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SUMMARY

- This revport describes -;;voi'k pefformed ‘t-)y;the Life Sciences Division of

Technoiogy incorporate'd to further stu'dy and updersfaﬁd f};e méchanism of the
ligflt flash phenorhe’ho_n observed by a.s.frohauts dur.in.'g- space flight, | 'i‘he effort
reported was cor;ducbt_ed urvxvderv Contract NAS‘ -9‘-‘1 2081 fo_r the Ma-nné,d'_Spacecraft v
.Center of the Natiénal Aeronautics ‘and S;;")ace‘ Adfninis,tr_étion,dg;‘_iﬁg tbe period .

1 July 1971 -1 February 1973,
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1L 'INT‘RODUC‘TIO‘I;I
. Alth'ough afteﬁtibn has b_.e_:ah".facu:sed on th'e’._l'ig'hf_: flash ph‘enqmvevnon-as a
v' fesult_ of‘earl.).rv. and all .‘sabs“e'qu'en.t Aéoﬁo flxghts, '_th‘e poteﬁiial 'ekistence |
" r_o.f fhe ‘p.robulem- waé reVlcdgai'zéd over »t»went:y‘i y_c{aré ago.by Prrovfé‘sso,r_-
o Cofaelius A. ‘vTo‘bias;‘af_ theUnlverSLty of_.,Ca‘rl.i‘fornia at Berkeley. As a
result of stu.d‘ie.st on the ;adiatioa hazards a'évsacia;ed with manﬁed, s‘pace,'
‘fug}it,-’"r‘obia; hyp'o.tﬁésiz'éa;‘that heav'ily_'i'o}xi.é'éa si'ﬁg'le'ii'é‘c'ks’ would appear ' 
as small }ighft_ifias‘hgs”to a :dazfi.c adééﬁ_éd ‘indi‘vi_dt‘xal', (28) Ine appearance of
_l_iglat‘.‘ﬂas.hes: w'a‘s aanfirmed..‘t‘>Y"a;st’1>"or>1aut Aldrin durmg th.a _tranalunax; fl_ight
.of,Af)alio 11. : Aldr in's,‘ aaviigagae.:s.,'VA;{rpstr:o‘.nvg and Collins_," ;eébrted that
y ,theyv'a‘iaok haddetected"streaks“ an'd ”.points:af_ light. " T‘he. cfewé of all |
Subsequent Apouo mlssmns, W1thone exceptmn, have "repiorted sim.ilar

. _.a»,ts'ig_htings",”- bbth'_Wifh the eYés c‘>p‘en‘“and, w1th the ,ejesﬁ élosed.,_'_'

' '»_'Se'vevr'al 'tHeqries .hav.é '_b'éerijad‘van'c'edfto .-explai.n t.h"elight flash phen_oménori; o

There is general ag‘rv_e'émerit that the -phevnor»n’enoh may be attributed to
A ~penetration of the eye by .(;o’s'r_‘nic' part':ic_les' with retinal stimulation occuring
U by one of the two mechanisms, On‘e'-éxp_lanav_tion_ ‘postula;és that Cerenkov

 radiation is ‘:éspoh‘éible.fof the light observed, A éécondﬁebxplanation is

- that fétinal“rre'de_'ptbfsf are stimulated difé_ctly» by cosmic particles, producing -

~~ phosphenes or -Séns'atiohs' of light, either through ionization or. e:x_c;.itation.



- 'Cerenkov radiatien_ feeults from vth_.e motlon of a charged paleti‘c.le throuéh
a trans narent nr'1ediu_rn _'a.t a rate”whieh exee,e;i'e_ the Qelocity of light in that

. ‘medium, The light oheerved 1s frevq‘uent.].y‘atAtxl'ib_ut-e.d te a ‘.’shock waveh

phenomenon and has been theught of as an 0pt1ca1 analog of the sonic |

: .boom (3 ) Fazxo, Jelly and Charman calculated that hxgh energy nuc1e1 :

with a charge g_reater:than or equal to six are capable of producing Cerenkov

rligh‘trwhich« 1s comparable to thatv o'bvse;\_‘rejd. h;’r"ghe.ilgnelie;.cre:v;./r-nefnbers. “
‘The hypothesis v_basr_e'd'on"direet’exc_‘ ita;ien of neuf_al tissue is: certainly a § _-
p‘lauvs_ibl_e/ e:;planatien.f-l’ Fl.e.i.she_rland Pr}iee”.c‘c')nﬁrmec.l»-that cesvndic rays do .
indeed _fr'ails.zer.eei.-the‘Vaet_l;on‘ant's;"he:a‘ds‘_._' ‘ ThlS was .deduc'ed from obeervatiens
ef, COSILh_ifF.,I.'aY trackis 1n the nlaé_tie helmets worn by _Apel}e Vc.:rewmembe‘r 's...,.j o
_vTh.e h.ypot.he's_‘is" of nenr.al'.st‘%rnu-latien.a'esh'rneeithat a'lphav pa.rticles' or other-
‘heavy Vparticies.'_-rea'ct“ with_‘t.he retxnal .n.ervene‘.eYS.tem; | pos.s‘i:blyithe _enter. rod
-,‘segr'nen‘t,. to_ producevxsual sens'atiko‘n.,\ MeMxllan, Chapman and Tob1as
':utlhzed mtlrogentx'o.ns and personal observau‘on‘s to eonclude that accelerated
_ions dd pr_odnc_e_. viS_uaI seneapiOns,» bi_1t only' if'the'y_‘interact, ‘dii'ectly‘\‘avith the
"f_‘_,r.e:tina.t'v,..Each of ghee'e .inve.s:tig:a_.t.ef‘l:'s::'pla_.c.e'cli'.hiie!he'a-d. m the‘. nitregen ion bea.m
and _wis_nes_s_eci_:yno_ vxsual ..senﬁs._at'ion'wh'en' thebeam was ‘directed thr ough eithex"- -
<the‘anteri’o‘r-._eha-r.x‘1he:1:' ofthe :eye (1nc1ud1ng theanterlor pbreione of £i1e reigina |
~and thevu:reous hurnor)or -_thnou'gh:t.he}‘oceipi:tvall"lebe of- th_e_tbvrai'n‘ ‘(.wher.e . E

) v1sua1 51gnals are processed) However, when the beam penetrated the '



éﬁstérior portion 6f the retiﬁg, bright stréaks.-were obseryed.' The

i'mportance of thes"e nitrogen éxperiments is tha_t’they demonstrate -

conciusively that Cer_enkéx/ radiatibﬁ' is ﬂot necessary to explain the flashes;

" since the ions ﬁtiliiéa in the é‘xpe'ri_fnte:nt Qvefé :Beh-aw Cerénkov threshold.
This does not, of coﬁfsé, rule ouf thé pbs_si.bil_it'y of.‘Cer'enkov radi.ation..'
produc.ing \;i.sual sbe.nsati;ons,' it six%i.ply demonstrates tha'; othei_’ rﬁeghanisms

.Vare__po:s.sible'., Thus, visual patterns caused by otﬁéf than Cerenkov effects
can most probabiy b?_ attribu‘ted 'to cii_rec_t refinal s.t_:imulatiqn .bAy atomic

nuclei and by charged particles from nuclear reactions involving neutrons.

-~ A continual questionAthat. arises in c‘onnecti_o_n with the light flash phenomenoh
centers around the absence.of such observation during the Mercury, Gemini
and early Apollo flights. Several éxpianations have b‘een'proposed in

.response to such questions, .

. One explanatién 1s thvat.since fh_'g_in'tensinty of thhe »iightvfiasl'l is proportional

-~ to the square of the nu;:'lear char‘v‘gé‘, rv'.anc-l sin‘c‘e:paArtic'les of sufficient charge
_to produc.e‘- vis?#al sti-fnula—t‘ion. arefab.'svorbed._‘ aﬁd dié’integréted ini'tvhe é.tfnos-
phel.'e,‘i the4y‘ne\'r:‘erv rea:c':h g;oﬁn;i-baséd ob.‘s;evr;re.rs‘. The vast majbfi'ty of
parfﬁcl_es that.impinge_ upon the 'su-rfé.vc'e vof:the‘ ea;..rtliare .s'iﬁgly charged

- pax-'.t.iAc_.les .s‘uc‘h' a;_ muons, ’evlg.ctr.o‘ns‘ aéd p;qfo-nsn.,‘ I'Th.ése-part-icles‘ db,éot

cf,arfy’* sufficient c_hé.rgeto” produce light ihtén_sities’that would exceed the 1

visﬁéi ' tﬁréshofd: o



Fazio; Jelly and‘ Char'rnan(g)r have conaidered the explanation ‘that tha
"magnetic-: field of the. earth prevents' thé pnimar;r fadiation from reaching .
th_e eafth-orbiting satellites. - qu.evea', they ) ha‘ve'de'mons.trated that_, b
‘Cerenhov radiation of suﬁ1c1ent energy to p.rbddc'ed/isual sensatinns can '
nenatrate the aar.t:h"s magnetic field. “ -Théy pf_dposed that the astronauts :
‘of the early rnisaions ei‘ther"\x’/ere not dark adavprted, were too occdpied or
_ did ‘n‘ot nes? for‘suf:fic.i‘entlly- lon; ;'>e>rAic‘>vdAs.f01‘i tha apvpropriatel‘cc.)ndi'tvio.ns to

be reali.izé"d° L

An additidnal thedry‘which.'axplains ‘th-e; abs‘encej of i)isual"_’éightings!'
during earth orhlt was explamed ina Lds Angeles T1mes - Wash1ngton
i’ost Nenva Serwce art1n1e by 'i‘homas O'Toole. (> 9) In this artxcle 1t 1s
atated that adtronauts in ear_th‘orb.it ﬂ‘i»ght,' such as those, aboardjthe ',
Meréury or ”Gebmini ‘excu"rsions, :wéra pr.o;:ectad from cosmic. rays byv thg

Van Allen Radxatlon Belts 10 000 to 25 006 rnlles from aarth Thla |
reasomng also may be apphed to the Apollo 7 and Apollo 9 fhghts.

: .Allthough the crews of Apollos .8 and 10 _'engaged in tr_anslunar-fhghp A*

“ no unus_vua‘livisual s-vet.n‘:s‘atibns nvare'e.x;.)‘ervilenc;ed.:.v_This: is ndt 'una:;néctad -
: '-'sinc_e t_h'e"sve‘a‘str‘onants. wle;é." the ﬁrvst'g»rdu;.)‘s‘:.tio. the 'mlcv)von and 'alwa.y'sllv(ep‘t'
‘one man on watch. .I;The" éa'bins, _the-r'éfovra-,.;_'wer'a nener ls.u.ffici.ently o
.darkened to perm1t adeciuate darh adaptatl.on and subsequant detectmn
: of the 11ght flashes. Thus the flrst sxghtmgs hegan with- Apollo 11 and

ontmued through Apollo 17



Thé coﬁtroversy ov'erfwhich mechan:i_sm,. _Ce‘-rebnk‘o:v fadiafiqn or direct
o neur‘a-.lystimulatio‘n,-‘ is’ resboﬁsiblg Af_o»r. thé_ observed effects 1s é matter
" of great interést't§ éc'i'ént'x_st; énd has .’s(tin’.uﬂatecrl 're'sear-'ch by ph);s:ici.st’s,'
ph;r.siologists énd p-lly‘s:icians.i I' The ‘rhajoi} ccAJnc.‘elrn',_.bf course, is the
_ aésesément vof the pbténtiél h{lazva'rd‘sv fo aséfdnauts"éﬁ long te;-r.n,‘rn“issio.ns,
A_lthblg.gh Zeevi, Lew1sandTob1as (_.2 ) l‘la'vei}c‘levte;vctéq re.t:if;al degen_efatior;
in é. m1v1‘dvpu_p.py‘e);cpos_e.<.1 to'é. B_eaﬁ‘of‘,_-l;xi‘g’h-e-:n.evxjgy{.ioriize.d ‘n‘itrogen, _Voth“eAr's (29)
ha\.re -'hypot_he.s‘i;ze‘c‘i that even a 200 daiy.'ﬁlission‘,‘w‘g;ﬂd pr'odtice no dé:téc':t;ab_ie ‘
de_c:r_e(rn'é‘ntj in.fmma_n visuéi p.g%for'fn‘éhcve‘.‘v- »A";_:-c‘ox.'diﬁg tq. théi];' esfimatés ('29){ :
a 200 daym1551on w,puldi, reﬂ.sul_.t. 1nthe des triujc:tib.r.xji-t‘r;f-fa pp£o>’<im$te ly 1.25 x
108 of the 1.3 x 10% receptors in the retina; . Smce it is estimated that " 1oss o
'of sev.é.%a;.l.peré"enf' of one'sreceptorscan o><_:j.cu"r;:y§i_t}:10ut a”_‘det‘ec,tabié chaﬁée
iri visual_ perf.ox-'rr;an-cé; 1tlsnot anti:ci.[;a‘té‘ci _Vtrhat a mlss1on of .a.péi"o'x.ir_na‘te.l;r. B
| 200 days duratlon would resultlnany ser10us1n_]ury. g
In c'o‘né.l_x_l—sioﬁ',:"“..it_t appearsthat of tbhe.’,':tw~o:'rbhech.:’~.1r.ﬁsms' pr oposéd, the direét
'}'ﬁéu:‘alll.sf-imﬁl'at"ioﬁ hyp_of_ﬁesis vpr‘o_vic.lé‘ s ;hé br‘n‘oi"e\_ilikeiy' explanatlon v‘of t'h.e'_'. .' V'
' light flash phenomenonHowever .t};e :Iaité;-hé.té mechanism, Cerenkov -

radiation, is certainly plausible and cannot be excluded at this time.. -



2. WORK PERFORMED

' A‘polllo‘ll thr‘ough 17 c'rew'rhvembers have;.'\&ith one -exception, r'e'p'ox_'ted" being .-
~aware of discrete flashes and streaks of light during periods of darkness.ih :
' spa‘ceﬂight. 'Th’es‘e'-unusual lnig.ht_pefceptiéns vvver_e'vi.sible with the_eyelids open

-or..'clos'ed‘and occurred Wit_h a fr.eqdency no 'greatef than 1-2 per minute,

‘The dri‘gin"; of thes'e;pheno-ine.rta is notcompletely cvvleaxv' and .their sigdificartce -
has rtot‘ yet }aee‘r‘l‘aseerta.ine‘_d.- :The.phys'l;.es‘;_y-";‘iahh')t'sfi.ollo-gicali opti.cs apd~neuro.- B
phlysiology of 'th'e \;is'u.al-.syst‘e.rn.’su‘gge.s’tlbbl‘s,e.\:f_:era.l:‘pvossiblle. e.xelanati'ens_,‘, sortxe

of wh1ch suggest be.rrxyigni eOu_reesi‘ofi‘.cqnstitu_tvi.r;g ne. ldarigef ~t6, It}te '.astronaut'.. :
Other -possibie' causee:.are vpoteeti.a_'lty"'iej' unous. th.i_sv d’e'sAi‘rab.le 'tl;xat ."the_ :

orgiﬂ of these phenqihena .be, i_dentified. )

. Thej'wvorkvrieporte’dvhere,in was undéftakeh .i'n'sdpport'.of the Preventive -
 Medicine Div_iéien of ':_the‘ Manfxed_Spac:e.cv:'raflt‘ Center in-Houston, Texas. . To" -
assist this gr odp',in further understanding -the” meehanism_ of this phehomeﬁon, -

" Teehnology_lncorpoi-ated has V:V‘perbforrr_ned'the folllowing tasks; -

1. " ma intained a meof pertlnent : Lilte'r"agtg{é,-f _;géef;s,'.fx;:efé'rence‘s_',: and 'itfew}ievys.,t»-‘
2. . .as-sieted:i‘n a_t;ainteg .a".nvd Vahdatlng thereports a,'vnd _f_jp_din‘gé"thaieed'frqm‘A_ -
Apollocrewmembers S |
3. _f.;aro.wd‘edv tectlntcal as.s1stan.cAe in- dete-rbm1n1ng f'1t add tﬁea:vsuirements -of the S
V..;AALFMED apparatus and headplece,-and » . 7ﬁ L

4. . .t'assxsted in the analys15 of the data generated by the study, “in. the -



preparation and dissemination of documentation génerated by the
technical program, and in thveA’data reduction and clerical work as

required,

Literature Search

A reviéw_ of the litber'atuire pe'rt'inent.tg' the' light ﬂaAs‘h phenoménon has
resulted__.inua list of‘numerous.report..s., éd_blica'tién_s and ‘1_-eivievc>/s which
"discuss yariou's a..spec‘:t‘s ;)f the p_rob_lerri. The bibiibg’raphy presented’
' R 'injsection: 3 'pfes.ents thé major ar#iclég 6f:i’ntefest. Significant
con‘clusidns’,‘ or 're‘sult‘s ‘réport.ed in many éf the.."'refe'ren'ced articles.

" have already been noted in the iin_tr oduction,*

'Ana’.lyéis of Apollo Trans'cripts‘ S

To gﬁainbfurther' iﬂsightiﬁto the undéflying fnechénisngs aﬁd .th.e . :

'facv:toxrs whi?:h ar.'e resﬁonSibie foz." the ééot .f.lasAheAs anci sAtrerakres of

Alight_ ob.s'ex;'ved during the t-rans.lun“ar ﬂighté of Apollos ~1'1-17; vr:n'emberis =
of’th:e Té;hnélogy Incorporz;.tted sc‘ie-n‘tiﬁ;:v svtaff-ha‘.ve ﬁlr-lde_ftakénA an e
_a'r'xlaly;is-,‘ ofbilth‘e' .vo'i;:.e t.ra:.ns..cripts-.'of..: s»ve‘ver.all of t;hg }'\pcﬂl‘o' flightvs‘. All |
"sta;e’tnents :p.e‘x:t_a-i_fxi'ng.vto v1sua1 illu‘sio;;s: #nd .unu.su:al. visﬁai phenomeri’ar were
extr‘art:ted frorﬁ tﬂé tra#scripts. ;f'Apollsril3f, 14 an&_ 15. These tralnscr.Jf.pt.s'. -, »I
were.‘..arvlalyzeéiiitb_dve‘t.ec‘t:bl:.a._sic patterns invfe.eithef‘.ﬂ‘;e Si)gérv#tiohs  ov'r .the
re.po‘rul‘.ing' .c.)f.thc.es‘ej »phet'lo;rilena. No coﬁSpicﬁogs -';')a.tterris wbe‘re detectgsd.' _
-~ The vvcorvlden.sed tra_nsc:ripts did 1.10‘t_p1'-boduce.:a.ny fur‘ther’iﬁfo.rr.n'at'i“on o

regarding»the light flash phenomendln..

2-2



2.3

2.4

ALFMED Appa ratus

The ALFMED apparatus and headp1ece used on Apollo 17 was des1gned

to utilize a mov1ng emulsmn to check the dxrectxon and speed of particles '

relative to thé eye, Technology Incprporated pe_rsonnel assisted in the .

‘measurements to determine fit of the apparature and studied various

devices to position and maintain the épparatus in proper relation to the

head, Based on theSe'eé.rly studies ‘recbrmnendations, were made

concerning the fit and positioﬁ_ing >of"tlhe ALFMED_ apparatus and headpiece.

Data -Aﬁalysis and Documentation -
The_ staff of T. L haﬁ/e assisted in numerous aspects' of data reduction,
' analﬁrsis, pr'epa‘;ra'tiori and '_di_s‘semi..nav.tion . This work has included . _

: the‘dc_)curnentation of reference literature , the tranécriptidn of Apollo

voice tapes,: Iand‘,the__prepai'ati’on of reports _and-doéum’ents; - General .:+-

. clerical S',ﬁppdr,t has been provided to the Preventive Medicine Division .-

as required.:
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