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H I G H  ENERGY MISSIONS FOR SATURN 

d e n  t h e  Apollo l u n a r  landin& p r o j e c t  is  complete, t h e  Saturn and Apollo 

hardware w i l l  only have begun t o  r e a l i z e  t h e i r  u l t ima te  p o t e n t i a l  f o r  

space explora t ion .  The immense r e se rve  of Apollo technology, f a c i l i t i e s ,  

and boos t e r  c a p a b i l i t y  can then  be d i r e c t e d  t o  t h e  achievement of n a t i o n a l  

goa l s  which l i e  far beyond t h e  i n i t i a l  l u n a r  landing ,  

I n  achiev ing  t h e  Apollo l u n a r  o b j e c t i v e s ,  large investments w i l l  have 

been made i n  launch f a c i l i t i e s ,  t r ack ing  systems, propulsion techniques ,  

r e e n t r y  systems, l u n a r  landing systems and rendezvous technologies .  

Although developnent i n  t h e s e  s p e c i a l i z e d  a r e a s  has been t a i l o r e d  t o  

t h e  needs of  Apollo, numerous s t u d i e s  by NASA and indus t ry  have demonstrated 

t h e  f e a s i b i l i t y  of us ing  t h e  s p a c e c r a f t ,  launch veh ic l e s ,  and ope ra t ing  

techniques  f o r  missions far more complex than  luna r  landings ,  Amortization 

of  t h i s  hardware w i l l  prove cos t - e f f ec t ive  f o r  missions of  more s o p h i s t i c a t e d  

a p p l i c a t i o n s ,  

. t 
This paper  d i scusses  t h e  u t i l i z a t i o n  o f  Saturn  V f o r  t h e  accomplishment 

' o f  h igh  e n e r a  s o l a r  system exp lo ra t ion  missions. Throughout the  paper ,  

t h e  performance o f  two veh ic l e s  w i l l  be discussed.  The v e h i c l e  conf igura t ions  
1 

a r e  shown i n  Figure 1, The first i s  a s tandard  three-slesge Sa turn  V 

with a h y p o t h e t i c a l  s c i e n t i f i c  payload r ep lac ing  t h e  Apollo, The second 

v e h i c l e  i s  a four-s tage conf igu ra t ion  of t h e  Sa turn  V and uses  t h e  Centaur 

as a t y p i c a l  example of' a f o u r t h  s t age ,  The Centaur i s  mounted above t h e  

S-IV3 Stage ,  This  f o u r t h  s t a g e  could be used t o  m o v i d e  a d d i t i o n a l  v e l o c i t y  

t o  t h e  s c i e n t i f i c  payload mounted i n  t h e  shroud aursoundfng t h e  fourth s t age .  





The Saturn V i s  t h e  l a r g e s t  launch vehic le  under development i n  t h e  United 

S t a t e s ,  Its r e l a t i o n s h i p  t o  e a r l i e r  Saturn configurat ions i s  shown i n  

Figure 2, The f i r s t  Saturn V launch vehic le  w i l l  be flown i n  1967. The 

three-stage Saturn V ,  with payload, weighs agproximately 3200 tons a t  

l i f t - o f f ,  It can place up t o  261,000 l b s , ' o f  payload i n t o  a 100-nautical 

mile c i r c u l a r  e a r t h  o r b i t  and can acce le ra te  98,000b1bs. t o  escape veloci ty ,  

The f i r s t  s t w e  u t i l i z e s  f i v e  Rocketdyne F-1 eneines,  These enqines, 

burning RP-1 and l i q u i d  oxygen as  propel lants ,  generate a t o t a l  t h r u s t  

of  7.5 mi l l ion  pounds a t  sea  l eve l .  The second s t age ,  containinp anproxi- 

mately 1 mil l ion  l b s ,  of hydrogenloxygen propel lants ,  employs f i v e  J -3  
4 

engines which develop a combined t h r u s t  of about 1 mil l ion  lbs .  A t h i r d  

s t age  i s  the  Douglas S-IVB which conta ins  230,000 ibs. of hydrogen and . 
oxygen p rope l l an t s  and employs a s i n g l e  205,000 Ibs. t h r u s t  J-2 eqgine, 

( ~ i g u r e  3 ) ,  This stage i s  designed t o  burn i n t o  e a r t h  o r b i t ,  coas t  f o r  

as long as four  and one-half hours and then r e s t a r t  t o  nrovide e a r t h  escane 

ve loc i ty ,  

1 I n  t h e  Saturn V four-stage configurat ion,  t h e  s t age  above t h e  S-IVB, i n  

t h i s  case Centaur, contains approximately 30,000 lhs .  of hydro~en/oxygen 
* 

prope l l an t s  and employs two RL-10 engines which develop a t o t a l  t h r u s t  

of  30,000 lbs .  This  upper s t age  is shown i n  Figure 4. . The Centaur s t a g e  

i s  encased i n  a shroud which extends from the  forward end of t h e  Instru- 

ment Unit,  depicted i n  Figure 1, t o  the  payload. This shroud c a r r i e s  t h e  

acce le ra t ion  and bending loads from t h e  payload around the  four th  s t age  

d i r e c t l y  i n t o  t h e  Instrument Unit/S-IVR s t r u c t u r e .  
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Figure 7 shows t h e  payload capab i l i ty  of t h e  t h r e e  and four-stage Saturn V 

veh ic le  a s  a function of  hyperbolic excess ve loc i ty  (v, ), ,The mission 

p r o f i l e  f o r  t h e  four-stage Saturn V ( ~ i g u r e  6 )  i s  i i rn i l a r  t o  the  three-  

s t age  app l i ca t ion  except t h a t  t h e  shraud is j e t t i s i o n e d  st an a l t i t u d e  of 

anproximately 340,000 f e e t  p r i o r  t o  inJec t ion  i n t o  low e a r t h  o r b i t ,  As 
' 

i n  t h e  three-stage case,  t h e  S-IVB,using a por t ion  of i t s  propel lants ,  

would accomplish t h e  i n j e c t i o n  i n t o  low e a r t h  o r b i t  and then,  a f t e r  an 

appropr ia te  coas t ing  period,  the  S-IVB would be re ign i t ed  t o  ~ r o v i d e  

i n i t i a l  e a r t h  escape ve loc i ty ,  Following t h e  S-IVB/fourth s t age  separa t ion ,  

t h e  four th  s t age  would provide t h e  remaining energy required t o ? p l a c e  t h e  

spacec ra f t  i n  an escape t r a j e c t o r y ,  I n  some missions, the  fourth s t a g e  

would execute a dual  burn t o  accomplish t h e  required plane changes o r  

ve loc i ty  addi t ions  a t  t h e  proper i n j e c t i o n  point ,  

I 
Clearly a veh ic le  of the Saturn V s i z e  i s  capable of boosting very l a r g e  

payloads . t o  high ve loc i t$es ,  - However, is it appropriate t o  conduct ex- 

p lo ra t ions  of t h e  s o l a r  system with a r e l a t i v e l y  few'number of l a r g e  payloads 

o r  a g r e a t e r  number of  smal ler  probes? Thfs i s  a d i f f i c u l t  system analys is  

problem, While t h e r e  a r e  arguments on both s i d e s ,  the  l a r g e r  booster  - 
l a r g e r  payload o f f e r s  t h e  following advantaqes : 

a, Perform missions durina non-optimum times o r  varying tsip time 

by t r a d i n g  payload f o r  increased veloci ty .  

b e  Avoid problems associa ted  w i t h  pressing t h e  state-of-the-art 

of  micromini a t u r i  z a t i  onr 

c, Increase  use of  redundancy t o  enbance payload r e l i a b i l i t y .  

d, 'Employ booster  configurat ions which serve  the  rnwned and unmanned 

payload community, 
* 
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e ,  Employ higher powered da ta  t r ansmi t t e r s  f o r  increased bandwidth 

which leads  t o  g r e a t e r  resolu t ion ,  g rea te r  frecl,uency response, 

and l e s s  delay i n  handling data.  

f ,  Carry bulky payloads such as l a r g e  aper ture  op t i c s .  

. U t i l i z e  a  ort ti on of t h e  payload weight f o r  proouLsive maneuvers 

such as  plane change, mid-course corrections,'deceleration i n  

t h e  v i c i n i t y  of t h e  des t ina t ion ,  

h, Provide s multi-mission capab i l i ty  by mountinq moEe t h an  t h e  bayload 

on t h e  launch vehic le ;  i .e ,  one t o  ~ e r f o r m  a s o l a r  probeband 

ane t o  perform a planetary flyby. 

There a r e  two major considerat ions which mi t iga te  agains t  t h e  l a r c e  booster  - 
l a r g e  payload concept. These can best be described as:  

a .  The " a l l  t h e  eggs i n  one basket" syndrome, 

b. The high cos t  of heavy payloads, 

The " a l l  t h e  eggs i n  one basket" argument s t a t e s  t h a t  if w e  bu i ld  a h e a w  

s o l a r  system probe and it f a i l s ,  then t h e  f a i l u r e  i s  very costly; however, 

a l a r g e r  number of  smaller  probes a r e  cheaper per  u n i t  success and some a r e  

' b a d  t o  be successful .  This argument might have had g rea t  fo rce  i n  e a r l i e r  

days of rocket ry ,  but t h e  outstanding ~ e r f o m m c e  of t h e  Saturn c l a s s  vehic les  

i n d i c a t e s  t h a t  very high vehic le  r e l i a b i l i t y  i s  a t t a i n a b l e  with today's 

technology ( eleven out  of eleven shots  1. Furthermore, .the l a r g e  payload 

weights ava i l ab le  should lead t o  l e s s  r isk-taking i n  pqyload d e s i m ,  t r ad ing  

ava i l ab le  weight f o r  r e l i a b i l i t y  s o  t h a t  perfoxmanee of t h e  payloads them- 

s e l v e s  should become more ce r t a in .  The p o t e n t i a l  uses of l a r g e  payloads 

w i l l ,  almost i n s t i n c t i v e l y ,  mult iply a f a v o f i t e  f i g u r e  f o r  payload cos t  

per u n i t  weight by t h e  t o t a l  weight ava i l ab le  and a r r i v e  a t  an astounding 

p ro jec ted  payload cost .  Heavier payloads a r e  undoubtedly more e x ~ e n s i v e ,  



but pas t  unmanned programs i n d i c a t e  t h a t  t h e  cos t  per u n i t  payload weight 

w i l l  diminish a s  t h e  absolute aayload weight increases  ( ~ i g u r e  7 ) .  Also, 

heavier  payloads makes it poss ib le  t o  (1) avoid undue sonh i s t i ca t ion  and 

( 2 )  use standard qua l i f i ed  parts ,  thus  reducing t h e  o v e r a l l  cost .  Therefore, 

i n  providing f o r  l a r g e r  payloads, we can expect t o  s e e  increas ing payload 

r e l i a b i l i t y  and reduce cos t  per  u n i t  of information returned. !?any of 

t h e  explora t ion  oppor tuni t ies  a r e  cyc l i c ;  b ig  boosters  provide t h e  opportu- 

n i t y  f o r  maximizing da ta  c o l l e c t i o n  during periods of optimm a l sne ta ry  

geometry and furthermore, the  excess ve loc i ty  capable of l a m e  boosters  

permits exploration during non-optimum periods. 

Severa l  s t u d i e s  hsve been conducted a t  Douglas anplying t h e  t h r e e  and four- 

s t age  Saturn V vehic le  t o  s o l a r  system explorat ion missions. S ~ e c i f i c  

d i s s i o n s  which have been inves t iga ted  include: 

Planetary  Probes 

Comet In te rcep t s  

Asteroid Missions 

So la r  Probes 

Out-of-the-ecliptic Probes 

Exploration of  t h e  Earth-F4oon Librat ion Points 

Probes out  of  t h e  Solar  System 

While advanced f l i g h t  mechanics techniques have been employed i n  some 

current  work ( f o r  exanple, u t i l i z i n g  t h e  g r a v i t a t i o n a l  f i e l d  of Venus.or 

J u p i t e r  t o  minimize t h e  energy requirements f o r  various interplaneta~-pr missions ) , 
t h e  examples quoted i n  t h i s  paper emaloy conventional Hohann t r a n s f e r  

t r a j e c t o r i e s .  Launch windows a r e  considerahlv wider with t h i s  a b ~ m a c h  

and t h e  b r u t e  fo rce  energy ava i l ab le  reduces the'need f o r  soah i s t i ca ted  





f l i g h t  mechanics and i t s  a t t endan t  guidance and nropuls ive  problems. 

The fol lowinq paragraphs d iscuss  t h e  missions l i s t e d  a%ove, t h e  poss ib l e  

experiments t h a t  could be ~ e r f o r m e d  during t h e s e  missions and t h e  ~ q r l o a d  

c a p a b i l i t y  of t h e  t h r e e  and f o u r  s t a g e  Sa turn  V f o r  var ious  t y p i c a l  missions.  
", 

P1metar-y Explora t ion  

Explora t ion  of  t h e  p l a n e t s  has of course a l ready  hewn with small'unmanned 

payloads which have been flown t o  t h e  p l a n e t s  Mars and Venus. Beyond t h e s e  

i n i t i a l  experiments w i l l  come t h e  requirement f o r  f l i g h t s  of l a r g e  s c i e n t i f i c  

s t a t i o n s  no t  on ly  t o  Mars (e.q. Voyager) and Venus b u t  t o  t h e  more demanding, 

p l a n e t s  of Mercury, J u p i t e r ,  and beyond, Geodetic o b s e r v ~ t i o n s  of t h e s e  

p l a n e t s  w i l l  be  r equ i r ed  inc lud ina  determinat ion of  tonogranhy, p rav i t a t i ona , l  

f i e l d ,  and exper ikents  r e l ~ t i n g  t h e  p lane t"  h t e r n a l  s t r u c t u r e .  ~ c o l o g i c a l  

experiments a s soc i a t ed  wi th  t h e  na tu re  of t h e  p l ane ta ry  s u r f a c e  and i ts  

composition, surface-atmospheric i n t e r a c t i o n  and s u r f a c e  temnerature,  

With each new p l a n e t ,  s t u d i e s  w i l l  be made of magnetic f i e l d ,  i n t e r a c t i o n s  

between s o l a r  p a r t i c l e s  and t h e  magnetosphere, determinat ion of t he  micro- . 
meteoroid environment, a lbedo,  o p t i c a l  and magnetic n r o p e r t i e s ,  e l e c t r o n  

d e n s i t y  p r o f i l e ,  e t c .  S ince  J u p i t e r  is  t h e  most massive p l a r ~ e t  i n  the 

s o l a r  system, e x ~ e r i m e n t s  p e c u l i a r  t o  g r a v i t a t i o n a l  measurements w i l l  b e '  

r equ i r ed  when J u p i t e r  exo lo ra t ion  i s  i n i t i a t e d .  bfeasurijments i n  magnetic 

f i e l d  and gravi ta t ionaX phenomenon w i l l  be prominent, I n v e s t i ~ a t i o n s  o f  

t h e  behavior  and source  of  t h e  non-thermal r a d i a t i o n  o r i g i n a t i n g  from 

t h i s  p l a n e t  undoubtedly wi1.l be conducted over  a wide range of wsve lengths .  

The micrometeoroid environment around l Jupi te r  will a l s o  be of m e a t  i n t e r e s t .  



The three-s tage  Sa turn  V can boost  a 24,000 lb.  payload on a 750-day 

Hohmann t r a n s f e r  mission t o  J u p i t e r ,  This payload can be  inc reased  t o  

36,000 lb s .  by us ing  t h e  four-s tage Sa turn  V. The mission assumes a 

hyperbol ic  excess  v e l o c i t y  of 29,785 f e e t  pe r  second. If nayloads of  

t h i s  magnitude are not  requi red ,  h ighe r  v e l o c i t i e s  and anprec iab ly  s h o r t e r  

t k i p  t imes  can be  achieved as shown i n  Figure 8. Mote t h a t  with t h e  four-  

s t a g e  Sa tu rn  V conf igura t ion  t h e  t r i p  t ime can be reduced by one-half 

and a payload of 13,000 I b s ,  is s t i l l  a v a i l a b l e ,  

Comet I n t e r c e p t  

S c i e n t i s t s * b e l i e v e  t h a t  a d e f i n i t i v e  i n s i g h t  i n t o  t h e  o r i g i n  and f o m t i o n  

o f  t h e  un ive r se  could be gained by explor ing  comets. Much d a t a  must be 

c o l l e c t e d  i n  o r d e r  t o  r e f i n e  o r  r e j e c t  p re sen t  t h e o r i e s  about t h e  evolu t ion  

of t h e  s o l a r  system, about t h e  ~ h y s i c s  of cometary bodies  and about t h e  

dynamics of t h e  i n t e r p l a n e t a r y  medium. The t r u e  n a t u r e  of comets can be 

revea led  only by ( 1 )  a d i r e c t  probing of  t h e  coma and t a i l ,  (2) 0 b s e r v ~ t i  ons 
r4 

and eventua l  sampling of t h e  nucleus. 

The obgec t ive  of  Comet I n t e r c e p t  Missions i s  t o  measure t h e  t y p e  and 

d i s t r i b u t i o n  of  p a r t i c l e s  of  ma t t e r  m d  t h e  d i s t r i b u t i o n  of t h e  rnagneiic 

f i e l d  through t h e  coma, t o  observe t h e  nucleus,  t o  determine t h e  chemical 
I 

composition of eometary ma te r i a l .  This w i l l  be accomplished by f l y i n g  

an instrumented probe through t h e  c m  and/or t h e  t a i l  o f  t h e  comet. 

Comets c o n s i s t  o f  a small  nucleus,  s o l i d  ma te r i a l  a few mi les  i n  diameter ,  

a gaseous envelope around t h e  nucleus ( t h e  co rn )  genera l ly  i n  t h e  range of 

5,000 mi les  diameter ,  and a gaseous reg ion  c a l l e d  t h e  t a i l  t h a t  may range 
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from 100,000 t o  many mi l l ions  of dies i n  length. The mass of comets 

i s  genera l ly  small, between l o l l  and 10'' tons.. When the  comet comes 
C 

c lose  t o  t h e  sun, a t a i l  develops which usual ly  points  away from t h e  sun ' 

due t o  s o l a r  gressure .  The i n t r i n s i c  brightness of a comet increases  a s  

it g e t s  c l o s e r  t o  t h e  sun, The ve loc i ty  of t h e  comets i s  on t h e  order  

of 30 - 70 kn/sec (98,400 - 229,600 fps ) .  Orbits  have been computed f o r  

more than 700 comets and of these  only about 100 have y ie lded periods 

of revolut ion  smaller  than 100 years. Comets a r e  s ighted  at a r a t e  of 

6 t o  12 a year ,  but  m r e ' t h a n  ha l f  of them a r e  known, (short-?e?riod comets) 

t o  make an expected re tu rn .  Most of t h e  short-period comets r e t u r n  every 

s i x  t o  seven years  and have t h e  aphe l i a  c lose  t o  J u p i t e r ' s  o r b i t ,  They 

form t h e  " ~ u p i t e r  family" of comets, a l l  of which have d i r e c t  motion and 

o r b i t s  of  moderate i n c l i n a t i o n s  (not  more than 31'). Comet o r b i t s  with 

aphe l i a  w e l l  beyond J u p i t e r  have inc l ina t ions  d i s t r i b u t e d  almost a t  random 

between 0' and 180°, The following Table I provides da ta  on some of t h e  

most w e l l  known cornets. 

Encke i s  a good choice f o r  a comet i n t e r c c v t  mission because i t  i s  associa ted  

with four l a r g e  meteor streams and thus with a l a rge  quant i ty  of  me teor i t i c  

mater ia l .  I t  i s  a l s o  t h e  c l o s e s t  t o  e a r t h ,  a b r igh t  comet, and orovides 

time, p r i o r  t o  per ihe l ion ,  ava i l ab le  f o r  recovery, Eneke has a shor t  

per iod  which provides many launch opportunit ies .  It  should be emphasized 

t h 8 t ,  en route  t o  t h e  comet, very valuable information can be co l l ec ted  

on a l l  aspects  o f  space environment outs ide  t h e  plane-of-the-ecliptic, 
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Three p r i n c i p l e  c a t e g o r i e s  of experiments would b e  perFormed r e l a t i n g  t o  

de te rmina t ion  of t h e  comet's s t r u c t u r e ,  plasma i n t e r a c t i o n s ,  and chemical 

composition. 

1, S t r u c t u r e  

The phys i ca l  p r o p e r t i e s  of t h e  comet could b e  determined by us ing  

a TV device  t o  photograph t h e  nucleus of t h e  comet. These p i c t u r e s  

would be va luab le  i n  confirming o r  r e f u t i n g  t h e  " i cy  conglomerate" 

model and i n  confirming p re sen t  i deas  of t h e  nucleus s i z e  and R a s s .  

TV p i c t u r e s  could a l s o  observe t h e  change i n  b r igh tnes s  and t h e  formation 

of a t a i l  as t h e  comet approaches t h e  sun. 

Another experiment r e l a t i n g  t o  determining t h e  s t r u c t u r e  of  a comet 
\ 

m u l d  e n t a i l  t h e  u se  of m i c r o m t e o r l t e  sensor  t o  d e t e c t  no t  only t h e  

momentum energy b u t  a l s o  any r e s i d u a l  charge of t h e  p a r t i c l e ,  Micro- . 
meteoroid observa t ions  would detennine t h e  abundance and mass of t h e  

s o l i d  n a r t i c l e s .  i n  t h e  comft and t a i l .  This would c o n t r i b u t e  t o  R 

knowledge of t h e  nuc lear  s t r u c t u r e  and a l s o  ~ o s s i b l y  t o  t h e  knowledge 

o f  t h e  meteor s t reams,  Since t h e  p o l a r i z a t i o n  and i n t e n s i t y  of  t h e  

continuum pof t ion  of t h e  conetary s p e c t r a  as observed b y . t e r r e s t r i a 1  

t e l e scopes ,  depends on t h e  na tu re ,  s i z e ,  d i s t r i b u t i o n  and shane of 

t h e  s c a t t e r i n g  p a r t i c l e s ,  any information ~ e r t a i n i n g  t o  t h e s e  parameters 

would g r e a t l y  enhance t h e  i n t e r p r e t a t i o n  of t h e  sneetrurn. 

2. Plasma I n t e r a c t i o n  . 
There a r e  a g r e a t  many plasma i n t e r a c t i o n  experiments which could be 

performed, Only two w i l l  be  discussed.  An ion and e l e c t r o n  t r a n  can 

measure t h e  temperature of thermal e l e c t r o n s  a s  we l l  a s  t h e  d e n s i t i e s ,  



masses arad temperatures  of thermal ions.  Such d a t a  could t e l l .  us 

a g r e a t  d e a l  about the interaction'betweeq) t h e  s o l a r  wind and cometary 

plasma and should be  a b l e  t o  r e so lve  t h e  quest ion as t o  whether t h e  

a c c e l e r a t i o n  of i ons  i n t o  t h e  t a i l  is  caused by e l e c t r o - s t a t i c  in-  

s t a b i l i t i e s  i n  t h e  plasma o r  by a hydromagnetic i n t e r a c t i o n .  Also 

t o  h e l p  exp la in  a moiecular i o n i z a t i o n  phenomena and ~ l a s m a  i n t e r -  

a c t i o n s ,  a magnetometer could be used t o  determine t h e  d i r e c t i o n  and 

magnitude of  t h e  magnetic f i e l d  both i n  i n t e r p l a n e t a r y  space and as 

t h e  probe apdroached, ~ a s s e d  through and 'receded from t h e  cornet. 

3- Chemical Com?osition 

An i o n  mass spectrometer  could be used t o  determine t h e  molecular 

mass d i s t r i b u t i o n  as a Punction of  distancca from t h e  nucleus,  Thfs 

d a t a  i s  u s e f u l  i n  s tudying d i s s o c i a t i o n  Drocesses of t h e  rnclecules. 

A measurement of  t h e  percentage i o n i z a t i o n  a s  a func t ion  of  d i s t a n c e  

f r s n  t h e  nucleus would provide va luable  confirmation of the spec t ro-  

s cop ic  da t a ;  even more s i g n i f i c a n t  would be t h e  determinat ion of t h e  

percentage i o n i z a t i o n  f o r  t h e  ind iv idua l  molecules which would lead  

t o  a b e t t e r  i n t e r p r e t a t i o n  of t h e  var ious  i o n i z a t i o n  mechanisms. 

The th ree-s tage  Sa turn  V can boost 22,000 Ibs, on an i n t e r c e p t  t r a j e c t o r y  

w i t h  t h e  comet Encke and t h e  four-s tage veh ic l e ,  34,000 lb s .  This 

f l i g h t  pa th  assumes an excess hyperbol ic  v e l o c i t y  of 30,273 fps  and 

a t r i ~  time of approximately 100 days. The comet Schwassmann-Wackmwn 

r e q u i r e s  h igher  ene rg i e s ;  an excess  v e l o c i t y  of 41,016 f p s ,  To t h i s  

comet, t h e  four-s tage Sa turn  V can boost  16,500 lbs .  on a 500-day t r i p .  



Aste ro id  Missions 

The a s t e r o i d s  p re sen t  a number of b a s i c  ques t ions  of  major s c i e n t i f i c  

i n t e r e s t ,  both as app l i ed  t o  t h e  o r i g i n  of t h e  s o l a r  system and t o  t h e  

evo lu t ion  of t h e  a s t e r o i d  b e l t  i t s e l f .  I n  a d d i t i o n ,  i n v e s t i g a t i o n  of' 

t h e  c o l l i s i o n  c ross-sec t ion  between t h e  dus t  i n  t h e  b e l t  and f u t u r e  

space v e h i c l e s  i s  e s s e n t i a l  be fo re  missions t o  t h e  o u t e r  p l ane t s  can 

be considered. These s c i e n t i f i c  quest ions can b e s t  be answered by probes 

through t h e  a s t e r o i d  b e l t  and probes t o  s p e c i f i c  a s t e ro ids .  The maJor 

o b j e c t i v e  of missions t o  t h e  a s t e r o i d  b e l t  o r  s p e c i f i c  a s t e r o i d s  a r e :  

1, To determine t h e  mass d i s t r i b u t i o n  i n  t h e  b e l t ,  

2. To d e t e c t  an o r i g i n a l  non-fragmented major a s t e r o i d a l  bokv, and 

o b t a i n  information about i t s  i n t e r n a l  cons t ruc t ion  and mass, 

3. To in spec t  an a s t e r o i d  s u s ~ e c t e d  of  being a c o l l i s i o n  fraament 

and determining i t s  su r f ace  e ros ion  s i n c e  f r a p e n t a t i o n ,  dens i ty  and 

i n t e r n a l  cons t ruc t ion  and mass, 

' 4. To analyze a  sample of a s t e r o i d a l  ma t t e r ,  determine i t s  chemicaf 

c o n s t i t u t i o n  and dens i ty .  

5 .  To f i n d  evidence f o r  t h e  ex i s t ence  of a b i o l o g i c a l  h i s t o r y  i n  

t h e  b e l t  ( d e t e c t i o n  of hydrocarbon, oraanic  ac ids ,  e t c .  1, 

Between t h e  o r b i t s  of Mars and J u p i t e r  revolve thousands of small  bodies  

c a l l e d  a s t e r o i d s ,  p l ane to ids  o r  minor p l a n e t s ,  Some a r e  only a few mi les  

o r  l e s s  i n  diameter;  whi le  Ceres, t h e  l a r g e s t ,  i s  n e w l y  500 miles  ac ros s ,  

Typica l  a s t e r o i d  experiments would inc lude  measurement of mass d i s t r i b u t i o n ,  

o p t i c a l  spec t rographic  experiments r e l a t i n g  t o  phys ica l   ropert ties o f  

t h e  a s t e r o i d s ,  chemical a n a l y s i s  of t h e  p a r t i c l e s  involv ing  thermal  neutron 



a c t i v i t y ,  neutron capture gamma ray  ana lys i s ,  gas chromatography, X-Hay 

f luorescence,  e t c , ,  t o  determine organic and inorganic a ~ m p o s i t i o n  of 
1 

some sHlal1 captured as t e ro ids .  Measurement of in te rp lane ta ry  magnetic 

f i e l d ,  i n t e r a c t i o n  of t h e  s o l a r  plasma with the  a s t e ro ids ,  equil ibrium 

temperature i n  t h e  b e l t  - all w i l l  be of v i t a l  i n t e r e s t .  T e l e v i s i o n .  

p i c t u r e s  of the  a s t e ro ids  w i l l  not  only be i n t c r e s t i n q  but may l ead  t o '  

g r e a t e r  understanding of t h e  processes of formation bf these  anornolous 

bodies and t h e  s o l a r  system. Saturn V can place a 7,000 l b .  ~ a y l o ~ d  

pas t  t h e  a s t e r o i d  Ceres and t h e  four-stage v'ersion, 22,000 lbs. This 

mission involves an excess ve loci ty  of 36,621 f p s  and a t r i p  time of  

200 days, 

S o l a r  Probe 

A probe toward t h e  sun would have as i t s  objec t ives  the  determination of :  

1. S p a t i a l  and temporal va r i a t ion  of d i s t r i b u t i o n ,  enerRy spec t ra ,  

and t r a j e c t o r i e s  of p a r t i c l e s .  

2, Type of p a r t i c l e s ,  i , e , ,  e l ec t rons ,  protons, neutrons and heavier  

ions.  

3. The s p a t i a l  and temporal v a r i a t i o n  of magentic and e l e c t r i c a l  f i e l d  

s t r eng ths  and d i rec t ions .  

4. I n t e r a c t i o n s  between p a r t i c l e s  and f i e l d s ,  

5. Extent of t h e  lower frequency electromagnetic r ad ia t ion  from 

t h e  sun, 



Spec i f i c  instrumentat ion aboard t h e  probe would involve d e t a i l  measure- 

ments of  t h e  corona t o  determine e lec t ron  temperature, electron-ion 

d e n s i t i e s  i n  t h e  corona, and t h e i r  s p a t i a l  d i s t r ibu t ion .  Electromaanetic , 

r a d i a t i o n  measurements across t h e  e n t i r e  spectrum w i l l  be important. 

Visual observations of course w i l l  be poss ib le  with much g r e a t e r  r e so lu t ion  

than poss ib le  from t h e  e a r t h ,  These observations w i l l  pennit  understanding 

of t h e  na tu re  and time v a r i a t i o n  of t h e  photospheric granula t ion  and sun 

s p o t s ,  chromospheric prominences, and f l a r e s .  These observations might 

a l s o  prove use fu l  i n  determining s o l a r  oblateness f o r  as  i n  r e l a t i v i t y  
. , 

ca lcu la t ions  r e l a t i n g  t o  t h e  precession of t h e  per ihe l ion  of  Mercury. 

Undoubtedly measurements of  s o l a r  wind would be aceomplished a l s o  t o  

determine t h e  dens i ty ,  ve loc i ty ,  and temperature of t h e  s o l a r  wind. Also 

measurements t o  determine magnitude and d i rec t ion  of t h e  magnetic f i e l d  

is  important ,  Observations of s o l a r  f l a r e s  would be associa ted  with 

i n t e n s i t i e s ,  energies ,  eompasition, s p a t i a l  d i s t r i b u t i o n ,  and time v a r i a t i o n  

p a r t i c l e s  emit ted by t h e  sun, Dis t r ibu t ion  of magnetic f i e l d  i n t e n s i t y  

would be determined, p a r t i c u l a r l y  during the  on-set of a s o l a r  f l a r e ,  

A search could be conducted f o r  s o l a r  neutrons (which have not been detec ted  

from t h e  v i c i n i t y  o f p  t h e  e a r t h )  and measurements ,could be made t o  determine ' 

whether o r  not  low energy ((200 MEV) protons a re  emitted from t h e  sun 

during qu ie t  times. 

A s o l a r  probe flown t o  .2 AU and boosted by a four-stage Saturn V can weigh 

14,000 l b s .  The hyperbolic excess ve loc i ty  associa ted  with t h i s  mission 

i s  43,457 fps ,  A probe t o  .12 AU requi res  a hyperbolic excess ve loc i ty  

of 53,223 fps .  A four-stage Saturn V can boost 5,500 l b s ,  on t h i s  t r a Jec to ry .  

The t r i g  t i m e  associa ted  wfth these  missions a r e  80 and 75 days respect ive ly .  



Out-of-the-eeliptic Probes 

4 A l l  p l ane t s  o r b i t  i n  planes t h a t  a r e  inc l ined  l e s s  thhn 7 degrees from 

t h e  e c l i p t i c  plane except Pluto which i s  inc l ined  17 degrees, To-date ,  

s c i e n t i f i c  missions have been l imi ted  t o  near t h e  e c l i p t i c  plane, Space 

exploratiori i n t o  higher inc l indd o r b i t s  (out-of-the-ecliptic) a r e  most 

des i rab le ,  but  very high v e l o c i t i e s  a r e  required. 

An out-of- the-ecl ipt ic  probe would determine whether s o l a r  phenomena, such 

as t h e  s o l a r  wind, possess spher i ca l  symmetry o r  a r e  confined c h i e f l y  

t o  t h e  plane o f  t h e  e c l i p t i c .  The probe w i l l  measure s o l a r  phenomena, 

inc luding s o l a r  s t o r m ,  electromagnetic and e l e c t r o s t a t i c .  f i e l d s ,  high 

energy p a r t i c l e s  and perhaps, X and G m a  Ray measurements toward and 

away from t h e  sun, By making these  measurements i n  a plane s i g n i f i c a n t l y  

( 10 - 45') out-of- the-ecl ipt ic ,  we could l i t e r a l l y  add another dimension 

t o  our knowledge of s o l a r  system physics. 

The obsenrst iops t h a t  could be performed with a nrobe, say a t  1 F.U from 

t h e  sun end a t  a 90° i n c l i n a t i o n  t o  t h e  e c l i p t i c ,  would he: 

1. So la r  wind d i n s i t y ,  ve loc i ty  and d i rec t ion  as  a function of angle 

away from t h e  e c l i p t i c .  

2. Magnitude and d i rec t ion  of t h e  associa ted  mwentic f i e l d .  

3. I n t e n s i t y  energy s p e c t r a  and t ime-intensi ty p r o f i l e s  of' sol= 

C cosmic ray events ,  

4, Proper t ies  of meteoroids, including i n t e n s i t y  and v e l  oe i ty  , as 

a runction of angle away from e c l i p t i c ,  

5 ,  I n t e n s i t y  and energy spec t ra  of e a l a c t i c  cosmic ravs.  



An instrumented probe through t h e   s steroid ~ e l t "  could perform a combined 

out-of-the-ecliptic mission a s  wel l  a s  an Asteroid mission. Also various 

in te rp lane ta ry  experiments could be perfomed en route  t o  t h e  " ~ e l t . "  

A 1 AU mission i n c l i n e  35' t o  t h e  e c l i p t i c  requi res  a hyperbolic excess 

, v e l o c i t y  of 56,641 fps  and an associa ted  t r i ~  time of 200 days. The 

four-stage Saturn V veh ic le  can boost 1,250 lbs .  on t h i s  f l i g h t  path. 

If t h e  i n c l i n a t i o n  i s  l imi ted  t o  25O, t h e  payload w i l l  r i s e  t o  12,000 lbs .  

Exploration of Earth-Moon Librat ion Points  

There e x i s t s  s t a b l e  g r a v i t a t i o n a l  points  between t h e  ea r th  and moon. 

These po in t s ,  known a s  t h e  L /L "Tro~an"  points ,  a s  e s t ab l i shed  by t h e  
4 5 

r e s t r i c t e d  t h r e e  body problem, loca tes  t h e  points  i n  t h e  plane t h a t  includes* 

t h e  earth/moon a x i s  l i n e .  Each point  l i e s  a t  t h e  apex of an e q u i l a t e r a l  

t r i a n g l e  on t h a t  plane with the  moon and t h e  e a r t h  a t  t h e  o the r  two apexes 

( s e e  Figure 9 ) .  The mst i n t e r e s t i n g  examples of n a t u r a l  bodies t h a t  

. occupy ~ o i n t s  L4 and L a r e  t h e  " ~ r o j a n "  as t e ro ids ,  which a r e  i n  tk 5 

Sun-Jupiter system. 
\ 

Access t o  earth/moon Lq and L would involve space f l i g h t  from t h e  e a r t h  
5 

s i m i l a r  t o  t h a t  t o  t h e  moon, except t h a t  t h e r e  would be an absence of  

a t t r a c t i n g  forces  as t h e  spacecraf t  approached t h e  L m i n t .  

The mission envisioned would be t o  place a s a t e l l i t e  a t  t h e  TJ4 and L 
5 .  

points .  According t o  t h e  r e s t r i c t e d  t h r e e  body problem, a small s a t e l l i t e  

could p e r s i s t  i n  s t a b l e  mbtion about t h e  e a r t h  a t  these  two points .  'The 

s a t e l l i t e  would provide d a t a  on the  g r a v i t a t i o n a l  f i e l d s  surrounding 

t h e  e a r t h  and moon and any c y c l i c  phenomena associa ted  with these  f i e l d s .  

It might a l s o  make mtasureme'nts t o  determine t h e  concentrat ion,  s i z e ,  
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and mass of t h e  poss ib le  dust  clouds (cosmic debr i s )  centered a t  t h i s  ' 

region. !l%ese experiments could provide valuable i n f o m a t i o n  about t h e  

o r i g i n  of t h e  moon and t h e  s o l a r  system, *, 

The l i b r a t i o n  points  ( L ~  and L not only have s c i e n t i f i c  value, but  a l s o  
5 

have poss ib le  p r a c t i c a l  app l i ca t ions ,  These points  could be used FLS a .  

communication r e l a y  s t a t i o n  f o r  deep-space probes o r  ~ a n n e d  l a n d i n ~ s  on 

o the r  plranets , thus  minimizing the long d is tance  'connhunication problem. 

They may a l s o  be used as  a "warehouse" t o  s t o r e  equipment during t h e  

establishment of a luna r  base. 

The s tandard  Saturn V can place 76,000 lbs .  a t  t h e  earth/moon l i b r a t i o n  

po in t s  and t h e  four-stage vers ion ,  85,000 lbs .  

The next s t e p  beyond explorat ion of t h e  s o l a r  system is  explorat ion of 

i n t e r s t e l l a r  space, This type of mission envisions an i n s t m e n t e d  probe 

boosted t o  a very high ve loc i ty  (55,000 f t / s e c ,  min) which will allow it 

t o  escape t h e  s o l a r  system, This type o f  probe w i l l  provide t h e  first . 

d i r e c t  s tudy of the  i n t e r s t e l l a r  medium, Such probes w i l l  c o l l e c t  s c i e n t i f i c  

data on cosmic rays, s t e l l a r  dust and o the r  a ~ l a c t i c  phenomena and may 

provide new clues  t o  t h e  o r i g i n  and nature  of t h e  universe. Also de ta i l ed  

t r ack ing  of  t h e  o r b i t  of t h i s  probe may a i d  i n  t h e  determination of 

add i t iona l  s o l a r  system planets ,  

The s c i e n t i f i c  observations t h a t  could be performed on a  robe escaping 

t h e  s o l a r  system a r e  e s s e n t i a l l y  t h e  same as those on the,out-of-the- 

e c l i p t i c  probes. However, ins t ead  of observing t h e  in te rp lane ta ry  medium 

a s  a funct ion  of angle Trom t h e  e c l i p t i c ,  t he  probe w i l l  stuqv t he  i n t e r -  

p lanetary  medium as a ntnct ion  of d is tance  from the  sun,  These obeervations 

would include : 



1, Velocity and dens i ty  of t h e  s o l a r  wind and t h e  boundary between 

t h e  s o l a r  wind and t h e  i n t e r s t e l l a r  medium. 

2. Neutral  gas atoms and molecules. 

3. Gradients i n  t h e  i n t e n s i t y  of g a l a c t i c  cosmic rays. 

4. s o l a r  cosmic rags. 

5 .  Magnetic f i e l d  associa ted  with s o l a r  wind, both before and b q o n d  

s o l a r  wind termination,  

6, Galac t ic  mwnet ic  f i e l d .  

7, I n t e n s i t y  and v e l o c i t i e s  of meteoroids. 

8. Search f o r  presence-of  t rans-Pluto p lanets  and p lanets  located  

beyond Pluto.  

. / 

The four-stage Saturn V can place 13,000 l b s ,  on an ext ra-solar  system. 

However, with t h i s  payload weight t h e  f l i g h t  times t o  reach beyond t h e  

o r b i t  of P lu to  a r e  q u i t e  la rge;  approximately eleven years. I n  m excess 

v e l o c i t y  mission some of t h e  payload could be t raded f o r  s h o r t e r  f l i g h t  

time, f o r  example, i f  t h e  payload i s  r e s t r i c t e d  t o  1,000 l b s ,  f l i g h t  

time t o  t h e  o r b i t  of P lu to  drops t o  7 , 5  years,  

Conclusion 

Saturn  V i n  i t s  three-stage o r  four-stage version s a t i s f i l s  the  complex 
I 

requirements presented by the  goal of t h e  explorat ion of our s o l a r  system, 

The performance of t h e s e  vehic les  is  summarized i n  Table I1 f o r  t h e  missions 

previously discussed, 

Saturn,  t h e  vehic le  designed f o r  one mission, w i l l  c l e a r l y  meet many of 

t h e  needs of  t h e  country i n  space explorat ion f o r  many years t o  come, By 

using Saturn over t h e  widest base of missions, t h e  investment i n  Apollo 

w i l l  become an investment i n  t h e  f u t u r e  which w i l l  pay r i c h  dividends 

i n  new knowledge, p res t ige ,  and world leadership.  Saturn has a f u t u r e  

i n  space. 
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