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INMhODCT ION

Gz- twrl~n W Awfl@ XI was hourched an 16 July 1969 and
CPL eahn cm A6Julynfh.re seo.I mislan thm.of 195.3 hoem. Msneilleedfler
MLý tho Ca msto Apollo Xl were equipped wish a varlety of nedhton dosfm,-

ezv z w~riny meson s.oshot Ay wdoul epopod for all conthimgnci~s end could
c~-yz~s, ? any tbm, 1fleflot reedkn of -a oduski dn end depth doessmous es
wcl ,~z cunwW dunm (1). In m ""dd 010n #AM eciVe doolmct.,s, gi eitroautu
otnLPL, in axmin 6I-self nm %RWdwear VfUU A i de n he thlsh, dw n6ki* Pont"e-, g~ r: "-flI,.N uly* f d fali. volosio .1...mpout. 7*w These vd ePocks
ec2~ ~wraloei OWd fwdw R1 im bodie esumlslome *molusmnssowa motedbel Iemsn
Cabednt etotf w$ tOf # "most ii. nucler *=WON an mof Uft

xIybwuAA pauwoiwnII ofm aell agg plows wbbh have
.itzcA w~ eft " o eOmmut'o bndy to doe location of do pock. The MoIMING rePt Is

ggJ~to fl fk..~ f~,,ived ,k owii.,w an pmessifl0 FOGUImuts Of ** micro-
so;, wAvdlag which had bowh eoowmhtsd when die ssntnln effbrt ha to b

&C'L-Als .1ii 4kmo Apol X11.

Aa$~h ffm do amdwtub minte mentioned ebiw, lb. pecks cmbkodW
vw*L, ou1noo of Ibd 0.5fmik ofulu .25a e M ecd nOmuuoi iblhmu and

K.2 caublm of MO .1cm, MOM~Y %lMMI Kedik ' dmb.wap n Rim hip
oml,'we wdh IsIP-Vskm psumi mouth =M~rfem ewmuh . As w~hm #k

nwlcz euuhhm of earler "Moili gulpgo, #wee dMgwwt typos of dwt Wav oeeb-
* l~c~In asopuats -mow-Ig nom. The. we. tuck eOw Spi emunS, in 0.5 mm K.2

OME'N psoto emudirW Ms= useM eIMb IM K. 2*eMhkfltru en hasvY RMeda

couna En 0.5 .uae #9Wnft. Aog oa&do i~.n #am ofobAs dots eu mueshmi OW JI-

6q~z,' p~art of dime feoul minimn due SOquheAMI *mAn It does ane ahdr M mW r-Imu
oatIw- m onf lowv bmllrton. * hIs book ANOMwa 118s100 uIirily eIPPOmIII
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ico~ c$ dwe fis* I~ minion Apollo Villm Aso ibd Is s prnoAVnw ust OP). As e
c*=,sejMe of lb. gresftr Iqzuwtnce of pastic .dbtlomn su oepuqies mbgft,.
00e z canwtbutlon froe sclied dlsueMoo Ion sem islamed mInty by lghIO msrp
vivenoZ puotoe and neutrons In "h body tkmees imemesvas likwise emeus *e.We

dmaý= Mo&a~rct for lb. ftV thee. Aid ougm doh Owe camm*$ ean 00140811 MOMbe wih
1,) c. ian eOd recoil c*omblu it mooit be ouw sqiplespro to MOMsidr O~ .w dt

fo&uflb met In ediktion took do e Sh o mwMnlhu ftnes 904 imntsnd oe



DOV CCGTRIBUTION FROM TRAPMED PROTONS

A rzler portion of the otroqnute' raldation expoaar on a lunar miilon Is due to
tr-J Pmtom encountered In two pmss througi the radiation belt. The fl0x density of

is hi&.00 In a Compamtively narrow M9glo of the so-celled Inner belt ebout Ahe
•:•y•!'Ic eqvuator. It d"op steeply toward hMowr ltiltudes. Therfome, the radiation
IvaL arc4n.torod on trnslunor and trons-Eorth Injection sensitively depend an the
rcrfl,1cýr (nC.Grtfc tro'loctorles of a mIssion. Sine th. planes of the geonwgmtic
-,: end tha Mown's oit about *ho Earth *sow a coontlu ly toryino angle of

Inc iLkn•, f1ho trojectmiks in question var from mminlon to mission dopwelnd on tho
p Ioij tr englo of Inclimtlon at th+ time of pams . he indleated coMditios owmro
ac otnlly bvomble on both pssage of t* Apollo XI mission, yet rather unfevomble
Gn t,;4,-Eoth Injlection on Apollo XlI.

Floum I* dhows "e " • otlc trlectorles through the Irhr rmldtlon bolt for
th•o ral=t Apollo Xi end XII. The coordinate system Is so-colled , L space In
vsic; Vito pe tic equato appears s a hperbola aend oil lo.-itdiam aoeywotrloo,
vwhk ilie auognratic field of the Earth shows In Veerlpic coordinates, dhuppear. It Is

€• i= Figure I that th" return tlaectory of Apollo XII pImed very closely to the
ce~nc'? of ;ie Inner bklt wIth flux dortlet In mesea of 4,000 proona/cma M, whmer."
on A>,Ilo XI " outplongq tectory come elmst to the center yet 0till 6ulwd only
brtzfiy "e 500 protoo/int asc Isofiu line. In teorn of Earth-Moon dIstance, the hih
rudlcln area of the tnewr belt Is still In very close vicinity of the Iarth. Thoeefore,
t zo v:J•lclc travels at peotlcally full escape orr ment"y velocity as It poes tIweus.
Thc rerurastnce In connection with the heavy lwteot dhlelding of the Apollo vsohWe
k.p3 Va radiation eure from tmrppd protons one sorprsingly low level.

As mentioned before, the details of the eovluation of the proto dose from trck
and Cln counts In G.5ond ender counts in K.2hovw been decrlbed In reports on
earlior mislons. The reader is especially rfenad to the report on the Apollo Vii
n azic (6). ] in the preent report on Apollo XI, we limit ourselves to a pmemmetle o'"
s o fifMI results. For resMo of tlmw economy, only one peck (•V•N 135, Commander,
An lb) was subjected too full track end oain count of the 0.5 end K.2 eeow oon ,vots.

Tabi I pPewts the dto olremady epeowd In LET ehoe. A total of 1957 hocke in e
G.5 cmd 2034 tracks In the K.2 m Ilsldn were goin cmruted end their repectie leWON
do iln•rd. Anore oa 7.2 mmiof the K.2 ewulslon in "he centerof the film theet we
sworv.d for proton enders.

The dlfferential flux In high LET classes saows major local veriatlors reflecting
varklwon of tho local ihield distribution. At the us.s time, grain couotlt In tOee LET

*In odlr not to break tAo continuity of the text all tables and Illustratlon apoear at
tOle on'd.
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cL,:a- la 1CM cumft bzcuso of Grin crowding which rnokes Itself felt even In "h K,.2
fr (%ý 0h. - LET clz= Thre the LET ckosms beglnn.Ing with 9.60 key/

rm!C~'ý,j w.on ivaluagod by evablishing th. grand total track length for thvess ces
crA r~lailutlnq the total Into Individuai clausm according to a curve of miooth fit with

elio roi. coun~t as occko point at the upper end of the LET scale. Th Is Is the reasn
wyLý Table I onily t" total flux for the &even highest LET classes Is shown since only

this C--;. Is ýam-d diretly on the raw scores.

DzawnIn~ the flur, densities, in the high LET clamss as accurately asn possible
of al I I r a beumw tes * claom contribute most heavily to the fttl I 41M
M~z: ~r, iey fumLnthe" dmc frntetW to which QF values of 3.0 end larver Would

kaVý_ fj ba acsVCd if absorbed does are to be corrooted to do"e euivalens. The
t~~I~ u ~ &o further.dences th weight of this partkular fraction of the total

hemry. thh weligh etol yIsIn termsof absorbed damIswell de fmon trtd
In Nký)ý 2 whileh shos the do to of 74e148e Iin two histo8100 the lower one "etInIna
iCoýz dans~tIo cnd the u~pe one to te CoresonIng ahbecrW dosec In mlillired. Con-

tý, dja pmtesatolon in 1able 1,, e OF limit of 2.0 was selected In FlI~re Z thus
gra o Uit h '.shooi LET c lawasoan lumped together into one bar. It shou ld be obvlam e tha
simlry opplying a moan OF to "h bulk does of the right-lhand bar would int Codse

=-gnof Uet~ilty Into th O MM of the dogs equIvalent. The OF values
ll~ ";I ~Colu=n 5of Table I cagpw to *hemeen LET V8600 Ofthe ClGNllmftthln

Cc~ I aend 2 end have been "IblMM" fecoding9 to de rOGOwmmndations In NMbI-
=tcjtzz 9 of beo gnferwitioml Coommialost of Radiologieal FNeotetion (ICRP) 0). Below
Calur-- 4 and 6 In Table I the qnnd totals,, 13D.7 ml~li.dend wW22D.0 millirem, rasp-
tivay,0 aro Useud. Although it has been ustetlaonee In oil earlier r"0ots #it hould be
exprdy rmnfkvW sp gin that +AeM d101106 Which We loosely call proto dases, ectually
contoie small undetermined friction five alha particls 01d a s0ill Smeller fraction
fnwn~ lcv.-Z heavy nuclei.

At mr*Ioned hofore, the -- -PMWprd co*Glts Onalysis Of the pWOtO dose
portoua to the G.5 and K.2eamnulilon of only one pock. For the etight o00e pock$
.fcrj by #We ewuhr;mt and (wr the extia pock carried In the film beog, only eeders

and eozu caunt wer. donse. The end.., r-ounts varied ftom a Woe*t value of 33 ende ra/
miS in 2DO-mlcrn K.2 esmlsion to a highes of 42/umol. Since the ederas count 16
rapwz,--rjt"v of th. flux friction of loods peetration, It shows SubstntlOlly lafrge
vwlmrlý-n than the total flux. 711#0116M# the total proto dues at the eight lo: Itions
ffufa kayoe varied IM *oan the *erdeu counts. The endeu count In the a. e4in of
Nch ýA'J T35', which Was mibleCtWr #0 the complete track and grain count am lysis just

wo 40 .0 ersdoffilwn INormalize to a thlcknbss of 200 milcron of untprocessd

Dog! CO)NTRIBUTION FROM TISSUE DISINTEGRATION STARS

As magooioned before, the dose from thopped ptotone on Apollo Xl was excetWi**-
ally k&: Gu to near-optimum trilectory pasumeters In both posges thicuh the Inner
,cdioatoic belt. This means that all oter cOntributions to the Mission "os oam enhaed
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Romu~ 3 dtamv the "~ el Tub! 11 in a mmilog plot. The chenachtOergc dIv-
cv~mufty In "h slop. et pos" numbew 7 Is clearly sume. The broken line indicates t

ID~t-llae extso~ ofL dso SIWIom posy cmam m It would hold withmut the
caz&fln M*ng@~ca tr below prosynumber 7. The diftresnceof thedu e po~-
fv-~ eM dw4 =~tuelly observed kntWegmi ectiuMe hen, smust rePsOem OWe ftor co~trbu-

t*fk= "~ Geai .otrk of th eomuhios. Thi cantrIbution Is diown apamntuly In
a~i3.

A qm~cll pme In the mluotio Of he energy deposited bY dOrs Is Posd LY
2.w, far. MWW *y 2. o m anoee diffoiclt to Identify In *mi scan end will bo

es Ov~fnvy. preft. endur diowlr4mee restmitering, hIn other words,
!.lr orto~y conribtioknbisolrdyeccourdmt falor ro lyin dieunder. do.. OHlWr2-

fsV-vCt will u~ s VrCuNm dous, "heome will be eccounWu for In *ae gneral
,;iz dma. 1# ks in, ten,, dot inekulo of the 2-prongsh t.s. ebseined by dif-

ter1v mlvatioln of Owe pmos £pecfwm In doe dom oonftdbiaon ftm tie a Oafs
v~ld kad to dmube, mcawjhy fohe ahIv fcteton of them. Acoeptisy a siIht wfdsr-
ý c-, of do. totlgNO digwulian em " h se *meo, we hwe dim ep ded- lin omm-
&t ho d= conributin trcm dlame us, the 2-W sone as. ltogete.

A,, my cakulet4ni 16~ Owe valm of 3.95w thewseen prowg nmbe? pQr
cz fj oi al platk ~ssm with due osmrn 010, fro V te deo &ain Tabl 11. Wei vokia

c3 ebet 6 per cent large *ham O valtm of 3.7 vhlch Yaedm reofts fhe hiS m e.~$m
C4n wifA tulle.... ini view of "h diferen pIc6cf qacttn at balloon elftitud end

Ej dee~p excOa ." esuinnt mat be coa ldhIme -esY athhscomy. Applyky #ae valve-
C',fjb callrl for the mm %sW'O OWi O~w per p a q to "h pmV papulation

c ~in ams In Tubl U end Itmmmmburlm dot the plotin melI OccuPlee VerY iwAOY
Cz, If di. ftotl vham, of umproved emuhlerivo, weesri et does of 15 m~llud or %4
Q111mllr walhmieitsie It amen hOt die iehenOmm o1'ne

da""minimn kIdee conhtbute dpilicm~y to doe toftl wmian. dome

bal..d~s~d rtl I, euros es ensuedIn diunteputloum e Sie*"~c
cdutum Oslvee do rat Umuie, their PBAtS41 do t oppeur 0 visble PNOy In sucke

emalehn. QuIte, gnmnsilyp Owe smeobwi ofeeryiaipson Aw neumswI lcom-
pistely dUerm* fma 66e One for 0huge ft a s~tie. hu~tiy e"it kinetc energy In
obitlc collison MainY to hWYdMSM NOclein tho d bmorbloW vmedium,# bA nevtmsi
cmiltted from mste gmAIduly lsw down until theyOft WInalY cePturo hit nuclea fcthf'u

As Coesqu ,ce autemw dift-fot to# Mdic puter distense fiam #ws cent of Owe
dil oun n *Mmes fhey haeow 009nutwl. Theahfor, th ener of neutosm fromi 0 sar

CMMW be coiwloerd as diulp4to looally. Ond It woul he esroeou to amd dWiewenr"
ea "hu fiam die dwgrtuned prFosm d OW ph 40otole. in omhsk di locel oaer dmse.
4At any locationi In on emusahlon layer Owe 1000l neutmo "M densty reflecte on equllibrim
cme wilh a subdosithl fmetIon of the flux or$IIhulng In OWv events 4lll1ae" Of even
c,?s-mimfte wfmy In the moterimlo murfounlikV "h esulSIon

The, emme qiectr of nmutros erIgluutlui In nuclesar Inteerati.. of vulectic
pywnrles3 es well em thtm degaMdlon of theme spettreI hisatte hey. been esihn"*1y
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Invz;?Icu~c i, cM It l wl cabtIhd that the. hulk of thes local equillbrium flux centers
IZnIlY 0,1 G 0,=rrla eftoy WOMrvI OWVund 1 MOy. In tImie 10 PeRtlur, fIt neutrci
In tho ancro' toglan nbvut I AMe disuipote their erwergy rminly through recoil protons
vvhtcFh they p~euce In oion~c collisions with hydirogen eta.. In thmi. wTliawequivo-
frt~" reoil ,ý,-cna ailso originate, In the gelatin matrix of emulsion and appear under the
cilcro~cep c3 sheetm~c4k. Since the counting of "mee tnckso 0lthough uomewhat time
czriumirvj, bi b=lcal ly a simple technique of measuring flux density and'absodbed dose
fr=c4 bst rcu~rons, constderbleoeffert" have been devote by am ny lwet%~,t 1 to rd
cz~zidltrlj cna cmiIrlcol constant Hrlnin "h track count to th ebora dose (14). For
eao 33-~r, NTA ornu~lson of Eastman Kodok N~eutron Monitoring film, thia constant is
18 lljeoil trc;,,k Por cm 2 emulsion arm* for an expmosr of 0. 1 mIllIrad fro#' fast neutrmon

in memit r utYownts with nuclear emjulas ionn space,, complicatiwon arine d"
totofect fi-3t rjmterus traks from tMAppd Protons In the radiation belt ean super-
ic n C'J noutrofl recoil proton track$. There Is ho immetdiate crlite~an Oelailble

L-V which ich twvo kindis of tracks could be diuuinguished. Merely *bse Ploto tucks that
c~jlonateonJ end In the emulsion, s-ilegd guspended tucks, con be mfely ex~cluded
cz baeno fm., trapped particles. Protons ending In the eftlsion Yet eftering from thes Out'
ej cam,01~ Lo clat3iftod with certainty as to their origin. However, since, th mutton

en-s p- -n contoM heavily on 1 Mov,, recoil protons with Inittal eneries excee11n1
C,,~, Mav c,:o quite rare . ThereOW8, endes" eaerine the elson froqt. usdewt

I~I~o c~,I.e.', endeos of. s ufficient length, can ohfly be excluded as neutron

In 7~2 rof cMennd emulsilon aOno of the 100-micron K. 2 In Nick S/N 1351
50~zc i-mcks war counted.- Applyinhgh jusi-quote empirical conslont to this

ccunt, we c:?ivo at on absored 409Of 1. 2 mllirad cornesondbng to a do., equivlent
of 12 millirc:! fom fast neutrons. This value mi40 be slightly law because the effi-
ciency in rcý-*n~iuino shor tracks begins to drop, below 100 Per cent f`10m about 0.5 May
8cm.n to lom2? ene s because of the backgrpn of terminating electrons end othr
t=Il grain eacilts In the 6fmulions. We therefor Would prefer to cell th. quoted
vzohjeo ewjr es ra ther than pecise figures. However, we feel that they underestimate
ths dame con~ributlon From lost neutron by Mw~h low thAn a factor of 2 and dispce the
oSwjR vnivati metl s mode tht neutrons erpa. maor factor in the astrneuts' radiation

DOSE CONTRIBUTION FROM MEAWY RKJLEI

Tha oreater imPortanc 0(ojaekctic radiation for "h ostroe h' isdiation atpo-
curte on a &op-epce mission was shown In th. preceding section %*At* the dose contri-
lbitlon frm Jislntegmation aegiin tiuemiewsoanalyzed. Ii becomsall th mar.obvious
whe~n ive Inv,,;tIgat0 the flux densities of heav y iortlces, or "high ZEWIpatcles" 08 theY
now ore, coHlbd. The different rMagitud of the heavy flux In deep space become0
g~rikingly co,,pront when the heavy nuclei counts of the oatwndard near-farth orbital
mictjion Apollo viI were compred with those of the first lunar mission Apollo VIII. An
earlioi repoO (7) doals exclusivelY with lhee. findings. It gONe a detale'd desription



C-101, L'=YJZýý czv~ d GMdI& u=-A theo fluu data and "h problarm of their doinwtrik
StSc' ý1r we have qo-pleod, In scanning the Apollo XI emulons for high

22 Pr11CL-., eho caw mthod and used the some reforence standards for Z detrerlmtlon,
010 =tar tL rafnd to thio ealier occount with regard to all details of the evoalation

FiC,; 43 4 10 dho€w mtcrae p•so of typical high ZE particle tacks In the
cmuf flz= on Apol Xi. They am selcted in on attempt to convey an Idee d the
ft %vjz of :t:Cl which hide under "h common name high ZE porticles. Figure
4 e= a Ic,-pvar field with Atmhee vy particles In close vicinity. Their Z mumbers
c•o eml.2 a 8, 10, and 18. The reader who would went to vlwollze them three
wlcal tvc-e.Arg cellular timo InVed of nucloar emulsion Is reminded that the sopping

,:•o•r of ec Ic is mughly twice that of tllase. In oew word, all linear dlstune,
r,,d In 0- eU m •uld. micr would be twice as long In tismie. Figure 5 awse
cri• flm wl threa h•evy particles clenly together, taken at higher power then
FI~iro 4. 1a: Z rwnbars are es diated a 10, 12, and 16. Figure 6 *ows a single
Ihmvy ufi• with en esIti.ted Z number d 22. Flgure 7 twws the heaviest tack
r=i& nilmla Apollo X4 einled Z number It to 30. Figure 8 Showse track
v- h to em-!Won at a eer eangl. Accordingly, the tack Is In dwr
f.eua only Cc ebout c•-faurth to one-fifth of Its fu length. The projective shortening
of cp arc] 3 tmcfw oes them appear heevier than they would et a flat snliob. Teking
O~m donI1,;k, I "I com:14mation, we esaimate the Z nuiber at 22 to 26.

F 41y, Fi 9and 10 dtow an ender or "lhindon,# I.e., the track of.
ramlol, caras, to rpt In she emulsion. The coherent tferwmial section the track
ham b n L nt fnor peris. The track begins at e upper right-hand corner In
FIIre0. vi• l•r, antco.wction to e dacent upper comer to the left. Whereas
tho trmlm Iv ftrn 4 to 8 ro ell from G.5 wmulsions, the ender In Figures 9 wnd 10
v= found I1 •i.2 oeImis . The much lower sensitivity of doe K. 2 Is eesily oseolized
by coqi=rijrj g gr•• l back•mW irn the mictem"dss. Because of this lower mel-
tivity, *l.o v:, of the solid slver core and t* delta aum appear also much wailer
t'=i O y wC Ild In G. 5. The 2 of the ender Is estInmoted at 22.

Talb III chws t remult of the heavy counts. Actual awns weo carrled out
only forw dt 'Jht Z clan €cowr the Intervol from Z 22 to 30. The fluxes In the
thire lower ci were eastablidd theoretically using values for the relotie 2 abun-
danta rpc,*-€d In the literature. Des squwivalits were computed by applying QF
voues accordng to the r"Mmntlom of the KCP. In eMbltina the dose contrl-
butios it wz that all partlcles are ofhhigh enery mavellinge|t neor-retlvilic
qxm. In e•ar words, minimum LET whikes used wvre obained by multiplying the
minimum MET of protons by Z2. This method undeortees the Wree eXOs because a
certain fouctton of she heavy flux Ia mode up of particlee of lower energie& foe %hich the
LET would bk larger than Z tims the proton mlinium.

L cnMvO particles pm a new problem on deep-space mlssions which did rn
exist Wr - 1-7rth orbital minions of low Inclination. Outside the magnetophere In

7



IWO ih g;0,ac tIc spectrum Is OifrN~ lAmn Owe Movsed pectvmi In nser-iloe
of bmt p=,-ai;tk aistludes. A*v Influence of the@ sg -.91 fleld Is empolulne In

Zpre 1 1. D dn iOw, h diffmreekls eneuwy qectr tor 6o Z at 2D @monp at solar mlnIvmm
and somiwjm. Available Jok In the Illtmture an the effects of 5.1.. msdIetlaon the
IQw-oPflwr watbon of the Solectic Vacrwum *tow onm diftrpem155. 11M 4MIN11 le
Figm I1 rtepoent a composdn hoween Ohe data of Webbe (15) end theM of bhusbth-
=aye and cv-euthor (16). Om a ner-huh otbifel mkule of131.50 9 geegahlc
lrvcilre~Ion,r tOe 08eoawgeic Imlndutloe esciflata betwee SO nd 43 because ths
moneloled geom~menl cmeirs Inclined 11.50 toward sach ooher. Aso ooquenceu

Ohe Wonagnot cut-off enefgy oeom omtIliates, llmitlog do ollwed qmetwuoo reaching
Owh vehicle the *41 mdsd .tlusow" heFOIgUre.

Sico *9Apol.lo XI seluson wes; flmn very nearly atml"t MiuMO, we eoe-
eerwati no~w on thot cwwem In Fp Ipa I #1 aedsa Ing It at b lerge scle In FIgure 12.
QMItade the iagneompher.i, *ther Is no out-ONf effet end As0 vehile empnsouuualtewsA
fAlOoloctmnii. Low-enrma particles now have fte Scow. As aoaqen, .
Itef 00 tOW68S will reach One end of *aeir hluetlson int" wihiln 1he suwaskms of

"th body t~zmso +hmlws. SiOne A attenuation s-eohueh-eI of he"any nulei In matte
is well w sodthe fsestion of A.dnid raemiN.m whkih ean eswape aclear col11101n
and each *k "uetul *edof It~to rqscan he amwe t1hosettall~-1y whn h Incident
Onerw pectiumuIs known. The dede ervoln Flgue'12 mP8eesfhs bthi fex

Two C'W M tm ow the echvmi of the ends. &wust ea 01 laah leaatma. FIRWlyO
the upecu'm Ig eggWSeotly ootelda end below A.e lwedsot ewef nrg fore sa 080d
noor-Eouti webt. That urea. this type of1 heavy particle0 wit eN eftmMlY hlfh LET
vgai In, the gWpee k owemntlilly excluded fice naa4afhorbiAl OM0lMSAin This
conchaon to confirmed by our obouenato. We 00 heavy nucli 5.I Nd or 1hAhidawu
in" th ewkcio only on hurur minimo. SiacndlA ns w euiue ny

of doe qnjas flux and Ohe total flux In igRpm 12. This .emluslen is ael oaemfmad by
our olserwwallon. Awa onth total populetin cf heavy tweaks la on semidon fism 0
hueor m~aslo, we me only very few endew. In fact, the Percentag Of sW&er !s eSve
uwci e m ~eqml9'ta could be expected hem. the 19111~v esa~ hIn Flywe 12. T%19 find-
Ing indice3 th" the inheent heavy jkduVldi of the A4.11 vehIcle effowdi Wubstatl
protection fiz-A this partliculry U NdesMble section Of the heavy Wsctm".

WL-biohogically, due significance Of As hl~h Z 2!fkk 00rt10"e eones cm
frocttonsl fkuu with very high LET values. From what has Just been dbnumed, thisl
fiectionel MgiwIs bound to deedsensitively on Ase loal dvi. I distributlon In a
similar fadion, =s this Is the cern for the endors I"n* the m Of -ee pitee INI - P161
06 lONg as no clue an available as to the critical LET Val" beyondW which espresein
hegavy-nuclel exposure In milliwad or millilres becomes saMlrie the Imflvens Of
shileldleg cm~not be ouwlymod. So Imr,, all 6e1t1Wts toprpeloe new deslmsttl units for
#"k.oeo exposure hve" been Inedsqueft. ONS could "NIeU1111 tha sWO l"ewnetr
In such a now, doslmnetric concept Will be the ifeuny of discret events Par Unmt tflea

Voluoee. Since* 99. nuleer emulions flown On dae-Vace miNWos a.. WeMW*en Meo~r*



dofll hl&' 22 pavftclos, d,.y wINle Is 41~mlv aemly toe 0 euSWOW of *i.
co ms caditie, m~expow at any tims in Ow folsum when a 4ominawkwilt will he

Ao appeAd fimi "~d 6f oadler up 11w grmi toftl misian doss for
Apilo X(1, dms cankitutlan has to he uentlomwd low Whichi moly a0s* utf*~ Om
hbeud tOzb iw- geaW .maISIM. We oen onm dms fwor electruns OWd mailam Pa
w~. WAi~ we know very well doe dansostrikc retop - a of doe varkmousem.isbon

ty wtamw~ as well as ardluwy, In Ave mitairlo puckts to Cobalt 60,, padlm puin#
WEd X-mrq, -*e saprluse fmal ine Owck astembml"ouwfl n lp ae pwvat any

dedwc evAhietimi of #we doss coifbutlen In quselon. lSuh eekiatim would
aim emeuter pisgialpe Aesetesm hesaw~s of doe preetly diffemat energ ~spect of
elketome .wd po tys in ils.. The wily ohm. available h *aet *aw ,vwhs of
w~vumm ho..vy hicsvk h udile tew nlrt siscmion padee.a In G.5 end. wlfk a thinnot

pmemm In K.2 ammahsu I, to Apilo Me, bi te Nomm emubbeo dtowfe about twlee
as larg me~r the dw u4mrl owv*k~. WUe would Indicate thato sthe mawo from
elamtuom mm have been smml eelseta nuiei 0mlhdn 11m

As oll sounme of acpaw.p haive now boen dlsoumd, we peant 10 Table IV the
winsrY of all ooa wtlktmw sewd the wend htol mOmw" dms "alelf witAuut k we cown

Rest Avriiisb~p Coov
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ThAs I

Ewal~t1ti of Abssebsd Ding9 Dan iquikwis Pu.. Tush, 0651 mW
Endom Cnue i 0 G.5 end K. 2 EmIel of hek N 105

"but, Aised Dm

UEI-•imggWl noPmt, Dm*. ,woke Ilk" ,~hV QF
Lk~vmccn Ir _Iv/omluu T Pfu/ie aftNoof OPmli

0.3 0.V W,.300 n.7 1.0 3.7
0.X 0.35 215073 11.8 1.0 11.8
0.35 0.43 16W, w '1.4 1.0 11.4
0.43 0.52 91,09 7.75 1.0 7.75

0.52 0.615 g,0 6.43 1.0 6.43
0.615 0.715 65,m 7.77 1.0 7.77
0.715 0.84 41,00 S.71 1.0 5.71
0.84 1.15 981,30 14.4 1.0 14.4

1.15 1.67 40,10 1.0 1.0 .0
1.67 2.52 lot 7.47 1.0 7.47
2.2 4.00 14,740 8.49 1.0 8.49
4.00 7.70 14,0 13.0 1.6 30.8

7.70 9.80 7,480 11.6 L5 V.4

9.60 1.2 3.
1.2 19.3 4.0
19.3 36.3 5.3

36.3 37.9 7.33
37.9 47.5 9.4
47.5 60.6 11.0
60.6 85.0. I.

TONI 13.7 tool 23.0
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? ~~ dm ChWf ain MA" o

390 13"55
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Table III

Heovy ,jclol Exposrt on Apollo XI

Flux, Abobed Dow, Doe Ir,1vmlent,
ZNul..Icm t  mII.d WlOW &
69 465 0.81 2.0

10-12 515 2.2 11.0

13-21 64 0.76 7.6

22-30 76 1.56 25.0

Misslon doe 5.33 45.6

Minion dlu:-Jkw 8. 14 &ry

I
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robe.s IV

Mimlofl Dons and inC~mpomirttuon ApolloXI

AbeR bad Do"s, Does Equ1v.I~ntr

CapM-7tmiltisod mt11lrsm

P(lc 1502D

sf15 9A

NOt Imul7M .1

Hu~vyu d.I 5 46

Elect3omand gwmnm em.30 3

Total D1 402

Is
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