
This memorandum r e i i n e r  and reducer, i n  volmos, t h q  inf ormation 
-provided in  my memorandum of Uay 3 with respect  t o  the national 
space program. The in£ ormat ion in oogmized i n t o  five'  paragrephe 
correrponding t o  the f i v e  questions rained i n  the Prcrident 's  
memorandm of April  9 ,  1963. 

1. COEIPARISON OF P R O C W .  The. only d e f i n i t i v e  way we have 
found to compare the  program of the l a r t  a ~ n i s t r a t i o h  with that of 

. the  present one ir  t o  compare the l a s t  loag range plan prepared by 
NASA under the Eisenhwer A d a h i r t r a t i o o  (January 1961). and the  
f i r s t  long range plan prepared by NASA d e r  the  prerent adminiatration 
(January 1962). Cwprr i roar  of tho k f o r  Hireion Tuget Dater ' 

(Enclosure 1) and of the Budget P r o j e c t i m  (Enclorute 2) of thre  
two p l a m  a r e  attached. 

~ e i t h e ;  . of t h i s e  had President ial .  approval, and there is . . 
doubt t ha t  President Eisenhower w e r  f u l l y  approved more of NhSA's . . 
long range plan than a run-out of the iterne lucluded i n  h i e  FT 1962 ' 
budget request f o r  $1.159 b i l l ion .  

. A. comparison of accomplirbmentcr under t h e  1961 and 1962 plans,  
baeed on the  aseumption t h a t  both plane were succerrful ,  wouid not be 

. meaningful lu the ,  l i g h t  of current  knowledge. For .em&le, U ' e  
s tud ies  in February and March 1961 rhowed that the Apollo vehLcle aMi 
the  re la ted  boostere., ae p twfouely  planned, could not meet the 
technical requiremente of the. m e d  lunar Iandfng. Furthermore, by 
the  time the  1962 plan was formulated,, there had been delay8 fa 
achieving milestoner under t h e  1961 plan which 'nece~ri ta ted.  a l a t e r .  
achedullng'under t he  1962 plan of ce r t a in  mileetoner caomon t o  both 
plans. 

It general, t he  pr incipal  advances under t he  1962 plan are 8s 
f6llowe: 

' .  , 

a. The advancement of the  m e d  lunar h n d i a g  fran 80me 
time a f t =  1970 t o  the 1967-1970 p a r i d  la, of courre, the major 
fornard r tep ,  and i. r e r p l b l e  f o r  th pr inc ipa l  incrsllre in the 
erpend%hne f o r a r t  6 

t. 
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b. A new launch vehicl'e, the Saturn 5, was introduced in 
the 1962 plan. h i e  booster v i l l  have ffve time6 the payload 
capacity of the largeet booster in  the 1961 plan. It wfl l  be,capable 
of supporting manned lunar landings whereae the largest  booster 
previouely planned, the Saturn 2, would not. 

b 

c. The introduction of the Gemini program w i l l  s igni f icant ly  - 
advance the country's erpert'eace with manned o rb i t a l  operatione. It 
introduces the concept of o rb i t a l  rendezvous, nof~envisioned by the 
previoue plan. 

d, I n  the area of Space Sciencee, the i962 plan act ivated 
- the program for large o rb i t a l  observatories: the ,geophysidl,  so la r ,  . 

and aetronomical obeervatories. Satme of these were only in  the 
.planning stage, and others were emrbioned cn a %educed scale Ln the  
1961 program. 

e. I n  o rde r . to  aseure pre-eminenqe in  space aver en . 

extended period, it is cowidered essent ia l  t o  h e s t  i n  research 
and advanced technology looking tward  the future. The a u m n t e d  iad 
more careful ly planned prograe n w  i n  being givee the nation a 
s i g n i f  Fcrntly greater thrust  toward a round technological bcee on 
which' t o  proceed with d i f f i c u l t  apace exploration m i r r i o ~ .  

% . 
f. I n  *the program of Applicatiofis, the lw orb i t  . 

connnunicatioha and weather ea te l l i t ee  vauld have 'been achieved under . 

e i the r  plan. The 1962 plan, however, introduced the synchronous 
e e t e l l i t e  which holds, great prmise  for  the ultimate -coamunicat ions 
system. ! . . 

The NASA long range plan of ~ a n & r y  1962 not only prwided for  
an acceleration of the lunar landing and booster development programs, 
but a l so  for  eubetantial increases in the space'science and ap61icationa 
a c t i v i t i e s  and f l ights .  The supplemental requests sent  to. the  Congress 
j n  May of 1961 s t a r t ed  many of the .project8 vhich were reflected in 

. t ha t  plan. 
1 

Encloeure 2 is a canpa'rat+ve tabulation shaving: (1) or ig inal ly  
projected funding requirements of the January 1961 program, (2) uprard 
revision of these funding requirements prepared i n  A p r i l  1961, and 
(3) o r i g i m l l y  projected funding requiranents of the January 1962 
plan. 

/ 
I n  the spring 'of 1961, Congress was informed that the cost  of 

the manned lunar. program (up t o  the f i r e t  blandFng) would range between , ' 
$20 b i l l ion  and $40 billion. Current '(Hap 1963) ertinutzr rhaw tba t  
thLb program w i l l  be iccaupli8hed at or near the $20 b i l l ion  figure. 
Thie v t  fncludu apprminutelp $2.5 b i l l ion  in capi ta l  facilities 
such am large t a r t  rtandr, latmching f a c i l i t l e r ,  .nd iavertmemt i t a m  
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t!uc v i l l  be r e q x l r e t  :a h i l d ,  t e s t , .  and f l y  t h e  l a r g e  boosters and 
s p c e c r a i t  f i x  s n -  ..~i - a s ? x c  opera=ions.. These w i l l  have value  over 
a long pcriod oP z i ~ . e  as a  z a j o r  t u t i o i u ?  c a p a b i l i t y  , t o  opera te  i n  
space. 

Enclosure 3 tabl;l-r;ccs by yea r s  :he c u r r e n t l y  es t imated ~u'h-out 
of SASX's 1964 bud=ct ? lus  funding e s t i z u t e s  f o r  p o s s i b l e  c,ew prograns 
a t  qn annual  $6  b i l l  l ~ n  butget  l e v e l .  The Appendix t o  Ecclosure 3 is 
3 d e t a l l e d  r e p o r t  c~z:?aring a c c o n ? l i s , h e n t s ,  both planned and a c t u a l ,  
under tha  1961 an& 1963 I ragrzxs  i n  :he x a j o r  a r e a s  o f :  Xanned Space 
Tiigb~, S?ace Sciences ,  Advanced Xesaarch and Technology, and 
Xppl  i c a t  ions. 

C 8 

The c a p a b i l i t y  of ; Ic teozological  s a t e l l i t e  s y s t e m  t o  p reven t  
in i i l ions  of  d o l l a r s  of I r o p c r t y  d-ge and l o s s  of  l i f e  by providing 
advance warn\ijlg of severe  s t o m s  h a s  been derhonstrat@. - I 

'1n a d d i t i o n  t o  providing i n f o h a t i o n  immediately use fu l  i n  
weather forecasting, P e  iacrezsed understanding o f  weather processes 
w i l l  cake  poss ib le  b e t t e r  and longer  range f o r e c a s t t n g  t o  pernit better 
p i a m i n s  i n  many a reas  of the  na t ion ' s  economy and perhaps may u l t i -  
ix i te ly  lead t o  n e ~ h o d s  of wer ther  c o n t r o l  o t  modif ica t ion.  

Comunicatlon - s a t e l l i t e s  7rovide  ano the r  'immediate app l i cz t ion .  
I n t e r c o n t i n e n t a l  c o ~ a n i c a t i o a s  a r e  grcwing s o  r a p i d l y  t h a t  t h e  p r e s e n t  
planaed t r x s o c e a n i c  r ' a c i l i t  i e s  w i l l  not  be ' capab le  of  s a t i s f y i n g  che 
need by 1965 o r  1366. C o m u n i c a t i m  s z t e l l i t e s  t o  provide increased 
worlcwide . c o m u n f c a ~ i o ~ s  w i l l  no t  uiily e s t a b l i s h  a  new indus t ry  in 
i t s e l f ,  but  w i l  r e s u i t  in new econoaies and p a t t e r n s  in t r a d e  through- 
o u t  t h e  world. 

\ & 
1 '  

l.!e can look forward t a  navigatLon s a t e l l i t e  systems which w i l l  
provide  s u b s t a n t i z l  S e z e i i t s  and economies t o  t h e  v a r G u s  t r a n s p o r t a t i o n  
i n d u s t r i e s .  

We can a l s a  look forward Eo the  use  of  s a t e l l i t e s  f o r  t h e , '  
' 

- c o l l e c t i o n  of d a t a  an 3 g l o b a l ' b z s i s .  Such s a t e l l i t e s  could.:provide 
f o r  t h e  c o l l e c t i o n  of da ta  i r o n  weather balloons, '  oceanographic buoys, 
tLdal  warning s t a t i o n s ,  and perhaps even c h a r t  t h e  co-urses of w i l d l i f e .  

. f These p p l k a t i o n s  w i l l  r e s u l t  Lit m e d i a t e  economic ebenef it- 
t o  t h e  n a t i o n  but  they a r e  o3 ly  r a d z  poss ib le  because o f - t h e  p resen t  
understanding o f  bas ic  sc ience  and technology which was pa ins tak ing ly  
accumulated in t h e  pas t ,  ' 



bb SCLENTLFIC KNOWLEDGE 
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ECecent his tory ehows c l ea r ly  tha t  advinces in fundamental 
understanding of natural  phenomena-aa in the  understanding of thee 
atom--produce major e f f ec t s  in the economic aphere, though these 
e f f e c t s  a r e  not i n i t i a l l y  foreseen. 

Space exploration by means of space probes and s a t e l l i t e s  
o f f e r s  the opportunity to  obtain fundamental understanding i n  four broad 
areas  of current s c i a n t i f i c  in te rea t :  .. 

(I) the sun and its influence on the ear th,  including 
the  nature of the in te rp lhe ta i ry  space environment, 

(2) o r ig in  and na ture  of the s o l a r  system, 
' 

(3) astronomy, and 
d 

(4) t h e o r i g i n o f  l i f e .  
E 

Sc ien t i f i c  advance on the  sca l e  of the current  space program 
must inevitably open new advances in technology end thrur new avenue8 
of economic use. It is i n  tenoa of the broad, basic,  s c i en t i f  ic 
advance and the accompanying technological advance t h a t  the science of 
space w i l l  h v e  its grea tes t  economic impact: 

Earth and Sun" 

The sun. is one of the most important ob jec ts  fo r  man t o  study. 
. The sun is the majot source of energy in the  s a l a r  system. %t con t ro l s  

t he  weathehon ear th;  supp6rts o r  d i s rupts  comaunications depending' 
uponso la r  ac t iv i ty ;  and determines the interplanetary environment, A 
major portion of the NASA e f f o r t  i q  directed toward a b e t t e r  under- . staading' o the sun and i t s  influence on the  earth. 4 

Observatorias above the  ear th 's  atmosphere make it possible  t o  
inves t iga te  the sun and its a c t i v i t y  with a thoroughness not possible  
from the ground, The u i tzavio le t ,  X-ray, radio, and infrared rad ia t ions  
a r e  absorbed % t h e  upper atmosphere.and control  the  propert ies  of that 
region. They do not reach the  g r o u d  but can be observed and measured 
from space platforme, They provide a grea t  deal  of new and very valuable  
information on the propert ies  of t he  so l a r  chromosphere and the  corona; 
on the  nature of sunspots; and on the processes which take place in 
s o l a r  f la res ,  I 

S a t e l l i t e s  and sounding rockets have shown t h a t  t he  upper - , 

atmosphere and ionoephere are erceedingly complex regions, nubject t o  ! 
gross and suddea cbangea, dependent on a c t i v i t y  on tha nun. Large . 

1 
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temperzture changes occur between day and nigh$, and between sunspot 
maximum q d  sunspot m i n + m ,  The compo.sition , ionization, temperature 
and the density a r e  controlled by so l a r  el!ec.kromagnetic and p a r t i c l e  
radiat ions,  The atmosphere is important bewuse it comprises the 
source and substance of our everyday weath,er. The ionosphere is impor- 
t a n t  because, it furnishes the  means :by whikh radio waves may be r e f l ec t ed  
beyond' the  horizon, thereby,making it ppscible t o  comunicate around 
the  world. Correlated measurements.:with sounding rockets arid s a t e l l i t e s  
of so l a r  ac t iv i ty ,  the propert ies  of the .  upper atmosphere, and conditions 

. on the surface should determine the  mechanism by which so l a r  a c t i v i t y  

. I .  

a f f e c t s  the surface weather on earth: 
' .. 

Y . . 
i 

Beyond the sensible a m s p h e r e  of the ear th ,  above about 500 
Km, is a region of space whose propert ies  a r e  controlled by . the ear th 's  
magnetic f ie ld.  This region is ca l led  the  magnetosphere. The Van Allen 
Bel t s  a r e  contained within the magnetosphere. . . 

. Satelli te-borne Instruments p lo t  out;the earth's magnetic 
f i e l d ;  measure the"radiat i6n l eve l s  i n  the V a n  Allen be l t s ;  and record 
the  pa r t i c l e s  whfch create  the auroras i n  the f a r  North and South. The 
rad ia t ion  leve ls  i n  thb van Allen b e l t s  determine the regions of space 
wi th in  which ~ e r c u r y ,  Gemin i ,  Apollo, and Manned Space S ta t ions  can f ly .  

d 

d ,  

One C n a l so  use s a t e l l i c e s  t o  study the  ear th  i t s e l f .  Obsepa- 
t i ons  on the L fluence qf the ea r th t  s shape and mass d i s t r i bu t ion  on the  
o r b i t  of the s a t e l l i t e  enablecthe scien't ist  t o  determine the densi ty  of 
the earth's i n t e r i o r  and t o  measure the d is t r ibu t ion  of matter within 
the  earth. This data  is required f o r  accurate t r a j ec to ry  cal'culations. 

Surromding the .sun and exteqding out to  some distance beyond 
the  o t b i t  of the  .ear th ' is  an interplznetary medium through which the re  
is  a continual flow of plasma,. t he  so l a r  wind, whose densi ty  and ve loc i ty  
f luc tua tes  with so la r  act ivi ty .  ~ h i s ' f l o w  of plasma determines the  
configuration of the weak inteiPlanetary magnetic f ie lds .  These weak 
f i e l d s ,  act ing over la rge  dis tances,  determine the t r a j e c t o r i e s  of 
cosmic rays. ~ c c a s i o n a l l ~ ~  during a la rge  so l a r  f l a r e ,  l a rge  numbers 
of s o l a r  .cosmic rays a r e  e jec ted  d t o  space, thereby increasing the 
rad ia t ion  levels.  The magnitude nnd duration of such an i n c r y s e d  
rad ia t ion  leve l  is  a l so  determined by the configuration of these weak - 
f ie lds .  A l l  of t h i s  is  riew infonarition which we have obtained from 
s a t e l l i t e s  Pioneers and Mariner 11. A l l  of it is information whith 
we  need. t o  def ine the environment i n  space and t o  determine the infludnce . 
of the  sun on the earth. . 4 

I 

Moon and Planets  

. 1n the f i e l d  of science, the moon is of pa t t i cu l a r  i n t e r e s t  
because it may furnish one of the  most s ign i f icant  clues t o  the  question 

. - 
. . .  
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of how the ear th  and the other planets of thb so lar  system originated.- 
The lunar surface is l i ke ly  t o  have preserved she record of past  events  

i going .back b i l l i ons  of years,  perhaps nearly t o  the t i n e  of i ts  o r i g i n  
, 44 b i l l i o n  years ago. This record has remained unmarred by the  erosion 

of atmospheres and oceans, and by mountain-building processes. On t h e  
ear th,  the  surface record is  l o s t  because of these atmoepheric and 
mountain-building processes. 

The opportunities t h a t  l i e  ahead w i l l -  be of i n t e r e s t  t o  many 
d isc ip l ines  but should be espec ia l ly  a t t r a c t i v e  t o  the  geophysicist, 
Most of t h e  techniques t h a t  w i l l  be required t o  observe and make 
measurements on these bodies w i l l  be of. those of the  geophystcist. 

These forthcoming opportuni t ies  not only broaden the  horizons 
' of tKe geophysicist by extending the range of h i s  invest igat ions t o  

other  planets', but a l so  broaden the  perspecfiive in which the  geophysi- 
c i s t  can view the earth. Comparative i.nvestigations of earth,'moon, ' 

and planets  w i l l  contribute g rea t ly  t o  the &nderstandinglof each one, 
and a l s o  t o  t he  understanding of the so la r  system, 

. 

1 
d Wasurements of lunar s r f  a c e  cha rac t e r i s t i c s  w i l l  provide 

da ta  of fundamental value t o  t he  design of the Apollo  pacec craft. , 

- I  

S t a r s  and Galaxies 

I n  the pas t  ground-based observations have been l imited t o  
the very narro range of wave lengths in the v i s i b l e  port ion of t he  
spectrum. 9 these observations the astronomer has put together a 
t r u l y  remar ble  body of astronomical knowledge and theory, 

 everth he less; t h i s  l imi t a t ion  t o  the v i s i b l e  spectrum is a 
very ser ious l imitat ion .indeed, The most ' fundamental processes in the  
. b i r th  of s t a r s  can be observed only i n  the inf ra red ,  while the  most 

' 

exci t ing  portions of t he  evolution of the star a r e  observable only in 
. the u l t r i v io l e t .  For t h i s  reason, the s a t e l l i t e  orbiting.above the  

ear th 's  atmosphere opens up valuable new opportuni t ies  t o  the  
astronomer. - 

One of the most important .programs in NASA, the Orbiting 
Astronomical Obsenratory, i s  designed t o  explo i t  these  new 
t i e s  in astronomy. Carrying hstrumenks and telescopes 
ear th ' s  atmosphere, OAO w i l l  permit observations in a l l  
spectrum, 

1 
The lunar and planetary probes provide an opportunity f o r  

astronomers t o  observe the  p lane ts  of the s o l a r  system a t  c lose  range, 

The astronomer and cosmologist use spacecraf t  in s a t e l l i t e  
o r b i t s  about the earth o r  on escape t r a j ec to r i e s  from the  ea r th  t o  



p e r f o m  exper ioents  i n  . r e l a t i v i t y ;  g rav i ty ;  c e l e s t i a l  sechanics;  . g a l a c t i c  cosmic rays ;  and magnetodynamics on a s c a l e  u t t e r l y  unobtain- 
a b l e  o n a t h e  sur face  of the  ear th .  / 

b 

v L i f e  i n  Space 

Cer ta in ly  one of the most e x c i t i n g  2 o s s i b i l i t i e s  i n  space 
' exp lora t ion  is t h a t  indigenous l i f e  nay be found ou t s ide  t h e  ea r th .  

For t h i s  reason,  preparations a r e  going forward wi th  va r ious  types  of 
ins t ruments  t o  search f o r  l i v i n g  r o m s  on o ther  p lane t s ,  p a r t i c u l a r l y  
blars. These w i l l  be ca r r i ed  i n  f ly-bys and l anders  as soon as t h e  neces- 

--L s a r y  t ~ a n s p o r t a t i o n  is avai lable .  A l l  d a t a  a v a i l a b l e  a t  present  would 
i n d i c a t e  t h a t  ohere is  l i t t l e  l ike l ihood  of l i f e  on Venus. Various 

U rad io  astronomical  and the Xariner I1 observat ions  of t h e  p lane t  Wi- 
c a t 4  t h a t  t h e  su r face  temperatures a r e  i n  t h e  v i c i n i t  of-800°K, we l l  
over t h e  b o i l i n g  po in t  of water. I f  l i f e  has formed i n these  p l a n e t s ,  
i t n u s t b e b o t h s i m i l a r  t o , a n d y e t d i f f e r e n t  from, t h a t w h i c h e x i s t s  
on t h e  ear th .  A knowledge of these  l i f e  forms would provide us  deep .. 
i n s i g h t  i n t o  t h e  b a s i c  dynamics of l i f e  formation and l i f e  processes.  

Advanced Research and Technology w f )  
I I n  a d d i t i o n  t o  the s c i e n t i f i c  knowledge obtained from a c t u a l  

... f l i g h t s  i n  space, NASA's advanced resea rch  and technology program 
,I . produces s c i e n t i f i c  Knowledge on a broad f r o n t ,  covering many branches 

of physics  , chemistry,  mathematics, engineer ing science, .  and physio- 
l o g i c a l  and b io log ica l .  science. As h i s t o r y  amply demonstrates, i 
discover ies  in one f i e l d  profour;dly a f f e c t  o t h e r s ,  and Ge can, there-  
f o r e ,  expect widespread influence in o t h e r  s c i e n t i f i c  and t echn ica l  
endeavors. 

c . L W U S T W  PRODUCTIVITY - 

The space e f f o r t  is. extending t h e  i n d u s t r i a l  c a p a b i l i t y  of 
t h e  United S t a t e s  in a major way f o r  fo-ur main reasons: 

* (1) The explorat ion of space invo+ves*large  n e t  a d d i t i o n s  
t o  t h e  i n d u s t r i a l  base i n  $he form of eng inewing  teams and c a p i t a l  2 
f a c i l i t i e s  which c o n s t i t u t e  cont inuing n a t i o n a l  resources,  

(2) The explorat ion of space invo lves  v i r t u a l l y  a l l  f i e l d s  
of sc ience  and engineering.; from anatomy t o  e l e c t r o n i c s  systems t o  t h e  
e f f e c t s  of zero  g r a v i t y  on both t h e  animate and inanimate. 

(3) The harsh environment of s p i c e  t y p i c a l l y  r e q u i r e s  g. 
fundamental advance in the state-of-the-art  i n  nany areas. A high ' 
propor t ion  of NASA researeh and development f u n d p r e  spent i n  

Y 
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extending the c s i s t i n g  technology t o  new, more r igorous  and e f f i c i e n t  
uses;  and i n  :inding new s u t e r i d l s ,  zew systems, operat ing a t  h igher  
l e v e l s  of r e l i a b i l i t y  over long periods of time in a r a d i c g l l y  d i f -  
f e r e n t  environment. 

(4) The exp lora t ion  of spece gn t h e  s c a l e  inva1~-ed i 

r e q u i r e s  a major con t r ibu t ion  t o  t h e  technique of managing large-' "- 
resea rch  and development e f f o r t s .  I n  World G!ar 11, the  Hanhattan 
P r o j e c t  was t k  l a r g e s t  e f f o r t  of  ch i s  type t h a t  t h e  United S t a t e s  
had c a r r i e d  out  t o  date.  I n  t h e  19501s, we increased our n a t i o n a l  
c a p a b i l i t y  with t h e  help  of t h e  eq te r ience  gained i n  t h e  b a l l i s t i c  
~ i s s i l e  programs. I n  Pro jec t  XpoLlo, w e  a r e  engaged i n  another l a r g e  
e n t e r p r i s e ,  which involves thousands of persons working i n  many loca-  
t i o n s  throughout t h e  United S t a t e s  i n  accordance wi th  a s i n g l e ,  
o v e r a l l  schedule. completing t h i s  endeavor s u c c e s s f u l l y  w i l l  p rov ide  
t h e  a b i l i t y  and competence t o  go on t o  s t i l l  more ambitious n a t i o n a l  
undertakings,  when required. 

i 

Sone examples of a c t u a l  and p o t e n t i a l  increased i n d u s t r i a l  
c a p a b i l i t y  and e f f i c i e n c y  brought on by the  space program are s e t  
f o r t h  i n  t h e ~ f o l l o w i n g  paragraphs: 

1 (1) An i n f r a r e d  horizon sensing device  used i n  t h e  Mercury 
spacecra f t  has been adapted t o  use by s t e e l  makers i n  measuring r o d s  of 
h o t  s t e % l .  before these  rods  a r e  cooled,  thus  n o t  only  insur ing  accuracy 
but  achieving a savings i n  cost .  

(2) Through h'ASl's use of f i b e r g l a s  r e f r a c t o r )  welding 
t ape ,  !it is poss ib le  t o  ob ta in  a s m o t h  seam with  a s i n g l e  pass o u t f i d e  
weld, thus  c u t t i n g  welding c o s t s  i n  hal f .  

(3) Fluororethylene propylene has been used t o  release 
t h e  a l u i n u m  star-shaped i n s e r t  from t h e  s t i c k y  s o l i d  rocket  .p rope l lan t  
a f t e r  casting.  This appears t o  have a p p l i c a t i o n  t o  plywood lamina t ing  
p resses ,  f u r n i t u r e  gluing clamps o r  rubber gasket  molds. 

(4) The need,for  new sources of power f o r  a c e c r a f t  h a s  . 
concentrated work on the' l o h g - t b e  goal of developing a f u e l  cel l  which 
w i l l  t r a h s f o m  chemical energy f r o a  f u e l  d i r e c t l y  i n t o  e l e c t r i c a l  
energy, wi th  high e f f i c iency .  NASA requirements f o r  the  use o f  s o l k r  
c e l l s  a r e  advancipg t h e  state-of-the-art  i n  this area ,  and t h i s  a g a i n  
has  impl icat ions  f o r  widespread use. , 

. . 
- (5) I n  aeronaut ics ,  NASA is  making significant contr ibu-  

t o  t h e  supersonic t r a n s p o r t  program. Research on v e r t i c a l  and 
take+££ and landing a i r c r a f t  is expected t o  produce b e n e f i t s  i n  

air t ranspor ta t ion .  



(6) A membrane being develpped for  a spacecraf t  l i f e  . 

support system has the prospect of becoming an effective f i l t e r  aga ins t  
detergents. 4 

(7) To simGlate the heating conditions under which a space 
vehicle  re-enters the atmosphere, the Langley Research Cearter developed 
an a r c  gas heater which employs a r a d i a l  magnetic f i e l d  t o ' r o t a t e  an 
e l e c t r i c  a r c  a t  high ve loc i ty  between two c i r cu l a r  water-cdgled e1 .e~-  
trodes. ~ idw 'e s t  Research I n s t i t u t e ,  in i t s  trans.l&ion of t h i s  item 
t o  indus t r i a l  use, estimates that the' use of t h i s  a r c  hea t e r ' t o  convert 
na tura l  gas i n to  acetylene may r e s u l t  in a considerabl'e.reduction in . 
the cos t  of producing acetylene. 

* 

d. EDUCATION 

During t h i s  decade, NASA'will expend nearly one b i l l i o n  d o l l a r  
i n  space related.  t'esearch and development a t i u n i v e r s i t i e s  and o ther  
i n s t i t u t ions  of higher learning. Two th i rds  of t h i s  amount w i l l  be f o r  
research and technology in d i r e c t  support of program and project  goals.: , 
This universi ty  par t ic ipa t ion  ia car r ied  on by highly t rained and capa-' . \ 

b le  groups of facul ty  and graduate etudente working in three major 
areas: , 
. .  . . . 

a. 
(1) sponsored univers i ty  research programs on a broad 

f ron t  covering many branches of physics', chemistry, mathematics, 
engineering sciences,  and physiological and biological  sciences. . 

.fl , 
(2) Development of new, improved, o: more sophist icated 

spacecraf t  instrumentation general ly  fo r  s c i e n t i f i c .  data acqufsition 
but a l s o  including engineerids technology.. 

(3) Analysis and in te rpre ta t ion  of s c i e n t i f i c  and engineer- 
ing data  acquked through execution of NASA f l i g h t  mLssions. 

A 

This e s sen t i a l  f la r t ic ipa t ion  on the pa r t  of American a l l e g e s  
and univers i t ies  produces n o t  only a coctimous stream of trained. 
s c i e n t i s t s  and enghee r s  with-'some e e r ' k i l c e  in space research, but 
a l so  y ie lds  the major share.of new knowledge in space sciences. In 
Fisca l  Year 1963 univers i t ies  w i l l  conduct about $35 mil l ion on research, 
development, and data  ana lys is  d i r e c t l y  re la ted  t o  NASq missions. 

J 
In addLCion, NASA has ins t i t u t ed  a sustaining univers i ty  program 

designed t o  meet NASA's needs while at  the same tim strengthening the  
col leges and univerei t iee ,  k r e a s i n g  the supp2y of tachnical msnpower, 

L 

and encouraging close r e l a t i ons  between education and industry t o  advance 
the space progrant while s t imulat ing econo* growth. 

e 



i; 

I n  order t o  increase  the  nat ion 's  s;pply of s c i e n t i f i c  and 
t e c h n i c a l  manpower, S:SA has i c s t i t u t e d  a, graduate t r a i n i n g  progran, 

- begun i n  1962 wi th  the  awzrd o f - p e n  t r a i n i n g  g r a n t s  t o  each of t en  
u n i \ x r s i t i e s  f o r  a  t o t a l  of 100 s tuden t s  f o r  a -  per iod of t h r e e  years. 
I n  1963, $15 n i l l i o n  of a d d i t i o n a l  g ran t s  were made, br inging the  t o t a l  
t o  ,886 s tudents  i n  88 d i f f e r e n t  u n i v e r s i t i e s .  It is intended t o  make 
a d d i t i o n a l  g ran t s  i n  F i s c a l  Year 1964 with the  t o t a l  dumber of i n s t i t u -  
t i o n s  r i s i n g .  t o  about 110. Ul t imate ly  the  i n t e n t i o n  is t d  start some , 
1350 s t u d e n G  annual ly ,  a r  which time NASA w i l l  be suppor t ing about 
4000 t r a i n e e s  wi th  a n  expected output  r a t e  of about 1000 PhD.'s per I 
year.. - %l 

- .  .. 
An essenizial '  aspect. of t h i s  progran is' t h a t  t h e  g r a n t s  a r e  + 

made t o  the  i n s t i t u r i o n .  Candidates a r e  s e l e c t e d  by the  i n s t i t u t i o n  - 
f o r  work a t  t h a t  un ive r s i ty .  The r e s u l t i n g  wide geographical  d i s t r i b u -  
t i o n  provides a b a s i s  f o r  encourzging and i n c r e a s i n g  s c i e n t i f i c  
s t r e n g t h  i n  p laces  where a d d i t i o r a l  s t r e n g t h  i s  needed. . - 

Also i n  F i s c a l  Year 1963, $10 n i l l i o n  a r e - b e i n g  used f o r  t h e  
constructlooq of space r e l a t e d  resea tch  f a c i l i t i e s  in unive.rsi t ies.  

The NASA p r o g r w  in set-bhdary education is  small  but  designed 
t o  encourage Capable young people t o  embark on c a r e e r s  in sc ience ,  - 
m a t h e m t i c s  and e n i i n e e r i n g ,  develop i n  a l l  c h i l d r e n  a  h igher  l e v e l  o f  
s c i e n t i f i c  l i t e r a c y ,  and *prove t h e  teaching .of sc ience  and mathema- 
, t i c s  by updating c c u t s e s  t o  include information a r i s i n g  from space . 

' 

research.  Much of i t  i s  accolhplished through spacemobile demonstrat ions - .  

a t  school+ b 

.. 
Less t a n g i b l e ,  but  no t  t o  be overlooked, is  

. space a c t i v i t y  a s  a  s t i n u l u s  t o  educat ional  i n t e r e s t  on t h e  p a r t  of 
American youth, a n d  on t h e  bnprovement o'f American schools. Dr. Lee 
1juBridge has  s a i d  t h e  l a t t e r  "alonf: +y be worth t h e  c o s t  'of a l l  our . 

space  rockets." - 

--Yig.<,,.. .. - ' - 
e. The t a b l e  ak; .. losirre 4 provides an  es t ima te '  i n  d o l l a r s  . 

of t h e  con t r ibu t ibn  t h a t  'h%..f&d au thor iza t ions  f o r  FY 196? and 1963 
end fund p ro jec t ions  f d r  FY I964 through 1970 makes t o  sc ien t i f , i c  
knowledge, i n d u s t r i a l  p roduc t iv i ty ,  ed,ucation, and m i l i t a r y  technology. 

' 

Est imates  a r e  included f o r  both t h e  Janvary 1961 pJan and f o r  NASA's ' 

p r e s e n t  long range planning. 
, 



' r ccu i rc  r-ciisat sals:L~:;;; 21; z z c s u l ~  of .:::a c3n;incation of the 
s ? x e  g;azr;z. I:. fzs:,.;n;-.~ c s ? r a x i ; z s  5eL-; . c r ied  i n  ;USA nay open - - 
thc w i y  :o 2r.l azt  zarc c: rc t l - r2  a t r c c h  on ~ u c n * ~ r o b l n s j  as 
siror :a,c s 5:: e;lzinecr ins 226 :ec>.nicil -anpowc t , and. che ,5hortening 

. . .  
L;:, d f  ;kc 12; no:; x s q c i ? x c :  r::th, c k e ' r r c i l i z ~ c i o n  of :he r e s u l t s  
of gOV2rn;lcr.t ressarc':: by i;?dzsrr+. . 

. .I .-.. ~ . : c  na:iop1; to:sl cxp?ope;lr  of scientists and, e n g i ~ e e r s  i s  
e s t k a ; c d  a t .  1 , 4 2 0 , G X  a s  of Jsnuzry 1963 ana i s  est imated,  Fo r i s e  ' 

t a  1,925,CaO ' i n  Jzzr.uzry of 1970. SASX's records  and goveznnent , 

da:a i n 2 i c a t c  : n ~ t  on J x x z r y .  1 ,  1303, about 42,COO s c i e n t i s t s  and ' 4. 

e:;lncers v e r c  qc wark fax :LISA, 9,30C ezployed under C i v i l  Service  
by ? X A ,  2nd i n  esch,?s:c.d 2 , 8 X  c q l o y e d  5y i a d u s t r y ,  u n i v e r s i t i e s ,  
a?? ocher g o v e r z e n t  agencies.  This i s  t i ires pe rcen t  of the 1963 - x : l o c a l  p06i. ,he escFzi?ted n u ? ; e r  required i n  1965 w i l l ' r i s e  t o  
97,000 .(an increase  o i  55,000 i n  ~ $ 0  years ) ,  and .  t h e  e s t b t e d  
percentage w i l l -  r i s e  to  s l i g h t l y  r o r r  than s i x  pe rcen t  of projected 
t o t a l  n a t i o n a l  r e q u i r u e n t s ,  based on an assumed s t a b i l g t y  of  p resen t  
‘ratios o f ,  personnel to  procurerent  expctiditur.es . 4 * 

> .  ? i w ~ v c , ~ : h o  r c r o s ? x c  i n ? i ? s ~ r : ~ ~  wich an s a n u a l  m i m e  of $16 - - 
bf?lLon, p2izor-S :?:z 2rc.cccr ? J ~ L  of :Xi.\ i n d u s t r i a l  research,  
d e v e l o ~ r , ~ ,  acd fabr ica t ion .  'ASX'S lavc l  of  expendi tures  i n  t h i s  
c'ategory, aad necce mosrly jn :his Indust ry ,  follows: 

. . 

W X ' s  z a j o r  -procurment  i s  prc j e c u d  a s  : 

Laur.cii Vehic lti Indcs t r i a l  Xesearch 
PZ a"curd&.: 3-d 3eve l o ~ c s n t  - To t a 1  

1 9 3  $223 7iL113n ' 
. . L 
+L .'LO = I l l i o n  $1.410 m i l  l i o n  

1964 S375 iz iFl io? $2 . 'C3 .q i 1 i o n  $2.775 m i l l i o n  
- 1.565 S4Sj. ' iiliion S3.3,SO n l l i o n  $3.785 n i l l i o n  

1966 
0 

$A80 mil l ipn  , 53 ,560  = i l l i o n  $4?040 m i l l i o n  
'0 

I n  rhe l a s t  f e w y c s r s ,  indlistry has' used l a r g e  n m b e r s  of s c i e n t i s t s  
and engineers  oit. portanc new research and development p r o j e c t s  wi thout  
a corresponding1 f l a rge  r s c r u i h s r . c  af s c i e n t i s t s  and. engineers.  For  1962 
Aerospace I5Ius:ry requirenerits, ?msed c j  W X  e s t i d a t e d  procurement 

. e s p e u d i ~ u r e i ,  indicated a r#qu i re= le~ t  f o r  i3,000 a d d i t i o n a i  . . , sc ient is ts  and 
e h i i n e e r s  . Ifowever, the actca? cota.1 added by, t h e  ~ e r o s p a c e  Lndus try ' 

? 



. ' 1  

f o r  six work was only 0,000 s c i e n t i s t s  and engineers. - Iadtrstry 
l e a d e r s  ind ica te  t h i s  i s b e i n g  acconplished by increased p roduc t iv i ty ,  
i n t e r n a l  r c a s s i g r a c n t s ,  on-the-job t r a i n i n g  and up-grading through. 
work experienck and f o w l  o f f  ,-the- job t ra ining.  ' For. example, i n  
t h e  case  of one aerospace cApany,  12 percent of t h e  new engineers '  
reqli ired were produced f rop wi th in ,  the. company's e x i s t i n g  work force.  . . 

On'JakuAry 1,  1963, of t h e  t c t a l .  32,800 s c i 6 n t i s t s  and engine,ers , .  
vor'kipg. i n .  non-govetmental  ~ o r p o r a r i o n s  and i n s t i t u t i o n s  on t h e  b 

W.4 progzam, some 3,000 facu l ty  and graduate a s s i s t a n t  man-year . 

equi.valarits w&e i n  univers ' i t ies.  : such facu l ty  members a r e  doing 
reszs ix?i ,k t ra ining graduate a s s i s t a n t s  i n  the  resea rch  process and 
teaching .-g%adurte and undergraduate courses ;- thus con t r  ibut'ing 
s u b s t a n t i + l l y  t o  an  increase  i n  t h e  na t iona l  supply. Ovez and above 
t h i s ,  t h e .  %SA graduate t r a i n i n g  program,is designed tqj increase  
r a p i d l y . u n t i 1  it w i l l  add 1,000 Ph.DOts per year t o  t h e  na t iona l  , 
supply. ' . 

v Q 

~ u r i n g  1962 over 1,700 employees wer; enro l l ed  i n  graduate . 

l e v e l  ' t r a i n i n g  i n  sc ience and engi.neering, thus  a l s o  adding an  
important i n c r e m k t  t o  t h e  n a t i o n a l  supply.' 

. ' 
~ I S A ' S  In-house recruitment of s c i e n t i s t s  and engineers has had 

.fro. v i g n i f i c a n t  adverse effects'on ipduspry o r  on t h e  a b i v ~ y  of 
u n i v e r s i t i e s  t o  produce' s c i e n t i f i c  and engineering graduates. Only 30 
or' t h e  approxirbately 3,700 Sc ien t i s t s .  and enginegrs r e c r u i t e d  
dur ing  t h e  period J u l y  1 ,. 1561 through September 1962 were teaching 
p rofessors  a t  un ivers i t i e s .  

I 

-There  are a number of prpblems before the  na t ion  t h a t  are r e l a t e d  
t o  sci'ence and'technolog'y . q u i t e  a p a r t  frdm t h e  $pace program,. . ~ h e s e '  
include t h e  e f f e c t  'of changing technology upon employment and upon 
t h e  r e g i o d l  economies; +he ' t r a n s f e r  of the  r e s u l t s  of government 
resea rch  'afid development t o  c i v i l i a n  'use ; t h e  admin i s t ra t  ion of 
&rge, complex r e s e a r i h  and. devdlopment undertakings ; t h e  encoaragement , 
of .the ind iiridual scientist ; t h e  *dissemination of s c i e n t i f i c  
information; t h e  ̂ necess i ty  of. s t rengthening t h e  u n i v e p  it ies ; and 
, the need t p  increase  t h e  p o t e n t i a l  source of s c i e n t i f i c  manparer 
among t h e  underdevelopefi a r e a s  and population groyps of t h e  nat ion.  
M A  is a ~ t i v e l ~ f w o r k i n g  t o  s o  execute its program as t o  a s s i s t  i n  
meeting these  needs. . ' -. , 

< . - .  
' 4. REDUCTIONS OR ADDITIONS 

: I 

a; Any progr&n'reductions not  . j e o p a r d c i n &  t h e  manned lunar  
landing t a r g e t  d a t e  vould have t o  o c c k  i n  areas t h a t  wou,ld a f f e c t  
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Technolosv flinhc x a i e ' c t s  - Space f l i g h t  -evaluat ions  , 

of p roc i s iag  technical  concepts cnd develo?aents. 

lundiiig: TY 1964, $33 X; . F'i 1965, $63 Y; FY 1966, $29 M 

> I - 1  Enzine - 3evr??opxent af  a 1.5 mi l l ion  lb .  t h r u s t  
hydrogena-oxygen engine f o r  upper s t a g e  app l ica t ion .  ' ' ' 

/L 
Funding: FY 1964, $45 X; tY 1965, $50 X; FY 1966;J$50 ?i - Cc - 

(3) SPACE APPLICATIOSS 

Xdvaxed Svncm - High cap&ty, e f e c t r o n i c a l l y  
s t a b i l i z e d '  comunicat ion s a t e l l i t e  f o r  f l i g h t  a t  23,400-mi19 a l t i t u d e  
t o  exp lore~ tecnnolog ica1  concepts use fu l  t o  m i l i t a r y  and c i v i l  
comunica t ion  s a t e l l i t e  s y s t e m .  

. . 
~ u n d % ~ :  FY 1964, $40 ?l; FY 1965, $32 X;>" FY 1966, $13 M . . . J 

K i ~ b u s  - WSA fugded por t ion  of prototype fo r -an  
' opera t iona l  weather-observation s a t e l l i t e - s y s t e m .  

.. 
Fpnding: FY 1964, $44 El; *FY 1965, $42 Zi; FY 1966, $48 M 

b. I n  USA's judgment t h e  following ca tegor ies  of p r q r a m s  
should rece ive  s t rong  considera. t ion f o r  i n i t i a t i o n  wi th in  t h e  next 
severa l  years. Each proposal should,  however, be considered on its 
own mer i t s  a t  the praper t h e .  Although' s p e c i f i c  r e c ~ e n & r i o n s  a r e  
not being a d e  i n  the  present con tex t ,  i t  should be observed t h a t  t h e  
progr- w t l i n e d  could be conducted wi th in  t h i s  decade a t  td ta l  pro-. 
gram fuixling l e v e l s  .cot  appreciably  exceeding FY 1964 require .e&s.  

Soace Sciences - Tollow-on p r o j e c t s  should be 
in ic iazed  =o z a i n t a i n  the  cur ren t  l e v e l  of a c t i v i t y  i n  t h e  dctermina- 
\ ion-of  t h e  p roper t i e s  of space. Larger p lane ta ry  spacecraf t  should 
be developed f o r  more s i g n i f i c a n t  exp10,ration of Venus ,and Mars. A 
s u i t a b l e  i n j e c t i o n  s t a g e  should be developed f o r  t h e  Sa tu rn  launch 
veh ic le  t o  perform these  planetary'  s i s s i o n s .  

Advanced Technolbgv - ~ C d i t i o G l  satellites shduld ' 

be incorporated i n  t h i s  program t o  permit f l i g h t  evaluat ion of 
promising concepts and devices emerging from labora to ry  research.  

Space Acpl icat ions  - Addit ional  s a t e l l i t e s  f o r  
d a t a  c o l l e c t i o n  o r  navigat ion should be incorporafed as required f o r  
resea rch  and development on c u r r e n t l y  foreseen and f u t u r e  s a t - e l l i t e  
app l ica t ions .  



7 -. .'.--.,- - . . . - -  . . . -  .,-,, - - - - -. .........., . --..., - ., - - . .  3 - ~ : . e  ;cchnological  c z p a b i l i -  
. . . .  . - .  - .  . . ,~i,;; &v,..i?;\: - - - , \  ,-i-.- .--- -.. ,.., - -,.., :a:-xc ?a;-.zr lzndin: prozran a r e  

Xela:iacshi?s c u r r e n ~ l y  exls  t f a r  caordinat  ion  and f o r  mucwl  
a s s i s t a n c e  anci s t p o r t  .by SASX ar.6 the  303 a: 'ail l e v e l s .  Examples; 

a .  The ..:.cxccct i c s  azd .:-s t r a c a z t i c s  Coordinat ing 3oard,  
r c s ? o x  ibie f o r  i z s c r i z ~  c o o r i i n z t  ia- zc the h i g h e s t  managerial  
2 .  Undcr C?IE 2 2 2 5  of the  Sozrd,  :Sc anauzl c o n s t r u c t i o ~  of , - .. f 2 i L i l ; L e ~  budgars 3: .&SA 2nd the G O 3  a r e  coordinated.' For F i s c a l  
Yczr l 9 6 J , ,  a t o z ~ i  ~f 217 i t c z s  w r a  j o i n t l y  reviewed. I t  was 
z;r;zd =!?st no u n v ~ r z e n t e d  dupl icazion ex i s t ed  i n  t h e  FY 1964 f a c i l i t y  
p i a x  02 XS.1 and COD. 

c. Pzzs ls  of ;- o?rra:l-g :',::re, wkich d e a l  wi th  pragraas  
13 sktanced r&rearsh 221 ~ t c h z o l s ~ y  suck as c h  I -15,  D F ~  S a a r ,  
i-.y?ersonic resec-ch,  ~ c i  :he Su?r:soaic '?ans?ort. DOD p a r t i c i p a t e s  
i:. ?sly o t h e r  pace i s  sr,orsorcd by XASX, scch as rbe U S A  Xesezrch . ... Xd.;isory Camit:ces,  o r  ,sy  :.AS-:. 1..1r! carAlza=Loa w i t h  o t h e r  agencies  
scch-  a s  X C .  These :icsa workl:; r ~ l z r l o n s h i p s  Letween- individual  ' 

sc ie2: is ts  and engineers  a r e  rrn e f f e c t i v e  zieans of coord ina t ing  s c i e n -  ' 
t l f i , ~  . . ?=ogress and -u;lders:andizg. I 

' 8  

6 .  I n  =he a r c 2  af x c z c l  space Tlighc,  c l o s e  coord ina t ion  
5,:wi.e~ the  'Li. S .  h l r  zq rce ,  a s  e::ecil=<v.va' agent of  t h e  WD., an$ , W A  
Ii%s h e r :  s f f e c t e d  c ~ r o u ~ h  t:?d e s c e b l l s h c n :  of :he O f f i c e  of '  Deputy .,.,,:,,,,:. 
C ~ x n Z c . r  f o r  ~ a r . n &  S?ace ?l igi- t  , A i r  "ore Sys tens  Command, 
p h y s i c a l l y  loca ted  wi th in  S ~ S A ' s  O f f i c e  of Xannea Space F l i g h t .  

e .  DOD l o c a l  represe'ntacives a c t  f o r  &A w i t h  t h e  majority 
of ..- ~ ~ e n c y " s  con t rac to r s  in*2atzcrs of audic ,  q u a l i t y  c o n t r o l ,  and 
contrac: s h i n i s t r a t i o n .  . 3 u i j i n ~  FY 64, :<,.A plans  t o  purchase a o r e  . 
than 4,000 m n  y e a r s  f t o a  COD f o r  chis work. 

* 



f .  More than f i f t y  jo in t  agreements, cons~mmted  t o  e f f e c t  
coordination and eliminate unwarranted dupl icat ion i n  spec i f i c  a r ea s ,  
a r e  i n  effect-. Some are :  . , 

(1) The National Launch Vehicle Program Agreement, which 
provides fo r  concurrence by b ~ t h , n g e n c k o  before ' t h e  development of a new launch vehtc lc  Ls under- 
taken. 

(2) Agreements which cover NASA's u t i l i z a t f o d  nf t h e  
At lan t ic ,  Pacif.ie. and White Sands National ?tin6 ---es. 

1 

(3) Agreements on the  inter-agenc? uee of b,uisters; 
NASA uses the DOD's At las ,  Atlas Agena, Thor Agena, 
T i tan  11; the DOD uses NASA's Scout. 

(4) Agreements for  the  non-military appl icat ions of 
DOD developed syeteim; e.$, -SIT. 

- (5) Agreements between NASA and the  Corps of Engineers 
(Atmy) and the Bureau of Yards and Docks (Navy), 

- under which approximately 70 per' cent  of M A  
f a c i l i t i e s  funds a r e  expended. 

'. . 
g. More thaw200 ac t ive  duty mi l i t a ry  pef eonnel a r e  d e t a i l e d  

t o  duty with NASA.. The more senior  of f  i c e r s - so  assigned hold ..im- 
por tan t  . l i n e  p o s i t i o n ~  i n  the  NASA organization. 

h. Through NASA par t ic ipa t ion  in meetings of ' the  Armed 
.Services Procurement Regulation Ccmnni t t e e  when item of j o in t  interest .  
a r e  discussed, NASA and the  DOD cqordinate the development of t he  
procuremcnt po l ic ies  under which both agencies operate.  

., NASA establ ished on December 1 ,, 1962, the  Off i c e  of the Deputy- 
Associate Administrator for  befense Affairs .  Functions: t o  improve 
working re la t ionsh ips  between NASA and the  DOD; t o  expedite t he  flow 
of inf  onuatipn; and to '  prpmote coordination - on matters  of mutual 
i n t e r e s t .  

. 
Although cooperatian between NASA and the  DOD. i e  good, some 

areas  f o r '  fu r ther  improvement are: 

a .  ~ d r l i e ;  coord'ination i n  the  study phase of advanced 
pro jec te  t o  eliminate urrwarranted dupl icat ion between NASA and the  
 DO^ when t h e m  projecte  a r e  ready f o r  i n i t i a l  development; 



b. Further strengthening of c ros s - f e r t i l i za t ion  in  
the areas of research and technology t o  reveal addi t ional  appl i -  
cat ions of NASA diecoveries and advancamenta t o  soam of the 
more c r i t i c a l  mi l i ta ry  problefns, while a t  the same time serving 
t o  focus or  channel NASA research e f fo r t s  in to  those a reas  
holding addi t ional  promise of solut ions t o  mi l i t a ry  problems. 

, c. Greater p a r t l c l p a t l ~ n  by the DOD in  NASA p io j ec t s  
t o  enhance the knowledge and capabi l i ty  of t he  serv ices '  i n  - 

' a  apace and space-or iented'  appl i c a ~ i o n s  . 

/  amer err E. Webb u Adminis trrtor 

* 



Year -- 
1961 

- 
1962 

L 

- 
1963 - 
i 

19& 

- .--- 

I 

CMPARISON OF WOR MISSIONS ' 

~ u b o r b t c a l  f l t p h t  o f  an ar t ronru t  
hunch in^ o f  A t l a r -Gn tau r  a 

- ray aatronmy crpcrlment 
-orb1 t l n a  molar n~bmervatnr). 

L.unchtn6 o f  a R.n&er lunar apacecraftC 
Orb i t a l  Cl tght 'ot .  an astronaut . 
bunch ing  o f  the Saturn f i r a t  rtaBe 

h p a c t  landing o f  t n  r c u n t r  on the l oon  (Rnn~er) 
Topa tde lonoaphcrlc r ound in& / 

bunching o f  a planetary apacccraft 
Launchlna n f  NImbur mrtcorologlcal  rarc!l(Cc 
~c.1 time ac t l ve  cam~mlca t ton r  aace l l t te  Ieadlng tu 

c l v l l  appl (ca t ion  

O r ~ l r a l  f l l f i h t  n f  an astronaut 
Orbltlr,l( r o l a r  obac rva t~ ry  
F l lghr  par t  Venus (Mariner 1) 
N1mb.a~ wt r roro log ica l  aacel l lcc  
Dew lopenca l .  launching of Atlar-Centaur (Cc) 
hunch ing d a l w a r  Impact rpacrcrofc (hnaer)  
Act lvc camuntcactonr aace l l t t c r  (Relay, Tclatar)  
I o ~ ~ n r a h c r l c  Toprldr Soulrdrr . 

hunching o f  a 2-atagc Saturn C - l  
Snfr IanJlng o f  I na t rm~ .n ta  0s the muem 
lnuncfinf cr n r f m p l r f r  3-s t .1~ -  Saturn G I  

Acr l v r  r m m l c a t  l m a  h a t c l l  l tr  (Synca) 
Rae-n.w e l r t h  n r b l t  r1lpI.t 
nrl~![  In& nrrrmncnlcal nbrrrvatnry 
Rccc-ntrlc &cophyrlcal ohrervnrorv 
I n l t  !at lun  or Nfrhus ~.otrorolaglc. t l  sa t c l t  ltr cyrcen 
Devcl.~l~mtnco! f l ty5t o f  LWD- stage. Saturn GI (Sa- 1 )  

l runch lng of an .mbiclnp arcronmlca l  nbacrvatory 
~ a l i f l e a ~ l o ~  o f  200,000 Ib. thruat Iandlna of  l n a t r u c n t a  (Surveyor) 

engine fo r  flight 
Rcconnalrrancr of  Mar., andlor Venuu 

-_  



I 

< 

. . 

I 

/- 

~ ~ A R I S ~ W  01 w o n  mssms 

. 1961 W 

&roe atat ianaq o r b l t  rwteorologlcal aa te l l l t e  
Drvel ipenta l  f l i g h t  o f  C-3 f l r a t  a twe launch vehlcle (S-lb) . 
Devcloprcntal f l l g h t  o f  three-acrm k t r r n  C-I (k Ill) 
Fltaht  qualt f lcatton of 1 to  1.5 r l l l i m  lb. thruat hydrogen- 

oxygen englne (%I) 
I n l t l a r l o n  o f  atatlonary o rb i t  u t e o r o l o ~ l c a l  r a t e l l t t e  myatem 

Radio a r t r m a )  aa te l l l t e  - 
A r t l f l c l a l  cart 
Huclear t u r b ~ l e c c r t c  powr  genetatton f l l g h t  teat (#&GO) 
kcoverable teqhyr l ca l  obaenatory 
Sun o r b t C l q  aolar n b u n a t o r )  

C.1rnd.r 
tear 

1965 

1966-67 

. 1961 PIAM A 

~ l l f l c a t i o n  o f  a 1.500,000 lb. thrur t  rockec englne for  
f 1 lght  

  pol lo prototype caprulr teat 

"1 

t l i & h t  o f  a eapplwte 3 - r t y e  Saturn C-2 
F l i g h t  teat o f  a nuc lear - th r ru l  rockat 
&t.lpt t o  land moblle In r tnaen t r  on the w o n  
A r w p t  t o  put rpacecraft i n  o rb l t  about another p l a m t  

p . 
B- ?O 

Eoa t 
1970 

-2 
Lnclomure 1 

w h g e  2 ol 2 - 

, . 
. 

&pol l o  -nod orb1 t l n g  laboratory and elretmlunar f t  f&hta 

Manned landin& on the moon , 

c 

Lunch of a I k r a  orb l ter  andlor tandar 
@eratlanal .tattonary o rb l t  carunlcat ion aa te l l t ra  a y a t r  . 
Manned c l r w l w r  f l  lght 
Three-un nrb l t tng laboratory 
Devrloprmtal f l lghc o f  Nova t i r a t  a t y e  (A-1) 
Nuclear rocket f l l n h t  teat (Rif t)  (1966-67 perlad) 

Dtvtlopmintal f l i f i t  o f  2-rt-c Wmra (%I p lu r  It-11) 
I n l t l a t l o n  o f  r r p e r i u n t a  i n  w a t l u r  sodlf lcat loa 

~ ~ ~ ~ ~ ~ ~ c ~ : ~ ~ ~ ~ ~ ~ f i ~ : c ~ ~ t c a t  lonr 
Orblt4mg .r tronalcal obmrvrtory v l t h  rscoverrbla data p.ckaie 
Fltght test with 1S00 k l l w a t t  e loet r lc  rocket ongln8 

C o w l t y l c a l  probe 
Tvclve-ran orb l t lag laboratory 
Snlar r c l e n t l f l c  probe 
Oprratlonal lunar sc leo t l f l c  bare 
Prok  out o f  the e e l l p t l c  . 
Dcvelopaencal f l l g h t  of k v a  4 t h  nuclear mecord atage 
Manned fnterplanrtary f l i g h t  W r a )  

F l r r t  m a d  plmmcrry I a d l w  



L W - R A N G E  PLAN 1962 1 964 1672 

RUN OUT OF lW4 BUDGET 

-- - . .. . - -. , - . . . . . . 

W N E D  SPACE ! LONG.RANGE PLAN I W2 c .- 
I FLlGKT 

PROGRAM 
RUN- WT OF 1964 B W E T  

4 P&IBLE ww PROGMW AT w BILLIOEI 1 . ~ ~ 1 .  : i '" - P .  li 
L O N G - I u N m  PLAN 1962 

RUN-WT OF I N 4  BLR)(iET 

PW5IBLe NEW PROGRAMS AT $6 BILLION 

LONG-RANGE PLAN 1%1 , 
RUN- dUT OP 1964 BUDGET 

P m m L E  NEW PROGRAMS AT 16 B I L L ~ ~ ~ N  L VEI  
2 B 

LONG-RANGE PLAN 1962 

RUN-OUT 1964 BUDCET s, 

W G S I U  M W  PROGRAMS AT $6 BILLION LEVEL 

LONG-RANGE PLAN 1962 

Puadlng pruJestlwu fur uach prq ru rn  In tllrr a h .  chan Include fund# lor  Itr cmtrlbutlun to  the~Munnrd.Luwr ~.n& P ~ W C J I ~  I 





The fundm.ental d i f fe rence  betweex ;he two space programs 
iavo;ves the  decis ion of the p resen t  Acz ln i s t ra t ion  t o  extend t h e  , 
p r o g r m  of mnrrd,  s p x z  f l i g h t  beyond ?reject Nercury, and t o  do s o  

I on a time s c a l e  1eLadir.g go a manned lur.ar landing in t h i s  decase. 
2 

, The 1961 long ran,ge p l a n r h c ? u d a d  t5e development of 'a three-  
n a n ' ~ ~ o 1  l o  type spacscraf t f o r  a g r t h - o r b i t a l  and 'circumlunar f l i g h t s  
and the dcvelopnent of a t h r e e - s t a g e  .Saturn launch vehic le .  However, 
the funding f o r  these  Program wzs inadequate. 

The plans adopted by the p resen t  Administrat ion inc lude  the  
following: * 

a. Extension of the Nercury program. 
' \ -  

, 

b. P r o j e c t  Gcmini, which w i l l  produce an o p e r a t i o n a l  two-man 
s p a c e c r a f t  ca'pable o f '  f l i g h t s  l a s t i n g  cp t o  two w e e k ,  and space f l i g h t  
t r a j e c t o r y  chznges t h a t  w i i l  make rendezvous maneuvers poss ible .  

c.  Development of the  Sa tu rn  I3 llzunch veh ic le  f o r  boost ing pay- 
loads weighing up t o  32,000 pounas i a t o  e a r t h  o r b i t .  

C. Develop~ent  of the  Sa tu rn  V lacnch veh ic le  t o  bookt 240,000 
pounds i n t o  e a r t h  o r b i t ,  o r  t o  launch 90,000. pouhds i n t o  a lunar  
t r a j e c t o r y .  1ts e a r t h - o r b i t a l  payload w i l l  be the  equ iva len t  o f  80 
Nercury spacecraf t .  The f i r s t  s t a g e  of t h i s  veh ic le  w i l l  be f i v e  
times a s  powerful as t h a t  of t h e  Saturn I. . 

e. Developnent o f  the  Apollo spacecra f t ,  c o n s i s t i n g  of th ree  
s a p a r z t e  modules, and t h e r e a f t e r ,  opera t iona l  f l i g h t s  c a r r i e d  o u t  i n  
thz f o  1 lowing manner: 

( I )  >!snned e a r r h - o r b i t a l  f l i g h t s  t o ' t e s t  rendezvous and 
4 docking techniques i n  areparadcion f o r  similar maneuvers 

i n  o r b i t  about 'tfie moon.' -. 
I 

I 

(2) b:a.;med f l i g h t s  i n t o  o i b i t  about the  moon and lun'irr-: b 

landing., I n  t h e  l a t t e r  f l i g h t s ,  the  S a t u r n  V w i l l  L ; 

lauach-a lunar excurs  ion module t o r  the  lunar  
I 

, . landings, i n  a d d i t i o n  t o  the  Apollo command module 
t h a t  houses the  a s t r o n a u t s  during launch and reen t ry .  ., 
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. . . -  - . . . .  i:: w::Lfh s::;;s f;r ^'- ,..c S~;LI:- VG?.L;~LS :;=A; 3e fabrlcazsc aad assez j lzd ;  . . . - .  . . .  . t i  , ": . .c . : . - r< . .  - ..& .. .,,,,,,, ,?L -2s: Y 2 ; ~ ; t : r  3: ..:..LC.; -x:-J ZLCIIC:~ VC%C:~S s t a a s  wrll 
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,..G .;-<-, -., -3 ,:r-.d, : ;.13~. XL, i~~"::7. t z e d  tricl:2:ng a Vcrclcal 
-:-sse;z51;, 5 . c ~ ~ = i c i  ;= ,,.L: ..,,.. --3 A,,, .:-.,.- --.-.-.I - -..- - v&lc?cs z s y  be c'nacked ' ou t ,  . . ; , , ~ ; ' ; ~ y ; ~ a c j l ~ ~ ~  232 B C Z C ~ . I ~ ~ ~ - ~ T ~ T ~ S ~ G Z C C =  li3 mve 25% vehicles t p  one .. .. - .  
a =  LX -.tcez l;lt.:ch ?aZs; e : : j x s L x  ?zcCuctLan a;?d t e s t i ng  f a c i l i t i e s  
LC o s k c  loczclans r5roc;haot t!ie csccrry. 

TLc 1963 S?ace S c i e x s s  P l m  ?rovlZes f o r  cozsidarsble a u ~ e n t a t i c n  . 
avOr - -  ,:.c - ?rcvLo:s ?Lana z:t ? T O V % ~ S  f 3r cc~1sid2rably nore' conprehensive ' .  

s c  i m t  if LC ir.v*s t igct iocs * 

T:.Iz ~ i + r ~ . i d  F;mzz 252 s??ce cx7~ar2ti idn prqrm was exo&.dad in . . 
o:&: t o  ?roviGe A x  2 c ~ l ~ ~ ~ i a ~ ~ l  sci2i::ifLc ccca that t r z  required - .  
-2- c:--e G J S ~ ~ T I  and sSccass:c~ -o?erz:ian 02 2 safe ,  r e l i a b l e  systes f.or 
-. L , r r ~ ~ c !  . - l u x r  lazd5zg afici r a t u r n .  2% -kns+r ? r a g a  was incre&s& :. . 

.- . - 
2-2- 2 f i s e  .to s ===cri-i l  s?;zcacrefr ?k:, CerTg?.ea t o  accuire iuna:: .--:..--..  lac neczssL1.y f a r  dcc~rxiai : ;  2 a s l g x  cbnstral,nts a2 =he A p o l h  . .  . . - sq.. c - -  ,.-,.-. S . ; r ~ c ~ * o U - ~ ; x ~ x  1,:s: I:-il.-.~zs+z ::c= severr s?ace:rafc LJ 

. 1 .- . .  - 
c:?;-o:-:Lys:ely s&IJC2ZkcnJ 2r.c , ~ : ~ z r  ;;bite: ?ro jac t  ves 2odliLad ' 
ca ?ravTiie for c r e x y ,  -.-'--- ,,,l1r, --.-- ;L:. =?:LL, 's?zcecral=, 5 order that , 

.zo=c Leiini=ive $~-,?sLcai c k r z c c e = i i z L c s  of the :mar sarfsce acd 
. . * 

? c = a r . c i ~ i  i x d l n g  s i t e s  cz.7 be ?rascrLbed- f o r  t k e  Apollo ?rogr& 

:-:ore cx=i?.slouj ctV;cr2.;e af s o l ~ z  ac;iv:vi;y a d ;  oi rsciiarion phe- 
aoxe2a was icsrlliatac. 

AEY v 2rogr- ixmlvl;l- t 2 ~ ~ 2 c i d .  o-%-eratory spccecraft  acd g31zctic 3 

?zobas w&rc d s i  Lncl~dod. 3 h a e  ;?;cccxfr will m k e  possible obscrvs- 
- LLons - zcc ?odslBls v i t h  cuzz~r.r: cr-ks 22d vL1l axtcrid our explotation t ?  . 
=he outer  .reac::es' of :ha so lar  sys=er. 

7 - -4pp.. to. ZnCl. 3 - '. . . .....: C . .  . , * .  . - -. -._ 
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. c.  Bioscience Profram L 

The Bioscience grogram has been expanded t o  provide basic 
s c i e n t i f i c  itiformat ion required for  longer manned spate  f 1 ight  
s i s s ions ,  and bgckup for  A;ollo in  the event unforeseen p h y s i o l o g i c ~ l  
problems ar i se .  This expansion has resulted in  the  i n i t i a t i o n  of 
s tudies  fo r  a b i o s a t e l l i t e  f l i g h t  project which w i l l  obtain-funda- 
mental inf ornat  io'n on important b(iologica1 phenomena and Ancreased 
cziphasis on kxperiments re la ted  t o  the search'for e x t r a t a r r e s t r i a l  l i f e .  

a d. Propulsion, and Launch Vehicle Dwelopment 
I 
\ . . 

The Launch Vehicle Trogram has been expanded'to provide f o r  
increased launch in t ens i ty ,  f o r  the a t t a k e n t  of cos t  effect iveness  
i n  the proiuction of fu ture  vehicles ,  and for  addi t iona l  e f f o r t  in 
the  Centaur development program. 

e. University Program - 2 
I 

NASA has used grants  and research contracts  with uni"ers,ities.' 
in support of the space research program. The Sustaining Upiveraity 

- Program was added in  1962 t o  support graduate l eve l  t ra in ing ,  t o  
provide, f a c t l i t i e s  t o  hou'se on-going space reeeaych, and . to  give 

O long term -support t o  universi ty  reseirch projects.  0 . 

The h i s to ry  of science and technology has shown t h a t  a sharp' 
cu t t ing  edge of research is. a? e s s e n t i a l  ingredient f o r  pre-eminence 
i n  any branch of technwlogy. I n  order t o  assure pre-eminence in 
space over an extended period, it is considered tp,sentlal , t o  
maintain a baladced spgce program .in which adequate resources i r e .  
.invested i n  research arid' advaiice-d technology looking toward &he: 4 

/ future. The augmented and more careful ly  plahned program now i n  
being gives t'he nat ion a s ign i f  idant ly greeter  t h rus t  t w k d  providing :, 
4 sound technological base on which to  proceed-with d i f f i c u l t  space 

f exploration m i s s  ions. . ! . ' I . - . - -'. 
A s a l i e n t  d i f fe rence  between the tw~-~r&ra& l i e s  in the substant ial :  - -' 

increases i n  e f f o r t  i n  several  reseatch and advmced'technirlogy aqeas , , 
including t h a t  o f .  nuclear rocket research and development. . . .%. .,- . 

. . ' 

i , -r 

The fo l l~wing '  p;ograms a r e  i l l .us t ra t ive  o'f thdse i n  which new ok' 
. _ ' . .,- . 

&panded ac t iv i f ies .havk  been i n i t k e d :  space rhdia t ion  e f f e c t s  0% 1 .  , - 9 . . - y .a' . - 
. , . ; -:, 

* . 3  . App. t o  Encl. 3 .q 

.r . 
4 



success .of any space mission, a new Electronics ~ e s e a r c h  Center has - 
been reconnaended. . . 

.-.  
The d i r ec t  e f f e c t s  of the increase aid breadth of t h e  

, research e f f o r t  w i l l  be: 

a. t o  A k e  flighr acsomplisbments and mitsidns yore assured and' . . 
0 .  r e l i a b l e ,  and' . . 

b.. - t o  improve t h e  eff ic iency with' which .dpace f l i g h t  is carr ied.  - 

out ,  thereby permitting pore t6 be accdmplished with a.g$ven ef  fgr$. : 
L. s - 

Several f l i g h t  programs of c r i t i c a l  importance have been unde.r- 
taker? which were not funiied under che 1961 pian .  Among' these a r e  
Pro jec t  F i r e ,  which is  t o  provide v i t a l  data  i n  f l i g h t ,  on reentry - 

- heat ing a t ,  end beyond Apollo sp%ds; an augmented flight progam to ,  
- 'obeain data  on the meteoroid co l l i s ion  hazard; and a ser-ies of f l i g h t  

experiinents t o  study the problems and performance of experimental ion  
. engines. i n  ,space. * .  

specidized, ground research f a c i l i t i e s  a r e .  indispensable t o  - 
. the  accomplishment of the rqsearch program i n  the mosi economic and. . 

- 
- e f f i c i en t  manner possible, The aupented  program has .p&itted the  
construction of such f & c i l i t i e s .  

'. 0 
a * .  

, A t  ' the  beginning of 1961, i n  the area of s a t e l l i t e  appl icat ions,  
two successfu l~Tiros  Meteorological S a t e l l i t e s  had,been launphed, a 
t h i r d  was being readied for  launch, but no more were planned. 0 ~ e ' o f  
t h e a f i r s t  decisions of the new Administration was t o  ekpand the  T i ros  
program in order t h a t  a t  l e a s t  one might' be kept i n  o r b i t  a t  a l f  t imes 
t o  provide a semi-operationa'l system t h a t  would give valuable weather 
da t a  and stimulate a srlbstantlal  number of other  nations t o  zork,with 
the 0.  S. i n  the ea r ly  s teps  toward a world-wide meteorological system 

\ - based on s a t e l l i t e s .  
8 D - 

\' 
b 

3 The Nimbus development e f f o r t  w,as subs tan t ia l ly  increaged ta " 
provide f o r  a world-wide meteorolsgical system. The dekis ip6  wat made 

d 4 App. t o  Encl, 3 
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, . . , 
._ . > 

t h a t '  t he  Weather Bureau should opera te  t h i s  system. ' The ,number o f  
N i ~ b u s  s a t e l l i t e s c h a s  been increased from the  four  research and 
development d s a t e b l i t e s  planned - f o r  i n  ~ a n u a r ~ '  1961, t o  q ine  $n t h e  
p r e s e n t  pro-gram, w i t &  the  funding ' t o  be prov.ided by both NASA and , t h e  
Nea t h e r  Bureau. . - 

. . 
, Only low a l t i t u d e  communication s a t e l l i t e s  \were funded i n  t h e  ea3Ly 

progr&, and. no, e a r l y  i n i t i a t i o n  of a synchronous o r b i t  s a t e l l i t e  was 
coqtempla&d. & cooperat ive  NASA/DOD p r o j e c t ,  SYNCOI+, has  ncrw been a ?. 

underway f o r  near ly  tb%ayoa;rs. ', ' I .  .. . . . :p ..4 , , 



* 
ESRHATED WRTIW OF NASA AUTH6RIZATIONS (1962-3) AND PROJECTIONS 

(1964-70). UHICtl CONTRIBUTE TO SCIENTIFIC KNOWLEDCE, W S T R I A L  
aODUCTIVITY, EDUCAmON AND MILITARY T E w L O C Y  

(IN lU&LIONS OF DOLLARS) . . 

Scient t f  i.c Kn~nledge 

January 1961 Long Raqge Plan 420 540 560 ' 730 810 1100 1100 1160. 1100' 
Preee~t ,Loag Range Plarming 610 1030 1460 1600 ' 1600 1600. 1600 1604 . it300 

Indust r ia l  Productivity 

January 1961 kg Itan& Plan 750 llGb 1240 1360 1450 1600 1600 1600 1600 
Present b a g  Range Plsnalng 1180 2760 4370 6400 - 4400 4400 4400 F O O  4400 

Education 

'January 1961 Uq 'Range Plan 40 SO 60 90 '115 160 160 160 160 
Present 'bng Range Planning 50 110 160 200 250 250 250 250 250 

M i 1  'ary Technology - 
January 1961 Long Range Plan 210 190 160 2p0 200 2~ 200 200 200 
Present Long Range Planning 290 620 1150 1500 1500 1500 1500 1506 1500 

- .  L 

, 
i 

NOTES: 1. Inarmuch a8 the arear apecificd are  not mutually exclueive, i.e., cer ta in  
money expended may benefit two or more arear eimultaneously, the yearly 
t o t a l s  of the abwe f i m r e s  excded the actual ot planned expenditures. 

, 

2. The valuer rtated for  the "Present Long Range Planning" are based on a , 

continuation a t  a $6 Billion level  beyond 1964. . . 
-- 

a 
1 
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