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UMM RIES O F PAP E R S PRESENTED 
IUM N THE EXPLO R A TION OF MAR S . 

-::..~~...:::...::::...:...:::...'-'..:...- :::.::=-:-::-T.:;...:.l.:.;!. E PLO RA T I ON 0 F M A R S (D - . env er, 
Colora do June 6 - 7, 1963) . The fo llo wing abstracts and sum -
maries of p a pers pr pared concerning the S y=posium on the 
Explor lion of lars, sponsored by The A m e r ic a n A s tronautic a l 
SocieLy, re presenLed for their v a lue to those rea ders intereste d 
in the presenL p lanning to w a rd e sta blishing a scientific effort 
r e q uisiLe fa r a manned expl o r a ti o n of M a rs . 

LAU CH F CILITY REQU I RE M E NTS FOR MARS/NOVA 
VEHICLE. Howard Keyse r ( N ova L a unch Facility Study', 
Ma rli n - Denver) Launch facility a nd opera tions problem s h a ve 
been g iven earl y im p ort a n ce in th e NOVA progra m. It may 
seem unusual to some Lhat la unc h f a cility design i s actually being 
considered before se lection of the NOVA . However, the task 
of providing a fac ility is s o g r eat tha t the facility itself a ctually 
is a s i gnific a nL facLor in w haL NO VA m a y eventually be selected. 
This p a p er p rese nts s o me of the fa c ility influences . 

V EH I CLE DES I G FOR MARS LAND ING AND RETURN 
T O MARS ORB I T . D a vid M . Hammock a nd B ruce G . Jackson 
(Ma nned S p acec r aft C enter. NASA) This p a per briefly de
scribes t h r ee mod es for a ccomplishing the Mars landing mission 
a nd com p a r es th e m on a gross basi s to indic a te their probable 
order of m e rit a nd Lo identify design requirements placed on the 
Mars - excursion modul e (M EM ) by the choice of mode. The 
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p a per shows that a flyby-rendezvous mode, requiring low weight in Earth orbit, requires the MEM to enter the Mars atmosphere at velocities ranging from 6095 . 9 to 9 143 . 9 m/sec ( 20 ,000 to 30,000 ft/sec ). The MEM for the £lyby-rendezvous mode is not covered in this p a p er but merits further study . 

The MEM for the other modes of mission a ccomplishment begins its active operational sequence in Mars orbit and need not be greatly influenced by the method of delivery to Mars orbit. 
Parametric studies of the entry problem for two vehicles typ ifying a ballistic -typ e and a lifting- body- type were conducted to identify the pro blems assoc iated with design of a MEM to accommo d a te the extremes of Mars atmospheric density presently predicted. 
This brief study indicates tha t: (a) the presently predicted density extremes of the Mars atmosp here present no serious design problems for a MEM which can operate across the enti re band of predic ted densities; (b) details of operational requireme nts a nd mission objectives will control the choice of configuration rathe r tha n entry requirements; a nd (c) the ballistic - type MEM is lighter a nd simpler but has less operational flexibility than a high L/D M EM . 

A SYSTEMS APPROACH TO VEHICLE DES I GN FOR EARTH RE-ENTRY FROM AN I NTERPLANETARY MISSION. Franklin P. D ixon a nd Leonard D. Stimpson (Aeronutronic Division, Ford Motor Comp any) Earth return from Mars a nd Venus manned v entures during the 1970's places stringent requirements upon the Earth r eentry vehicle design. These requirements are rela ted to the high a pproach velocities ranging from 13 to 19 km/sec and include the possibilities of retro-propulsion, modulated lift and drag, heavy heat shields, a dvanced materials, control techniques which include maneuverability for la nding side selection, and necessa ry safety provisions. Feasibility studies are presented for Earth reentry of a six-ma n crew by three basic vehicle configur a tions, which include a n Apollo -type , a Drag- Brake , and a High Lift-to-Drag vehicle, with the m a in emphasis being placed upon the minimization of total reentry vehicle weight. 

The effect of radiative heating in conjunction with convective heating upon vehicle design is analyzed; coupled with the modulated lifting requirenlent, it results in optimunl tradeoffs between heat" shield 
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10 r t on product r presenls over 90 per 
cen of 11 I 10 de of hum ns nd w h ich can a lso salisfy 
roe t ro u n for peer if used in ils dissocialed 
st t nd I qu e LH2 nd L 2 . With refueling facilities 

I Ih r mol t 1 • Ih 01 loc lly produced fuels will 
dr stic lIy ch n r I od • resulting in (l high degree 

of re- us bUll> of \ I ic h 011 rwise would have 10 be 
disc rd d . " T chnolo )' Program" is evolved in 
bro d Ir e ouUlnin r of ppli d rese rch and advanced 
de,'elopm nl n c ry to chi v IhL objective. Besides water, 
olher loc lI) produ ch m ic I com pounds suit ble as fuels for 
spacecr I nd . Ir I rr tri I urf ce nd flighl vehicles or as 
nulrienl fo Ih loc I production of food and for lhe photosynthetic 
regener lion of 0 . y n r di cu sed. The early prototype 
developm nl of n,inin • processing, nd regeneration equipme~t 
for Ihe bov. purpo s is ncour gcd on lhe basis of economlC 
pay- offs, r eullin (rom their use Irlraterrestrial exploratory 
bases wh r tll y should Iso conlribute enhanced flexibility and 
• !ncre'sed s cly 10 such op r lions. 
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PRELlMlNAR DESI N PM, RS BASING . Percy B. 
Bliss (The Rand Corpora lion) This p p r i s a n a ttempt to focus 
a ttenlion on the de ign nd construclton probl ms for a Martian 
base . n immediate, pr f bric t d, inll tabl eh It r ie proposed 
for the first crew th a t I nds on I rs; It will e rv for head _ 
quarters while a ddition a l b s construc tion Is p rformed . The USe 
of indigenous materials for structur s is propos d whore Possible 
to reduce transporta tion nd construc tion costs . Prefabricated 
structures are advocated from import d m t rl la, using steel, 
a luminum, wood wood producls , pi ,altca , rubber f ab rics , Or 
polyurethane plaslics . Rlock conslruction could b used with 
either imported cemenls or wilh block a nd cementa m nufactured 
from larlian malerl Is . Th d aign nd conslruction 01 basing 
facilities on la rs pp r lo will'in lh Iimila of present tech_ 
nologies, but it is emph siz d lh l d aigna propoaed herein will 
p robably require consid rAbl modiIlc .. lion mor information 
about the environm nt a nd v i1 bl m l n d on I re is obtained . 

POWER S PPLY ASP E 0 F TIt£. . . IA RS MI SS ION . 
R . Balent a nd J , R. \ teh (·\lornlc Inlern .lion I, orth meri
can Avia lion, Inc.) The m nn d I rs m ission will probably be 
man' s most ambilious und rt Ildng oC Ud c ntury . One of the 
many subsyslems which will b critic I lo the Success of this 
mission will be the developm nl of com p cl , 10ng-lUe electric al 
po wer supply wilh n eJClremely high r liability lo drive eledronics 
and life support equipment. 

The power requiremenle [or 
Mars landing , and l a rs b s 

3-m nn d 
) ehow Ih 

electrical. 
method for 
of one - half 

J uclear reactor pow r sysl 
supplying this level of pow r 
to one year . 

I .re 
r mg 

miesions ( lars orbit, 
to be 40- to 200 - kw 

ms re lhe only conceivable 
for lh mission UIetimes 

By utilizing a modular or bUilding block ppro ch, the technology 
within the current reactor S P (Syel ms uclear uxiliary 
Power) program c a n readily I d to power syslem which will 
meel a ll r e quir ements for the manned I rs mission . typical 
power supply for this m ission r ted Il 55 kwe would utillze a 
SNAP 8 reactor with 704 °C (1300 °1") coli nt s the heat source 
to drive ten SNAP 2 mercury R nkin pow r conversion systems, 
each with a separate s p ace radiator. complete stand-by reactor 
SUbsystem would be availabl s as a redundanl heat source . With 
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(WO reactors a nd the multiple power conversion d . a n separate 
radiator umts, the system would have a n extrem I h' h " . . ' e y 19 r e h ablhty, 
even wlth a catastrophlc meteorite event or maJ'or . . . comp onent fallure , 
to meet the emergency mlSS l on p ower re quiremen's f . 

L. or communl_ 
cations a nd life support. 

By utilizing a split-shield des i gn a nd a sep aratio n dista n ce between 
the crew compartment and the reactor he a t sourCe of 30.4 m 
(100 it), the tota l shield ed system weight would be 5 443 k (12 000 
Ib). The space radiator would require an a re a to ta lling 1

9
20. 7 'm2 

(1300 f( 2 ). 

(A) ON-CO VENTIO AL COMMUNICAT ION DEVICES 
FOR THE MARS HSSION, AND (B) USE OF RADAR 
TECH IQUES TO SELECT MARS LANDING S ITE. 
Professor Keeve M . Siegel (Conductron Corp oratio n) 

(A) The advantages which are obtained from the use of non-
conventiona l communication systems operating a t wavelengths other 
than microwave, e . g., optical and millimeter , are weighed agains t 
the disadvantages . It is concluded that some small rel a tive a dva n
tage can probably be gained in the m illimeter r a nge, but that this 
advantage is not significant a nd that there is no foreseeabl e a d
vantage in the optical range . Therefore , it a ppears tha t improve
ments in space communication techniques are most likely to be 
found within the microwave region . 

( B) A set of experiments to determine the geometrical character 
and material composition of the Martian surface a re described. 
These experiments depend upon both p assive a nd ac tive electro 
magnetic radiation measurements . B istatic a nd monostatic, multi
wavelength, high resolution radar mapping exp e riments are strongly 

recommended . 

SOME METABOLIC ASPECTS OF EX TENDED SPACE 
FLIGHT . Ronald R . Young ( Ames Research Center) This 
p a per reviews some of the antic ip a ted metabolic consequences 
and physiologic effects of s p ace flight. The fa ctors which have 
been considered are : ( a ) effec t of immobilization a nd confinement, 
(b) cabin atmos pheric requirements, (c) selection o~ an ad~q~ate 
diet for maintenance of fitness a nd for protection agamst r a d,atlOn 

-5-

I 



11 I Id) Ih d \1\1 • , 
rh I 11 , III 

ti'ln . ,.., , J1\ 11 

ffi'i 11 , n 

p r' " n. ,r 
, 

" q"" ! J1\ ! 
, , I ! l1\ ll\ n 11\ 

\l I 

\" it pa I 

S ' " I I I 
os (ul I 

{Ill r 1 
, , d I 
p r di h n In 

w ith onfid n 
h 1 ,Urn I 

ond . I 

fid nUr pr dl 
oil 10 r 

lion nd \ 1\1 
beh v iol' W 11 

o 

n 
d nl 

t 

I 

0 

f 

I 

ra n I 
I rs s p co hI p "Ill n 

p riod of 1 ~0 d ~e ( n 
pUsh Ih round I rl (rom 

( 

101' d q u ntill a of (0 d. 
including r r e , 111 
( 11,000 nd I , 00 I I , 
oxyg n r gon r i d on 
will dep nd upo n Ih . d " 

I 

1 

I f t 

• 

I 

• 

• 
I 

• .. 

t 

r 

n , 
t 

n 

• I I n 
I .5 

n n 
I f I 

p n nl , tun t n I 

- -

I 

I 

I 

o 

• o 0 

U 

a 

I I 
n 
I r 
r 

nd 
unt 

I I 

n 

I 
n I 

n 

I 

I 

p r lion I 
I m lie 

I t I. 
10 In In-

0 

n 

( 

o 
n 

w Ih 

of om • 
mpl 

(or 

m de 
p.yc:hology 

I re trip. 
• C D-

f r 0 hal-
o 
I-

n 

nla e, 

7 la 0 Th. 
III r quire 

) I 

nl. 

d nd 
• hi m I 

I P h rd re. 



I 

n 

I 
d C 0 
co 
r 

ROJ I 

I 

ludy I It 

-

d 

1 

1 /I f 
/I • W m 

/I I 1 r J 

1 

/I • 

1 

10 • J . V . 
p ( l.ock h d !iaailes 
ph nom 'n for ., 
by g -om t.ric I 

r J C ory nd Ha 
JO r ftnrlinga ,r" 
r) • bolh In Ih 
0/1 of .ch leg of 

• r I M-lin mo -
cy , 

In 0 ighlings 
enUr inl rpl nel,ry 

n b eolv d in Ire 
I p nd.lur of 
ur Ion inl rpl nelary 

- of- r rlv I uid nee 
d 1 10 guide 

I . 1 I r. 
sIb men ble 

on 
f ch 

r,"ing only 
ng of Ihe 

:..=...;:~...:.:. ~~ ~.;..:...;:....::~ :...;.~ . 
ul cs) 

\ndrew 
"Ihe 'OV 
clion of 

l ha mosl 

t 
t 

• 

1 
1 

J 

r U d.r 
t d flnin 

r 1 .ions .,f Ihe 1970's. 

11 11 ollomic Hr fe sible, 
r )'10 d 0 p bilil)' nd 

III E rlll 0 rbil , m nned 
U8 ,d t liS f 'or I ullch 
Is. • nilic III cosl re-

n ot high cosl 
'0 V I configu-

I on ulic md I rtin/ 111\ 
III c l rs , ,. d scribed. 

1..,/1 uf ,. i 

-7-

MARS 
- ~::-:::-::::: 0 r y 

ion indic tea that 



the vehic l e p rop u lsion requirements could be met by the dev e lop_ 
ment of a 11 ,339 . 8 kg (250,000 l b) thrust nuc lear p rop u l s i on 
engine to be used both singly and in clusters of four . It a ppe a r s feasib l e to conduct the develo p ment on a time scale which p e r m its 
a miss ion attemp t in the 1973 -1 975 time p eriod . No re - use of th e 
engines i s p ro p osed, and the burning time is restr icted to a maxi
mum of 30 min . 

ELECTRIC PROPULSION SYSTEMS FOR MARS M I SS I ONS , Wolfgang E , ~loeckel (Electromagnetic Pro p u l s ion D iv ision, Lewis Research Center) The p otential cap abilities of e lectri c pro pulsion systems for both unmanned and manned exp loration of Mar s a re 
considered relative to those of other p rop u lsion systems , prim a rily nuc lear heat- transfer rockets . For unmanned explo r ations, a single e lectricall y p rop e ll ed vehicle, weighing about 1 1, 339 . 8 k g ( 25 , 000 lb) and usi ng a 250 - 450 kw p ower system with s p ecific weights in 
the v ic inity of 10 kg/kw, would be cap able of p erforming m ost of 
the sc ientific interplanetary p robe Inissions, not onl y to Mars but 
a lso to Inost planets and regions of the Solar SysteIn . CheInical 
or n uc lear - rocket vehicles 
p e rfo r m o nl y p art of these 

several times this initi a l weight c a n 
, , 

m i SSions . 

F o r manne d e xplo r a tion of Mars , the comp ari s o n d ep e nds on the 
specific powe rpla n t weight attainabl e w ith e lectric propulsion a nd 
t he sp ec ific impulse a tta inabl e w i th nuc lear rockets. In genera l, 
if t he sp e cific w e i ght is 10 k g/k w , e lectric -prope lle d vehicles re
quire l e ss initia l w e i ght for a g ive n m ission than nuclea r rockets, 
but o nly a t r a t he r lo n g m issio n time s. A specific weight is reduced, 
the trip time for e qua l initia l w e igh t for nuclea r a nd electric rockets moves towa rd lowe r v a lues, r eaching a bout 500 d a ys a nd 400 days 
for sp e cific w e ights of 6 a nd 4 kg/ kw, respectively. Further 
r e duction in specific w e igh t Ina k e s e le ctric propulsion superior at a ll trip times. 

Considex'a tion of shielding requirexne nts for tra versal of radiation 
belts a nd for crew protection during gia nt solar fl a res indicates that shielding equiva lent to a s xnuc h a s 100 gm/cm 2 of graphite xnay be needed throughout the m a nned M a rs mission. During the outwa rd 
po rtion of the mission, p ropella nt weight is more than ade quate to 
p rovide this shielding, both for nuclea r rockets and for electric 
p ropulsion. For the return trip, the best o p eration mode for 
e lectric -propelled vehicles consists of carrying reserve propellant 
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equal to the shielding required for solar flares d ' an uSing a re entry-
landing vehicle to return the crew to Earth th b ' , , ere y avoldlng slow 
descent through the r a di a tion belt and consUl p tl'O f 11 Xl n 0 -pro pe ant 
during the last portion of the return trip Fo 1 . r nuc ear- rocket 
vehicles, the best opera tion mode depends on the 't d ." rnagnl u e of 
sola r-flare shleldmg requlred . For high values (about 100 gm/ 
crn2 ) o~ very low values, use of a reentry-la nding vehicle, r a ther 
than a fmal Earth capture propulsive imp ulse, yields the lo west 
initial weight. When the shielding needed is about the same as 
the prop e llant weight, ~equir~d for the final Ear th capture impulse, 
however, the best ,rut,a l welghts are obtained by using prop e llant 
to provide some of t he capture impUlse , 

The rel ative initial weights required for nuc le a r- and electric 
rocket propulsion were not a ppreciably a ltered by conside ration, 
of shielding requirements , 

EVIDE CE OF THE EXISTENCE OF LIFE ON M ARS , 
W, M , Sinton (Lowell Observatory) Various evidences are 
presented favoring the existence of vegetation on M a rs: (a) red 
and green areas thought to be deserts and vegetated areas; (b) 
seasonal variation of dark areas; (c) failure of d a rk a reas to 
be covered by dust storms; (d) temp erature measurements of the 
surface; (e) changes in the light-polarizing a bilities of dark areas'; 
(f) the rate of absorption of infrared light by organic molecules; 
(g) an inconclusive spectroscopic test for chlorophyll bands; (h) 

an inconclusive test for bright infrared reflectivity , 

Hypothetic a l remarks concernin g modification of terrestria l plants 
for Marlian conditions of low oxygen a nd freezing temperatures 
conclude the paper , Plants a r e perha ps shaped like cacti with 
moisture near the surface during the day but retracted at night, 
le aving cellula r structure a s insulation . The pla nts may conta in 

their own oxygen- rich a tmosphere . 

TH E HISTORY OF THE CONCEPTS ABOUT MARS. 
WiUy Ley (Fa irleigh Dickinson University ) Mars to the Greeks 
was the red planet, a token of war . About 1600 , specula tion 

A h ' K' h r 
bega n concerning its nature,. by such men a s t a n a SlUS Ire e 
(1656); Christiaan Huyghens (1698); Giacomo Maraldi (1719);, 
and Sir William Herschel (1784). Writers of early spa ce storles 

conspicuously neglected Mars : Kepler, Fra ncis Godwin, de 

Bergerac, de Fontenelle , 
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Recent d iscoveries and hypothosee bogan in 1877: ( a) Asap h 
Hall d iscovered two small moons j (b) iov nni chiap arelli dis _ 
covered network of fine str igM linos which ho call ed c a n a lij 
( c ) Perc ivall Lowell e p la in d th so c n a li s an act of inte lligent 
engineering j ( d ) A Ured R . W 11 co opposed owell' s theory a nd 
asserted that M ars was a cold a nd w a t rl ss p la not that could 
not susta in life j ( e ) Svant Arrh nius assorted that change re 
sulted from eva p oration of w a t ry solutions of v a r ious saIts . 

That M rs is a life - sust ining but cold pi net where water is 
p rec ious has been the majority opinion of the I st decade . D issent 
occurs, however, in the theory pres nted in 1960 by Drs . K iess 
and Corliss : observed phenomen Occur by the conversion of 
n itrogen tetroxide from a solid to gaseous form. Dr . Ley 
believes that the assum ption of life on Mars is the simplest expla na _ 
tion for the observed phenomen a . 

EARTH - ORBIT TO MARS-ORBIT VEHICLE DESIGN . 
Harry O . Rupp e ( Future Projects fIice, George C . Mars ha ll 
S p ace F light Center) Based on the mission of m nned explora tion 
of the planet Mars, a prelimin ry survey is given of typical mass 
data for orbit la unched vehicles . Using nuclsar heat exchan ger 
p rop u l s ion systems a nd rel a tively short mission dura t.ions ( o n e 
year ) , these vehic les are large - of the order of 103 tons . In 
the caSe of M a rs, there are definitely "good" and "bad" la unch 
time p eriods because of the eccentricity of its orbit. Limiting 
caSes are d iscussed, and remarks as to costs, schedules , a nd 
f u rther s tudy re q u i rements a re presented. 

TH E ECO L OG I CAL P ROFILE OF MARS : B I OAS TRO
NAU TI CA L AS P ECT . Hubertus Strughold ( Aerosp ace Medical 
Divis ion, B rooks A ir F orce Base ) An ecological e v a lua tion of 
th e c ondition s on a pla n e t in terms of bio stronautics must include 
the fol1owin g com pon e nts : t he gravita tional , magn e tic , r a di a tional, 
a tmosph e ric , h Ydro sphe ric , lithosp heric , and biotic e nvironment. 
C h a racte ristics are eva lua ted : 

G r a visphe r e : 500, 00 0 Kilomete r s 
M a gn e tosph e re: w eak er tha n that of Earth 

A tmo s phere : correspond s to a he ig ht of s e venteen kilometers j 
physiologic a l1y a critic a l a tm o s phe r e a nd the b eginning of atmosp heric 
p a rti a l sp a ce equiva lenc e 
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hn bi lic p ot nti a l of much lower degree 

I o,~ i c los r to us lopogra p hic a lly , but Mars 
o logIC<\lI y . if co ndilions On Mars seem 

lh journ y ilseU is long . 

11 ADVA ED PROPULSION . 

Propul ion: I I· ch mic I rock l booster stages w ith nuc lear 
propul ion {or upp r l g s . I jor new item in nuclear rock e t 
is r eaclor . i" J "" 1 r cLor l ele have shown success in 
met hod of r n ctor drum conlro l nd use of liquid hydrogen bul 
(a ilu r e in c r c in of fu I I m nl a nd d a m a ge to thermal insu la -
tion round cor. Th f il ures re due to mechanical e n gineer-
ing de ign. r ulling from insuUicienl n a lysis a nd tes ting of c om -
ponenl und r condition imul ting lhose e xisting in reactor. 
T hree l s t. r lhu n c s ry : c omponent, s imula te d e nviron
menl, "nd pow r . Ori f cons idera tion is given to othe r systems 
of pro pulsion: () I clric -- 20 lo 40 megawatts re quire d for 
Ma rs mi ion; (b) rion co ncepl--must be tested in s p ac e and 
disallow ground l l, h nc undevelop able; (c ) gaseous-- high 
lemper lur s n c ss ry for co nverting ura n ium into hydrogen 
m a ke l tin g un! ibl . 

Conclu s ion: discrimin lion nd realism must b e e xercised in 
research w 11 in m issions p i nned . 

VEHICLE DESIG 
A . M. Lippisch ( 

S F R EXP LORA TI O N 0 F MARS . 

ollins Radio ) Key points in the paper are : 
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