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s~~: Oomparison o~ Lunar Orbiter and LMSS 
,.,' t r 

. ;".:, .:"::. y, 

;~.:', "'With results now in hand from three unmanned' Lunar Orbiter' 
<' :t . ...... : missions j we have' re-examined the need for continuing 

\ . ·r·' .. ' '. development of the Lunar Mapping and Survey System (IMSS). 
'. .'. The attached ~tr1~. compares the baseline and proposed 

';":.:'~'.:.". ;·,·augment~d. vers1onsof the Lunar Orbiter and the LMSS. 

· :: .. :';. / ' . Lunar Orbiter vs. Base line !MSS .: .... <~~ .;:: ... ' ..... . 
'. To date, Lunar Orbiter has performed close to its specit1-

· ..... )... . cat:1~n levels in. both ground resolution and photographic 
..... ;'" '>~coverage" and it is. providing data which appears adequate \ > .. ;. ....... : .... , for .. selecting Apollo landing sites. However" the recent 

J-<.:,.;; ... ;: .... MSa presentation to the Apollo Site Selection Board indicated 
· .•.. ··r.·:that" 'despite intensive data reduction efforts involving 
· ;'i:'" .;;:'::.; ~oph1st1cated photogra~etric' and computerized photoclino-

.... ·:.'metrio· analys'is as well as painstaking photointerpretation 
'~ . :/e.f'torts" the 'Lunar Orbiter photographs appear marginal for. 

".: '>," . <~hlgh confidence certification of Apollo . landing sites in 
· ·'~\,,: ... ·:.>,::.two .Qr1t1oal areas: terrain slope measurements and extrapola-

_ .• " ... >t.;_ tion of soil charaot.eristics from Surveyor surface photography. 

.. The terrain slope problem is in two parts: general slopes 
.:: '. over tens of miles along the ground. trace under the LM 

'.: _:'.:' :.,::'. '. approach' to the Site, and looal, IM-sized area slopes within 
,:.:' '. , .. the 2-3 mile landing ellipse. Along the IM approach. path" 

"', . average terrain slopes between 10 and 2° are required for 
.:,,,: the'!M land1ng radar to assure init1ating the terminal phase 

~. . maneuversw:1th sufficient accuracy for landing in the' selected 
· ... '. ..ellipse .. "Photogrammetr1c analysis d, Lupar Orbiter data has . 

. :'>;:~" · .• ·resulted·, 1n slope measurements which are uncertain by several 
, .. : ;·:~:·degrees.. Th~ae err.ora are caused by' d1stort1ons" introduced 
l . i' ': .. ': .. ' .. 1n the 'basic camera. system, the onboard readout system and 
:~;'" . ,:the telemetry 'system, . p.one of which were des1gned for preciSion 

..... :.::: '. pho·togrammet~ic measurements.; For measurement of local, IlJI-
.r· •. ,:,:....:· If.isizeq ar'ea slopes" . ~ complex phot'oclinometr1c analysiS 

;~ .. :;I:~!'.~. >::. :teohriique.util1zing .·the .full capacity .. of an ·1108 oomputer 
: .'>.::, .' :/ ... ~.~~ MSO 18.~e~Ilg .used .tQ,,";etat1stically sample selected sites __ -
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. the Survey camera 'in d~tere.lnin~: s.lopea of 1~1 13.~tl:ing apot:.) 
,86 com;paredto 8:..."\ (~,st.~n ... t~·(· .. ~ ~r.~, ;;\'~"'~;i·~~\)," ~;'\, .... \~a ;,~~~ .... ~·t~"::';~~\'ld~~·. 

h'~r..·, "·I'.1~~;o,.l·"1t-"'" ,...... 't.~ ••• .",.... ..~ •• , •. 1:" •• ~. ""11''''')''"''' 1~04.;';' - ':I .\.. .."., . "'" _'l;:_ ... _.., ... ~ .•• · . .l../t ... ·:'l.· .. ~.J.t. t .... l·( I \ .•• 1. ,- -';t. 'r:\'''':~.''' '.It. \,f'\P-

. &'iI'..1alysis, t.he It!JISS ·off~l:"n :1 faOl.tll" or 1~ Impl'ov':'mett',; ' ..... ':; 
: ... ·.;':,f) . .... the ~\2%lar Orb1ter in .deterin1n1n t:--; LM lnnd1ug at:·ea ,.andabl1i~';1" 

.: .y; , 
.;."",. i 

': j . . Other comparative features or the LMSS and the Lunar Orbiter' 
", \ . .:1nclude the orbital characteristics J the 3rea coverage and 
'.. •. ' .,!', .'. cost. Lunar' Orb 1 ter r S nominal orb! t 1s a 2r.; x 1100 l"l.'tl 

ellipse" with perigee over· the area of 1nterest and with ..... ~~:<:>: . .".;;~:; ..... '. site selection co,verage I1mlte_d to a small rea;!Ol1.:1.~~:-
perigee .. ·Th..e .LMSS has been des1gned for clrcul~!'" :".1:'".3:" 
·orb1ts· in the range of 25-45 nm altitu.de" result!.::.:;!..:: . 

, ... ,,',~. .' . 

r . ; .. ' site cert1r~cationcoV'erage of any area along its 'O·l"'!:!.ta:" 
•. , .... " .~ath •.. Hl~ resolution lunar orbital coverage ~t 1 l:' .. :ocel't 

(m.onos·c.oplc ) per' 28-~ay photographic missicr: -:c-:3.1~ ~;::,c. 
. sq run; 'Survey' camera coverage on a 14-day r.tiss!C'~t;:~a.:'s 
13,500sq run 'monoscop1c or approximately ha:!.: t: ... :;.~ ~!~E-a 

.1·' 

in· stereo 'on 52 pounds of recoverable film. L14.!:s:'" ~::~!:J!.te:, I s 
mediwn resolution' (8 meter) convergent stereo ~~V'el''::'t=e . 

"';.' '.. totals21~600· sq nmj the l'4app1ng camera is deslgl".e':: : . .:: . ~. 
'\ prQvide 1,,900JOOO sq run of convergent stel'C0 m(;~~l"ic ;"!"'c~,,~ - , 
j .' . graphy on ~i- pounds of recoverable f1lm. The ·L~~:la:" 0::."b!.-::.:-:' 

.. i; .. ', can fly in orbits of any inclination and thus t!l~,,!"e~:'~a::!.~:"' 
.:~:: : ·.'can.acq~1re its design coverage of any area of the n: ... "'cn. 

, : ,',' Initial Apollo m1ssions with the LMS§ will be :Limited to . 
'." equatorial lunar' regi.ona between ±lO ·latitude because of 
, ;". the Apollo fre'ereturntrajectory constraint. Later .Apollo/ 

... 
f ~. • 

.,: .' .. 
" ... ~ 

'. tt .. LMSS mis.sions to higher inclinations (up to polar) should 

'.'0. 

b.e 'unconstrained ,by the free return traJectory··requ1reme.nt. 

The five Lunar Orbiter spacecraft represent an expenditure 
under the Boe1ng ~ntract or approximately $150 M, with an 
additional $8·M pe~ launch for booaters-lau~ch operat10ns 
support. The initial two LMSS payloads will represent an 
expenditure o£ approximatelU $48 M,w1th Saturn V/CSM 
spacecraft costs e~t1mated at. approximately $225 M per 
miss1on. \ 

Augmented Lunar Orbiter va. Extended Cap~bi11tY I~SS 

The augmented LMSS dC3cr1bed in the attached matrix 
represents one of several ~od1f'ied versions of the 'Qas1c 
LMSS which have been under study by MSC ana the LMSS con- ~ 
tractor team since last £all .. These modifications are 
being designed on the' basiS of r~,tro-f'it ofthebas1c 
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;;" .. ·~::r.·:.: ; .. !.;~~·"<LM$B· system,- and clirrent indications arc that" the first 
:;~.~ :l:;,.,.~ ..... ·. :.~" or thr~e augmented m.SS I G could be read:y for tl1gh1~ in 

·; .. ~;:~r\i'.~':" ··:.;~.{:.:.:tho .~:1;~st; 'M,lL' :ot 1969. 1J.
1ht·, nt.tg,ll'·~r1t;t'Hl llJlook. XI1:) 

::.::+'~~;'l~~:~~i,;~i.~~;.~;·~ Ot'b1 teltdeacr1bed .. on· the ma tr11,x. 1r~ unCLers toad te.> bEJ 1n 
.:· .. ;!;:ii·: ... ·,··.:;>~ .. :a. .Phase A ~tudy at·stuB by Boeing and lI'l'RI and rep;rc
::)'·:~·;/:;·~,~(:·':·t ". e.ents '~~sentia'lly a n~w J 2,500 pound spacecraft for 
"'~';I:~~t· .. ;; .... : 'i;";~~;.· la.unch "Qtl' an Atlaa-C.entaur in the 1972 time frame, as 
":'-'::··:~:'::·I·:J<':·~~·:.i:.:compa~e'd to' the:· Atlas-Agena launch, 800 pound current 
:~ ;· ..•• ~·~::;·::',: .. i.~'''~~ )~-!una:r. Orbiter. The significant pOint here is that the. 
· ':::~/,<~ "<.~~~~:: 'Jaugmented LMSS represents a relatively minor augmentation 
.";:;;:~;:';:' t-,::~~,~{:.~ 01', .. a' b~~1c cOnt1gurat1on to take advantage of· the relatively 

• • of 'I'. ..' i'" . ~ •. '. • . ." . ,.... .. • . . . 

····~~·;::··'·{·~:0~·.W1l1m11ied payload' capc:t.bi11ty when substituting an LMSS 
·~'·'·.,:·~~:~:·)~·.;;·;:r,p~yload.~·mO~l.J.le (4,600. pound baseline) for the LM (32,000 
.:.:/ /:~': .. "";::t,!.:.~ :p'.o~,d ·.~~tr..<?;~ Weight) in a standard Saturn V lunar mission. 
· ~~~:.;:<.~'~',:>.:(\ .. launch.-:·; The··three year gap in lunar orbital sensing· '. 
:. ;·,.:~·:.:·:·~.: ... A;:',/~~., "cap~b1l1ty 'wh1chwQuld result from a. decision to implement. 
'>'~":.:.:>": ; ....... :;~:~ .. ·the ·Block II.I.Orb1ter instead of the augmented !.MBS .• 
. ""','" '.' ,VJf .. I'~" '. .' 

~·.:·r,.:-f.~:, . .'.,:.~:~~:·~~,:., ':co,~resp~nds to a.critical period of lunar exploration 
',:::":~.'~~;!'~., ·;· .. ,:···phss1ng ·in.gQing f;t:'om ·the. one day Apollo landings in 1968-69 

.::I~<::{:.,: ... :=:>' .~t·: n.ea~. eQu!1tor1a1 sites to missions of up' to two weeks '.' 
· '::':'(.{:'~~~"~.'/:'r.;~": dw:-ation :perhaps at higher latitudes in 1970-71 for 
\,:?,~:~,:,·j\i'r·.;;explora~:19~.of:. reglons of greater scientific interest. 
-!~ ... ~~. ;;' .: .,'.; .... ~ ~I~, .~ .. '~ ;' .' . .... ..::'.' . . 
:~·/':~~~}~:; .. ~ .. ~:.;~:·.'·.·:·The· .. :510'c1<: ·X;!;:I .Orb1ter concept envisions a 400-poun~ 

:.'.:: .. ;, ... ~;".):-".::' experiment ·package as compared to a 137-pound package· 
·~~:';L~/~::.··.:!~:".: o~. the 'ourr~nt Orbiter. This compares with several 
': .,/:;.;.)~>.: . ,.thou~and. po~ds .0.'£ s1mu1 taneously floW~ exper:1ment~ 
~::.>~ ... I.:~ . .' '.;;~.' .. " pOB.sible· w~th the augmented IMSS. 'l'he significance here 
"::'~;:~d":';'~:'/~' <is. ,that· 'simultaneous operation of several' sensors such 
:~»;:\': ><:;~1>\~~:::. as ;:m~tr1·c. 'photography,' h1gh resolution sample phQtography, 

... ·~t~I.:.:{:·;;:.:.:·~"·.:'- ... ~Ainma or:.x.-·ray ~~~ctroscopy, etc., would have significant 
::i;::<.r··. {:." : .. sa:lent·1t'1c value in contra~t to flying each experiment 
. '.;:~~ .·:.": ... :.i~~·. 1nQ.lvidually.·at d1ffe~ent periods' of time and thus losing 
"<;,!;:.~kJ·<·;;·~:~:?/~the .. corre.laj:;;ton of· time, changing phenomena on the surface, 
· ·t;::::;:~,"!,."·:·: .,:~ . andlight1ng' angle:s., . 

. ':. .'.I",'.!." . ';. . 

· ·.'~~:::,.X ... ~~ .. '- -<.:::< "-[,he Block III Orbiter eonceptenv1s1ons the return ~o 
. ; ... .'::. ,.: ,·,.";:;·;.··:·earth of. appx-o~1mately '30 pounds at· da~a,while the 

.f:~-:.'.',,;:,·':~\· ... ~ugmented ~SS.haB a 'capabi11ty for returning film or 
~' '-' . ." .' :>-~~;' . .": othe~dat~ t"tal11ng between 250 and 1,000 pounds, 

.:'.~.'." :. :~/: depending orl'·th~."B1ze of the crew (3 men or '2 men-,," 
....... '.:~.::, .",t.::::' :tt.e~pect.~ v,ely J.. '.' . 

':!.~::;,;.t.·.~: .:.;',':':;. , . . . ...• . '. ,>, .. , . 
,. 

· ~ ;' .... ~:.: '.: ". '~';" Th'e" first payload being con,1dered for the Block III 
· > '~". ~ :'.', Qrbiter' ~s a3 inch focal l~ngth Mapping camera derived .i 
.... <~',~':..~~~:: .. t~~IIl the"C ;.;.6) ay-st.em earl1'er included as part of the' LMSS 

~ .'.~-:'.: " "";',:: 'J;)li't~ delete~ .·l~st 'year';~n favor of· the less expensive and ' ... ;. . .,' -'.. .' .. ': < ..... : ..... ' . . .... .' . '." . 
~" ~.":':;~,~.::',.. . I,: 
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. . \.;~~.:., .. " .. : :. rnor~ mature system' now in the baseline LMSS •. The system 
'. · ", ~ .. :';. ..;~!,being cons1.dered for the Block III Orbiter would be 

. ".:-' . :'.: . .... 'capable of be~ter geometry--therefore better lunar 
····:<.:·!··' .... :·'·.:,·maps--than the LMSS system, although the highly elliptic 

.' ::"",.:;'::·l"· :,:~ .. > Lunar Orbiter orbit' would preolude uniform mapping coverase 
It:.; • .,.;,; ...... , .·;'ot.:·.th.eentire· lunar surface on a single Block III.mission 

" ':.:: ,;;'.~:.~ ... as compared with the augmented LMSS lOO~ lunar mapping 
." .... :;:',:<.';.;:' .. : .;',: c~pab111ty on. a single 28-day polar orbit mission. . 

· . ,., .;,' .. 
· ,,' '.: ~(':' ... " . . . '.' , 

. . " l ..• :.:~·:.· . . ;:~.' Cost est1mates for the Block III Lunar Orbiter are 
.... ":'. ;:. :-.::>.,necessari~r QU.1te vague. in this stage or definition, 
: .·,c .. ·: >~:;;.:.·i:~~)but. $300-~OOM.ror .six flight -payloads beginning in 

.,'. '.:",:~·::·r;;< .. ;1972',has":been 'estimated, excluding the Atlas-Centaur 
...... /~:~.:.~: .J . :-:<boos:ter and :('11ght ope'rations which are roughly estimated 
.:' ':~.: ... :.".:.:!:>;<.~/:~.' ·at' $l5"-$?OM ,per launch. ,The POP figures' for .the three 

",:';<'.::~ : ':'~""~' remaining LMSS '·s"., including an ROM estimate or $10M tor . 
, ;.'.:<j',~>"":":'" ::'.:.the ·a~gmentat1on, totals approximately $3 OM .. exoluding 
· ": .. : ". '.~""".," "," the coat.,'.of the supplemental experiments which could 

"1,", .':>' . ''':'.: total an a<:1~1tional $20-$30M. 

0': ~·:·?::~,::.~'···;j;::In'~Ummal'Y' ·:th1scom~ar1~on shows that, as indicated 
: . ·,,::.i::-·;" ..... " .. 'during the . recent· Apollo Site Selection Board review, 
. .~ . .'~ . .) .. .' .... ::. the: cU'rrent Lunar Orbiter is only margin~lly' capable 

" ::;. ~.::; .~'<:';' .of cert1ty1ng'Apo'11o landing sites, while the LMSS 
... ',>;' ~. ·::;;t .. ,:>. ·! .• :'.:·ofrers significantly better performance in the two most 
;~> .. : .... ::'.: .. ~:";.';"., .cr1tioal area·s: terrain slope measurements and high 
·.:'·< .. ··.~··~·~·/ ... :··x-esolut1on stereo for extrapolating Surveyor measurements 

,; . 

., ... ::., .. : ....... ··.,· .. : .... o·!: ·SQ11'··~haracter1atics. In comparing the augmented LMSS ,. 
....'.: '-';'/;'.. . :':~':w1th ··the. advanced Orbiter concept, factors of design maturity" 
('.': .. ,. ..... :>. ':: .... ·ear11er avai~ab111tyJ spectral arid resolut1on- capability., 
i.;:":".' : '.~' ret·Urn r;L~ w.~~ght capability, and cost of devel.opment all 
~.:::'- : .. ' .'.~,.. st.r9n~1Y.' f'av~r th~ augmentedLMSS ... 
',-.. ...... ' 
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COr·1FARISON OF LUHAR REHqTE SE1~~SING SYSTEMS 

C"U?.!=':::;T F£OOR.~·3 " I 
r ~~Or'"oiter I ~seline u.~s-
I· C-'~!'cnt Stat'.!s I ~~'3.tiC:e.l_ HarQ.t~e design cOIJPlete; 
, .!; ~g ani test UIi:ien.-q 

i' ;.va!.lable Ieu:lch 
t ra.te· 
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Orbital. 
Ch~:lct~ristics 

- sts.yt1!:.e 

- l~titude 

- Inc1in.~iO!l· 

;.s~.;rC~:lilt 

FU'ticips.tion -
G~r:era.l E:'Peri
I~7;::t. Str.Ppo~ 

I 

2 re::~~'"i~"'5 flts,
O:-biter D 6/67; 
Orobiter E 8/61; 
p~oposed Orbiter ~ 
ili'6S 

2~ days (Photo) 
; . 
~ 

25c p~isee. -
llOOr.t: e.~ogee . 
AJ:v 

I!Olle 

. Prese:lt 137 lb.: 
. ~!!oto rub syste.:l 
. :;a:l-:z~e:plus :nicr~ 
::~tec::."'o~.d.. e:{]?eri!:.~t 
is all t~s.tc~!l ce 
::.".!cC=-':.J'!r~tc-i 

,J :': • ""'W>'! l··.·-/ ....... :..-;. .;.,.. ~ 
~.,.. ~.".-.o 

~ - . ~ ...,.: ......... !"! . 

~i' 
\'-', ~ 

,. T;.: Dat .. C:12¥ 

I: . 
'~. I 

!?..mar ccnt~enci - 6/l/93 
Earth test - 7/1/68 

14 da)!S 

25-45ni::l end circular 

<'100 free return ccnGtrr:!.n"t 

I Lir.:ited capabUity to 
l'articips'iie in other e:.:perl
~nts. (e.g., B065) 

A fe·w E.d.ditional e7.]?eri!lents 
CG.."'1 be. e.cco::r.;.:o.1ated in the 
P!·r and. Cl,1 . 

SJ roc/h. ft3 -\I 

F'O!L?~f-O:l PR03RJ:..::~"-,!.~.",,,g ______ "1 

13J.l.-:. ill Ol~biter 

. rhase. A s~ics in 
progress by Boeing end 
IlTRI 
2972 

7~8 dqs 

Probable 25nm perigee 
\ . 

.Arq 

rr~e 

Est~tei ~ lb. 
c;=:perir,;nt pacl:ege. 
First· nissiotl ,\-Tould be 
I:~ppir!e; second .. . 
cc::~osition~.l e:::p~s. 

'-~30 1b5/<1 ft.3 

£>..i;e~1~ Ca:p~bi11tY' u·~s Re:arks 

Pre1-ir:~~"'c.u-.f design ot 
mcis in progress; basic 
units to be mod.ifiedin flfb. 
,AS-51.0 in . last quarter ". j~ithO'J.t I1'~.'.S Eat least 
• 69; rem.a.:lning fl ts '6. 4· yea:!: ga.p :1ll lunar 
~hGn desired orbital missic~ ~cul4 

i' result 

;< 
~: : 

:~ l .( 
f.i 
.;" 
:. 

\ 
\ 

. 14 da;~s on P.B-510, 
~ 28 d~ subsequent 
Sa.::e as baseline 

ka:I 

As desired. to'Operate 
orco~iuct e~~er~ents, 
a::i aid in t~getir~, 
etc • 
A lru.'ge ce.pab:Uity· 
vcu1.d ecCO:!n.co.c.te 600+ 
l'bs of c;,cperm.G-n:~s in 
o·;-er 3') ·cu. ft. ·of 
iJ.'li;crl:~ vol'V.lt.~
c-i:b.6r e::\."r.cr~el1ts 
e:~.;c;r~:;.lly . or in CI·~ 

\ 
, . .- 250 10s/10 ft3 

'", ; 
~ ~. 

~ 

TlA for date. retrie:'w"8l., .!: 
etc. on early" clss10ns ~ 

~~e~~endea ea?~bilit.1 
L:·SS is ,,;-ell s:1ted 

~! • v 

to \ support ~~ti-se~sor 
lnissicns gg~ 
I.ot~ the Crbi.ter E..!ld. e e ~ 
Er~se+ir.e L!·:~S !::l,·e i i :g 
thori:u.~ isotc-::es :!i :!i ! 
precl\ic'i!lS cr~::::-:.s rcY" . . m. ~ ii .. 
rona. :-:-r:;.'1' s~~'zc-::rc:·~:· . .;.t:ry ~ ~~, 
'rr ..... 1 ... ' c·"'\ o! 5' ;: .... -":- - :;': ".~" r.>~ n g , ... ~' .. - ~'''',~ .,.\",00 __ .;11'" .., .......... _ ..... ....--::a,.. . \, ~,.,.iI . 
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str~ciicn ~duced -
<iefcr.:.s.tie:ls 

Sur.rey c~era. provides 
stereo &t hi£-~ resolution, 
ar..iphotos ere em:.b1.ned":· 
enalyticallY with con
curre~t ~app~ photo
srs.p~havi,.~g ceretul. 
pr~~ssion calibration, 
acc";ll."ate t1Ite da.ta, 
accurate orie~tatioD 
data., ~ gl~ss reseau, 
sci film'is recovered to 
preserve gec~etr,r 

slope de. t!!. e.<:curate· to 
"-2° 
relative position 
accuracy of t·wo points 
5mn . e.plU't < 100 ft 

Contour interval/tor.m
lines ~ 100 f't 

1 
i 

: 3t1F .L. I·~s.ppir.g ce.rr.era 
. has e~:cellel:.t seO:..::etry, 
~ g~o=etl~ is pre
served. ·oY. __ .f'ilm reco· ... e17, 
but ground resolution 
(of e..:oy !.~:lppi.Dg ce.~er&) 
is unsuited for detailed 
stereo S1Jro/f:';f or surface 
fee..ture~ 

,. 

. RC!:;a.rr.s . 

Raeardir.g the L~e.r 
Orbiter: 

Poor B/a ratio (both 
cc.::::.eras 
poor pr,e::-.issiou 
calibration 
T~e uncerta.:inty --: 
0.1 sec. 

- OrieIlte.tion U!:.certe.in1..7' 
""1120 (au 3 u.es) i 
~ c.estrO",{s arI;f p'!:loto-': 
gr~~tric '\"':l~u.e b7 
8.d.diI:g ge02roetric 

/de:C'oma.tlonS 

Regard:1Jlg the n·!Ss: 
~ S~~ c~er& features 

high resolution stE:reo~ 
I with photography ",ell.; 
,.suited. for~hotoclmo-i 

f: l:letric analysis ~ 
'.,:.' l-!s.ppiXlS· C2::lera. 1s" 
J al,;a.ys opera.ted 'COll-

': currentlyvlth' survq 
~.ca=.era to 'provide 
'system geomet17 
T:fr..e s.ccurc.cy' both 

. '! 

c~erE.s -< 3 !:I:i1l!. . 
OrientE.tion :f'.rO:::1 5tell~'c z 
it .. ~sel'Y F~c'.U";;;.~e to .~ ~ ~ ! 
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.,1 Resolutio:l 
S~~iaJ.. 
Specre~ 

~oraJ. 

~ J,:ea Co~;era~e 

PrCZr2~ cos~ 

D~te!·l~r~?;tio:l or. !l',i D~":;el7J....1!~.:~ion 0-£ I~·I 
p~d:J disccU!"'.ci."J· pad, discoULtin.g 
effects of' s-""'" . effec'cs of s!:!gll 
prot.rub~r ~~ces protruber~~ces 

: 

~. 

24" Fir... I ~II ,.La 
1.0-l.5.1·1 S-lO:·1 
4JOOO~7.COO 4JOOO-7JO 
~ , ." A-no'color A-no colo. 

-100 mlli -100. nd.lli 
sec. 

3J 2cOn::l2 

.-llb 
'1 I::.iJ.. 
fiJJl· 

sec. 

'2 27,,600~. 
-""llb 
- 7 mil 

fili:l 

Five 1-1i55io11 Prog-.carl 
- :Boeing COl1·~r..,.c ~ $1501.1 
,.., $35i.! Z-::C 
-¢25!·! RC~ 

Boo:; t'i:r-L'l'..mch 
Mditio!U'.l:· .... ~:8.0:.II 
lti~3icn 

·S\.~ C~~ra :.!s.~,!n$ Cc:nera. 
L III I. > l2l·I If 

4"OCO~lO,CY'..N A 4,,000-7,,000 A 

I.. ,3 "j'n'i 
sec. 

\ 
.! 2 

73,5COr.:l 
52 lbs 
. u"T3 (2 til. 
flJ.m) 
:r.!~!loscc:vic 

(3 milli 
sec. 

·--2 
1,900,OOOa 

2.5 lbs 
3 aU 
film 
Ste~eo 
60'{, fo=wa~d 
oVGrl~lJ 

~iO fli$ats thru r;'! ·68-$~:-8.0?! 
dc~s l:,-,t i-c..:1.ud.~ booot!;t'lo'9r IS 
"O"''''.!.o .",." -~ .1." " • r~ ... .l~ ... a. .... "'a. r~·_uc\#~cn 
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~,:"'"o1)ir.g C9~era. ~..ly 
-··~r.l II 

4"oCO .. 7J OCQ A 

<.3 milli 
sec. 

2 5 "COO "oOOr:D. 
~~ar H~sphere/nis5 
·,v301bs 

- 3 mil film 

Stu1y l.ll~ie~·;t1.Y is for 
3i:< flieht !il·6zr~"'i1. 
..?irst ~:o in 1972 

11
-~ $300 .. 1:001.1 . 

. (vary prel:i:,'l..'t!':~"Y 
st'l::Jy nur.:bcr) t; 
aoes not include 
:t1a.s/Cent~ll· 

booster" t; ~izht 
o~erct!on3t, etc. 

Surv:=ov CO-~'I"a Il'·~:o'O·h'lO' C~-":,"'e.t. 
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4,,000-10,000 A.4"c~-:r.,oco A . 

~3milli 
sec. 

73, 5cO"'-=n2 
-.52 los 
- UTE (2 Ilil 

fUn) 
- l·~otlosc0l'ie 

(3 ""~"i 
see. 

10 I ceo, CCO, ... -:2 
- e:l~ire r.con 
-.(23 lbs 
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· ..... $30.0!.1 for thr~e fliS~:~ 
pro~&."'!, z:d.nas O!;!:;7!= c::,t' s" 
and dat~ rc~uct~o~. 

to ob-::,-in. !J~:ot::
t;rt'.;tby .~~i~::.~~l~ 
for ~~oto~ ;~- .. 
I!~:-~c e.:!~J ~:lS • 
Photo·~2in:::~··::;~ic 
e.=elysis reJ..::i~ 
Otl. b~C;:.~t::J to 
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