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S inee lhe carlicst til1l<''S Ihe astr0l10lllCrS obla incd Ihcir in forma tion ahoul ee
feslial bodies through dirccl visual observalion. In Ihe lasl J (·cudc& I'hologr?phy 
started lu pl ay a rule ns 811 ub jecli\'e tlIclhoJ and ul lile prescnl tim e, iu so me 
im;ta uccs, ra<lio astro l1omy is applicd. Bul il is ¡¡ li Jl recognized thul visio l1 ca nnot 
be fulJ y rcplaccd b), ob jccli \'c melhods. For insla ncc il is IIcad)' impossible lo 
rcgister dctails of Ihe su rfncc of the plunel Mars du ring a "Clearing" of its doud )' 
almosphcTl' on a photogruph ic film, when it lasls ror a (radion of a second onlr, 
whcrcas lhc humun ere i5 ¡lbl!' lo cu lch some impressions. ASlronom y takes ad
vanlage of Ihe scienlifie resulls of visual physiolog)' 81ld Ihe lultcr gains f f OIl! 

astronomy, C. g. our visual acuil )' standurd is bascd on tlle slalelllcnt aboul Ihe 
H'solvab ilily o f Iwo slurs whiel! ha\'c a separatíon of ol1e min ule. 

With lile dcv dopmcnt uf uslronaulics tlw \'isuul pro bJems are to SOl11e ex tent 
lhe sume ns Ihose of 3stronOIll), )'el in cerluiu J'cspccls the co//(/Úion.1 o/ secill~ 
are difierenls: the aslrOIlOlller observes the ccle;lia l bodics through OUT a tmos
pllcre. 111 tbe dayluime the sky appellrs b righl dUt' lO I¡gill ~(;atle ring particlcs in 
Ihe airo Tll i5 <Iiffused tiglll is oC il blue color beca use the short wavclcngths are 
seallcrcd !llore IhulI Ihe 10llg wu\'dcngths. The sturs ll l'e 1101 visi ble Lecause of 
13Ck cOlllrtlS!. At nigh l, e\'cn in a 1Il0onless nighl , the sky is ne\'er entirel)' bJack. 
Thal is due lIIuil1l)' lo nirglow in Ihe uprH:r ulmo~.phere. This phenolllenon is lighl 
emittcd hy alom ie ox)'gl'n, n itragen and sodium brought inlo an exeitcd slate by 
ullrllv iolcl radialion lluring Ihe day. ¡\ Iso zodiacal lighl , which is fi gh l reflecled 
(rom mie romCleo rilt'f¡, sturl ighl and ga luctie ¡¡ght, botll direet and scattcrcd, con
t ribute lo Ihe Juminuncc of Ihe night sky. The uveruge lu minance of a moouTcss 
sky is o f Ihe o r(Jer of ]0 .-1 cdJ m:: (nit ). Due lo atlelluation by the atmosphere 
through abso rPlion und sca ttering al[ celestial hodk..., appca r hy a bout 20% du· 
kcr tha ll outsidc Ihe almosphere. 

In spnec, which for practical pu rposc hcg ins ut all ¡¡ Ilitudc uf uboul 150 km, 
the at mosphere is tuu rurc{ied lo scalt er Jighl nppreciably. The sky, thereforc, 
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appears permanenl[y dark cxcepl o f u faint brighlness provided by direel sla r. 

light, galact ie fight and zodiacal ligh t. Thc lumjnanee of lhe sky in spacc is of 

the order of 10 .5 nito Slars, sun , and mO(lIl are pcrmanenlly visible and appear 

brightcr than on Earth and ,a[so whiler Lecuuse shurt w¡¡velcnglhs are nol seat· 

lered out. More slars are visible than Ihrough Ihe almosphcrc. The iHumillanec 

by the sun at Ihe outer limil of our almosphere is eq ual lo about 140000 lux, 
whereas at the earth sUTface il is only sfightly aboye 100000 lux c\'en under Ihe 

through Ihc cone of thc Earth shudow, thcrc is always extreme hrighlness on thal 

most favorab le eOlHlitions. 

On Earth we have a day.nigh t cyele. In space, cxcept when thc a~tronaut passes 

side is deep shadow cxcepl when, deflcnding on lhc position and di ~ lance , it is 
partly brighlened uy by moonligh t and by earthlight. This photo'scotic condilion 

(Strughold ) , extremely dark shadows ouLside and in sidc lhe cabin puses speci¡¡[ 

visual problcms for Ihe aslronaut. 

The visual tasks lo bc performed are main fr detecl ion ano observation of on· 
coming space cra fts, satclliles, Illclcor ilcs a nd of plancts as prospcctivc landing 
ta rgcls, ineluding ¡he planet Earth, since to the orbiting astronaut the Earth ¡tseH 
aUains the properties of a luminous celestial body. It causes the strange situatioll 
thal the ~.urround is bright helow and dark above, the reverse of the situatioll a t 
lhe Earlh surface, where in the primary position of Ihe eyes, the [ower part of 
the retina is usuafly adaptcd lo a greater luminunce than the upper part. 

The visibility of an obj ect, the elearness wilh whieh an object stands out {rolll 
ils surroundin gs, is a functiun ol IlIminance contrast, which is dcfined by Ihe rela· 

Lo - Lb 
tionship e = ~~~~~ where Lo is. the luminancc of lhe objcct, Lb lhe lumi· 

Lb 
nance of the background. The ¡iminal con lrast value, lhe Ihreshold contrasl , 
depends. on a number of variables, e. g. the hackgrou nd lum inance, Ihe size of the 
ohj ect, and phychologica[ facto rs. Dat a fo r contrast threshulds are avai[ab le in 
Ihe literature (Blackwell ) . Sm all ¡ight sou rces, suh tending about 1 mi nule of arc 
or less for thc fight adaplcd ere, or up lo 10 minutes uf are for Ihe dark adapled 
eye, a re a specia[ case of contra~t thresholds insofar as Ihe visihili ty is thcn affec· 
ted proportionally lo lhe ¡Huminance E. al Ihe plane of lhe eye. Thc relaliollship 
E = l / d2 is kll own as ,he law of inverse squares, 1 represenling the inlcnsity of 
the observcd point ¡¡ghl source, d its distallce. When Ihe eres of Ihe astronaut 
a re adapled lo lhe sky luminance of IO·r, nil , the thrcshold illuminance Et cquals 
2 xl0 ·11 lu xo This va [lle correEponds lo a sl ar of 81h magnitude. Knowing also the 
intensity J, for inslance in Ihe case of an artificial satclJite, Íls visual range can 
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he compuled, Ihal ís, Ihe far lhesl díslanee '<tI whieh il sho uld be JUSL visible. The 
inlcnsi ly oí 3 spherical salcllite wilh spccuTar reflcction ca n be eomputed írom a 

Es R r~ 
formula I = --- - wl1('re Es is the ill"umin3nce hy Ihe SUII, H Ihe avcragl; reílee. 

4 
la nce of Ihe saleJlite, r iB radius. For a white diffusing spherical salellite and also 

{or plallet9 Ihe intellsity is gi\'en by the formula 1: 1: 
5 
.,.'¡'. 

whcre arpha is the phase anslc, subtcnded al Ihe crllte r o ( Ihe saleJli le or planel 
by Ihe dircclion to the sun amI lo Ihe obgervcr. When scen Ihrough lhe atmosphere 
Ihe inlensily va lues musl be mulli plied by its lolal Ira nsmiUance. 

The ncxl problelll is Ihe recognilion o í <lelaí!s in order lo idcnlify Ihe ¡uminous 
object. Herc anolher funclion of Ihe eye wilf be utili zed, namcly visual acuity 
which eOlllpriscs diffcrent funclions, e. g., Ihe deleclioll (j f si ngle spols, oí single 
lilles, the scpafalioll of [wo or more lines or spots, ~cei ng of conlours, and breaks 
in eonlours and distinclion of more or lcss fam iliar forms. Al! Ihese functions 
dcpcnd 011 a lIIultitude oí variables. Olle of Ihe mosl impo rtante factors affccling 
\' isual aeuity is ifluminalioll. Visua l acuil y does nol o ll ly depend upon Ihe lumí· 
nance oí a small central a rea conla in ing SOlDe delails, but a lso upon the lumi· 
nance of lhe surround, which is tlle ehiel dctcTlllinanl of Ihe adaplaLion le\,er of 
Ihe eye. For low and Illedium luminanees of Ihe cen lral area, maximaT visual 
aeu ily is oblainable when Ihe lu tllinance of Ihe surroundin g urcu is Ihe same as 
Ih al of the t:entral. In eaSf! of lli gh lumiu allefs, e. g., when Ihe astronaut obser\'cs 
Ihe surface of Mars wilh un average lumina nce of 2350 nit or of Ven us wi lh SOOOO 
nil, lile adaptaLion level mus! he somewhat below IIlal of lhe obscrvcd 5urface lo 
aehicve maxilllaf visual acuit y, as follo\\'s from Fig. 1 nfler Foxell aud Slevcns. 
The aslronaut should have a possibilily lo oblain Ihe desired level of adaplalion in 
order lo reeognize ·as much dctails as possiblc. 

Anothcr fUllelion of our eye sUPl)O rting H.'Cognition ot delails is color vl$ioll. 
\Ve observe yc110w.red and greclI a rcas on Mars, a greal red spOI an otber colorecl 
fealures on Jupilcr, white Ill1d yenow bells 011 Ihe golden ball oC Satu rn, elc. We 
will consider only a few of Ihe faelo rs afíectin g co lor vis ion , namely the lumi· 
llanee oC Ihe observed arca, Ihe udaplatioll state oí Ihe eye, Ihe size oí Ihe objccl, 
and assumc normal color vision of Ihe ob~crver. The Ihreshold illumillallCC fOf 

correel recognilioll oí colon is aboul 10 lux. The distance from Ihe sun where 
corn.'Cl eolor discrimination is not possible any more bccause Ihe iJlumillanee 
by Ihe sun is not suffieienl "'ou ld be about 18 hillion km from ¡he sun or aboul 
Ihrt!(' limes Ihe dislance of Ihe plan e! Piulo from Ihe eu n. The colorless worTd 
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of inlerslel lar space wilh -a black, star studdcd, sky eun UI' caBed a hnJOfJholic 
¡one (Slrughold ) in comparison lo Ihe eu photic zone which in rcspecl lo solar 
iflllminalion is favorable lo space operal io lls and lo life on planels. 

NOI onl)' tlle 11IIlIi llane~, but also the size of Ihe colo red arca is oC impo rla ne\' 
for a co rre¡;1 rccogn itioll o f colors. By eompiling Ihe dala of the lit.'rautre Frans· 
worth fOllnd a producl of arca limcs intcllsity below which color vision bcco lllt~ 

Irilanomalous lIud a SOlllewlml lowcr product hefu\\' which il is Iritanopic. In Ih e 
Irilanornalous stage orange·red 1111(1 blucgrccn and violel are aboul co lorless am] 
ha rdly dislinguishable frolll each olht'r. Becausc o f lhe Irilanomal y of ¡he fovell , 
Syrlis Major, a la rge dnrk arca 0 11 Ihe 1I0rlhCrII hemisphert' o f Ihe pfant'1 MlIrl! 
will be scen wilh ulla;<le(1 eres in ils real colo rs lI'i lh ccrlaillly o nly wehcn Ihe 
¡1¡¡lronaul approaclU's Ihe plnnel to nboul 652000 km Iha. is about ji!:! limes Ihe 
distance o f our moon r..om Earlh . 

In order to obse rve colo rs Ihc eyes musl hO' bright a<hpted. Dark aduplalion, 
whieh Ihe lIslronuut oblains when lleanning lile sky, is un[u\'orable ;nsofar as il 
makl'S (] ;m colors appcur un sulura lcd al1(] causes a ~.hifl in Ilwir luminosi l)'. knowII 
U8 Purkinje plll:nollleno n. 

Evell when fuminlltl eC ·und size of Ihe obsc n 'cd a rca ure 8ufficicnl and Ihe 
eres are adapte<! lo br ightness, wc ca ll1lol be ccrlnin Ihal Ihe colors pcrceivcd 
a re real. For dccadcs IIstronomc rs havc arg ue(1 the llucslion of whether or nol 
Ihe dnrk grcen and bluishgn!c n ureas 01 Mars a re rca lly grcen and bl llegrecn or 
merc1y a phcnolllenon of COlllrasl!¡. By simulali ng 1111' eondi tiolls of obscnalion 
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of Mars in Ihe laborator y il has becn showll Iha! produclion o f Ihe Martinll color· 
al ion by mean! 01 conlrasl phellomena is dcfinitcty a possibifity ( 1. Schmidl). 
These findings call1l ol be usce! as evidcllcc agains.t Ihe exislCl1ce o f vegelalion oí 
Mar>!. howl;\'cr, sincc, firsl Ihe \'egelalion may llave some durk color, dillcrcnl 
frolll grcen, (Ind secondly, as we kilo", from oh,scr\'a lio ns 011 ca rlh, distan! grcen 
a rcas do nol appear gn:e n, bul ullsaluraled bluegreen or e\'en blue, due lo Ihe 
absorplioll by Ihe almosphere an d lo un addilional coloralion by scattered indio 
ccel !unlight, Ihe bluish a ir light. S inee Ihe almO!;phere on Mars is nol very traus· 
parenl for slJorl wavctenghls, sueh phenomena can lake plu<:c also 011 l ila! pTane!. 
Moreo"cr. <Iark arcas in Ihe vic inily al large sunlil a reas, for instance snokfields, 
assume a bluisll contras! color lo the yellowish b right arcas ( fo r /llore delails see 
Middlelon). Thi~ ma y occur also 0 11 Ihe surlace of Mars, the al lllosphcre o f which 

by allell ualion my rcnder Ihe suntight yellowish. 

From u ccrlain high luminancc valuc 011 color.s lose in grcencss !Ind rednes! and 
become incceasingly yellowish an d bluish. Color vision o f a norma l person beco · 
mes simila r lo Ihal of a red ·grecn blind. 011 lurlller incrcasing IU!l1inance every· 
Ihing bcco!l1cS achromalic, coforless. Thc lowcr limil , aboye which color vi!ioll 
is app reciabl)' dislurbcd, is, according lo Segal, beyond 6000 trolands. A Iroland 
is mensure of relina iHumina nce. obtaincd by muhiplying lhc lumillancc of lhe 
ohsc rvcd a rca in nils \Vi lh Ihc pupillar)' arca in Illlll ~, c. g., a relinal illumina nce 
of 6000 Irolands is produccd "'hell an arca having a luminance of 1,910 nits is 
obscrvcd through an artificiaf pupil of 2 mm. diamclcr. '!'hus, whcll observing 
MlI rs lhrough lhe almosphere ( 1B80 nit ) color vision wou ld nOI bc effccted where· 
ns whcn observi ng in oulside Ihc ulmosphcre (2350 nit ) il probabl y would. 

Whcn the a~ronaul wilh ull¡¡ ided eres lakcs a look illlo Ihe brighl sun , or al 
Ilcnr disl ance from the planel Ea rlh glallces loward ils su rfaee (lJaving an average 
reflectance of about .35, Earlh ,'cflccls a greal portioll of Ihe incidenl sunlighl ) a 
dazzU"g g/are wourd resul! causi ng discolllforl lo Ihe obscrvt'r bccause oí a blind· 
¡ng a ft cr-image amI disabling him la r an)' visual lusks. The asl ronaut will be par
ticul ar)' prone lo sucll gla re since his eyes, when scanning Ihe sky will be dark 
adapted and Ihc pupils will bc widc. Whcn Ihe re is a gra re source in Ihe licld 
of view, e. g. Ihe !;UII from a grcal <Iistuncc, which wou ld permit vision while il 
is prescnl, il may produce ¡¡ "<:iling effccl Ihrough scallercd lighl by Ihc cyc 
media and lhus reduce contrasts, The cffecl of Ihe veiJing glare <lepends on Ihe 
an glc belween Ihe "isua l linc a nd Ihe direclioll of Ihe glure sourcc. In thc presen · 
(;e o f high ill lCns.il y fighl sources sublending a small angle, Ihe resl of Ihe visual 
fi cld is a Uected as ir a ,'cili ng lumillullce Ll were p rescnl over Ibe visuul field. Ir 
ff is Ihe angle bctW CCIl Ihe visunl lille and Ihe dircction al Ihe glarsc saurce, E Ihe 

illumilltlllce al Ihe ere frolll Ihe gla re saurce. Iheu L,: 'fa E k. . For LI in 
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nits, E in lux equals 13.7 ::¡::: 1.6 (cited aÍler a survey by Rose) . Rose computed 
¡hat the eyes oI Ihe astronau t would sit]] suffer from glare up lo a disla nce of 
1.8 x 10 n km from the SUIl that is beyond the orbit of Saturn o At that distancc 
Ihe iIIumination frolll Ihe sun is ahoul 1000 lux. 

Special attention must be given lo possihle hazards to Ihe eyes when observillg 
the !;Un withoul appropúate protection . With sufficient energy a rctínitis solari~, 

or even a bum of Ihe retina can occur, rcsuTting ín a he/iosc%ma in Ihe visu al 
ficl(!c (Slrughold) . Such burns are knOW tl from observalioll of solar eclip~es 

wilh an insufficiently smoked glass. Oulside lhe almosphcre the danger is greatcr 
and inereases of course in hcl iopetuf dircctioll, for in stance on an exp~dilion into 
Ihe region oI Venus. From dala available ahout similar effects from alomic flashcs 

(Byrnes, BTOW/l el al.) it can be estimulcd thal un CXpoSUI'C timc of ¡hc orcler of 
15 seconos. or fess oí Ihe eye to the solar redinion in space al earlh's (Iislance 
mighl he sufficienl lo cause retinal burns. On a rJight in lhc direclíon of Venus 
the crilica! time of exposure would become shor\er. ( h may be of interesl thati n 
lhe optical hlinking reflex, a time oI 0.15" elapscs frOIll Ihc ollscl of Ihc stimulU5 
until the !ids are closed (Lawson) and lhal lime required lo conlract Ihe pilpi l 
equafs 0.45 lo 0.7 seeonds (Pclcn:en). 

Dcplh perception. is IlOt oí great vallle In space except during approaeh ami 
hookup helween Iwo spacf'crafts, beca use lhe dislances arle loo great. The binocu. 
lar cue oí slercopsis is useíu l only up lo about 200 Ill('ters. Thc so·called empíri. 
ca! or secondary faclors of deplh percI;plion wil! be hclpful lo &üme exlenl: for 
instauce geolllclrical perspccti ve: an apparent slighl curvalurc of lhe obviousfy 
paralle! hclts of Jupílcr supporl lhc impre.:sion of a globe, a partial overlay 
permils us lo conduJe thal thc blue douds on Mars are highe r than Ihe yellow 
clouds, the sizc of known objeets, e. g. salellitcs or Epacecraft may be hclpfu l lo 
judge lheir dislallce. Molion parallax which is enhauced by high speed ( Rose) 
may playa rolc. When observing the surfaces oí celestial bodies, the transi tion 
bclwt:cn lig ht alld shade giv(~s Ihe su daces a q ualiLy of shape in th e third dimen · 
sion. ¡\ gradual lransiliun oí shading yields an imprcssioJl oI a curved surface, 
an abrupt shading Ihat of an angled sudace. Fig. 2 shows Iwo pllotographs of 
Ihe salIle area 011 Ihe mUUIl. One musl know lhc direclion uf Ihe incidenl lighl. 
otherwise an optical i\Jusion may lake place. In Ihe ríght piclurc lhc sunlight is 
incident frolll the IcIt. Wc perceive cralers wilh elevaled eJges. In lhe feft piclure 
the sunl ight is incident from the ri ghl, bul we have ¡he impression Ihat it ís also 
incident Irom lhc leíl and the eratt·rs appear as Illonnds. By rolaling lhe figurc 
thc illllsion disappears. 

The usc oí the human eye in ¡he conlrol 01 lhe spacccrafl is lim ited by lhe dis· 
lance lhe vehicle travels during Ihe time lleccssary Io r pcrceptíon and /' cactioll. 
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l a ) ( L ) 

Fi ~. 2. ( 11 ) 1\1otm b~1 qU3rler. lb ) !'atoon 
r;u l (IU a rle r (~,ft cr F. L. WI';I'l'le ) . 

According lo a su rvcy by Slrughold Ihc lalent pc r iod of II ~i mprc oplical percep
lion is 0.1 seconds at [01'0' lumi1l811ccS I'l lld in Ihe periphcry of Ihe relina, in Ihe 
fovea and in dl'lylight 0.05 seco T}¡e rctlclioll lime for a fi xalioll 1ll0\'Clllent is 
aboul 0.18 seco Hccognition lakel; 0.2 10 severa[ seco llds. To pCfmit evasive eon
Iro l adion an obj ect Illust have ¡t visua l range excccd ing Ihe dislancc Iru vcllcd 
durig Ihe chai n af lalelldcs. 'rhe spncccraft wouhl ha ve also IIlcchanicaf lntencies 
beCore a change in the flight palh oecurs. Sinee wilhin a li me of 1 seeonds a spaec· 
sh ip travels 7 km, bul a meleo ri le 40 km ( ils visua l rangc !Ilay be shorler Ihal 
40 km), there is permancnl danger of eollision wilh mcleor itcs.. 

Still Ihe visual scnsc is Ihe sale sense which serves the aslronaul Io r orienla· 
lion eoncerning his position and movemcn l in space in thi s wo rld of silencc and 
wcightlesness, wherc lhe IIlcchanoreceplors, Ihe prcsscoreceplors ancl the ololit ic 
organ cannot prov ide an)' informatiOIl . 

SUMMARY 

'rile visual oI.Jservalion of lhe sky by an aslronaut di (fers from Ihal hy S il aslro· 
nomer ¡nsofar as il is nol done Ihrough lhe ¡ighl absorbing and ligh! scattering 
mcdium which our almosphere represen l!. The sky appears dark wilh Ihe celes
tial bod ie .... lx:nl1anenl ly visible, whiler and brighter Ihun when obser"ed throu gh 
Ih e almosphere. A daY-lIight cyd e is laekink Bri ghll ), ilJum inaled arca borde· 
rillg deep shadows. Tile funcliollS of contrasl sc llsil iv it )', visual aeu ity and color 
vision are d iscUSSl,'d in \' iew of reeognil ioll and observalion oI oneoming space· 
craft, salel1 itcs, Illeleor ites amI of planelll as Prosl}Cclivc lalldillg largels, indud· 
ing Ihe planel Earlh. Sincc Ihe ey('s o f Ihe obscrv(·,· are da rk adapled whclI se:lIl1l· 
ing Ihe sk y and lhe pupil is wide, a glanee loward Ihe sun and CVt' ll loward Earlh 
llla y cllu~e a dllzzfin g glare or al lensl a \'cilillg g]¡lfc disturbing visiono Spt'cial 
allentioll lIlusl be g iven lo avoid relillal hUTIIs. Depth perecpt ion is 1101 oC greal 
value bcelluse Ihe distanecs a re loo g rellt . Due lo lhe high f1JL'Cds on oue sidc 
¡I ud sensoria l and mcchallical ¡alendes 011 the olher side Ihere \ViII be I>f' rma nenl 
danger of colJision of a spacecra ft wilh Illeteorites. 

lJIoomin 8ton 
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