. HÀD

5Ol t rco $5.t ¡, and. thon a t.ntor shLoh glvas the aapeot

anglc of the Lon shanber oonti¡uously la regulr.Qitr fbo

rotratLve ucrlts of the dlLf,ferent aopoot stntoro ari

tl"lseus¡til be].o¡vr

rlhc aapoct angle 1g the angLe bctreen the cllreotloE
{n rhtofr the lon ohanber ts polntlng entl the dl.lreotlon
of the J.noldlent lf.gbt.
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Figure 41. Diagram illuslrating. the rocket
asþect angle. The axis oî' the rocket is OX

anã the detector is situated at O Pointing
in the direction OA. The direction of the
sun is OS so Ê is the aspect angle for the
detector. The rocket aspect angle is e,

where OB is perpendicular to OX and in the
plane of OX and OS,

o"- a

îígure 42, Diagram ill'ustrating the
opãration of tñe sunslits. The two planes
inclined at an angle ct are the planes of
the slits cut in the sensor. The direction
of the sun is OS and the rockef rolls
ihrougt an angle T while OS Passes from
one plane to the other. Then

tan@ = sin 1 cot o .

t-e

I

e

o

,å,
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(r) Sensoro uoLng anpt l,tud.e-noêu1atLon.

Â acnsor of thlc type çat utedl f.n thc experinentc of

Kupper!.an eü alr (lgfg) an¿ has been dte¡ortbcd by Kupporlaa

andt ErrpJ.ln (lglt). It con¡l¡tedL of e phototranrLgtor

¡on¡i.tLve to viaf.ÞLe llght aouatedl behlndL a f,llter 6laa¡

si.ndlor ss that the retponse varj.edl tlth angLe ilue to

varlatlon of the effeotLve troar Cal.l.bratlon ra¡ oarrLadl

out pr!.or to f,L1ght.

the neln problen rith an as¡reot acncor of tht¡ typa Ls

th¿t the ltght to rlrloh lt tg roËpondll,ng lc attenuatctl. ln

paacLng dlorn through the atnoapherc orlng to Êaylelgh

roatterlng (lnoreasLn6 a¡ thc lavalcn6th dteorcaaea) antl'

abcorptLon by otono ¿ndl çater vË,poufr Hsrcrerr the

ooetterlng and. abeorptlon 1111 take plaoo oeJ.nly Ln tl¡e

lorcr, norø dLonse atnoophere, 60 that ln the region above

?O kn shera the aspeot ls roqufurcil the !.ntontlty of, the tunrs

vJ.siblc anð ncar lnfra-rodl. radllatLon rJ.],]. be oon¡tent. lhuc

tf the aspeot aagJ.e can be rtcternlnecl at one ¡lartLoutrar tL¡c

rhlle the rooket le above about lr0 kn (aee $5.5) tfrf¡
Lnfornatlon enablel ttrø l.evcl of, the laboratory oaU.bratLo¡

ourrG to br adlJuetodl so that the aopeot angLe ean bq

dtoternLneû at other tiuc¡. The cxtre Lnfornetf.on nay Þc

obtaLaedt¡ for exonple¡ frou the sunslLt cenagr or the Eånêtra

clororlbed. bqtror. Ualrg these ð.eteotor¡ the tLne aù rhlEh

the rooket aapeot angle ras lero oan be dlaternLneit qultc
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soûr¡rat61y tf the ro1l rate Le bL6h. florever, thç

lnfornstl-on raqui.redt to aôJuat the levsl of the oallbretLon

ou¡rro nay not be avaLlablel partloularly i.f the notLon of

thr rosket l.s lrreguler. !o oyoroone thls dllfftou1ty t
ttouble auplttuðo-nod.t¡1ati-ou Ëensor üas d!.ar!,gaedL whLoh l.¡ ¡

d,caorlbedt balo; ($¿+.¡..e)"

Â seoondl d.lf,fLouLty rhcn us!.ng thts typc of soraon

a¡i.Lg6r fron the faat that, onl"ng to ¡ref,lootLon fron tho

curfaoo of the earth enê oLoud.r, lLght oontng up fror b¡Ior

;ll1 bc rleteoteü by the ðoncor ae ral.l ar llght oontng
tðlreotly fron tbe ü¡h¡ Sluoe thL¡ oarth¡hLnc txtaadlq

cl¡ort 016r e hcaLsphcrc ¿nel thc Ëtnßor haa a nldle ftal,il

of vlot therc çlLl be rerponsô to thc oarthah!.¡r at all
tlner rroeBt whon the atnÊor lc polntf.ag to the ¡cnl.tb.

fbl¡ !.r dtlrousocd. further Ln $lr.l*.2.

(t) Scaror u¡lng tl.Eo-nsdlulatLon.

å ttj.ff,eront type of rôntor ls that rbloh rrapondlu only

rbcn the sun oro fls€t one of rcvcral planet flxctL relatlvr to

the roeket boiltr and. tho aapeot ldornatJ.on Lr ðcrlvedl fron

the spEalng i.n tl"ae of the pulaeø Eo prodluoedt¡ îherc

ransor! roly on â, su:ltable roLL rato to ¡rrodluoç tbe puLrer

anrl are of lltt1e usê Lf thc notLon of the rooket 1r alor

or Lrrcgular. ûn tha other hand. a ro11 rate rhloh !.s too

fast rtll bc un¡uLtablc rhrn uaLng e tolouotry ayotou lush

rÎhe tern ruggeotedl. by D¿nJon (lggL) has beon ueedt to
ôosorLbe the refLeatedl ltght.
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¿Ë th6 ont uasdl Ln the l{ÀD rooketc rherc each ohanne]. ia
rrnpLedL sO tLnes per ¡eoond,r For erenBle, f.f, the rolL
rate ls 2 @p! the spaôing of the pulsec o¡n bc cleternlnedt

tlth en ioouraoy of only I lr.5c ln rol.l an{l thlr røuldl. leadl

to oon¡tðoreble crrotr i.n thc dtcternLnatLon of thc roohot

espcot anglc. lhc adlvantage of thL¡ typ6 of ltcnror ovôr

thors urLrrg anplLtucl.o-Eoitulc,tlon 1s that verLatlonc Ln the

lntenolty of the ltght to rhLoh thcy aro rasponcLing or Ln

thq ronritlvfty af the aonãor dlo not ¿ffoot the ü6ourao¡r.

llhe øarth¡hlne alsg ha¡ no cffeot.
Bhe ¡unallts ucedl on the Skylark rooket (erott ¿nð

tTcùrtl'c 19611) have ¿ dlctêotor placedl bchlndL tro tll.tr¡ on.

out Ln a plane oontelning the roôk€t axLsr rnd tho sther ln
e plane LntcrreotLng the flrst al.ong s li.ne perprndtlouler to

the rooket axiE and. naklag a,n aagl.c e rlth lt (rrc Flgurc 42).,

Thon tf tho rooket h¿¡ rollodt through an anglc y 1n tba

lnterval' bstreen t;o pulccr the rooket rspôot an6la Ê Lr

glven Þy

ta¡0rrlnyootÊ

Å noôi.flcdt ver¡l,on of the Skylark aun¡llt raa uaorl.

ln the ËAD rookctg. trt o¿n bc reen fn Figuro j9 lnnsdLetely

bclor the &yuan-c ilcteotor. îhrcc rLlt¡ OrJ n¡ rld.e r6re

out ln tn alunl.nLun hcnfr¡rhcrc¡ onÊ Eontalal.ng tha roaket

¿xl¡ and. tha other tro nakLn8 an engle sf 49t n!.th tt ro 
\

that the sLl.ts inter¡eotedt atoag E li¡c paasfng througb thc
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oentrs of the eêoaor¡ å, BhotoôLodlc plaoed. bahlnû a plnholc

d.cteotsd. the pastago of ths aun aoroðl onc of the slltsr
fhc uoc of three slLtp al.lor¡ e ebeok to be nad.c on rbother

tho roLl axLs oolno:ld.ea rLth the a¡la of thc nooketr alnoc

tf ths aros ðo aot ooinol.d.e the ti¡na Lntervalr betreca tbe

scooa¿l pulc6 audl eaoh of, the other¡ ü111 not, Þo tbe !8üèo

Xf the ercl dl.o not oolno!.dlr the aua.lyol¡ of, the ¡unali.t

dlata rLLl be nore oon¡lX.Loatcdl. lhe sunslltt ler6

oalfbrateð before fLf,eht to ûrtern!.ne whather thcy oboyrdl

tho rclatLon glven above, çhtoh for c t 45c bcooncr

t¡n 0-r tLr Y

trt rrr founð that thlr relatlon lar setl¡fledt for v¡J.uot of

O f.n the rangr -4Oo to +lrQc. Qut¡tilo thtË rengt ao rolponÊC

trat obtaLnedL through tha tlo lrSo ållt¡"
Â. nore cl,eboret¿ aspèçt tðntor ånploytn6 tluc-uEd[ulatl.on

he¡ becn dtlrtlopedt by lloKlnnon and. Sul{ù¡ (tg6tr) ã¡¡it uËrdt 1n

gxperl.lontc sl¡¡fLar to the prclcnt onê (surth ct'al . 1965,

S¡¡tth and fesk¡ 1965). Å, itlanond. ahapaû slLt ra¡ ne{[a ln

o f,l¿t ¡rlate thloh !ro.l no$ntcd!. Ln front of e photovoJ.taLs'

otll. lhe gcn¡l.tlve arGå of the oo11 raa ro¡trtot¡it by r
rsoond. plate rLth Ê. en¿1l hole ln lt¡ a pulae bslng prodtuoodl

rhcnaver the Fun oroa¡etl e Ptraue d.ef,Lneû by the holc sadl Qnc

rcotloa of the dlLanonct ¡bapcd sltt. ft is rtateil th6t rtth

tbto ¡rnoor tho a.speot engle san bc oeesur'rldl" rlth e grobcbJ.e
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arror of 10 or 1€Ër ln the rangc 0 r -7Oo to + 7OÊ.

(o) canoras

Photogra¡rhy provLdlca a, dnple uethod. for ileternLnt ng

rookst aapect but suff,ers fron the clirarlvantege thet rGooyery

of the roolcet heaû Lg c¡rontlal. Rcoovery faollLtLe¡ ar6

avellabLe st llloonera but en obJest the rl¡c of ¡ HÀD rooket

heedl Ls obvt.ousl.y cliffl.ou].t to flnrl even rhcn ft¡ approxl.nate

pocLtlon ls knorn fron radar traokÍngr 0f the thrcc IfÀD

rookott userl 1n the proaent nork the he¡cls of HÀD rOA anil

HÀD IOlr t6re reoovsredl but that of HÂÐ rof rag not.

Âltbough r oanera oanaot bo rsl,:letl upon ,rolì¡ltvely for aspeot

lnfornatlon onc waa Lnoluilail ln eeoh of the H.&D rookoù¡ to

provldle å oheak on the operatf.on of thc othcr åe$oarãr

fho c&n€re usod. çat a ïRBR0C oaacre ruppLledl by thc

ücaBona Re¡earoh Sstablj.¡huentc It bas a 180o len¡ naakodl

so th¿t s rtrl.p of tbe sky ¡raralLaL to tba rookct ax{¡ lo
tragcd. onto a, oontlnuourly novlng (r ln. 6åo-t ) W nn f,i.ln

(roc Flguro 39), If the rooket rotlon L¡ reguJ.ar (ro1l

rats feEter than the notlon of the rookeü arßlr) "n f.aage of

tho ¡un L¡ f,orneð on the f,lla for oaoh ro11 of the rooket

endl the rooket acpeot angLe oan be dlcternLaert. fron the

poaltlon of the f.uage e

lr.&.2 The Douhlo AnpLt tuðe-lloilulatlon Sea¡or.

Stnoo nsJ.ther the sunaLlt nor the $REROÛ oa¡Çra ra!
entlrely setlofaotory f,or use ln the HÀÐ roaket, for thc
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rêâronã glvan abovcr an êûplltud.e-nodlul.atlon ccnror üat

dlralgnccl rhl,oh oould. ba lnoludl.edt to6ether rtth the other

ËelllOfËr

A eêLl rllfocn pbotodl,todto (typ" !g [00) rer u¡cil for
the srnaore lhc angular rötponot of, tha photoitloêr by

!.ttslf rar foundl to pcak atrongLy lu tha forçaril dllreotLon¡

óo to ovcrooue thLs tt raü nountedt Ln a tefloa plut osnteånct

ln e alu¡¡lnlun bod.y aa rhorn t.n Slgurc l¡! (arncor ,|).

Irl8ùt roeohec[ tho photodtf.odtc by {tLffu¡lon through the tsf,Loa

enê tho rcrpoaso ileprnihdl nalnly on thc ¡ffootlv. crrü. of,

tsfLon orpoltd, to thc llght o Th!.¡ oan bc ü6tn fron the

üe¡rurÇdl rrsponso thorn tn Sl6urr lr.4 (rcn¡or 1) th{oh v¿r:lct

apprort,nattly ac the ooll.nc of the aapeot angLc. îbt¡ ourÍG

tar obtaiuedt uling e! å torrroo a 1lght 6lobr plaordl bchlt¡dt

a toretn Lu rhlsh a 5 na hole ha{t b¡cn ûr"Llloû. ![ho

dllrtanoe of ths 6rû!0r fron thc rsrüln rir côJuatrû ¡o tb¡t
the hoLc lubtt¡iled. ea anglc at thc sonrô!. cqurl to the

angular dtLsnctcr of thc lu! (- 0.5o).

Àr pof.ntcdl. out abovo ($4.4.t (¡)) tvcn lf the r.naor

hadl. boGn ôslibratodl. ucl,ng the sun êt a rouroc the l,øv¡L of

tho rorpon¡e for a partl,ouLar arpaot anglc wouldl. bc itlfforcnt
et cn rJ,ti.tuûe of 7O kt onLag to ataorpherlo abrorptlonr

thL¡ Cllfftoulty nay bo oreroo¡e by uafng r a¡oondl ronror

havlng a d,Lfferent an6ular rcËpoaoÊ but tho lant qreotrel

retporao. îhen lf thc an6uJ.ar rorponrrr rr€ rult¿bly
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ohos¡n thelr ratÍo çJ.IL bc a unlque funotl.on of thc acpeot

angle ancl a¡ the lcnsgrt rcrpoaü to the laa€ ra(llatlon the

ratLo 1111 be lnd.epenilcat of thc !.ntonsl,ty. A ¡uiteblc

nsrlf,flo¿tLon of tho antr¡lar rÊtpot¡se tat prodluoodt by nakta6

¿ t¡floa p1u6 !.dt.cntLoal to the fL¡¡rt eeoe¡lt tbat the tafloa

protrudted[ a s¡na].L dlstanoç fron the eluaLnLuu bodly ee ahorn

!n Ft6urs Ll (¡ensor g)r Eho rrpultlng brooû¡neil rotponsG

ourvc l.¡ phorn ln Figurc 4tr (souor 2). Àlco rhoçu Lg tho

latlo of tbe tro resBonËot at a, funotloa of ettteot angll.

fhe aBeotral rosponõe of the Banlors rr&8 toaÊtreð þr

o¡ÊBorlng both the cantor snd, a radll'atLon theruoBtLc

gl,aultrneourly to the bcan fron o quartl prlln rpaotronctcr

(Bcotnan trpe DU) uslng a tun$rton lea¡r ap thc lteht loüroor

Àt ccoh navclen8th the retlo of, the tro rçspo!ãet la!
oaloulatcit,, glvlng tha speotral ":"ponts ourvt lhonn ln

Fleurs 45. Ío alnl¡nl¡c the cffcot of ths carth¡hlnc

($&.4.t (a)) the ronsor cbouldt bc lcntltlvo to tho w¡vplength

region rhere the ratlo of the lntrnslty of the sol.ar tpsotn¡r

to tho lntenslty of the rarth¡hi.ae ls e le¡Ltun. lhe

ãptôtral ðt¡trtbutlon of tbc c¿rthshlne {s not coaurately

knorn, borcverr üê tt Lo not poaalble to l¿y rherc thl¡

rÇtlo¡ Llo Kupporl,an ¡ad. Krcplln (lg¡l) çtatr that their

titrgr ça¡ lnllusitLrc to the tar.thlhlnt, but thc apeotral

rGrl¡onst rac not gLten' lhcy r¡¡rdl a gcrnasluu ¡lboto'

tr¿nrlator rlth a redl gla¡s fL],tsr. The prcoeat sGnlorl
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rcoordtedl a nârf.Eun lr.8nê1 dlua to thc oarthshtne rhloh ner

lØ, ø1 the ¡lgnal due to the cun at ên êtpsot angle of, 0ô.

SLnoc thclr rpeotral rotpontt (rh!.oh bad. a ra¡Luun at ggOOi)

probably Lay f,urther torardl.a thc !.nfr¡-red. th¡n that of

Kup¡lcrlan an{l KreBllnr t ttnlgrr lt tppcara that the ratLO

of the Lntenslty of the solar tpÊotrun to thc lntsa¡lty of,

thc oarth¡hl,ne i.s Lowor Ln the n6ar Lnfrr-rodl th¿n ln the

v!.r:[ble. ff th!.s i-a the oa¡e th¡ Operetlon of thc prlaant

tsnaors tOulil bc f.n¡lrovcdl by reôuoing thsl,r tlarpgnt¡ to neêr

i.nfra-rcdl rEillatlon.
In the roðkot the tro t.n6ort 1 andl 2 fornlng a, pst'r

lveró nountcdt. ùlrsotly b¡loç thc ¡un¡l!.t (trteurc 59, ao that

tbay polrrtsd ln the tsnü illrcotloa ôt eaoh other a¡dl' the ioa

chanbcro fhcn oBeratedt lr a photooonûuotl'vc dl:Lo{ll thc

tS t$QO ¡Ìrotr a tplatoaui¡ the ourrsnt for a fL¡rit lteht

lnput belng Lnttcpendlcnt of the voltage ovar thc rln$G Oo5

to .l0l. lhersfore the output rlgnal ras obtaf.ncdl rtaBIy

Þy Ëonneotlng thø itloile ¿nct ¡ rr¡lator ln ¡crlss to a 6Y

aupply andt taklng the voltagt aoroaa the rctt ltor to thr

trL,rnrtrly ttnd,qr'

fhe ro¡ultl obt¿lne{|. fnoa thc u¡c of thts stnaor 1n

HAD ,0r$¡ abdl" tho nethoê of analya!.rra¡.3 il.¡scrl,bcê l,n $5.!.
l¡.4.5 Conoluolon

lhe ¡rroblon of arpoet dleteralnatlon ha¡ bcsn di¡ou¡ecil

at lonc length bco¿u¡o of ltc laport¿nôo andl bcoauao 4oB.
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of thc nethods prevloualy u¡od. cati.¡fl'edl aL1 thc

rcqutrrcnonta nðOcgãaÐ' for uli ln thc ffÀD rOcketr lhes ¡

retro (t) the sspgot aünsor hadl. to be ablo to opcretc lhcn

thc notl.on of the rookct lel ¡1or or lrrcgular (e) thc

stnsor bait to be oon¡rattblo ¡lth a tclcuctr'1y oyatru rhloh

ha¡l ¡ t!.nc ro¡olutlon of 125 n tGor andl (l) thc rrn¡or h¡dl

to be ¡uff,!.oleatly enalL to bc nountadl tltar tbr rkfn of ¡

! ino dll¿no rooket so that tt oculdl h¿re ¡ rið¡ fielô of rtcrr

ttc{ther the rLnglc raplltuilü-lotlulatiou stntor of

ßupprrt a¡ andt KnaBlln n6r the tLeo-nOd.ulatlon slnlora of

Grorr aad, ltadlil}c or lteKlnnon andt Srl,th acti.afy ¿1I th¡¡r

rcqulrlnçuts f,or thc roa¡onr d[[¡su¡¡o{t ln $S.¡r.1. HOrmer¡

thr dtoublc anplltuùe-üodlulatLou ltasor ùcrorLbrit ln $tr.&.2

dlocr artlaf)r thsae ncgulrrnentc enil !n aðrtl1tl.øn L¡ eery to

ronttruot andl rcqulrcr oul.y 
"cry 

rla¡rlc tltotrlo¡]. o!.roultr¡r.

Xtr prinofpel dll¡adlvaatrgc at prcrtnt 1¡ ltr reletLvely

lertç rcoponoe to the carührhtne ¡ bat tb!.¡ oau ¡rrobably bc

orêrôora Þy etrter:[ng the a¡lootral ltÁpottlco
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Cbaptcr Ê. Tbe Re¡uLta of Tço Experlnentg to teasure

Solar L:rman-c R¡cl.iatlon

fntrocluctlonre

À¡ nentlonedl tn $4.1, tro IlÀD rooket¡ rere suooçssf,ully

flreð oarrylng Lon ohe¡¡bers to neasute tha lntenalty of soXar

lrynan-c radLlat:Lon andt to dteterui.ne the dl.cnsity of toleoular

olrytôn ln the 70 to 90 kn regloa f,ron the abærption of tbc

Iryuaa-ø r¿ilJ.atloa. 0nf.ng to a h:lghor roll rate andl norô

eoourate dtcternLnatlon of ths sol¡r acpeotr the dlata fron

HÄD ,0t¡ Íero oonsldlcrably bettor then tho¡s fron IIlt'D ,A1 ,

andt r3.Ll. bo ellËougpsil Ln nora dlct¡LX..

(¡) flÀD tot

5.1 Rookst Pcrf ornanoc

fhe rooket HÂD ,01 rar flreil at 0912 hour¡ Loo¿L ¡olar

ti.nr on 6 Dcoenbor 1965r rhçn the ¡olar srnfth a¡r81c ttü

,7", Ît oarrleit tro Lon ohenbor¡ for dl.eteoting Lyne¡-c

radLl,at!.on, together wtth thelr aaroo!.atcdt ogulpnent êt

d[esorlbed. la Chapter [, ercapt that the only aa¡reot sensorð

rcre the ¡unaLLt; andl ùha fiREBOC oanoreo The roakct reaohadl

a nallnun altLtucle of, BB ku and gati,rfcotory talcnctry tLgna].¡

werr rcoElvedl throughout the fltghte

.Îhe solar renlth englea for the tro fltsbtå wêrt oaloulatadl
usf.ng astrononLoal tableE.
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The roll perlod. of the rooket dLurLng thc fltgbt ras

about 17 ¡eo rhlú, w¿s nuoh longsr thaa hadl bccn êr¡rootsiL

å, totel of fourtecn Boaûs of the ðuB rer6 nadle by tho tro
üynaa-c ðeteotors anil ¡lnos tbc !r¡[s].lta provldledt the erpoot

ðnGllê only onoe for eaoh ltan only fourtesn ne&Ëur¡ncnta of
the úynan-E fLu¡c rorË obtaj.nedl. Thg rclstlrExy alor rolL
rats alco ¡¡sant that the aspeot cl¿ta fron the sun¡].ltr rorq
rubJeot to oonstd.orable êrrotr, th¿ unoartaLnty beln6 sbout

!^50. So erpeot LnfornatLon w¿s obtaLnedl fron tbc SREROC

oa[ora aLnoa the rocket hoadl rgo not rcooyared..

5.2 Rc¡ultc fron Hå.D tOt

Boosuse of the unoertaLnty Ln the Lntenslty neerurcnentt

ôue to the unoertalnty in the aopeot ilata, velues obtaLnedl ¡t
e¡lprorluatel.y the se&e helght on ¿goont andl. dlc¡oðüt r€16

avcragcdl 6f.vl.ng cl6ht raluo¡ for the lrynan-c flu¡ at varf.oua

helgbtr batçecn 69'7 andL 88.5 kn. lh¡¡e are ¡horn Ln

Stgurc 116 together rfth r anooth our?r rüprcr;ntlae the

vartatton of tynan-c f,lur rLth helghtr

fo saloulate the noleouler o¡{fgen ¿cnsltLca the four
f,lu¡ vaLue¡ l.lstcd. Ln Tablo I çerc ûerlvedt f,ron th¿ onag

Ehorn Ln FLgure 116. The totaL ¡unber of orygrn noLcouLc¡

per ôn| ooluna i.n e¿oh ctr the threc bøtgbt ilntenrelr ras

thcn oaloulatail frcn the rc].atlon

É(h. )/f(¡n ) ' crp(-64¡ aro ¡) (r )
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TABLE .8. r .Oq¡gaq Qs4AJ'tt9å f ron II4D-lQl

rhero lû f.a the nunber of noleoulel per Onr batrecn hr anð hl

(cquatt on (E), Þo28). It ïalr as¡uue dt (¡ee $5.6, $5.8)

that thc dtetoctors sër€ dLoteotLng only Lynen-c recll'atl'on andl

that noleoul,sr.ory6s¡ res tho lole absorbor¡ À value of,

i.OO x 1g'!nott rå6 ulcd1 for d ($2.1 (¡))¡ antl t Íat ,7o âl

¡tatcd" above. fhe avêrage Ruuba¡l ôcnalty in oaob helght

tutervar ças then oaloulatedL fron a ' 
N/¿h, rbcre Âh I he*hrr

audl thla re¡ taken to bo tha d.enslty at tha ¡idl-poLnt hr of

tho belght lnterval (fatto 8). lhl.g aoounptf.qn rst a 6oodl

approrf.natlon to the Eotual ¡ituatLon glnoc ths hoight

Lnte¡rraLË rore of the order of tbc eoleoulalr O¡ßygsa aoale

helght (6.5 tcn) ln thlr re6lon*. fhe values of n(ht) ars

plotteê Ln Flgure l+6.

Ilclght
tt

(tca )

Lynan-c fluf
o (n)

,4rl(e"s on ceo )

Itet sht
hr

(rn)

0t nuüb6r dtenaitY

n(ht )
( or-t )

69.7

7l+.1

79.O

96. t

a.266

1. r3

2.79

l¡.lrl

71 .g

76.5

8a.8

2.9 x lOrr

l.'l8r lor'
l*.8 * lort

]Fostnote next Pageo
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llo ðcternlne the lntansity of the go].ar lrynau-c 1!.¡c

the ueasurenent taken at the hl6hest aLtltucle couldL have

be¡n correoted by estLnatlng the anount of o:çfgon ettlL above

the dÌeteotor anå appLyl¡¡g & oorraotlon for the ab¡orption dlue

to lto fioçeçer Lt was pr6ferable !n thls ca,6e to u86 &

notbodt rhJ.oh took into aooount all the neagurenerrta, sÍnoe

eeöh was subJeot to e:ç erinental orr.o¡. o The nethgdl. Íes at

follorc. Fron the tbrea åensltles ¡hown f.n Flgure l+6 f.t

rÍ&E satLuatect that ln the regLon 7O to 85 kn the loele hctght

of ths noLeoular orygan ttcnllty raa $.! kn. It wec then

¿¡tuned. that thlE nag true for ell hetght¡ abovs 65 knr l.c¡

n(tr) Ë n(70) e¡.p[-(l-7o)/6.5J

for aLl values of, h greater than 65. Ths¡r

ln É(h) ¡ Ln Éo - ø N(b) seo t

s ln Ér - cr X(?6)reo I orp[-(b-70)/C,gJ

rhere f¡ 1o tbe lrynan-c flut obovc the olygtn eaiL t{(h) ls thc

nunbcr of, orry6c4 EoloouloË per Q¡l Oolunn abovr the hcLght hr

r(fron pÀge 1OB)

If n(h).¡oe*p(-h,Æt) over En interval Ah abova h¡¡ andl tho
ðensity ai trre helght br + +ht le cqual to the ateragc dlenslty
!.¡ the-l¡tervel hr to hr + Ab, thca

å*' !¡ - äF r"th (i-erp(-*))j

Sonr valuec ¿rc 6ivsa Ln the follorlng Table

^b/E
0.1 O.5 I 2

ahr/ah 0.495 0.lr8 O.tÉ O.I+2
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Xu FtËure lr7 the Logarithns of the flur values shorn Ln

Få.gure lr.6 havs been plottetl agal.nat the quantlty

.¡rp[-(h-JO)/6.5] * N(U)/X(ZO), rç¡uLtlr¡s :!n a atreLsht lluc

rtt auggestedl by the rolatLon gLven above. Îhc quanttty

n(n)/u(fo) has þeen oalleô thc cL¡nt olygøü B88tr Fro¡¡

the greph a velue of i.b org o"-t ""o-n "*" oþteined. for ¡ .

rbe llopc of the graph ls equal to ol 8ce ü t{(7o) and. usf.n5

tbo talue¡ sf qr andt a 6tvcn sbovo a Value of 2¡2 r {Oroqn'l

Íar obtaLnedl for t¡(?O), the nunbor of o:rygon noleculel por

ont ebov¡ 70 ku.

(s) fiÀD tot+

5.i &oqket Pe¡feqnqpoq

The rcoket HJ|D 501¡ rag flrodt at O82, hru. looe1 lol,ar

tLne on I¡ February 1965t nhon the rol.ar lcnLth ângle raË 53r,

Íha lnrtrunentatLon ¡rp¡ litantl.o¿l to that of IfÀD 1A1 t cloept

f,or the EdLd,ltl.on of tho aaplltuåa-noÊulatLoa tontor ilcacrib¡d[

in $L.4.2. Tblg tenror funotLonrdl very ¡atLaf aotorlly anil

the analyair of the arpcot dtata Ls ilecorlbeil la dLotelL belor

($5.5). In aild.ttLon HÀD tol+ ltlf,forsô frou ÌlÀD ,O1 l.n that

the talL flnE ilere rbapedl !o a¡ to J.noroase thc roll ratco

fha rsaul,t rae thet the rolL perLoð raa O.JB ðoot

eonslilcrabLy less than that of HAD tO1 , fhc perl.oil rac

oonstant to t 0.005 8oo thlle the rookat was abovc 6gi kû.

Whtlc tblg psrlod wa,s very ¡ultable for the lrynan-a iloteotora,

the anplLf,l,arg for rhloh had!. ¿ f,roquonoy reÉBonsç of 70 oPsr
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[t tat unf,ortunEtsLy too chort for aoourate dlatg tq bc

obta!.neü f,ro¡n the sunsllta¡ the tLno relolutLon of the

tslcnetry ayston oorrospondLi.ng lo 12r ln rolJ..

lhe EeÍt-ruts helgbt attaLuedt ra¡ 9l kar but the rað¿r

traok!,ng rêt !,r,roonplete as thc radAr logt the roaket frou

85 kû on the wåy up to 65 k¡¡ on the nay clornr fhe nethodL

ur.dt to lntor¡rolete tha holghto Ln the nlarf.n6 part !.¡

dtc¡orLbc{t ln the nêrt segtionr 0rLng to noLrc orlgl,natf'ng

ln ttre tclcnotry uodtuXator fn tbe rooket¡ tho t¡lcuotry

rrcoril¡ terå unre¿dl¡blc fron a few ¡eco¡dll after launoh

untll Ju¡t bcf,ore ths rooket reeohedl. EÈIlnun bel5ht.

flolever, the nor,sè tras oonpletely ab¡ent on the dlorararil

part of the ft tsht to no sõËantl-al ilota sere logtr

the ooycr bandl rotsase ucohaullü operated. 5.9 ¡co a'fter

lau¡oh inrtcadt of 28 tôo tË plannoil thus clpot!.ng thc

I"ynan-c ileteotorp to thc ¡ff,eotE of aúr'o{y¡åElo heatlnS.

Thc thcrnlstor tsountedl behinil. tha dt'unny rlndlor ($¡.e)

rooordledl a na:ttrun tcuperature of ll0o0r {O seô after launth,

ro the Lynan-c d.eteotor¡ proÞably ra¿oheð a tanperature

near tht.s. ths faot that tbc dlcteotor¡ porfornedl

tatlsf,sotorlly thoughout thc f$ght¡ antl that tho ons

rhloh tet !.sooveretl Xntaot badL ths tÊDo asn¡i.tj.vi.ty as ût

hadt bef,ors the fltghtr ¡bows that the lon ohanber¡ utGil tr

tho present work are abl,c to rlthatandt. the oond.ltLonr ln a

HÀD ft lght rtthout the ¡rrotcotLon of the oovôr banil.
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5.lr Ànalvsåg of the HotEht Data

Bcf,ore iltsorJ.blng the uethodl useit in thE anatyoLa of

thc helght ilEta j,t rr111 bE usef,ul' to itLccusa thø offeot¡ of

faotors vhloh stuse the traiôotot1r of a rooket to ihvlato

fron the ¡l.nple forn U(t) * h(o) - *etr. (nhrou6hout thlr

root!.on the ti¡ne t rtll ba neasurcil fron tho tl¡¡c of

uarl.rua hctght¡ llr6r v(o) Ë o çhtrc v(t) f" thc rrrtloat

ootpor¡oBt of, ths vclooLty). îbe tro no¡t Lnportant

f¿otorã Êrê (*) air dl,ra6¡ andl (t) Yarlatlon ln 8.

(") À1r Dra6r

îbc rffeot of alr dt,ra6 1¡ to nale tho traJeotor'¡r

untyrlttrl'o¡l lrsr h(-t) < ¡(t)' rhi's 1r

tlluatratcdl ln Fi.6uro bg(a). The cffcot rl11

ihoreo¡¡ ss the bclght tnorcarcl¡ andl ¡J.uoc f,or

¡ IIAD rookot êrag nay bc lgaoredl at hclShtr

grrater thsn 50 kn (¡Er baLor) ttrr fora Ef the

tref cotory ;tlt not be analyrrdl J.n ô¡t¡11'

(t ) Yar!.atlon l¡ g¡

Tbe valus ôf gi v¡rLea I'averlcly ae the lquaro

of, the dltstanos f,ron ühc oentrc of the certhf but

oïêf ô r8nßa of, aÞout ¡*o k¡ the dlcorcorc af g ç¡itb

hetght rr1tl" br very ncarly llnear anô ¡rc !ry rrl'tc

r(t) ,! - lso + k (n(o) - h(t))] kro

rherc a(t) ls the vertioal' aoocleratLon of thr

rosket andL g¡ i¡ the v¿lue of, 6 st the hotght h(o).
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In the helght range 5O to 90 kn the v¡lue of k

l,s 2.98 x {o-r,"o-t (tl.s. $tandlardL å.tnosphara

1962). Beoauce k lE sa¡ll re nay to a goodl

approrlnatLon Buù

a(t)!¡-(sn*åkg¡tt)
fhsn 

nt
v(t) ' v(o) * 

io 
e(t)at

4

!-(ent*åksrtt)

antl 
rt

n(t)*h(o)+iv(t)at
Jo

ro h(o) - tcotr (l . iå ktt )

Ît oan bc üG6n that the treJcsto¡? lo eynnctrloslr

loc. h(-t) ' b(t) "" shonn tn $L6urc &8(t).

Âa the tr¿ðar traokLng dtata çGrt nlsrlng for the toP

¡rortlon of the flt5bt an anslyslr had. to bc perforncdL oa thc

avel.labl,o dtata to obtaÍn thc nisrLng baLghta. lhs av*Ll'eble

ilota¡ rbioh rsrÊ tn thc fora of botghta at I soo Lntcrvala,

rsrr flrst plottedt andL a ¡aooth ourvo drar¡ throu6b thou.

Soøe of the Bolnto rsrt dti.r¡rlaocd!. fron the ourrt by anou¡ts

up to o.12 kn i.ndlloetf.n6 that thts ls thc ltult of, tba

ssoursËy of the radlar hetght dleterninatlon. lo ilottrnLnr

the tlne of naxLuun helgÞt tho tlse¡ at rhloh the hetgbt

r¿r a partl.oular valua on the upterdt ancL ðouraril portLons
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of tho flt6ht wêrô o,verag6û, for heLghta ¡pÊoeû O.75 kn

opart bttresn ,0 and. 66 kn. At heighte abovç 5O ku tbc

Bcðr¡ tlne waa oon¡tant, but bclor thle hel6ht tt ¡borcil a

ateadty Lnoroasc, thc cffeot to be Ëlp6otedl lJ ths alr clra6

dtl¡cusced" abov€ s6ro !.nfluoaolag the treJaotory (acc F!.gurc

l¡S(a)). IhLc shoned. th¿t tha off,eot øt aLr d'rag on the

IIÂD rook¡t n*y be lgnoredl, at helghts abovo 5O kl. By

avoraglng the !¡aan tt¡¡er for baLgbte abovc 5O In a value

Íôs obtal.nadl, f,or the tlne of, Earl'nr¡n heLght rhJ-oh r¡a

a¡tJ.natcdl to be eoouratc to t O.Ol lQor

the narl,nun hei.gbt dlrtorulnod. by an eaal.y¡i.l of tho

{l.et¿ fron 5O tç B5 tr¡o on the uprerel port!.on of the f116ht.

Fron tho onooth our7o ths hetgbts rcr€ reeð for ti,aea;hloh

têrô an :lntçgr¿l nlr¡lbsr of ¡cooncla before thc ti.ne sf

nar:lnun hef.ght. & tabulatlon ra¡ thcn sad,e of tho EuantLtLaa

tr(t) - ¡(to)
Ir

tor ' tt
rhcro to ra¡ the tine at rhLoh tho hcLght lar approxinataly

90 kn, the t!.neø belag no¿aurodl f,ron thc tiuc of na!l.ru!

holghtr The ôverage value i la¡ the¡ ulGü to caloulatc tha

aerl¡uü helght u(o) uatlrg n(s) ' h(to) * Í tor. îhe value

obtalneû raa .91.20 k¡. Borovor tbc valuag of, x eleoreascdl

ollghtly as tt d.eoreeoedl, sugg€stlng the afføot of the

varlatLou 1n g dllsous¡cê abovc (see Flgure ¡r.8(b)). Valus¡

of the quantLty
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h(o) - h(t)
fa i;ir ; +i ktt)

-Õ.'lrherc k ¿ 2t98 ¡ l0--8üo rera then tabulatedl' et 1 sso

Lnterva}¡ for varlouc valuoc of, h(o) EL.oso to 91r20 ira.

ft ra¡ foundt that a value U(o) ¿ 91.17 k¡E &êTe no lytteüatio

varl.atlon 1n the vaLug¡ of y lhera¡c ths¡rc nas therg tal &

verr.ùtion uith vaLuso of l(o) dl!'f,f,erlng by uorê than O.0] ka

fron 91.17 ku. llhsrcforc Lt res oono}uiLoil that tho

na¡!.¡¡uü holght ra¡ rLthln the rån6ð 91.17 t Oo0l ! kc. lh¡

Èyorego val.ue of 2y rat founil to bc equal to tho value êf I

at 91.17 ka thup provLdllng ¿ ohook on tho oalauLatl,ono

Shlc analyol.l shoredL tbat abovr 50 kn tha traJtotory of

a HÀD rookot Le vorly aoourEtcly dororlþcdl by the equatlon

h(t) * h(o) - $g¡tt (r + 2.¡Þ8 ¡ to{tt )

rhcre t Lg the tj.ne tn aeoonû¡ nea¡uredl f,ron the tlnc Of

na¡fnun hetsht anð 8o la the gravltatLonal aooelerablon ¡t

thç helght h(o). Ncgleotlng the t¿ry 2.118 x 1Od tt dloa¡

nqt glye rla¡ to ol.6nlfloant .rrror! rhen oalEulatlng o¡ygon

dlcnsi.ttos slnoe svên at 70 kn tt Í¡ only about f ¡ 10"

(tr(o) - 90 kn)o llo¡rovcr ltt f,noluston iloes all.or thc

n¡rcLnr¡ hclght aadt thus the rholo hetght soalt to þr

dtrtereineil r5.th hLgh aoourêçy rhen tbl radtar traokLng I'p

iLnoonplete¡
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5.5 å4î4fgt{. 9f .the å,¡qeoï Datå

Part of, the teleaetry flln recordl aontalnlng the

aignala fron one L,yuan-c tletootOr ¿ndt the pslr of aapeot

rGnaors ($tr.l.e) polntlng Lu the tano dg.rootlon 1g sboru

!n S!.guro lr9. Betreen tbe laLn peakc ln the aigaals fron

the aapeot l6nlorer whLoh are ilue to dllreot lleht fron the

sun, there are snal.ler peaks dtue to the earthchi.ne (aol

$lr'4.t (s)). thø anplltuðc of theEe peaka and tholr phaac

ralatl.ve to the n¿ln poako verleô throughout tho f,lf.eht.

Tha proccnot of the ol6nal dtue to the e*rthglr!.ns ¡¡adt'e tt

illff!.qult to dlctsrnLne the Level froa rhloh the hel6ht! of

tbs se!.n pôakã troro to br ue¿suredl, dnoe the leVrl of, thå

ea¡rùhthine algnal dlLrcotly t¡ndtsr the raln prak¡ badl to bc

ost;lnattdto fhfa ra¡ ilone by reprctortlng tlre sarthahlne

¡lgnal by a ¡!.ns funotf.oa rhooc anpX'ltutl'c aüd' phÊtc rclatJ.vc

to tha solar sttnaL yarlsû rlth tj.¡c. (fnc foru of the

earthshlnc rtgnrl at thoao tlns¡ dlurlng tha f,llght rhen thr

roolcct aspe6t angJ.c ral 9Or tet ntry Oloac ts a ¡l'nE

f,unotLon).

Whcn tho batghts of the poakr ilue ts dllreot l{Sht rçri

plottcd, agalnat tlne lt r¡¡ f,oundl that ¿t tLues rhcn the

r¿tl'o of tho cf'gnaL¡ fron lansors I anit 2 (rsc $¡*'lr'a) badl'

a partLoular Valua the s18na1c fron !€ntor I cLõo hedl a

partloular value, f,or ell belghts above ta.O kn. lhls neant

that the af.gnAl fron censor I ras e f,unatlon of stPcot

êngle only snd. that abrorptLon of the raði.atlon to rhf-oh l.t
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ro! rcÊpontlJ.ng res not slgnlfLoant abovt lr0 kn" lbu¡

thc r!.gna.l frou törsor I alonc rras usoô to dt.eter'¡nfnc tho

rookct aapeot ang1e.

Ítre an6uJ.ar response of 6arr8or I rEg knoln fron tha

Oalj.bratton nadle þefOre the f,Ught1 but lt wa! nooosaary to

dtcternLnc tho rooket alpeot alrgJ.e et one parttcular tluo

utlng the r¿tlo of the algnalc frçn the tro tcllðorlr Íha

tluc oho¡ta üs.ã on€ sf the tbres tl"ner rrhlle tho roôkct f,êt

aboîc 70 hn at rh!.ch the ratlo 6f the ¡f.en&lt Lndlloot¡dl that

tha rookot ec¡leot angle ra¡ 0o. Aa nell åt utLt¡g thc

rå,gnltud.o of, the rl6ne1 fro¡ toülst 1 et tht'g tlns to

dlctæ¡l,ao thr lorol of tho labor¿tory oellbr*tl.onr lt res

èJ.to troorlbLc to uss tho aLgnaL obtai,ucd. ður!.ag oae ro11 öf,

thc rsslst (after corrtotf.on for thc olgnal ðuo to the

certhsh!,ne) to ohcsk thc angular oallbratLon of thc üCÉtoÍo

lh¡ tro ¡Bgular rcÊpontt ourvÇt a6rttil vtry oLorelyr ürtng

tho selLbrptlou obtEi¡cd, dlurlng tho fLleht thc sookGt êtpcot

ÊnglÊ Íêt üoternlneô f,or thr porlsil ilur!.ng rhloh thc hetght

of the rookct r¿s Þetrecn 91.17 aa{l ?0 Ln. fhls Lr ahor¡

Ln Slggra 5O. fha s,D6ü1ar r¡lponsc of thc LyrEn-c dlgtcstor

ç¿r alro ilrtcrnLneð fron tbc olgual obt¿lncdl ilurXag onc ro11

of ths rooket rhtn the ttokot atpcot ¡4814 ual 0o¡ Bnô üar

fouadL to &groo rolL rlth the oallbratlon naila brforr thc

fl.lght (aee FLgure 28). lhe oalibratLon obtcl.nedl dÌurLng

the fll.ght r¡t usetl. to {l.rrlre the oçrrootLon fastor (ahorn

la Siguro 50) by nhLoh tbo peak hstght of, tbe signal frou
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thc Lyuan-4 d.etector had to be sultlplleil to convert tt

to Eero aspeot angle. For noat of the tL¡¡e durlng whloh

the helght rae Þetween 91o17 andl 7O ka. the oorrâotlon

faotor ¡ras less than 1.5r, but üaêtr ?0 kn the rooket agpeot

an6le ragf.dly Lncreaseit to 9Oo aadt the oorreotLon factor

boeanc largEr

5.6 TþÊ lrÏne4-t,Pltuü .Dåfi*

lhs !,nd[!v|ðuaL Lynan-c flu¡ tsoafureûents, obtalnedt

f,ron tha Bcrko ln the sl,gaaL¡ fron tbe lryaaa-c dleteotorat

ar€ rbof,n !.n FtgurE 5'1. It 6sn bc ËåGn that thay foru a

anooth ourvo alnllar f,n abepe to thc oþe thgtn ln FLgurr

f A(lå), croept for thc tro lorcst ÉGåcureslentl rhere tbe

aocur¡oy ras los baoausa of thc snalL psôk hslght aail lar6r

arpsot çsrreotf.on factor.

1o obtaln thE f}u¡ T81u6t tbT readliag¡ takcn fron the

tclouatr"¡r fl.ln ÍQre oorrcotoô to tcro ¡spGot 8¡181å &¿

dlcsor:lbedt I,n $5.5 encl ttrcn oonvertatt to ourrånta ualng thc

o¿lLbrat!.ons sarfj.6dl out dturLng thc fltsht ($t*.¡). fhc

ourrcnts ç6rÊ then oonvortaå to Ûynan'c fluxar u¡Lag the

affeotå.ve area of the dtcteotor (trZ7 ô8rr ËÊt S'.8.2) Ênit'

tba quantun offloienoy at Ïrynen-c a't dl'oternlnodl beforc tho

fltght. ($1.g.]). It çsc a¡lunedl that thc ohaubort r¡ct.l

n;rpoadl.l,ng oxoluðLvel,y to þnan-c redllatton. lhc rer¡ona

for thls asounptlon have been illsoug¡edl tn $2.t.1 anil erc

ol.eerly |Llustrateü by laÈle 9 rhloh shor¡ thc ooBtrl'butf.ona



ÎÂBLE 9 ¡ 0ontrf.butioag to the el.gna]. obtalnecl fron a llthLu¡r fluorLd"e-
nltrf,o oxLcto ion chanber Aue to llnes other than fryaan-c

ReLatLvs
ion ahanber
response at
90 kn

ÉY

0.016

o.096

288

o.oQ27

F].u¡ et 9CIkr

*-ût"-{r1{ 
(go )

({ otph. om-'
rlrsec ]

a.12

o.'! 6

288

-

0.oCI27

,d(ro¡

(r)

"O

o.ot?

o.o8r$

o.928

æQ

O. COI$5

fon cha¡nber
guantun
efflci encY

ï

(r)

o.2

o.5

O16

1

1

1

Orygen
Àb sorptlon

CfOgg-
geetlon

ç
(lo-t tcnt 

)
(e)

2.7

o.L6

a.55

o.01CI

{o.2

o.72

Solar flur.
Éo

(lotptr."t-o
_ltaeo ]

(r )

6..7

1.8

1.9

5ro

1.8

o.59

Wavel
( fi"*n

1 335

1102-6

1261 -5

1 216

12A7

1176

Orlgin
of ].lne

crï
0ï
SITTT

HT

SlIIT

C TIT

\o

(r ) Ðetril.er et al. (t96tu).
(z) Brake et al. (tg66)'

ß) From Flgure 25. Qusntun efflgl.eneies are relatlve to that
at frYman-4.

(A) tbe value W(90)= 7.51 r {Or"o"-",has been used. for the number
of oxyget toieouLeg above 90 kn (see text)'
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to the ougent recoritcdl by a Llthtua fluori.dLe-nLtrl'o oxldLe

ohasber at 9O kn dtue to Lyuan-ø anil t]rç other ltrong ll'ae¡

Ln the rånge of the ion ohanbsr. À velue of 7.51 x lQrt ot-t

ha¡ been uEedl for the nunber of oxygon Eolqtule¡ abovc 90 ka.

Thls value w¿a obt¿tnedL by f.ntegratlon of the oxygen dtenolty

pnof,!}e talcon fron tha U.S. Stand.erdl' Àtnorphere 1962, a!

shorn ln Ftgura 15. Fron the I'agt oolunn it oen be l€cn

tbat the oontrl.butLon to the clgnal ¡sooril¡il at 9O ku (andf

at altltudtec leEa then 90 kn) fron redLatl'on other than

Irynaa-a t r ne5115Lb1e.

The trynaa-c flUÍ Obrsrvsô at 9O kn wa¡ l+.2 erg O,¡-lsa6-l

rhloh, ¡hcn nultf.plleð by the faotor ¡¡p(ø(90)¡os ¡)¡

rharc í o, l.0O r 10-tuot', N(gO) o 7.91 * l0rl on-" andl

3 s i1o , g1vas a flux ebovc the atnorphora of L.? org Ou"

-troo-'. SlnoG one of ttrø lon ohanbcrs rlth çhLoh tht,s

EeêsurÊEent rap obtalnecl iles rêogveretl undLanegeô after the

fhght the oalLbration could be ohcokecl, andl tt ras fountl

thet the quantun efflolenoy ïas unohangedl. fhls alco

prgvLåGs oonfLr¡n¿tlon of the oonoluaioa reeohedt ln 9r.f t

that the sensitj.vlty qf e nLtrl.a oxidlc flll.eð ehaubor I's

¡rot alteredL by 6x?osure to Eolar raêlatfon for the perloil

of a rooket fll'gbt.

5.7 Orveen Dsn¡{tLoc

rn prinolple the uoleouLar oxygen clonsLty 1ê propor-

tlonal to the olope of the Lynan-c f,lux ourvê ¡boçn Ln
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Fl,gurc 51 (equattron (l), p'29)r but ln praott'oo thç

anal.ycl.sl.sbaetoarr:Lod'outbyilcter¡ninlngtheav€regt

dLonrltl.as ln a serLes of equal het8ht LntervaLa. Thc

Lyuan.afluxtesgurøtscntsahotnlnFl8uro51Ítr6flr¡t
everagetloverlkn!.ntarrrala,to6f.vcthev¿].ueg¡hornln
lab]'elo.lhesorctrêthenuEedltoêc¡rlvetheavereüao¡gy8on
{Lc¡si,tier ovor 1 kn tnterrsla ualn6 cquatfon (t), p'1o7r

andl. tho aT'erago cLonsJ.ty nac ¡ct equal to tba il'øncity at tho

61¿-polnt of the j.nterYalt a very gooð approxinatlon ln th!'s

oe8e (ree footnoto p¡1O9). The dton¡ltler ln lablc 10 havs

begnplotteðlnFlgprosltogetherrlthtboilen¡l.tlcl
obtalneô fron HJrD 

'01 
anð thc ttcn¡ltLer fron the u's' stand'ardl

A.tnorphere 196f¡. lhe total nunber dlenslt''E¡ fros tha

stanðarat ¡ltnorphere have been nultl.¡r3'lett by o'209 to obtela

the noleoular oxyg.n nunber ¿cnaLtle ¡ (rcc lebLe 2, p'25)'

thenal.nsouroeofof,rorl"nthed'ensitl.eslleEl.ntht
aepeot correotl,on f,aotor, but tlre unoertalnty f's nuoh le¡a

th¿n l.n the o&84 of the dlensltùec fron fiAD 501 ' The rlsA

Ln dtou¡i.ty at Bo kn lr probably dl'ue to orror In tbe Espeot

sorreotlon f¿otor at this altltuðl (¡ee FLgure 5O) reaultlng

l.naoltshtd|.epreoslonofthel.ynan.cflu¡va].uegnGarSokn'

5.8 ÀbPqfeÏlon, o{ I+Ïqan-¡ bff Oapss otþ3l thFn 0{vqqn'

îfben d!.orlving the orcygen dten¡ltlea given tn $5'2 andl

$5.?ttrapa¡guneclthatthesolarL¡rnan-craelfatlontrat
abgorbeðbynoleoularo¡(ygononx'y.Inthfstcotlontha
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ISQI¡E .11 , r .Èþîqrelton qf, ïol+r ,X¡fin¿q.:q Þt
vsrious å,tn¡osoheríq Constltuents

Co¡¡stituent Crotg-
sectlon
€/co

(r )
t

funbcr
n/

ilcnrtty
nrt
(a)

åbsorptLon
reJ,atlvc to

orygcn
ot/aa Do,t

Or

fir

cor

O.r

Ero

r{0

<6x1O

7.1+

-l

2 ' 
j¡1 Ot

I .4¡(1 Ot

2.7xIA'

1 I

1.75

o.0o!9

2.9x10{ , i.5rl0-ú
2.?xlo" - ?.6rloj
1.6*1ad - b.l¡rod

1

(0.02e

0.01 T

CI.OO67 - 0.A126

0.OrB - O.O0lO

4.lrl0'r- 0.O012

(r ) 0roas-geotLons at
takon at 1.00 x 10
ln $â.1.

er¡ rolattvc to that of qlrygGn,
The valuee are those quoteü

I¡YnAn-4-i oont.

(¿) D¡¡¡!,tl.eE ara relatl.vr to that of oxygeno .Thc value¡
for !L ancl 00r are taken fron labl.e 2 (B.23). For tho
others the valuec anc ta&en fron the touroús Euotedl ln
the tcxt ancl are relati.ve to the oxygön ctensítles ln tho
11.8. Etandlardl Àtnoaphert¡ the fl,rst veluc bclng that a't
70 ku and. the sooonil that at 9O kn.

uagnltucle of the aboorBtlon dlue to othor atnoapherío

ôonstltuent¡ rlLL be sonEj.åercd.o Stnoe e1], tho othar

oon¡tLtuentE exocpt nl,trogrn have hfghsr abaorptlon orost'

ûootlort at Iryna"n-c then oxygtn (aec ilable 11) tron ¡u411

osnoentratlong of theae aonatLtuente nay nake Sona

ooütrlbutlon to the abeorptfon of LyEÊ,It-co fhe ¿bsorpti,oa



121+

dlue to saeh oonstltuentr f rrr 1111 bc t¡ßpressed. al a

fraotlon of the absorpti.on dlue to o:çfgs¡¡r orronrr lfhe

rcsuLts of the oel'oulatLons *ra procentodl ln [¿ble ll.
(.) t{åtro6eu

TÌ¡e lovrost uppar lLnlt to the oroø!-r6otlon of uolçoular

nl.trotcn at l,yna^n-c 11 6 x l0-ttof ($e.t ) andl urLug thta

tbe abaorptLon dlue to nl.trogcn 1c ls¡g than Zß at that d,ua

to oryg6! (ratla 11)'

(t ) Carbon i[!.o¡lcle.

t{o cxperlnental evl.ilenoc Ll avcllabl'e conaernin6 tb¡

oonorntretlon of oarbon tllo¡l,dlc fn tho 7O to 9O kn ragl'on,

but Bate¡ anil TfltheraBoon (lglZ) travo oonolutlsô that the

ratr of photo-ilt¡aoo!.atton of, oarbon d[i.o¡l.dl,r lo appreoleblc

onll abova 1O0 lcn so lt loert ltkoLy that tho fraotLon of

oarbon dltoxlùe ln the ai.r ls oonetant up to 90 kn. In thL¡

o¿re the ebrorptío¡ dtuç to oarbon ðlo¡f.dle t¡ 7.'1fr of that

dl,ur to oxygrn (rautc 1{ ).
(o) o¡o¡er

Tro exper!,ncntal dloterninatf.ons sf gsonc prof,!.lea up

to 70 kn havc been n¿de urlng rooketa (lehrron et ¿1. 1952t

lrtvova et al. 196I+), andl one d.etcrnLnation of the profllc

up to 90 kr has been nad.e uslng a, latolllte (RaroL!.ffè at el.

196t). Thssc profiles arâ ¡horn La Flgura 52, togcthtr ¡tth

theoretLoal Brof!,lee iluc to Johnaon ct aI. ('tgïz), Bartb

(tget ) and. Ilunt (t165). There ls rca¡o'n¿ble agreonent at
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70 kt although the theoretloaL prof!.lel all, Ila abovc the

sxpetlnent¿l ones, but above 70 kn tho cxperlnental profllc

gl.veo oonsldterably hJ,.ghcr conoentratlonc than the

thcorctLo¿l ons!. fekfng the prof,f.ls of RalolLffc et al.¡

rhiob probabLy roproccnts Ên upper ltnlt, thc ebco4ttlon Éluo

to otone vart'€t fron a,67,4 (at ?0 kn) to 1.264 (at 90 kr)

of thgt elue to o:(ygsn (ratle 1l).
(¿) Itatsr Vapourr

/rs Ln the oase of o¿rbon dtLo¡ldt.e thcro h¿ve bccn ¡o

experLnental dt¿ternLnatLons of natsr vapour ooncontratlona

abovc JO kn¡ but Eatea anil Ntoolet (tg¡O) travc dl¡rlveit e

thcorctioal proflle fron ¿n anal.yll.o of the photoohanlstr'¡r

of, e hydtrogtn-gryg€n atuonphero.

It has becn ouggettcil thet the prclenoa of nootLluoent

eloudlt nay here tone bcarllg on tho oonosntratlon of çater

r¿pour ln the noloo¡lhere. fha oloudt¡ âoour at hetghtl

¡ear 80 kn, naf.nJ,y Ln the lunaer at latltud'er abovc lrSor

andt !.t hac beon ertabltsheiL (Hcncnray ct aX¡ f 964) tl¿t
they oontLrt of dlust partlole e of e¡tra-tlrroctLal orl'6Lat

asny of rhlEh aro ooatecL rlth a layer of l,osr l[he prÊsünaô

of, the i.oa on tbe cloudl partLole¡ cannot, horevor, bc tsk,s¡

to nean that the al.r le 4.1!tayð saturatedl ln the 8O kn regLon.

[o procluoe a frost potrnt oqual to the nLnlnun tenperaturc at

the eetopauso at hieh latltucteg Ln tuünar a nfud.ng ratLo for

the çator Íapour of 0.5 gnrlten rouldl be regu1redl (He¡stvcðt
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1962t $4re1L 1965) anè rater vapour ln this oonoentretLon

rou!ð produce five tj.nes the obgerveô atsorptLon of Lynan-c.

Ghapnan ancl Kcn{lall (,lg6g) havc uaðe an ana3.yalr of thl

oondl.Ltlonü rhloh leail to the f,ornatlon of noottluoant ølouðc,

andl thoy ooncLu¿e that the rator vapour ls oarrt'edl to the

8O kn reglon by oonv6otlon ¿t nlght and' there çondLenEs¡ oa

ths dl,caocndLing åust pattLcLear It nust be a¡cu4ed' th¿t

Ëuoh en ooourrenoe lc rart Ln oritcr to aooount for thc

Lnfrequent appesrsnoc of the ûootlluosnt sloudtco

Qbvf.oueLy there l.s 4t111 nucb gassrtêlnty oonoerafng

tha oonoøntratlon of, ra,ter Yeponr Ln the 70 to 90 kn regLont

but for the pregcnt it teons boat to ÊcðuDE tbat dlurlng thc

dl¡yr at lor latltudoa¡ the watsr vapour oonocntratLon Ls ôt

glven ty Batcs sndL NlooLct¡ BvtD though they rould Dot raly

on the quaatitetlvc eoonreoy of thalr dll.¡tributlon, ercl' tho

tLnø for BhotqohenLoel equlllbrf.un i¡ aevaral dlaysr 0n

tht¡ ba¡i.¡ the abeorptLon itua to çatar va'pour¡ rclatlY¡ to

that dtue to oxy8çnr ls !.811, at ?0 kur O.5'1fi sl 8O k¡ e¡rdt

o.t0fl, at 9o kn (raure 1l ).
(") Nltrto oxLðo.

Berth {1g65) lar reoentJ,y dlctor¡rlnedl orcpcr!.nentoLly

the oonoontrotLon of, ai.trlo oriðt 1¡ the 70 to 90 kn reglon

andl found. i.t to be about 6 ¡ lot no].¡ "tlt. thl¡ ls

eossl.dtorably hLgher than ¡rrevloua theoroti.o¡L catlnatca¡

butrfron lable lln lt oan be aé€n thet evsn et thll
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oonoèntretior¡ al.trLs oxLdtc proôucea nogllglbLo abaorptf.on

of the lrYman-c ratlLatlon.

Fron the fl8urer glven Ln TebLa 1 1 Li uuct bo

oonoludlsd. that the oonirf.bution to the absorptlo¡ of lynen-c

dtu¡ to oonttltua¡t¡ ether then orç¡gan la not ûorÜ than

¿ryeral perocat¡ the iÍeot oontrlbutl'on þoLng uncortal'n

Orl,ng tO u¡s@rtgi.nty oonoernLag the oonoantratlon¡ of the

n:laor OonttltUènt8, partloulerl,y rater Yapolllr fn ths

presênt r6rk no Oorf6ot|ons heys bcca nadlg for abuorptlon

dtuc to oonstltuente othcr thEn olrf$tnr It Eay bc notodl

that as ruggostød. by Chubb ct 41. (t954) tfre ebrorpt,f'on of

Lylan-c ooulll bc usødl to dlatern!.no thc çatar profllc ln tbr

70 to 90 kn r.gf.on ,f the o:sygôtl pnoflle ftcrô ¡uff,loLently

aoourataly knorn, but the IrynE¡r¡c ÊbaorptJ.On Éeaturê[ent¡

rouJ.dt hava to be aaourate to about t$ rtnae thc fractlou of

tlrs absorptLon dluo to rater ropour la ¡uoh le¡s than

Ëupporcdl by Chubb of al. (¡oe P.lr.)).

5.9 Tcepcraturc Profllç

The Ö:ß]rgsn d"cnsltlet glven ln fable 1O rere uscdt to

ð¡rLvc tenperatur€ prof,l,tres for the re6lon 70 to po ku¡

nakLn6 the assuuptlon that nixf.n5 prcveileil !.n thÍ'e rËglotr,

aûA uging equatlon (6), prlr0. tho iatcSratlon raa o¿rriedl

out at Lnt,emals of { kn. fro ralueg for thc tenperatur¡

at 9O ku wstrc acsunedl¡ (t ) t6tof, as gl,vön by the U.S.

Stend.ardt, Atnoophere 1962t and. (a) 1550 K a¡ gf.vcn by faL1'L¡rg
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rphero !!eaËurenents at WooBcra (nofe 1965 unpubLlahoi!')'

fhe raaulttag tenperature proftl.cs åro ahorn á'n Flgure 5!t

togetherrlthfourdt.erj.vEdtfronthefall.l.ngrpherc
n6asurênontsr and. that of the II.S' Stancl¿ret Àtnoaphere 1962'

Srrors J.n the döntlty values Ere nÊEnlfi8dL çhen tho densltLe¡

ar3 used to oelouLate e tcnperature proflle¡ to the dlenalty

values r€rê ú!üoothecl beforo oaloulatl'ng the teuperature¡'

fhe probeble arror saa e¡tluatedt to bo 5oK'

5.lO Dåsoqpston

5.10.1 OxYgen DenaitLeü'

lthe oxygån dloúsltLc¡ obtalneê fron the prê!ênt tork êtrc

iu.aplayedt Ln F!.gure 1' together rlth tha recultr of other

çorkers. There Lo goott agreenent betrecn the tro lot¡ of

rssuLts obtelneô ln the prerent rork, rhloh ls to bÊ expêotgû

Einoe the tseasurrüents iofe both nadlc ln ounner, andl st

nearlY the oaloo tlne of dlaYr

seasonal variatlone Of the ¿tnoepberlo tenperaturo åna

d.enrlty ln the helgbt râng6 5O to 80 kn have been ctudli'sdl

by Kantor andt 0ole (f p65). Ttro rc¡ultr analysadl rere

- obtal"neå uslng varloup ¡¡ethoda of neaEurlng tÊlperature,

total pr6ssure endl total ðcnrlty. Flgurc 5h rhonr the

nodlcl they obtelned, The etrnslt!'ee are p]'ottcd' a¡

porocntage dt.evlatLons fron tha 1I.$r Stanðardl Àtnoe¡rhere 1962'

Àt a].1 latltucle¡ the ilenslty la h!,ghest ln Ëunnor andl

lowe¡t ln rinter, the nagnltudc of the varlatlon lnoraaalng

a¡ the latltude LnoreagoÉ. Flgure 
'5 

shor¡ the orygen
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ctcngj.tlea of Kupperl.an ot sl. (1g59)t, sntth anû lÍeek¡

(t965)r aad the present work pLottetl 1n the têDe Íê¡rr

Sinoa thore le nlxLag ln the atnoaphcrc at hel,ghtr u¡r to

sbout 9O kn the orygan dlcna!.ty r!.lf. bc proportl.onal to tha

totEl cl,uoltyr îhe rtaults of Kuppcrian st al. ågroa rç11

rtth the nod!.cl j,n the nagnttutLc of the vartattoa¡ ùut thay

ruggeat that tha &ô&n annual eleaatty 1¡ lcsa than thc

Standlardl. at hetsht e bclot about 8O knr thcrca¡ thc uod.sl

rhoç¡ lt to bø aqual to ths Staadardt. fho re¡ult¡ of thç

preaent rork al.so taply that tho ncan dlonrlty lc ls¡¡ than

tbe Standlardl. brlor about 8O kn tf lt 1¡ a¡tunEi[ that ths

itcnalty ln runncr La about fQf.l b!.ghar then the &Gan d.aulty¡

rr oor¡olud,eit by Kentor a¡ê Colc. Thc rc¡ul,tr of SEtth a¡dl

lcck¡ at 59cf ¡hor ridL¡ vari!,atl,oa¡ lu thcl¡r dtcparture fron

tho Staad.arû. nhLsh aro d!.ff,loult to aoacpt ac rc*1

varj.atLons Ln dlca¡fùy booauc; sf the vory raBl,û ohangea of

tenperature rLth helght nhl,oh thry Ln¡rly. fbrtr raaultr

at t8o!Í dlo not oover tho rêno hrl6ht raago ro lt l.¡

illfff,oul.t to cler:Lve anJr ooncluoLon ooneernl,ng tbc ¡crrona],

verl,atlon at thLs Latltu¡tc. Sron FLgurc 5! tho probcble

trrotr ln thc dl.¡ncltlos obtal,nedl f,ron tbc prcrent rork la
o¡ti.natcdl. to be about ffi,

rlhc dlcncltt es of Kupperlar¡ ct aX. havc besn edlJuatadt to
en sbaorptLOft-oro¡t-scotLon fo¡r noleoular oxygcn at lyuan-c
of, 1.00 l to-t oon! (aee f ootnote p.hJr ).
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5.10.2 teagoratürct¡

lcnperature¡ der!.veil fron the prelent rork (flgurc g3)

arc hLgh€r then tbosË of the Stanðardl Àtloa¡rhere aõ foul'dt

be orpaottô fron tbe grcaùer so¿Ic height lnitloatedl Ln

Flgure 55 for thsee reËr¡Ltl. lherc 1¡ guLt€ ololo Êgrconcnt

rLth tho tno aunnor tenpsr*turo profiXaa obtalnedl at lfooner¡

by Rofc (unpubttshaô) uÊ1ag ttre fallLng ophere retbo{t

(ft6urc 5r). fhe Standtardl. .å,tnoapherc 1a baredl nntnly on

Northofn Heul.cphers r.olultF 8o the resul't¡ obtal,nadl at

lÍoonera lcay Ladl.oate a tlgnlf,l'oant dl'Lffaronac bctrc¡n the

Northsru anð southe¡rn Henlspherc trnperatüf€!¡

5.1A.3 lrYnen-c Intcaaltlcl.

l!¿bLs 12 ¡hows tho rssultl of the ntaturensnt¡ of ths

lntrnolty of the 8o}8r Lynan*a llnr rblah rorc ilerorl'bail

l.n $'1.1. À11 the nessurrnentc tôrg aadle uslng lon Ehanber¡

exoa¡lt tho¡e of Htnt6ro6ger at *1.r çhere a photoelcotrl'O

ootroohronator üe8 usod[. lhe €rtrors 8lLven f,or tho procênt

nork reprcaent the øôtlnatedl unoertslntlar ln the

oaLibratj.on ant f.n the roaket dlata. gntth et al. uÉtô

oha¡rbora ft1leð wlth oarbon dlrulphldo lo thta say aooount

for the f,aot that theLr vèlue i.s lorer than Èny oth?r

(rec $r.12) i¡ lplto of the rolat!.Yely snaLl srror they

hEve glven. ft is of lntera¡t tO cx*ülne the lynan'c

rcsults for åny evidtonot of varlatl'on rel'etoct to tho 11

yoa,r soLar oyole. llhe lagt sunEllot Ea¡¡l4ul¡ rap ln 1958
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ÎÀBI¡S.{ â, [, I¡t49ni4 åP,tcnrlÈl çqqluf gPrntr

¿nil ths la¡t ¡ånl.nua l,n I 96\,. A varl'atlon f,ron ¡bout 5'7

ó16 or" gi!-t et ¡oX.ef na¡l¡un to ¡Þot¡t lr.? efg ot'n ltt-l

at !ol8r alni.uuo rouldl. be sontlltont rtth ¡lL tho ilat¡ f,n

Iablo 1? rroc¡rt that oú' Srtrth ¡t el. fhls tugg.otr th¿t

th¡ õolar Lynaü-c l.ntrnclty ðoe¡ not Vtry üort than about

t1W- oYer the rol8r oyoler c v¡rLatlon oortLdltrably lo¡¡

than th¡ t55Í tug8êstôdl by Sutüh lt al'

Irynen-c fLu¡

("rs o"" -i
)!ao

fLnc of,

tsesturGDÊnt Rcfan¡noc

5r5

5.O

[n4

t.4
5.1+

l+.7

- 6.O

+ 2.6
- 'l 16

t 1"5

t o.el}

I o.8

* a.2

1959-61

1961 -63

196'

196'

{ 965

-

KrcptLn ct a.1. (tg6z)

rlllnorç (tfel )

tlintæesgtr et o1. (l 965 )

Bnlth ct al,r (tfgl)
Preacnt rork, gåD tO'l

Pr¡rcnt rorkr RÀD ,O¡$
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Çþapter l.,Stgþl-¡.ttoE glj¡gg.tlqn,4u13le11og!ågq !g
ProPortroqal 0Snt e.r¡.

6.1 Introcluotf on

If the volta8e applted to & oyllnctrloal- lon oha¡nber

J.s incroaeed euffÍcientJ.y eLeotron nultíplloatlon take s

plaoê by oecond.ary lonLsation near the wlre ($r'tO)' the

prooess Ls the 8aE¡e aÊ¡ that occurr!.ng ln the proportional

oOunter ussð for ðetectlng X-ralg and nuolear radLatlons'

Eaoh prlnary eleotron reLoaged !n the gas 8lves rlsc to au

avalanche of, second.ary el,eotrorls whieh are ool"leOted' at

the rire ard u¡d.er sultable oonrj"ltlona nay be tletcctect aã

Bn e.leotrlo pulser Ín the oa,sa of the ul-tra.r.Vlolet lon

ohanber these pulses enabLe the arriva-L of slngle photonr

in the ohamber to be detected, thus provld.lng a very

sonaLtlve deteotor . Ho¡rsvot3¡ the nunb er of eleotro ns Ln

the avalanche is oubJeot to very lar6e etatlstlcaL

fLuctuations¡ e probLem wblch oan be overcoüe by operatlng

the ôeteotor as a Éej.ger oountar (CfrutU end. FrlEdnan '1955),

The GoLger eounter has cll.sailvantages oo!¡perecL rtth the

propor'tlonel oounter, however, õuch as the necdl to quenoh

the rfi,Soharge, the Long clead. tf-ne¡ a¡rC. the rapf.dl ðestruotion

of the f1Il-lng.

Tïhen the proportlonal oountsr ls used. f o¡' tha

ðeteotion of nuclear radlations the fl.uctuations Ln the

eLgo of the LndLviêuaL aralanshes are less eerLous cinoo
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e r¡unber of prLnêrLes arê r€laaøodl al,nu].taneoualyr anð

under theee cond"ltions the relattve fLuctuatloa in the

tot aL nun-b er of s oo ond.ary electro ns ls r edLuo e ct ( e. g. lïe at

1953). However when the nunber of prf.narlea beoone¡

enaLLer¡ as in the dLeteotlon of sof,t r-3a'$8¡ the fluot-

uatlone ln the nuLtf.pLloatlon proosss nake an lncreaoing

oontríbutlon to fLuctuations in the tota-L nunber of

second-arles end. oauss & redluetlon Ln the energy reaolutlon

of the oountsr. (Fluctuatlons ln the nunber of prlnarles

produoaô by x*r&ye of a gJ.ven energy alco bcoone nore

BerLous as the energy of the ¡c-raya dleoreascs). Currôn

and. .ryj.l.son (1g65) trave etresced the needl for greater

knonLeclge of the fluctuations Ln avalanche aLzs ancl the

faotors ¡rhich oontro]. then.

6.2 Notatlon

The

chaptar.

Vt¡

Er!

f !!g

Wrs

dtc

4a

Ilæ

ll :g

folLowing notatlon wLLl be uE ed. throughout thls

voltage appllerl to counter.

el.e otrLc f iei- i[ otrength.

radllaL tllst¿¡noe fron axLs of oounter

l"onlzatLon potential of a nolecuLe.

lownnend Lonl.zation ooefficLent (aver"ge ì¡alue for
eleotrons ln equJ.llbrlun with the fteld).

offoctLve Lonlaatlon coef,fioient.

nunber of, eLectrons Ln an avalanoho¡

pulse slze (x ts proportionaL to n).
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i I nean pulse tl.ter

t . */í: reduccit guJ.e e ¡tscr

y r froqusnoy ctietrLbutlon f,unoti.on' (y ia proportlonal'
to the probablltt¡r dlÍ¡trlbuti'on fuaotlon Ér dçf,lnsd!'

ao that the probabtltty of the pulao hel'6bt lyl¡¡g
ln the ren6e r to x + iL¡ 1s S(x)ûx).

p' - fu (ro y) " - * å*' ne6atlvr losarLthnLo

ðorLtativc"

6.t PleT4srre 4nvqgt*$*lågnp. gf Àvqj[@.
Scrcral ¿uthore have nae.e thcoretLosl andt cxper:lnent¡l

Lnveatlsatlong of the fonn of the frcquenoy dllctrlbutlon y

undlar varJ.oua oondltiQlttr

lhe rlapleot way of,, ürôatlng the problen theoretJ.orlLy

ls to asõun€ that the pr'obabLlttyr per ual.t dllstanoo

traVoS.lcdl, frf an ellootron nakLng aJt Lonlrtrng qolllaloa, a,¡ Ls

the sane for sll, cleotronc at a ¡rartl.ouLar dtl,¡tanoa fron the

rire and- 1r equaL to a t f(r). Ehaa tt oen bc shown

(qfJroan 191+9t I'egl,or 1955r Frl¡oh 1959¡ Frenaen s¡dl Coohran

1962) tf¡¡t the ôlstrql'butlon ha¡ tho fora

P(n, ;) ,. * (t - *)n 
- t û ¡¡ I ¡z¡3¡...

rhere p(nrã) ls the probabtllty sf an avalanohe oont*Lnlag

n slsirtrons *t tho polnt çhere thc averagc nunber d
cl.sotrons ín an avalanohE {s ñ. thts la knorn ê8 thc Furry

d.l,strl,butlonr In practioe the ev¿lsnohe alca ts ¡¡eaaurcð,

ås a, puloe hetght x a¡il orlng to noLae ln the anplLf,f.cr uceô
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to eaplf,fy the puLsss tho nJ.ul¡un valueg of, x whlah oan be

ue&$uredl oorreapoað to va.lue¡ of, a of aeveral thou¡antl.

Unitcr theoo oond.ltÍon¡ (fi, n largc) re havs*

$ * Êrp (- fr) !¡ ert (-¡ )

rbero y la the froquanoy dtfrtr!.but{on f,unotlon eacl x the

pu3.ac he16ht.

Curren ct ¿1 . (lg.t+g) enelysed the pulse apootnru

obtalnedl. rhen ¡1ngle photoeleotrons üore eJeotcð fron tbe

çalL ot a p¡roportlona-L oounter f!.1.1.od. wtth a nixturc of

ar6on andl ¡¡ethana (eeoh to I prùBsura of ?50 torr). fbs

opeotnru ilcparted. fron the crponcntl.al iLLstrf.butlon ¿t

cuall valueo of r¡ ar¡A y shoreil. ¿ Eaxl¡run at x - t i.
Curr¿u ct 81. f,ound that ths d.L¡tr{butlo[ hadl, epproxfrnatcly

the foru
y ' u-å exp (- þ1.

Sot¡lunÞob¡n (t g¡g) ftrs reoord.ecl spe otra f or flllLng a

of nethane, nethane and" ar6on nlxcdl Ln egual parts, andl

nethylalr Êt varlous prossu.rss and nLth varlous rl.rc
dllsnetera. He found both exponentJ.al dllstributtono ¿ndt

iltatrlbutlons rryhlch d.cvlatad fron the axponentlal at lov
values of x J.n å ¡nanner sinj-Iar to thoae of Curran of al.

t
Un-norsallredL frequøney d.lotrlbutLon¡ rathsr than
probaÞfL1ty d.iotrl.butlo¡s wl,Ll be used throu6hout thls
ssstl.on alnce the nornallntng ooastant haa no phyoLocl
rlgn!.f Lcâ,noêr
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FolLowl¡g a. su6g6etion of Lcgler ('tggS) Sofrlunbohn rac

cble to relete the ilsviatlen frou the oxponentlal

dttatrlbutlo¡ to the value of { at thc OortsGnosncnt of

thc nulttplloatlon. l,ogler potntcdl out that tbe

csounptlon thot the affeotlvo lonLration aoeffl'o{'ent a !s

the catse for aLl eLsOtrons at a ¡rartlculer ¡lotnt lgnorer

tha f¡ot that sLther one or botb ths elootron¡ oont'ng fro¡n

rn loaj.ling oolLL¿|on nay not havo suffi.clent energy to

!.on!.aa. tloçersr the asaunption wlL] be a gooð approxtnatlon

rrhen thø ôlctauoa { whfoh an cLeotron has to travel ln ths

d.Lrcotl.on of ths f,{eld. ln ordsr to gaf.n auffLclent cnergy

to 1o¡l¡r l,¡ anell tonparecl wfth {r the anere6€ d'l¡tanoc

betççcn toaistng ootlLctorË l.o¡ * tt $ ot å tt n. Àt
Ê

fi acorearcs thr ttlatrl"butLon nay bc clrpcctôdl' to dlcvl"at¡

lnoreact¡rgly fron the exponentLal. In the proportlonal

sount"" å lc a functlon of, ¡rosf.tLon ¡Lnee lt clopentlc oa

i 
(Laslcr 195ùt but Sohluubohp be¡ pointeit out that tt La

ths value of $ at the oontsenoenent of the nultlpllcation
tr

rhloh l,¡ rclcvaat sluce the forn of the cllotrtbutton La

dhteruLned. by the d.tstrlbutlon at the polnt shers ã' {OOt

and furtho¡. nulttpllcatlon nercly auBlLfloc s:-L aYalanohes

by tha tane faotOr, luot a6 J.n the oeso nherc thc evalanoh¡

ls lnltfatoû by a nunbcr of pr!.narf*sl Urtng experlnentcl

tÍhl,u ¡tatenent ls not atrlctly oorreot sinoc the avalanohe¡
rhLoh are saalL at the polnt nhere fi r t$O rlLl ettll bo
rubJøot to the ctatlstLoal f,luatuatLongr thls pol'nt çiIl be
dllaãusEedl further belor (p. 149).
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n
ôetornl,nat!.on¡ of f, for ths f,llllngr he wao urlng

SohLuuboh¡¡ ¡hssedl thet tho dl,avlatLor¡ frsn ths crponcntlal

rli,strlbutlon lnoreascd. as the velu¡ of k *t the

sonronoenent of the nultipllqatlon d.Qoreaoad.r

lc6Ler (tggl) traa enalysodt the ¡Ltuet!.on çhero å tt

oonparable rlth * O" oonolilerlng a ¡oitel, g*r Ln nhl'ob tba

rffcstf,vr lon1:¡tlor ooefflolent a(€) 1¡ ¡ funotlon of, the

<l.istanor E rhloh the elcotron he¡ trevolledl Elnoc !t¡ last
lonLrlng oollLslon. fn the noClel I ¡ o f,or o *E(ro anif

e : oonltr for no{ã. lhç Baranctef te la to bc Ldlcntlf,Leû

rfth $. lhs reaultf.ng eguatlon for the d.Lotrtbutlon f,unotlo¡r

oeulil not bc ¡olvedl e:r¿otty but :[t ra.¡ lutegratedt ËuntrLoeS,ly

f,or rarl.ou¡ yeLue¡ of 6(!e ln the ren6r 0 to O.2, glvLng thc

üL¡trtbuttons ¡hoçn in I'!,,6urc 60(b). f.r61ar rho¡sdl thct

thoec d.lat¡ri.butlone ftttcdl quLte ¡ell experÍ.nenüal

dl.t¡tributLo¡¡ obtalnsit r!.th a unl'fopn o],ootråo ftel'û rhcn

ro Íaõ aet oqual to tlre valuø of å.
Byrne (lggZ) r¡eE eXso moeltfleù the atnple theory rhLoh

lc¿{ts to an arponontlal dH,strlbutLon. Hc esgunedl that o

t¡Ë a funotloa both of r endl ¡ havlng ths forn

êsr(r)(r.fl
thero k ra¡ ê pa,rar¡oter lylng ln the ren6t ock. (Slnca

ô ¡ f(r)(t + k) for n ¡¿ I andt a o f(r) for very large n

tha fraotton of the eleotrons rhiah Êan Lonl¡e rhcn n ls

Iargo XË ¡fu). the {leoroaso of a rlth lnorea¡Lrr6 tlr çhen
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n 1s snall, l¡ assooletott wxth thc f,act that ¿f,tcr an

lonLrlng ool.lLslon (whtah inareasot n) the tro eleqtronr

oonl.ng fron the soLltclon rl}l. heve 8n &?erate cncr6y Le¡¡

than thst of the loni¡lng eilcotron¡ ro a llLl bo rclluccCle

lbl¡ affcot ç111. bc lnBortant rhcn tho svsrêgG onor6y

gstnedt bctnean Íonl.rÍn6 oollLoLo"t å 1¡ ¡ot too largc

oonlrar6il rl,th f¡ lo Byrncf r acoun¡rtlon rill ÈpPXy ut¡dhr

the taËo eonclttlons &8 ;ôro oonlLdl€rctt by IrOglcro lftth

the forn f,or a gi.vcn abovç thc nu¡btr of, reoondlery cleotroaa

1g tt rtrlbuteil aoooril:lng to a Polya. d'l¡trlbutlon, rhLob

for largo ã tenar toçardls tha Fo¿r¡o¡ III f,orn

y = !k.rp[-(k + r)r]

Shj.r fi¡notton h¿¡ been plottedt I'a F!.guro 6O(a) f,or slreral

values of k andl Lt oan bo sotn that tt Ls otrlkl'n61y cXatlar

to thc forn obtatneil by Lcgler uølng I tsoro dLetailedt analyoll

of tbe vertatlon of êo Thug Byraerc aoûtrcnLent ¡nalytlo

rcprotcntatLon of the ðl¡trtbutLon Eay bt taken as r.6pro!- \
ta.

anting both thaoriecr

Sohlunþohn (l fyg) elro obaervcù üL¡trLbutiouo ln rhloh

y dlcvtateð abovo the crpoucnti.al f,orn at large YÊluê¡ of, tlo

Íh!,s ceg csor:lbød to tho ef,f,eot of r¡uoos8lorcü or

avalsnohcs Lni.tlatec[ by cleotron! êJeotod fron the Oathodlc

by photont proðuoedL :[n the flrct avalauohs. If tbc tLne

LntorYal batreen tbe tro aValanohe¡ 1¡ shorter than th¡

lntegratlng tlne of the anplLfler uaed. to anBllfy tha
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pulsôs the two eVaLanohe¡ ttLL bo obserYo{l al s clngla

pulso. LcgLer (tggl) hac ana1yaocl, the statl,¡tlo¡ of

6sr{6Ê of avalanches f,orned' [n thla nêÍr na^kùr*e tha

aao.unpl,!.ons that the dlLatr{br^tlon f,or a cLngJ.O aVa].¿nohc t,s

otponontlal an& that the probabJ.ltty y that e rlngle eleotron

ln an avel.enohc rf,L1 givo risr to a tuoe€Éõor f.s ?oty snall.

fhen thc dtX¡trJ.butlon fo:r the total ¡!'ge of the aral¿nohe

shaln i,¡
rf (br )

I I :r -T;- cx¡ri-q¡¡

çhcr¡ b c #, e . f*f , r ir th'-¡ ¿vçresr nurbor of

tuoocôBcr¡ laltlatød by onc ctElanebo enð It la thc noil'tf,itdl

Bc¡¡ql f¡¡notton of ordler 1r 3i8urø 6O(o) ahowr thl'a

funotlon plottedL for oovcreL vgluec of ,¡o

Sinoe thr l¡ve¡ttgatlonc of Curran ¡t a1r anð

$ohl.uubohr hadl beon uadle wttb only a for fl'tllng¡ lt ¡cenodl

uscful to cxtandt ths neEsr¡reneI¡ù¡ to other ftfllne $i6Gtr

,A,t tho tanö tinc thc er¿fJ.eb||lty of ¡ rrrLtl-ohanaol

analyacr nadLe 1t po¿¡lblo to qorêr a l:lðo rrnge of

f,requCnole¡ Ln Êaob ttLctrLbutios alnoe rith e eoBêoLty of

10å oountô pçf Oha¡rrel a froquency range of, ¿bsut 5 ücoedlr¡

oan bG oorêttûr tlonc of SsbXunbsh¡t¡ dtôtrtbuti'on¡

o¡tcndloil for nQre thaa aÞout l{ ûcoadlrr.

6,1 êp8,së339å

[he oounter useü i.s shown i'n SLgure 56. It waa

oon¡truotedl, fron 25 nn iLian ooptr)or tublng ltth a 8tr¿¡l-ts;



FLgurr 56. Photograph of tbo pro¡rortienaX qountero
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lGta1 traL contaj.atns'a 6uardt rLng colclcradt to e coh ani['

llhe rirs sôs 0r 1 nn iLlan tuaSrten. Â llthlu¡ fluorldl'c

o¡ïfstal of the s&ne kl,ad et thosc uaoil oa the lon cha¡nbsrr

ras utc{t for the wlndlor¡ 9c tbat the oha¡þer ooulll bi

ortlly rqfilleil a glarc tep andt ¡gektt t6rc ettaohcdl'

Wbcn reoord.lng spcotrè ths ooUntgr ttÊ plaoed' i'n a¡

carthoit alunlnilu$ bor to prevcnt ttrEy redlotlOn frou

!.norsarlng the nolrs lqvcl of thc enpl:lf,ler. å ncSatlvc

VOlt¿gBlr6,c sPpllecl. to the case of the oountsr ar¡å thc n!'rr

rat ûonnosted dåreotly to tt¡e Lnput of, the anpl'lfi.er a!

shorn Ln Fl.gure 5'1. goo¡u¡e of tbe na.turc of ths pullr

spootrue thero ri.Il, aheyr be pre¡e¡t ãone very Largc pulrrr

ro tt i,¡ dtacl.rabl,e to usc a Bux.so ¿npl'lf1er çLth reptù

rsooyory af,ter ovsrloaðtng puJ.aec. A dtouble delay-11o"

etsplifler (Frrnklln 55S) çith s 'lg sec oLLpp!'ng tin¡ rag

useð !n thc pforçnt rork, xhc !.nput aLrouf.t sf tbo

pra¡¡Bllfle:¡, 18¡ üoðlf,Ledl as shown !,n Fl'6uro 57. À lo un

rtsXttor lst :lûs6rtsð to nalntala the DrC. Levú of the

oountar ç!,rr at esrtb potonti.alr enû a qonåcEler c ral

lnccrted Eo that the oharge aensttLvtty of thc enpl!'fLer

oouldt ba dloternÍnedl¡ lhls o¿Llbratlon (gttt¡lBlc 1955)

lfas o¿rrledl out by passlng a puLac of knorn slsa v Lnto the

Ln¡rut of ttrs p:rear,r¡rllf,1er t!:rrqugb the oondlsnsor cr ùhs

oapaoLùy of rhloh (0.95 pf ) hait provlou6Ly bcen n6asüalil¡

Provj.dtcdt that C !s snall oorpartû çlth the tot¡l lnput
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oè¡,êtLty of the proaapllflcr (ÞO pf tn thts carÊ) tfre

eharge dlcllvereil to the praenpJ.Lfler !.E A c CV. fhe te¡t
pul.røa r6re obteinedl. fron e rèroutry relay ¡luiae 6enerator.

|!h,o out¡lut pulno¡ fror, the a,npl!,fter Íerc anal'yrct ln
a 4OO ohannel pulac racl,ycor (nfu¡ 54-1Zn). lhe lfaaerlty
sntt ¡oro of tt¡e eupL!,fLcr a¡å anal'Jrrcr ïollo claterptaedl by

applyl.ng pul.Der of çarl.ous aoplf.tudl.c¡ f,ron the pulec

6enerttor to the Lnput of tho preeroplLf,J.er anü rcoordltug

tha oh¿nnel la rhlch they ÍcrG rtored.. [hero çerr no

ilcvi.atlons fron Linc¡rt"ty groater than 9.fl'o The portablc

hyðrogen tron¡r dteacrlb¡dt i.n $J.5 üal urcd. ar & sourot of

ultre-vlol.ct ltsht rtth rhi.eh to rlleaso the prLrcry cleotroar

çlth!.n tho oou¡t6r. ft ra¡ ¿ttaoheù to the sldc of tho

ah!,tldttng bor by a uounting rhJ.oh souLdl be flu¡hcel rlth
nltrogcn :[n ordlcr to adlnlt thc raôuuu ultra-vLol.et rrdtlctlon

to the oouatero In thl.c ra¡r tt rar pô¡alblo to ejeot

photoeJ.eotrone fron tho f,l11in6 gôp al r¡I1 ar fron tho

eathoðo. [or¡ver Lt r¡¡ fouaô by p3,aolng a quartr rtnilor
betrean thø 3,anp ar¡d. the oounter that the cbapo of tbe

tprotrun C.lil aot dlependl on the Eourûs of, tha elcotroasr

thc oountar wac cyecuatedt anrL fttlrð on thr fôouun

ayetou ctcrorlbcd, Ln $).!.1, tbc filllng prccsur.t boLng

neacurciL ntth the r¡eraur¡r b¡roneter. ltl¡ture¡ of asrbot

itl,s¡lilr Ln ergon anð uath¡ns la ar6on íerr obteLngdl ¡¡
nl¡turc¡¡ the ooupoaitl.on hatl,ng beon dlcternl,nerl by aa
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sna}yal¡ oerrl.ed. out by the nenufaotürefo The nlxturôË

of ¿oetone Ln argon end aloohoL in argon Íort Prèpar6il

i.n the yaout¡¡t¡ syÉten uslng sBeotrotsopioalLy PurG art$o¡r

6.5 lbe Maasuranentt

fhe flLl.insð ussdl ê¡rd the ran8e of, vo1t8g6ð over

whtoh speotrr Í6tre rooortleil LrG lhorn tn Tabl's l]. In

ailel'l'tion ftlllng8 of nLtrlo oxlð'c ('7 torr) ena t'If' oarboa

ili.orildtc f.n argon (2r7 tqrr) r6c ucadl¡ but thr pulscs

obt¿lned wtth these fiLltngÊ waro very lrregule¡ Ln ohapc

when obte¡.T6d with an osotlLotoop€ ancl ghorcdl oLaarl'y thc

offeçts of tueeoÊsort ooourrl.ng O.l to Qt5 ìtt too ¿fter tht

naln puLot. BooauEa cf, thc Lrrr6ularlty ln pulne lhapc

no tpeotra Íorc reoordltdl rlth thcse fllLingsr

Tfl8+8, 1 q. EgoeP{&Lenpl,Cquntgr-Strtlnss, Sêil-Tqlg$åqs

FlJ.ltn6
Fre ssuro

(tor¡r )
VoIta6e

ren8Ë

aeetone
aloohol
¿1ooho1

uethylal
agstcae 15',{, + ar6en 85i{

aloohoL S.T', + ãr8on 96.5('
nethane 9.1" + ar8on g}.fr,

11

t0
5'
21

97

r87
500

1 175-1 287

I 0O0-l 1 25
.l 25O-l l¡50

1ç¡gg*{ lO0
1400-i lrlo
I 5OO-t tr00

950o-?55O

À11 the speotre râre r€oor.dðel. rf.tþ the ga¡ô anpllfler

galn and. anal.yaer Ðonsitlvlty ðo tho orer¿ll oenol.tlvlty

raE the sa!¡e for alL FpÊstrtr ¿ndl üôt founð, u¡Lag the
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oaLLbratf.on prooed.ure tl,caorlÞedt ln $6.l¡ to b¡ 6.5 x 'l0r

eleotront per ohannel. llha lntcnstty of thc raill¿tlon
fro¡q tne lenp raa adl.Justed. Ec that the ðcad. t{ne of thc

analyacr rec alraye Less than 8Ø. Speotna !ÍârG uauall.y

rooordleê unttrl the oouat uunbcrr ln the lorer channol¡

(exoludtl.ng thoee oocupledl by noLrc) reaoheô about l0r eouata,

the oapaolty of the anal.yser. TLncs usedl for reoordlfng tbo

rpeotrt çartedl fro¡n about lO uin to J hr d.epcnctLng on the

ahape of the opeotnrn. 1{oLs6 oooupLed ohannels up to

nunbcr ) (rhlch oorreðpondcdt to 2 x lO' eteotron¡) to the

ôpectra wstre ana3.yredl. onLy f,or ohannels lr and" above.

For caoh f,f.LLf.n9, apactra wore reoordledl at ¿ nunbar

of vottêg6s rangLng fron tha voLtage wherç tha pulses flrst
appearedL abovo the nslse to tbe voLtage nhere eLtbsr the

oounter bc6an to aot a8 a õelgcr aounter (fo the o ase of the

acetone, aloohol ,5 torr, aoetonc*argon endÌ oloohol.-argon

f,1LL1,ng¡) or lntern:ltta¡¡t breekdtown began to ooour (tn the

oaae of tha other flLLlngs)r

The spectra êre shorn ln Figure !8 rherc y, orprôcriü

f.n cou¡tË ppr channeLr ha¡ been plotterl a6e:[nct x, oxprcsrcdl

ln eleotrontr oD a logarlthnlo soalc. fhe ¡aoothsdl velue¡

of y¡ obtelnedl ac d.esori.bed. ln tbe nort aeotlon, heve becn

plottrdl. ÂgaJ.nst eaah ourvG Ls rrlttrn thc no&n value of

r shJ.oh i.s also naarked[ by a:r Errow¡
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6.6 Âna].vaLs of the Spestra

6.6.1 Introdluotlon

It ig åtfflouLt to ootsparo ttiraotly the e:rperinentel

dli.atrtbutlons Ehorn f,n 3'lgure 58 wf.th thç theorctLoal oRcs

sborn Ln FLgurs 6O plnoe thLs lnvolveg pLottLng the

thcorstloal dltstrLbutlone for varloue veJ.uø¡ of the

paranetera and iteternlnlng rhsther rny oD€ flta the ob¡ervedl

dlLctrLbutíons. å norc senslttve te¡t of the agreeuent

bct¡een exp.erinentel and. theoretLoaL dlíatrlbutlona L¡ to
o6upar6 thej.r dtorLvatl.ve¡ rlth rèspeot to !r lhe dlL¡tri-

butlons are alweyc olosc to en o¡rponentlal forq ¡o the

dlerlvatlvo of Xn y le noro approBrlate than ths dlcrLvetlve

of y. Thus ço defLne the nsgatLvc log¿rlthulc ilcrlvatl.va

It oan be Eeen that D ls the sane for any rrrlttplc of, y endt

lc thus lndlspendlent of the aotual ¡ount nunbers Ln thr pultc

o¡lootrun. The lo6arfthnlc ilcrl,vatl,vas of tbe tbooretloal

dtlstrLbutlons &16 gf,vea i.n fabLe lt|. In Fl,gurc 60 in h¿¡

bern pLotteil. aeafnst f, (' |) ro" eaoh of tbe thcoreti.oal

dlLstrlbutlon¡ and for peyeral values of the pararoterË|.

It la Eore agpropriate to plot D agal.nct { tn"o t sl.nac tboI

D''-fu(roy)*-i#,-hå*

t
Sinoe the ðl.¡trlbutl.ons of Legler (lggt) nerc obtalnrit by
nunerloal LntegratLon andl. ûer€ avallabLe only ar publlrbcdl
ourror the Logarlthnl.o dlerLvatlrt üÊs founil Þy graphLoal
ilLffercntlatlon of, these ourvss uoin6 the nethoê gLvcn by
Ha¡rtrEe (t g5e).
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rhape of the ûur"ô l,õ then Lnôcpeaôent of, thr unj!.ta uürû

to neaüuro x as c¡ll aÉ ¡rr It nurt be rcnoaberrdl hotrorsrr

that thi.a cnpharlres the ragl.on of thc dLrtrlbutLon rhcrc

x 1¡ loall andL ooupressoË the re5Lon rhero ¡ ls l.argcr

6.6.2 ltrathsn¡atioaL l{ethod.

Stattstleal fLuetuatlo{r¡ i.n ths qount nunberr uckr !.t

c¡¡eatt¿l to ¡uooùh the cxperl.uontaL opeotrun b¡f,orr

oalqulatLng the cl.crtretiva. lhc snoothlng anè il{fforcn-
tiatlo¡¡ 116rê perfornetl on a dj'gttal oonputer (gOC 16OO,

C.8.I.R.0.¡ Conberra) urlng a 6peo1e.11y rrf.tten ¡¡ro6ren la
rbLoh the speotrun waB anoothedl, the logarl,thnlo cler{vrtlyc

forneil ancl the nea¡¡ value of x oaloulatedl.

Ths puJ.6e npectra obteinedt fron the analycer rqrr
tnaneferredl to puncb oard.E and useil ae the ð¡te for the

ooaButer progrsn. ccrtaLn pareneterr oonnsotoil r{th tho

onoothf.ng prpoôss rÍðtro seleotccl for eeah spootrun andl

i.ncludl.o{l wi.th the opeotrun rhsn Lt ras anal.yocdl.

l[ho flr¡t otep Ln the oouputatlon ras thc o¿lor¡latLon

of thø logertthn of the oount nu¡bcr ln eroh channelr

Snoothtng ra¡ then o¡rrledt out by the nethott of, fltttng ô

least sgr¡ares BolynoniaL to a nunber n of auccessl,vt po!.nta

(Guert 1961 ). thl¡ nethoct posc6c¡cs tha adlvantaga ovcr

ronc otharc that tt oan bo usedl at the cnd"s of thc rangc of

vrlueç¡ A gublo BoJ.ynonlal rc¡ u¡odl fo¡r the flrat part of

tho ðpootrun wbero the valuel of r rGrG anall endl thâ
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ourvature 6rcateltr The velue of n re! ol,ther 7 or 11.

Å,bovs a ¡olootedl chanasL a llae¿r polynonl,al rar uoodl¡

the valu¡ of, n usuaLly lylng ln ths rsnge 20 to ,O.

DLf,f *antlatLon of the rnoothedt t ogartthnt rrt
oarrleü out by uslng ftalto dlLff,cronoo fornulcc oorrcst

to thtriL dll.f,faronoo¡¡ fhIE 1¡ the oqu!.veleat to flttf.ns
e cubLo tbrough .four polnt a and takLng thc dhrl,vstlvr of

the oublo to bs the dlcrlvetlvc of tbc ili.¡trJ.butLoa.

f,sçtonfr fornul& Fas u¡odl for the tro polnta at thr

brglanLng of, tha reagc and. StlrlJ.ngr¡ fol'nul¡ for tho

otherr (w¡rttaker anil Robl,nron 'i926). lbs¡e 6l,vc¡ oorroot

to thtrô clLf,feronoaa¡

(ô¡) f; , å (- 1t tc + lSfr - th + afr)

(ô,,) fi , | {- 2 fo - iît + 6f,r - fr) 
I{srtoa

SttrlLn6

Thc dU.fforentfatlon naa pcrforncdl at one ohcnn¡l Xntervalr

for 1or value¡ of r where the osunt aunborð tcro hlgb anil

thc ¡tatltttoel fLuotuatl,ona Low, endl at a large Lnte¡"val

(eelrotoit, beforohanð) f,or Largr teLuec of ¡ rhcrc thc oount

aunbatrs rlær 1oç.

Ithc aoalr pulce he!.6bt rar oon¡luteil by avcraglng ovtr

the ob¡crr¡úl speðtinru¡ llhl¡ :Lnvolveg ronå arror dl,u¡ ts
ths Lo¡¡ of tho ror¡r saalL pulsca (obsourodt by anpLlfl.cr

(6r) f: ' Í?( f-r - 8f-, + 8fr - fr )
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¡!o!,te) end thc vêry Lar6e pulaea (cbovo tha rangc of th¡

anelyser), but the arrerø 1111 be ¡nall for nost Epeot¡.¿

ancl rttJ. to loûe crtent ognpenaatcr

6.6.3 thc L*o6arltbulo DcrlratLvoto

lba rðlultt of the ûo¡PutÈtlon ari thorn 1n Flgurc 59t

rbcr.c D hsa beca plottedt a6atnat |. Thc pulle tlrl x h¡¡

beon orprtt5cdL ln tern¡ of tho nunDlt of c1ootronr ta th¡

svel¿sqhc uolng the oony¡rslon fsgt6r 81"on ga pr145.

fbur the VaXue¡ of ï nart¡cil on thq outrlct rcBreloat thc

5ar galnr a¡ {t¡fi-neù ln $r.lo. lho tanü toalc h¡¡ bstn

urca!. for D ana ] eð i¡ the thoorsti.oaL our.vtl rhor¡ ln

Flgurc 6o ¡o the rhapes Eay be oonpareå dllreotly rtth

thos¡ of tho thcorctf.oal oürvoto

6.7 DtsouecLon

fhc four thcoretLoal, dåstrLbutLon¡ dlLsous¡¡il La $6.,

arc lL¡teil L¡¡ TabLc, 1l+ nLtb the paraneters upon rhtoh thcy

ðcpcnll and. the oonitf tl,one und.er rhloh thoy crc valldlo

Thc dti¡tri.ÞutLonr a¡¡d. thelr lsgar!.thnLo dtrrLvatlv.t ara

plottcð Ln Flgure 60.,

rhc af.apleat dll.ttrlbutlon i¡ the cr¡ron.ntlal oBc

rhloh 1¡ to bc crq)?oteð çhçn fu t. largc at tha oounonet-

nçat of thc nultSp3.lcatlon (rec P.136). O" k dtrorca¡c¡

the df.stributLon r1].1 tendL tors,rdlc the f,orn 81rr¡ by

Lcgler (ttgt) rhloh Lr vory ¡l.nLlar to thc Pc¡r¡ou IIf

d,l¡trlbuùJ"on of Byrnc Ugøa) (¡ec Fl'suro 60). lbs
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(ncgatlvo) llopc of the D yer¡u¡ 1 oo"t" inoroescr tr
E
!ç itcorcatÊs, or es I lnorcrlel, sLnss f,or a partl,ouL¡r

gôs at a sonst¡nt preoaoo" f åror¡a¡cs ar E L¡o:r,oascl

provldlêd, B Ll not too largc (InogJ.cr 1955). Lcglerrr

tbeory applfec to o honogcncor¡r f!,eldl¡ bonlvcr¡ rhcrc¡r
the fieldl. !.a thf prolrortl.oncl oounter lnor¡¿Eo¡ Èü r
dlcoreä,!ôrr SchlunbohE (tg¡g) hec polntodl out tbat thc

flelû near tha oonnencerrnt s,f the rultlpl.tc¿tlon l,¡ thc

tn¡rortant faotor (¡r. D.136), but bc oonrLdt;ruit onty the

polnt rhers a puLrc at thc aoÊrr height oonntnoodl.. å,otua1ly

the pø!.nt rhere the aulttpllcatlon ooEnrao.t rllX vary

oon¡1darrbLy enð large pultçr, takea ÉE e glroup, rLll
go!ßaeuso further fron ùhe rLrr¡ i.o. ln a rc6loa of, lorsr
Er than onoll' pul.selr lhu¡ ro üqy ex¡leot ths clo¡rr of,

the D vorlua I oume to dlcorcese 8i r l,noroalol ro that
for sn¿1.I vråue¡ of x tho ûl¡trlbutLon har tho forn glron

by Lrglcr rhlle aù blgbm value¡ of :r it 1¡ rrponcntl.elr

as teçn la ths curvs for the uetbrnc-èrgon nLrtrrrr (flg:t¡ra

59), Àt Lar6e vel.ues of r the r¡1uc of ¡tt ths arôragf

nunber of, tuoo€sngrË i¡Ltl.atcd by an ¡val¿nohe, çl,ll
J.ncrease enil the ourrç of D a6c5,nrt ] rfff shon the forn

6lvcn f.n FLsurc 6O (n).

fhc curvor f,or neth¡r1al¡ nctba¡c-êtgotr¡ a1eohol (tO

torr) and aloohoL (r5 torr) all dttrplay the ebsvo fe¿turea

cecoe¡rt that the axponcntlal. ¡eotlon of the rLf,atrLbutlon
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(D conotent) Ln nLealn8 fron all crcept the rothênr'a,r6on

oDcr tho iLl.atrLbutl"on¡ for snell ¡ (ü¡forc thc rffcot of
&uootssorc lnfLucncGt tha dH.¡trlbutloa) oouLdl bo re¡lrctsntodt,

qutto ro11 by Byrncr¡ fonnulo la the oase¡ of tbe retbylcl
a¡dl aloobol apeotral r!.th a value for k of about 0.!. In
feot tho uaffornlty sf thc eJ.ope of ths D tcrsu¡ $ "*".
¡t rnall velues of ¡ for thos¡ rpcotr* 1o aurprLrlngo

Lcglertr theory auggoatr tirst ¡lnoe rlth laorcaaLng V

ayal¡nohc¡ sf a gLven cl¡c rtll oe¡rnenoa rroaror tbe rtrol
and. thu¡ ia a regl,on nherr E f.a hf.gher, thc alope of þho

.l
D ver¡u¡ J ourye at a glvcn vaLu¡ of x rLLl Lnorca¡a ar

V lnoreoo€Fr Tbis theory rouldt eppÉar to rcquire
nodl.l.fLoatLon for thc o&ae of en !,nhonogoncour f,l,et d, auoh

¿s ooourt l.¡l the Broportlonal oor¡ntetr.

fho effçot of suoôessorr âppêara on all thr dlil¡trl,-

butlons ¿t çnfflcf,ently largc v¿luea of t, but l¡
prcdlouinent ln the r.cctoae-rrggn¡ aloohol-Êrgon ardl aootone

fllltngc. rt te lntereatlng ùo note that rLth thc¡o thror
fllllnga the oounter aoteô as a octger oounter (alx pulccc

the s&EÉ si¡e) when the volta6c v nsc ral"¡edl ruff,Lof.entlye

îhs ôuooocsors ln the preeent oasÊ ilo not t€6! to have

bocn dLue to oleotron¡ llbsrstgdl fron tho a¡tbo{o e¡ Ln the

oaa€ of Sohtuubohnra apcotra ¡lnoc the il.e!.ay for thi¡
proocar l"a about 1o'l to l0-' roo (wtrturon l95o) endt" tbc

Êuöo68ror¡ rouldl have been obsÊrvcdl on tba osoi].l.o8o0pe It
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thcy rerc by SohLunþohn. Sucoo¡¡or¡ rlth tlrf¡ ðolay wafl

obceltlrså for f111tn5o of ¡rLtrlo oriit0 andl sarbq! dlle¡tüt*

fr6on ($6.5) but tBeotra çcro not reoordlrdl for th¡lr

fLL1lngp. lloseve¡ Bhotoelcstronr rJcotod fron thc ftlltng

6a¡ by plrotons or151natla,5 i.n thc flrct rTel¡aôhÜ qouldl br

forpeit qultê nes¡ the rlra (parttoularl'y 1f the flll!'ag hedl

a hlgb ablorption oseffLoLant fsr tbe photonr) an¿ the

ctolay rouldt Þo about 10" to lg't soo (gltttnaon f 95O).

3bí¡ l¡ thc noet probebie oaua6 of, the suoo€tåor! ln thr

Brerent oE:r6 sLnoe the Bulaeo (sbout 1¡l ð60 lOAg) eppcareû
'I

gulte ¡nooth sn the oËollLoEoopoo

Íhe l.oßarj,thnío itcrlvstlve surYen f,or the aootona-

ar6on ftlttng (trtgure 99) ûtr6 qul¿c rlnllar Ln ahaBe to

tho¡s f,or Leglerf ä dListributlon (fteurr 6O (o)) ¿nit tbc

va,lue of, F ney be dteterulneil as f,o].lorr. Sor úcglsrra

èlrtrlbution ï U * o añ r't o (rec lable llr¡ lc(x) + f andl

f.(r) *$ aø Í.r o) ro tbe veluc of o nry bc found. f'.oc thc

expçrlpent¿l ourvos by nultlplylng the veluc of D at ¡lall

vatueo of, ¡ by ir Fror .(. 1*ä) the valus of fl oan bt

oalor¡lsteit,r The ralues of p tert o.!5 at 'f l+oovf or50 at

1UZ5Y and, O.69 at 1t$50V. Eho¡o talue¡ lnorcaaç ar V

Lnoroaaet, Ê6 erpectedt slnce fl t s tho ¿vcratt nu¡bçr of,

Éuoçcsðor¡ tnltlotað by e alngX.c gvalsnohs and tbs ¡lrc sf,

tho cval.¡nohes J.noreaão¡ as V ínoreltrolr fforcvsr the

v¿true <¡f Yr the everagt nunber of tuooestor¡ lnLtt'etoè by
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s cJ-ngJ.e eLeotron Ln a¡ avalancho, shouldl bo alnoot

conste¡t. The valuc of y oay bc obtaLnedl. by notLag that

F . yi aail i = i(t-l) rhcro i t, tbr averag. ¡unbçr of

elostront ln a oln61e avalanohcr (¡cgter f96¡l)r ro tbet

I r T#EIg. lho valtrc¡ ø1 y oþt¡lncð i.n tbf.s rr¡y teriÌf

9.O r 1O", 5.5 x 1O'' ar¡ct 5.6 x 1O{ at l¡.OOVr lt+25v euil.

f45OV rerpcotLvelyo tho r¡all ohangc Ln y ls ln gooù

egrêonent rtth lrcgLerf c thcor¡r¡ Àr r .,+ ø¡ iD .+ o-b

tffi * r al I .+ s) anrt ro rinoê o oan Þa o¡lcul,¡t¡{l fro¡
p th.e taluc of D at very largc t oan bo o¡loulatedl. In

FLguro 59 the ourvos for ths aocton¡-ergon ftlltng hare been

axteniledl by it.eahodl lLner to thc.oaloulated y¡lusr of, oiP 
"oaIE

ft Ean be secn that thc thsoretloal,Iy prcdtlotadl value of Ð

at large ¡ Ls olose to that rhtoh roulcl be dblluqc¿l fron th¡
crperlnental oürYoõr

6.8 Couoluslou

Tbc preaent reaulta arc not ð!,rcotly oonperablc rLth

those of curran ot al. (1g+g) or Bchluabshc (rg¡a) booauca

of tbe dllfferont ffll.tngt uacdl, uocpt ln thc oaõo of tho

apeotra obtalnetl wtth a ue thylal f!.Ll.tng Þy Sshlunbohn. In
thlc oaso therc ts clo¡r agreenent, both roEul,t¡ LudtLoetl.ng

that the speetre Êre qul,te rcl} dla¡orlbodl by the thcory of

Lcglcr (tggt ). lhc cff,eot of luoôGssorr oa the

dllstrlbutlon waa aot obrcrvcdl by Sob,tuabohn but thi.s ïar

t [ot a aLngle ob¡ervedl av¡lanohe ohsl,¡.
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posalbLy d,ue to the feot that hi.¡ Eeaaurencnts iltil not

oovor a¡ rldLe a rangß of valueo of y aa thc prolcat orr€Ë¡

the precê¡¡co of suoo6ssor¡ tend¡ to lnorcaac thc

rclati.vc varianoe of the dtf,strLbutlon (ratattvc varlanos rr

vêrla¡¡oc/(nean)t ). the ralattvc ?erlênoc 1¡ I for thr
1

cxponentLeL dllstrlbution, ffi for thc Pear¡on XItr

ðl,ctrtrbuüi.on ana fff; for l,esLerr¡ (lge+) dHstrlbutlön.

When the oounter is to be useô for oountlng uJ.tra-vlolct
photona or aa ð Broportlon¿l oountcr for soft x*r¡y¡ the

relat:lçe lerlanoe shou],dl bo oß ¡aalL r! pos¡!,bLer Fron

the proaeat results tt L¡ oonoludtøil. that the rclatLvr
varåansc l¡ apBroxlnately I f,or the alooholn ncthyla3. aadl

nathanc*artgs ftlLLn6a, rhile for thc aoltona; èsctone-argon

a¡¡dl a1CIobo1-ar6on fllltng¡ lt Ls greater than 1¡ booouLng Ê.

Lar6e ot 5'5 for the ao¡tonc*argon f!.lltng at 1lr50V¡ fhs

¿d.dl.Ltion of argon to the fllllng appeenr to inoroaae thc

rclatlve varla¡¡oÇ, et least for the oondl.ltlon¡ undlçr rbLsh

the prroent reoul,tû r6re obtaLnedl (tnfn rÍrt anil rcl,at!,vcly

lor ftrl].!.ng prcosu¡ç¡).
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ChaptEr 7. Abeorptlon 0ocffloùentc of sotr6 FLl.tinn &asas

7.1 IntrocluotÍon

Xn ord.er to aake the eff,l"olency of an J.on ohanber a!

hlgh eB pocai,ble a large fraotion of the radlJ.ation çh{ch

petÊos througb tbe wf.ndLoç nuat be abaorbedl ln the ftJ.lt ng

ga6r lhe f,r¡atlon of the rEelLatlon aþsorbadl Ln the gao f.a

gLven by

{ - êxp(- }65 t a)

wherc p 1s the pressur€ Ln torr, I the path leagth through.

the gae 1n'o¡¡ and. a ls the absorptlon ooaffLclent of the gar

at S.f.P. ln on-rt so thf.s quaatity nurt bo aE large a8

BoscLblc. Exoept Ln the oas6 of, al,trLa orldtê (ree $Z.t )

abaorption coefflolente harl not prevl"oualy been nea¡urcdl

J,n the vs,ouua ultra-vi.o1et region for the ftLLlng gaaoa utêdl

ln the present work. Therefore Lt was dleold,edt to neasuro

the aboorption ooefflolents of these gare¡ over the rave-

length reglon extendll,ng from the photolonlaetlon threaholð

to the transnlgaion ltni.t of the rlnclor of, the ion chanber

t,n çhlch they trere usedl. lhe gað6Ê lnvortlgatedl Í€rc
aoetone, carbon dl.lauLphtd.e, bcnrene¡ tolue¡ç¡ tylenc, ethyL

ohlorJ.de¡ ethyL bronfcle and. ethyl {odlldlc.

7.2 HEthodl_ 

-
J\n absorptlon oeLl ri.th a ¡rath length of 1.5 nu ra¡

u¡eil. fhe endl. of the oElI through rhloh ths bca¡¡ ontðrodl

ras fornect by a lLthlun fluorl<la wfnclot LdlcntLoal. to thc
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onôt uscd on ths Loa ohanbgrtr lhe other o¡d. ças fornadl

by Ê 6lårr platÊ ooatsil rtth a leyer of rodltun ealloylate
Bo that raûlatlon paeoLng thrpugb the ooLl gtruek thc
sall.oylate and. o¿usedl to to fluorc¡osr lhc lon6th of thc

oollr çhfoh rer adlJuctablc¡ ras f,i,¡cil by a oLrsuler rpeorr

betreen the llthrun fluor!.dl.e rlndloç and the glaso platc.
The bcan fnon the noRoohronetor paorodl througlr a 6rtdl,

ooateð rlth ealloyJ"ate bof,oro cntcrt,ng the o elL, the

f,Lusre¡oent r¡dllat1on betrng dlstcotedl by a photonultlplf.or

ar dloEord.beil 1u $5.6.8. À ceoond pÌìotonulttptter bchlrd.

tho tIa¡E plete ne¿sure¿l the lntcnatty sf the fluoro¡ocnt
raðL¿tl"on fron tha salloylate on the Blatcr fhc ratl,o of

the st.gn¡ls from the photoaultlpLt,erË Íêr forncdl u¡i¡rg thc

têBe systen Êa üeE usqdl rhen r¡oorillng the opeotral risponoot

of the lon ohanbars ($¡.9.2)n anrl rcoord.cdl on p¡Xlor ohart.

lhe aeLl na¡ evaouatcd!. u¡Lng a portablê îreuun ryrter andl

thc ltquf.d.s eð¡altterl fro¡n tho 6ane pht el ar w&r uaeð rhou

ftLltag tbe ion ohanbcr¡. Prc¡surcr r6ra uearurcir. çith
en oLl no[oneterr

lo neasure the abøorptLon oocfficient the ocll rar
fl,rst evaouatodl a¡rd the ratlo of tho photonultiplier c!.6nala

reoord.qdl a¡ the raveleugtb rar soennsdl over the rcgLon of
J.nt¡re¡t. The Bouroe ças the bydrogen apaotnrn (¡sc

FÍgure l7(a)) a¡rd" the opeotral benil.rldttb Zf. G¿s ça¡ then

adln!.tted. lnto tbe osLL et a preÊBurc auffLolent ts reiluoc
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thc tntcnrlty of the tnananLttedl boan to about onc helf
of lta or:[5taaL {ateqsttyr lhc prrüaur€o r?ero l.n tho

range 1 to 2O torr. lhe ratLo of the tro photonultlpltcr
li6aala tråd then reoorrtcil agcf.n, tho ohart havl.n6 been

reround oo that the navaLength soalc¡ fsr the tre traoçl
rerg the aaüc. lhe r¿tlo of the tro ratl,os nar thcn

agual to thc attenuation of the bean ln pasof.ng through

the SBsr rhloh waa or¡r(- 7fu t u), rhere the ayubolr hevo

the no¡¡J.nga gf,ven abovs. Ehis e{pressLon r¡r utedl to
oalouLate the value of &o The aðvantagec of rscorrllns

the ratlo of the tro pbotonultlpller algnaLr rather th¿n

Jurt that dua to thø transnLtta<l bean BrÊ1 fLrrtly¡ that

crrors dlue to ohangee'ln tbc tntcnolty of, the laop çl¡lle
the scll 1s bcl.ng fLLleil are cllnlnetod[, andl reoondll,y tbot

the forn of the alaorptf oa s¡reotrun La !¡orc eaal,ly

rooognlredl slnoe the poaLtloaa of uaxiue andl nlnt.¡a ln thc

abcorptLon ooefffoLsnt cre l¡nnectLatoly obvlou¡ f,ron the

¡ooond. tnaoe çheroêt they roulcl not be so j"f, ruperLnposecl

on thc hydlrogcn speotnrn.

7.t Re¡ult¡

-

No attenpt nas nad.e to searoh for ftnc ¡truoture 1n

the abaorptLon spectra ¡lnce lt vas the aagn:ltudLc of tbe

aboorptLon çhlch Fa,s requlredl. ltost of the opÊotre ahoçcdl

elnort no structure and ùhe va3.ue of E was ealculetocL at 5l
Lnterva*ls to gLve the spootrè shorn in f!.gure 61 , For
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etbyl lod.ldlc end oarbon dlLaulphLd-e ê çta oalouLatedl. ¡t
th.e posltton¡ rhere lt rsÊ ¡ naxlaun or ni,nlnun.

7.L Dlaousston

fha ¡¡al,n featrre of tntere¡t ín thc ßpeotrÊ ls thß

ertroorly otrong absorptlon baaè of, carbon dll.luL¡rh1ür Êt

1lf 7l. lbis bendl, raa observedl photogrephioally by

f¡neka et 41. (t960) as the nort pronLnent ¡¡enbor of a

RydÞcrg ¡erLcr oonrorglng on the reoond. Lonlaetloa thrcrholdl,

at 8571. Fron the guantun effLolenoy ouryo for o oerbon

d.f.rulphliÌe fllledl chanber ghorrn ln FLgurc 25 Lt tppeart thet

the ¡rhotolonl.zatlon effloLðnsy d,ropa to about ïOf+ al thl¡
bandl"¡ augge¡tlng that f.t l¡ approrl.natcly 5Û,4 prc!,onl¡eil.

lhs ebsorptlon coeffl.ole¡ta arc alL greater th¿n ¿bout

50 or-' ño that * hlgh proportlon of, tht raclf.at:lon entarlng

thc i.on ohanbere rlLl be ab¡orbecl Ln the flll,lng gaa evcn at

the lowect fllLi.ng prtsñurgE ucedl (about 5 nnr for ryteno)

and rhen the redlfation ¡trLker tbe lLnd!.or ct ¿ large angle

of lnoldlËnoc ¡o that the path length through the gel La

onLy about I onr



158

Cb¿pter 8. Conolualon

The rorlc d.eeorLbedl ln thLs theatg hac bcen direotodl

torardls oarrXrlng out d.eterrl,natåons of noleoul.ar o:qygcn

clen¡Lti.es Ln the upper atnocphcre by the neaeurcuent of

the aboorptlon of goLar ultra-vl.olat r¿dlLatloa¡

InvertLgat j.on¡ havo al¡o been naila rtth the sLu of, luprovt ng

the teqhnLqu€s uredl. 1n the¡e tseasursnents.

It tc ap¡arent fron ths ilLcous¡lon of the varfour

teehnf.quer ln $2.5 that the usc of lon ohanbcrs to uoasura

thc absorptlon of ultra-vlolet r¿dllatton prorldle¡ thc

øln¡llect antl nost aoqurato nethodl, of dlotErntnlng nolsoular

olygen dlcacltlec ln th¿ rsnge 70 to 170 kn. Tha lon

ohanbsra oon¡tn¡stedl for ur6 tn tho prorcnt rork bave provcü

Ír11 ¡uLtect to uae Ln rooketg auoh as the HAÐ rhore thc
cxperf,nental oonelltlons (e.6. aooeLsrat!.on, vtbratlon Êadl

atroalynt¡tlc heatlng) åre roycror lhe rffsots on thc
gbanber¡ of ohanger Ln tenporaturc h¿ve boen neasurcdl.

rhera 1¡ some ohange ln the ll¡¡ltr of the rpeotnal, rorpogül¡

partloular}y the lower oû€¡ enð a largo ohaage ln the gae

gsln aharaqterlgtio of ohanberc fl1led. to a prccsurô

ncan tho satufatsdl vapour pr.slurô of thc flill.nS grlo ¡t
hao bcon thoru that rlth tho exocption of, chanber¡

havl.ag a f,1L11n9 of oarboa åLrulphfilr al.l tht
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ohanbers Lnvsstlgateil Ln the prc¡ant ¡rork aro u¡¿ffeoted, by

Gxlro¡urr to ultra*rrLolet rs,d[l.atlon of rolar l,ntsnalty for
the perLodl of, a roeket fllght.

lhe preoent resulto appear to Fe the uoat *oouratt 1or

latltud¡ oxygen dlonsltLes çhi.oh have been obtalnedl,¡ anct in
fect they aro ths only suoh treaoursneats shtoh havs bocn

roportoil for tbe Southern lcnl,apherr. ft rouldl. ba dt¡¡l.rablc

not only to oarrTr out the aearurenent¡ uøi.ng tyuen-c

dlotrotorc at var:loua roototrs of the year co aa to dlcternilno

tho oxtcnt of ¡oesonal verLctlonø, but al¡o to extondl thc

neaauretsent¡ to håghor ¡ltltuttaa uet ng the cappblre-rylanE

andl quart!*trl.rtbyl anlne oh¿nbera oerrLedl ln r rooket rhLoh

¡eaoheit a¡r altltuiLa of *bout 't50 k¡¡ (rcc pp. 89190). fn

th5.s wey thc oxytsn dlcnELty oouldl bo dÌctoralne{l ovcr the

dlisaoolatlon reglon (fOO to 1!0 kn) rhero¡ os lLlustratedL ln
FLgurc 't !, there l. s attll itleegre cnont by a¡ nuoh ¡a et¡

ordler of na6ni.tude botreea dllfferent experlaentel rssultcr
A Long Tour roaket w¿E iln¡trunrntedt to oarry out thero

nêarurenants ar¡d. ff.redl, but orLng to a f,¿uLt ln thc tclo-
uetry rcndl¡r the cignÈls from tbe rooket r6rt Logt ro that
no ultr¿-vl.olet ne&su?Gnento üerc obtalnod,¡ å photograpb

of ths hcadl. for the Long Ton Ls abovn Ln Flgur¡ 6â. lrtne

The lreng lsu Ls a tro-rtag¡ solld f,uel roskot ilavolopeil by
ths slleht FroJeets oroup, Ifeapons Re¡eeroh Ettabllahnent.
It l.s 9 i.a. Ln d.l,an a¡rdl reaoher ¿n ¿ltltudlo of 150 tn.

.



Ftgurr 62. Photogreph of the head!. for tho Loag fol
rooket.
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of tbe lsrt ohanbers lLstecl Ln lable 6 i.nolutllng thc

llthl,un fl.uprirte-nft¡:le oxlilc, aopphl.ro-ry16n3 *ndt quanttr-

trtethyt anLne onê! rGrG Eounteð i.n the rsoket. VLth

tbcce dtotectors Lt rouldl be possiblc not only to dlcterniac

oxygon d.enaLtleg ln the range 70 to 150 ku but al¡o to

ueêsure the ¿bpolutc so¡.ar flu¡Or ln a nunber of ravelength

banrtr batrecn iOOO anè l7OOl. Sonc of thc l,on ohanbcr¡

o¡n be seen at tha bagc of, the hea{t !n Fl.gurc 62. the

qariug bas bcsn rcnorsil fron the cectlon abOve the dl.cteetor

rlng to crrpooe the lon qhanber anpl.lflerc anil oall'bretloa

oLroult¡. Above the aerlal oonp*rtnent J.s the telcurtry

800110n.

fhe lnvectlgeti.on of aingLc-elestron puloo õtrrgot¡Pa ln

a proportlon¿l oounter haa Lnclloated tbat for the f11L1ng

garo! and procsr¡rct r.lreü, the rslatlve Ycrlagoc of the

rll,at¡!'Lbutlon ras not Lesc than O.'17 ancl Ln sonc oaücs rat

oonpLdtsrabLy ¡Bore orÍng to tho effcsts gf aooonclary

evalonohes rhloh sppearocl to Eone oxtant on all the opeotrar

fhese Valuet arc gouerhat greator than thc valuo of 0.67

whloh bar prevloualy Þeon sug8oetedt' (Curran et ¿1. f 9lr9).
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åPPBNDTT

--
8¡ülÅ,c,åtl&åt.

lhc fol,l,orLng pèporr h.ave born rrlttcn on tho

rork å.orcrlbrit Ln tblr tt¡r¡lrr

JrBr 0arvlr¡ Pr Httobrl.l¡ ErIr. llurrny ¿ndl 116. Huat¡
196[r illoleoular 0qrßrn Drn¡ity andt Lylra-c
Åbrorptlon Ln thc llpper Ateoapbcrctr J. Ocophyrr
Roro r Éår t75r.

í,ff. Carvcr ¡nô P. Íltohrllr t964r itronir¡tl,on ûhanberr
f,or tbe Ysouul Eltra-TLgl,etrr t. $o!.cntr Ïaatrun.¡
&l'' 555'^

J.Hr Certtn¡ Pr [ltqh¡ll,r E.ü. llurra¡r endl E¡ Rofc¡iloX,esrùar Oqygrn Drnalty enil tltr¡-Vtrolet
Abaorptton l,u thr Southcrn Ho¡Llphertr, to br
Bubl,l,ahc¡l 1966r S¡raoc La¡ceroh 6"
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