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I_ MANNED SPACE FLIGHT FROM MERCURY TO AFQLTX) 

We are nDw on t h e  eve of t h e  Apollo f l i g h t  program. We have 

completed only  two previous manned space f l i g h t  programs - - Mercury 

and Gen?in:i. Apollo w i l l  place a man on a t r i p  t o  t h e  Moon 240,000 

m i l e s  away. The Mercury and Gemini programs placed men i n  Ear th  

o r b i t  100 t o  800 miles away. This simple comparison of t h e  d is tances  

from Ear th  involved i n  our t h r e e  programs gives one ind ica t ion  of t h e  

d i f f e rences  i n  t h e i r  scope. I w i l l ,  i n  t h e  next half hour, be t r y i n g  

t o  g ive  you a more prec i se  impression of t h e  s i g n i f i c a n t  d i f f e r -  Pnces 

between these programs by  noting same of t h e  q u a n t i t a t i v e  and q u a l i t a -  

t i v e  changes we have been dea l ing  with as we have progressed from , 

Mercury t o  Apollo. / 

So l e t  u s  look a t  hDw our manned space f l i g h t  programs developed. 

On t h e  next char t  w e  have presented, i n  o u t l i n e  form, t h e  p r i n c i p a l  

c h a r a c t e r i s t i c s  of  t h e  t h r e e  programs - - Mercury, Gemini and Apollo. 

A s  noted i n  t h e  f i rs t  l i n e ,  Mercury w a s  a program dominated by def in ing  

man's s u r v i v a b i l i t y , i n  space; Genini was created t o  def ine  man's opera- 

t i o n a l  capab i l i t y ;  and Apo1l.o w i l l  be t h e  f i r s t  u t i l i z a t i o n  of space 

\ 
\ --- . . \ 

\ 

- 
,/ 

f o r  manned exploration. 

i To progress i n  t e n  sho r t  years from exploring s u r v i v a b i l i t y  t o  

u t i l i z a t i o n  on t h e  most d i f f i c u l t  explora t ion  mission ever  undertaken 

implies a r a t e  of change i n  t e c h n i c a l  c a p a b i l i t y  which has no r e a l  

J . parallel i n  h i s to ry .  The b e s t  comparison i s  wi th  t h a t  of t h e  h i s t o r y  

I n  a of a v i a t i o n  - o r  more p r e c i s e l y  - of manned atmospheric f l i g h t .  

very important sense, we could equate t h e  Mercury program wi th  t h e  

f irst  f l igh t , s  of man i n  balloons i n  that both  placed man i n  a t o t a l l y  
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new and a poss ib ly  in imica l  environment f o r  t h e  f i r s t  time. The p a r a l l e l  

extends even t o  t h e  f a c t  t h a t  our f irst  space shot l o f t e d  animals so 

that we could a s ses s  t h e  poss ib le  e f f e c t s  of t h e  unknown environment 

on t h e  human physiology. That i s ,  of course, p r e c i s e l y  what t h e  e a r l y  

b a l l o o n i s t s  d id ,  s ince  they, too ,  were faced w i t h  t h e  f e a r s  of a t o t a l l y  

unknown and unexplored regime. But balloons,  like Mercury, were s u f -  

f i c i e n t  only t o  g e t  man i n t o  the  environment and d i d  not have s u f f i c i e n t  

c a p a b i l i t y  t o  allow him t o  do anything u s e f u l  t h e r e .  They could not be 

cont ro l led .  Thus, our Gemini program with , i ts  g r e a t e r  c a p a b i l i t y  f o r  

maneuvering, f o r  on-board guidance, f o r  navigation, f o r  docking, f o r  

p rec i se  change of  o r b i t ,  e t c . ,  added those  elements t o  man's space 

c a p a b i l i t y  that t h e  a i r p l a n e  added by providing a mechanism which could 

be bo th  cont ro l led  and powered. The prime fo rce  i n  t h e  development of 

a i r c r a f t  technol.ogy w a s  w a r .  W e  a r e  fo r tuna te  i n  t h a t ,  i n  space f l i g h t ,  

it is  not a m i l i t a r y  requirement whfch i s  pushing us, b u t  r a t h e r  t h e  

urge t o  explore.  The Apollo program is  t h e  culmination of' t h a t  urge 

and i n  it man w i l l  c ross  h i s  widest "ocean." The only  event i n  t h e  

h i s t o r y  of a v i a t i o n  which has had perhaps many of t h e  same emotional 

e f f e c t s  on t h e  world t h a t  can be expected on successfu l  completion of 

a lunar  landing, was Lindbergh's i n i t i a l  crossing of t h e  A t l a n t i c .  They 

are both bold s t eps  - - both  t h r u s t s  forward wi th  a r e l a t i v e l y  new 

technology t o  conquer a s i g n i f i c a n t  n a t u r a l  b a r r i e r .  Thus, i n  a 

c e r t a i n  sense, man's e f f o r t  t o  f l y  i n  space has, i n  t e n  years,  ac-  

complished what f l i g h t s  i n  t h e  atmosphere took over 140 years t o  
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accomplish. 

Lindbergh's f l i g h t  - t o  use our new t o o l  f o r  t h e  d i r e c t  bene f i t  of man 

i n  a v a r i e t y  of d i f f e r e n t  ways. 

Af t e r  Apollo we w i l l  be ready - as a v i a t i o n  was af ter  

A s  t h e  next char t  ind ica tes ,  Mercury - - being t h e  f i r s t  program - - 
concentrated on deal ing with fundamental unknowns. 

bo th  man and the  design so lu t ions  which should be employed t o  conquer 

These concerned 

t h i s  new domain. How would man's body r eac t  t o  weightlessness?; t o  

t h e  high s t r e s s e s  of r e e n t r y  acce lera t ion? ;  t o  t h e  prablem of r ad ia t ion  

i n  space? O f  t hese  th ree  problems only t h e  r ad ia t ion  e f f e c t s  could 

be argued away ana ly t i ca l ly ,  based on t h e  da ta  from unmanned s a t e l l i t e s  

and probes. We were a b l e  t o  r e l i e v e  our  f e a r s  about t h e  reent ry  

acce le ra t ion  e f f e c t s  through t h e  bravery of experimenters r i d i n g  

cent r i fuges .  It should be remembered here that it was not the extended 

period of 8 ' lgls" required f o r  a normal r een t ry  which posed t h e  r e a l  

problem - but; r a t h e r  t he  poss ib le  emergency l e v e l  of 20 ' rg 's r r  that  
II 

gave u s  pause. The t h i r d  problem - weightlessness - remained a question. 

of indeterminate scope u n t i l  our f i r s t  as t ronaut  stepped from t h e  Mercury 

capsule.  

f o r  more than  seconds i n  any o the r  way than by going i n t o  o r b i t .  

T'nis was, of course, because we could not simulate zero "g" 

If w e  examine t h e  very fundamental design so lu t ions  which were 

solved by  Mercury and which have pe r s i s t ed  i n  our  t h r e e  space programs 

t o  d a t e ,  we f ind  that t h e  majori ty  of them were concerned wi th  the 

problems of r e e n t r y  i n t o  the  Ear th ' s  atmosphere and recovery from that 

r een t ry  onto t h e  surface.  The choice of a r een t ry  rocket f o r  es tab-  

l i s h i n g  t h e  e n t r y  t r a j e c t o r y  w a s  r a t h e r  s t r a i g h t  forward. The b lunt  body 
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was created t o  withstand t h e  extreme hea t s  of r e e n t r y  with t h e  

l i g h t e s t  poss ib le  aaount of heat pro tec t ion ,  and t h i s  has continued 

t o  be t h e  most economical way i n  which t o  perform t h i s  func t ion .  

supine couch was invented to support t h e  as t ronaut  evenly and i n  co r rec t  

r e l a t i o n s h i p  t o  t h e  ve ry  high acce le ra t ion  vec tors  caused by  r e e n t r y  

and a l l  of ou r  spacecraf t  t o  da t e  employ them. Another major system 

choice w a s  i n  t h e  use of parachutes t o  allow t h e  capsule t o  descend 

onto t h e  water a f t e r  having come through t h e  high dece le ra t ion  and high 

hea t -pe r iod  of t he  r e tu rn .  The only one of t he  fundamental design 

so lu t ions  I have noted that was not concerned with t h e  r e e n t r y  problem 

i s  t h e  'munch escape system. This w a s  a unique c rea t ion  required by  

space f l i g h t  because of t h e  requirement t o  p r o t e c t  t h e  a s t ronau t s  from 

poss ib le  d i s a s t e r  occurring on t h e  launch pad or during t h e  period of 

boos te r  acce le ra t ion .  

The 

Let me again note t h a t  a l l  t hese  f e a t u r e s  a r e  found i n  t h e  Apollo, 

and a l l  except t h e  Mercury-type of rocket launch escape system were 

found i n  t h e  Gemini spacecraf t  as wel l .  

na ture ,  t h e y  w i l l  l i k e l y  be wi th  u s  on t h e  next spacecraf t  a l s o .  

Because of t h e i r  fundamental 

The Mercury d i d  not only d e a l  with t h e  b a s i c s  of man's a d a p t a b i l i t y  

o r  s u r v i v a b i l i t y  i n  space, o r  w i th  t h e  engineering problems assoc ia ted  

w i t h e g e t t i n g  t h e r e  and re turn ing  sa fe ly ,  but it had t o  d e a l  s imul-  

. taneously with t h e  c rea t ion  of a n  opera t iona l  c a p a b i l i t y .  This opera- 

t i o n a l  c a p a b i l i t y  had t o  be a b l e  t o  c o n t r o l  t h e  f l i g h t  during i t s  
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o r b i t i n g  period and during i t s  r e e n t r y  and i t s  recovery on wate'r. This 

required t h e  c rea t ion  of a world network which could sen3 information 

r a p i d l y  t:, a c e n t r a l  po in t  and from which information could be s e n t  

back t o  t h e  spacecraf t ,  no matter what p a r t  of t h e  o r b i t  it was i n .  

Thus, Mercury had t o  pioneer i n  a l l  t h r e e  a r e a s  simultaneously. 

The b a s i c  problems f ac ing  Gemini were simpler i n  regard t o  these  

fundamentals, bu t  it was j u s t  because these  fundamental problems were 

solved that it w a s  poss ib le  t o  plan t o  do more wi th  the Gemini program. 

The Gemini program d i d  f ace  some fundamental unce r t a in t i e s ,  p r i n c i p a l l y  

t h e  e f f e c t  of weightlessness f o r  two weeks i n  space and, of course, the  

e f f e c t s  of ex t ra -vehicu lar  operations on man's c a p a b i l i t y  t o  o r i e n t  

i n  them and t o  perform u s e f u l  t a sks  during them. The major purpose of 

t h e  program W ~ ~ S ,  however, t o  use the cur ren t  spacecraf t  concept wi th  

enough a d d i t i o n a l  c a p a b i l i t y  - - a d d i t i o n a l  systems and a d d i t i o n a l  

cont ro ls  - - so  that it could serve  t o  develop t h e  required complex 

operatlons which would be needed i n  t h e  Apollo program. The a d d i t i o n a l  

systems were, as you can see  on t h e  f i g u r e  t o  t h e  s ide ,  t h e  t r a n s l a t i o n a l  

t h r u s t e r s ,  t h e  i n e r t i a l  platform and computer, t h e  rendezvous radar,  a 

new power system - f u e l  c e l l s  - a docking system and a n  EVA hatch. The 

essenc? of t h e  Gemini program, however, w a s  contained i n  t h e  complex 

operations which it w a s  t o  attempt and demonstrate. 

p rec i s ion  changes of o r b i t ,  rendezvous, docking and f o r  t h e  f i rs t  time, 

These a r e  t h e  

cont ro l led  reent ry .  These operations required a c lose  k n i t  i n t e r a c t i o n  

between the crew i n  o r b i t  and the  ope ra t iona l  complex on t h e  ground. 

Such operations w i l l  be required i n  t h e  Apollo program and t h e  so lu t ions  
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which were tested in the Gemini program have become a part  of the 

Apollo technique. 

-1 
\ 
11 

i 

\ In the Apollo program we a r e  faced with two new major dimensions 

to our space capabilities, namely, deep space operations and lunar op- 

erations. The most obvious effect of this need to escape the Earth has .N 

been the creation of the Saturn V booster which weighs, at take-off, 

some 6 million pounds, which is 100 times more weight than the Red- 

stone booster which lofted Mercury on i t s  f i rs t  test flights. The energy 
/ 

requirement of the Apollo mission l ies  behind most of the differences 

between Apollo and i ts  predecessor programs. 

about this in a la ter  slide. 

I wi l l  have more to say 

In addition to needing huge amounts of energy, operating in deep 

space requires extremely precise navigation s o  we can hit the target a t  

the Moon and hit the reentry corridor coming back to Earth. Operating 
I 

outside the Van Allen belt, we a r e  faced with meeting the problems of , 

radiation protection and we face a statistical chance that w e  w i l l  be ex- 

posed to the radiation from a solar flare. Of course, we must also r e -  

enter our spacecraft at  36 ,000  f t / sec  as opposed to the orbital speed of 

2 5 , 0 0 0  ft /sec.  

I am very happy to be able to report to you that our design solution 

for this latter problem of reentry heating w a s  proven extremely sat is-  

factcry, a s  indicated by the results of our Saturn V reentry test. Among 

, 
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the many, many f i rs ts  accomplished on this mission was the attainment 

of full-scale, full-speed reentry conditions--36, 537 f t / sec  for 2 5 ,  000 

mph. 

significantly different from the direct Earth orbital flight path of Gemi- 

ni o r  Mercury. This so-called skip-out trajectory was chosen fo r  Apol- 

l o  so  that the range f rom Earth entry at 400 ,000  feet to the landing point 

A s  is shown on the next chart, the Apollo reentry flight path is 

could be varied a maximum amount to meet lunar return landing site 

conditions. The skip-out trajectory flown by Apollo 4 represented 1-1 / 2  

times the maximum heating rates the Apollo spacecraft wi l l  have to face, 

620 BTU/ft /sec,  a s  noted on the chart. The total heat load experienced 

( 3 6 , 0 0 0  BTU/ft2), over three times that obtained on the Gemini flights, 

is equivalent to that expected of lunar Apollo return conditions. 

2 

Less  concrete than the type of new problems described above that 

we a r e  facing and solving in Apollo, but certainly as real ,  is the fact 

that the sheer distance of the Moon creates conditions which wi l l  not al- 

low instantaneous return to the Earth 's  surface over extended periods 

of time. This 1.ack of immediate abort capability puts even more s t r e s s  

on system reliability and system redundancy than was necessary in the 

Mercury and Gemini programs. 

We  a r e  also facing entirely new problems in the lunar mission in '\ 
all of those operations around, near,  and on the surface of the Moon 

which a r e  required to car ry  out the exploration of the Moon. 

to these problems, we have created our f i rs t  true space vehicle;-the 

In response 

L M -  -the first  vehicle designed to operate entirely outside the Earth 's  
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atmosphere. This new type of space vehic le  has had seve ra l  problems 

w'lich dominated i t s  design. F i r s t ,  t h e  requirement that it descend 

t o  and ascend from t h e  lunar  sur face  caused a two-stage design. This 

same problem required t h e  utmost i n  propulsion r e l . i a b i l i t y  while, a t  

t h e  same time, required t h e  r e l a t i v e  soph i s t i ca t ion  of a t h r o t t l e a b l e  

engine. The answer lay i n  t h e  development of t h e  pressure fed ,  a b l a t i v e l y  

cooled engines we have i n  t h e  LM. Note a l s o  that when it re tu rns  from 

t h e  sur face ,  the LM must be launched by t h e  two men ins ide  without t h e  

he lp  of t h e  thousands of technic ians  which assist i n  g e t t i n g  boos ters  

away from t h e  sur face  of t h e  Ear th .  I n  add i t ion ,  t h e  naviga t iona l  

problems assoc ia ted  with leaving t h e  o r b i t  around t h e  Moon, landing. 

re turn ing  and rendezvousing i n  o r b i t  caused requirements f o r  ve ry  p rec i se  

naviga t iona l  components which included our first space sex tan t ,  as we l l  

as a h igh ly  e f f i c i e n t  i n e r t i a l  u n i t .  
r 

Operations a t  1/6 "g", while more amenable than  zero "g" operations 

t o  Ear th  simulations,  required development of new devices such as t h e  

Apollo backpacks, capable of allowing t h e  as t ronaut  3 t o  4 hours of 

sur face  operation. Since t h e  objec t ive  of t h e  Apollo program i s  t h e  

s c i e n t i f i c  explora t ion  of t h e  Moon, it i s  developing payloads capable 

of being placed on t h e  sur face  of t h e  Moon and l a s t i n g  t h e r e  f o r  a year. 

This has forced us i n t o  t h e  far  from t r i v i a l  problems assoc ia ted  with 

in t eg ra t ing  a radioisotope power source onto t h e  LM. 

devices have a l s o  been required such as rockboxes, i n  which samples of 

t h e  lunar  material can be packed and brought t o  Ea r th  i n  conditions 

Other spec ia l ized  

, .  
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similar t o  t h x e  u n d e r  which they  were gathered, and a set of 

geological  t o o l s  which can be used by the  astronaut  i n  a p e s s u r e -  

su i ted  condition under  t h e  pecu l i a r  conditions which w i l l  be found on 

t h e  Moon. 

But these  new requirements and these  new systems do not r e a l l y  t e l l  

t h e  s t o r y  of how b i g  t h e  s t e p  between Mercury and Gemini and t h e  Apollo 

pmgrams r e a l l y  is .  Even t h e  comparison between t h e  vehicles  required 

f o r  t h e  f l i g h t  programs, shown on t h e  next char t ,  does not f u l l y  ac-  

quaint you with the  magnitudes that a r e  involved. A s  can be seen on the  

f igu re ,  t he  Apollo spacecraf t ,  which weighs about 95,000 l b s  as compared 

t o  the  7,000 l b s  of Gemini and 3,000 lbs  of Mercury, i s  about t h ree  

times t h e  previous systems i n  length.  m e  cornpaxison i n  booster  s i z e s  

shown on t h e  l e f t  of t h e  char t  i s ,  of course, even more expressive of 

t h e  changes i n  magnitude involved. 

Increased i n e r t  weight i s  a b e t t e r  ind ica t ion  of engineering d i f -  

f i c u l t y  than s i z e .  The next f igure  compares Jus t  t h e  Apollo spacecraf t  

s t ack  with t h e  t o t a l  Mercury/Atlas system. 

weight of t h e  Apollo spacecraf t  i s  near ly  50% more than t h e  Mercury/ 

A t l a s  comb i n 4  . 

A s  car, be seen, t h e  hardware 

The quantum Jump we have taken with t h e  Apollo program can be 

i l l u s t r a t e d  i n  s t i l l  another  way by comparing t h e  v e l o c i t i e s  and energies 

produced by t h e  boosters  and spacecraf t  of our  t h ree  programs. 

next f igu re  presents  a curve of i n - f l i g h t  weight as a funct ion of 

ve loc i ty  f o r  t h e  Mercury, Gemini, and-Apollo systems. F i r s t ,  note t h a t  

The 
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t h e  Apollo system w a s  assumed t o  be flown i n  a manner t o  produce t h e  

maxSmum possible  v e l o c i t y  from i t s  ava i lab le  propulsion systems. This 

i s  not the  way it w i l l  be flown on the  lunar  mission, b u t  i s  presented 

here for compc2rison purposes only. Second, note t h a t  t h e  v e l o c i t y  sca l e  

is  not l inear ;  i n  f a c t ,  it is  a c t u a l l y  p lo t ted  proport ional  t o  t h e  v e l o c i t y  

squared. 

u t i l i z e d  i n  reaching t h a t  ve loc i ty .  

launch on t h e  f igure ,  w e  would have had t o  extend t h e  weight s ca l e  which 

now goes t o  300,000 lbs up t o  6,400,000 l b s .  

under that curve with t h e  shaded curves which s tar t  a t  about 3OO,OOO lbs 

and whrch represent  t he  Mercury and Gemini programs, we would have a 

comparison of t h e  t o t a l  energy, The r a t i o s  involved a r e  expressed i n  

t h e  in se t  on t h e  r i g h t ,  where you can see that t h e  Apollo mission demands 

18 times t h e  t o t a l  energy o f  t he  Mercury program and some 10 times that 

of t h e  Gemini. BQt t o  r e a l l y  br ing home t o  you how much g r e a t e r  t h e  

Apollo booster  system i s  than t h e  e a r l i e r  launch vehicles ,  note t h a t  

t h e  Saturn V booster  places  i n  o r b i t  around t h e  Ear th  a boos ter  system 

which weighs as much as t h e  t o t a l  Mercury/Atlas or Gemini/Titan booster  

systems d i d  on t h e  ground. This i s  indeed an impresslve ind ica t ion  of  

how far w e  have come i n  one shor t  decade. 

Thus, the  a reas  under t h e  curve represent  t h e  t o t a l  energy 

If we had p lo t t ed  t h e  t o t a l  Apollo 

If we compared t h e  a rea  

There a r e  o ther  f a c t s  about t h e  Apollo program which ind ica te  i t s  

complexity r e l a t i v e  t o  t h e  two previous e f f o r t s .  Some of these  have 

grown with equal  r a p i d i t y  t o  the  growth i n  performance indicated here 

on t h e  next two f igures .  On t h e  l e f t  w e  have p lo t t ed  a comparison of 

system complexity which uses for i l l u s t r a t i o n  the  number of rockets  
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involved i n  t h e  programs and t h e  nmber  o f  miles o f 'w i re  i n  t h e  s p x e -  

c ra f t .  ?'he complexity growth implied by each i s  impressive. F i r s t ,  it 

must be rea l ized  that a l l  of these  rockets have t o  work f o r  a completely 
, .  

successful  mission. There is  some redundancy, of course, bu t  i n  general  

t h a t  s t a t eaen t  i s  t r u e .  Even more genera l ly  ind ica t ive  of system com- 

p l e x i t y  a r e  t h e  number of miles of wire involved i n  spacecraf t .  When 

you r e a l i z e  t h a t  our spacecraf t  a r e  about 1/400 of a m i l e  i n  length,  you 

can begin t o  ge t  an idea of how many vehicle  circumferences a m i l e  of 

w i r e  w i l l  cover and how many systems it must se rv ice .  

t h e  Command Module alone i s  nea r ly  double t h a t  of t h e  Gemini Module 

The f a c t  that 

and t r i p l e  t h a t  of t he  Mercury i s  a very  good indi-cation of t h e  number 

and complexity of t he  systems that have had t o  be placed aboard t o  do 

t h e  assigned t a sks .  

t he  r i g h t ,  which ind ica tes  - on t h e  l e f t  of t h a t  char t  - t h e  number of  

computer b i t s  which a r e  incorporated i n  the  s-pacecraft computers and,  

on t h e  l e f t ,  the  number of computer b i t s  which a r e  incorporated i n t o  

t h e  ground cont ro l  systems f o r  t h e  th ree  program. 

no computer c a p a b i l i t y  i n  t h e  Mercury spacecraf t  and the  c a p a b i l i t y  of 

t h e  Gemini spacecraf t  was rudimentary compared t o  that of t he  two 

elements of the  Apollo program. 

System complexity i s  a l s o  shown i n  t h e  char t  on 

There was, of course, 

Perhaps by now you w i l l  be prepared t o  adinit  t h a t  i n  undertaking 

t h e  Apollo program we have had t o  c rea t e  a system with considerably more 

performance and considerably more complexity than t h e  two programs which 

preceded it. What a r e  we ge t t i ng  f o r  a l l  t h i s  complexity and a l l  t h i s  

, -. 
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performance? I n  o the r  words, on t h e  day t h a t  we have returned t h e  

f i rs t  l u n a r  samples t o  our Receiving Laboratory i n  Houston, what w i l l  

'7 have been accomplished i n  our manned space program up t o  t h a t  time? 

F i r s t  of all, nan w i l l  have accomplished an  age-old dream and v i s i t e d  

h i s  neares t  neighbor i n  space. 

r i d d l e  of E a r t h ' s  r e l a t i o n  t o  i t s  neares t  neighbor i n  space and, with 

t h a t  key, a chance of understanding t h e  c rea t ive  forces  t h a t  formed h i s  

Man w i l l  have acquired a 'key t o  t h e  

own hame - E a ~ t h .  For t h e  f i r s t  time he w i l l  have soared beyond t h e  

confines of E a r t h ' s  g r a v i t y  and f e l t  t h e  p u l l  of a fore ign  p l ane t .  For 

t h e  f i rs t  time he w i l l  have personal ly  viewed our whole p lane t  as a 

small b l u i s h  b a l l  only fou r  times t h e  span of t h e  luna r  d i sk .  These 

experiences may w e l l  produce profound changes i n  man's a t t i t u d e  towards 

himself and h i s  world comparable t o  those  wrought by  G a l i l e o ' s  dramatic 

demonstration of t h e  Copernican theory,  changes which should tend t o  

i n s p i r e  man t o  place t h e  affairs of. his very mall house i n  o rde r .  

While it would be i n t e r e s t i n g  and most valuable t o  pursue these  

somewhat metaphysical specula t ions  f u r t h e r ,  time fo rces  m e  t o  speak 

next of w h a t  we w i l l  have accomplished i n  t h e  way of man space f l i g h t  

technology. 

F i r s t ,  as shown o~ t h e  next f i gu re ,  by t h e  end of t h e  t h i r d  lunar  

mission, 6,044 manhours i n  space w i l l  have been completed. 

t h r e e  times what we had completed by t h e  end of  t h e  Gemini program. 

Manhours i n  space are perhaps t h e  b e s t  measure of t h e  amount of learn ing  

This w i l l  be 

accomplished i n  t h e  p i l o t i n g  and opera t iona l  aspec ts  of space f l i g h t .  



It i s  t h i s  f a c t o r  which w i l l  give u s  not only t h e  confidence b u t  t h e  

imagination t o  u t i l i z e  manned space f l i g h t  f o r  whatever goals a r e  

se lec ted  i n  t h e  f u t u r e .  

But; t h e r e  a r e  o the r  t ang ib le  and in t ang ib le  products of t h e  manned 

space f l i g h t  program which w i l l  have even g r e a t e r  bear ing  on t h e  pa ths  

of t he  f u t u r e .  We w i l . 1  have, by t h e  end of t h e  Apollo program, developed 

a n  enormous c a p a b i l i t y  i n  a l l  t h e  a reas  pe r t inen t  t o  manned space f l i g h t .  

These a reas  a r e  noted on t h e  next c h a r t .  I w i l l  make a f e w  comments 

about. some of them. F i r s t ,  I t h i n k  it very  important t o  note that i n  

t h e  spacecraf t  f i e l d  we w i l l  have created a Government team which hss  

created f o u r  b a s i c  spacec ra f t .  The engineering and manufacturing has 

been accomplished, of course, l a r g e l y  by  indus t ry  and i n  doing t h k ,  

t h r e e  major i n d u s t r i a l  firms have served as systems engineer for manned 

spacecraf t .  Thus we have created a s i g n i f i c a n t  Government-industry base 

f o r  t h e  development of any new spacecraf t  which might be needed and, 

with it, t h e  assurance t h a t  w e  w i l l  be able t o  r e s o r t  t o  a meanhgful  

competition f o r  t h e  c rea t ion  of our next spacecraf t .  The s i t u a t i o n  with 

launch vehic les  i s  s i m i . l a r .  There have been crea ted  a t o t a l  of f i v e  

s tages  which have been major jobs of s i x  cont rac tors  and thus aga in  w e  

have created a considerable base for competition f o r  t h e  development 

of any f u t u r e  new devices. 

A grea t  d e a l  of our e f f o r t  and development has gone i n t o  t h e  develop- 

ment and operation of ground c o n t r o l  f a c l l i t i e s  . 
wi th  i t s  instantaneous communication c a p a b i l i t y  and i t s  very  l a rge  

The world-wide network. 



computer capaci-ty i s  t h e r e  wai t ing f o r  new assignments. I n  launch and 

checkout f a c i l i t i e s ,  t h e  szme i s  t r u e .  The locat ions and capaci ty  

created f o r  t he  Apollo program should be qu i t e  s u f f i c i e n t  t o  handle 

fu tu re  f l i g h t s  of whatever nature f o r  qu i t e  sometime t o  come. 

Bu t  most important i n  terms of what we w i l l  have accomplished w i l l  

have been the number of people who have beel? involved i n  t h e  space pro- 

gram over the  period of time i n  which it has operated. I th ink  you have 

heard t h e  number many times, but  it i s  a f a c t  t ha t '  nea r ly  400,000 people 

have been working on t h e  program f o r  t he  last f i v e  t o  s i x  years.  An3 

it i s  i n  these  people who have developed t h e  s k i l l s  required t o  place our 

men and machinery i n t o  s p c e  t h a t  we have our most valuable asset. It 

i s  t h i s  base on which we must plan t o  bui ld  i f  we a r e  t 6  go forward i n  

t h i s  area. 

My deepest f ee l ings  about w h a t  w e  will have achieved by our e f f o r t s  - 
i n  t h e  manned space f l i g h t  program, p a r t i c u l a r l y  Apol1.0, and what it 

portends f o r  t h e  fu ture ,  have been very wel l  expressed by another.  
./ 

Dr. Norman Topping, President  of t h e  Universi ty  of Southern Cal i forn ia ,  

made t h e  following statement i n  a recent  conference: 

' 

i 

\ 
\ 

"Men h v e  never pursued excellence i n  any work to t h e  dr, nw-ee or j 
t h e  massive concentration that is  being sought i n  t h e  Apollo 

program. 
\ '! 
\ 

When t h i s  goa l  i s  achieved, t h i s  w i l l  not j u s t  mean 

that two Americans have walked t h e  ragged surface of t h e  Moon. 1, 

i "It w i l l  mean that for t h e  f i rs t  t i m e ,  man has sought and ,' 

achieved a c o s t l y  goal,  t h e  most c o s t l y  i n  h i s  h i s to ry ,  f o r  

. . .  



. 15 

pure ly  peaceful  purpmes,  and t h a t  he i s  now ready t o  ' i n t e r a c t '  

wi th  s o c i e t y  and b r ing  t o  a l l  men t h e  b e n e f i t s  inherent  i n  

achieving t h i s  goal . " 
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