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'VATIONAL AERONAIJTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The Na t iona l  Aeronau t i c s  and Space Admin i s t r a t ion  program of  re:;eai.ch and 
development ,3nd suppor t ing  a c t i v i t i e s  i s  d i r e c t e d  toward ma in ta in ing  i he 
United S ta t e : ;  i n  a p o s i t i o n  o f  world l e a d e r s h i p  i n  a e r o n a u t i c s  and sptice. 
The m a j o r  prog-ams f o r  ach iev ing  t h i s  o b j e c t i v e  a r e :  

41ANNEjI SPACE FLIGHT: A program f o r  t h e  development of  a c a p a k i l i t i ,  
f o r  pcaceEi l  manned space o p e r a t i o n s  and t h e  u t i l i z a t i o n  of  t h a t  
---- 
capabi ' l i t .7 f o r  e a r t h  o r b i t  ilnd l u n a r  m i s s i o n s .  

SPACE SCII<\TCI< AND APPLICATIONS : An unmanned space  f 1 i g h t  program 
d i r e c t e d  laward s c i e n t i E i c  i n v e s t i g a t i o n s  of  t h e  e a r t h ,  moon, sun ,  
----- 
p l a n e t s  , s t a - r s  and i n t e r p l a n e t a r y  space ;  and t h e  development o f  
techno 1og;T and s p a c e c r a f t  systems which can  be u t i l i z e d  f o r  mete- 
o r o l o ' g  , communications and g e o d e t i c  and e a r t h  r e s o u r c e s  o b s e r v a t i c n s .  

ADVANCED R3SICARCH AND TECHNOLOGY: An e f f o r t  r e q u i r e d  t o  provide  
t h e  fiindarnlntal knowledge arid t h e  t e c h n o l o g i c a l  base f o r  f u t u r e  
---- 
aerons3utic: 5 and space  programs. 

'TRACKCNG AVD DATA A C Q U I S I T I O N :  The world wide a c t i v i t y  r e q u i r e d  
t o  supporlr t h e  NASA manned and unmanned f l i g h t  programs. 
_I_--- 

MANNED SPACE IrLIGHT ---- 
Manned Space F l i g h t  a c t i v i t i e s ,  con t inue  t o  comprise t h e  l a r g e s t  pc r t i o n  

of t h e  budget: r e q u e s t .  Inc luded  a r e  t h e  development and demonstratior1 of a 
c a p a b i l i t y  f o r  nanned space o p e r a t i o n s  and e x p l o r a t i o n .  The pr imary c b j e c -  
t i v e  of l and ing  men on t h e  moon and r e t u r n i n g  them s a f e l y  t o  e a r t h  w i t h i n  
t h i s  decade remains unchanged and i s  s t i l l  p o s s i b l e  i n  1969. P r o j e c t :  
Mercury and Ckmini have been completed. Apollo,  slowed by t h e  s p a c e c r a f t  
f l a s h  f i r e  last y e a r ,  i s  r e g a i n i n g  i t s  momentum a s  evidenced by t h e  h i g h l y  
successful .  ' ' a - - l  up" f l i g h t  t e s t  of t h e  S a t u r n  V launch v e h i c l e .  T h e  f irst  
manned A p c ' l l c )  miss ion  i s  scheduled i n  1968. The Apollo A p p l i c a t i o n s  Flrogram 
h a s  moved frcbri t:he d e f i n i t i o n  and des ign  phase t o  a c t u a l  hardware liabr i c a t i o n .  
The program j.:; d i r e c t e d  toward i n c r e a s i n g  t h e  e f f e c t i v e n e s s  of  manned f l i g h t  
operation:;  i n  t h e  accomplishment of exper iments  and o t h e r  i n - f l i gh t :  ac t i v i -  
t i e s ,  us ing  c z i p a b i l i t i e s  developed i n  t h e  Apollo program. F l i g h t  a c t i v i t y  
t o  begin  i.n 1!17CI i s  des igned  t o  accomplish a l i m i t e d  b u t  c a r e f u l l y  s e l e c t e d  
spectrum of s c i e n t i f i c ,  t e c h n o l o g i c a l  and b iomedica l  i n v e s t i g a t i o n s .  The 
program is ccmfl.gured t o  ma in ta in  p r o g r e s s  i n  manned space f l i g h t  and t o  
provide  j.nfor.riat.ion r e q u i r e d  f o r  f u t u r e  d e c i s i o n s  concern ing  t h e  fol lcw-on 
space progranis. 
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SPACE SCIENCE AND APPLICATIONS --- 
The Space Sc ience  and A p p l i c a t i o n s  program i s  t h e  second l a r g e s t  i r i  t h e  

FY 1969 budget  r e q u e s t .  The s c i e n t i f i c  program i n c l u d e s  s t u d i e s  of tt!e s o l a r  
system, :star:;,  and space  environment .  Research on t h e  e a r t h  and i t s  l o c a l  
environment Ls conducted through t h e  use  o f  b a l l o o n s ,  sounding rocket :  , 
e x p l o r e r s ,  and t h e  O r b i t i n g  Geophysical  O b s e r v a t o r i e s .  S t u d i e s  of thE sun 
a r e  car r : ied  o u t  u s i n g  t h e  O r b i t i n g  S o l a r  Observa tory .  The O r b i t i n g  A:, tronom- 
i c a l  Obsc?rva~icxy, e x p l o r e r s ,  and sounding r o c k e t s  suppor t  a program of r e s e a r c h  
i n  astronomy.. P l a n e t a r y  and i n t e r p l a n e t a r y  s t u d i e s  are accomplished through 
u s e  of t h e  Pf-oneer, Mar iner ,  and advanced p l a n e t a r y  s p a c e c r a f t .  The € # i o -  
s a t e l l i t e  program c o n t i n u e s  i n v e s t i g a t i o n  on  t h e  e f f e c t s  of t h e  space  environ- .  
ment on : l iv ing  organisms.  The A p p l i c a t i o n s  program i s  made up of  a c t i v i t i e s  
f o r  adap t ing  :;pace technology t o  t h e  d i r e c t  b e n e f i t  of mankind. TIROS and 
Nimbus con t inue  t o  suppor t  r equ i r emen t s  o f  t h e  a tmospher ic  s c i e n c e s  re8searc:h 
community and cont inued  improvements i n  o p e r a t i o n a l  weather  s a t e l l i - t e  systems.  
ApplicatLons Technology S a t e l l i - t e s  are be ing  used t o  deve lop  in fo rma t ion  and 
t e s t  t echn iques  f o r  new a p p l i c a t i o n s  i n  t h e  areas of  communications , r a v i g a -  
t ion ,  and t r a f f i c  c o n t r o l .  Geodet ic  S a t e l l i t e s  w i l l  c o n t i n u e  t o  conduct 
measurements on a g l o b a l  b a s i s  and Meteo ro log ica l  Sounding Rocket Ilaurches 
w i l l  continut:  s t u d i e s  i n  t h e  r e g i o n  of 20 t o  60 m i l e s  above t h e  e a r t h .  E f f o r t s  
t o  develop remote s e n s i n g  t echn iques  f o r  u s e  i n  e a r t h  r e s o u r c e s  survey wi l l .  
be inc reased  ::n FY 1969. 

ADVANCED RESE:lIRCH AND TECHNOLOGY --- 
The Aclvanc cld Research and Technology e f f o r t  i s  a c o n t i n u i n g  pro:grarr aimed 

a t  p rov id ing  t h e  t echno log ica l  base f o r  s i g n i f i c a n t  f u t u r e  aero-space  m i s -  
s i o n s .  Th i s  e f f o r t  cove r s  t h e  spectrum of  a c t i v i t y  from b a s i c  r e s e a r c h  t o  
improve our  func amental  s c i e n t i f i c  knowledge , through a p p l i e d  tec  ino lcgy  t o  
improve ciur p r a c t i c a l  c a p a b i l i t y  f o r  deve loping  advanced systems a p p l i c a b l e  
t o  space  and a e r o n a u t i c a l  a c t i v i t y .  The s p e c i f i c  areas o f  e f f o r t  i n  t h e  
program sire Eiasic Research ,  Biotechnology and Human Research ,  E l e c t r o n i c s  
and C o n t r o l ,  TJuc l e a r  Systems and Space Power, Chemical P ropu l s ion ,  Space 
Veh ic l e  Researc t  and Technology, and Aeronau t i c s .  

TRACKING --- AND DATA A C Q U I S I T I O N  

The Tracking  and Data A c q u i s i t i o n  e f f o r t  i s  d i r e c t e d  toward p rov id ing  t h e  
suppor t  r equ i r ed  by t h e  NASA space  f l i g h t  programs. A s  i n  t h e  c u r r e n t  y e a r ,  
t h e  l a r g e s t  p a r t  o f  t h e  FY 1969 r e q u e s t  i s  f o r  o p e r a t i n g  t h e  world wide n e t -  
work o f  t r a c k i n g  and d a t a  a c q u i s i t i o n  f a c i l i t i e s .  Th i s  a c t i v i t y  w i l l  i n c r e a s e  
i n  FY 1969 t c  meet t h e  suppor t  r equ i r emen t s  of t h e  Apollo manned Lunar l and ing  
program. A c t i v i t y  i n  suppor t  o f  t h e  unmanned space  f l i g h t  programs w i l l  
remain a t  approximately t h e  same l e v e l  as i n  t h e  c u r r e n t  y e a r .  
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Funds in FY 1969 for replacement of equipment and maintaining the 
capability of the facilities remain at approximately the same sustain-ng level 
as in the current year with only minor augmentations of capability to meet 
requirements of new programs. The Supporting Research and Technology effort 
will continue at the same ].eve1 as in the current year. 

TECHNOLOGY UTILIZATION --- 
The Technology Utilization program covers the dissemination OS the scien- 

tific, technological and engineering information and concepts resultiiig from 
NASA programs so as to assist in the fullest use of this information for the 
benefit of the nation. In order to assure fulfillment of this ot)jt’ct.ve, 
the program provides not only for the collection and dissemination of these 
data but also for: (a) establishing effective mechanisms and systems for 
assuring that all new knowledge is identified, collected and evaluatecl; and, 
(b) establishing effective mechanisms for announcing and disseminatin;; this 
new knowledge in order to assure its wide application and utilizati.on 

SUSTAINING UNIVERSITY PROGRAM --- 
NASA depends upon universities to supply expertise and competence 

essential to the space effort, in areas available only in universitie:;. 
University scientists contribute new knowledge, serve on space acviso-y group:;, 
train scientists, engineers and managers for the space program. From their 
participation, universities gain new knowledge and experience neccssa-y to thcir- 
continued te-hnical and academic growth. NASA needs universities to csoncen- 
trate their research efforts on the greater complexities of space pro.lects 
that may be undertaken in the future. NASA support to universities i:; mostly 
through the agency‘s Program OEfices and Centers in conducting rc searc.h and 
development for specific projects. Many needs are outside the scope of this 
project researci, and require the flexibility, breadth, and long-rangt’ 
view of the Sustaining University Program in multidisciplinary rcsearc,h, 
training of grajuate students in disciplines representing particL lar IiASA 
needs, special studies and training in space research, administrztion of the 
space progran and in engineering systems design. 

F INANC I N G  

The FY 1969 Research and Development program plan,  discussed i.n t h i s  
volume, requi res  $3,677,200,000, a reduct ion of $293,400,000 below thi? 
FY 1968 program of $3,970,600,000. 

Research and Development expenditures fo r  the cu r ren t  f i s c a l  year 4 n e  
est imated a t  $4,004,500,000 and at  $3,851,300,000 f o r  FY 1969, a reduc:tion 
of  $153,30O,OOO. 



REIMBURSEMEN?' AT EASTERN TEST RANGE 

The c o s t  t o  NASA f o r  use  of  t h e  A i r  Force E a s t e r n  Tes t  Range has  bl?en 
inc reased  by $26.2 m i l l i o n  i n  FY 1969. The Bureau of  t h e  Budget provided 
a new formula f o r  t h e  d i s t r i b u t i o n  of c o s t s  a t  t h e  Range which inc reased  
t h e  c o s t  s h a r i n g  requirement  t o  NASA from $25.2 m i l l i o n  t o  $51.4 m i l l i o n .  
Th i s  new arrangement f o r  NASA reimbursement t o  t h e  A i r  Force recognizi2.s 
t h e  impact of NASA a c t i v i t i e s  on the  E a s t e r n  Tes t  Range Support  ::unctions. 
The DOD r e t a i n s  r e s p o n s i b i l i t y  f o r  range management and t h e  fundfing 
a s s o c i a t e d  the rewi th .  NASA c o n t i n u e s  t o  pay f o r  a l l  a d d i t i o n a l  t i i rec  t l y  
i d e n t i f i a b l e  c o s t s  and under t h e  new p rov i s ion  w i l l  re imburse DO11 f o r  a 
s h a r e  of t h e  o p e r a t i o n a l  suppor t  c o s t s  based  upon t h e  e s t i m a t e d  use  r , i t i o  
of  o p e r a t i o n a l  f a c i l i t i e s  and equipment.  S p e c i f i c  c a t e g o r i e s  of t ech i i i ca l  
suppor t  t h a t  have been added t o  t h e  NASA reimbursement inc lude  range 
in s t rumen ta t ion  s h i p s  and a i r c r a f t ,  mainland and down range ins t i -urnemat ion  
s i t e s  f o r  t r a c k i n g  and communications, and d a t a  p rocess ing .  

T h i s  a d d i t i o n a l  funding requirement  has  been d i s t r i b u t e d  t o  two li le 
i t ems  i n  t h e  p r e s e n t  NASA FY 1969 budget .  Network Opera t ions  under Tiracking 
and Data A c q u i s i t i o n  h a s  been inc reased  by $6.4 m i l l i o n  t o  cover  es t i ina ted  
c o s t s  of range i n s t r u m e n t a t i o n  s h i p s  and a i r c r a f t  and s p e c i a l  conununi1:ations 
requi rements .  Launch o p e r a t i o n s  under Apollo has  been i n c r e a s e d  b y  $ .9 .8  
m i l l i o n  t o  cover  t h e  remainder of t h e  new reimbursement c o s t  i nc lud in ; ;  
o p e r a t i o n a l  suppor t  t o  f l i g h t  mi s s ions ,  and g e n e r a l  suppor t  from t ech i i i ca l  
shops and i n s t r i m e n t a t i o n  s i t e s .  NASA a n t i c i p a t e s  t h a t  when r e f i n e d  c:ost 
d a t a  a r e  a v a i l a b l e  from t h e  A i r  Force E a s t e r n  T e s t  Range p rov id ing  a riore 
p r e c i s e  a s s o c i a t i o n  of  c o s t  w i th  s p e c i f i c  c a t e g o r i e s  of  t e c h n i c a l  s u p l ~ o r t ,  
some rea l ignment  of funding among NASA programs may be i n d i c a t e d .  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

F i s c a l  Year Fiscal Year F i s c a l  Year 
1967 1968 - A f i  

1. Manned Space F l ight :  -..- -0- (a) Gemini. .. ...... , $ 15,200,000 
(b) Apollo. . . . . . . . , . 2,922,600,000 $2,556,000,0005r $2 ,O38,8OO,OOO 

app l i ca t ions  . . 80,000,000 253,200,000 439,61 IO, 000 

s tud ie s .  . . . . . . 6,200,000 -0- 5,000,000 

( c )  .Apollo 

(d) Advanced mission 

2, S c i e n t i f i c  Inves t iga t ions  
i n  Space: 

(a )  Physics and 
astronomy...,. 160,837,000 175,8 17,000 1!75,9 ,!2,000 

(b) Lunar and planetary 
exploration..  . 201,005,000 150,666,000 1.13,900,000 

(c) Bioscience....,. 42,000,000 45,700,000 54,41 IO, 000 
(d) Launch vehic le  

development . . . 77,452,000 61,340,000 61,3OO,OOO 

3. Space Applications . . , . 91,486,000 114,337,000 :L27,3 38,000 

4. Space 'Tec'hnology. ...,. 235,570,000 256,890,000 i!65,240,000 

5. A i r c r a f t  Technology.. . 35,900,000 66,800,000 7 6,900,000 

6, Supporting Ac t iv i t i e s :  
(a) 'Tracking and da ta  

(b) rS us t a  in ing  
acqu i s i t i on .  .. 270,850,000 2 75,850,000 :304,8130,000 

un ive r s i ty  
program.. . . . . . 3 1,000,000 10,000,000 10,000,000 

u t i l i z a t i o n . .  . 5,000,OQQ 4.000.000. - - ~ ! W  
(c) 'Technology 

'Total Budget Plan. . . $4,L75,100,000 $3.970.600.0091k $3d,72.2()0.000 

*Includes $60 mi l l i on  of p r i o r  year funds app l i ed  t o  FY 1968 budget plan.  



:NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

S I M M U n m m  AM) DE- P U N  By BUDGE CT. 
A 1 

F i s c a l  Year 
1p67 

Appropriat:Lon.... ........... $4,245,000,000 

Transferred t o  o the r  
accOXlllts......b....... 

Appropic Laltion 
(adjusted) .  ........... 4,235,100,000 

Unobliga t eti be lance,  s t a r t  
of year I- a v a i l a b l e  t o  
f inance n e w  budget p lans  . . 

Unobligated balance, end of 
year - awi3i:lable t o  f inance 
new budget plans.. ........ 

Tota l  f:Lnimcing of t h e  
budgtzi: plan. .......... $4.175.100.000 

F i s c a l  Year 
1968 

$3,925,000,000 

- 400 - OOQ 

3,910,600,000 

60,000,000 

P isccii 1 Year 
,,:t.969_ 

$3,677 ,,200,000 

SUM 2 



INATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

OF USSEA= AND DE-NT BUDGET PIAPJ BY P R W  BY COC it€xz&a OFFZCI, i 

BUDGET F i s c a l  Year 
ACTIVITY QIZU=ELPROGRAM 1967 

wslewFLIGHT ......... $3,024,000,00Q 

l a  15,200,000 
l b  A p ~ ~ l l o . . .  ................. 2,922,600,000 

Gemini. . . . . . . . . . . . . . 

F i s c a l  Year Fii ical  Year 
1968 .-1969.- 

--.. - .., - 
2,556,000,OOW 2,038,800,000 

253,200,000 
-e- 

4: I9 ,600,000 
5,000,O~EO 

Lc 
Id 

2a 
2b 

2d * 
2c 
3 

6b 

4 
4 
4 
4 
4 

4 
4 
5 

6a 

6c 

Apollo appl ica t ions . .  . . . . . 
Advanced mission s tudies . .  

80,000,000 
6,200,000 

576.100.000 552.850.000 

129,800,000 142,950,000 Physicrs and astronomy.. . . . 
Luna r a nd p l a  ne t a  ry  

explorat ion. .  . . . . . . . . . -. 
Launch vehicle  development 
Launch vehicle  procurement 
Biosc its nce . . . . . . . . . . . . . . . 
Space i a  pp l i c a t i o n s  . . . . . , *. 

107,300 ,O(IO 184,150,000 
31,200,000 

117,650,000 
42,000,000 
71,300,000 

141,500,000 

127,100,000 
41,800,000 
99,500,000 

--- 
1.!8,300,0(30 
118,500,000 

1 12,200,0~:~0 

SUI t a in int3 univers  it y 
progr'am. 0 . 0 0 . . 0 . . 0 .  . . 31.000.000 

918.700.000 
Basic :c4esearch0. . . . . . . . . . 
Space veh:i.cle systems.. . . . 
Elec t ronics  systems.. . . . *. 
Huimn :€actor systems.. . . I . 
Spiace powar and e l e c t r i c  

]propr~ls:Lon systems.. . . . 
Nuclear rlockets.. . . . . . . . . 
Chemical propulsion....... 
Aeronautical  vehicles. .  . . . 

21,401,000 
33,909,000 
33,597,000 
16,265,000 

21,465,000 
35,000,000 
39,200,000 
20,985,000 

:12,000,000 
:15,300,000 
19,400,000 
:! 1,700,000 

40,440,000 
53,000,000 
3 3 ,63 8,000 
35,900,000 

44,000,000 
54,000,000 
37,250,000 
66,800,000 

44,800,000 
liiO,OOO, 000 
: I  6 , 700,0(30 
76,900,000 

270.850.000 275.850.000 - 304.800 .OO@ 

4,000.0(2P 5i.000.000 4.000.009 

TOTAL 131JDGET PLAN.. . . . . . . $4.175.100.009 
*Funds for t h e  procurement of launch vehic les  a r e  s t a t i s t i c a l l y  d is t r l .bu ted  t o  
unmanned f l i g h t  programs (e.g. ,  Physics and Astronomy, Space Vehicle Systems) ., 
*Includes $60 mil l ion  of p r i o r  year funds appl ied  t o  FY 1968 budget Illan. 

SIlM 3 
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J, F. KENNEDY VA'JVED " I RSH ALL GODOARD J E T  AYES ELECTROUI CS F L I G H T  L E W I S  SPACE NU L A W L E Y  
PROGRAM OFFICE T O T A L  SPACE CENTER, SPACF FI. I? SPACE F L I G H T  PRO PUL S 1 WALLOPS RESEARCH RESEAaCH RESEARCH RES EAR CH RESEARCH PRO PUL SPACECRAFT 

NASA CEtITER CEYT ER CF"T ER L AEORATORY CEUTER CFNTER CEUTER CENTER CENTER OFF1 1 ST  PT I o v  - 
Office of Manned Space Plight 

1967..................... 
1968..................... 
1969..................... 

Office of Space Science and 
Applications, 

Office of university AffEiirr 

1967..................... 

1969..................... 
1968.e. ................... 

- - - - 3,024,000 213,950 1,444,896 1,323,017 2 73 365 1,426 - - - - 2,809,200 356,600 1,271,900 1,121,100 3,100 800 2,000 1,000 - 
2,483,400 374,300 1,089,700 959,900 3,200 1,100 1,200 1,000 - - - - 

576,100 
552,850 
538,200 

31,000 
10,000 
10,000 

2,546 105 
5,290 7,109 
5,900 12,800 

Office of Advanced Research and 
Technology 

1967..................... 
1968........0............ 
1969..................... 

Office of Tracking and Data 
Acquisition 

1967..................... 
1968..................... 
1969..................... 

Office of Technology Utilization 

1967..................... 
1968..................... 
1969..................... 

10 41,347 109,962 1,949 179,272 143,499 761 43,489 3,544 
1,276 207,607 115,217 1,640 41,544 3,615 - 25,717 79,800 

64,248 1,335 44,430 4,540 - 42,515 75.800 1,145 215,456 

- 52,652 268,150 49 2,770 
9,006 23,502 535 23,502 20,655 21,668 56,774 59,263 318,700 175 4,420 17,090 

336,800 150 4,850 18,140 9,568 28,720 500 26,150 21,199 16,740 59,838 70,766 

17,327 10,960 20,019 20,932 12,824 8,346 46,336 

- - - - 270,850 800 195,800 51,350 5,750 1,900 2,250 

304,800 - 300 227,300 55,300 6,800 2,100 1,600 - 
- - - - 2 75,850 400 197,350 57,200 6,400 2,100 1,900 - - - - 

47, 
49, 
54 9 

Total Budget Plan 

47, 
49, 
54 , 

1967..................... 4,175,100 216,545 1,447,771 1,343,093 386,305 214,868 6,511 64,786 16,368 10,256 91,359 162,614 
196,719 8,575 65,046 26,270 23,768 85,391 139,063 1968..................... 3,970,600 362,065 1,283,429 1,139,866 417,063 

1969..................... 3,677,200 380,350 1,107,350 979,485 455,524 149,368 8,635 70,580 26,939 18,840 104,953 146,566 -~ ~~ ~~~ ~ __  ____ ___ - ~ -~ ~~ - _ - - _ _  - -  __ - ~ ~~ 



NATIONAL AERONAUTICS AND SPACE ADMIWISTRATION 

FISCAL YEAR 1969 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of dol la rs )  

-~ ~ 

J. c .  F t N N t U Y  YA11VED I '  ' 4'3 ti ALL GODDARD JET AyES ELECTROVI CS F L I G H T  L E W I S  SPACE NUCLEAR VASA WESTER41 L A W L E Y  
RES E ARCH RES E ARCH PRO PUL S I ON HE ADOU ART ERS S Id PPORT 

ST P T  I ObJ CEWTER CFNTER CENTER CENTER CENTER OFF1 CE OFF1 CE 

RES E A2CH RESEARCH 'ICE T O T A L  SPACE CENTER, SPACECRAFT Sf'ACC FI \ ^ U T  SPACE FLIGHT PROPUL S 1 T)hl WALLOPS RES EAR CH 

- NASA CE"TE9 CEYTER CFfiITER L AGORATORY 

ice Flight  

............... ............... ............... 
!rice and 

............... ............... ............... 
Affa i rs  

............... ................ ............... 
esearch and 

............... ............... ............... 
nd Data 

............... ............... ............... 
Uti l iza t ion  

............... ............... 
I.............. 

3 , 024,000 
2,809,200 
2,483,400 

576,100 
552,850 
538 , 200 

31 , 000 
10,000 
10,000 

268 , 150 
3i8,700 
9-c onn 
2 J J V p  ouu 

270,850 
275,850 
304 , 800 

5,000 

4,000 
4 , 000 

213,950 
356,600 
3 74 , 300 

2,546 
5 , 290 
5 , 900 

- 
- - 

49 - -- 
Ll> 
LDU 
. c- 

- - - - - - 1 , 444 , 896 1 , 323 , 01 7 273 365 1,426 40,073 
1,271,900 1,121,100 3,100 800 2 , 000 1,000 52,700 
1,089,700 959,900 3,200 1,100 1,200 1, 000 53,000 

- - - - - - - - - - - - - 

- 105 1,949 179,272 143,499 761 43,489 3,544 10 41,347 109,962 41,385 8,231 
7,109 1,276 207 , 607 115 , 217 1,640 41,544 3,615 25,717 79 , 800 52,235 11,800 - - - 12,800 1,145 215,456 64,248 1,335 44 , 430 4,540 - 42,515 75 , 800 70,031 - 

- 8,952 
6:5ii6 

.r. .e- 
L Y ,  L Y O  

L J ,  Y W  

4,850 18, I+!! 9,568 L O ,  I L W  500 26, i50 21, i 9 9  70,766 54,600 25,579 16,740 59,838 

1.7 0 - c  2,770 17,327 10,960 20,019 20,932 12: 824 8,346 46,336 52,552 v I ,  O J J  

4,420 17,090 9,006 23,502 535 23,502 20,655 21,668 - 56,774 - -, -"e a r  n n r  1.0 v n n  
- 2 ,  I U U  

5 0  31;1 

-0 7-n - 

- - - 800 195 , 800 51,350 5,750 1,900 2,250 

300 227,300 55,300 6,800 2,100 1 , 600 

- - - - 400 197,350 57,200 6,400 2,100 1,900 - - - - - 
13 , 000 
10,500 
11,400 

- 
- 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTZMATES 

----m.mrnxv U ~ ~ ~ K L D I J ~ ~ W ,  CY RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Tinousando of dollars) 

AL4 E S ELECTROVI CS F L i G H T  L Ah'GLEY L E W I S  SPACE NUCLE 
RES E AaCH RESEARCH RESEARCH RESEARCH PRO PULS I 0 

J. F. VENNEDY VAI"4Eo " ' LRS H ALL GODOARD J E T  
SPACE CENTER, S P  ACFCR AFT SPACF Ff. I 7  SPACE F L I G H T  PROPULS 1r)N 

N A S A  CEkITER CEYTER CFhITER L A60RAT ORY 

W ALL 0 PS RESEARCH 
ST P T  I0V CENTER CFNT ER CENTER CENTER CENTER OFF1 CE 

TOTAL 
- PROGRAM OFFICE 

Office of Manned Space Flight 

Office of Space Science and 
Applications, 

Office of University Affairs 

Office of Advanced Research and 
Technolovy 

Office of Tracking and Data 
Acquisition 

Office of Technology Utilization 

3,024,000 
2,809,200 
2,483,400 

576,100 
552,850 
538,200 

31,000 
10,000 
10,000 

268,150 
318,700 
336,800 

2 70,850 
275,850 
304,800 

5,000 
4,000 
4,000 

- - - - - - - - - - 
365 1,426 - 

2,000 1,000 
1,200 1,000 374,300 1,089,700 959,900 3,200 1,100 - 

213,950 1,444,896 1,323,017 273 
356,600 1,271,900 1,121,100 3,100 800 - 

2,546 105 
5,290 7,109 
5,900 12,800 

43,489 3,544 10 41,347 109,962 
79,800 1,949 179,272 143,499 761 25,717 41,544 3,615 

42,515 75,800 1,145 215,456 64,248 1,335 44,430 4,540 
- - 1,276 207,607 115,217 1,640 

10,960 20,019 
175 4,420 17,090 9,006 23,502 

2,770 17,327 49 

150 4; 850 18,140 9,568 28,720 

- 52,652 47,1 
535 23,502 20,655 21,668 56,774 59,263 49,' 

20,932 12,824 8,346 46,336 

502. 26 ~ '150 21 * 109 70,766 54,l 16,740 59,838 

- - - 
- - - - 800 195,800 51,350 5,750 

- - - 400 197,350 57,200 
1,900 2,250 - 
2,100 1 , 900 6,400 - 

1,600 2,100 - 300 227,300 55,300 6,800 - 

- - - - ---- 



~ ~~ ~~~~ ~ ~ ~~ ~~ - 

J .  F, KENNEDY VAI l f IED ” I R S  H ALL GODDARO J E T  AYES ELECTROVI CS F L I G H T  L E W l  S SPACE L Ah’GLEY 
PROGRAM OFFICE TOTAL SPACE CENTER, SPACECRAFT SPACF FI- I ”  SPACE F L I G H T  PRO PUL S 1 O N  WALLOPS RES E ARCH RESE A2CH RESEARCH RESEARCH RES E ARCH PRO I 

NASA CEklTER CEYTER C F V E R  CENTER CFNTER CENTER CENTER CENTER 01 S T P T I O Y  L AEDRAT O R Y  - 

Office of Manned Space Fl ight  

1,444,896 1,323,017 
1,271,900 1,121,100 
1,089,700 959,900 

1967..................... 
1968..................... 
1969..................... 

3,024,000 
2,809,200 
2,483,400 

213,950 
356,600 
374,300 

273 
3,100 
3,200 

365 - 
- 

- - 1,426 - 
2,000 - 1,000 - 
1,200 - 1,000 - 

- - 
800 - 

1,100 - 
Office of Space Science and 

Applications, 

10 41,347 109,962 - 79,800 
- 42,515 75,800 

25,717 
1967..................... 
1968..................... 
1969..................... 

576,100 
552,850 
538,200 

2,546 
5,290 
5,900 

105 1,949 
7,109 1,276 
12,800 1,145 

179,272 
207,607 
215,456 

143,499 761 
115,217 1,640 
64,248 1,335 

43 , 489 
41,544 
44,430 

3,544 
3,615 
4,540 

31,000 
10,000 
10 , 000 

1967..................... 

1969..................... 
1968.......’.............. 

Office of Advanced Research and 
Technology 

1967..................... 
1968..................... 
1969..................... 

268,150 
318,700 
336,800 

49 
175 
150 

2,770 17,327 
4,420 17,090 
4,850 18,140 

10,960 
9,006 
9,568 

20,019 - 
23,502 535 
28,720 500 

20,932 
23 , 502 
26,150 

52,652 12,824 8,346 46,336 
20,655 21,668 56,774 59,263 
21,199 16,740 59,838 70,766 

4 
4 
5 

Office of Tracking and Data 
Acquisition 

1967..................... 
1968..................... 
1969..................... 

270,850 
275,850 
304,800 

- 800 - 400 - 300 

195,800 
197,350 
227,300 

51,350 5,750 
57,200 6,400 
55,300 6,800 

- 1,900 2,250 - - 2,100 1,900 - - 2,100 1,600 - 
Office of Technology Utilization 

5,000 
4,000 
4,000 

1967..................... 
1968..................... 
1969..................... 

Total Budget Plan 

1967..................... 4,175,100 
1968..................... 3,970,600 
1969..................... 3,677,200 

216,545 
362,065 
380,350 

1,447,771 1,343,093 
1,283,429 1,139,866 
1,107,350 979,485 

386,305 
417,063 
455,524 

214 , 868 6,511 
196,719 8, 575 
149,368 8,635 

64,786 
65,046 
70,580 

16,368 10,256 91,359 162,614 
26,270 23,768 85,391 139,063 
26,939 18,840 104,953 146,566 

4 
4 
5 

m 
(0 

0 
“i 

r- N 

m 
m N 



OFFICE OF MANNgD SPACE 
FLIGHT. TOTAL 

Gemini 

Apollo 

Apollo applications 

Advanced missions 

OFFICE OF SPACE SCIENCE 
AND APPLICATIONS, 
TOTAL 

Physics and astronomy 

Lunar and planetary 
exploration 

Launch vehicle 
deve 1 o pment 

Launch vehicle 
procurement 

Bioscience 

Space appl icat ions 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

- ^ - -  
L Y 6  I 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
iyciy 

1967 
1968 
1969 

1967 
1968 
1969 

3,024,000 213,950 1,444,896 1,323,017 273 365 - 1,426 - - 
2,809,200 356,600 1,271,900 1,121,100 3,100 800 - - 2,000 - 1,000 - - 
2,483,400 374,300 1,089,700 959,900 3,200 1,100 - - 1,200 - 1,000 - - 

- - - 

15,200 - - 
2,922,600 
2,556,000 
2,038 , 800 

80 000 
253,200 
439,600 

6,200 

5,000 
- 

576,100 
552,850 

- - - 
213,050 
354,600 
369,600 

400 
2,000 
4 200 

500 

500 
- 

2,546 
5,290 

15,200 - - 
1,395,605 
1,15 1,600 

889,800 

31,291 
120,300 
197,900 

2,899 

2,000 
- 

105 
7,109 

- - - 
1,279,636 

734,000 

41,781 
119,200 
223,900 

1,001,900 

c n n  
I, ouu - 
2,000 

1,949 
1,276 

- - - 
273 
100 
200 

- 
3,000 
3,000 

- 
- - 

179,272 
207,607 

- - - 
- - 
- 
- 

800 
1,100 

- 
- - 

143,499 
115,217 

- - - 
- 

1,600 
200 

- 
400 

1,000 

- - - 

3,544 
3,615 

- - - 
81 - - 

1,345 
1,000 
1,000 

- - - 

41,347 
25,717 

538.200 5,900 12.800 1.145 215,456 64.248 1,335 44.430 4,540 - 42,515 75,800 

129,800 
142,950 
141,900 

184,150 
14 1,500 
107,300 

31,200 - - 

117,650 
127,100 
128,300 

42,000 
41,800 
48,500 

71,300 
99,500 

112,200 

40 
359 
300 

65 
650 

1,100 

- - - 

- - - 
- - 
- - 

- 
6,100 
11,400 

158 
36 
40 

1,411 
385 
10.0 

- - - 

- 
500 
500 

100 
'55 . r.c 1v3 

280 
300 
400 

97,020 
109,881 
105,500 

855 
1,292 
2,000 

75 - - 

15,743 
18,000 
-5 *e..-. 
L O ,  >vu 

369 
134 

C I  
130 

65,210 
78,300 
79,500 

339 
196 
400 

141,885 
113,4 79 
62,300 

- - - 

- 
100 
r an 
L W V  

954 
1,342 
1,!&8 

321 
100 

- 

496 

950 
1,200 

- 
- 
- 

- - - 

- 
- 
- 

25 
40 

185 

240 
400 
2cc 

9,828 
9,383 
9,100 

620 
1,098 
1,700 

- - 
- 

- 
- 

32 941 
30,963 
22 qqn 

100 
100 
100 

. + A -  Ad" 

60 
140 
14 0 

40 
75 

100 

2,214 - - 

- 
1,600 
1,7!22 

- - - 
1,230 1,800 

2,500 

1,607 
1,532 
2,930 

28,625 
12,700 
22,000 

650 - - 

9,400 
10,600 

son 

160 
85 
85 

905 
800 
700 

- 
- - 

- 
- - 

27,761 - - 

81 889 
78,400 
74 ~ 400 

- - - 
312 

1,400 
1 i 400 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

DiSTKiB-UTiON OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of dollars) 

WESTERN 
T r)T AL SPACE CENTER, SPACECRAFT SPACE R I G H T  SPACE FLIGHT PROPULSIOM W ALL 0 PS RES E A2 CH RESEARCH RESEARCH RESF ARCH RESEARCH PRO PULS 1 ON HEADQUARTERS SUPPORT 

OFF1 CE 

1. F. YEfi l t IEDY MhYNEI) P PRSH ALL GODD ARD J E T  AfdES F L E C T W N I  CS F L I G H T  LANGLEY L E W I S  SPACE hiUCLEP.R NASA 

- -  _ - -  
UFFl  C t  ^-. --- 

bL" I r n  L t l Y I  t K  
-'.IT'.. 

U L I V  I c n  *rur r g  
"L  1 ,  LI \  

CEL!T E O  I A R n R A l n R Y  P T  A T  I nni 41 AS A CFWTER CENTER CFNTFR 

1967 3,024,000 213,950 1,444,896 1,323,017 273 - - 365 - - 1,426 - - 40,073 - 
1968 2 , 809,200 356,600 1,271,900 1,121,100 3,100 800 2,000 1 , 000 - - - - - - 52,700 - - - - - 1969 2,483,400 374,300 1,089,700 959,900 3,200 1,100 1,200 1,000 53,000 - 

- - - - - - - 1967 2,922,600 213,050 1,395,605 1,279,636 2 73 81 33,955 - - - - - - - - 1968 2,556,000 354,600 1,151,600 1,001,900 100 1,600 46,200 - 
1969 2 , 038,800 369,600 889,800 734 , 000 200 200 45 , 000 - - - - - - - - 

- - - - - - - 1967 80,000 400 31,291 41,781 365 1,345 4,818 - 
1968 253,200 2,000 120,300 119,200 3,000 800 400 1,000 6,500 - 
1969 439,600 4,200 197,900 223,900 3 , 000 1,100 1,000 1 , 000 7,500 - 

- - - - - 
- - - - - 

- 8,231 1967 576,100 2 , 546 105 1,949 179,272 143,499 761 43,489 3,544 10 41,347 109,962 41,385 
1968 552,850 5,290 7,109 1,276 207,607 115,217 1,640 41,544 3,615 25,717 79,800 52,235 11,800 

70,031 
- - 

1969 -- 538,200 5.900 12,800 1 : 145 - 31 -- 5.451; 64.248 1,335 4. 43= 4.540 - 42.515 75,800 - - . 
I n c -  * * A  nrrn 
L Y V I  LL7,OUU 

1968 142 , 950 
1969 141,900 

- 40 - 359 - 300 

158 97,020 339 496 9,828 60 10 1,607 - - 20,242 - 
- - - 36 109,881 196 1,200 9,383 140 1,532 20,223 - 

46 105 , 500 400 950 9,100 14 0 2,930 22 , 540 - - - 

- 620 40 28,625 - - 10,490 1967 184,150 159 65 1,411 855 141,885 
1968 141,500 90 650 385 1,292 113,479 1,098 75 12,700 11,731 - 
1969 107,300 100 1,100 10.0 2,000 62,300 1,700 100 22,000 17,900 - 

- - - - - 
- - - - 

- - - - - 1967 117,650 - - - * - -  A n  

15,743 
l a  A n n  

2,387 
c nn 1968 1 9 7  inn r, wm - 

9 , 400 81,889 - - 8,231 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

L 

DISTRIBUTION OF RESEARCH AND DEVELOPMeNT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of dollars)  

s PACE hillCL E A.R 
rnu ruLa I U,  I 

L Ekl 1 S 
DESEJDCU !!E! - - - ̂ I .I ,. , *'l 

j E i  i \ i iES FLECTenn!! CC FLIGHT LANGLEY 
- - - - . - - a ,  

' I .  r. XEN).'"IErlV M h Y N E n  V PRS H ALL GOOD ARD 

C F l T E R  C E I T  ER CEYT ER 
RESEARCH R ESE ARCH K t a t . n n L n  RESEAr7CH w A?? 0 PS -..--*a, o , n r ,  rnuruLa1 U"I 

hrll-rrn CENTER OFF1 CE 
SPACE FLIGHT SPACE FLlGHI T r)? AL SPACE CEYTER, SPACECRAFT 

LABORATORY ST AT I ON CENTER CENTER C t N l t h  LE'\' I LIS 

PROGRAM 
VASA 

OFFICE OF MANNED SPACE 
FLIGHT. TOTAL 

Gemini 

Apollo 

Apollo applications 

Advanced missions 

Physics and astronomy 

Lunar and planetary 
exploration 

Launch vehicle 
deve 1 opmen-t 

Launch vehicle 
Dr ocur emen t 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 - - * -  

- 365 1,426 - - - - - - - - - 
- - 

2,000 1 , 000 
1,000 1 200 

3,O 24,000 213,950 1,444,896 1,323,017 273 
2,809,200 356,600 1,271,900 1,121,100 3,100 - - 800 
2 . 483,400 374.300 1,089.700 959,900 3,200 1.100 - - 

15,200 - - 
2,922,600 
2,556 , 000 
2,038,800 

80,000 
253,200 
439 , 600 

6,200 

5,000 
- 

576,100 
552,850 

- 15,200 - - 

213,050 1,395,605 
354,600 1,151,600 
369,600 889,800 

400 31,291 
2,000 120,300 
4,200 197,900 

500 2,800 

500 2,000 
- - 

- - - - - - - 1,600 
1,279,636 273 
1.001.900 100 - - 

-734;OOO 

41,781 
119,200 
223,900 

1,600 

2,000 
- 

1.949 

200 

3,000 
3 , 000 

- - - 

179.272 

- 
- 

800 
1,100 

- - - 

143,499 761 43.489 3 

200 

- 
400 
000 

- - - 

544 
1. 645 41 2 5Lb4 3,615 - - -  i i 3 , i i i  -.-. 1;276 207; 607 

- - - 
81 - - 

1,345 
1 , 000 
1,000 

- - - 

41,347 
25,717 - - __ 
42 515 5 . 900 12.800 1; 145 215.456 64,248 1,335 44.430 4 . 540 538; 200 

9,828 60 10 1,607 
1,532 

- 2,930 

- - 
- - 339 496 

1, ?!?e 9 183 140 
129,800 - 4!2 158 97 , 020 

36 109,881 
14 0 

359 142,950 
141,900 - - 

- nr 
1 Y D  - - - 300 40 105,500 400 950 9,100 

5 20 40 28,625 
12,700 

184 , 150 159 65 1,411 

22 , 000 
141,500 90 650 385 
107,300 100 1,100 10.0 2 , 000 62,300 - - 

- - - 
- - - - 

855 141,885 
1,098 75 
1,700 100 

= - 1,292 113,479 

- - - - - - - 9,400 81,889 2,387 - 15 , 743 10,600 78,400 
1,600 

74,400 - 500 18,000 100 - 16,800 1,700 39 snn 100 
5 - 200 - - - - - - 

117,650 
c e m  

-n-  qnn - 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

DISTRIB'uTIG'n' CF EESGARCH AND DEVELOPMENT BUDGET BAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of do l la rs )  

!. F. YEj lVEDY MANNEn V ARSH 9LL GOOG ARO J E T  AfAES F L E C T Q O N I C S  F L I G H T  L ANC L EY L E W I S  N A S A  WESTERN S P A C E  WCLEP.9 
SUPPORT PROPULSIOb! H E  ADQU ART ERS TOT A l  SPACE CENTER, SPACECRAFT SPACE F L I G H T  SPACE F L I G H T  PROPUL S 1 Oh1 WALLOPS RESEARCH RESEARCH R E S F  ARCH RESEARCH R E S E A 2 C H  

n c c i  r c  
I . "& CFh!TER CENTER CENTER LABORATORY ST AT I ON CENTER CFNT FR f FNTER C F tJ T F R PFhlTCD n C C I  I-E 

~~ ~ 

41 AS A - _ _  - 
~~ 

CE 
1967 3,024,000 213,950 1,444,896 1,323,017 2 73 - - 365 - - 1,426 - - 40,073 - 
1968 2,809,200 356,600 1,271,900 1,121,100 3,100 800 - - 2,000 - 1 , 000 - - 52,700 - - - - - - 1969 2,483,400 374,300 1,089,700 959,900 3,200 1,100 1,200 1,000 53,000 - 

- - - - - - - 1967 2,922,600 213,050 1,395,605 1,279,636 273 81 33,955 - 
1968 2,556,000 354,600 1,151,600 1,001,900 100 
1969 2,038,800 369,600 889 , 800 734,000 200 - - 

- - - - - - - - 46,200 
200 45 , 000 

1,600 - - - - - - 
- - - - - - - 1967 80,000 400 31,291 41,781 365 1,345 4,818 - 

1968 253,200 2,000 120 , 300 119,200 3,000 800 400 1,000 6,500 - 
1969 439,600 4,200 197,900 223,900 3,000 1,100 1,000 1,000 7,500 - 

- - - - - - - - - - 

1967 576,100 2,546 105 1,949 179,272 143,499 761 43,489 3,544 10 41,347 109,962 - 41,385 8,231 

1969 538.200 - ~~ --A 5 900 ~ 12.800 1.145 215.456 64 ~ 240 1,335 44.430 4.540 42.515 75 800 I U , U J i  - 
- - 1968 552,850 5,290 7,109 1,276 207 , 607 115,217 1,640 41,544 3,615 25,717 79,800 52,235 11,800 - - - Tn n m *  

1367 rrrn LL7,OUU ann - 40 . 130 -1 9 7 ,  CiiO 339 496 9,828 60 10 1,607 - - 20,242 i - - - - - 20,223 1,532 1968 142,950 359 36 109,881 196 1,200 9,383 140 - 
1969 141,900 300 40 105 , 500 400 950 9,100 14 0 2,930 22,540 - - - - - 

- - - - 1967 184,150 159 65 1,411 855 141,885 620 40 28,625 10,490 - - - - - 11 , 731 12,700 1968 141,500 90 650 385 1,292 113,4 79 1 , 098 75 - 
1969 107,300 100 1,100 10.0 2 , 000 62,300 - 1,700 100 - - - 17,900 - 22 , 000 

1967 31 , 200 
1968 - 
1969 - 

- - - - - - 8,231 
ann .. 11- - 9,400 81,889 - - - ~ n n  

15 , 743 
* n  cnn 1 Lnn 

- - 1 nn 
1967 117,650 2,387 

I Q  nnn 1968 197 inn r; 3nn snn 
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OFFICE OF ADVANCED 
RESEARCH AND 
TECHNOLOGY. TOTAL 

1968 
1969 

1967 
1968 
1969 

Basic research 1967 
1968 
1969 

Space vehicle systems 1967 
1968 
1969 

Electronics  systems 1967 
1968 
1969 

Human factor  systems 1967 
1968 
1969 

Space power and e l e c t r i c  
propul sion sy s tems 1967 

1968 
1969 

Nuclear rockets 1967 
1968 
1969 

Chemical propulsion 1967 
1968 
1969 

Aeronautical vehicles  1967 
1968 
1969 

OFFICE OF TRACKING AND 
DATA ACQUISITION 1967 

1968 
1969 

OFFICE OF l"OL0GY 
UTILIZATION 

1967 
1968 
1969 

TOTAL BUDGET PLAN 1967 
1968 
1969 

268,150 49 2,770 17,327 io, 960 L U , U L Y  -.A - 20,932 12,824 8,340 46,336 52,652 47:835 
535 20,655 21,668 56,774 59,263 49,700 23,502 318,700 

336,800 150 4,850 18,140 9,568 28,720 500 26,150 21,199 16,740 59,838 70,766 54 , 600 
175 4,420 17,090 9,006 23,502 

21,401 - - 888 145 4,757 - 2,126 - 2,360 2,775 - 
21,465 - - 824 161 4 , 089 - 2,006 1,805 - 2,793 2,677 - 
22,000 - - 840 160 4 , 000 - 2 050 1,900 - 2,900 2,930 - 

1,231 

33,909 - 53 7 3,692 1,935 2,426 - 3,198 320 1,010 16,145 2,288 - 
35,000 - 550 3,981 2,215 2,125 - 2,984 385 1,350 15,661 3,115 - 
35,300 - 600 3,950 2,325 1,825 - 3,250 400 1,500 15,905 3,225 - 

- 

- - 1. m - 
7 4 "  

7 *E& 2,282 3,735 9,716 %5 I , L J W  - - V I W  QnA J ,  c ah" a m  4nn - 39,200 150 2,655 2,660 3,305 3,815 12,722 

39,400 - 150 2,600 2,700 3,300 - 3,815 16,100 890 5,500 400 - 
- c  n q c  

33,597 292 ,4,049 3,306 

16,265 - 1,160 100 - - - 5,498 610 1,300 4,516 66 
20,985 - 2,300 300 - 50 535 6,225 980 1,000 3,955 150 - 
21,700 - 2,600 300 - - 500 6,250 1,250 1,100 6,850 150 - 

- 1,748 5,078 6,579 - 14 5 853 - 970 21,559 - 
- - 270 1,550 74 5 24,855 

40,440 267 
3,430 9,159 - - - - 850 24,186 

44,000 200 9 60 
44,800 600 1,200 3,933 9,950 265 1,549 - 

- - - - - - - - 3,515 47,835 - - - - - - - - - 2,200 49,700 
- 1,650 

2,100 54,000 
60,000 - - 3,000 - - - - - - - 2,400 54 600 

53,000 

5,200 496 3,923 - - - - 2,316 11,890 - 
- - - - 2,553 12,597 4,774 - 

14,040 36,700 150 900 5,800 450 9,645 - 
33,638 49 5 14 
37,250 175 1,120 5,890 540 - - - - 2,658 

- - - - - 10,109 - 5,191 12,873 - - 380 - - - 8,202 - 18,428 23,747 13,269 - - 450 - 10,520 13,250 25,175 23,435 - 
94 6,230 52 35,900 

66,800 
76,900 - - - - 

- - 800 195,800 51,350 5,750 - - 2,900 2,250 - - - - 400 197,350 57,200 6,400 - - 2,100 1 , 900 - - 
304,800 300 227,300 55,300 6,800 - 2,100 1.600 - - 
270,850 
275,850 - - - 

- - - - - - - - - - - - 5,000 
4,000 
4,000 - - - - - - - - - - - - 

4,175,100 216,545 1,447,771 1,343,093 386,305 214,868 6,511 10,256 91,359 162,614 47,835 16,368 64,786 
3,970,600 362,065 1,283,429 1,139,866 417,063 196,719 8,575 05,040 26,27@ 23 768 85 391 139,063 49,700 
3,677,200 380,350 1,107,350 979,485 455,524 149,368 8,635 70,580 26,939 18,840 104,953 146,566 54,600 

- - - - ~ - - - - - - - - - 

A- 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of dol'ln_rs) 

- 12,824 8,346 46,336 47,835 19,198 8,902 52,652 1967 268,150 49 2,770 17,327 10,960 20,019 20,932 
1968 318,700 175 4,420 17,090 9,006 23,502 535 23,502 20,655 21,668 56,774 59,263 49,700 25,904 6,506 
1969 336,800 150 4.850 18,140 9,568 28,720 500 26,150 21,199 16,740 59,838 70,766 54,600 25,579 - 

- - - - - 1967 21,401 888 145 4,757 2,126 2,360 2,775 6,584 535 1,231 - - - - 6,884 226 
7,220 

1968 21,465 - 8 24 161 4,089 2,006 1,805 2,793 2,677 
1969 22,000 840 160 4,000 - 2,050 1,900 2,900 2,930 - - - - - 

- I 1967 33,909 - 537 3,692 1,935 2,426 - 3,198 320 1,010 16,145 2,288 1,899 459 
1968 35,000 - 650 3,981 2,215 2,125 - 2,984 385 1,350 15,661 3,115 2,434 100 
1969 35,300 - 600 3,950 2,325 1,825 - 3,250 400 1,500 15,905 3,225 - 2,320 - 

- 

- - - 1967 33,597 292 4,049 3,306 2,282 3,735 9,716 845 7,156 450 1,761 5 

1969 39,400 - 150 2,600 2,700 3,300 - 3,815 16,100 890 5,500 400 - 3,945 - 

1968 20,985 - 2,300 300 50 535 6,225 980 2,955 150 3,390 100 
1969 21,700 - 2,600 300 - - 500 6,250 1,250 1,100 6,850 150 - 2,700 - 

- 970 Zi, 559 - 1,808 1,433 
24; 855 - 9 ,  ??e -"- 1967 4(!,  +4(! LV 3L7 I I, 748 5,678 6,373 lr) 3 

1968 4 4 ,  non 2nc 06(! J,-rJ" 3 /.an 9,159 L I U  

- - - 1968 39,200 150 2,655 2,660 3,305 3,815 15,935 890 5,320 400 4,070 - 

- - - 1967 16,265 1,160 100 - 5,498 610 1,300 4,516 66 2,979 36 - - 1,000 

r ic 
- 

- - - - 561 -, r 653 .,,- 

1-3 
c c n  

I .  22U 
Tn 

- - - - 1969 44,800 600 1,200 3,933 9,950 265 1,549 850 24,186 2,267 - 
- - - - - - - - - 3,515 47,835 

2,200 49,700 
1967 

1969 60,000 3,000 2,400 54,600 
1968 - - - - - - - - - 53,000 1,650 

54,000 2,100 - - - - - - - - 
- - - - - 1967 33,638 49 5 14 5,200 496 3,923 2,316 11,890 2,816 6,434 

1968 37,250 175 1,120 5,890 540 4,774 2,553 12,597 4,082 5,519 
3,057 14,040 1969 36,700 150 900 5,800 450 9,645 2,658 - 

- - - - - - - - - - 
35,900 - - - - 52 - 6,230 94 5,191 12,873 10,109 1,351 - 

- - - - - - I368 66,539 380 13,269 2,774 - 8,202 
1967 

13,250 25,175 23,435 - 4,070 - 10,520 1969 76,900 450 - 
13,000 

18,428 23,747 - - - - - 
E 1967 270,850 - - 800 195,800 51,350 5,750 - - 1,900 2,250 - - - - - - - - 1968 275,850 6,400 2,100 - _ -  1,900 10,500 - 57,200 197,350 400 

I --.. -9- - -A en-. -nn 9 nn 1 aca qni. ann ~ 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

( T h o u s a n d s  of dollars) 

FL I C V T  L AWL EY I_ FWI S SPACE N!!C! EA!? ?; ?. ? ,a XESTER:: 
. ,  RESFARCH RESEARCH RESEh,QCU RESEARCP RESEARCH h E  AOQU ARTERS SUPPORT WRLLOPS 

CEI'TFR L ABCRATORY ST AT I O N  CENTER CEt 'TER CE8JTER CEflT ER CEVTER OFF1 CE OFF1 CE 

j. F. KEYYEDY MAhJhlFD MARSUpLL ? P???!?'! .i ET AVFS ELECTROUI CS 
PRO PUL S I Oh, . . .. r G C  r,, ,i 

, < $  ""L',, I ,' 
<-. I ,-!"I :c:,cr r! : c " T  f f l T  hL SPACE CEVTER: SPACFCR AFT SDdCE 1 ! c u i  

NASA C E W  ER C E W E R  

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

.c 
1967 
1968 
1,969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 
1969 

1967 
1968 

- 8,902 19,198 268,150 49 2,770 17 , 327 10,960 20,019 20,932 12,824 8,346 46,336 52,652 47,835 
318,700 175 4,420 17,090 9,006 23,502 535 23,502 20,655 21,668 56,774 59,263 49,700 25,904 6,506 
336,800 150 4,850 18,140 9,568 28,720 500 26,150 21,199 16,740 59,838 70,766 54,600 25,579 - 
21,401 
21,465 
22,000 

33,909 
35,000 
35,300 

33,597 
39,200 
39 , 400 
16,265 
20,985 
21,700 

40,440 
44,000 
4 4 ,  so(! 

54,000 
53,000 

60,000 

33,638 
37,250 
36,700 

35,900 
66,800 
76,900 

270,850 
275,850 

- - - 
537 
650 
600 

292 
150 
150 

1,160 
2,300 
2,600 

267 
200 
600 

- - - 
5 14 

1,120 
900 

- - - 
- - 

1969 304,800 - 

888 
824 
840 

3,692 
3,981 
3,950 

4,049 
2,655 
2,600 

100 
300 
300 

1 7&8 
960 

i ,200 

1,650 

3,000 

5,200 
5,890 
5,800 

2,100 

- 
380 
450 

800 
400 
?nn 

145 
161 
160 

1,935 
2,215 
2,325 

3,306 
2,660 
2,700 

- 
- 
- 

d,"." ? n7Q 

3 I530 
3,933 

- - - 
496 
54 0 
450 

- 
- - 

195,800 
197,350 
337 ann 

4,757 
4,089 
4,000 

2,426 
2,125 
1,825 

2,282 
3,305 
3,300 

- 
50 - 

6,579 
9,159 
9,950 

- - 
- 

3,923 
4,774 
9,645 

52 - 
- 

51,350 
57,200 
c c  Inn 

2,126 
2,006 
2,050 

3,198 
2,984 
3,250 

3,735 
3,815 
3,815 

5,498 
6,225 
6,250 

i4 5 
278 
265 

- - - 
- - - 

6,230 
8,202 
10,520 

- - 

1,231 
1 , 805 
1,900 

320 
385 
400 

9,716 
15,935 
16,100 

6 IO 
980 

1,250 

854 
L,33U 

1,549 
. cc#. 

- - 
- 
- - - 
94 - - 
- - 

- 
- 
- 

1,010 
1,350 
1,500 

845 
890 
890 

1,300 
1,000 
1,100 

- - 
- 
- - 
- 
- 
- 
- 

5,191 
18,428 
13,250 

1,900 
2,100 

2,360 
2,793 
2,900 

16 , 145 
15,661 
15,905 

7,156 
5,320 
5,500 

4,516 
5.955 
6,850 

970 
74 5 
850 

- - 
- 

2,316 
2,553 
2,658 

12,873 
23,747 
25,175 

2,250 
1,900 

2,775 
2,677 
2,930 

2,288 
3,115 
3,225 

4 50 
400 
400 

66 
150 
150 

21,559 
24,855 
24,186 

3,515 
2,200 
2,400 

11,890 
12,597 
14,040 

10,109 
13,269 
23,435 

- 
- 

6,584 
6,884 
7,220 

1,899 
2,434 
2,320 

1,761 
4,070 
3,945 

2,979 
3,390 
2,700 

1 808 
2,270 
2,267 

- - - 
2,816 
4,082 
3,057 

1,351 
2,774 
4,070 

13,000 
i n  cnn 

535 
226 - 
459 
100 - 

5 - - 
36 
100 - 

1,433 
561 - 

- - 

6,434 
5,519 - 

- - - 
- 



ERRATA SHEET 

Attached herewith are revised pages for the Apol lo  

Apphic:ations Program. These revised pages should replace 

the scime page numbers currently i n  the j u s t i f i c a t i o n  

bocks a s  follows: 

I..  Volume I ,  Apollo Applications Program Summary, 

page numbere RD 14 through RD 18. 

;I. Volume 11, Apollo Applications Program Detai l ,  

page numbers RD 2-1 through RD 2-12. 



RESIARCH A N D  DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF NANNED SPACE FLIGHT APOLLO APPLICATIONS, PROGRAM 

PROGRAM 0RLec.r IVES A N D  JUST IF ICATION : 

The Apollo App l i ca t ions  program i s  d i r e c t e d  toward i n c r e a s i n g  tha! e f f e c -  
t i v e n e s s  of manned space f l i g h t  o p e r a t i o n s  i n  the  accomplishmerit o f  
experiments and o t h e r  i n f l i g h t  a c t i v i t i e s .  The program present.ed hi!rein 
u s e s  t h e  c a p a b i l i t i e s  developed f o r  t h e  Apollo Program and i s  designed t o  
accomplish a l i m i t e d  but  c a r e f u l l y  s e l e c t e d  spectrum of s c i e n t i f i c ,  techno- 
l o g i c a l  and medical i n v e s t i g a t i o n s .  The program i s  configured t o  m,;lintein 
progress  i n  manned space f l i g h t  and provide t h e  information recjuireil  t o  
permit knob ledgeable  d e c i s i o n s  concerning p o t e n t i a l  follow-on space program!; 
while  o p e r a t i n g  w i t h i n  a s e v e r e l y  l i m i t e d  budget.  

Missions a r e  b u i l t  upon a s t r o n g  base o f  f l i g h t  expe r i ence ,  ground f a c i l -  
i t i e s ,  and t r a i n e d  manpower developed i n  t h e  Gemini and Apollo Programs. 
Maximum eccmcmy i s  achieved through the  u s e ,  mod i f i ca t ion ,  and expansion 
of present  Ap0110 systems c a p a b i l i t i e s  r a t h e r  t han  moving toward wholely new 
developments. F u r t h e r ,  any Apollo s p a c e c r a f t  and launch v e h i c l e s  no t  
r e q u i r e d  t.o nleet Apo l l s  o b j e c t i v e s  w i l l  be used f o r  Apollo App l i ca t ions  
missions.  

The Apo:Llo App l i ca t ions  mission o b j e c t i v e s  inc lude  : 

1. Obtaining information on how b e s t  t o  s u s t a i n  o r  improve the  e f f e c -  
t i v e n e s s  of man i n  space i n  terms of biomedical considerat ic ins ,  
l i v i n g  c o n d i t i o n s ,  m o b i l i t y ,  and work s t a t i o n  des igns .  

2 .  The achievement of long d u r a t i o n  o p e r a t i o n s .  Since the q u a n t i t y  of 
d a t a  r e t u r n  and o t h e r  accomplishments i s  g e n e r a l l y  d i r e c t l y  p r o p o r t i o n a l  
t o  the d u r a t i o n  of the f l i g h t ,  t he  va lue  and economy of eacli mission 
can be  g r e a t l y  enhaaced by i n c r e a s i n g  t h e  amount of  time t h 4 i t  can be 
devoted t o  p roduc t ive  a c t i v i t i e s .  

3. The conduct o f  s c i e n t i f i c  t e c h n i c a l ,  and a p p l i c a t i o n s  task!;  w i th  t'rie 
aims of a s s e s s i n g ,  experimenting w i t h ,  and i n c r e a s i n g  roan's C a p a b i l i t i e s  
f o r  performing these t a s k s ;  as w e l l  as t h e  a c q u i s i t i o n  of u s e f u l  d a t a  
and r e su l t s .  

Because t h e s e  a c t i v i t i e s  are still e x p l o r a t o r y  i n  n a t u r e ,  and i n  many 
r e s p e c t s  will e s t a b l i s h  t h e  base for more e x t e n s i v e  follow-on systems, t h e  
informaticm w i l l  be ob ta ined  as e a r l y  as p o s s i b l e  w i t h i n  f i s c a l  c o n s t r a i n t s  
by u s i n g  t.o a l a r g e  extent.  a l r e a d y  developed Apollo hardware, and by employing 
r e v i s i t  amd reuse techniques i n  t h e  f l i g h t  missions.  
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Funding of' Space Vehicle  requirements  i n  support  o f  t h e  Apollo A,pplica- 
t i o n s  p rog~an i  through f i s c a l  year  1969 is  l i m i t e d  t o  the procurement o f  
Sa tu rn  I B  zinc1 Sa tu rn  V launch v e h i c l e s  and t o  the  des ign ,  development 
produc:tiort arid i n s t a l l a t i o n  of Apollo s p a c e c r a f t  systems t h a t  r e q u i r e  modi- 
f i c a t i o n s  1:o meet t h e  long d u r a t i o n  o b j e c t i v e s  e s t a b l i s h e d  f o r  Apollo 
App l i ca t ions  mis s ions ,  

To mini~mi;:e e x p e n d i t u r e s ,  d e l i v e r y  of Sa tu rn  I B  launch v e h i c l e s  f o r  use 
i n  t h e  Apollo App l i ca t ions  program has been re-scheduled t o  two pel' year 
beginning in  c a l e n d a r  year 1970. Funding of t h e  product ion ac t . iv i f . i es  t o  
support  t h e  d e l i v e r y  requirements  began i n  f i s c a l  year  1966 when f i n d s  were 
used t o  procure long leadt ime components f o r  t he  H-1 engines  u s e d  :i.n the 
f i rs t  stagle of t h e  Sa tu rn  I B .  Component f a b r i c a t i o n  w a s  s t a r t e d  i n  f i s c a l  
year  1967, and by the  end of f i s c a l  year 1968, v e h i c l e s  213 and 2111 
w i l l  b e  i n  manufacturing. 

Fundin,g i n  f i s c a l  year  1969 p rov ides  f o r  t he  c o n t i n u a t i o n  of product ion 
of vehiclles 213 and 214 and long l e a d  t i m e  procurement on subsequent vehicl .es .  
We w i l l  have t o  p l a c e  o r d e r s  l a te  i n  1968 i n  o r d e r  t o  con t inue  proeiuction 
beyond I B  #216. 

Product ion o f  Sa tu rn  V launch v e h i c l e s  f o r  Apollo A p p l i c a t i o n s  I s  also 
scheduled a t  two p e r  year w i th  t h e  f i r s t  d e l i v e r y  o f  a post-Apollo v e h i c l e  
planned f o r  1971. Funding i n  f i s c a l  year  1967 and f i s c a l  year  196$3 i s  
r e l a t e d  to1 long lead procurement f o r  eng ines .  
i n  t h e s e  yea r s  i s  d i r e c t l y  r e l a t e d  to  t h e  s t r e t c h  ou t  of Apol'Lo product ion 
which has  de fe r r ed  any s u b s t a n t i a l  funding of follow-on S a t u r n  V ' s  u n t i l  
f i s c a l  year 1969. Although t h e r e  i s  a s h a r p  i n c r e a s e  i n  AAP Eunding f o r  
Sa tu rn  V procurement i n  FY 69, t h i s  is o f f s e t  by a r e d u c t i o n  i n  Apollo 
Sa tu rn  V funding and the  t o t a l  shows a s t eady  downward t r e n d .  

The ve ry  low ra te  of funding 

FS 1969 funds provide for i n i t i a l  product ion e f f o r t s  on a l l  t h r e e  s t a g e s  
of launch v e h i c l e  516 and on t h e  S-I1 s t a g e  of v e h i c l e  517.  

The long-durat ion c h a r a c t e r i s t i c s  of the  Apollo App l i ca t ions  missions 
r e q u i r e  that: s p a c e c r a f t  s y s t e m s  be modified t o  support  t h e s e  e x t e n s i o n s  i n  
f l i g h t  time. 
v ide  a 14 day o p e r a t i o n a l  c a p a b i l i t y  and must be modified t o  acconunodate the  
56 day mi:;s:tons t h a t  are inco rpora t ed  i n  t h e  Apollo A p p l i c a t i o n s  Ilrogram. 
The capabi1:i ty of t h e  l u n a r  module w i l l  be extended t o  permit a ttlree day 
s t a y  t i m e  on t h e  l u n a r  s u r f a c e .  

The Apollo s p a c e c r a f t  has  been designed and productcd t o  pro- 

Major i nod i f i ca t ions  t o  the  command and s e r v i c e  module inc lude  :i.ncreasing 
the  capaci t -y  of t h e  r e a c t i o n  c o n t r o l  system to  support  f l i g h t  manwvering 
during long d u r a t i o n  missions.  The l i f e  t i m e  and r e l i a b i l i t y  of e:he f u e l  
c e l l s  w i l l  be improved t o  a s s u r e  performance f o r  56 days. Cryogeilic tankage 
w i l l  be inc reased  t o  provide t h e  a d d i t i o n a l  hydrogen and oxygen fin- poweri-ng 
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t h e  f u e l  c e l l s  and l i f e  support  du r ing  extended d u r a t i o n  f l i g h t s .  
communications and e l e c t r i c a l  systems w i l l  a l s o  be modified t o  accommodate 
an  i n c r e a s e  i n  vo ice  and d a t a  r eco rd ing  u n i t s  and t o  provide power r egu la -  
t i o n ,  c u r r e n t  t r a n s f e r ,  and i n t e r f a c e  c o n t r o l s  between t h e  c m a n d  module 
and t h e  space v e h i c l e  coupled t o  i t .  Display and c o n t r o l  systems f o r  t h e  
crew must be changed t o  r e f l e c t  t h e  inc reased  c a p a c i t y  and performance o f  
t h e  s p a c e c r a f t .  The cormnand and s e r v i c e  modules used f o r  Apollo App l i ca t ions  
mis s ions  w i l l  provide an oxygen/ni t rogen atmosphere a s  t h e  environme~nt t o  
avoid t h e  p o s s i b l e  d e l e t e r i o u s  e f f e c t s  of a pure oxygen atmosphere du r ing  
long-term s p a c e f l i g h t .  This change r e q u i r e s  mod i f i ca t ion  of t h e  environ-  
mental  c o n t r o l  u n i t  and t h e  a s s o c i a t e d  plumbing, h e a t i n g  u n i t s  and tankage. 
A waste l i q u i d  r e t e n t i o n  system w i l l  a l s o  be i n s t a l l e d  so t h a t  t he  d i scha rge  
of unneeded l i q u i d s  can be made a t  c o n t r o l l e d  times so as no t  t o  i n t e r f e r e  
with experinien~t ac t iv i t ies .  

The 

Changes will be made t o  t h e  so f tware  elements o f  t h e  guidancle and naviga- 
t i o n  systeni ts accommodate t h e  workshop and ATM mis s ions  requirements.  

Major d e f i n i t i o n  ana lyses  of t h e  m o d i f i c a t i o n s  t o  t h e  s p a c e c r a f t  were 
undertaken i n  FY 1967. Design and development of t h e  major m o d i f i c a t i o n  
k i t s  w i l l  begFn i n  FY 1968 wi th  component and material t e s t i n g  of pro to types  
of t h e  modi:Eied subsystems c m e n c i n g  du r ing  t h i s  year.  Procurement of t h e  
p r o p e l l a n t  iind cryogenic  tankage h a s  been i n i t i a t e d .  

Funding c h r i n g  N 1969 provides  p r i m a r i l y  f o r  t h e  d e t a i l e d  eng inee r ing ,  
f a b r i c a t i o n ,  checkout, and test  o f  t h e  modified subsystems p r i o r  t o  t h e i r  
i n s t a l l a t i o n  i n  Block I1 c m a n d  and s e r v i c e  modules. It i s  planned t h a t  
a l l  manufacturing of t h e  modifcat ion k i t s  f o r  t h e  f i r s t  command and s e r v i c e  
module w i l l  be  completed du r ing  FY 1969. The m o d i f i c a t i o n  k i t s  incllude 
t h o s e  €or  the environmental  c o n t r o l  systems, e lec t r ica l  systems, e l cc t ron ic r ; ,  
f l u i d  s y s t e m ,  crew systems, r e a c t i o n  c o n t r o l  systems, comunica t io r i  systems 
and t h e  s e r v i c e  p ropu l s ion  system. S t a r t  of i n s t a l l a t i o n  of t h e  motl i f icat ions 
i n  s p a c e c r a f t  w i l l  be  d e f e r r e d  t o  as la te  as f e a s i b l e  and w i l l  no t  liegin u n t i l  
e a r l y  i n  ca l enda r  yea r  1969. 

The Apollo App l i ca t ions  program w i l l  i nc lude  extended du ra t ion  missions t>n 
t h e  luna r  (surface g r e a t e r  t han  t h e  one day s t a y  times of t h e  Apollo program. 

F e a s i b i l i t y  s t u d i e s  d i r e c t e d  toward modifying t h e  luna r  module t o  o p e r a t e  
f o r  a s t a y  time of t h r e e  days were performed dur ing  FY 1967, wi.th p re l imi -  
nary design of t h e  modif ied s p a c e c r a f t  being conducted du r ing  FY 19fi8. 

FY 1969 funding p rov ides  f o r  t h e  p r e p a r a t i o n  of v e h i c l e  and tes t  s p e c i f i -  
c a t i o n s  and t ' he  i n i t i a l  procurement o f  long l ead  hardware. T e s t  prcograms 
f o r  t h e  a d d i t i o n a l  cryogenic  tankage and t h e  s o l a r  c e l l  a r r a y  f o r  e l e c t r i c a l 1  
power w i l l  be started.  
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Experiments 

1967 1968 - 19613 
D e f i n i t i o n . . . . . . . . . . . . . . . . .  $10,974,000 $2 1,000,000 $ 2 5 ,  OOiD, 000 
Development ................ 26,626,000 118.000.000 l(j5.30,0,000 

To ta l . . . . . . . . . . . . . . . . . . . .  $37,600.000 $139.000.000 

Apollo App l i ca t ions  experiments cover a wide range of o b j e c t i v e s  i n  t h e  
f i e l d s  of space medicine,  s c i e n c e ,  a p p l i c a t i o n s ,  technology, and engineer ing.  
The d e f i n i t i o n  and development o f  experiment payloads t o  meet t h e s e  objec-  
t i v e s  w i l l  i nc lude  a c t i v i t y  by elements of NASA, o t h e r  government agenc ie s  
and t h e  s c i e n t i f i c  and i n d u s t r i a l  communities. 

D e f i n i t i o n  

Unlike preceding manned space f l i g h t  p r o j e c t s ,  i n  which t h e  s u c c e s s f u l  
demonstrat ion o f  t h e  b a s i c  systems c a p a b i l i t y  w a s  t h e  p r i n c i p a l  o b j e c t i v e ,  
Apollci App1.ic:ations must ach ieve  i t s  o b j e c t i v e s  p r i m a r i l y  through t h e  j u d i -  
c i o u s  s e l e x t i o n  and c a r e f u l l y  planned accomplishment o f  s p e c i f i c  experiments.  
Therefore ,  th.e e a r l y  and a c c u r a t e  d e f i n i t i o n  o f  t h e  experiments and expe r i -  
mental  systems i n  t h i s  program i s  a b s o l u t e l y  v i t a l  t o  e v e n t u a l  mission 
success  and t h e  achievement of program o b j e c t i v e s .  

Beffore an  experiment can be committed t o  an on-going f l i g h t  program i t  
must be determined t o  be f e a s i b l e  f o r  mis s ions  i n  t h e  program and bte a s ses sed  
i n  terms of i t s  s p e c i f i c  c o n t r i b u t i o n  t o  t h e  program o b j e c t i v e s .  I n  add i -  
t i o n ,  i t  must: be we l l -de f ined  i n  terms of requirements  f o r  funding, schedule ,  
powerN temperature ,  volume, and o t h e r  mission c o n s t r a i n t s .  Formal approval 
f o r  iric1uo:ton i n  a f l i g h t  program is  given by t h e  Manned Space F l i g h t  Experi-  
ments Board which bases  i t s  d e c i s i o n s  on t h e  f a c t s  developed i n  the1 d e f i n i t i o n  
process .  The program manager must be a s su red  not  on ly  t h a t  t h e  experiment i s  
s u i t a b l e  bu t  t h a t  i t  can be smoothly inco rpora t ed  i n  t h e  program and managed 
e f f e c t i v e  1-y . 

I n  FY 11061) t h e  funds r eques t ed  f o r  experiment d e f i n i t i o n  w i l l  be used 
principa1:ly to c l a r i f y  and d e f i n e  cand ida te  experiments f o r  t h e  Sa tu rn  V 
workshop and t o  determine what experiments and equipment can provide t h e  
most e f f ecL ive  post-Apollo e x p l o r a t i o n  o f  t h e  moon. Lead times arc such 
t h a t  t h i s  d e f i n i t i o n  work must begin now along wi th  t h e  p re l imina ry  des ign  
s t u d i e s  . 

A major p o r t i o n  of t h e  1969 d e f i n i t i o n  funds w i l l  be r e q u i r e d  t o  t r a n s l a t e  
t he  experhnent p o r t i o n  of p o t e n t i a l  payload c a p a b i l i t y  of t h e  Sa tu rn  V workshop 
i n t o  spec iE ic  experiments which u t i l i z e  man's c a p a b i l i t y  t o  perform e f f e c t i v e l y  
i n  space :€or a n  extended pe r iod  of t i m e .  
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A cont inuing  program of experiment d e f i n i t i o n  w i l l  be r equ i r ed  i r i  FY 1969 
i n  o rde r  t o  suppor t  t h e  g o a l s  i d e n t i f i e d  f o r  l una r  exp lo ra t ion .  To do t h i s ,  
d e f i n i t i o n  funds a r e  r equ i r ed  i n  1969 which w i l l  enable  us t o  se lec t .  m o b i l i t y  
devices  f o r  t h e  lunar  su r face .  I n  a d d i t i o n ,  experiment d e f i n i t i o n  w i l l  con- 
t i n u e  i n  support  of t h e  s c i e n t i f i c  d i s c i p l i n e s  which a r e  r equ i r ed  t o  c a r r y  
ou t  an e f f e c t i v e  program of s c i e n t i f i c  exp lo ra t ion .  D e f i n i t i o n  s t u d i e s  w i l l  
a l s o  be conducted which w i l l  l ead  t o  t h e  grouping of r e l a t e d  experinients 
i n t o  mutua l ly  suppor t ing  experiments  packages both f o r  l una r  surfacct and 
luna r  o r b i t a l  i n v e s t i g a t i o n s .  

Development 

The measure of success  i n  t h e  Apollo App l i ca t ions  Program w i l l  ba! t h e  
degree t o  which t h e  planned experiments  meet t h e  o v e r a l l  object: ives of 
i n v e s t i g a t i n g ,  demonstrat ing,  and u t i l i z i n g  man's e f f e c t i v e n e s s  i n  !space, 
extending his u s e f u l  s t ay t ime ,  and c o n t r i b u t i n g  t o  t h e  b a s i c  st:ore (of human 
knowledge. Each o f  t h e  experiments  c u r r e n t l y  included i n  t h e  program w i l l  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  one o r  more of t h e s e  o b j e c t i v e s .  

Development of  t h e  Sa turn  I workshop has  been s t a r t e d .  The b a s i c  p i e c e  &of 
hardware involved i n  t h i s  system is an  S-IVB s t a g e  modif ied t o  be s u i t a b l e  
f o r  human h a b i t a t i o n .  Included i n  t h i s  payload s e c t i o n  w i l l  be: 1) an 
a i r l o c k  which w i l l  permit crew t r a n s f e r  from t h e  command and s e r v i c e  module 
t o  t h e  workshop wi thout  e x t r a - v e h i c u l a r  a c t i v i t y ;  2) a m u l t i p l e  doc king 
adap te r  which w i l l  permit more than  one space v e h i c l e  t o  rendezvous and dock 
with t h e  workshop s imul taneous ly ;  and 3) systems which w i l l  make t h e  workshop 
a hab i t ab le ,  and e f f e c t i v e  space  v e h i c l e  f o r  a long pe r iod  of time. 

The concmept of t h e  o r b i t a l  workshop i s  p a r t i c u l a r i l y  promis:lng flDr long 
d u r a t i o n  f l i g h t s  i n  e a r t h  o r b i t .  I n  1969 we plan  t o  i n i t i a t e  a s u b s t a n t i a l  
ex t ens ion  cif t h i s  c a p a b i l i t y  by beginning work on t h e  Sa turn  V workshop, 
which w i l l  provide a much g r e a t e r  c a p a b i l i t y  than  t h e  p re sen t  gene ra t ion  
workshop. This  concept provides  f o r  i n s e r t i n g  t h e  workshop i n t o  o r b i t  with 
a 1st and 2nd. s t a g e  Sa turn  V v e h i c l e  and provides  a p o t e n t i a l  payload i n c r e a s e  
of 200,000 lbs. The i n t e r n a l  systems, experiments and equipment composing 
t h i s  payload w i l l  be i n s t a l l e d  and ready f o r  use p r i o r  t o  launch. 

The othLer major p i e c e  of experiment hardware i n i t i a t e d  i n  p r i o r  yea r s  i s  
t h e  Apollci Telescope Mount (ATM). Whereas t h e  b a s i c  purpose of t h e  Sa turn  I 
Workshop i s ;  t o  provide a s u i t a b l e  p l a t fo rm f o r  a l a r g e  number of m u i l t i -  
discip1inai:y experiments i nc lud ing  t h e  s tudy  of man's e f f e c t i v e n e s s  i n  space ,  
t h e  ATM i o  devoted e n t i r e l y  t o  astronomy. The focus of t h e  p r o j e c t  w i l l  be! 
on t h e  s c i m t : i f i c  s tudy  of t h e  sun. The s u r f a c e  of t h e  sun, t h e  sun-spot 
cyc le  obsc!i:vable t h e r e ,  and t h e  n a t u r e  and p a t t e r n  of t h e  s o l a r  f l a r e  a c t i v -  
i t y  e r u p t i n g  from t h e  sun hold t h e  key t o  understanding t h e  b a s i c  f o r c e s  
and elements  which c o n t r o l  t h e  s o l a r  system. The o r b i t i n g  s o l a r  obse rva to ry  
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(OSO) unmarined s p a c e c r a f t  provided t h e  f i r s t  o p p o r t u n i t y  t o  s tudy  t h e  sun 
without  hindrance from t h e  e a r t h ' s  atmosphere. 
s i g n i f i c a n t :  i n c r e a s e  i n  t h e  q u a l i t y  and depth of ou r  knowledge of t h e  sun 
by providing 1) g r e a t e r  p o i n t i n g  accuracy than  w a s  p o s s i b l e  wi th  t h e  
smaller OSO, 2)  t h e  c a p a b i l i t y  of f i l m  r e t u r n  which can provide b e t t e r  
qua1it:y p j c t u r e s  than were p r e v i o u s l y  p o s s i b l e ,  and 3) most impor t an t ly ,  
t h e  se l ec t ive :  d i sc rmina t ion  c a p a b i l i t i e s  of a man can b e  used t o  concen- 
t r a t e  on pheriomena of t h e  g r e a t e s t  s c i e n t i f i c  i n t e r e s t .  

The A R I  w i l l  provide a 

The b a s i c  A R I  system w i l l  be de r ived  from t h e  luna r  module being developed 
f o r  Apollo. The a s c e n t  s t a g e  o f  t h e  luna r  module w i l l  be  modified and w i l l  
serve as ai cclnmand p o s t  f o r  two a s t r o n a u t s  conducting t h e  experiments.  The 
descent  stage i s  r ep laced  by a s t r u c t u r a l  r a c k  wi th  a s s o c i a t e d  power and 
p o i n t i n g  equipment which c o n t a i n s  t h e  v a r i o u s  experiments t o  be f lalwn. 

Ma:jor cxmtractor  development e f f o r t  is c u r r e n t l y  i n  process  on t h e  systems 
and ccnnpontmt.s r e q u i r e d  for most of t h e  major experiments descr ibed above. 
The b a s i c  p i e c e s  of hardware r e q u i r e d  f o r  t h e  workshop are w e l l  i n t o  t h e i r  
development phase a t  p re sen t .  The m o d i f i c a t i o n  of t h e  b a s i c  S-IVB, which 
w i l l  convt!i:t t h e  spen t  s t a g e  i n t o  t h e  workshop, i s  being done by t h e  
McDonrie 1 l=~l)ouglas  Corporation, Huntington Beach, C a l i f o r n i a .  .An ex t e n s  i v e  
t e s t i n g  program u t i l i z i n g  b o i l e r p l a t e s  and s p e c i a l  t es t  hardware i s  cu r ren l t l y  
i n  process  arid w i l l  con t inue  through FY 1969. 

The a i r ' l ock  module i s  c u r r e n t l y  under development by t h e  McDonnell-Douglas 
Corporat ion i n  S t .  Louis,  Mo. A t es t  a r t i c l e  is  being f a b r i c a t e d  alnd a t e s t  
program ut::ilizing t h i s  a r t i c l e  w i l l  begin i n  1968 and extend through 1969. 
I n i t i a l  f a b r i c a t i o n  has  begun on t h e  f i r s t  f l i g h t  a r t i c l e ,  which w i l l  be 
ready f o r  tle1.ivery t o  Cape Kennedy i n  l a te  1969. 

The mulLi:iple docking a d a p t e r  i s  being developed and f a b r i c a t e d  1: n-house 
by NASA at: t h e  Marshal l  Space F l i g h t  Center ,  H u n t s v i l l e ,  Alabama. Design a f  
t h i s  u n i t  has  been i n  process  f o r  a year.  An eng inee r ing  mock-up has been 
b u i l t  and t h e  f a b r i c a t i o n  of a s t r u c t u r a l  t es t  u n i t  i s  c u r r e n t l y  i n  process;. 
Structura: l  arid v i b r a t i o n  t e s t i n g  of t h i s  u n i t  i s  scheduled t o  begin be fo re  
t h e  end of Fr 1968 and extend i n t o  FY 1969. Manufacture of t h e  i n i t i a l  
f l i g h t  un iz  w i l l  begin i n  1969 and w i l l  be completed e a r l y  i n  FY 1970. 

Work is also i n  process  on t h e  ATM a t  t h e  Marshall  Space F l i g h t  Center,  
w i th  major subsystem development having been underway f o r  a year.  
t i o n  and assembly of a complete mock-up w a s  i n i t i a l l y  completed i n  e a r l y  
1967 and the a r t i c l e  was r e c e n t l y  updated t o  i n c o r p o r a t e  r e s u l t s  o l  t h e  
con t inu ing  design work. A n e u t r a l  buoyancy test a r t i c l e  h a s  been t l u i l t  and 
w i l l  be  t e s t e d  s h o r t l y .  F a b r i c a t i o n  of a s t r u c t u r a l  test  u n i t  i s  t u r r e n t l y  
i n  process  with t e s t i n g  scheduled t o  begin be fo re  t h e  end of FY 19C18. Five 
s p e c i  t'ic t?:cperiments comprised of 13 major i n s t rumen t s  have been stblected 
f o r  t h e  A'M and are  c u r r e n t l y  i n  t h e  process  of f a b r i c a t i o n .  Thesc! i nc lude  

Fabrica-. 
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White L igh t  Coronagraph, being developed by t h e  High A l t i t u d e  Observatory,  
Boulder, Colorado, an U l t r a / V i o l e t  Spectro-Heliograph being developed by t h e  
Naval Research Laboratory,  Washington, D.C. ; an X-ray spec t rog raph j  c t e l e -  
scope being developed by American Science and Engineering Company, Cambridge, 
Massachusetts; ; an  X-ray t e l e scope  being developed a t  t h e  Goddard Space F l i g h t  
Center  i n  Greenbe l t ,  Maryland; and an  U l t r a v i o l e t  Scanning Spectronleter being 
developed by the  Harvard College Observatory,  Cambridge Massachusetts.  

Mission Support  

1967 1968 7 1969 . 

Payload i n t e g r a t i o n . .  ......... $3,900,000 $21,000,000 $31,000,000 
Operat i o n s  ..................... 800.000 7,200.000 - li',OOO. OOC! 

T o t a l . .  . ,,. .................. $4,700,000 $28,200,000 $4p ,000 .OOC! 

Payload I n t e g r a t i o n  inc ludes  mission payload a n a l y s i s  and systems engineer-  
i ng ,  tiesign, development, f a b r i c a t i o n ,  t es t ,  and program management support: 
f o r  t h e  i n t e g r a t i o n  o f  experiment and r e supp ly  payloads i n t o  Apollcl Appli-  
c a t i o n s  s p a x  v e h i c l e s .  It p rov ides  requirements ,  p l a n s  and progriilm d a t a  
f o r  t h e  i n t e g r a t i o n  o f  payioads;  performance and i n t e r f a c e  s p e c i f i c  a t i o n s ;  
design,  te  s t ,  and check-out p l ans  and procedures  ; and ground and iri-f l i g h t  
support  equipment. Overa l l  program c o o r d i n a t i o n ,  eng inee r ing  a n a l y s i s  
and design o f  t he  i n t e g r a t i o n  of s p a c e c r a f t  and payloads i n t o  a coclrdinated 
space system q u a l i f i e d  f o r  f l i g h t  i s  provided. F i s c a l  year 1967 e f ' f o r t s  
were concerned w i t h  p re l imina ry  d e f i n i t i o n  of t h e  payload integrat i ion 
r equ i r emen t s ,  F i s c a l  year  1968 funds support  f i n a l  d e f i n i t i o n  and t h e  
impleirentintion of design and development e f f o r t s .  F i s c a l  year 19651 funding 
w i l l  support  cont inued e f f o r t s  i n  such areas as experiment groupinj;, payload 
carrier design development and i n t e g r a t i o n ,  experiment support  reqiiirements , 
and f e a s i b i l i t y ,  cornpatabi l i ty  and sys t ems  i n t e r f a c e  ana lyses  f o r  i t 1 1  nea r  
term ApollD App l i ca t ions  Missions.  The Martin Company, Denver, Collorado i:; 
t h e  prime c o n t r a c t o r  f o r  payload i n t e g r a t i o n .  

O p e r a t i m s  inc lude  e f f o r t s  a t  t h e  Kennedy Space Center  and t h e  Manned 
Spacec ra f t  Center  t h a t  are d i r e c t l y  concerned wi th  pre- launch,  laurich, € l i g h t ,  
crew <and 'recovery a c t i v i t y .  In f i s c a l  year  1967 o p e r a t i o n s  e f f o r t : ;  were 
r e l a t e d  t o  accomplishing d e f i n i t i o n  of Apollo App l i ca t ions  requirenients 
p e c u l i a r  t o  pre-launch, launch,  mi s s ion  planning and mission c o n t r o l .  F i s c a l  
y e a r  1968 funding i s  suppor t ing  a c t i v i t i e s  a s s o c i a t e d  wi th  crew t r i i i n i n g ,  
f l i g h t  o p e r a t i o n s ,  mission a n a l y s i s ,  landing and recovery,  l a m c h  o p e r a t i o n s  
and 1 aunch suppor t .  

F i s c a l  year 1969 funds are r e q u i r e d  f o r  c o n t i n u a t i o n  of c u r r e n t  year 
e f f o r t s ,  ,procurement and/or  mod i f i ca t ion  o f  f l i g h t  s i m u l a t o r s  and iLssociate!d 
maintenance .and o p e r a t i o n  and f l i g h t  crew t r a i n i n g  and r e l a t e d  equipment 
procurements i n  p r e p a r a t i o n  f o r  Apollo App l i ca t ions  f l i g h t s  sc.hedu Led i n  
e a r l y  1970, 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

F i s c a l  Year F i s c a l  Year F i s c a l  Y t : a r  
1969 --.- Pr  ogr ani  1967 1968 

Gemini.. .............. $15,200,000 --- --- 
Apollo ................ 2,022,600,000 $2,556,000,000+: $2,038,800,000 

Apollo appli .cst: ions. .  . 80,000,000 253,200,000 439,600:, 000 

Advanced m i s s  ions . .  ... 6,200,000 --- 5,000 ,, 000 
I.- 

Tota l . .  .......... $3,024,000,000 $2,809,200,000 $2,483,400,000 

:\Includes S50 m i l l i o n  of p r i o r  yea r  funds appl ied t o  FY 1968 budget p lan .  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF M A N E 3  SPACE FLIGHT APOLLO PROGRAM 

PROGRAM OBJECTIVES ---- AND JUSTIFICATION : 

The o b j e c t i v e  of t he  Apollo program is t h e  c r e a t i o n  of  a v i a b l e  maimed 
space f l igh t :  c a p a b i l i t y  t o  achieve a p o s i t i o n  of l e a d e r s h i p  i n  space f o r  t h e  
United S t a t e s .  The program, whi le  focused on t h e  accomplishment of  mmned 
l u n a r  landing  and r e t u r n ,  i s  not  s o l e l y  d i r e c t e d  toward t h i s  goa l .  Apollo 
r e p r e s e n t s  t:he development of an ex tens ive  o p e r a t i o n a l  c a p a b i l i t y ,  inc:luding 
l u n a r  e x p l o r a t i o n ,  t o  assure t h i s  coun t ry ' s  preeminence i n  m a n n e d  spac:e 
f l i g h t .  1lirecti.ng i t s e l f  toward achiev ing  t h i s  p o s i t i o n  of l e a d e r s h i p ,  t h e  
program : 8  developing a s p a c e c r a f t  t h a t  i s  capable  of suppor t ing  men :I.n 
space f o r  pe r iods  up t o  t w o  weeks, ope ra t ing  a t  l u n a r  d i s t a n c e s ,  and (*on-  
duc t ing  oper,ntions on t h e  l u n a r  su r face .  Leadership is  a l s o  a t t a i n e d  
through the program's development of t h e  Sa tu rn  I B  and Sa tu rn  V vehiclles,  
which are p r e s e n t l y  t h i s  coun t ry ' s  two m o s t  powerful launch v e h i c l e s .  
Sa tu rn  I:B i s  (capable of  i n s e r t i n g  a 20 ton  payload i n t o  low-earth 0rb:l.t. 
The Sa tu rn  C' can launch n e a r l y  a 140 ton  payload i n t o  e a r t h  o r b i t ,  ancI up 
t o  50 tons  t:o l u n a r  d i s t a n c e s .  

The 

The technology t h a t  forms t he  b a s i s  of  t h i s  c a p a b i l i t y  r e s u l t s  f r m i  t h e  
melding of  a l a rge  complex o f  development, manufactur ing,  tes t ,  and launch 
f a c i l i t i e s  w i th  t h e  knowledge and exper ience  o f  a u n i f i e d  team of peollle 
brought toge their from t h e  government, i n d u s t r y ,  and u n i v e r s i t i e s .  The! 
s k i l l s ,  r e sources ,  and technology c r e a t e d ,  assembled, and developed f o r  
Apollo a r e  ai v e r s a t i l e  and powerful n a t i o n a l  asset. 

The Apollo program i s  d iv ided  i n t o  unmanned f l i g h t s ,  manned e a r t h  
o r b i t a l  :Elights ,  and manned lunar f l i g h t s .  Three unmanned f l i g h t s  COIL- 

ducted durinlj; 1966 q u a l i f i e d  t h e  Sa tu rn  I B  f o r  manned miss ions .  Thest' 
f l i g h t s  tlemoln,strated the  s t r u c t u r a l  i n t e g r i t y  and t h e  c o m p a t i b i l i t y  oi t h e  
spacec ra f t  a n d  adap te r  w i th  the  launch v e h i c l e s ;  t h e  f i r i n g  and r e s t a i ' t i n g  
of t h e  spacec r a f t  eng ines ;  t h e  a b i l i t y  of t h e  conaaand module h e a t s h i e l d  t o  
wi ths tand  h igh  speed re - e n t r y ;  and t h e  o p e r a t i o n a l  r ead iness  o f  t h e  gisound 
support  ixnd i:ecovery crews. 

The plcobltans and p rogres s  of t h e  Apollo program dur ing  t h e  p a s t  yeax are 
mir rored  i n  two events .  On January  27, 1967, du r ing  a countdown s imula t ion  
a t  Cape Kennedy!, a f l a s h  f i r e  occur red  i n  t h e  Apollo s p a c e c r a f t ,  caus ing  
t h e  d e a t h s  of t h e  a s t r o n a u t  crew. The acc iden t  r e s t r a i n e d  p rogres s  tclward 
accomplishing; Apol lo ' s  o b j e c t i v e  o f  a success fu l  manned l u n a r  l and ing  and 
r e t u r n  before  t h e  end of t h e  decade, and f o r c e f u l l y  focused f u l l  naticinal 



a t t e n t i o n  on t h e  ever -present  r e a l i t i e s  of  t h e  hazards  inhe ren t  i n  t h e  
e x p l o r a t i o n  clf space.  The command module f i r e  has  delayed t h e  f i r s t  
manned f l i g h t  by over  one year  as des ign  changes and mod i f i ca t ions  ar2 

made t o  t h e  s p a c e c r a f t .  These mod i f i ca t ions  r e p r e s e n t  a concen t r a t ed  
e f f o r t  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of a f i r e  o r  t o  prec lude  i t s  
propagat  ion .  

Momentum was r e - e s t a b l i s h e d  on November 9 ,  1967, w i th  t h e  successf lJ l  
"al l -up" unxranned tes t  o f  t he  f i r s t  Sa tu rn  V launch v e h i c l e .  Th i s  "al l -up" 
t e s t  producec a s u b s t a n t i a l  number of  " f i r s t s "  f o r  t h e  Apollo program and 
t h i s  count ry .  It r ep resen ted  t h e  f i r s t  launch of  t h e  S-IC and S - I 1  s t a g e s  
of  t h e  v e h i c l e ,  t h e  f i r s t  f l i g h t  of t h e  powerful F-1 engine which produces 
over  1 . 5  m i l l i o n  pounds o f  t h r u s t ,  t h e  h e a v i e s t  weight ( n e a r l y  140 t o x s )  
ever placed i n t o  o r b i t ,  t h e  i n i t i a l  q u a l i f i c a t i o n  o f  t h e  Apollo h e a t s i i e l d  
t o  wi ths tand  t h e  25,000 mph speed and 4,500°F temperature  of  r e - e n t r y  
from luna r  d i s t a n c e s ,  and the  recovery  of a payload from t h e  g r e a t e s t  
d i s t a n c e  i n  space--over 11,000 mi les .  The tes t  a l s o  demonstrated t h e  
a b i l i t y  of  t h e  S-IVB s t a g e  t o  r e s t a r t  i n  e a r t h  o r b i t .  Each i s  an  e s s l ? n t i a l  
p a r t  of t h e  manned l u n a r  landing  mission.  

The Saturn I B  v e h i c l e  t h a t  w a s  t o  launch t h e  f i r s t  manned Apo.tlo s3ace- 
c r a f t  w i l l  new be used  f o r  t h e  i n i t i a l  f l i g h t  t es t  of t h e  l u n a r  moduli?. 
This  unmannec t e s t  i s  scheduled f o r  e a r l y  i n  1968. A second Sa tu rn  I3 
launch o f  an unmanned l u n a r  module i s  a l s o  planned f o r  1968. The t h i r d  
Sa tu rn  I B  launch planned f o r  1968 w i l l  be t h e  f i r s t  manned f l igh t :  of  Lhe 
Apollo command and s e r v i c e  module. 

Two more unmanned f l i g h t s  of t h e  Sa tu rn  V v e h i c l e  are scheduled f o r  1968, 
t o  q u a l i f y  t h e  Sa tu rn  V f o r  manned f l i g h t .  Th i s  f i r s t  manned t e s t  i s  
p r e s e n t l y  planned f o r  t h e  f o u r t h  Sa tu rn  V v e h i c l e  and w i l l  demonstrat:  the  
o p e r a t i o n a l  r e l i a b i l i t y  and c o m p a t i b i l i t y  of  t h e  v a r i o u s  modules i n  .?\)ace. 
The miss ions  w i l l  inc lude  luna r  miss ion  f l i g h t  s imula t ions  , and tiockiiig 
and crew t r a n s f e r  between t h e  command module and luna r  module. 

While t h e  major p o r t i o n  of  l u n a r  miss ion  s imula t ion  and t r a i n i n g  i; 
planned t o  be conducted on Sa tu rn  V v e h i c l e s ,  t he  Apollo miss ion  planii ing 
provides  f o r  a l t e r n a t i v e  a c t i o n .  If t e c h n i c a l  d i f f i c u l t i e s  devel-op i n  
q u a l i f y i n g  t h e  Sa tu rn  V f o r  manned Command and Serv ice  Module and Lun,n- 
Module f l i g h t ,  such o p e r a t i o n s  w i l l  be conducted wi th  dual  launches oE 
Sa tu rn  I B  vehicles ,  During t h e s e  p a i r e d  launches ,  one v e h i c l e  wi.11 orrbit 
t h e  LM, while  t h e  o t h e r  w i l l  o r b i t  t h e  manned CSM which w i l l  rendezvolis 
and dock w i t h  t h e  LN. 

During 1969, f i v e  manned Sa tu rn  V launches are scheduled and repre1;ent 
p rogres s ive  s t e p s  toward the  manned l u n a r  landings .  The f i s c a l  year  1969 
funding t o  suppor t  t h e  Apollo program i s  conta ined  i n  t h e  fo l lowjng  t4i'Dles: 
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SUMMARY OF RIEGURCES REQUIREMENTS: 

19ti 9 --. 1967 1968 

Spacecraf t  .............. $1,310,600,000 $1,095,000,000 $820,'1.00,000 
S a t u r n  I B . . . . . . . . . . . . . . .  225,626,000 146,600,000 69, '1.00,OOO 
S a t u r n  V . . . . . . .  ......... 1,098,154,000 998,900,000 818, .BOO, 000 
Engine development. ..... 49,800,000 18,700,000 --- ....... 33 1,400,000 Mission support . .  238,420,000 296,800,000 - 

Tota l . . . . . .  ........... 92,922,600,000 $2,556,000,000 $2,038 ,(j)OO ,000 
-PI 

D i s t r i b u t i o n  'of Program Amount by I n s t a l l a t i o n :  

John F .  'Kemedy Space 
Center ,  N,4SA.. .......... $213,050,000 $354,600,000 $369,000,000 

Manned Spacecraf t  Center..  1,395,605,000 1,151,600,000 889,1100,000 
Marshall  Space F l i g h t  

Center.................. 1,279,636,000 1,001,900,000 734,000,000 
Goddard (Space F l i g h t  

Center.. . . . . . .  .......... 273,000 100,000 :~!oo,ooo 
Langley .Research Center. .  . 81,000 --- - - -  
NASA Headquarters..  ....... 33,955,000 46,200,000 45,000,000 

Center.................. --- 1,600,000 :l!oo, 000 
E lec t ron ic s  Research 

BASIS OF FUND RIEQUIREMENTS: 

Spacecraf t  

Coasoand and se rv ice  
modules ................ $532,815,000 

Spacecraf t  su'pport ....... 119,93 7,000 
Guidance and rnavigat ion .  . 82,977,000 
I n t e g r a t i o n ,  r e l i a b i l i t y  , 

Lunar module.. ........... 539,272,000 

and chec'kou t ........... 35,599,000 

T o t a l . . . . . . . . .  ......... ~1,310,600,000 

$455,300,000 $~340,~,!00,000 
2 78  , :i!OO, 000 399,600,000 

113,000,000 102, i'iO0,OOO 
66,600,000 44,000,000 

60,500,000 - 55, :!!oo, 000 

$1,095,000,000 ~820,;1.00,000 
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The Apollo s p a c e c r a f t  i s  composed o f  t h r e e  modules: t h e  cournand module, 
t h e  s e r v i c e  mcldule, and t h e  l u n a r  module. The command module, which i s  t h e  
recoverable  p o r t i o n  o f  t he  Apollo s p a c e c r a f t ,  houses the  t h r e e  a s t r o n a u t s  
i n  a c o n t r o l l e d  environment. The cone-shaped comnand module c o n t a i n s  l i f e  
suppor t  and cc lmunica t ion  systems,  a s  w e l l  as c o n t r o l  systems f o r  i n - f l i g h t  
and re - en t ry  maneuvering. The s e r v i c e  module c o n t a i n s  t h e  propuls ion  sys -  
t e m  used f o r  making t r a j e c t o r y  c o r r e c t i o n s  and e l e c t r i c a l  and o t h e r  u t i l i t y  
systems suppor t ing  t h e  comoand module. The s e r v i c e  propuls ion  system 
engine provides  22,000 l b s .  of  t h r u s t  and can  be r e s t a r t e d  up t o  50 t i n e s .  
The lunar  modL.le i s  a se l f - con ta ined  v e h i c l e  c o n s i s t i n g  of  a descen t  s t a g e  
wi th  l and ing  l e g s  and an  a scen t  s t a g e  wi th  a h a b i t a b l e  two-man cab in .  Each 
s t a g e  i s  equipped wi th  i t s  own engine.  During t h e  launch phase,  the luna r  
module i s  enclosed by an a d a p t e r ,  which a l s o  provides  s t r u c t u r a l  support  
when t h e  s p a c e c r a f t  i s  jo ined  t o  t h e  launch veh ic l e .  

An Apollo s p a c e c r a f t ,  launched by a Sa tu rn  V ,  w i l l  accomplish the 
n a t i o n a l  goal  of a manned l u n a r  landing  and r e tu rn .  On t h i s  mi s s ion ,  t he  
s p a c e c r a f t ,  with t h e  Sa tu rn  V 3rd  ( S - I V B )  s t a g e  s t i l l  a t t a c h e d ,  w i l l  be 
i n s e r t e d  i n t o  a 100 n a u t i c a l  m i l e  ea r th-packing  o r b i t .  A s  t h e  s p a c e c r a f t  
o r b i t s  t h e  e a r t h ,  a thorough checkout w i l l  be conducted by t h e  crew a n d  
t h e  wor ldwide  ground suppor t  network t o  v e r i f y  t h a t  a l l  t he  equipment i s  
ope ra t ing  s a f e l y  and r e l i a b l y ,  and i s  ready f o r  t h e  comuitment t o  t h e  
l u n a r  miss ion .  When t h e  crew and systems r ead iness  has  been f u l l y  con- 
f i rmed,  t h e  Sa tu rn  V 3rd S tage  w i l l  be r e s t a r t e d  t o  a c c e l e r a t e  t h e  space-  
c r a f t  t o  t h e  v e l o c i t y  necessary  t o  escape the  e a r t h ' s  g r a v i t y  and t o  move 
i n t o  a t r a n s l u n a r  t r a j e c t o r y .  A l t e r  d e t a i l e d  checkout ,  t he  Apollo 
a s t r o n a u t s  w i l l  s e p a r a t e  t h e  cananand and s e r v i c e  module from the  combina- 
t i o n  of t h e  l u n a r  m o d u l e ,  S-IVB, and ins t rument  u n i t ,  t u r n  t h e  c r a f t  around, 
and dock w i t h  t he  l u n a r  module. The a d a p t e r  s e c t i o n ,  S - I V B ,  and instrument 
u n i t  w i l l  be , e t t i s o n e d  a f t e r  t h i s  docking maneuver is  s u c c e s s f u l l y  con- 
p l e t ed .  Necessary mid-course c o r r e c t i o n s ,  u s ing  t h e  s e r v i c e  module propul -  
s i o n  system, w i l l  keep t h e  s p a c e c r a f t  on t h e  c o r r e c t  pa th  t o  t h e  moon. A s  
t h e  Apollo s p a c e c r a f t  n e a r s  t h e  moon, t h e  s e r v i c e  module p ropu l s ion  s y s t e m  
w i l l  aga in  be f i r e d  t o  slow down the  s p a c e c r a f t  and i n j e c t  i t  i n t o  luna r  
o r b i t .  Af te r  a checkout of  a l l  s y s t e m s  t o  assure t h a t  t he  landing  sequence 
requirements  have been s u c c e s s f u l l y  m e t ,  two of  t h e  t h r e e  a s t r o n a u t s  w i l l  
t r a n s f e r  from th,e command module t o  t h e  l u n a r  module, s e p a r a t e  from t h e  
connand c r a f t ,  which w i l l  remain i n  l u n a r  o r b i t ,  and prepare  t o  Land o n  
t h e  moon. 
v e h i c l e  down fox a s o f t  l anding  on t h e  su r face  of t h e  moon. A f t e r  a s t ay  
of up t o  one c l a y ,  du r ing  which t h e  t w o  a s t r o n a u t s  w i l l  conduct observa-  
t i o n s ,  implant. experiment equipment and in s t rumen ta t ion ,  and c o l l e c t  l u n a r  
samples,  t h e  a s t r o n a u t s  w i l l  r e t u r n  t o  t h e  l u n a r  module and prepare  f o r  
t h e  c r i t i c a l  t.ak.e-off ope ra t ion .  The descent  s t a g e  w i l l  s e rve  as a 
launching pad f o r  t he  a s c e n t  s t a g e  and t h e  cabin.  The two a s t r o n a u t s  w i l l  
maneuver t h e i r  c r a f t  t o  rendezvous and dock wi th  t h e  o r b i t i n g  conanand 
m o d u l e  and r e - e n t e r  i t .  The a scen t  stage w i l l  be j e t t i s o n e d ,  and l e f t  i n  

The l u n a r  module's descen t  engine w i l l  be f i r e d  t o  slow t he  



l u n a r  o r b i t  t.o r e l a y  a d d i t i o n a l  in format ion  on systems l i f e t i m e  and oplera- 
t i o n  back t o  e a r t h .  On-board guidance and nav iga t ion  d a t a ,  r e in fo rced  by 
t r a c k i n g  d a t a  t r ansmi t t ed  from t h e  world-wide network, w i l l  p rovide  the 
crew wi th  t h e  r e f e r e n c e  p o i n t s  necessary  t o  determine t h e  r e t u r n  t r a j e c -  
t o r y  before  t:hey restart t h e  s e r v i c e  module p ropu l s ion  system to  escape from 
l u n a r  o r b i t .  
can be restar1:ed f o r  t h e  f i n a l  t i m e  t o  perform any mid-course c o r r e c t i o n s  
r equ i r ed  t:o pllace t h e  comnand module i n t o  t h e  r e - e n t r y  c o r r i d o r .  
s e r v i c e  ulodu1.t: w i l l  then  be j e t t i s o n e d .  The command module w i l l  re-enter 
t h e  e a r t h ' s  airnosphere, aiming a t  a narrow r e - e n t r y  c o r r i d o r  about  26 miles 
wide. This t ~ r i e f  d e s c r i p t i o n  of t h e  manned l u n a r  mis s ion  o u t l i n e s  t h e  b a s i c  
p r o f i l e ,  and tmphasizes  t h e  pa ins t ak ing  procedures  taket; t o  a s s u r e  crew 
s a f e t y  artd miss ion  success .  

A f t e r  a c o a s t i n g  pe r iod ,  t h e  s e r v i c e  module p ropu l s ion  siystem 

The 

Connnaud and S e r v i c e  Module (CSM) 

Command amj s e r v i c e  module:; a r e  produced a t  t h e  Dewey, C a l i f o r n i a  plant: 
of t h e  Space Division of t he  North American Rockwell Corporat ion.  
I C S M ' s  have been s u c c e s s f u l l y  f l i g h t  t e s t e d .  One of t h e s e  w a s  used f o r  
unmanned f l i g h t  q u a l i f i c a t i o n  t e s t i n g  t o  assess the  r e - e n t r y  c a p a b i l i t  y a t  
high-spec.d, , i inar-return v e l o c i - t i e s .  
be launched b y  the. second Sa tu rn  V v e h i c l e  e a r l y  i n  1968. 

Three Block 

The l a s t  s p a c e c r a f t  i n  t h i s  s e r j  es w i l l  

All mtinnecl mi s s ions  w i l l  be flown i n  Block I1 s p a c e c r a f t .  These space-  
c r a f t  a r e  con:Eig;ured f o r  l u n a r  mis s ions  and i n c o r p o r a t e  t echno log ica l  
changes,  inc1.udrng t h e  c a p a b i l i t y  f o r  rendezvous and docking. A l l  Block IT 
s p a c e c r a f t  an: being modif ied t:o inco rpora t e  changes r e s u l t i n g  from t h e  
Apollo a c c i d e n t .  P r i n c i p a l  mtdif  i c a t i o n s  inc lude  t h e  replacement of t h e  
prev ious  t:wo.-pit!ce cormnand module ha t ch  wi th  a s i n g l e  u n i f i e d  ha tch .  This  
change w i l l  srubrrtantially reduce crew e g r e s s  t i m e  under emergency condli- 
t i o n s  and siny)li.fy e x t r a v e h i c u l a r  procedures .  
being made i n  s p a c e c r a f t  materials. M e t a l l i c  c a b i n  materials w i l l ,  wherever 
p o s s i b l e ,  rep:Lac:e non-me ta l l i c  ones.  Where non-me ta l l i c  materials renlain, 
s t r i n g e n t  nori-fl.ammability awi non-propagat ion s t anda rds  have been est ab- 
1 Ished. 
s ea l ed  i n  fii:c?-iresistant cover ings .  Metal cove r s  encase a l l  exposed plumb.- 
i ng  and c?l.ecl:'cic:al equipment. Add i t iona l  p r o t e c t i v e  measures were taE.en 
to  strengt:hen the plumbing by p l a c i n g  armored c o l l a r s  around j o i n t s .  

Major s u b s t i t u t i o n s  a r c  

Potc!iiti.ally flammable materials r equ i r ed  i n  t h e  s p a c e c r a f t  axe 

Fisca;l yet1.r 1.967 w a s  marked by e x t e n s i v e  ground and f l i g h t  q u a l i f i c a t i o n  
t e s t i n g .  On Jhgus t  25, 1966, a second Block I s p a c e c r a f t  w a s  s u c c e s s i ' u l l p  
launched,  0th i t e d  t h r e e  - q u a r t e r s  of t h e  way around t h e  world,  and recctvered 
a f t e r  wj thstanc.ing high-speed r e -en t ry .  P l ans  f o r  a d d i t i o n a l  hardwai'e 
d e l i v e r i e s  and f l i g h t  t e s t i n g  were delayed as a resul t  of t h e  a c c i d e n t .  

During FY 1908, i n t e n s i v e  q u a l i f i c a t i o n  of Block I1 s p a c e c r a f t  systems 
i s  being comluc1:ed. A b o i l e r p l a t e  conmand module is  be ing  sub jec t ed  l o  
f u l l  -sca:le f!.amcxability tests t o  minimize t h e  p o s s i b i l i t y  of i g n i t t o n  or 
propagat  ion o E  f i r e .  A f l i g h t - c o n f i g u r e d  command and s e r v i c e  modu:le w i l l  

ED 1-55 



undergo thorough a c o u s t i c  and v i b r a t i o n  t e s t i n g ,  under s imulated m i s s j  on 
environments ,  t o  v e r i f y  t h e  o p e r a t i o n a l  s a f e t y ,  r e l i a b i l i t y ,  and inte6l;ri ty 
oE t h e  s p a c e c r a f t .  Tes t ing  of t h e  cornnand module i n  t h e  thermal vacurm 
test  chamber:? al: t h e  Manned S p a c e c r a f t  Center  w i l l  be conducted t o  q u a l i f y  
t h e  s p a c e c r a f t  be fo re  t h e  f i r s t  manned f l i g h t .  The t w o  comnand and stmrvice 
modules t c )  be used f o r  t h e  f i r s t  manned f l i g h t s  w i l l  be d e l i v e r e d  in FY 1968. 

Funding du:cing FY 1969 p rov ides  f o r  cont inued p roduc t ion  and test  <If t h e  
cumnand and scanrice modules, launch suppor t ,  and p o s t  -f l i g h t  a n a l y s i s .  S i x  
ccmmand and :;enrice modules axe scheduled f o r  d e l i v e r y ,  and i n t e g r a t i o n  and 
checkout w i l l .  proceed on e l e v e n  o t h e r s .  A to ta l  of n i n e t e e n  Block I1 f l i g h t  
command iind tsercrice modules arc! included i n  t h e  Apollo program. 

Lunar Module (IM) 

Study and tiet3ign e f f o r t  on t h e  l u n a r  module w a s  i n i t i a t e d  by Grtmmzim 
A i r c r a f t  E:ngi.net!ring Corporat ion,  Bethpage, New York, i n  e a r l y  1963. The 
f Lrst f l . tgh t  a r l : i c le ,  des igna ted  LM-1, w a s  d e l i v e r e d  t o  t h e  Kennedy Silace 
Center  i n  t h e  f d l  of 1967 f o r  launch p r e p a r a t i o n s  l ead ing  t o  t h e  Apollo 5 
mission.  Thi.,; 1.unar module, launched by a S a t u r n  I B ,  i s  scheduled foi* an 
unmanned cleve!'topment mis s ion  mi r ly  i n  1968 t o  v e r i f y  t h e  o p e r a t i o n a l  
r e l i a b i l ' i t y  oE t h e  systems. The miss ion  w i l l  be one of t h e  most s:lgnl f i c a n t  
u n d e r t a k m  t o  dii te.  I n  a d d i t i o n  to  v e r i f y i n g  t h e  r e l i a b i l i t y  o f  t h e  elquip- 
ment, tht: IiY propu l s ion  system; w i l l  be i g n i t e d  t o  demonstrate  i t s  re-.start 
cinpabili l- ies du r ing  f l i g h t .  1i IM t e s t  a r t i c l e ,  which w a s  flown on thc 
f i r s t  Apol.10 Sa tu rn  V miss ion  as  p a r t  of t h e  unmanned f l i g h t  qual i f icci . t ion 
t e s t  program:, provided d a t a  on v i b r a t i o n ,  a c o u s t i c s  and s t r u c t u r a l  in1 e g r i t y  
under a :launc:li environment. 1:l.amnability tests were conducted i n  1)ecelmber 
1967 when t h e  l u n a r  module s u c c e s s f u l l y  completed a series o f  test:; i rwo lv -  
iiig over 40 i.gni.tion sources  arid m e t  t h e  s t a n d a r d s  f o r  non-propagatiooi of 
f I re .  In FY . i908, t h r e e  addil-ional f l i g h t  l u n a r  modules are schedtilecl f o r  
d e l  i ve ry  t o  t he  Kennedy Space Center .  

Funding i n  F'I! 1969 p rov ides  f o r  continued manufacturing and tes t  01' l u n a r  
modules, 1.auiich p r e p a r a t i o n s ,  post -f l i g h t  a n a l y s i s ,  and a s s o c i a t e d  hai'dware 
f o r  expe::j.menl:s t o  be conducted on t h e  l u n a r  s u r f a c e .  S i x  f l i g h t  i s r t j c l e s  
w i l l  be de!livc?red i n  FY 1969. The f i v e  remaining a r t i c l e s  w i l l  be i n  t h e  
p rocess  of assembly, systems integration, and checkout a t  Grunnnan. 

!;pacecraf t Support 

Spacecraft  support  funds pi-csvide f o r  t es t  o p e r a t i o n s ,  crew c!quir)mex- t ,  
inc  luding space s u i t s ,  l o g i s t i c s ,  i n s t rumen ta t ion ,  and s c i e n t i f i c  equipment. 

Funds f o r  Lest  operat; ions a ~ e  r e q u i r e d  t o  conduct s p a c e c r a f t  develcpment. 
t es t s  a t  the  Plarmed Spacecraf t  Center  and o t h e r  government test: l a b o r a t o r i e s .  
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Tes t ing  a t  t h e  Planned Spacec ra f t  Center  f a c i l i t i e s  i n c l u d e s  unmanned si.nd 
manned therma:l -vacuum t e s t i n g  i n  t h e  environmental  test  l a b o r a t o r y ,  docking 
s imula t ion  tests, component and subsystem q u a l i f i c a t i o n ,  r e l i a b i l i t y  and 
v e r i f i c a t i o n  t e s t i n g ,  and e l e c t r o n i c  systems c o m p a t i b i l i t y  tests. Sei 'v ice  
module plropuI.:;ion system t e s t i n g  and l u n a r  module a s c e n t  and descen t  cingine 
t e s t i n g  w e r e  emphasized a t  Whit:e Sands du r ing  FY 1966, 1967, and 1!368. The 
l u n a r  module propuls ion  system and r e a c t i o n  c o n t r o l  system t e s t i n g  i s  
conducted i n  s p a c i a l  test  c e l l s  a t  t h e  Arnold Engineer ing Development Center ,  
Tullahoma, Tennessee. Spacec ra f t  t e s t i n g  i s  being conducted du r ing  FI' 1968 
t o  r e - q u a l i f y  t h e  re - en t ry  parachute  system t o  support  t h e  increased  t ie ight  
o E t h e  ccmarid m o d u l e .  

Spacec ra f t  support  funding a l s o  provides  f o r  development and procui'ement 
of spacesui t : ;  arid r e l a t e d  crew equipment, s u r v i v a l  equipment, Eood, e,.tra- 
vehiculaic a c t  ivitty u m b i l i c a l s ,  personal  hygiene systems, and bioin:striimen- 
t a t i o n .  Majo'r e f f o r t  i n  FY 1'369 is  focused on manufactur ing and t e s t j n g  
a spacesu i t  a i d  p o r t a b l e  l i f e  suppor t  system, r equ i r ed  f o r  o p e r a t i n g  < ~ n  t h e  
l u n a r  s u r f a c e ,  its w e l l  a s  manufactur ing and t e s t i n g  t h e  r e c e n t l y  desip,ned 
non-flansaablt! crew s p a c e s u i t .  

L o g i s t i c  funding f o r  FY 1969 i s  r equ i r ed  f o r  t r a n s p o r t a t i o n  of space-  
c r a f t  between i n s t a l l a t i o n s  ; reimbursement t o  t h e  Department o €  D e  €enr;e 
f o r  insptrct ion :services ; and procurement of s p a c e c r a f t  f u e l s  and p'ropc l lan l i s  
used i n  the  1 ~ ~ 1 :  programs a t  NASA f a c i l i t i e s  and c o n t r a c t o r  si tes.  

1nstrimenl:at:ion and s c i e n t i f i c  equipment funding f o r  FY 1969 provicles 
f o r  deve lopment and procurement: o f  s p e c i a l i z e d  f l i g h t  r e sea rch  and ter,t 
i n s t rumen ta t : im ,  Typical  equipment inc ludes  s i g n a l  c o n d i t i o n e r s ,  sen t ;ors ,  
t r a n s m i t t e r s ,  an tennas ,  ground support  equipment, cameras, and r a d i a t i  on 
measuring deli i ces .  

Guidance and Navigat ion (GW)  

The guidance and nav iga t ion  system u n i t s  f o r  t h e  Apollo s p a c e c r a f t  were 
designed by !:he Massachuset ts  I n s t i t u t e  of Technology. The General  Motors/ 
A. C. E l e c t r o n i c s  Div i s ion  i n  Milwaukee, Wisconsin, i s  t h e  p r h e  c ~ ~ ~ ~ t i ' a c t o ~ c  
f o r  f a b r  icat:i>ag t h e  i n e r t i a l  guidance,  inc luding  the  a s s o c i a t e d  e1ecti'onic:s 
and ground suppor t ,  and checkout systems, and f o r  assembling and t e s t x n g  
a l l  components of t h e  system. The onboard nav iga t iona l  computer i s  mctnu- 
f ac tu red  by t h e  Raytheon Company, Waltham, Massachuse t t s ;  t h e  o p t i c a l  sub-  
system 1.3  bu t l t  by t h e  KoLlsm,sn Instrument  Corpora t ion ,  Elmhurst ,  :New York. 

D e l i v e r i e s  oE the f i r s t  f l i g h t  G&N u n i t s  f o r  t h e  Block I1 command nrodule 
and the  Lunar module were made i n  FY 1967. I n  FY 1968, e i g h t  Block 111. 
comnand mtdu'te ;and e i g h t  l u n a r  module G&N u n i t s  w i l l  be de l ive red .  F1' 1969 
funds supporit d e l i v e r y  of  six command module and s i x  l u n a r  module uniI.s ,  
and e f f o r t  on t h e  l a s t  remaining u n i t  which w i l l  be d e l i v e r e d  i n  F'Y 1!170. 
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I n t e g r a t i o n ,  R e l i a b i l i t y ,  and Checkout 

The i n t e g r a t i o n ,  r e l i a b i l i t y ,  and checkout funding provides  fox auto-  
mat ic  checkout equipment (ACE) s t a t i o n s  and engineer ing  suppor t .  The 
s p a c e c r a f t  ACE i s  used a t  t h e  c o n t r a c t o r  p l a n t s  and a t  NASA t e s t  and .l.aunch 
s i t e s  f o r  s e p a r a t e  and combined checkout of t h e  s p a c e c r a f t  systems. 
b a s i c  des ign  of ACE ground s t a t i o n s  f o r  each of  t h e  major e lements  of t h e  
program was completed i n  FY 1964; 1 2  ACE s t a t i o n s  a r e  now o p e r a t i o n a l ,  and 
t h e  requirement f o r  a d d i t i o n a l  s t a t i o n s  i s  being a s ses sed .  

'fie 

I n  FY 1968 and 1969, funding provides  f o r  o p e r a t i o n  of t h e  checklout 
s t a t i o n s ,  a s  wel l  a s  r e l a t e d  engineer ing  changes and s p a r e  p a r t s  to m i i n t a i n  
t h e  o p e r a t i o n a l  equipment. 

I n t e g r a t i o n  and r e l i a b i l i t y  funding provides  f o r  t h e  engineer ing  sllpporit 
r equ i r ed  f o r  s p a c e c r a f t  s p e c i f i c a t i o n  maintenance and review; systems 
performance a n a l y s i s ;  r e l i a b i l i t y  and q u a l i t y  assurance ;  t r e n d  ana1ys.s of 
f a i l u r e  r e p o r t s ;  c r i t i c a l  parameter s t u d i e s  and t e c h n i c a l  problem a n a l y s i s ;  
miss ion  planning and a n a l y s i s ;  p o s t - f l i g h t  d a t a  process ing  and documeiita- 
t i o n ;  s imula t ion  and t r a i n i n g ;  and i n t e r f a c e  c o n t r o l .  Emphasis has  s l i i f t e d  
t o  suppor t  of hardware v e r i f i c a t i o n ,  miss ion  accomplishment and imaly:; is  
of  f l i g h t  r e s u l t s .  

Sa tu rn  I B  

1!)69 ---- 1967 1968 

1st s t a g e  (S-IB) ......... $39,111,000 $33,800,000 $2  0,000,000 

Instrument  u n i t . . . . . . . .  .. 42,214,000 28,300,000 11,000,000 
Vehicle  suppor t . .  ........ 63,696,000 43,800,000 18,300,000 

H-1 engine ............... 8 , 535,000 5,200,000 2,000,000 

2nd s t a g e  (S-IVB) ........ 51,175,000 25,700,000 12,500,000 

Ground suppor t  equipment. 14,329,000 9,000 , 000 4,900,000 

5-2 engine ............... 6.566.000 800,000 --._- 400,000 

T o t a l . . . . . . . . . . . . . . . . . .  

The Sa turn  I B  i s  a two-stage launch v e h i c l e  w i th  a c a p a b i l i t y  of pliicing 
approximately 20 tons  of payload i n t o  a low e a r t h  o r b i t ,  and i s  used 1:o 
demonstrate  t he  i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  of t h e  Apollo s p a c e c r a f t .  
The 1st s t a g e ,  powered by e i g h t  H-1 engines ,  produces about 1 .6  m i l l i o n  
pounds of t h r u s t .  

The Apollo prsagram inc ludes  12 Sa tu rn  I B  v e h i c l e s .  The v e h i c l e  was 
q u a l i f i e d  f o r  manned f l i g h t  i n  1966 a f t e r  t h r e e  s u c c e s s f u l  developmenl: 
f l i g h t s .  A Saturn I B  was scheduled t o  launch t h e  f i r s t  Apollo manned 
s p a c e c r a f t  i n  e a r l y  1967, bu t  t h e  Apollo acc iden t  and t h e  subsequent .(:e- 
quirements  f 3 r  s i g n i f i c a n t  s p a c e c r a f t  mod i f i ca t ions  delayed t h i s  f l i g l i t  
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u n t i l  mid-1968. The c u r r e n t  p lan  schedules  the  next  Sa turn  I B  l aunch ,  an 
unmanned, e a r t h - o r b i t a l  tes t  of the  lunar module, e a r l y  i n  1968. ,AnoI:her 
launch i s  scheduled i n  1968 i f  a second unmanned t e s t  of t h e  l u n a  moclule 
is necessary.  'Use of t h e  remaining s i x  Sa turn  I B  veh ic l e s  in t he  Apol.10 
program is cont ingent  on the  q u a l i f i c a t i o n  of t he  Sa tu rn  V f o r  manned 
f l i g h t .  I f  t h e  Sa turn  V encounters  d i f f i c u l t i e s ,  manned f l i g h t s  of tlie 
command and service and luna r  modules can  be conducted wi th  dua l  1aunc:hes 
of the  Sa turn  I 6  vehic les .  I n  t he  f i r s t  phase of a dual-launch mission,  a 
manned Apollo c13nanand and s e r v i c e  module w i l l  be o r b i t e d  by a Sa turn  '[B. 
Approximately 03ae day l a t e r ,  an unmanned luna r  module w i l l  be o r b i t e d  by 
another  Saturn LB t o  provide experience i n  rendezvous and docking, maniievers. 
Three dual launch miss ions  can be conducted with the  a v a i l a b l e  Ap0110 
Sa turn  IB vehic les .  To t h e  e x t e n t  t h a t  t hese  v e h i c l e s  are no t  requirc!d f o r  
support  o f  t he  Apollo program, they  w i l l  be a v a i l a b l e  f o r  Apollo Appl k a -  
t i o n s  missions.  

1 s t  Stage (S-IB) 

The Chrys le r  Corporation/Space Div is ion  produces the  S-IB sta,g,es ail: the  
government-owned Michoud Assembly F a c i l i t y  nea r  New Orleans,  Loui siami. 
The stag'e i s  barged t o  t h e  Marshall  Space F l i g h t  Center ,  Hun t sv i l l e ,  
Alabama, for s t a t i c  test .  The s t a g e s  are then re turned  t o  Michoutd f0.i: 
pos t  - s t a t i c  checkout and subsequent d e l i v e r y  to  Cape Kennedy. 

By thle end of FY 1967, fou r  f l i g h t  s t a g e s  had been de l ive red  t o  Cal~e 
Kennedy, and th ree  a d d i t i o n a l  s t a g e s  were completed. 

I n  FY 1968, the remaining f l v e  s t a g e s  f o r  Apollo Sa tu rn  I B  vehicleis w i l l  
be complleted a t  M'choud and a v a i l a b l e  for support  of program requiremcmts. 
I f  required €o r  Apollo, t h e  f i r s t  of t hese  s t a g e s  w i l l  be checked! (out l a t e  
i n  FY 1968, modified i f  necessary,  and prepared f o r  shipment t o  Cape 
Kennedy. 

FY 1969 funds provide f o r  checkout and pre-shipment a c t i v i t i e s  a t  
Michoud, as we1 1 as d e l i v e r y  t o  Cape Kennedy and p re  -launch prepara t ions .  
The budget year  requirements a lso cover  s t age  support  a c t i v i t i e s ,  1whic:h 
inc lude  engiinee r ing a n a l y s i s  and ope ra t  ion and maintenance of e1ectric:al , 
data-measuranent,  and tes t  equipment. A s i g n i f i c a n t  l e v e l  of f i e l d  sirpport 
must be maintained f o r  launch se rv ices  and f o r  proper  eva lua t ion  of giround 
and f l i g h t  da ta .  

:2nd Stage (S-IVB) 

Basic devlelopment c o s t s  f o r  t h e  2nd s t age  (S-IVB) were p r imar i ly  fiinded 
i n  the  Sa turn  V pro jec t .  The S-IVB, which is produced by the  McDonne1,l 
Douglas CorpDration, u s e s  a s i n g l e  5-2 engine developing over  200,000 
pounds of t h r u s t .  
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The f:Lrst Eour f l i g h t s  stagc3s f o r  t h e  Sa tu rn  I B  have been delivereci t o  
Kennedy and t h r e e  have been li~t~11ched. 
i n  FY 1967. :?our of t h e s e  have been s t a t i c  t e s t e d  and remain a t  the  5acra- 
mento Test: Opx i i t i ons  s i t e  f o r  u se  i n  f u t u r e  miss ions .  The o t h e r  s t a g e  has  
completed manufactur ing and a:;s;embly a t  Huntington Beach , and w i l l  unc e rgo  
s t a t i c  f i r i n g  ai: a l a t e r  d a t e .  The remaining t h r e e  s t a g e s  f o r  t h e  Apcl lo  
program were lcornpleted dur ing  t h e  c u r r e n t  f i s c a l  yea r .  

F ive  a d d i t i o n a l  s t a g e s  were conipleted 

F i s c a  L yeiir I969 funding suppor t s  r e q u i r e d  s t a g e  a c t i v i t i e s ,  such :.s s t a -  
t i c  t e s t  irig i t :  t h e  Sacramento Tes t  Operat ions s i t e ,  p o s t - s t a t i c  checkclut , 
and pre-:jhiprn~?nl: v e r i f i c a t i o n ,  The funds provide a s i g n i f i c a n t  l e v e l  clf 
f i e l d  support: services , which are  necessary  f o r  pre-launch and checkot t 
a c t i v i t i e s  ai: Cape Kennedy anti f o r  t h e  e v a l u a t i o n  of ground and f l  ight d a t a  
on S-IVB o p e m t  :ions . 

:his t rument Unit ( I U )  

The instrinnellt u n i t  contain:; t h e  primary guidance , c o n t r o l  , measurj ng ,  
and te lernetry systems which govern t h e  engine  g imba l l ing ,  in - f  Light sc quenc- 
i n g  of  t h e  enz ine  propuls ion  system, s t a g i n g  ope ra t ions  , and primary t iming 
s i g n a l s .  These u n i t s  are be ing  assembled and t e s t e d  by t h e  I n t e r n a t i c n a l  
Business  Machines Corpora t ion  i n  H u n t s v i l l e ,  Alabama. The components and 
c o n f i g u r a t i o n  are  e s s e n t i a l l y  the  same a s  those  used f o r  t h e  Sa tu rn  V. 
Three u n i t s  wzre completed by t h e  end of  f i s c a l  y e a r  1966. 

F i s c a l  yeiir 1967 and 1968 e f f o r t  has  concen t r a t ed  on t h e  completiori of  
t h e  n ine  remaining f l i g h t  u n i t s .  I n  FY 1967, f i v e  a d d i t i o n a l  u n i t s  wcmre 
completed,  0113 of which was dc1,ivered t o  Cape Kennedy and t h e  o t h e r  fclur 
were placed i.1 !; torage a t  H u n t s v i l l e ,  Alabama. The remaining €our  of t h e  
t o t a l  of 1 2  !Light a n i t s  w i l l  b e  assembled and p laced  i n  s t o r a g e  i n  Fl '  1968. 

F i s c a  L year  '1969 funds suppor t  v e r i f i c a t i o n  of  t h e  r e l i a b i l  i - ty  of t h e  
completed un:i.:s t o  meet t h e  Apollo requirements .  I n  a d d i t i o n ,  t h e  fur.ding 
provides  f o r  rht: IBM suppor t  at Cape Kennedy, necessary  €or pre-launcki , 
checkout I and f 11 i g h t  eva lua t  itsri  a c t i v i t i e s  . 

Vehic l e  Support 

Vehic L e  s u ~ p o r t  i nc ludes  funds f o r  s t u d i e s ,  services , and equipment 
common t o  more t h a n  one s t a g e  of t h e  Sa turn  I B .  Funding provides  .for 
engineer ing  wrv ices ;  r e l i a b i t r t y  tes ts ;  f a b r i c a t i o n  s e r v i c e s ;  t ranspcrtat iLon;  
p r o p e l l a n t s  ; (2xpendable suppl  ics and equipment ; launch pad refurbishment  ; 
and conc-cact admin i s t r a t  i on ,  m d i t  , q u a l i t y  assurance  and i n s p e c t i o n  E e r v i c e s  
performed by :he Department O C  Defense. 

F i s c a l  yea r  11969 funding i:j r equ i r ed  t o  provide  pre- launch and '1aur.ch stip- 
p o r t  a t  Cape Kennedy f o r  dua l  :Launches from Complexes 34 and 37. A c t i v i t i e s  
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i n c l u d e  clompanent and subsystem t e s t i n g ,  a n a l y s i s  and c o r r e c t i o n  of pi:e- 
launch problems, i n c o r p o r a t i o n  of  f l i g h t  d a t a  i n t o  r e l i a b i l i t y  aasessinents,  
and development of an i n t e g r a t e d  r e l i a b i l i t y  r e p o r t  f o r  each mission.  
Guidance and c o n t r o l  systems s t u d i e s  w i l l  be conducted. I n  a d d i t i o n ,  t h e  
requirements  cover refurbishment  of t h e  launch pad i n  p r e p a r a t i o n  f o r  t h e  
next  mission.  The PY 1969 v e h i c l e  support  funds a l s o  inc lude  t r ansFo  r t a t i o n  
o f  t h e  f l i g h t  s t a g e s  and instrument  u n i t s .  

Ground Support Equipment (GSE) 

The automatic  ground support  equipment inc ludes  e l e c t r i c a l  support  equip- 
ment, which was b u i l t  by t h e  General E lec t r ic  Company, and mechanical support  
equipment, w h i c h  was produced by t h e  Chrys le r  Corporat ion Space I ) i  vis Lon. 
Automati.=. E;round checkout s t a t i o n s  reduce t h e  l eng th  of  t i m e  and t h e  1:ost 
o f  manual checkout.  In  addit . ion t o  t h e s e  checkout s t a t i o n s ,  a GSb de-relop- 
menr: system o r  breadboard, u s ing  t h e  RCA l l O A  computer, i s  ope ra t cd  a :  t h e  
Marshall Space F l i g h t  Center  t:, provide t h e  c a p a b i l i t y  t o  validatcb t h ?  
computer programs used a t  t h e  Kennedy Space Center .  

Funding i n  FY 1967 was geared p r i m a r i l y  t o  a c t i v a t i o n  of elect  x i-ca.  and 
mechanic:al suppor t  equipment i n s t a l l e d  a t  Launch Complexes 34 anc 37. F i s -  
c a l  year- 1968 and f i s c a l  y e a r  1969 funds w i l l  s uppor t  t h e  o p e r a t i o n  alid up- 
d a t i n g  o f  s t a g e  and v e h i c l e  ground support  equipment used t o  meet spe1:ific 
mission reuuirenent  s €or  Saturin I B  launches.  This a c t i v i t y  i n c l u l e s  :he 
checkout ope ra t ions  f o r  t h e  s t a g e s ,  instrument  u n i t s ,  arid assembl t.d l 'iunch 
v e h i c l e s  u s e d  for t h e  e a r t h  or l2 i ta l  missions planned du r ing  these per .ods.  

H - 1  Engines 

The H - 1 ,  a l i q u i d  oxygenfkerosene engine,  was developed and i: now being 
producecl b y  t he  Rocketdyne Di.v is ion  of  North American Rockwell Cclr porei t  i on .  
E igh t  H-L cingines a re  used i n  a c l u s t e r  t o  power t h e  S-IB s t a g e  

In FY 1067, t h e  f i n a l  s e t  a €  H-1 engines  f o r  u se  i n  Apollo was d e l  .vered. 
A t o t a l  o f  123 engine:; were d e l i v e r e d  t o  meet t e s t  and f l i g h t  recui re r ien ts .  

Funding f 3 r  FY 1968 and F'S 1969 provides  f o r  support  o f  t h e  f l i g h t  pro- 
gram and f o r  e v a l u a t i o n  of f l i g h t  d a t a  and r a p i d  response t o  protlems 
encounter'ed i n  f l i g h t  mi s s ions .  

5-2 Engines 

The Y - 2  engine,  developed aiid produced by t h e  Rocketdyne Div is ion  of t h e  
North h i r r i c s n  Kolikwell  Corporat ion,  i s  used i n  t h e  upper s t a g e s  o f  both 
t h e  Sa tu rn  I B  a:id Sa tu rn  V lauiich v e h i c l e s .  A s i n g l e  5-2 is usec i n  l.he 
2nd s t a g e  c f  t h e  Saturn IE, ~ t i l i z e s  l i q u i d  hydrogen and l i q u i d  cxygeii as 
p rope l  L a n t s  , an.1 del i v e r s  ovc'r %OO,OOO pounds of  t h r u s t .  
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The f l i g h t :  r a t i n g  t e s t s  of a 200,000 pound t h r u s t  engine were completed 
i n  J u l y ,  19615. I n  1966, t h e  engine completed t h e  q u a l i f i c a t i o n  t e s t  
program, which was a p r e r e q u i s i t e  t o  c e r t i f y i n g  t h e  c o n f i g u r a t i o n  f o r  
manned f :Light:, 

A l l  J-;! engines  r equ i r ed  for: t h e  Apollo Sa tu rn  I B  s e r i e s  were d e l i v e r e d  
by the  end of E?! 1967. 

In FY It9613 and aga in  i n  FY 1.969 funding i s  necessary t o  cover 5-2 f i e l d  
support  , which provides  f o r  e v a l u a t i o n  of f l i g h t  d a t a  and r a p i d  response 
t o  any probltans encountered i n  t h e  f l i g h t  s e r i e s .  

Sa tu rn  V 

1st stage (S-ILC) . . . . . . . . . 
2nd sti lge (S-XJ.) . . . . . . . . 
3rd s t a g e  I[ 3-:CVB) . . . . . . . . 
I n s  t rum en t u n i t  . . . , . . . . . , 
Vehicle  sul)'?oirt a . . . . . . . . . 
Ground support  equipment. 
F-1 en,,:' m e ,  . . , . (,. . . - .  . . . . 
5-2 en,:,:' , ? m e , . . , . . . . . . . . . . .  

Tota L ,, . , , . . , * (. . . . . . . . , . 

- 1967 

$158,866,000 
249,000,000 
142,114,000 

72,008,000 
267,147,000 
44 , 854,000 
77,434,000 
86,731,000 

S1.098.154,OOO 

1968 

$156,600,000 
203 , 000,000 
130,000 , 000 

77,900,000 
233,800,000 
44,400,000 
83,200,000 
70,000 ,OOO_ 

$998,9 00,000 

$137,600,000 
174 , (100 ,000 
1117 , I  00,000 

6 7 , ~ 0 0 , 0 0 0  
208, (~00,000 

29 , :i 00,000 
4 2  ,;'oo,ooo 
L r l  . 4 0 0 . 0 0 ~  

The Sa tu rn  V ,  t h e  most powerful member of t h e  Sa tu rn  family of :Laurch 
v e h i c l e ,  i:; composed of t h r e e  p ropu l s ion  s t a g e s  and an instrument  E n i t .  The 
v e h i c l e  i:; designed t o  boost  payloads up t o  140 t o n s  i n t o  low-earth o i % i t  
and t o  scnd  payloads up t o  50 tons  on l u n a r  mis s ions .  

The S s t u r n  V schedule  provides  f o r  f i f t e e n  launch v e h i c l e s  for  unm;,nned 
q u a l i f i c s t i o i i  f Lights,  manned Iiinar mission s i m u l a t i o n s ,  and manned 1t n a r  
mis s ions .  Nine of t h e s e  vehicRes a r e  scheduled t o  be launched be fo re  t h e  
end of tlie de:ade. Two v e h i c l e s  were d e l i v e r e d  i n  FY 1967, t h e  f i r s t  of 
which was used on November 9 ,  h967 i n  t h e  h igh ly  success fu l  demoristra. 
t i o n  of the "alL up" concept o f  space v e h i c l e  development. This unmarined 
o r b i t a l  f l i g h t  t e s t e d  t h e  v e h i c l e  dynamic c h a r a c t e r i s t i c s  , t h e  r e l i a b i . l i t y  
of t h e  p ropu l s ion  systems,  ar-d t h e  accuracy of t h e  guidance and contrcil 
sequencing system, as w e l l  as s p a c e c r a f t  h e a t  s h i e l d .  Two add i t ion i l l  
unmanned q u a l i f i c a t i o n  tes ts  and t h e  f i r s t  manned f l i g h t  a r e  schediilecl f o r  
1968. For 1'369, t h e  Apollo schedule  i n c l u d e s  f i v e  manned Sa tu rn  V f l i g h t s ,  
moving toward a manned l u n a r  l m d i n g  and r e t u r n  by t h e  end of the deczide. 
Major produc :io11 a c t i v i t y  cont  h u e d  over t h e  l a s t  yea r  , w i t h  t h e  undel i v e r e d  
v e h i c l e s  i n  e ie  process  of m a m f a c t u r i n g ,  checkout or  t e s t .  
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1st Stage  (S-1C) 

The Sa turn  V 1st Stage  (S-1C) is  produced by t h e  Boeing Company a t  t h e  
Michoud Assernlsly F a c i l i t y  nea r  New Orleans ,  Louis iana.  The s t a g e s  are now 
acceptance  t e s t e d  a t  t h e  M i s s i s s i p p i  T e s t  F a c i l i t y  i n  Hancock County, M i s -  
s i s s i p p i ,  be fo re  shipment t o  t h e  Kennedy Space Center .  The 1st Stage  i s  
powered by f i v e  l i q u i d  oxygen-kerosene F-1 engines  and has  a t o t a l  t h r u s t  
of  7.5 m i l l i o n  pounds. S tage  development began i n  1962. The Marshall  Space 
F l i g h t  Cen te r ,  w i th  Boeing a s s i s t a n c e ,  manufactured t h e  f i r s t  ground t e s t  
s t a g e  and t h e  f i r s t  two f l i g h t  s t a g e s .  The f i r s t  f l i g h t  s t a g e  was d e l i v e r e d  
t o  Kennedy i n  1967 and was used i n  t h e  s u c c e s s f u l  f i r s t  Sa tu rn  V launch.  

Fiscal yea r  :L968 a c t i v i t y  concen t r a t e s  on manufactur ing,  checkout ,  and 
t e s t  a c t i v i t i e s ,  The second f l i g h t  s t a g e ,  which was d e l i v e r e d  t o  KSC and 
i n t e g r a t e d  i n t o  t h e  AS-502 launch v e h i c l e ,  is  undergoing checkout i n  € r e p -  
a r a t i o n  for ia launch e a r l y  i n  1968. The t h i r d  f l i g h t  s t a g e  a r r i v e d  at 
Kennedy Space Center  i n  1967 f o r  u se  i n  t h e  AS0503 v e h i c l e ,  and two o t h e r s  
a r e  scheduled f o r  d e l i v e r y  by t h e  end of t h e  f i s c a l  year .  Two addi t ic lna l  
s t a g e s  w i l l  ialso complete acceptance t e s t i n g .  

I n  FY 196!?, f i v e  s t a g e s ,  i nc lud ing  t h e  two completed i n  FY 1968, w i l l  be 
d e l i v e r e d  t o  the Kennedy Space Center .  
a t  Michoud and a v a i l a b l e  by t h e  end of t h e  year .  The las t  t h r e e  of t h e  
f i f t e e n  El ight  s t a g e  program w i l l  be through manufactur ing and i n  acctiptance 
t e s t i n g  csr p o s t  t e s t  refurbishment .  

Two o t h e r  s t a g e s  w i l l  be canp le t ed  

2nd Stage  (S-11) 

The 2nd Stage of t h e  Sa tu rn  V u s e s  a c l u s t e r  of  f i v e  l iqu id-oxygen,  
l iquid-hydrogen 5-2 engines .  
one m i l l i o n  1r3unds. 
maiden f Light test was h i g h l y  s u c c e s s f u l .  The development, productioxi, and 
tes t  of t he  s t a g e  i s  t h e  r e s p o n s i b i l i t y  of t h e  Space Div i s ion  of t h e  fllorth 
American Koclc~eL1 Corpora t ion .  Manufacturing, assembly and f a c t o r y  check- 
o u t  of  t h e  s t a g e  i s  performed a t  Sea l  Beach, C a l i f o r n i a ,  i n  government-owned 
f a c i l i t i e s .  
M i s s i s s i p p i  'Pest F a c i l i t y  be fo re  d e l i v e r y  t o  t h e  Kennedy Space Cen te r .  

The s t a g e  g e n e r a t e s  a t o t a l  t h r u s t  of atlout 
Development of t h i s  s t a g e  a l s o  began i n  1962 and i t s  

Acceptance t e s t i n g  of  t h e  f l i g h t  s t a g e s  i s  conducted a t  t h e  

Three of line f i f t e e n  f l i g h t  s t a g e s  inc luded  i n  t h e  S-I1 program have been 
d e l i v e r e d  t o  the  Kennedy Space Center .  Two a d d i t i o n a l  s t a g e s  w i l l  a r l - i v e  
a t  Kennedy Space Center  by t h e  end of  FY 1968. 
f l i g h t  s t a g e s  w i l l  be i n  f a b r i c a t i o n ,  assembly, systems i n s t a l l a t i o n ,  f a c -  
t o r y  checkout o:c acceptance t e s t i n g  by t h e  end of  t h e  year .  

The remaining t e n  Apollo 

F i s c a l  yea r  '1969 funding provides  f o r  t h e  complet ion and d e l i v e r y  cif 
f i v e  s t a g e s ,  t he  cont inued manufacturing, f a c t o r y  checkout ,  and t e s t  oj'  t h e  
remaining f i v e  s t a g e s .  The funds cover  e x t e n s i v e  pre-launch checkout at 
t h e  Kennedy Space Center  i n  r ead iness  f o r  launch.  
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3rd  Stage (S-IVB) 

The 3rd  S tage  of t h e  Sa turn  V (S- IVB) ,  was developed and i s  produced 
by t h e  McDonntel:L Douglas Corpora t ion  a t  Huntington Beach, C a l i f o r n i a .  The 
s t a g e  i s  powered by a s i n g l e  5-2 engine and g e n e r a t e s  a t h r u s t  of over  
200,000 pounds. The s t a g e  i s  used on both t h e  Sa turn  I B  and t h e  Sa turn  V ,  
bu t  b a s i c  development c o s t s  were funded from t h i s  l i n e  i tem.  McDonnel..l 
Douglas perform:: s t a g e  acceptance t e s t i n g  a t  t h e  Sacramento Tes t  Operlirtions 
S i t e .  F a b r i c a t i o n  of t h e  f i r s t  Sa turn  V f l i g h t  s t a g e  began i n  1964 arid 
t h i s  s t a g e  W i 3 S  d e l i v e r e d  t o  t h e  Kennedy Space Center  i n  1967. The S-IIYB 
achieved a s:i;gn:ificant mi l e s tone  du r ing  t h e  f i r s t  Sa turn  V mis s ion  when i t  
s u c c e s s f u l l y  'demonstrated i t s  a b i l i t y  t o  r e - s t a r t  i n  a space environment. 
Two o t h e r  Sa1:urn V f l i g h t  s t a g e s  have a l r eady  been d e l i v e r e d  t o  t h e  Kennedy 
Space Cen te r .  Another two w i l l  be t r a n s p o r t e d  t o  t h e  Kennedy Space Center  
b e f o r e  t h e  end of  f i s c a l  yea r  1968. Manufacturing, assembly, and checkout 
work i s  iprog~c~essing on n ine  o t h e r  s t a g e s  a t  t h e  Huntington Beach plant:.. 

During FY 1969, f a b r i c a t i o n  of  t h e  las t  f l i g h t  s t a g e  w i l l  commence,, and 
a t o t a l  of  f i v e  f l i g h t  s t a g e s  a r e  scheduled f o r  d e l i v e r y  t o  t h e  Kennecly 
Space Cen te r .  nanufac tu r ing ,  assembly, and checkout o f  t h e  f i v e  remaining 
Apollo s t a g e s  w i l l  be underway dur ing  t h i s  year .  F i s c a l  year  1969 f u d s  
suppor t  t h i s  ex tens ive  a c t i v i t y ,  a s  we l l  as t h e  r e l a t e d  pre-launch a c t i v i t i e s  
a t  t h e  Kennedy ,Space Center .  

Instrument  Unit  (IU) 

The Sa turn  V instrument  u n i t  i s  e s s e n t i a l l y  t h e  same as t h e  one use!d on 
t h e  Sa turn  113. The ins t rument  u n i t  c o n t a i n s  t h e  guidance and c o n t r o l  
system t h a t  Lssues commands t o  t h e  a t t i t u d e  c o n t r o l  dev ices  of  each s t a g e  
du r ing  powered !Elight t o  guide t h e  Apollo Sa tu rn  V. 
a l s o  c o n t r o l s  engine s tar t  and c u t - o f f .  The u n i t s  a r e  assembled and checked 
o u t  by t h e  In1:ernational Business  Machines Corpora t ion  i n  H u n t s v i l l e ,  
Alabama. Procurement a c t i v i t y  f o r  t h e  f i r s t  Sa turn  V f l i g h t  u n i t  began i n  
January :L965, and t h e  f i r s t  f l i g h t  u n i t  w a s  d e l i v e r e d  t o  t h e  Kennedy &pace 
Center  i n  August:, 1966. 

The ins t rument  uriiit 

E f f o r t  i n  1% 1967 w a s  devoted t o  assembly and i n s p e c t i o n  of  t h e  f i i s t  
f o u r  f l i g h t  u n i t s ,  as w e l l  as cont inued manufactur ing of components. 
second and t h  i rd  ins t rument  u n i t s  have been d e l i v e r e d  t o  Kennedy Spacc 
Center  t o  suppor t  t h e  AS-502 and AS-503 requirements .  
AS-504 and AS-505 w i l l  be shipped t o  t h e  Kennedy Space Center  du r ing  EY 1968. 

The 

Instrument  un i t  s f o r  

During FY l9ti9, f i v e  Sa tu rn  V ins t rument  u n i t s  w i l l  be  shipped t o  Kennedy 
Space Center  110 suppor t  t h e  schedule ,  f a b r i c a t i o n  and assembly of two 
a d d i t i o n a l  u n i t s  w i l l  beg in ,  and long-lead hardware on t h e  las t  three1 u n i t s  
w i l l  be procured. 
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Vehic le  Support  

Vehic le  suppor t  funds are requ i r ed  t o  provide s e r v i c e s  and equipment: t h a t  
a r e  common t o  more than  one s t a g e  of t h e  v e h i c l e .  Funding i n  FY 1967 and 
FY 1968 includeld in s t rumen ta t ion ,  r eco rd ing  and d a t a  r educ t ion  equipment 
f o r  t h e  Sa turn  '\I dynamic test  s t a n d  a t  Marshal l  Space F l i g h t  Cen te r ;  
sh ipp ing  c o s t s ,  which inc lude  use  of marine v e s s e l s  and a i r c r a f t  f o r  
t r a n s p o r t a t i o n  of s t a g e s ,  engines  and components; a c t i v a t i o n  and operit t ion 
of t h e  M i s s i s s i p p i  Tes t  F a c i l i t y ;  o p e r a t i o n  of t h e  S l i d e l l  F a c i l i t y ;  1-ange 
s a f e t y  and t r a c k i n g  devices  f o r  t h e  v e h i c l e s ;  p r o p e l l a n t s ;  systems i n t e g r a -  
t i o n ;  and computation s e r v i c e s ,  engineer ing  s e r v i c e s ,  q u a l i t y  conttrol and 
i n s p e c t i o n ,  (contract  a d m i n i s t r a t i o n ,  a u d i t  and proper ty  admin i s t r a t io i t  
s e r v i c e s  by o t h e r  government agencies .  

I n  FY 1969, t h e  emphasis w i l l  be focused on necessary  suppor t  t e s t  
o p e r a t i o n s  ait t h e  M i s s i s s i p p i  Tes t  F a c i l i t y  and v e h i c l e  suppor t  a t  tht! 
Kennedy Space Center .  Systems i n t e g r a t i o n  funds a r e  a l s o  provided t o  
con t inue  proper  c o n f i g u r a t i o n  c o n t r o l  of a l l  s t a g e s ,  systems,  and s t r i i c t u r e s ,  
as w e l l  *as r e l i a b i l i t y  and f l i g h t  e v a l u a t i o n  programs. 

Ground Support  Equipment (GSE) 

The Sa turn  '1 ground suppor t  equipment c o n s i s t s  of e l e c t r i c a l  and 
mechanical suppor t  equipment r equ i r ed  t o  t e s t  and check ou t  t h e  s t a g e $ , ,  
ins t rument  unit:;, and a s s o c i a t e d  hardware. The checkout procedures  
developed f o r  t h e  Sa tu rn  V a r e  based on t h e  concept t h a t  improved v e h i c l e  
r e l i a b i l i t y  imd minimum time a t  t h e  launch s i t e  can  be a t t a i n e d  by us ing  
a computer-coatrol led system i n  which t h e  o p e r a t i o n a l  soundness of 
components i s  au tomat i ca l ly  v e r i f i e d .  Automatic checkout equipment i 5 ,  used 
a t  t h e  manufiicturing, s t a t i c  t es t ,  and launch s i t e s .  

The Genera:L ElLectric Company provides  des ign ,  f a b r i c a t i o n ,  checkout ,  and 
l o g i s t i c  suppor t  of t h e  Sa turn  V e l e c t r i c a l  support  equipment. The Bcieing 
Company prov:ider; t h e  Sa turn  V equipment management sys t em,  which iricludes 
a master  reco.rd f o r  a l l  v e h i c l e  ground suppor t  equipment. Boeing i s  a l s o  
r e s p o n s i b l e  Jtor t h e  i n t e g r a t i o n  and l o g i s t i c  suppor t  of a l l  mechanical 
suppor t  equipment. The Radio Corpora t ion  of American s u p p l i e s  computer 
systems,  and provides  t h e  d i s p l a y  systems f o r  use  a t  Launch Complex N o .  39. 

A c t i v i t y  i n  E7! 1967 included p r e p a r a t i o n  and v e r i f i c a t i o n  of  computer 
t a p e s  f o r  iniLi:ia1 Sa tu rn  V f l i g h t  miss ions .  I n  a d d i t i o n ,  t h e  v e h i c l e  GSE 
f o r  t h e  secoIid s e t  of f a c i l i t i e s  a t  Launch Complex No. 39 was i n s t a l l e d  and 
checked o u t .  Del ivery and i n s t : a l l a t i o n  of v e h i c l e - a s s o c i a t e d  GSE f o r  t h e  
t h i r d  launch i imbilical  tower,  high-bay , and f i r i n g  room w a s  a l s o  i r i i t i  a t e d .  

F i s c a l  year  1968 funds suppor t  p r e p a r a t i o n  and v e r i f i c a t i o n  of  compu t e r  
t apes  f o r  t h e  manned Sa turn  V niissions and a l so  provide f o r  cornp1et:ion 
of Sa turn  V -. r e l a t e d  GSE f o r  t h e  t h i r d  launch umbi l i ca l  tower,  high-bay,  
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and f i r i n g  room at  Launch Complex No. 39. 

F i s c a l  year 1969 funding suppor t s  t h e  o p e r a t i o n  of  s t a g e  and v e h i c l s  
ground suppor t  equipment, i nc lud ing  mechanical and e l e c t r i c a l  suppor t  equip- 
ment t o  s a t i s f y  Sa turn  V requi rements .  This  a c t i v i t y  inc ludes  checkor,1t and 
o p e r a t i o n s  f o r  t h e  s t a g e s ,  ins t rument  u n i t s ,  and assembled launch v e h i c l e s .  

F-1 Engines 

The F-1 engine w a s  developed and i s  produced by t h e  North Ameri.can 
Rockwell/Roc'ket,dyne Div i s ion  a t  Canoga Park,  C a l i f o r n i a .  
conducted a t  Edwards A i r  Force Base, C a l i f o r n i a .  
F-1 engines  a re  c l u s t e r e d  i n  t h e  f i r s t  s t a g e  of  t h e  Sa tu rn  V ,  w i th  eac:h 
engine gener,atiing approximately 1 .5  m i l l i o n  pounds of  t h r u s t .  

Engine test:i.ng i s  
Five  l i q u i d  oxygen/ls:erosene 

The i n i t i a l  c o n t r a c t  f o r  t h e  F-1 was awarded t o  Rocketdyne i n  Januai-y 
1959. B y  t h e  end of FY 1967, a t o t a l  of s i x t y - t h r e e  F-1 engines  had lleen 
d e l i v e r e d  t o  support  t h e  Sa turn  V. This  t o t a l  inc luded  s p a r e s ,  t es t ,  and 
f l i g h t  engines .  

A c t i v i t y  i n  F!Z 1968 emphasizes t h e  d e l i v e r y  of f l i g h t  engines  t o  m e e t  t h e  
Apollo Sa tu rn  V schedule .  By t h e  end of  t h e  c u r r e n t  f i s c a l  y e a r ,  n ine t een  
a d d i t i o n a l  F-1 engines  w i l l  have been d e l i v e r e d  f o r  t h e  ground test  and 
f l i g h t  progriun. 

Funds i n  FI! 1969 provide f o r  cont inued engine d e l i v e r i e s  t o  meet F l i g h t  
requi rements ,  Twelve F-1 engines  a r e  scheduled f o r  d e l i v e r y  dur ing  t h i s  
per iod .  The :Eunds a l s o  provide  a quick-response c a p a b i l i t y  f o r  e v a l u a t i n g  
and resoliving any F-1 problems encountered i n  t h e  f l i g h t  mi s s ions .  This 
e f f o r t  coverti f i e l d  and engineer ing  suppor t ;  maintenance of  t h e  t e s t  
engines ;  t e s t i n g  o f  t h e  components and engine systems,  i nc lud ing  p r o p e l l a n t s ;  
and p e r i o d i c  v e r i f i c a t i o n  of f l i g h t  wor th iness  t o  a s s u r e  miss ion  r e l i a b i l i t y  
and safet:y. 

5-2 Engines 

The 5-2 engj-nes are a l s o  produced by North American Rockwell 's  Rocketdyne 
Div i s ion .  
The second s t a g e  is powered by f i v e  5-2 engines ,  each producing over  200,000 
pounds of t h r u s t ,  whi le  t h e  t h i r d  s t a g e  i s  powered by a s i n g l e  J-2 engine 
w i t h  r e - s t a r t  c a p a b i l i t y .  The 5-2 en te red  development i n  September 1960, 
and t h e  first f l i g h t  demonstrat ion was achieved i n  February 1966. 

These engines  are used i n  t h e  two upper s t a g e s  of  t h e  Sa turn  V. 

During FY 1567, t h e  engine d e l i v e r y  r a t e  i n t e n s i f i e d  t o  meet t h e  schlsdule 
requirements .  
i nc lud ing  ground test and f l i g h t  art icles,  had been d e l i v e r e d .  
FY 1968, an a d d i t i o n a l  18  engines  a r e  scheduled f o r  d e l i v e r y .  

By t h e  end of t h a t  f i s c a l  y e a r ,  a t o t a l  of  98 5-2 t!ngini?s, 
During 
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The funds :in FY 1969 provide f o r  d e l i v e r y  of twelve more eng ines  and f o r  
t he  f i e l d  and eng inee r ing  support  a c t i v i t y  r e q u i r e d  f o r  f l i g h t  e v a l u a t i o n  
and probl.em so lv ing .  The funds a l s o  a s s u r e  maintenance of t es t  engines  i n  a 
c o n f i g u r a t i o n  f o r  r a p i d  s o l u t i o n  of problems ; component and system t e s t i n g ,  
i nc lud ing  propeI . lants ,  a s  w e l l  as p e r i o d i c  v e r i f i c a t i o n  o f ,  f l i g h t  worthiness .  

Engine Development 

1969 ----. 1967 19 68 

--_ ........... Engine deve j.opment $49,800,000 $18,700,000 

Total.. .... ................. $49,800,000 S18,700,000 

Fisca l  Year 1968 i s  t h e  l a s t  year  of funding under the  Engine Development 
p r o j e c t .  Qual-if ' ication of t he  H - 1 ,  F-1, and 5-2 engines  w a s  accomplished 
during FI' 1967. Funding during FY 1968 provides  f o r  government fu rn i shed  
p r o p e l l a n t s  for cont inued test .  a c t i v i t y  and f o r  government in-house and 
independent c o n t r a c t o r  ana1ysi.s of engine hardware. A major a c t i v i t y  i s  
the  5-2  engine environmental  t e s t  program conducted a t  the  A i r  Force Arnold 
Engineering Ikvelopment Center ,  Tullahoma, Tennessee. N o  funding i.s r e -  
quested f-or t he  Engine Development p r o j e c t  i n  FY 1969. 

Mission Support 

Operat ions ................... $184,120,000 $227,800,000 $262,100,000 
Sys terns eng inee r ing  .......... 27,300,000 37,000,000 :37,300,000 
Support.ing development.. ..... 27,000,000 32,000,000 - 3 %  ,000,000~ 

T o t a l . .  .................... $238,420,000 $296,800,000 ~ 3 1 . , 4 0 , 0 , 0 0 0  
-I_.- 

Mission support  funds provide f o r  t h e  c r i t i c a l  a r e a s  of launch,  f l i g h t  
crew, and reccivery o p e r a t i o n s  and f o r  the program-wide eng inee r ing  and 
t e c h n i c a l  interngrated support  and suppor t ing  development necessa ry  f o r  t he  
accomplishment c f  manned space f l i g h t .  

Operat ions 

There a r e  two c e n t e r s  of o p e r a t i o n s  a c t i v i t y  - one a t  t he  Kennedy Space 
Cen te r ,  F l o r i d a ,  where t h e  launchings t ake  place and the  o t h e r  a t  the  !fanned 
Spacec ra f t  Cen te r ,  Texas,  where crew t r a i n i n g ,  and f l i g h t  and recovery 
o p e r a t i o n s  a r e  conducted and d i r e c t e d .  

Fundlng f o r  t he  Kennedy Space Center  covers  t h e  o p e r a t i o n  of checkoJ t ,  
launch a n d  in s t rumen ta t ion  f a c i l i t i e s  i nc lud ing  those c o n t r a c t o r  s e r v i c e s  
and equipment a n d  m a t e r i a l s  supp l i ed  by the  A i r  Force Eas t e rn  Test  Range 
f o r  which t h e  Nat ional  Aeronaut ics  and Space Admin i s t r a t ion  reimburses t h e  
Department of Defense. Launch o p e r a t i o n s  funding has  been inc reased  by  
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$19.8 m i l l i o n  t o  cover t h e  new reimbursable  arrangements a t  t h e  A i r  Force 
Eas te rn  ' rest  Range inc lud ing  o p e r a t i o n a l  suppor t  t o  launches,  and genesral 
support  Erom techn ica l  shops and in s t rumen ta t ion  s i t e s .  I n  a d d i t i o n  t o  t h e  
ope ra t ion  and maintenance of  Launch Complexes 34 and 3 7 ,  t h e  Department 
of Defense provides  cont inuous wave t r a c k i n g  s e r v i c e s  and t e c h n i c a l  shop 
and l a b o r a t o r y  suppor t .  The major o p e r a t i o n a l  c o s t s  and elements  a t  t h e  
Kennedy Space Cen te r ,  however, a r e  a s s o c i a t e d  with o p e r a t i o n  and sa in tenance  
of Launch Complex 39; s p e c i a l i z e d  maintenance and r e p a i r  of launch f a c i l i t i e s ;  
maintenance of c.ommunications in s t rumen ta t ion ,  i nc lud ing  t h e  c e n t e r  computer 
complex; and t h e  mod i f i ca t ion  and up-da t ing  of a l l  launch a s s o c i a t e d  equip- 
ment and f ac j.1. i t . i e s  . 

Fundinj: f o r  e f f o r t  conducted and d i r e c t e d  by t h e  Manned Spacec ra f t  Center  
i nc ludes  t h e  o p e r a t i o n  and maintenance of t h e  very complex mission COKI t r o l  
c e n t e r ,  t h e  t r a i n i n g  of a s t r o n a u t  crews through t h e  use  of  miss ion  
s imula to r s  and high performance a i r c r a f t .  Manned Spacec ra f t  Center  
o p e r a t i o n s  a c t i v i t i e s  a l s o  inc lude  t h e  d i r e c t i o n  and funding of recovery 
operat ions,  and important  miss ion  planning requirements  i nc lud ing  t r a j e c t o r y  
a n a l y s i s ,  f a i l u r e  a n a l y s i s  and e v a l u a t i o n  of t h e  performance and o p e r a t i o n a l  
c h a r a c t e r i s t j x s  of t h e  Manned Space F l i g h t  Network. 

Mission o p t x a t i o n s  funding requirements  i n c r e a s e  s i g n i f i c a n t l y  as  t h l e  
Apollo program niomentum is  r e - e s t a b l i s h e d  and t h e  launch ,  f l i g h t ,  and 
recovery a c t ~ v i t y  i n c r e a s e s .  
t h e  Manned Space f l i g h t s  scheduled dur ing  t h e  f i s c a l  yea r  and t o  t h e  
p r e p a r a t i o n  o E crews and space v e h i c l e s  f o r  t h e  subsequent miss ions .  

F i s c a l  yea r  1969 requirements  a r e  r e l a t e d  t o  

This  piace o E  t h e  a c t i v i t y  l e a d s  t o  a manned l u n a r  landing  and returri  
b e f o r e  t h e  end of  t h e  decade. 

Systems Engineer ing 

Systems engineer ing  provides  f o r  i n t e g r a t e d  t e c h n i c a l  suppor t  , review,  
and a n a l y s i s  of manned space  f l i g h t  programs. 
development o E  f u n c t i o n a l  and performance s t anda rds  f o r  t h e  program, 
c o n s i s t e n t  w i th  miss ion  o b j e c t i v e s ;  miss ion  p lanning;  t e c h n i c a l  i n t e g i  a t i o n  
and e v a l u a t i o n  test  o b j e c t i v e s  and i n t e g r a t i o n ;  program and systems 
spec i f i ca t io i i , s ;  t r a j e c t o r y  a n a l y s i s ;  checkout e f f e c t i v e n e s s  ; and t e c h n i c a l  
documentation. 
systems engiiieeicing c o n t r a c t o r s .  

These s e r v i c e s  inc lude  t h e  

Bellcomm, Boeing and General  E l e c t r i c  a r e  t h e  p r i n c i p a l  

During EY ,136'7 and FY 1968, emphasis was p laced  on developing and 
main ta in ing  ,a quick  response c a p a b i l i t y  f o r  v a l i d a t i o n  and a n a l y s i s  o j  
f l i g h t  d a t a  on .a t i m e  s c a l e  compatible  w i t h  t h e  turn-around t ime of Allollo 
f l i g h t  mi s s ions .  
r e h a b i l i t a t i o n  of government-owned i n d u s t r i a l  p l a n t s .  

Funding a l s o  provides  f o r  non-recurr ing maintenance and 
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The system:; engineer ing  r e q u i s i t e  f o r  t e c h n i c a l  i n t e g r a t i o n  and eva:I.uation, 
t r a j e c t o r y  a n a l y s i s ,  checkout e f f e c t i v e n e s s ,  a n a l y s i s  of f l i g h t  mission 
resu l t s ,  d e t a i l e d  s t u d i e s  of s p e c i f i c  l u n a r  landing  a r e a s  and constra:i.nts, 
and t e c h n i c a l  documentation w i l l  cont inue  through FY 1969 t o  suppor t  i:he 
f 1 i g h t  a c t  i v  i t y  . 

Support ing Development 

Support  ing development c o n s i s t s  of i n d i v i d u a l l y  s e l e c t e d  engineer inl ;  
e f f o r t s  which back up an on-going mainstream program w i t h  a l t e r n a t e  01- 

improved harddare  o r  which provide a f i r m  b a s i s  f o r  s p e c i f i c  hardware 
d e c i s i o n s  which must be  made i n  t h e  r e l a t i v e l y  near-term f u t u r e .  The n a t u r e  
of  t h e s e  engineer ing  e f f o r t s  v a r i e s  wide ly ,  extending from s u b s t i t u t e  space  
s y s t e m s ,  matlarials t o  f a b r i c a t i o n  and t e s t ,  and eva lua t ion  t echn iques ,  It 
i s  an e s s e n t i a l  c h a r a c t e r i s t i c  of t h e s e  t a s k s  t h a t  they  a r e  undertaketi  wi th  
a s p e c i f i c  hardware s i t u a t i o n  f o r  a s p e c i f i c  a p p l i c a t i o n  i n  mind. 
completed and t h e  r e s u l t s  app l i ed  t o  on-going manned space  f l i g h t  act : i .v i t ies ,  
t h e r e  have baen no tab le  achievements i n  c o s t  r educ t ion  and/or  increast!  i n  
performance, r e l i a b i l i t y ,  s a f e t y ,  confidence o r  s i m p l i c i t y .  One hundi-ed- 
f i f t y  t a s k s  are  c u r r e n t l y  underway i n  FY 1968, w i th  i n d i v i d u a l  fundinl; 
requirements  ranging from $10,000 t o  $300,000. The t a s k s  range from tlevelop- 
ment of  an a .3trsnaut  microphone w i t h  s u p e r i o r  no ise-cance l ing  c h a r a c t t x i s t i c s  
and increased  dynamic range t o  t h e  development of a system a t  the Kenriedy 
Space C e n t e r  t h a t  w i l l  au tomat i ca l ly  and con t inous ly  monitor t h e  p u r i i y  of 
f l u i d s  be ing  suppl ied  t o  space v e h i c l e s  wh i l e  they  are on t h e  launch ])ads 
undergoing cliecl~out o r  a c t u a l l y  i n  t h e  count-down f o r  launch.  The asi .ronaut 
microphone w i l l  be used f o r  t h e  second manned Apollo mission.  

Whtm 

Other r e s u l t s  of prev ious  t a s k s  t h a t  have been inco rpora t ed  i n t o  maimed 
space f l i g h t  systems inc lude  h igh  and low temperature  r e s i s t a n t  exp los ive  
dev ices  f o r  use on t h e  CSM & LM; improved hand h e l d  maneuvering u n i t  f'or 
e x t r a v e h i c u l a r  a c t i v i t y ;  an  exploding br idgewire  f i r i n g  u n i t  f o r  rocket 
engines  ; a pres su re  t r ansduce r  t h a t  can wi ths tand  t h e  6,000 OF temperiiture 
of rocke t  engine combustion, and a new type  s u r f a c i n g  f o r  t h e  crawlenlray 
a t  LC 39, 

E f f o r t  i n  Eiscal y e a r  1969 w i l l  c o n c e n t r a t e  on con t inu ing  those proriiising 
t a s k s  s t a r t e d  i n  f i s c a l  y e a r  1968 and i n  under tak ing  new t a s k s  designod t o  
i n c r e a s e  t h e  r e l i a b i l i t y  and use fu lness  of t h e  p re sen t  Apollo/Saturn systems 
and f ac  i li t i e  s . 
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OFFICE OF MMINNESD SPACE FLIGHT 

PROGRAM OBJEXTIXES AND JUSTIFICATION : 

APOLLO APPLICATIONS PROGRAM- 

The Apoll o Appl i ca t ions  program i s  d i r e c t e d  toward i n c r e a s i n g  the  e f f e c  - 
t i v e n e s s  of oiarrned space f l i g h t  o p e r a t i o n s  i n  t h e  accomplishment of  
experiments  and o t h e r  i n f l i g h t  a c t i v i t i e s .  
uses  t h e  c a p a b j l i t i e s  developed f o r  t h e  Apollo Program and i s  designed t o  
accomplish ai l j m i t e d  but  c a r e f u l l y  s e l e c t e d  specJrum of s c i e n t i f i c  1:echno- 
l o g i c a l  and medical i n v e s t i g a t i o n s .  The Program is configured t o  ma in ta in  
progress  i n  oiartned space f l i g h t  and provide t h e  informat ion  requi red  t o  
permit  knowledgeable d e c i s i o n s  concerning p o t e n t i a l  follow-on space programs 
whi l e  ope ra t ing  w i t h i n  a seve re ly  l i m i t e d  budget.  

The program presented  h e r e i n  

Missions a r e  b u i l t  upon a s t r o n g  base of  f l i g h t  exper ience ,  ground f a c i l -  
i t i e s ,  and t r a i n e d  manpower developed i n  t h e  Gemini and Apollo Programs. 
Maximum econclmy i s  achieved through t h e  use ,  mod i f i ca t ion ,  and expansion of 
p r e s e n t  Apollo systems c a p a b i l i t i e s  r a t h e r  than moving toward wholely new 
developments. F u r t h e r ,  any Apollo s p a c e c r a f t  and launch v e h i c l e s  no t  
requi red  t o  meet Apollo o b j e c t i v e s  w i l l  be used f o r  Apollo App l i ca t ions  
mis s ions .  

The Apollo App l i ca t ions  mission o b j e c t i v e s  include:  

1. Obtaining informat ion  on how b e s t  t o  s u s t a i n  o r  improve t h e  e f f e c t i v e -  
n e s s  of man i n  space i n  terms of biomedical  cons ide ra t ions ,  l i v i n g  
cond i t ions ,  mob i l i t y ,  a%+ ~ o r k  s t a t i o n  des igns .  

2. T h e  achilzvement of  long d u r a t i o n  opera t ions .  Since t h e  quantill:y of 
d a t a  r e t u r n  ~-rii(l o t h e r  accomplishments is g e n e r a l l y  d i r e c t l y  propor- 
t i o n a l  t o  the  d u r a t i o n  of t h e  f l i g h t ,  t h e  va lue  and economy of each 
mission {can be g r e a t l y  enhanced by i n c r e a s i n g  t h e  amount of time t h a t  
can be devoted t o  product ive  a c t i v i t i e s .  

3. The conduct of s c i e n t i f i c ,  t e c h n i c a l ,  and a p p l i c a t i o n s  t a s k s  wi th  t h e  
aims of asses s ing ,  experimenting wi th ,  and inc reas ing  man's ca l iab i l i -  
t i e s  € o r  performing t h e s e  t a s k s ;  a s  w e l l  a s  t h e  a c q u i s i t i c n  of u s e f u l  
d,ata and r e s u l t s .  

Because these  a c t i v i t i e s  a r e  s t i l l  exp lo ra to ry  i n  na tu re ,  and i n  mmy 
r e s p e c t s  w i l l  e s t a b l i s h  the  base f o r  more e x t e n s i v e  follow-on systems,, t h e  
information wi1L be obta ined  a s  e a r l y  a s  p o s s i b l e  w i t h i n  f i s c a l  const i  a i n t s  
by using t o  la l a r g e  e x t e n t  a l r e a d y  developed Apollo hardware, and by csmploy- 
i n g  r e v i s i t  m d  reuse  techniques  i n  the  f l i g h t  missions.  
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During fi:;call y e a r s  1968 and 1969 Apollo App l i ca t ions  funding provides  
f o r  continuatLori of product ion of Sa turn  launch v e h i c l e s  a t  a minimum r a t e  
and deve:Lopment and f a b r i c a t i o n  of t h e  equipment and experiments  f o r  t h e  
o r b i t a l  work:;l?op, t he  s o l a r  astronomy, and t h e  r e v i s i t  missions.  I n  a d d i t i o n ,  
d e f i n i t i o n  e f  Eort w i l l  be underway t o  determine t h e  equipment and experiments  
necessary  f o r  t h e  most e f f e c t i v e  e x p l o r a t i o n  of t h e  moon i n  t h e  post-Apollo 
per iod.  These a c t i v i t i e s  support  t h e  fo l lowing  miss ions  i n  t h e  Apollcl 
Appl  i c a  t :Lon s 'program: 

O r b i t a l  Work:3hop Mission - I n i t i a l  o r b i t a l  workshop o p e r a t i o n s  are planned 
i n  1970. The o r b i t a l  workshop is  set up i n s i d e  t h e  empty hydrogen tarik of a 
spent  S - I V B  s t a g e ,  i .e. ,  a f t e r  i t s  a c t u a l  use as a launch v e h i c l e  stagl,e, t h e  
workshop then  s e r v e s  as t h e  nuc leus  of an embryonic space s t a t i o n .  Q l e r a t i n g  
subsystems for power, l i f e  suppor t ,  thermal c o n t r o l s  and experiments ,  
t o g e t h e r  wi th  a i r l o c k ;  docking adap te r  and experiments  modules, a r e  c i l r r ied 
i n  t h e  volume occupied by t h e  s p a c e c r a f t  adap te r  i n  t h e  normal Apo'llo 
conf igu ra t io i i .  

The o r b i t i l l  workshop mis s ion  r e q u i r e s  the  launch of t w o  Sa turn  IB v e h i c l e s  
t o  e s t a b l i s h  and begin o p e r a t i o n  of a l a r g e  volume workshop in e a r t h  o r b i t .  
An unmanned :Elight, c o n s i s t i n g  of a Sa tu rn  I B  wi th  an  a i r l o c k  module, and a 
docking adapiter, w i l l  be launched f i r s t .  A second Sa tu rn  I B  launch ocxurr ing  
approximately one day later,  w i l l  be manned and w i l l  rendezvous writh i.he 
S - I V B  s t a g e  o f  t h e  f i r s t  f l i g h t .  The hydrogen t ank  o f  t h e  S-IVB stagti w i l l  
have been modif ied so t h a t  i t  i s  s a f e  f o r  crew occupancy and w i l l  be rtsed 
f o r  l i v i n g  and working q u a r t e r s .  Following ven t ing ,  t h e  hydrogen tank: w i l l  
be r ep res su r i zed  with t h e  two-gas atmosphere o f  oxygen and n i t rogen .  The 
crew w i l l  tr,nns.Eer from t h e  comnand module through t h e  docking adaptel. and 
t h e  a i r l o c k  inodiile i n t o  t h e  o r b i t a l  workshop, and complete p repaxa t io iu  f o r  
t h e  crew q u a r t e r s .  Elements of t h e  space s t a t i o n  w i l l  have a l r e a d y  bt!en 
p r e - i n s t a l l e d  i n  t h e  S - I V B  s t a g e  be fo re  launch. The a i r l o c k  module w i l l  
have a s u i t a b l e  ha tch  t o  permit  access  t o  space wi thout  dep res su r ix in l ;  t h e  
o r b i t a l  assembly. 

The experiinents planned on t h i s  mi s s ion  are c h i e f l y  devoted t o  detcirmining 
and e v a l u a t i n g  t a s k  performance of  men i n  space over  extended p e r i o d s  of time. 
H a b i t a b i l i t y  icxperiments i nc lude  crew q u a r t e r s  e v a l u a t i o n ,  food and food 
p r e p a r a t i o n ,  personal  hygiene p r o v i s i o n s ,  e v a l u a t i o n  of space s u i t s ,  iind 
m o b i l i t y  device:;. 
t i o n  space f:Liglit on t h e  crew w i l l  be made. 
i nc lud ing  maLntcsnance t a s k s ,  measurement of  h e a t  flow, e l e c t r o n  beam welding, 
tube j o i n i n g ,  and f l a m n a b i l i t y  i n  t h e  ze ro  g r a v i t y  e n v i r o m e n t ,  w i l l  Ibe con- 
ducted.  Fin,nll;y, va r ious  technology and s c i e n t i f i c  experiments ,  incli tding 
e a r t h  sc ience  obse rva t ions  a r e  planned. 
f o r  t h e  c r e w  w i l l  be 28 days. 
t h e  equipments Ln t h e  workshop, a i r l o c k  and docking a d a p t e r  w i l l  be placed 
i n  a standby mode f o r  t h e  o r b i t a l  s to rage .  
comnand module and s e p a r a t e  from t h e  docking adap te r .  
p ropu l s ion  system w i l l  be used t o  p l a c e  t h e  conmand module on an e a r t l i  
r e  t u r n  t r a  j e c t o  r y . 

Extens ive  medical  e v a l u a t i o n s  of t h e  e f f e c t  of Lonl; dura -  
Engineer ing experiments ,  

The planned miss ion  d u r a t i o n  
A f t e r  completion of exper imenta l  a,ctiv:l.ties, 

The crew w i l l  r e t u r n  t o  the  
The s e r v i c e  moclule 
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Workshop !%isit Mission - The f i r s t  workshop r e v i s i t  mi s s ion  uses  a 
s i n g l e  Sa tu rn  I B  launch of a t h r e e  man Conmrand and Se rv ice  Module t o  irendez- 
vous and dock wi th  t h e  o r b i t a l  workshop s t o r e d  i n  o r b i t  a t  t h e  ccrmp1ei:ion of 
t h e  prev ious  mission. 
of r eus ing  a h a b i t a b l e  space s t r u c t u r e  a f t e r  a per iod  of s e v e r a l  months of 
untended o p e r a t i o n  i n  o r b i t .  Its planned d u r a t i o n  of 28 t o  56 days i I ;  t h e  
next  step i n  t h e  p rogres s ive  e x t e n s i o n  of mis s ion  l eng th  to  syste!matil:ally 
test and e v a l u a t e  t h e  a b i l i t y  of  both man and equipment t o  f u n c t i o n  etifec- 
t i v e l y  f o r  long p e r i o d s  of time i n  space. 
i n - f l i g h t  experiment emphasis w i l l  be i n  t h e  medical  a r ea .  This  w i l l  be t h e  
f i r s t  miss ion  iia which a medical  d o c t o r  i s  a member of t h e  crew. Othd!r crew 
a c t i v i t i l e s  w i l l  cont inue  t h e  experimental  e v a l u a t i o n  of t h e  u t i l j t y  O I E  t h e  
v a r i o u s  h a b i t a b i l i t y  subsystems and accomnodations of t h e  workshop i t r i e l f ,  
and of t'he e x t r a - v e h i c u l a r  a c t i v i t y  d e v i c e s  c a r r i e d  i n  t h e  i n i t i a l  workshop 
launch. The r e s u l t s  of  the  i n i t i a l  workshop mis s ion  w i l l  be used t o  r e f i n e  
t h e  o p e r a t i n g  procedures .  S i m i l a r l y ,  t h e  results o f  t h i s  mi s s ion  w i l l  be 
used t o  improve equipment and o p e r a t i n g  p l a n s  f o r  subsequent miss,ions 

This  miss ion  is t h e  f i rs t  f l i g h t  test of  t:he ctmcept 

For t h i s  reason ,  t h e  F'rimai:~ 

S o l a r  Astronomy Mission - The t h i r d  mis s ion ,  planned f o r  1971, use:; t h e  
o r b i t a l  work:shop a s  a base of  o p e r a t i o n s  f o r  a manned s o l a r  observatoxy.  
One Sa turn  118 w i l l  launch a t h r e e  man Conrmand and Se rv ice  Module conf:i.gured 
f o r  a 56 day in i ss ion;  a second Sa tu rn  I B  launches t h e  unmanned Apollo Tele -  
scope Mount (,Sin) wi th  i t s  payload of s o l a r  ins t ruments .  A f t e r  t h e  Ccnunand 
and Serv ice  M3dllle and AZM rendezvous and dock wi th  t h e  workshop, the  crew 
r e a c t i v a t e s  Ithe workshop and begins  t h e  o p e r a t i o n a l  phase of  t h e  miss:i.on. 
This  mis s ion  w i l l  be t h e  f i r s t  f l i g h t  test of  equipment and o p e r a t i n g  con-  
c e p t s  f o r  fuiturrs manned and man-tended as t ronomica l  o b s e r v a t o r i e s .  Tite ATM 
i n c o r p o r a t e s  h igh  r e s o l u t i o n  s o l a r  t e l e s c o p e s  and spec t rographs  f o r  
observ ing  dpim:Lc phenomena on t h e  s u r f a c e  and i n  t h e  corona of t h e  sltn. 
The miss ion  .is scheduled t o  f l y  a t  a t ime when t h e r e  i s  a good expec t i t t ion  
of sunspot a c t i v i t y .  It is expected t h a t  an astronomer a s t r o n a u t  wilII .  be a 
member oE t he  crew. Crew a c t i v i t i e s  are s t r u c t u r e d  to  a l low t h e  maximum 
p o s s i b l e  time f o r  o p e r a t i o n  of t h e  observa tory .  
crew dur ing  t h i s  second 28 t o  56 day mis s ion  w i l l  add s i g n i f i c a n t l y  t < l  t h e  
data base on inan's r e a c t i o n  t o  the  space environment. J u s t  p r i o r  t o  l h e i r  
r e t u r n  from t h e  mission,  t h e  crew pu t s  t h e  workshop and t h e  ATM i n t o  tond i -  
t i o n  for  o r b i t a l  s t o r a g e  f o r  f u r t h e r  use on subsequent r e v i s i t s .  The ATM 
hardware and mission p l ans  a r e  designed t o  ope ra t e  independent ly  i E  t t e  
o r b i t a l  work:;liop i s  not  a v a i l a b l e  f o r  r euse .  

Medical obse rva t ions  of t he  

Workshop/Observatory R e v i s i t  Missions - A s e r i e s  of t h r e e  a d d i t i o n s 1  re"  
v i s i t s  t o  t h e  o r b i t a l  workshop i s  planned i n  1971. These w i l l  use  the same 
c o n f i g u r a t i o n  of t h e  Command and Se rv ice  Module being developed t o  sug'port 
t h e  f i r s t  r e v i s i t  t o  t he  workshop and t h e  Apollo t e l e scope  mount miss ions ,  
with a nomina L d u r a t i o n  of  56 days. 

Goals f o r  chose missions inc lude  cont inued  use  of t h e  ATM f o r  so l a r  
obse rva t ions  :, the  f e r r y i n g  of a d d i t i o n a l  experiments  t o  the  workshop, 
f u r t h e r  evaluiltj.on of evolv ing  concepts  i n  the  a r e a  of crew systems arid 
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h a b i t a b i l i t y  o f  t h e  workshop, and con t inua t ion  of  experiments  us ing  i n s t r u -  
ments and equipments o r b i t e d  on previous  miss ions .  
ach ieve  cont inuous o p e r a t i o n  of t h e  o r b i t a l  workshop by having l a t e r  i n i s -  

s i o n s  ove r l ap  t h e  ea r l i e r  ones. This w i l l  a l l ow l i m i t e d  p e r i o d s  of 
o p e r a t i o n  wi th  two crews i n  t h e  workshop s imul taneous ly  and i n  t u r n  provide 
the  o p t i o n  t o  make the  next  p rogres s ive  s t e p  i n  crew s t a y  time t o  a d u r a t i o n  
of  t h e  o r d e r  of 100 days. 

A f u r t h e r  goa l  is  t o  

-- I n i t i a l  Space - S t a t i o n  - Over t h e  p a s t  s e v e r a l  years NASA, wi th  suppor t ing  
e f f o r t  from tr.any c o n t r a c t o r s ,  h a s  conducted a s e r i e s  of  s t u d i e s  o f  thcz 
conf igu ra t ion  and u t i l i z a t i o n  of  an o r b i t a l  workshop o r  i n i t i a l  space s t a t i o n  
launched on a Sa tu rn  V .  
o u t f i t t e d  on the  ground before  launch,  s i g n i f i c a n t l y  enhances t h e  effczctive 
use of manned ope ra t ions  i n  e a r t h  o r b i t .  The f l e x i b i l i t y  i n  l o c a t i n g  d i v e r s e  
mission experiment equipments,  t h e  a b i l i t y  t o  main ta in  cont inuous o p e r a t i o n  
and t o  add new experiment payloads on resupply  f l i g h t s ,  and the  possi 'b le  
i nc rease  i n  crew s i z e  a r e  f a c t o r s  of  g r e a t  p o t e n t i a l  va lue .  

The a b i l i t y  o f  t h e  Sa tu rn  V t o  o r b i t  a workshop 

The development and o p e r a t i o n  of  t h e  Sa turn  I B  workshop w i l l  provilde the  
eng inee r ing ,  biomedical ,  behav io ra l ,  and o p e r a t i o n a l  knowledge which w i l l  
permit  moving forward i n t o  t h i s  next  s t e p .  
experimental  a c t i v i t i e s  t o  be undertaken i n  t h e  f i r s t  se t  o f  workshop 
missions w i l l  provide background t o  the  o p e r a t i o n a l  employment of t he  more 
comprehensive r e sea rch  program which can be c a r r i e d  ou t  i n  a Sa turn  V work- 
shop. 

In  a similar manner, t he  (diverse  

Ef fec t ive  evo lu t ion  and u t i l i z a t i o n  o f  t h e  space program and i t s  c , ipabi l -  
i t i e s  r e q u i r e  t n a t  t h e  s p e c i f i c  approach t o  the  Sa tu rn  V workshop be Iletermined 
w i t h i n  the  next  year .  This  d e f i n i t i o n  e f f o r t  w i l l  be d i r e c t e d  toward t h e  
workshop; i t s  s c i e n t i f i c ,  eng inee r ing ,  and medical payloads;  and oper i i t ions  
p lans .  

Implementation o f  t he  I n i t i a l  Space S t a t i o n  wi th  i t s  a b i l i t y  t o  sul)port  
major s c i e n t i f i c  and engineer ing  i n v e s t i g a t i o n s ,  u s ing  crews of cliver:;e 
s c i e n t i f i c  and t e c h n i c a l  a b i l i t i e s  over  extended pe r iods  of a y e a r  o r  more 
i n  o r b i t  i s  a n a t u r a l  outgrowth of  t he  p rogres s ive  e v o l u t i o n  which Mei-cury, 
Gemini, Apollo .and t h e  Apollo App l i ca t ions  Sa tu rn  I B  workshop have es1:ablished 
and w i l l  provide a very  s i g n i f i c a n t  s t e p  forward i n  t h e  u t i l i z a t i o n  ol: our  
n a t i o n a l  spac 2 c a p a b i l i t y .  

The speci.Eic S - I B  workshop mission p l a n s ,  d e f i n i t i o n  of  p o t e n t i a l  $:allow- 
on experiments  and s t u d i e s  of  i n i t i a l  space s t a t i o n  c o n f i g u r a t i o n s  anti 
systems ,311 po in t  t o  the  l o g i c  of p rogres s ing  t o  t h e  Sa tu rn  V launchecl 
workshop o r  i n i t i a l  space s t a t i o n  as t h e  next  follow-on s t e p  i n  an  evcllu- 
t i o n a r y  manned o r b i t a l  program. 
of t h e  space program and i t s  c a p a b i l i t i e s  r e q u i r e  t h a t  t h e  s p e c i f i c  aliproach 
t o  a Sa tu rn  71 workshop or  i n i t i a l  space s t a t i o n  be determined w i t h i n  i h e  
next  ca l enda r  year .  This  d e f i n i t i o n  e f f o r t  w i l l  be d i r e c t e d  toward ttle 
s t a t i o n ;  i t s  x i e n t i f i c  eng inee r ing  and medical  payloads;  o p e r a t i o n s  I l lans;  
resupply and suppor t ing  systems;  and o v e r a l l  program plans .  

The e f f e c t i v e  u t i l i z a t i o n  and progre::sion 
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This  i n i t l a 1  space s t a t i o n  i s  a n a t u r a l  p rog res s ion  from t h e  Sa turn  I B  
workshop, a s  we’ll a s  from t h e  Mercury, Gemini, and Apollo programs. :I:t w i l l  
enable  a s t r o n a u t  crews t o  conduct major s c i e n t i f i c  and engineer ing  i n v e s t i g a -  
t i o n s  f o r  a per iod  of a year  o r  more. 

----- Lunar Missions - Following t h e  f f r s t  Apollo landings ,  w e  w i l l  contll.nue 
e x p l o r a t  Lon o E  t h e  moon. During t h e  con t inu ing  phase of l una r  explor:!tlon 
one to t iJO miss ions  per yea r  a r e  envis ioned.  

Whereas t h e  f i r s t  Apollo mis s ions  w i l l  be r e s t r i c t e d  to  a narrow zone 
along t h e  l u n a r  equa to r ,  t h e  la ter  mis s ions  are planned such t h a t  they can  
have a c c e s s  t:o over  50% of t h e  v i s i b l e  f a c e  of  t h e  moon. I n  a d d i t i o n  to  
i n c r e a s i n g  thc? a c c e s s i b l e  a r e a ,  t h e  extended l u n a r  module w i l l  be capelble 
of l and ing  w i t h i n  one k i lome te r  of a predes igna ted  t a r g e t .  Study of  
candida te  sit:t!s f o r  post-Apollo mis s ions  cont inued a t  an inc reased  pace 
du r ing  t h e  p a s t  yea r  a b e t t e d  by the  photographs rece ived  from t h e  Lunar 
Orbi ters . ,  These photos were s tud ied  by s e v e r a l  teams of s c i e n t i s t s  w i th  t h e  
r e s u l t  t h a t  t:he 10 m o s t  h i g h l y  d e s i r a b l e  sites have been i d e n t i f i e d .  These 
si tes,  sc:atte!i:ed w i t h i n  t h e  accep tab le  landing  area, are under con t inu ing  
s tudy  i n  o r d e r  t:o b e t t e r  understand t h e i r  impact on f u t u r e  mis s ion  plalnning. 

I n  ana lyz ing  t h e  requi rements  f o r  t h e  pos t  -Apollo mis s ions  t h r e e  iuipor- 
t a n t  ex tens ions  to  t h e  p r o j e c t e d  Apollo s u r f a c e  mis s ion  c a p a b i l i t y  were 
i d e n t i f i e d  : 

1. Extens:j.on of  s t ay t ime  f o r  t h e  a s t r o n a u t s .  

2. I n c r e a s e  i n  e x p l o r a t i o n  r a d i u s  about  t h e  l and ing  si te,  

3. Iricreaise i n  landed payload f o r  mission suppor t .  

S t u d i e s  of w a y s  to  extend t h e  mis s ions  i n  t h e s e  areas were conducted du r ing  
the  p a s t  year arid p re l imina ry  d e s i g n s  f o r  t h e  r equ i r ed  m o d i f i c a t i o n s  t o  t h e  
Apollo l u n a r  niodule were under way. 
mis s ions  i n  1.971 and 1972 can be planned wi th  a s u r f a c e  s t ay t ime  f o r  2’ 
astronaut:s of 3 o r  more days du r ing  which t i m e  they  w i l l  be a b l e  t o  e i p l o r e  
w i t h i n  a 5 t o  10  k i lome te r  r a d i u s  of t h e  landing  p o i n t .  This  i nc reased  
capabi1it:y is :  brought about  by u t i l i z i n g  performance margins  which have been 
i d e n t i f i e d  i n  t h e  Apollo l u n a r  module and which we are conf iden t  w i l l  become 
ava i 1 able! 

With t h e s e  proposed m o d i f i c a t i o n s ,  

The increased. c a p a b i l i t y  of the  l u n a r  module i n c r e a s e s  t h e  s c i e n t i f i c  
e f f e c t i v e n e s s  o f  t h e  l u n a r  mis s ion  i n  t w o  important  ways. It a l lows  much 
g r e a t e r  se lec1: iv i ty  i n  t h e  choice  of s c i e n t i f i c a l l y  i n t e r e s t i n g  s i t e s  and 
second, i t  a l . 1 . 0 ~ ~  t h e  c a r r y i n g  of a m o b i l i t y  device  to  i n c r e a s e  t h e  
po ten t  ia l . ly  a c c e s s i b l e  area on an i n d i v i d u a l  mission.  
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The object.:ives of t he  t h r e e  day luna r  mission a r e  t o  develop our  a b i l i t y  
t o  conduct: i n v e s t i g a t i o n s  a t  high p r i o r i t y  s c i e n t i f i c  si tes and t o  prcrwide 
information i n  support  of f u t u r e  ope ra t iona l  requirements.  The s c i e n t i f i c  
payloads w i l l .  be used t o  c o l l e c t  d e t a i l e d  d a t a  at t he  landing s i te  and w i l l  
include cleploymmc!nt of packages s imilar  t o  the  Apollo Lunar Surface Experiment 
Package (ALSE:I?). These experiments w i l l  be d i r e c t e d  p r imar i ly  toward the  
establishment: 0% instrument networks on the luna r  su r face .  Sc ien t i f ic :  i n -  
vest igat i tons wil.1 c e n t e r  about t he  c o l l e c t i o n  of d a t a  a t  s p e c i f i c  f e a t u r e s  
se l ec t ed  from o r b i t a l  photography. Sampling, and the  r e t u r n  of samples t o  
e a r t h ,  will cont inue t o  be of the  h ighes t  p r i o r i t y .  

The increase  in landed payload and s t ay t ime  w i l l  s i g n i f i c a n t l y  inc rease  
the  sc i e r i t i f  I-(: r e t u r n  of t h e  miss ions  improving t h e  oppor tuni ty  f o r  ef’fec- 
t i v e  anallysis arid sampling over a g r e a t l y  expanded area on t h e  l u n a r  m r f a c e .  

SUMMARY OF RE!iOIJRCES REQUIREMENTS : 

1 316 9 --, 1967 1968 

Space vehic:lea. ................. $37,700,000 $86,000,000 $201 ,:!100,000 
Experiments. .................... 37,600,000 139,000,000 190,?100,000 

............... 4,700,000 28,200,000 48, (100,000 Mission suppoi:t.. - 
Total  ....................... $80,000,000 $253,200,000 $439,6100,000 -- 

Distr i1)ut ion of Program Amount by I n s t a l l a t i o n :  

1 96 9 --- 1967 1968 

John F. Kennedy Space Cen te r ,  
NASA. .  ...................... $400,000 

Manned Spacecraf t  Center . .  ..... 31,291,000 
Marshall  Space F l i g h t  Center . .  41,781,000 
Goddard Space F l i g h t  Center.  .. --- 
Jet l?ropuLs:ion Laboratory. .... ---  
Ames Kesearch Center .......... 36 5,000 
Elecitronfics Research Center. .  . --- 
Langley 1L:search Center .  ...... 1,345,000 
NASA Headquarters. ............ 4,818,000 

$2,000,000 
120,300,000 
119,200,000 

3,000,000 
800,000 

400,000 
1,000,000 
6,500,000 

--- 

$4, ;100,000 
197,!!00,000 
223, !loo, 000 

3,000,000 
1, II 00,000 

1,000,000 
1,000,000 
7 ,!i00,000 

- - -  

BASIS OF FUN]) RlZQUIREMENTS : 

Space Vehicles  

1!)69 -- 1967 1968 

Saturn I B  procurement.. ......... $21,900,000 $28,600,000 $35 ,i tOO,OOO 
Saturn U prlxurement ............ 1,300,000 2,400,000 61, :LOO, 000 
Spacec r a f t  inotiif i c a t i o n . .  ....... 14,500,000 55,000,000 -104,t~00,000 

T o t a l . .  ....................... $37,700,000 $86,000,000 $201,1100,000 -- 



Funding o E Space Vehicle  requirements  i n  suppor t  of  t h e  Apollo App:I.ica- 
t i o n s  program through f i s c a l  yea r  1969 i s  l i m i t e d  t o  t h e  procurement of  
Sa tu rn  I B  anti Sa tu rn  V launch v e h i c l e s  and t o  t h e  des ign ,  development 
product ion  ais3 i n s t a l l a t i o n  of Apollo s p a c e c r a f t  systems t h a t  require modi- 
f i c a t i o n s  t o  meet t h e  long d u r a t i o n  o b j e c t i v e s  e s t a b l i s h e d  f o r  Apollo 
App l i ca t ions  iniesions.  

To minimize expend i tu re s ,  d e l i v e r y  of  Sa tu rn  I B  launch v e h i c l e s  foli' use 
i n  the  Apollo App l i ca t ions  program h a s  been re-scheduled t o  two pe r  yoar  
beginning i n  ca lendar  yea r  1970. Funding of  the product ion  a c t i v i t i e : ;  t o  
support  t he  d e l i v e r y  requirements  began i n  f i s c a l  y e a r  1966 when fund:; were 
used t o  procure long leadt ime components f o r  t h e  H - 1  engines  used i n  1:he 
f i r s t  s t a g e  of  the Sa tu rn  I B .  Component f a b r i c a t i o n  was s t a r t e d  i n  fi .scal  
year  1967, and :by t h e  end of  f i s c a l  yea r  1968, v e h i c l e s  213 and 214 w . 1 1  be 
i n  manufacturing. 

Funding i n  f i s c a l  year  1969 provides  for t h e  con t inua t ion  o f  product ion 
of v e h i c l e s  213 and 214 and long l ead  t ime procurement on subsequent v e h i c l e s ,  
We w i l l  have t o  p l a c e  o r d e r s  la te  i n  1968 i n  o r d e r  t o  cont inue  p1oducr:ion 
beyond I B  K216. 

Product ion oE Sa tu rn  V launch v e h i c l e s  f o r  Apollo App l i ca t ions  i s  i l ls0 
scheduled a t  two p e r  year  w i th  t h e  f i r s t  d e l i v e r y  of a post-Apollo vel i ic le  
planned f o r  L97L. Funding i n  f i s c a l  yea r  1967 and f i s c a l  yea r  1968 i!; 
r e l a t e d  t o  long lead  procurement f o r  engines .  The ve ry  low ra te  of  fiinding 
i n  t h e s e  yea r s  is d i r e c t l y  r e l a t e d  t o  the  s t r e t c h  o u t  of Apollo produc:tion 
which has  deEerred any s u b s t a n t i a l  funding o f  follow-on Sa tu rn  V's unll:il 
f i s c a l  year  196'3. Although t h e r e  i s  a sharp  i n c r e a s e  i n  AAP fundLing lIor 
Sa tu rn  V procurement i n  FY 69 ,  t h i s  i s  o f f s e t  by a r educ t ion  i n  Apollo 
Sa tu rn  V funding and t h e  t o t a l  shows a s t eady  downward t r end .  

FY 1969 funds provide f o r  i n i t i a l  p roduct ion  e f f o r t s  on a l l  t h r e e  s t a g e s  
o f  launc'h velhicle 516 and on the  S - I 1  s t a g e  of v e h i c l e  517. 

The 1 ong -dur.st ion c h a r a c t e r i s t i c  s of  t h e  Apoll  o Appl i c a t  i o n s  n i i  ss i t  )ns 
r e q u i r e  t h a t  spaacecraf t  systems be modif ied t o  suppor t  t hese  ex tens io i i s  i n  
f l i g h t  t i m e .  Tihe Apollo s p a c e c r a f t  h a s  been designed and produced t o  p ro -  
v ide  a 1 4  day o p e r a t i o n a l  c a p a b i l i t y  and must be modif ied t o  acccmnod,Ite t h e  
56 day missi 'ons t h a t  are inco rpora t ed  i n  the  Apollo App l i ca t ions  program. 
The c a p a b i l i t y  !of t h e  l u n a r  module w i l l  be extended t o  permit  a t h r e e  day 
s t a y  time on t h e  l u n a r  s u r f a c e .  

Major mod i f i ca t ions  t o  t h e  command and s e r v i c e  module inc lude  incrc!asing 
t h e  c a p a c i t y  of t h e  r e a c t i o n  c o n t r o l  system t o  support  f l i g h t  maneuvering 
du r ing  long d u r a t i o n  miss ions .  The l i f e  time and r e l i a b i l i t y  of t h e  liuel 
c e l l s  w i l l  be improved t o  assure performance f o r  56 days.  Cryogenic ,tankage 
w i l l  be increased  t o  provide t h e  a d d i t i o n a l  hydrogen and oxygen f o r  powering 



t h e  f u e l  cell.:; and l i f e  suppor t  du r ing  extended d u r a t i o n  f l i g h t s .  The 
comnunicatioILs and e l e c t r i c a l  systems w i l l  a l s o  be modif ied t o  acconnnctdate 
an i n c r e a s e  i i i  vo i ce  and d a t a  record ing  u n i t s  and t o  provide power r e@,u la -  
t i o n ,  current: t r a n s f e r ,  and i n t e r f a c e  c o n t r o l s  between t h e  command module 
and t h e  space v e h i c l e  coupled t o  i t .  Disp lay  and c o n t r o l  systems f o r  t h e  
crew must be changed t o  r e f l e c t  t h e  increased  c a p a c i t y  and performance of 
t h e  s p a c e c r a f t .  The command and s e r v i c e  modules used f o r  Apollo Appl ica t ions  
mis s ions  w i l l .  provide an  oxygen/ni t rogen atmosphere as t h e  environment t o  
avoid the  p o s s i b l e  d e l e t e r i o u s  e f f e c t s  of a pure oxygen atmosphere dux ing  
long-term s p e c e f l i g h t .  This change r e q u i r e s  mod i f i ca t ion  of t h e  envixon- 
mental  c o n t r o l  u n i t  and t h e  a s s o c i a t e d  plumbing, h e a t i n g  u n i t s  and tankage. 
A waste Iiqu:itl r e t e n t i o n  system w i l l  a l s o  be i n s t a l l e d  so t h a t  t h e  diaicharge 
of  unneeded 1-iqiiids can  be made a t  c o n t r o l l e d  times so a s  not  t o  i n t e x f e r e  
wi th  expt: rimtmt a c t  i v  it ie  s . 

Changes w:i:L1 be made t o  t h e  sof tware  elements  of t he  guidance and naviga-  
t i o n  system t o  accomnodate the  workshop and A2M miss ions  requirements .  

Major defiiii1:ion ana lyses  of t he  mod i f i ca t ions  t o  t h e  s p a c e c r a f t  were 
Design and development o f  t h e  major mod i f i ca t ion  undertaken i n  FI! 1967. 

k i t s  w i l l  begin i n  FY 1968 wi th  component and material t e s t i n g  of  p ro to types  
of  t h e  modif ied subsystems commencing du r ing  t h i s  year .  Procurement of  t h e  
p r o p e l l a n t  arid cryogenic  tankage has  been i n i t i a t e d .  

Funding during FY 1969 provides  p r i m a r i l y  f o r  t h e  d e t a i l e d  eng inee r ing ,  
f a b r i c a t i o n ,  checkout ,  and t e s t  of t h e  modified subsystems p r i o r  t o  t h e i r  
i n s t a l l a t i o n  :in Block I1 command and s e r v i c e  modules. It i s  planned t h a t  
a l l  manufactui:ing of t he  modifi .cation k i t s  f o r  t h e  f i r s t  command arid s e r v i c e  
module w i l l  be c:ompleted dur ing  FY 1969. The mod i f i ca t ion  k i t s  inclucle 
those f o r  t he  environmental  c o n t r o l  systems, e l e c t r i c a l  systems, e l - e c t r o n i c . ~ ,  
f l u i d  sys tems,  c:rew sys t ems ,  r e a c t i o n  c o n t r o l  sys t ems ,  communicatic)n systems 
and the  s e r v i c e  propuls ion  syst .em. S t a r t  of i n s t a l l a t i o n  of t h e  m d i f  icat i .ons 
i n  spacecraf t :  w i l l  be de fe r r ed  t o  as la te  a t i m e  as f e a s i b l e  and will not  
begin u n t i l  ear1.y i n  ca l enda r  year  1969. 

The Apollo App l i ca t ions  program w i l l  inc lude  extended d u r a t i o n  miss ions  on 
t h e  luna r  sur:!ac:e g r e a t e r  than  t h e  one day s t a y  t i m e s  of t h e  Apollo program. 

Feasibi1it::y s t u d i e s  d i r e c t e d  toward modifying t h e  luna r  module to opera t e  
f o r  a s t a y  time of t h r e e  days were performed dur ing  FY 1967, wi th  p re l imi -  
nary  des ign  c):: t h e  modified s p a c e c r a f t  being conducted dur ing  FY 1968, 

FY 1969 funding provides  f o r  t he  p r e p a r a t i o n  of v e h i c l e  and test:  specif i . -  
c a t i o n s  and the  i n i t i a l  procurement of long l ead  hardware. Tes t  programs 
f o r  t h e  iiddi1::ional cryogenic  tankage and the  s o l a r  c e l l  a r r a y  f o r  e l e c t r i c a l  
power w i l t 1  be s t a r t e d .  
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Experiments 

1969 ---. 1967 1968 

B 

D e f i n i t i o n . .  ..................... $10,974,000 $21,000,000 $25,000,000 
Development ...................... 26,626,000 118,000,000 -165,300,000 

To ta l . .  ........................ $37,600,000 $139,000,000 &190,300,000 
-PI 

Apollo App1.ications experiments  cover  a wide range o f  o b j e c t i v e s  i n  t he  
f i e l d s  of space medicine,  s c i ence ,  a p p l i c a t i o n s ,  technology,  and engineer ing .  
The def i r i i t ior i  and development of experiment payloads t o  meet t h e s e  ob j e c -  
t i v e s  w i l l  inc lude  a c t i v i t y  by elements  o f  NASA, o t h e r  government agencies  
and the  scien1:if ' ic and i n d u s t r i a l  communities. 

D e f i n i t i o n  

Unlike prec:ec!ing manned space f l i g h t  p r o j e c t s ,  i n  which t h e  success fu l  
demonstrat ion of t h e  b a s i c  sys t ems  c a p a b i l i t y  was t h e  p r i n c i p a l  o b j e c t i v e ,  
Apollo Applicxitions must achieve i t s  o b j e c t i v e s  p r i m a r i l y  through the  j u d i -  
c i o u s  sef-ect ion and c a r e f u l l y  planned accomplishment of  s p e c i f i c  experiments.  
Therefore ,  t he  e a r l y  and accu ra t e  d e f i n i t i o n  of t h e  experiments  and e x p e r i -  
mental  systeni:; i n  t h i s  program i s  a b s o l u t e l y  v i t a l  t o  even tua l  misi;ion\ 
success  and t h e  achievement of  program o b j e c t i v e s .  

Before an  experiment can  be comnitted t o  an on-going f l i g h t  progran i t  
m u s t  be deteixniried t o  be f e a s i b l e  f o r  mis s ions  i n  t h e  program and be Elssessed 
i n  terms of i.t:s s p e c i f i c  c o n t r i b u t i o n  t o  t h e  program o b j e c t i v e s .  I n  a d d i -  
t i o n ,  i t  m u s t  be wel l -def ined  i n  terms of  requirements  f o r  funding,,  schedule ,  
power, ttmper,atiire, volume, and o t h e r  miss ion  c o n s t r a i n t s .  Formal approval  
f o r  i n c l u s i o n  i n  a f l i g h t  program is g iven  by t h e  Manned Space F l i g h t  Exper i -  
ments Board which bases  i t s  d e c i s i o n s  on the  f a c t s  developed i n  the  deif ini t ior i  
p rocess .  The program manager must be assured  not  o n l y  t h a t  t h e  experiment i s  
s u i t a b l e  but  t ha t  i t  can  be smoothly incorpora ted  i n  t h e  program arid managed 
e f f e c t  i v e l  y . 

I n  FY 196!) t h e  funds reques ted  f o r  experiment d e f i n i t i o n  w i l l  be w e d  
p r i n c i p a l l y  t o  c l a r i f y  and d e f i n e  candida te  experiments  f o r  t h e  Saturrl  V 
launched i n i t i a l  space s t a t i o n  and t o  determine what experiments  and tiquip - 
ment can  provide t h e  most e f f e c t i v e  post-Apollo e x p l o r a t i o n  of t h e  moon. 
Lead t i m e s  alee :such t h a t  t h i s  d e f i n i t i o n  work must begin  now along wi th  t h e  
p re l imina ry  des ign  s t u d i e s .  

A major p o r t i o n  of t h e  1969 d e f i n i t i o n  funds w i l l  be r equ i r ed  t o  t r a n s l a t e  
t h e  experiment p o r t i o n  of p o t e n t i a l  payload c a p a b i l i t y  of  t h e  i n i t i a l  space 
s t a t i o n  i n t o  s p e c i f i c  experiments  which u t i l i z e  man's c a p a b i l i t y  t o  ptirform 
e f f e c t i v e l y  i n  space f o r  an extended pe r iod  of  time. 
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A cont inuf~ng program of  experiment d e f i n i t i o n  w i l l  be r equ i r ed  i n  Il'Y 1969 
i n  o rde r  t o  :;upport t h e  g o a l s  i d e n t i f i e d  f o r  l u n a r  e x p l o r a t i o n .  To dc) t h i s ,  
d e f i n i t i o n  funds; a r e  r equ i r ed  i n  1969 which w i l l  enable  u s  t o  s e l e c t  m o b i l i t y  
d e v i c e s  f o r  t h e  l u n a r  s u r f a c e .  I n  a d d i t i o n ,  experiment d e f i n i t i o n  w i l l  con- 
t i n u e  i n  suppor t  of t h e  s c i e n t i f i c  d i s c i p l i n e s  which are requ i r ed  t o  c a r r y  
o u t  an effecl:  ive program of s c i e n t i f i c  e x p l o r a t i o n .  D e f i n i t i o n  s t u d i e s  w i l l  
a l s o  be conducted which w i l l  l e a d  t o  t h e  grouping of r e l a t e d  experiments  
i n t o  mutua l ly  suppor t ing  experiment packages both f o r  l u n a r  s u r f a c e  artd 
l u n a r  o rb i t a l ,  i n v e s t i g a t i o n s .  

Development 

The m c ~ a s u ~ x  of  success  i n  t h e  Apollo App l i ca t ions  Program w i l l  be t h e  
degree t o  which t h e  planned experiments  meet t h e  o v e r a l l  o b j e c t i v e s  01' 
i n v e s t i g a t i n g ,  demonst ra t ing ,  and u t i l i z i n g  man's e f f e c t i v e n e s s  i n  space ,  
ex tending  h i s  u s e f u l  s t ay t ime ,  and c o n t r i b u t i n g  t o  t h e  b a s i c  s t o r e  o f  human 
knowledge. IEach of t h e  experiments  c u r r e n t l y  included i n  t h e  program w i l l  
c o n t r i b u t e  sti1xsl:antially t o  one o r  more of t h e s e  o b j e c t i v e s .  

Development of  t h e  o r b i t a l  workshop has  been s t a r t e d .  The b a s i c  pxece of 
hardware invo'lved i n  t h i s  system i s  an S-IVB s t a g e  modif ied to  be s u i l . a b l e  
f o r  human h a b i t a t i o n .  Included i n  t h i s  payload s e c t i o n  w i l l  be: 1 )  im 
a i r l o c k  which w i l l  permi t  crew t r a n s f e r  from t h e  conmand and s e r v i c e  module 
t o  t h e  workshop wi thout  e x t r a - v e h i c u l a r  a c t i v i t y ;  2) a m u l t i p l e  docking 
a d a p t e r  which w:L11 permit more than  one space v e h i c l e  t o  rendezvous arid dock 
wi th  t h e  Workshop s imul taneous ly ;  and 3) systems which w i l l  make t h e  workshop 
a h a b i t a b l e  mid e f f e c t i v e  space v e h i c l e  f o r  a long  pe r iod  of time. 

The concept of t h e  o r b i t a l  workshop is  p a r t i c u l a r l y  promising f o r  I ong 
d u r a t i o n  f1il:hta i n  e a r t h  o r b i t .  
ex t ens ion  of th:Ls c a p a b i l i t y  by beginning work on t h e  S a t u r n  V launched 
i n i t i a l  space s t a t i o n ,  which w i l l  p rovide  a much g r e a t e r  c a p a b i l i t y  than  t h e  
p r e s e n t  geneiration workshop. 
shop i n t o  o r b i t  w i th  a 1st and 2nd s t a g e  S a t u r n  V v e h i c l e  and providef:  a 
p o t e n t i a l  payload i n c r e a s e  of 200,000 lbs. The i n t e r n a l  systems,  experiments  
and equipment composing t h i s  payload w i l l  be i n s t a l l e d  and ready f o r  iise 
p r i o r  t o  1auni:h. 

I n  1969 w e  p l an  t o  i n i t i a t e  a s u b s t m t i a l  

Th i s  concept  p rov ides  f o r  i n s e r t i n g  t h e  work- 

The o t h e r  major  p i ece  of experiment hardware i n i t i a t e d  i n  p r i o r  y e a r s  i s  
t h e  Apollo Telescope Mount (A1M). Whereas t h e  b a s i c  purpose of  t h e  S a t u r n  I B  
Workshop i s  t o  provide a s u i t a b l e  p l a t fo rm f o r  a l a r g e  number of m u l t i  - 
d i s c i p l i n a r y  experiments  i nc lud ing  t h e  s tudy  of man's e f f e c t i v e n e s s  i n  space,  
t h e  A B 4  .is devoted e n t i r e l y  to  astronomy. 
on t h e  s c i e n t i f i c  s tudy  of t h e  sun. 
c y c l e  ob:servablt: t h e r e ,  and t h e  n a t u r e  and p a t t e r n  of t h e  s o l a r  f l a r e  a c t i v -  
i t y  e r u p t i n g  Erom t h e  sun hold t h e  key t o  unders tanding  t h e  b a s i c  f o r c e s  
and elements  which c o n t r o l  t h e  s o l a r  system. The o r b i t i n g  s o l a r  obsei 'vatory 

The focus  of t h e  p r o j e c t  w i l l  be 
The s u r f a c e  of t h e  sun, t h e  sun- rpot  
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(OSO) unmanned s p a c e c r a f t  provided t h e  f i r s t  oppor tun i ty  t o  s tudy  t h e  sun 
wi thout  hindr.mc:e from t h e  e a r t h ' s  atmosphere. 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  q u a l i t y  and dep th  of  o u r  knowledge of t h e  sun 
by provid ing  I.) g r e a t e r  p o i n t i n g  accuracy than  was p o s s i b l e  wi th  t h e  
smaller OSO, i!) t h e  c a p a b i l i t y  of f i l m  r e t u r n  which can provide b e t t e r  
q u a l i t y  pictui:es than  were p rev ious ly  p o s s i b l e ,  and 3) m o s t  impor t an t ly ,  
t h e  selec:tive! d i s c r i m i n a t i o n  c a p a b i l i t i e s  of a man can  be used t o  concen- 
t r a t e  on phentnnena of  t h e  g r e a t e s t  s c i e n t i f i c  i n t e r e s t .  

The AZM w i l l  p rovide  21 

The b a s i c  Ptzlvl system w i l l  be de r ived  from t h e  l u n a r  module being developed 
f o r  Apo1l.o. The ascen t  s t a g e  of t h e  l u n a r  module w i l l  be modif ied and, will .  
s e rve  as a ccammnd pos t  f o r  two a s t r o n a u t s  conduct ing t h e  experiments .  The 
descen t  s t a g e  i s :  rep laced  by a s t r u c t u r a l  r ack  wi th  a s s o c i a t e d  power alnd 
p o i n t i n g  equipment which c o n t a i n s  t h e  v a r i o u s  experiments  t o  be flown. 

Major c o n t r a c t o r  development e f f o r t  is  c u r r e n t l y  i n  p rocess  on the systems 
and components r equ i r ed  f o r  most of t h e  major experiments  desc r ibed  aklove. 
The basic: pieces, of hardware r equ i r ed  f o r  t h e  workshop a r e  w e l l  i n t o  t h e i r  
development phase a t  p r e s e n t .  The m o d i f i c a t i o n  of t he  b a s i c  S-IVB, which 
w i l l  conver t  t:he spent  s t a g e  i n t o  t h e  workshop, i s  being done by the  
McDonnell-Douglas Corpora t ion ,  Huntington Beach, C a l i f o r n i a .  An fex tens ive  
t e s t i n g  program u t i l i z i n g  b o i l e r p l a t e s  and s p e c i a l  t e s t  hardware is c u r r e n t l y  
i n  process  and w i l l  cont inue  through FY 1969. 

The a i r l o c k  module is  c u r r e n t l y  under development by t h e  McDonnell -Douglas 
Corpora t ion  i n  S t .  Louis ,  Mo. A t e s t  a r t i c l e  i s  being f a b r i c a t e d  and a t e s t  
program cit i l izinig t h i s  a r t i c l e  will begin i n  1968 and extend throlugh 1969. 
I n i t i a l  f a b r i c : a t i o n  h a s  begun on the  f i r s t  f l i g h t  a r t i c l e ,  which 1wi .11  be 
ready fox d e l i v e r y  t o  Cape Kennedy i n  l a t e  1969. 

The m u l t i p l e  docking a d a p t e r  is being developed and f a b r i c a t e d  in-house 
by NASA a t  t h e  M.arshal1 Space F l i g h t  Center ,  H u n t s v i l l e ,  Alabama. Design of 
t h i s  un i t  has been i n  process  f o r  a year .  An eng inee r ing  mock-up has  been 
b u i l t  and the  f a b r i c a t i o n  of a s t r u c t u r a l  t e s t  u n i t  is  c u r r e n t l y  i n  process .  
S t r u c t u r a l  and v i b r a t i o n  t e s t i n g  of t h i s  u n i t  is scheduled t o  begin  before  
t h e  end of  FY 1968 and ex tend  i n t o  FY 1969. Manufacture of  t h e  i n i t i a l  
f l i g h t  u n i t  w i l l  begin i n  1969 and w i l l  be completed e a r l y  i n  FY 1970. 

Work i s  a l s o  i n  p rocess  on the  AIM a t  t h e  Marshal l  Space F l i g h t  Center ,  
w i th  major s u t m y s t e m  development having been underway f o r  a year .  
t i o n  and assenibly of a complete mock-up w a s  i n i t i a l l y  completed i n  e a r l y  
1967 and t h e  a r t i c l e  w a s  r e c e n t l y  updated t o  inco rpora t e  r e s u l t s  of t h e  
cont inuing  des ign  work. A n e u t r a l  buoyancy test a r t i c l e  has  been b u i l t  and 
w i l l  be t e s t ed  s h o r t l y .  F a b r i c a t i o n  of a s t r u c t u r a l  t e s t  u n i t  i s  c u r r e n t l y  
i n  process  wi th  t e s t i n g  scheduled t o  begin be fo re  t h e  end of FY 1'368. Five 
s p e c i f i c  experiments  comprised of 13 major  ins t ruments  have been s e l e c t e d  
f o r  t he  A R I  arLd a r e  c u r r e n t l y  i n  t h e  p rocess  of  f a b r i c a t i o n .  These inc lude  

Fabr i ca -  
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a White Light Coronagraph, being developed by t h e  High A l t i t u d e  Observatory,  
Boulder,  Colo'rado; an U l t r a / V i o l e t  Spectro-Hel iograph being deve:loped by the  
Naval Research Laboratory,  Washington, D. C. ; an X-ray spec t rog raph ic  t e l e -  
scope being developed by American Science and Engineer ing Company, Cainbridge, 
Mass; an  X-ra.y t e l e scope  being developed a t  t h e  Goddard Space F l i g h t  
Center  i n  Greenbel t ,  Maryland ; and an  U l t r a v i o l e t  Scanning Spectjcometisr 
being developed by t h e  Harvard Col lege  Observatory,  Cambridge, Mass. 

Mission Support  

1'369 --, 1967 1968 

Payload i n t e g r a t i o n  .............. $3,900,000 $21,000,000 $31,1300,000 
Operat ions ....................... 800,000 7,200,000 17, !300,000 

T o t a l . .  ........................ $4,700,000 $28,200,000 $48 000,000 ----L: 

Payload I n t e g r a t i o n  inc ludes  mission payload a n a l y s i s  and syst:ems ci?ngineer- 
ing ,  des ign ,  development, f a b r i c a t i o n ,  t e s t ,  and program management siipport 
f o r  t he  i n t e g r a t i o n  of experiment and resupply  payloads i n t o  Apol.10 Applica- 
t i o n s  space veh ic l e s .  I t  provides  requirements ,  p l ans  and program d a t a  f o r  
the  i n t e g r a t i o n  of payloads;  performance and i n t e r f a c e  s p e c i f i c a t i o n s  ; des ign ,  
t e s t ,  and checkout p lans  and procedures;  and ground and in - f l i gh t :  support  
equipment. Overa l l  program coord ina t ion ,  engineer ing  a n a l y s i s  arid des ign  of 
t he  i n t e g r a t i o n  of s p a c e c r a f t  and payloads i n t o  a coordinated space svstem 
q u a l i f i e d  f o r  f l i g h t  i s  provided. F i s c a l  yea r  1967 e f f o r t s  were conci?rned 
wi th  pre l iminary  d e f i n i t i o n  of  t h e  payload i n t e g r a t i o n  requirements .  F i s c a l  
year  1968 funds support  f i n a l  d e f i n i t i o n  and t h e  implementation of des ign  
and development e f f o r t s .  F i s c a l  yea r  1969 funding w i l l  support  contiiiued 
e f f o r t s  i n  such a r e a s  a s  experiment grouping, payload c a r r i e r  des ign  Ilevelop- 
men t and i n t e g r a t i o n ,  experiment support  requirements ,  and f ea  s i b i l i t r ,  
compatabi l i ty  and systems i n t e r f a c e  ana lyses  f o r  a l l  near  term Apollo Applica- 
t i o n s  Missions.  The Mart in  Company, Denver, Colorado i s  t h e  prime co : i t r ac to r  
f o r  payload i n t e g r a t i o n .  

Operat ions inc lude  e f f o r t s  a t  t h e  Kennedy Space Center  and t h e  Manned 
Spacec ra f t  Center  t h a t  a r e  d i r e c t l y  concerned wi th  pre- launch,  launch,,  f l i g h t ,  
c r e w  and recovery a c t i v i t y .  I n  f i s c a l  year  1967 o p e r a t i o n s  e f f o r t s  w i t r e  
r e l a t e d  t o  accomplishing d e f i n i t i o n  of  Apollo App l i ca t ions  requi rements  
p e c u l i a r  to  pre- launch ,  launch,  mission planning and mission con t ro l .  F i s c a l  
year  1968 Eunding i s  suppor t ing  a c t i v i t i e s  a s s o c i a t e d  wi th  crew t . ra in  Lng, 
f l i g h t  ope ra t ions ,  mission ana Lysis,  l anding  and recovery,  launch opei-at ions 
and launch support .  

F i s c a l  year  1969 funds a r e  r equ i r ed  f o r  con t inua t ion  of c u r r e n t  yeilr 
e f f o r t s ,  procurement and/or  mod i f i ca t ion  of  f l i g h t  s imula to r s  and a s s o c i a t e d  
maintenance and ope ra t ion  and f l i g h t  c r e w  t r a i n i n g  and r e l a t e d  equipmmt 
procurements i n  p repa ra t ion  f o r  Apollo App l i ca t ions  f l i g h t s  scheduled i n  
e a r l y  1970. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISS IONS PI*:OGRAM 

PROGRAM OBJEN'I'JES AND JUSTIFICATION : 

The o b j e c t i v e  of t h e  Advanced Missions program i s  t o  examine advanc.ed 
manned space f l i g h t  miss ion  concepts  i n  suppor t  o f  t ime ly  d e c i s i o n s  wi.th 
r ega rd  t o  f u t m ?  programs. Included are:  l o g i c a l  e x t e n s i o n s  of  t h e  NASA 
space program through a n a l y s i s  of  p re sen t  hardware systems f o r  growth 
p o t e n t i a l  ; deve Lopment o f  requi rements  f o r  f u t u r e  systems;  guidance fcir 
r e sea rch  and technology a c t i v i t i e s  ; p r o v i s i o n  of  t e c h n i c a l  informatioxi 
and c o s t  da ta l  upon which f u t u r e  program d e c i s i o n s  can be based;  and 
i n i t i a t i o n  oE t he  d e f i n i t i o n ,  p re l imina ry  des ign  and s p e c i f i c a t i o n  of 
probable  f u t u r e  miss ions .  

SUMMARY OF RESOIJRCES REQUIREMENTS : 

$5, OO(,l, 000 --- Advanced miss ions s t u d i e s . .  ........ ~ 6 , 2 0 0 , 0 0 0  

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n  : 

John F. IZ12niiedy Space Cen te r ,  --- NASA. .......................... $500,000 --- Manned Spacec ra f t  Center . .  ....... 2,800,000 
Marshal l  Space F l i g h t  Center . .  ... 1,600,000 

1,300,000 
--- 

NASA He ad'qu ar t e r s ................ --- 
$50(1,000 

2 ,000,000 
2,00(1,000 

50( 1 ,000 

BASIS OF FUN;D REQUIREMENTS: 

Advanced Missions S t u d i e s  

Advanced s1xd:ies.. ................. $6,200,000 --- $5,000,000 

Advanced s t u d i e s  have i n  p a s t  yea r s  encompassed a w i d e  spectrum of  missions 
and r e l a t e d  hardware. They were grouped i n t o  t h e  c a t e g o r i e s  of  Ea r th  O r b i t a l  
S t u d i e s ,  P l a n e t a r y  Mission S t u d i e s ,  and F l i g h t  Vehicle  S tud ie s .  The zidvanced 
miss ions  program of f ice  i n  t he  O f f i c e  of  Manned Space F l i g h t  w a s  orgariized 
a long  l i n e s  that: r e f l e c t e d  t h i s  c a t e g o r i z a t i o n .  Recent ly ,  however, tlie 
Advanced Manned Missions program o f f i c e  w a s  r e a l i g n e d  t o  concen t r a t e  cm t h e  
immediate t a s k  of  t h e  manned e a r t h  o r b i t a l  space f l i g h t  program both  I d t h  
r e s p e c t  t o  d i r e c t  suppor t  of  t he  l a t e r  phases  of  t h e  Apollo App l i ca t ions  
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program and t o  the long term i m p l i c a t i o n s  of t h e s e  plans.  As a result :  of 
manned space f l i g h t  experience t o  d a t e  and of a series of s t u d i e s  conciucted 
over t he  p a s t  s e v e r a l  y e a r s ,  t h e r e  has  developed a s t r o n g  c o n v i c t i o n  iimong 
space p l anne r s  t h a t  a space s t a t i o n  i s  l o g i c a l ,  p r a c t i c a l ,  and necessiiry i n  
t he  development and use of our n a t i o n a l  c a p a b i l i t y  f o r  manned space f ! i g h t .  
Such a s t a t i o n ,  w i th  i t s  suppor t ing  equipment and expendables,  could 1)e 
launched w i t h  a Sa tu rn  V, It would make u s e  of equipment and experieiice 
developed f o r  Apollo,  t he  o r b i t a l  workshop and o t h e r  p r o j e c t s  such as  MOL, 
tcj the e x t e n t  p r a c t i c a l .  Once i n  o r b i t ,  i t  would se rve  a s  a semi-penianent 
base of ope ra t ion  f o r  a s t ronomica l  and o t h e r  s c i e n t i f i c  o b s e r v a t i o n s ,  e a r t h  
r e sources  s t u d i e s ,  biomedical r e s e a r c h ,  t e c h n o l o g i c a l  developments, aiid f o r  
o p e r a t i o n a l  r e sea rch  and development t o  f u r t h e r  enhance our n a t i o n a l  
c a p a b i l i t y  f o r  inanned space f l i g h t .  By u t i l i z i n g  a modular approach, w i th  
a c a p a b i l i t y  t o  ope ra t e  i n  con junc t ion  wi th  automated b u t  man tended space-  
c r a f t  i n  t h e  near  v i c i n i t y ,  g r e a t  o p e r a t i o n a l  f l e x i b i l i t y  can be achic!ved. 
This  f l e x i b i l i t y  should make the  space s t a t i o n  system capable  of meeti.ng a 
wide v a r i e t y  of n a t i o n a l  needs. 

A f u r t h e r  a spec t  of t h e  f l e x i b i l i t y  envisaged f o r  t he  system, i s  tliat i t s  
occupancy and use could be v a r i e d  from f u l l  c r e w / f u l l  t i m e  to a part time o r  
standby o p e r a t i o n ,  depending on requirements  of u s e r s ,  funding a v a i  1al)i l i t y  , 
o r  o t h e r  f a c t o r s .  The space s t a t i o n  would c o n s t i t u t e  a con t inu ing  
c a p a b i l i t y ,  i n  being, i n  o r b i t  t o  s e rve  n a t i o n a l  needs i n  accordance i r i t h  
f u t u r e  d e c i s i o n s  on s p e c i f i c  o b j e c t i v e s  and on r e sources  t o  be aI.locai':ed. 

Space S t a t i o n  S t u d i e s  

Most of t h e  funds r eques t ed  f o r  FY 1969 w i l l  be expended on e f f o r t ;  t o  
provide l o g i c a l  long term d i r e c t i o n  f o r  manned e a r t h  o r b i t a l  o p e r a t i o n s .  
Lead times a r e  such t h a t  t h i s  work cannot be d e f e r r e d  i f  we a r e  t:o maintain 
a n a t i o n a l  c a p a b i l i t y  f o r  a con t inu ing  manned space f l i g h t  program i n  e a r t h  
o r b i t .  The p re l imina ry  design and d e f i n i t i o n  e f f o r t  w i l l  b u i l d  on pr l?vious 
work and w i l l  i nc lude  a l l  a s p e c t s  of space s t a t i o n  missions and con- 
f i g u r a t i o n s ,  i nc lud ing  the  r e l a t e d  l o g i s t i c s  t r a n s p o r t a t i o n  system. 

I n  t e r me  d i a t  e V e  h i c  1 e s 

A p o r t i o n  of t he  space s t a t i o n  s tudy  funds w i l l  be a l l o c a t e d  t:o delrerminin,!; 
the  need f o r  a launch v e h i c l e  t o  c a r r y  ou t  l o g i s t i c  support  of t h e  sp,ace 
s t a t i o n .  The de te rmina t ion  of need f o r  a l o g i s t i c  support  v e h i c l e  i s  p a r t  
of a l a r g e r  p i c t u r e ,  however, s i n c e  o t h e r  programs and agencies  may a l s o  have 
requirements  f o r  a v e h i c l e  capable  of d r a s t i c a l l y  reducing the  c o s t  o f  
t r a n s p o r t a t i o n  t o  o r b i t .  I n  p a r t i c u l a r ,  NASA w i l l  j o i n  wi th  DOD i n  elraluatin;: 
p o s s i b l e  f u t u r e  space f l i g h t  s y s t e m s  and the  e x t e n t  t o  which f u t u r e  r t?quire-  
ments can b e s t  be met with NASA hardware, DOD hardware, o r  j o i n t l y  deleloped 
s y s  tems. 

Other Advanced S t u d i e s  

I n  a d d i t i o n ,  i t  i s  planned i n  FY 1969 t o  cont inue some advanced s t i id ies  of 
o t h e r  missions and v e h i c l e s ,  p a r t i c u l a r l y  those a p p l i c a b l e  t o  luna r  e.icploratii:m. 
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NATIONAL AERONAUT1 C S AND SPACE ADMINISTRATION 

FISCAL ITAR 1969 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

F i s c a l  Year F i s c a l  Year 
Pro:= 1967 1968 - 

Physics  and astronomy.. ..... S129,800,000 $142,950,000 

Lunar and p l ane  ta ry  
exp lo ra t ion . .  ............. 184,150,000 141,500,000 

Launch v’liic 12 development.. 31,200,000 --- 
Launch v 2 h i c l e  procurement.. 117,650,000 127,100,000 

Bioscience. .  ................ 42 , 00,: , 000 41,8GG,000 

Space a p p l i c s t i l m s . .  ........ 71,300,000 99,500,000 

T o t a l . . .  ............... $576,160,000 $552,850,000 

$141. 9G(1,000 

128 , 300 ,COO 

4 8  , 500 ,GOO 

- 11 2 200 , 000 
$538,260 ,LOO 
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RESEARCH AND DEVELOPMENT 

FISCN, YEAR 1969 ESTIMATES 

PHYSICS AND ASTRONOMY PROGRAM - OFFICE OF' SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECT I VE S AND JUST I F  I C  AT ION: 
--I 

The Physic:; a.nd Astronomy program i s  d i r e c t e d  toward t h e  i n c r e a s e  of our 
knowledge of the  e a r t h ,  sun,  t h e  i n t e r p l a n e t a r y  medium, and t h e  na tu re  of t h e  
un ive r se .  The program i s  a coord ina ted  e f f o r t  f o r  n a t i o n a l  p a r t i c i p a t i o n  i n  
r e s e a r c h  which jnvolves:  t h e  space environment of t h e  e a r t h ,  t h e  sun ,  and 
t h e  s o l a r  re1 a t i  onship t o  t h e  e a r t h ' s  environment and t o  i n t e r p l a n e t a r y  
space ,  interp1.anetary d u s t ,  meteors, comets, s tars,  nebulae ,  g a l a x i e s ,  i n t e r -  
s te l la r  and i n t e r g a l a c t i c  phenomena , and t h e  b a s i c  n a t u r e  of t h e  universe .  
The program uses  a v a r i e t y  of t o o l s  i nc lud ing  automated o b s e r v a t o r i e s ,  manned 
s p a c e c r a f t  , i n t e r p l a n e t a r y  s p a c e c r a f t  , e x p l o r e r s  , sounding r o c k e t s ,  ba l loons  , 
a i r c r a f t ,  grouncl-based o b s e r v a t o r i e s ,  and l a b o r a t o r y  and t h e o r e t i c a l  r e sea rch .  
Each tool. i s  s e l e c t e d  f o r  a s p e c i f i c  a p p l i c a t i o n  because of a unique capab i l -  
i t y  o r  because i t  i s  the  most e f f i c i e n t  way to  do t h e  r e sea rch .  

Many of t h e  s t u d i e s  c o n t r i b u t e  t o  t h e  over-all o b j e c t i v e  of t he  program as 
w e l l  as provide  knowledge f o r  a s p e c i f i c  area. 
a p p l i c a t l o n s  have been made of t h e  knowledge gained , t h e  primary o b j e c t i v e  
cont inues  t o  be one of b a s i c  r e s e a r c h  ded ica t ed  t o  the  expansion of knowl- 
edge. Therefore ,  cons ide rab le  e f f o r t  has been expended to i n s u r e  tha t  t h e  
knowledge gained is  made a v a i l a b l e  and t h a t  t h e  program i s  i n t e g r a t e d  wi th  
t h e  programs of educa t iona l  and s c i e n t i f i c  i n s t i t u t i o n s .  

Although many p r a c t i c a l  

SUMMARY OF RElSOLJRCES REQUIREMENTS: --- 

Supporting r e sea rch  and 
technolog:y/Advanced s t u d i e s  

Solar obse rva to r i e s . .  ........ 
Astronomica'L o b s e r v a t o r i e s .  .. 
Geophysical- obse rva to r i e s . .  .. 
Pioneer . .  ...................... 
Explorirrs. ..................... 
Sounding rocke t s .  ............ 
Data analy:; I s  ................. 

1967 

$20 , 365,000 
10 , 106,000 
27,700,000 
24,770,000 
6 , 900,000 

18,224,000 
20,000 , 000 

1,735,000 

1968 

$23,050,000 
12,100,000 
40,400,000 
20 , 200 , 000 
7,000,000 

20,000,000 
17,300,000 

2,900,000 

15169 --- 

$25 ,?OO ,000 
12 ,CIOO ,000 
:35,100,000 
13 , 200,000 
6 ,c'100,000 

23,;'00,000 
22 ,coo ,000 - 5 ,c100,000 

...................... $142 , 950,000 $141 , 900,000 Tota l . .  $129,800,000 - -- 
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DISTRIBUTION OF PROGRAM AMOUNT BY INSTALLATION: 
_I-- 

1967 

Manned Spacec ra f t  Center . . . . .  $40,000 
Marshal 1 Space F l i g h t  Center .  158,000 
Goddard Spa c:e F1 i g h t  Center .  . 97,020,000 
Jet  Propuls ].on Laboratory. .  .. 339,000 
Wallops S t a t i o n . .  ............ 496,000 
Ames Resear c:h Center. .  ....... 9,828,000 

F l i g h t  Research Center.  ...... 10,000 
E lec t ron ic s  Research Center . .  60 , 000 

Langley Research Center . .  .... 1,607,000 
NASA Headqu.ar t er s ............ 20 . 242,000 

1968 

$359,000 
36,000 

109,881,000 
196,000 

9,383,000 
140,000 

1,532,000 
20 , 223,000 

1 ,200,000 

--- 

BASIS OF FUND KElQUIREMENTS: --- 
!;uqporting Research and Technology/Advanced S tud ie s  

1967 1968 

1969 
.-, 

$300,000 
40,000 

LO5,500,000 
400,000 
950,000 

9,100,000 
140,000 

2 , 930,000 
22,540,000 

-- - 

1969  .-,- 

P a r t i c l e s  and f i e l d s . . . .  ..... $5,867,000 $5,731,000 $5 , 900,000 
Ionospheres ac.d r a d i o  phys ics  1,457,000 1,263,000 1,300,000 
I n t e r p l a n e t a r y  d u s t  and 

cometary p hy s i c  s ........... 1,725,000 1,652,000 1,600,000 
Solar  phys ics  ................ 4,048,000 3,699,000 4,400,000 
Astronomy .................... 3,391,000 3,342,000 4 , 500,000 
I n t e r d i s c i p l  i n a r y  space 

s c i e n c e . . .  ................. 2,615,000 6,256,000 4,800,000 
Spacecraf t  t:ec hnology and 

2 800,000 advanced E; tu.dies 1,262,000 1,107,000 ........... .-A 

Tota l . . . . . . . . . . . . . . . . . . . . . .  $20,365,000 $23,050,000 .$25,300,000 
.-- 

I n  t h e  Supporting Research and Technology program, w e  suppor t  the  b a s i c  
r e s e a r c h  r equ i r ed  t o  provide f o r  a f i r m  foundat ion  f o r  t h e  Physics  and 
Astronomy prc1E;ram. It i s  i n  t h i s  program t h a t  development of new instruments  
i s  i n i t i a t e d .  Labora tory ,  ba l loon ,  and a i r c r a f t  d a t a  are provided as a b a s i s  
f o r  evaluaticlri of f l i g h t  resul ts .  

P a r t i c l e s  and F i e l d s  

Work i.n t h . j . s  area i s  concerned wi th  understanding t h e  processes  which l ead  
t o  the  product:ictn of g a l a c t i c  cosmic r a y s ,  t h e  r o l e  of cosmic r a y s  i n  evolu- 
t i o n  of a. galaxy and p r o p e r t i e s  of t h e  i n t e r s t e l l a r  medium, t h e  d:ynamics o f  
t h e  magnetosphere, t he  gene ra t ion  of nonthermal s o l a r  p a r t i c l e s  and t h e i r  
dynamics, and. t h . e  de te rmina t ion  of t h e  c h a r a c t e r  of u l t r a h i g h  energy cosmic 
r ays .  We! a re  cclntinuing t h e  work i n  t h i s  area a t  about  t h e  s a m e  Level as 
las t  year .  
magnetometers i s  r ece iv ing  emphasis t h i s  year .  The s l i g h t  increa.se  i s  i n  

The development of t rapped and a u r o r a l  r a d i a t i o n  detect :ors  and 
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r e a l i t y  t h e  I x s u l t  of t h e  r e d u c t i o n  of forward funding i n  FY 1968 t o  nlaintain 
t h e  program 1~11 t h e  f a c e  of a c o n s t r a i n e d  budget. 

Ionospheres and Radio Physics  

Major problerns i n  ionospheres  and r a d i o  phys ic s  invo lve  t h e  understanding 
of t h e  b a s i c  p rocesses  of fo rmula t ion ,  change and decay of i o n i z a t i o n ,  t h e  
per turbat ion: ;  of t h e  ionosphere and atmosphere,  and p a r t i c l e  wave fnt t t rac-  
t i o n s ,  p'lasma and v e r y  low frequency wave phenomena. 
be ing inves  t :l,ga t:ed through 1 a bora t o r y  and ground- bas ed r e s e a r c h  . These problems are 

I n t e r p l a n e t a r y  Dust and Cometary Physics 

Research :in t h i s  area invo lves  t h e  s tudy  of e x t r a t e r r e s t r i a l  p a r t i c  u l a t e  
matter; its c i a c a c t e r i s t i c s ,  o r i g i n s ,  s t r u c t u r e ,  and behavior.  Work i n  
de t e rmina t ion  of t h e  composition and d i s t r i b u t i o n  of cosmic d u s t  by c o l l e c -  
t i o n  techniques and s tudy  of t h e  a u r o r a  and p o l a r  cap phenomena during, s o l a r  
maximum is a l s o  funded i n  t h i s  program which i s  being he ld  a t  abou t  ttie 

FY 1968 l e v e l .  

S o l a r  Physics  

Primary r e sea rch  i n  t h i s  area i s  concerned wi th  two major problems; under- 
s t and ing  t h e  qu ie scen t  sun and s o l a r  a c t i v i t y ,  and t h e  development of i n s t r u -  
mentation. 'Ibis work invo lves  ground, a i r c r a f t  , and bal loon-borne ob serva- 
t i o n s ;  t h e o r e t i c a l  s t u d i e s ,  and development of i n s t rumen t s  f o r  s p a c e c r a f t  
observat ions.  The i n c r e a s e  shown i n  t h i s  area is a t t r i b u t a b l e  t o  t h e  
development clf i n s t rumen ta t ion  f o r  obse rva t ions  from the  CV-990 resea rch 
a i r c r a f t  and t o  expansion of l a b o r a t o r y  and t h e o r e t i c a l  r e s e a r c h  i n  siipport 
of a proposed f u t u r e  expansion of t h e  s o l a r  astronomy f l i g h t  program. 

Astronomy 

Astronomical r e s e a r c h  and technology e f f o r t s  p rov ide  f o r  some augmcmta- 
t i o n  of e f f o r t  i n  t hose  areas where major changes i n  performance are r e q u i r e d  
t o  imprcrve space astronomy c a p a b i l i t y .  Advanced development of jnstri iments 
i nc ludes  work 0'1 narrow band f i l t e r s ,  selective c o a t i n g s ,  p o l a r i z i n g  tlevices , 
image tubes 2nd image i n t e n s i f i e r s  f o r  UV and X-rays, f i l m s  and f i l m  liandling 
t echn iques ,  and t e l e s c o p e  systems w i t h  o f f s e t  p o i n t i n g  c a p a b i l i t y .  Tlie prob- 
l e m s  of understanding t h e  sou rce  of garnma r a y s  and a s s e s s i n g  t h e  n a t u r e  of 
X-ray stars is  r e q u i r i n g  t h e  development of l a r g e  spa rk  chambers and ' )a l loon  
obse rva t ions  of hard X-rays. Other r e s e a r c h  inc ludes  t h e o r e t i c a l  s tucl ies  of 
s te l la r  a s t r o p h y s i c s ,  l a b o r a t o r y  spectroscopy;  ground-based, b a l l o o n ,  and 
a i r c r a f t  obse rva t ions .  
tes ts  of t h e  v a l i d i t y  of E i n s t e i n ' s  t heo ry  of r e l a t i v i t y .  

Advanced development work i s  underway on experimental  

I n t e r d i s c i p l i n a r y  Space Science 

Th i s  area p rov ides  f o r  suppor t  of t h e  Space Science Board and f o r  iresearch 
f e l lowsh ips  adminis tered by t h e  Nat ional  Academy of Science,  which p rov ide  an  
oppor tun i ty  f o r  s e l e c t e d  fellows t o  work w i t h  s c i e n t i s t s  a t  t h e  (;odda,rd Space 
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F l i g h t  Center  i n  t h e o r e t i c a l  and l a b o r a t o r y  r e sea rch .  Support  of  t h e  Astron- 
omy Missions 13oard f a l l s  i n  t h i s  area. Bal loons,  launch suppor t ,  and a small 
research progranl on t h e  ba l loons  are supported,  

This  area also  provides  f o r  procurement of t h e  a d d i t i o n a l  c o r e  s t o r a g e  and 
computer support: f o r  t h e  Goddard I n s t i t u t e  f o r  Space S tudies .  The core s t o r -  
age i s  being procured i n  FY 1968. In FY 1969, i t  p rov ides  f o r  computer 
r e n t a l ,  progriinmiing, and suppor t  c o s t s  f o r  t h e o r e t i c a l  s t u d i e s  i n  as tx  ophys: 
ics  and f o r  development of a tmospheric  models u s ing  meteoro logica l  s a t e l l i t e  
da ta .  

Spacec ra f t  Technology and Advanced S tud ie s  

S tud ie s  t o  e s t a b l i s h  t h e  concepts  , c h a r a c t e r i s t i c s  and f e a s i b i l i t y  of 
f u t u r e  missions are funded i n  t h i s  area. S t u d i e s  of materials and techniques  
f o r  advanced a s t ronomica l ,  geophysical  , and i n t e r p l a n e t a r y  s p a c e c r a f t  subsys- 
t e m s  are being cont inued.  Expansion i n  FY 1969 t akes  p l a c e  he re  t o  1s.y t h e  
ground work f o r  a major program i n  space astronomy. 
be system d e f i n - i t i o n  s t u d i e s  aimed a t  t h e  development of ASTRA, a sysl.em 
which combines t h e  automated p r e c i s i o n  observa tory  w i t h  manned supporl.. 
Other work t o  be supported inc ludes  some d e f i n i t i o n  of t h e  Nat ional  A5,tronom- 
i c a l  Space O b  seiwatory concept . 

The primary e f f o i t  w i l l  

So la r  Observa tor ies  

1!)69 -- 1967 1968 

Orb i t ing  So la r  Observatory (OSO) : 
Spacecraf t .  .................... $6,519,000 $6,055,000 $7 ,:l08,000 
Experiments .................... 3,587,000 6,045,000 4,O92,000 

Delta (Launch Vehicle Procurement 
Program) ....................... (2,000,000) (2,600,000) (4,O50,000) 

Tota l  ( inc luding  Launch 
V e  h i c  1 e s) .................... j$14,700,002 ('$16 ,(,)50,000) 

=L 

The Orb i t ing  So la r  Observatory (OSO) i s  a s t a b i l i z e d  sa te l l i t e  o r b i t e d  
above t h e  e a r t h ' s  atmosphere t o  o b t a i n  fundamental knowledge of t h e  s i n ,  and 
t h e  e f f e c t  oE t h e  sun on the  s o l a r  system us ing  c a r e f u l l y  s e l e c t e d  s c . e n t i f i c .  
experiments .  T?e O S O ' s  permi t  i n v e s t i g a t i o n  of t h e  solar spectrum from the  
high energy gamna r a d i a t i o n  through t h e  X-ray and u l t r a v i o l e t  t o  t h e  . r i s i b l e  
r eg ion  i n  o rde r  t o  s tudy  t h e  long-term changes i n  s o l a r  r a d i a t i o n ,  as w e l l  as 
t h e  more r a p i d ,  sho r t -pe r iod  changes. The f i r s t  two of t h e  apprcwed O S 0  
missions were  launched dur ing  a pe r iod  of minimum s o l a r  a c t i v i t y ;  two more 
miss ions  launched i n  1967 arc  ob ta in ing  d a t a  dur ing  a pe r iod  of j.ncresised 
a c t i v i t y ;  and t h e  last  t h r e e  w i l l  be launched dur ing  and fo l lowing  s o L a r  
maximum. This  .$ill provide  d a t a  du r ing  t h e  major p a r t  of t h e  11-year s o l a r  
cyc le .  
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The OSO's ilrt: s p i n  s t a b i l i z e d  s p a c e c r a f t  w i th  a demonstrated capabl l i t y  
of p o i n t i n g  t h e  in s t rumen t s  i n  t h e  "sail" s e c t i o n ,  a t  t h e  c e n t e r  of tke sun,  
w i t h  an  accurac); of 10 arc seconds. Current  s p a c e c r a f t  i n  t h e  series a l s o  
a r e  a b l e  t o  w a n  a c r o s s  t h e  s o l a r  d i s c .  This  c a p a b i l i t y  w i l l  be enhanced t o  
permit  bo th  o!?fs;et p o i n t i n g  and o f f s e t  ras ter  scanning. The wheel s e c t i o n  
spinning a t  about  30 rpm permit:s i n v e s t i g a t i o n  of r a d i a t i o n  from t h e  galaxy 
and t h e  i intergal.actic and i n t e r s t e l l a r  space. 

The program c o n s i s t s  of e i g h t  approved mis s ions ,  f l v e  of which havcl been 
launched and ::hi-ee of which remain t o  be launched i n  t h e  nex t  t h r e e  yea r s .  
All OSO's  art! launched by t h e  Delta v e h i c l e  i n t o  a nominal 350 s t a t u t e  m i l e  
c i r c u l a r  orb]-I: I -ncl ined 33 degrees .  

OSO-I and OSO-I1 were launched i n  1962 and 1965, r e s p e c t i v e l y .  Both have 
ceased operai:ing b u t  du r ing  t h e i r  u s e f u l  l i f e ,  they ob ta ined  more thar.  8,600 
hours of s c i a i i t i f i c  d a t a .  

OSO-C w a s  launched August 25, 1965. Malfunction of t h e  v e h i c l e ' s  t h i r d  
s t a g e  prevented achievement of o r b i t .  The payload of t h i s  mission wa: re- 
scheduled t o  E 1 y  on t h e  OSO-E s p a c e c r a f t .  

The f o u r t h  OS0 f l i g h t  (OSO-E) was s u c c e s s f u l l y  launched on March 2:, 1967, 
and w a s  des igna ted  OSO-111.  This  s p a c e c r a f t  which contained n i n e  expcmrirnents 
from t h e  A i r  170i:ce Cambridge Kesearch Laboratory,  t h e  Goddard Space F1 i g h t  
Center ,  t h e  1 J n i v e r s i t i e s  of Michigan, Rochester ,  and C a l i f o r n i a ,  Massti.chu- 
setts  I n s t i t u t e  of Technology, and t h e  Ames Research Center provided ti. 

c a p a b i l i t y  t o  s tudy t h e  gamma-ray, X-ray, u l t r a v i o l e t ,  and v i s i b l e  em] s s i o n s  
from t h e  s u n ,  e a r t h ,  t h e  ga l axy ,  and o t h e r  r eg ions  of t h e  c e l e s t i a l  SEIhere,. 
Analysis of d a t a  from OSO-111 i s  cont inuing.  Prel iminary r e s u l t s  w e r t :  made 
a v a i l a b l e  by the experimenters  t o  t h e  s c i e n t i f i c  community during meei.ings 
held i n  L967 and w i l l  be pub l i shed  i n  1968. 

The f i f t h  OS0 (OSO-D) was placed i n  o r b i t  on October 18, 1967, and be- 
came OSO-IV.  This  s p a c e c r a f t  a l s o  c a r r i e d  in s t rumen ta t ion  f o r  nine 
experiments.  P r i n c i p a l  i n v e s t i g a t o r s  from Harvard College Observator].,  
American Sci(?iace and Engineer ing,  Naval Research Laboratory,  Universi t  y 
Col lege,  London (England), and Lawrence Radiat ion Laboratory a r e  artteripting 
t o  b e t t e r  und2r:;tand the  phys ica l  processes  by which the  sun influencc s 
the  e a r t h  and t o  cont inue t o  advance our  understanding of t he  sun's ccim- 
p o s i t i o n  and behavior.  The Harvard s c i e n t i s t s  have ob ta ined  over 4,000 
u l t r a v i o l e t  spectrohel iograms of t h e  sun. These d a t a ,  some of which liave 
a l r e a d y  been published, w i l l  permit development and assessment of r e a ; . i s t i c  
models oE t h e  sun and w i l l  provide i n s i g h t  i n t o  t h e  problem of energy 
t r a n s p o r t  thimugh t h e  chromosphere and corona. 

The three remaining O S 0  missions (OSO-F, -G, and -H) are schecluled t o  be 
launched about one year  a p a r t  s t a r t i n g  i n  1968. Payloads f o r  t h e s e  m:i.ssions 
have been s e l e c t e d  and the  hardware i s  i n  v a r i o u s  s t a g e s  of des ign ,  f i tbr ica-  
t i o n ,  t e s t ,  a n d  i n t e g r a t i o n .  
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P r o j e c t  ma.nag,ement f o r  t h e  OS0 systems,  i nc lud ing  the  Delta v e h i c l e ,  is  
a s s igned  t o  t h e  Goddard Space F l i g h t  Center.  The s p a c e c r a f t  are being 
developed by Ilall Bro the r s  Research Corporation. B a l l  B ro the r s  i s  respon- 
s i b l e  f o r  exptxi.ment i n s t r u m e n t a t i o n ,  obse rva to ry  test and d e l i v e r y  tcl t h e  
launch s i t e  cpf  ei f l y a b l e  system. I n - o r b i t  o p e r a t i o n s  are c o n t r o l l e d  from 
Goddard Space F l i g h t  Center through t h e  STADAN te l eme t ry  system. 

Funding pri-or t o  FY 1967 provided f o r  t h e  d e s i g n ,  development , i n t e g r a t i o n ,  
t e s t i n g ,  o p e r a t i o n s ,  and d a t a  a n a l y s i s  of t h e  f i r s t  two OSO's t o  o r b i t  t h e  
e a r t h  and t h e  OSO-C mission which f a i l e d .  These funds a l s o  provided f o r  con- 
t i n u i n g  work on t h e  OSO-I11 and OSO-IV missions and f o r  t h e  i n i t i a t i o n  of work. 
on t h e  spacec~af't and experimental  packages f o r  t h e  l as t  t h r e e  m i s s i o r s .  

Fiscal. y e a r  1.967 funds p rwi .ded  f o r  t h e  launch p r e p a r a t i o n s  , launch and 
i n i t i a l  orbit :  o p e r a t i o n s  of OSO-111; completion of t h e  test  and i n t e g r a t i o n  
of OSO-IV; and continued t h e  work on t h e  las t  t h r e e  missions.  

Fiscal. yea r  1.968 funds support  t h e  launch,  o r b i t a l  o p e r a t i o n ,  arid i n i t i a -  
t i o n  of d a t a  a n a l y s i s  f o r  OSO-I:V; cont inued o r b i t a l  o p e r a t i o n ,  d a t a  r e d u c t i o n  
and a n a l y s i s  f o r  OSO-111;  and cont inued t h e  development work on t h e  OSO-F, 
-G,  and -H missions.  

Fiscal.  yestir 1.969 funds w i l l  p rov ide  f o r  p u b l i c a t i o n  of d a t a  from the 
OSO-I11 and 0 5 0 . - I V ,  f o r  completion and launch of t h e  OSO-F, and con t inu ing  
hardware e f f o r t  on t h e  OSO-G and OSO-H. 

Fiscal. yea r  1.966 and p r i o r  funding f o r  t h e  OS0 p r o j e c t  i nc lud ing  h u n c h  
v e h i c l e s  w a s  !~59,279,000. Fiscal  yea r  1970 and la ter  funding requirements  
t o  complete t h e  e igh t -obse rva to ry  program are e s t ima ted  t o  be $7,350 ,c"OO, 
i nc lud ing  launch v e h i c l e s .  

Astronomical Obse rva to r i e s  

1967 1968 15169 

O r b i t i n g  As1:ronomical Observatory 
(OAO) : 
Spacec ra f t  and support . .  ....... $21,313,000 $35,004,000 $ 3 1  ,O74,000 
Expel: imeni: s .................... 6,387,000 5,396,000 4 , 126,000 

Subtota:. OAO.. ............... $27,700,000 $40,400,000 $35,200,000 

Cen tau]: (Launc: h Vehicle Procure- .................. (7,060,000) ~9,5100,000) ment Program) (6,003,000) -- 
Total. ( i nc lud ing  Launch 

Vehicle!;), ................... ($33,703,000) ($47,460,000) ~ $ 4 4 , 7 0 0 , 0 0 0 )  -- 
The 01:bitj.tig Astronomical Obse rva to r i e s  (OAO) program r e q u i r e s  t h e  deve1.op- 

ment of space-borne hardware and o p e r a t i o n a l  c a p a b i l i t y  which must meet t h e  
most advanced s c i e n t i f i c  and t e c h n i c a l  requirements  of t h e  space program. 
This  major advance i n  t h e  s t a t e - o f - t h e - a r t  i s  e s s e n t i a l  i n  r e a l i z i n g  t h e  
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po ten t i a l .  of space astronomy. It w i l l  p rov ide  o p p o r t u n i t i e s  t o  obtain.  
as t ronomical  obse rva t ions  of c e l e s t i a l  o b j e c t s  and phenomena i n  those  r e g i o n s  
of t he  el.ectrtmmagnetic spectrum t h a t  are i n a c c e s s i b l e  t o  ground-based i n s t r u -  
mentat ion because of a tmospheric  abso rp t ion .  Experiments s e l e c t e d  fox t h e  
OAO missions vil .1:  
r eg ion  , o b t a i n  moderate r e s o l u t i o n  spectrometer  d a t a  of stars dawn t o  t e n t h  
magnitude , ci t i~ry o u t  high r e s o l u t i o n  u l t r a v i o l e t  s p e c t r a l  a n a l y s i s  of f a i n t  
o b j e c t s ,  and rnke s t u d i e s  of g a l a c t i c  X-rays. 

perform e x p l o r a t o r y  sky mapping surveys, i n  t h e  u l t r a v i o l e t :  

The OAO s p a c e c r a f t  i s  designed t o  p o i n t  i n  any d i r e c t i o n  wi th  an accuracy 
of one minute of a r c  du r ing  any p a r t i c u l a r  as t ronomical  obse rva t ion .  Po in t -  
ing accuracy of 0.1 second of arc w i l l  be ob ta ined  us ing  s e n s o r s  a s s o c i a t e d  
w i t h  t h e  expel-inient i n s t rumen ta t ion .  The a t t i t u d e  c o n t r o l  system performs 
f i v e  func t ions :  s t a b i l i z a t i o n  and s o l a r  o r i e n t a t i o n  subsequent t o  o r b i t a l  
i n j e c t i o n  o r  fol lowing loss of s t a b i l i z a t i o n ;  r o l l  s e a r c h  t o  a c q u i r e  guide 
s tars ;  slow t o  a.nd hold a t  a t t i t u d e s  r e q u i r e d  f o r  s c i e n t i f i c  obse rva t ion ;  
hold i n  i n e r t i - a l  space without  star t r a c k e r s ;  and sun b a t h i n g ,  which p rov ides  
a s a f e  obse rva to ry  holding mode w h i l e  p rov id ing  f o r  maximum r e c h a q e  of t h e  
spacecra  f't ba.1: ter  ies . 

Extensive p o u n d  f a c i l i t i e s  i n  t h e  United S t a t e s  and i n  f o u r  o t h e r  coun- 
tries (Ec:uador , Chi l e ,  A u s t r a l i a ,  and Madagascar) are provided for c o n t r o l  of 
t he  missi.on i n  o r b i t  and t o  r e c e i v e  t e l eme t ry  f o r  t r ansmiss ion  t o  t h e  OAO 
Control Center a . t  t h e  Goddard Space F l i g h t  Center.  

The f i r s t  OACI (OAO-I) w a s  launched on Apr i l  8,  1966. It achieved o r b i t ,  
performed planned f u n c t i o n s  f o r  a s h o r t  p e r i o d  of t i m e ,  and a t t a i n e d  t h e  
des ign  o b j e c t i v e s  i n  a number of complex areas. The s p a c e c r a f t  f a i l e d  on 
April 10, 1960. No s c i e n t i f i c  d a t a  w e r e  ob ta ined  from any of t h e  s c i e n t i f i c  
instruments .  

The probleni a r e a s  i d e n t i f i e d  w i t h  t h e  OAO-I o p e r a t i o n  have been thoroughly 
analyzed and reviewed. Based on t h e  knowledge gained from t h e  f i r s t  f l i g h t ,  
mod i f i ca t ions  have been made t o  t h e  OAO inc lud ing  t e s t i n g  f o r  t h e  subsequent 
o b s e r v a t o r i e s ,  a s  w e l l  as expanded ground o p e r a t i o n s  f a c i l i t i e s .  1.n 
a d d i t i o n ,  a s i g n i f i c a n t  number of improvements have been made t o  the  OAO 
system t o  enhance t h e  p r o s p e c t s  f o r  t h e  success  of t h e  nex t  t h r e e  f l i g h t  
missions.  

The second OAO (OAO-A2) i s  on schedule  f o r  a 1968 launch. The s p a c e c r a f t  
subsystems habe been modif ied,  on t h e  b a s i s  of t he  OAO-A1 tests, to a s s u r e  
s a t i s f a c t o r y  1 ong-term o p e r a t i o n  of t h e  power subsystem; p rov ide  b e t t e r  
thermal env i ron ren t ;  p reven t  a r c i n g  i n  t h e  star t r a c k e r s ;  minimize n o i s e  
s u s c e p t i b i l i t y  and gene ra t ion ;  and p rov ide  a s a f e  holding mode independent of 
t h e  star t r a c k e r s .  The ground systems t o  suppor t  t h i s  and follow-on missions 
have been improved and expanded t o  i n c r e a s e  t h e  real-time knowledge of t h e  
i n - o r b i t  ope ra t ion .  This  mission w i l l  c a r r y  t h e  Wisconsin Experiment 
Package, i d e n t i c a l  t o  t h e  equipment flown on OAO-I, and t h e  Smithsonian 
As t r op h y s i c a  1 Ob s e rva  t o ry  C e  1 e s cope exper imen t . 
Package c o n s i s t s  of m u l t i c o l o r  f i l t e r  photometers w i t h  spec t romete r s  and 
e i g h t  and 16-inch t e l e scopes .  

The W i  s c ons i n  Experiment 
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Measurements w i l l  be made of t h e  emission c h a r a c t e r i s t i c s  of d i f fu : ; e  
nebulae i3nd i:le ex tens ion  of t h e  o p a c i t y  of t h e  i n t e r s t e l l a r  medium i i t t o  t h e  
u l t r a v i o l e t .  The Smithsonian Ast rophys ica l  Observatory Celescope coni:ains 
four  t e l e scopes  wi th  u l t r a v i o l e t - s e n s i t i v e  uvicon image tubes  t o  survt!y t h e  
sky i n  four irmges. It w i l l  map t h e  form and b r i g h t n e s s  charac te r i s t : i . cs  of 
f a i n t  nebulae arid r eco rd  t h e  b r i g h t n e s s  of ho t  stars,  p r i m a r i l y  spec t l -a1  
Type A and ear l ie r .  

The t h i r d  OAO (OAO-B) , t o  be launched i n  1969, w i l l  c a r r y  t h e  Godd:l.rd 
Space F1-ight Center 36-inch tel-escope t o  o b t a i n  a b s o l u t e  spectrophotonietry 
d a t a  on ::tars, nebulae ,  and g a l a x i e s  i n  t h e  h igher  range.  This  miss ion  w i l l  
be t h e  f i r s t  to inc lude  t h e  I n e r t i a l  Reference U n i t ,  under development by t h e  
Massachusetts I n s t i t u t e  of Technology t o  reduce t h e  dependence of t h e  
s t a b i l i z a t i o n  arid c o n t r o l  system on t h e  star t r a c k e r s .  

The f o u r t h  0110 (OAO-C), scheduled f o r  a 1970 f l i g h t ,  w i l l  f l y  experiments  
f o r  Pr ince ton  Un ive r s i ty  and t h e  Un ive r s i ty  Col lege London. The Pr ince ton  
Experimerit Package is a 32-inch Cassegra in ian  r e f l e c t i n g  t e l e scope  wi th  a 
concave g r a t i n g  experiment.  St:udies w i l l  be made of s p e c t r a  of in te rs te l la r  
gas  and of composition and p h y s i c a l  c h a r a c t e r i s t i c s  of i n t e r s t e l l a r  gas  and 
d u s t .  The London experiment c o n s i s t s  of t h r e e  t e l e scopes  w i t h  parabolo ida l  
r e f l e c t o r s ,  photon d e t e c t o r s ,  and gas  coun te r s  t o  s tudy  X-ray emiss io r s  and 
t o  sea rch  for- i n t e r s t e l l a r  absorp t ion .  

The Goddard Space F l i g h t  Center i s  r e spons ib l e  f o r  t h e  management clf t h e  
OAO p r o j e c t  inc luding  t h e  procurement of t h e  s p a c e c r a f t  and experiments .  The 
L e w i s  Iiesearc ti Center w i l l  p rocure  t h e  Atlas-Centaur v e h i c l e s  and provide  the 
launch s e r v i c e s  a t  t he  Eas t e rn  T e s t  Range. The Grumman A i r c r a f t  Engineering 
Corporat ion I - w s  designed and i s  f a b r i c a t i n g  t h e  s p a c e c r a f t .  Goddsrd Space 
F l i g h t  Center w i l l  i n t e g r a t e  t h e  experiments  i n  t h e  s p a c e c r a f t ,  perform the  
environmental  tes ts ,  and o p e r a t e  t h e  observa tory  i n  o r b i t .  

Development. of t he  OAO s p a c e c r a f t  w a s  i n i t i a t e d  i n  1960. Funding p r i o r  
t o  FY 1967 provided f o r  t h e  des ign  and development of t h e  b a s i c  s p a c e c r a f t ;  
f a b r i c a t i o n ,  i n t e g r a t i o n ,  and t e s t i n g  of t h e  OAO-I pro to type  and El ight  
s p a c e c r a f t ;  ground ope ra t ions  sof tware  and hardware and p re - l aunc i  and launch 
s e r v i c e s  f o r  t.he OAO-I; f a b r i c a t i o n ,  i n t e g r a t i o n ,  and t e s t  of  t:he t h i r d  f l i g h t  
s p a c e c r a f t ;  procurement and f a b r i c a t i o n  of assembl ies  f o r  t h e  f o u r t h  f l i g h t  
spacecraft; development, f a b r i c a t i o n ,  and tests of experiment i n s  twumentation 
f o r  four  f l i g h t  missions;  and i n i t i a t i o n  of t h e  recovery p l a n  f o r  the  OAO 
s p a c e c r a f t .  

F i sca l  year  1967 funds provided f o r  t he  completion of t he  a n a l y s i s  of t h e  
OAO-I ope ra t ion  and t h e  bulk of t h e  r edes ign ,  mod i f i ca t ion ,  and re t -es t  of t h e  
OAO-A2 spacecraft assembl ies .  A pro to type  s p a c e c r a f t  (TA-1) i n  t?e OPO-A1 
c o n f i g u r a t i o r  w a s  d e l i v e r e d  t o  Goddard Space P l i g h t  Center f o r  t r s i n i n g  p e x -  
sonnel i n  t e s  1. and f l i g h t  ope ra t ion  procedures  and f o r  e lec t romagnet ic  
c o m p a t i b i l i t y  t e s t s .  The TA-1 w a s  r e tu rned  t o  t h e  s p a c e c r a f t  c o n t r a c t o r  f o r  
rework t o  the OAO-A2 proto type  (TA-2). The planning f o r  t h e  grou?cl support  
system f o r  tl-e nex t  OAO f l i g h t  w a s  i n i t i a t e d ,  as w a s  t he  a s s o c i a t e d  sof tware  
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and hardware., The in s t rumen ta t ion  f o r  t h e  Wisconsin Experiment Packap,e and 
Smithson ian Asti:ophysical Observatory were d e l i v e r e d  t o  Goddard Space F l i g h t  
Center and a c ~ ~ e p t a n c e  tes t s  were i n i t i a t e d .  The most e s s e n t i a l  work on t h e  
OAO-B and OAO-C s p a c e c r a f t  and experiment components i s  being c a r r i e d  out  
toward t h e  p:tanned launch d a t e s  i n  1969 and 1970. 

F i s c a l  year  1968 funds provided f o r  t h e  completion of t h e  fabr ica t : .on  and 
t e s t  of the equipments f o r  OAO-A2 s p a c e c r a f t  and t h e  i n t e g r a t i o n  of tlie 
s p a c e c r a f t .  'The acceptance t e s t s  of t h e  Wisconsin Experiment Package and 
Smithsonian Ast rophys ica l  Observatory in s t rumen ta t ion  were completed :ind t h e  
i n s t r u m e n t a t i m  w a s  i n t e g r a t e d  i n  t h e  spacec ra f t .  The TA-1 p ro to type  space- 
c r a f t  w a s  conirerted t o  the  TA-2 conf igu ra t ion .  The remaining e f f o r t  i.n 
FY 1968 wil l  b e  concent ra ted  on performing f l i g h t  acceptance  on t h e  01rO-A2 
o b s e r v a t x y ,  t e s t i n g  t h e  TA-2 a t  q u a l i f i c a t i o n  v i b r a t i o n  l e v e l s ,  performing 
thermal t es t ;  and i n i t i a t i n g  t h e  mod i f i ca t ions  and retest  on t h e  subsystems 
f o r  the  OAO-B spacec ra f t .  E f f o r t s  planned f o r  s t a r t i n g  the  OAO-C: spac:ecraft  
s t r u c t u r e ,  t h e  acceptance  tests of t he  Goddard Experiment Package insl-rument 
f o r  OAO-B, and r e s t a r t  of t h e  experiment f l i g h t  hardware f o r  t h e  OAO-1: m i s -  
s i o n  are b e i i g  delayed due t o  funding c o n s t r a i n t s  i n  FY 1968. 

F i s c a l  year  1969 funding w i l l  complete t h e  acceptance  t e s t i n g  of tlie 
OAO-A2 f l i g h t  obse rva to ry ,  launch of t h i s  miss ion ,  and i n i t i a t i o n  of : ;c ien-  
t i f i c  d a t a  rleduction and a n a l y s i s .  The OAO-B s p a c e c r a f t  w i l l  be inte1:rated 
and t e s t e d ,  t h e  Goddard Experiment Package f l i g h t  i n s t rumen ta t ion  w i l l .  be 
t e s t e d  and i n t e g r a t e d  i n  t h e  obse rva to ry ,  and observa tory  acceptance  ILests 
w i l l  be s t a r t e d .  The  OAO-C s p a c e c r a f t  assembl ies  w i l l  be completed aiid the  
Pr ince ton  Experiment Package p ro to type  instrument  w i l l  be t e s t e d  a t  q i i a l i f i -  
c a t i o n  l e v e l s  and t h e  f a b r i c a t i o n  of t h e  Pr ince ton  Experiment Package f l i g h t  
assembl ies  w i l l  be  completed and t h e  ins t rument  assembled. 

F i s c a l  year  1966 and p r i o r  funding,  i nc lud ing  launch v e h i c l e  was 
$197,235,000. 
miss ions  i s  es t imated  t o  be $44,537,000, i nc lud ing  launch v e h i c l e s .  

F i s c a l  year  1970 and later funding r equ i r ed  t o  conipletr? four  

CeoEhysical Observa tor ies  

1369 -- 1967 1968 

Orb i t ing  Geophysical Observatory 
(OGO) : 
Spacec ra f t  .................... $16,577,000 $13,376,000 $4, i10,000 
Experiments ................... 8,193,000 6,824,000 8,790,000 

Sub to ta l  OGO.. .............. $24,770,000 $20,200,000 $13,200,000 

Thor-Agena (Launch Vehicle Pro- 

Atlas-Agena (Launch Vehicle Pro- 
curement Program) ............. (2,000,000) (2,996,000) (1,141 9,000) 

............. (3,000) curement Program) (2,000,000) (3,061,000) --- 

Tota l  ( inc luding  Launch 
Vehic les ) ,  .................. ($28,770,000) ($26,257,000) ($14,h22,000) --- 



The Orb i t ing  Geophysical Observatory (OGO) program has as a p r i m a r y  objec-  
t i v e  t h e  accomplishment of a series of s c i e n t i f i c  measurements f o r  stiidy of 
t he  nea r -ea r th  environment and f o r  c o r r e l a t i o n  of geophys ica l  phenomeiia wi th  
t h e  e f f l u e n t  a c t i v i t y  of t he  sun and w i t h  phenomena i n  i n t e r p l a n e t a r y  space.  

Four OGO miss ions ,  each inc lud ing  20 o r  more experiments ,  have beeii 
launched, one each year s t a r t i n g  i n  1964. These miss ions  have a l t e rn i t t ed  
between high a1 t i t u d e ,  l ow- inc l ina t ion  o r b i t s  f o r  magnetospheric and mte r -  
p l a n e t a r y  s t u d i e s  and low a l t i t u d e ,  n e a r l y  p o l a r  o r b i t s  f o r  globa.1 s t i i d i e s  of 
atmospheric and r e l a t e d  phenomena. 

The most recent  mission (OGO-IV; launched J u l y  28 ,  1967 ,  i n t o  a nei l r ly  
p o l a r  o r b i t )  h a s  m e t  a l l  major o b j e c t i v e s  and cont inues  t o  perform we l l  w i t h  
a c t i v e  t h r e e - a x i s  s t a b i l i z a t i o n  and 18 of t h e  20 experiments operat inl : .  
These experiinents a r e  provid ing  new d a t a  desc r ib ing  t h e  s a l i e n t  c1iarac:teris- 
t i c s  and phenomenology of t he  atmosphere on a g loba l  b a s i s .  

OGO-I, launched near  t h e  minimum pe r iod  of s o l a r  a c t i v i t y  i n  1964, con- 
t i n u e s  t o  ope ra t e  on a p e r i o d i c  b a s i s  and i s  provid ing  d a t a  from 1 2  rt!maining 
experiments.  The second OGO, OGO-11,  has  completed two yea r s  of operi t t ion 
and,  a l though i t  i s  s t i l l  f u n c t i o n a l  a t  c e r t a i n  times of t h e  y e a r ,  da1.a 
a c q u i s i t i o n  has  been d iscont inued .  OGO-111 was the  f i r s t  of t he  geopliysical  
o b s e r v a t o r i e s  t o  provide  s a t i s f a c t o r y  th ree -ax i s  s t a b i l i z a t i o n  f o r  an extended 
per iod .  It was placed  i n  a s p i n  s t a b i l i z a t i o n  mode i n  J u l y  1966 and lias pro-  
v ided  cointiniiou; d a t a  a c q u i s i t i o n  f o r  magnetospheric s t u d i e s .  Mcst no tab le  
of these has been the  f i r s t  d e t a i l e d  obse rva t ion  of t h e  s o l a r  storm r.i.ng 
c u r r e n t  by t h ?  'Jan Allen experiment.  During a per iod  i n  November 196; ,  a l l  
four  OGO-s  wi th  a t o t a l  of 55  experiments were ope ra t ing  simu1taneous:y i n  
widely sepa ra t ed  r eg ions  of space.  

The t iming oE t h e  i n i t i a l  OGO missions and t h e  long l i f e t i m e  has pi.ovided 
good coverage from s o l a r  minimum through t h e  pe r iod  of i nc reas ing  sol:ir 
a c t i v i t y .  The E i f th  (OGO-E) and s i x t h  (OGO-F) are scheduled f o r  lauric-h i n  
ear ly  1948 ant3 L969, r e s p e c t i v e l y ,  and w i l l  extend t h i s  coverage throiigh 
s o l a r  maximurn. OGO-E, which i s  i n  the  f i n a l  s t a g e s  of t e s t i n g  and laiinch 
p r e p a r a t i o n s  , i nc ludes  a number of new and cha l lenging  experiments  antl w i l l  
be capable  oE d e t e c t i n g  p a r t i c l e  ene rg ie s  from a few e l e c t r o n  v o l t s  t o  t en  
b i l l i o n  e l e c t r o n  v o l t s ,  These experiments ,  toge ther  w i t h  e l e c t r i c  antl mag- 
n e t i c  f i e l d  eKperiments,  should make p o s s i b l e  t h e  most comprehensive s t u d i e s  
of t h e  magne tDsphere y e t  undertaken.  S i m i l a r l y ,  t h e  complement of OGO-F 
experiments wqich a re  now being i n t e g r a t e d  i n t o  a completed spacecraf l  f o r  a 
low a l t i t u d e  3olar  miss ion ,  should provide  d e t a i l e d  informat ion  o n  atrios- 
p h e r i c   physic::^ du r ing  t h e  important  pe r iod  of maximum s o l a r  a c t i v i t y .  

Managemenic of t h e  OGO p r o j e c t  h a s  been t h e  r e s p o n s i b i l i t y  of t h e  Goddartl 
Space F1 igh t  Center .  Development of t h e  s p a c e c r a f t  system and fabr ic : , t ion  
and t e s t i n g  o f  : ? l i gh t  o b s e r v a t o r i e s  i s  under c o n t r a c t  t o  Thompson liamci 
Woo1dridi:e Systems, Iricorpora ted.  
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Funding p~ ' :~or  to  FY 1967 provided f o r  des ign  and development of t he  b a s i c  
s p a c e c r a f t ,  1.aunch of t h e  f i r s t .  t h r e e  o b s e r v a t o r i e s ,  beginning work OCI OGO-D 
and OGO-E, arid suppor t  of d a t a  a n a l y s i s  f o r  t h e  f i r s t  two missions.  

Fiscal .  yestir 1.967 funds provided f o r  c o n t i n u a t i o n  of p r e p a r a t i o n  of t h e  
OGO-D anti OGO-E mis s ions ,  i n i t i a t i o n  of hardware development f o r  OGO-F , and 
f o r  c o n t  linuecl dit ta support  f o r  t h r e e  o p e r a t i o n a l  missions.  

Fiscal. yeair 1.968 funds are p rov id ing  f o r  launch of OGO-D, p r e p a r a t i o n  of 
OGO-E f o r  laiiiich, completion of s p a c e c r a f t  and experiment f a b r i c a t i o n  f o r  t h e  
OGO-F mi s s ion ,  o p e r a t i o n a l  suppor t  f o r  fou r  OGO's and support  of d a t a  ana ly -  
sis. Data a n a l y s i s  suppor t  f o r  OGO-I and -11 were terminated ear ly  irr 
FY 1968 a t  t h e  end of t h e  planned support  p e r i o d  and w i l l  be terminated for- 
O G O - I 1 1  i n  June 1968. Funding f o r  a n a l y s i s  of d a t a  beyond t h e s e  p e r i c d s  is 
being provided under t h e  Data Analysis  l i n e  i t e m  i n  t h e  budget. 

Funds i n  FY 1.969 w i l l  p rov ide  f o r  launch of OGO-F, o p e r a t i o n a l  support  f o r  
d a t a  a c q u i s i t i o n ,  and d a t a  a n a l y s i s  support  f o r  OGO-IV,  OGO-E, and OGO-F. 

F i s c a l  yea:c 1.966 and p r i o r  funding f o r  t h e  OGO p r o j e c t  i nc lud ing  launch 
v e h i c l e s  w a s  $l!I8,341,000. F i s c a l  yea r  1970 and la ter  funding require:ment:; 
are e s t ima ted  t o  be $5.300.000, 

Pioneer 

15169 -- 1967 1968 

Spacecitaf t and suppor t ,  A . E:. .. 
Experiment:; . A . E.. ............ 
Spacec ra f t  (experiments and 

s u p p o r t ,  'F & G ................ 
S u b t o t a l  Pioneer.. ............ 

Delta (Laumh Vehicle Procure- 
ment Program) ................. 
T o t a l  ( i nc lud ing  Launch 

Ve!nicles). .................. 

$2,479,000 $3,913,000 $3,158,000 
4,421,000 3,087,000 1,242,000 

(1,217,000) (2,834,000) (ft50,OOO) 

J$8,117,000) ($9,834,000) ~6, t t50 ,000)  - 
The o b j e c t i v e s  of t he  Pioneer program are t o  i n v e s t i g a t e  the  in t e r i t l ane -  

t a r y  environment and t h e  p ropaga t ion  of s o l a r  and g a l a c t i c  phenomena i:hrough 
t h i s  medium. C o r r e l a t i o n  w i t h  similar measurements made nea r  the ear1:h by 
satel l i tes  i s  r equ i r ed  t o  a t t a i n  the f u l l  ob jec t ive .  

The ciurrent . se r ies  of Pioneer s p a c e c r a f t  weigh about  140 pounds aiid are 
launched w i t h  t h e  Thrust-Augmented Improved Delta. The f i r s t  two of i.hese, 
Pioneer V I  and Pioneer V I 1  were launched s u c c e s s f u l l y  i n  December 19611 and 
August 1966, r e s p e c t i v e l y .  Both con t inue  t o  o p e r a t e  s u c c e s s f u l l y .  
Pioneer V I I I ,  s u c c e s s f u l l y  launched on December 1 3  , 1967 , appears to  1)e 
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opera t ing  nominally.  Two a d d i t i o n a l  Pioneer  s p a c e c r a f t  are  scheduled f o r  
missions approa'ching as c l o s e  t o  t h e  sun as 0.7 AU and going away as liar as 
1 . 2  AU. (One A1J i s  equal  t o  t h e  m e a n  ear th- to-sun  d i s t a n c e ,  92,900,000 m i l e s . )  

The Pioneer  experiments  are  designed t o  measure t h e  s o l a r  wind Elmi ,  mag- 
n e t i c  f i le lds ,  and t h e  e l e c t r o n  d e n s i t y  i n  space;  and t o  observe t h e  eiiergy 
s p e c t r a ,  f l u x e s ,  and d i r e c t i o n  of s o l a r  and g a l a c t i c  cosmic r a y s .  Tht! p e r -  
formance of the.;e experiments on the  t h r e e  widely sepa ra t ed  satell i te: ;  i n  
deep space p r w  ides  some v e r y  unique and v a l u a b l e  s c i e n t i f i c  opportun-i . t ies 
i n  t h i s  prog:rsm. The combination of measurements from the  t h r e e  wide:'y 
s epa ra t ed  s c i e n t i f i c  payloads w i l l  enable  us  t o  d e t e c t  and t r a c k  solai .  
storms. This  in format ion  provides  advance warning of r a d i a t i o n  dange1.s f o r  
our spacecra  E t  ixnd v a r i a t i o n s  i n  t h e  p r o t e c t i v e  magnetic envelope (of i.he 
e a r t h  which a f f e c t s  t h e  long-range r a d i o  communications of t h e  wcrld.  The 
o r b i t  of Pioiizeir V I 1 1  w i l l  a l low measurements of t h e  e a r t h ' s  magnetic t a i l  
a t  two m i l l i o n  miles. Measurement of t he  t a i l ' s  th i ckness  and o t h e r  € ' roper -  
t i e s  a t  t h i s  (d i s tance  w i l l  he lp  determine t h e  exac t  s t a t e  of t h e  eartt i 's  pro-  
t e c t i v e  magnetic envelope. 

We are  proposing t o  i n i t i a t e  the development of two a d d i t i o n a l  spa( e c r a f t  , 
Pioneer 17 and Pioneer  G ,  t o  be launched i n t o  t r a j e c t o r i e s  t h a t  w i l l  c a r r y  
them out  beyond t h e  o r b i t  of Mars, through t h e  a s t e r o i d  b e l t ,  and toward the 
o r b i t  of Jupfitei-. With t h i s  type  of t r a j e c t o r y ,  w e  should be a b l e  t o  o b t a i n  
information 0 1 1  t h e  hazardous r eg ion  of t h e  a s t e r o i d  b e l t  and ga in  knotfledge 
o€ t he  grad ia i i t  of t he  s u n ' s  i n f luence  on i n t e r p l a n e t a r y  space and thc pene- 
t r a t i o n  of g a t a c t i c  cosmic r a d i a t i o n  i n t o  t h e  s o l a r  system. The new t r a j e c -  
t o r y  w i l l  r e q u i r e  mod i f i ca t ions  t o  be incorpora ted  i n  the  s p a c e c r a f t  t o  
compensate f o r  t he  l e s sen ing  of s o l a r  r a d i a t i o n  as a power source  and t h e  
more demanding c o m u n i c a t i o n s  and thermal cond i t ions .  New experiment i n s t r u -  
mentat ion w i 1 . I  a l s o  be r equ i r ed .  These s p a c e c r a f t  w i l l  be launched iri t he  
1973-197h t i m e  per iod  by Centaur launch v e h i c l e s .  The change from the Delta 
launch v e h i c 1 . e ~  used on earlier miss ions  i s  r equ i r ed  t o  provide  t h e  ve l o c i t y  
f o r  t h i s  new t r a j e c t o r y .  

Measurement of t h e  Pioneer  p r o j e c t  has been t h e  r e s p o n s i b i l i t y  of hnes 
Research Center.  Thompson Ramo Wooldridge Systems , Incorpora ted  , is t h e  
prime spacecraf t :  c o n t r a c t o r .  Tracking and d a t a  a c q u i s i t i o n  s y s t e n s  manage- 
ment i s  t h e  Yt?sponsibi1ity of t h e  Jet Propuls ion Labora tory ,  and Goddard 
Space F l i g h t  Center has r e s p o n s i b i l i t y  f o r  Delta launch v e h i c l e  systems 
management. Lewis Research Center w i l l  be r e spons ib l e  f o r  Centaur launch 
v e h i c l e  s y s t e m  management. 

Funds i n  FJ! 1966 provided f o r  t e s t i n g ,  launch and post- launch spera t ions ,  
f o r  Pioneer VI:, and t h e  assembly and t e s t i n g  of Pioneer  V I I .  Funds f c r  
FY 1967 cover the launch of Pioneer V I 1  and post- launch ope ra t ions  f o r  
Pioneer VI ard Pioneer  V I I ,  and t h e  i n i t i a t i o n  of t h e  subsystems €or  t h e  
t h i r d ,  f o u r t h :  and f i f t h  s p a c e c r a f t .  F i s c a l  year  1968 funds cont inue  t o  
suppor t  t h e  pos t - launch  ope ra t ions  f o r  Pioneer  V I  and Pioneer  V I I ,  f i n a l  
t e s t i n g  a.nd launch of Pioneer V I I I ,  and i n i t i a l  i n t e g r a t i o n  and t e s t i n g  f o r  
t he  f o u r t h  spacec ra f t .  
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Fiscal year 1969 funds w i l l  be used t o  provide  f o r  t h e  p r e p a r a t i o n  of 
Pioneer D and Pioneer  E f o r  launch of Pioneer  D i n  1968 and Pioneer  E i n  
1969, o p e r a t i o n a l  suppor t  f o r  t he  t h r e e  Pioneer  s p a c e c r a f t  and suppor t  of 
d a t a  a n a l y s i s .  

F i s c a l  yeas  1966 and p r i o r  funding,  i nc lud ing  launch v e h i c l e s ,  w a s  
$56,911,000. F i s c a l  year  1970 and la ter  funding r e q u i r e d  t o  complete t h e  
seven f l i g h t  miss ions  , i nc lud ing  launch v e h i c l e s  , 
$64 , 300,000. 

Exp 1 o r e r  s 

1967 

Geophysical and i n t e r p l a n e t a r y  
e x p l o r e r s . .  ................... $12,571,000 

5,653,000 As troncmy exp1 o r e r s . .  ........... 
Sub t o t a l  E:xp 1 o r e r  s ............ $1 8 . 224 . 000 

Scout (Launch Vehi c 1 e Procure - 
Delta (Launch Vehicle Procure- 

men t Program) ................. (4,500,000) 

men t Program) ................. (13,317,000) 

Total. (inclctding Launch 
Vehic les ) .  .................. I$ 36,041,000) 

i s  es t imated  t o  he 

1968 

$ 1 1 , 8 O O , o b O  
5 , 500,000 

$17,300,000 

(1,850,000) 

(12,466,000) 

($31,616,000) 

1969 .--, 

$1.7,400,000 
.-A 5 aoo,ooo 

(5,800,000) 

(1.2 , 600,000) - 

($41,600,000) -- 
The Explorer  sa te l l i tes  are t h e  smallest of NASA's s c i e n t i f i c  spacecraf t :  

and are normal.ly launched on Sc,out and Delta v e h i c l e s .  

The Explorers  are s p e c i f i c a l l y  designed and instrumented t o  provide f o r  
s p e c i a l i z e d  s c i e n t i f i c  i n v e s t i g a t i o n s  and are flown i n  o r b i t s  e s p e c i a l l y  
s e l e c t e d  f o r  t hese  i n v e s t i g a t i o n s .  The Explorer  class s p a c e c r a f t  and t h e i r  
experiments a . r e  developed by NASA i n s t a l l a t i o n s  , u n i v e r s i t i e s  , i n d u s t r y  and 
coopera t ing  f o r e i g n  c o u n t r i e s .  
e a r t h ' s  atmosphere,  ionosphere ,  and magnetosphere; e x p l o r a t i o n  of t h e  magneto- 
s p h e r i c  bounclary r eg ion  and in t .e rp lane tary  space; and as t ronomica l  obs erva- 
t i o n s  of t he  sun and o t h e r  c e l e s t i a l  o b j e c t s .  

They are used f o r  i n v e s t i g a t i o n s  of tEe 

Explorer  c:.ass sa te l l i t es  launched s u c c e s s f u l l y  t o  d a t e  inc lude :  
A i r  Dens1.t.y E$rp1 o r e r s  (12-foot b a l l o o n s ) ,  and two Atmosphere Explorers  
(measuring temperature  , d e n s i t y ,  and composition by in s t rumen ta t ion ) .  
Fore ign  s a t e l  :.it.es launched coope ra t ive ly  w e r e  two I t a l i a n  San Marco Statel- 
l i t e s ,  arid one A r i e l  S a t e l l i t e  (United Kingdom). 
i s  a t h i r d  sai:el . l i te which w i l l  c a r r y  I t a l i a n  and U. S. experiments  tcl 
measure atmospheric  d e n s i t y  and composition i n  e q u a t o r i a l  r eg ions .  WE are  
proposing; t o  i n i t i a t e  development of two more Atmosphere Explorers  i n  
FY 1969 t o  be fl.own i n  1971 and 1972 t o  make s t u d i e s  i n  the  r eg ion  of t h e  
atmosphere between 75 and 150 miles which has n o t  p rev ious ly  been explored 
except  11.mited sampling by sounding rocke t s .  

t h r e e  

Under development i n  I t a l y  
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Four C. S. Exp lo re r s  have been s u c c e s s f u l l y  launched w i t h  a primary mission 
t o  exp lo re  t h e  ionosphere:  one t o p s i d e  sounder,  one beacon, and two d i r e c t  
measurements s a t e l l i t e s .  An a d d i t i o n a l  f i v e  sa te l l i t es  w e r e  launched i n  
coope ra t ive  e f f o r t s  w i th  Canada, t h e  United Kingdom, and France.  The coopera- 
t i v e  program w i t h  Canada i s  con t inu ing  w i t h  t h r e e  more satel l i tes  scheduled 
f o r  launch over t h e  nex t  f o u r  yea r s .  

Eleven. Explorer  class satel l i tes  were launched between 1958 and 1964 t o  
s tudy  the r a d i a t i o n  b e l t  and r e l a t e d  phenomena and t o  monitor t h e  r a d i a t i o n  
caused by h igh  a l t i t u d e  nuc lea r  tests. A l l  of t h e s e  were U .  S. s p a c e c r a f t .  
S ix  s a t e l l i t e s '  under development by two u n i v e r s i t i e s  i n  t h e  United States  and 
by the  Europeen Space Research Organizat ion and Germany w i l l  be launched 
du r ing  1968 and 1969 t o  perform s p e c i a l i z e d  s t u d i e s  of p a r t i c l e  r a d i a t i o n  and 
i t s  r e l a t i o n s h i p  t o  t h e  atmosphere, ionosphere,  a i rg low,  and t h e  .aurora. 

A coopera t ive  e f f o r t  w i t h  Germany i s  planned t o  launch a probe i n t o  the  
magnetosphere t c  release barium ions  f o r  s tudy  of e l e c t r o s t a t i c  f i e l d s .  

NASA had planned t o  launch a series of small s c i e n t i f i c  s a t e l l i t e s  begin- 
ning i n  1969 t.o conduct i n t e r d i s c i p l i n a r y  s t u d i e s  aimed a t  a b e t t e r  under- 
s t and ing  of magnetic s torms,  t h e  r i n g  c u r r e n t  and low energy charged p a r t i c l e s  
i n  t h e  ma.gnetc)sphere. 
F l i g h t  Center and gene ra l  budgetary r e d u c t i o n s ,  i t  has been necessa ry  t o  
d e f e r  f i r s t  launch of t h i s  series u n t i l  1970. 

Because of manpower l i m i t a t i o n s  a t  t h e  Goddard Space 

I n  19611, Explorer X w a s  launched o u t  of t h e  e a r t h ' s  magnetosphere and i n t o  
It w a s  i n t e r p l a n e t a r y  space ,  r e t u r n i n g  t o  o r b i t  t h e  e a r t h  be fo re  i t s  demise. 

no t  u n t i l  1963, however, t h a t  w e  were a b l e  t o  mount a con t inu ing  e x p l o r a t i o n  
of boundary r eg ion  of t h e  ea r th ' s  magnetosphere w i t h  t h e  f i r s t  IMP Explorer .  
S ix  of thiese I M F  Exp lo re r s  have been launched and fou r  more are planned du r ing  
t h e  p e r i o d  1968 t o  1972. W e  are p r o g r e s s i v e l y  i n c r e a s i n g  t h e  experiment ca-  
p a c i t y  and d a t a  rate on t h e s e  sa te l l i t es  because they  w i l l  have t o  a s s u m e  t h e  
r o l e  of an i n t e r d i s c i p l i n a r y  s a t e l l i t e  w i t h  phase-out of t h e  OGO .series. We 
have found i t  necessa ry  t o  r e schedu le  t h e  IMP series because of mmpower 
l imi t a t i c lns  arid g e n e r a l  budget r e s t r i c t i o n s ,  b u t  t h e  ou t s t and ing  r e l i a b i l i t y  
of t h e  IMP s p a c e c r a f t  launched t o  d a t e  may make i t  p o s s i b l e  t o  con t inue  
coverage of magnetosphere boundary phenomena. 

Also de fe r r ed  u n t i l  1970 i s  t h e  f i r s t  launch of a series of f i v e  Sunblazer 
These small s p a c e c r a f t ,  t o  be launched s p a c e c r a f t  designed t o  o r b i t  t h e  sun. 

by a five-staE;e Scout v e h i c l e ,  w i l l  t r a n s m i t  s i g n a l s  from beyond the sun 
through t h e  s o l a r  corona t o  e a r t h  f o r  s t u d i e s  of v a r i a t i o n s  i n  t h e  s o l a r  
corona , magne t.ic f i e l d  , and s o l a r  p a r t i c l e  f l u x e s .  Other p o s s i b l e  missions 
f o r  t h e s e  s p a c e c r a f t  i nc lude  i n t e r p l a n e t a r y  f i e l d  and plasma s t u d i e s ,  s o l a r  
neutron s t u d i e s ,  and comet s imula t ion  s t u d i e s .  

I n  astroncniy, Explorer sa te l l i t es  are devoted p r i m a r i l y  t o  nonop t i ca l  m i s -  
s i o n s  of a survey n a t u r e ,  X-ray, gamma r a y ,  and low frequency r a d i o  astronomy. 
The Radio Astronomy Explorer  i s  designed t o  measure t h e  d i r e c t i o n  and i n t e n -  
s i t y  of ce l e s t . i a1  r a d i o  s i g n a l s  as a f u n c t i o n  of frequency and time. Two 
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missions are p r e s e n t l y  scheduled ,  t h e  f i r s t  i n  1968. The s p a c e c r a f t  has a 
l a r g e  antenna capable  of being deployed i n  o r b i t  t o  form a l a r g e  "X" "neasur- 
ing  1500 f e e t  t i p - t o - t i p .  It w i l l  be launched by a Delta v e h i c l e .  

A Scout launched astronomy Explorer  c a l l e d  t h e  Small Astronomy S a t e l l i t e  
i s  scheduled f o r  two missions beginning i n  1970. The o b j e c r i v e  of thi? f i r s t  
of t hese  is  t h e  d e t e c t i o n  and measurement of X-rays over  t h e  e n t i r e  c i2 l e s t i a l  
sphere.  This  s a t e l l i t e  should g ive  us  a map of X-ray sources  whfich a re  as 
much as 1,000 t i m e s  weaker than the  s t r o n g e s t  X-ray source  so  fair d e t l x t e d .  

The second Small Astronomy S a t e l l i t e  mission w i l l  cont inue  t h e  s e a r c h  f o r  
d i f f u s e  or p o i n t  sources  of h igh  energy cosmic gamma rays  and t o  map #any 
sources  t h a t  a r e  found. R e l a t i v e l y  s h o r t  l i v e d  rocke t  and ba l loon  expe r i -  
ments conducted so  f a r  have f a i l e d  t o  d e t e c t  any g a m a  r a y  sources .  The 
gamma r a y  t e l e scope  on t h i s  mission i s  an  en larged  v e r s i o n  of an  ins t rument  
c a l l e d  a d i g i t i z e d  spark  chamber flown s u c c e s s f u l l y  on ba l loons .  This  de t ec -  
t o r  w i l l  be capable  of d e t e c t i n g  any sources  which are 100 times f a i n t e r  than 
t h e  e x i s t i n g  l i m i t s  set by sounding r o c k e t s  and ba l loon  experiments.  

The Naval Kesearch Laboratory i s  p repa r ing  another  s m a l l  Explorer  €o r  
launch i n  1968 t o  cont inue  a program c a r r i e d  o u t  p rev ious ly  w i t h  Exp lmer  XXX 
of monitoring of t h e  sun ' s  e n e r g e t i c  X-ray emissions.  The s a t e l l i t e  Eunded 
by the  Navy h i l l  be launched by a NASA-funded Scout v e h i c l e .  

Funding p r i o r  t o  FY 1967 provided f o r  t h e  development and successf~11 
launch of U .  S. Explorers  through number 3 3 ,  and f o r  coope ra t ive  e f f o r t s  w i t h  
o t h e r  c o u n t r i e s  t o  launch s i x  sa te l l i t es .  Major development work w a s  a l s o  
accomplished on t e n  o the r  1J. S. Exp lo re r s ,  and s i x  o t h e r  coope ra t ive  n i s s i o n s .  

I n  FY 1967, work w a s  i n i t i a t e d  on t h e  series of small s c i e n t i . € i c  s a t e l l i t e s  
and the  S m a l l  Astronomy S a t e l l i t e ,  and t h e  IMP Explorers  program was extended 
by th ree  more missions.  A small  amount of suppor t  w a s  provided €or  our 
c.ooperative E , f for t  w i t h  Germany. 

I n  FY 196E1, no new U .  S, Explorers  are being s t a r t e d  because o f  l i n i t a -  
t i o n s  on  manpower and funding. Work on a number of s p a c e c r a f t  i s  being 
de fe r r ed .  

I n  FY 1969, work w i l l  be i n i t i a t e d  on two new atmosphere Explorers  and 
e f f o r t s  w i l l  be expanded on t h e  IMP, small s c i e n t i f i c  sa te l l i t es ,  and Small 
Astronomy S a t e l l i t e  Explorers .  The expansion of t h e  Explorer  program w i l l  
only p a r t l y  o f f s e t  t h e  phase-out of t h e  OGO program. The Sunblazer ,  on which 
w e  had planned t o  s t a r t  f u l l - s c a l e  development e f f o r t s  i n  FY 1963 w i l l  be 
held i n  a Supporting Research and Technology s t a t u s  u n t i l  FY 1963. 

Post  FY 1516s funding for a l l  of t h e  Explorers  i n i t i a t e d  throu,<h FY 1969 
w i l l  involve about  $87,895,000, i nc lud ing  launch v e h i c l e s .  
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Sounding Rockets 

Exper inien t E: ...................... 
Rocket devel.opment. ............. 
A t t i t u d e  c o n t r o l  systems. ....... 
T e s t  and eva lua t ion . .  ........... 
Ground Fnst:irunientation. ......... 
Roc ke t procurement .............. 

Engineering support .  ............ 

Total.. ......................... 

1967 

$6,699,000 
1,375,000 
3,962,000 

440,000 
27 5,000 

3,178,000 
4,071,000 

$20 2 000,000 

1968 

$7,430,000 
1,350,000 
3,060,000 

7 50,000 
290,000 

3,220,000 
3,900,000 

$20,000,000 

1969 .-- 

$7 ,8'91,000 
1,669,000 
3,648,000 

6 40 , 000 
3 25,000 

3,581,000 
-.A 4 246,000 

$22 ,c;oo ,000 
.-- 

Soundi-ng r o c k e t s  have proven t o  b e  a most e f f e c t i v e  means of  making sc i en -  
t i f i c a l l y  v a l u a b l e  s t u d i e s  of t h e  upper atmosphere a t  a l t i t u d e s  between 40 
and 1 7 5  niler; I These r o c k e t s  are r e l a t i v e l y  small and inexpensive v e h i c l e s  , 
capable  of can-rying wide v a r i e t i e s  of i n s t rumen ta t ion  f o r  t h e  s tudy  of t h e  
atmosphere,  j.onosphere, e n e r g e t i c  p a r t i c l e s  , t h e  stars, and the  s u n .  The 
r e l a t i v e l y  low c o s t  and s h o r t  l ead t imes  of sounding r o c k e t s  make t h e m  ex- 
t remely usefu'. f o r  ca r ry ing  out. exp lo ra to ry  experiments and t e s t i n g  new i n -  
s t ruments .  

Soundimg r o c k e t s  have been used t o  measure atmospheric  d e n s i t y  and temper- 
a t u r e ;  t o  ana1y;:e t h e  v a r i o u s  gases  p r e s e n t  i n  t h e  upper atmosphere,  and 
responses  of :he atmosphere t o  va ry ing  s o l a r  a c t i v i t y .  Chemicals r e l e a s e d  
from sounding r o c k e t s  f o r  wind and temperature  measurements launched i rom 
v a r i o u s  s i t e s  al.1 over t he  world have improved air  knowledge about  the dynam- 
i c s  of t h e  ionoepher ic  r eg ion  and t h e  n a t u r e  of t h e  e a r t h ' s  magnetic f i e l d .  
Kecoverable sounding rocke t  payloads have been used t o  c o l l e c t  e x t r a t e  rres-- 
t r i a l  d u s t  or igi.nating i n  meteor streams , comets,  and a s t e r o i d s .  Roct i l u c e n t  
c louds formed by t h e  condensat ion of i c e  about  t h i s  d u s t  have been prcbed by 
f l i g h t s  from '<weden and F t .  Church i l l  , Canada; i n t e r p l a n e t a r y  d u s t  ha? been 
sampled by rocke t s  Over White Sands,  New Mexico. 

The auror;i arid a i rg low have been i n v e s t i g a t e d  by rocke t  probes con ta in ing  
s p e c t r o p h o t o m t e r s ,  f i l t e r  phot:ometers , and p a r t i c l e  d e t e c t o r s .  

Ionospher ic  experiments c a r r i e d  out  w i th  sounding r o c k e t s  have been ex- 
t remely va luab le  both €or  s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  phys ics  of t h e  
ionosphere and f o r  c a l i b r a t i n g  in s t rumen ta t ion  on s a t e l l i t e s  a l r e a d y  i n  o r b i t  
by simultaneoiis1.y measuring t h e  same reg ion  of t h e  ionosphere.  Ins t ruments  
have been developed t o  measure e l e c t r o n  concen t r a t ions  and temperature , 
electromagnet  ic  waves , i o n i c  and n e u t r a l  mass s p e c t r a ,  magnetic f i e l d s  , and 
E-region c u r i x n t s .  

Sounding r o c k e t s  are now being e f f e c t i v e l y  u t i l i z e d  f o r  as t ronomica l  ob- 
s e r v a t i o n s  of t h e  sun and t h e  stars i n  t h e  X-ray and u l t r a v i o l e t  r eg icns  of: 
t h e  spectrum, These experiment:s were made p o s s i b l e  by the  development of 
improved att i .  :utle c o n t r o l  sys t ems .  
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Kesponsib:ility f o r  sounding r o c k e t  suppor t  a c t i v i t i e s  has been ass j  gned t o  
t h e  Goddard !+ace F l i g h t  Center .  NASA Headquarters  h a s  r e s p o n s i b i l i t ) ?  f o r  
experiments  tltoveloped by r e s e a r c h e r s  a t  u n i v e r s i t i e s  , i n  i n d u s t r y  , a t  o t h e r  
agenc ie s  , and i n  o t h e r  c o u n t r i e s .  

One hundred ilnd f i v e  phys ic s  and astronomy sounding r o c k e t s  of t h e  Nike 
Cajun/Apache/Tornahawk, Aerobee , and J a v e l i n  types  were launched during 1967 
from sites i n  t h e  United S t a t e s ,  Canada, B r a z i l ,  I n d i a ,  Sweden, and Norway,, 
Included i n  1:iese f l i g h t s  were:: (a) tests of i n s t rumen t s  be ing  develc~ped f o r  
t h e  German Rt?seiirch, In jun  V ,  and Aloue t t e  S a t e l l i t e s  u s ing  J a v e l i n  rclckets; 
(b) ozone anti n : t t r i c  oxide experiments  t h a t  complement experiments  on OGO-I), 
u s ing  Arcas and Nike Apache r o c k e t s  coord ina ted  w i t h  f l y b y s  of t h e  s a t e l l i t e ;  
(c) solair U V  experiments  t h a t  complement similar experiments  on OSO-C us ing  
an  Aerobee l!jO coord ina ted  w i t h  a f lyby  of t h e  s a t e l l i t e ;  (d) hydroger and 
Lyman Alphas experiments  t h a t  complement similar experiments  on Mariner V 
u s ing  an  Aero'3et: 150 rocke t  coord ina ted  w i t h  t h e  s p a c e c r a f t  f l yby  of \'enus on 
October 19, ?L367; (e )  a "g rav i ty  p re fe rence"  experiment u s ing  mice flcwn on 
a n  Aerobee l!iO i n  suppor t  of t h e  Biosc ience  program; ( f )  a series of nlagnetic 
and e l e c t r i c  Eield coord ina ted  experiments  u t i l i z i n g  ins t ruments  and c hemica1 
releases under Nike Tomahawk r o c k e t s ;  and (g) t h e  f i r s t  experiments  u t i l i z i n g  
t h e  SCAT and STRAP 111 p o i n t i n g  c o n t r o l s  w i t h  p o i n t i n g  a c c u r a c i e s  on t h e  
o rde r  of one a r c  second us ing  Aerobee 150 r o c k e t s .  

NASA p l ans  t o  con t inue  t h e  sounding r o c k e t  f l i g h t  program i n  1968 a t  t h e  
c u r r e n t  Ievel. of roughly 100 f l i g h t s  p e r  yea r .  Major f l i g h t s  planned f o r  
1968 inc lude :  ([a) an  experiment t o  create a n  a r t i f i c i a l  au ro ra  w i t h  8n 
"electro-gun" us ing  a n  Aerobee 350 rocke t ;  (b) a u r o r a l  s p e c t r a  and VLF e x p e r i -  
ments t o  test: in s t rumen t s  being developed f o r  t h e  In jun  V ,  I S I S ,  Owl, and ATS 
sa te l l i t es  us.ttq; J a v e l i n  r o c k e t s ;  (c) cont inued experiments  of t h e  "gravi ty  
p re fe rence"  of mice us ing  Aerobee 150 r o c k e t s ;  (d) a u r o r a l  s p e c t r a  expe r i -  
ments t o  test: iristruments being developed f o r  t h e  ISIS A and B ,  a n d  
Alouet te  I1 sa t e l l i t e s  us ing  Nike Apache and Nike Tomahawk r o c k e t s ;  a r d  (e> 
a series of eicperiments t o  s tudy  t h e  a u r o r a  us ing  Aerobee 150, J a v e l i r  and 
Nike Tomahawk r o c k e t s  coordinat.ed w i t h  f lybys  of t h e  OGO-D s a t e l l i t e  and t h e  
Auroral Expedi t ion  990 a i r c r a f t . .  

During FY :.969, w e  w i l l  beg in  t o  e x p l o i t  t h e  c a p a b i l i t y  we  developed over 
t h e  l a s t  few yea r s .  The improved a t t i t u d e  c o n t r o l  systems and l a r g e r  v e h i c l e s  
are enabl.ing lis t o  i nco rpora t e  heav ie r  payloads of m u l t i p l e  and complementary 
experiments .  B y  u se  of t h e  more complex payloads ,  w e  are g e t t i n g  inore sc i en -  
t i f i c  d a t a  re turm f o r  t h e  r e sources  expended. Experiments i n  p l a n e t a r y  atrrios- 
phe res  , e n e r g e t i c  p a r t i c l e s  and f i e l d s ,  g a l a c t i c  and r a d i o  a s t r o n m y ,  iono- 
s p h e r i c  p h y s i c s ,  and s o l a r  phys i c s  are being cont inued  wi th  emphasis cn 
s t e l l a r  and so lc . r ,  X-ray, and U V  astronomy. 
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Data Analysis  

1969 -- 1967 1968 

Nat ional  Space Science Data Center . .  $350,000 $703,000 $1,162,000 
Research tasks:: 

P a r t i c l e s  arid f i e l d s . .  ............ 957,000 1,147,000 2,253,000 
Ionosp hex :ic phys ics  ............... 366,000 765,000 1,010,000 
Sol ai- p hy :; i c :  s ..................... 32,000 65,000 140,000 
As t r onomy ,'a E; t rophy s i c  s ............ --- 95,000 195,000 ........ 40,000 
I n  t e r d i  sc: :ip I. i n a r  y ................. --- 100,000 200,000 
Meteor i ta I; /niicr ome t e o r  i t e s 30,000 25,000 

-- 

Total.. ............................. $1,735,000 $2,900,000 $5,0,00,000 
--,-I 

The Nat ional  Space Science Data Center., l o c a t e d  a t  t h e  Goddard Space 
F l i g h t  Cen te r ,  p rovides  f o r  t h e  c o l l e c t i o n ,  c a t a l o g i n g ,  s t o r a g e ,  .and dissemi- 
n a t i o n  of recluced d a t a  from space sc i ence  f l i g h t  experiments .  The d a t a  a r e  
made avaF1.abl.e t:o those  i n t e r e s t e d  i n  f u r t h e r  r e sea rch .  Support i s  provided 
f o r  r e s e a r c h  : im,olving t h e  c o r r e l a t i o n  of d a t a  from s e v e r a l  s e p a r a t e  invest : i -  
g a t i o n s  and a!.so f o r  r e sea rch  n o t  included i n  the  i n i t i a l  investi2aticNns. 
Proposals  f o r  r e sea rch  are compet i t ive ly  eva lua ted  and suppor t  i s  provided 
f o r  those e f f ior t s  which can be expected t o  c o n t r i b u t e  most t o  t h e  t o t a l  ad- 
vancement: of ltnowledge. The suppor t  g iven  t o  p a r t i c l e s  and f i e l d s , ,  and 
ionospher ic  phys ics  r e f l e c t s  t h e  f a c t  t h a t  most of t he  experiments  flclwn t o  
d a t e  are  from these  d i s c i p l i n e s .  However, t h e  amounts f o r  s o l a r  physics  and 
astronomy/ast:~:ophysics are  inc reas ing  and should cont inue  t o  do s o  wi th  t h e  
a v a i l a b i l i t y  of d a t a  from OS0 and t h e  forthcoming OAO and Ap0110 Telescope 
Mount . 

I n  order  t o  i n c r e a s e  the  hold ings  of t h e  Nat ional  Space Science Data 
Center , resou rces are a l s o  being devoted t o  completing d a t a  r educ t ion  and 
prime a n a l y s i s  , and acqu i r ing  d a t a  r eco rds  f o r  experiments  which pr-eda t e  the 
establishment:  of t h i s  f a c i l i t y .  E l imina t ion  of t h i s  backlog accounts  for 
most of the j.ncrease i n  FY 1968 and FY 1969. Due t o  f i n a n c i a l  r e s t r a i n t s ,  
FY 1968 funding i s  extremely l i m i t e d ,  bu t  t h e  FY 1969 l e v e l  more adeqLately 
suppor ts  t h i s  e f f o r t .  The funding f o r  t h e  Nat ional  Space Science Da ta  Center 
r e f l e c t s  t he  expansion of ope ra t ions  of t h e  Data Center a s  t h e  pace of col-. 
l e c t i n g  d a t a  is a c c e l e r a t e d .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF S & & a  SCIENCE AND APPLICATI 0 s  

PROGRAM OBJE(;IU@S AND JUS-TI O b  

The o b j e c t i v e  of t h e  Lunar and P l a n e t a r y  Explora t ion  program is  the1 
s c i e n t i f  i c  e x p l o r a t i o n  of our  s o l a r  system u t i l i z i n g  automated spacec1,aft  
and ear th-based  r e sea rch .  Immediate o b j e c t i v e s  inc lude  t h e  e x p l o r a t i o n  
of t h e  Moon, the  p l a n e t s  Mars, Venus, and Mercury, and t h e  in te rvening ,  
i n t e r p l a n e t a r y  space.  The f u l f i l l m e n t  of long range o b j e c t i v e s  will f e e  
t h e  even tua l  exp lo ra t ion  of t h e  o u t e r  p l a n e t s  and t h e i r  moons, comets. 
a s t e r o i d s ,  and t h e  corresponding p l a n e t a r y  and i n t e r p l a n e t a r y  deep space  
environment. The u l t i m a t e  achievement of t h e s e  o b j e c t i v e s  w i l l  provicle 
da t a  t o  b e t t e r  e x p l a i n  t h e  o r i g i n ,  h i s t o r y ,  and mechanisms of development 
of our s o l a r  system and may provide  evidence of t h e  e x i s t e n c e  of formf of 
l i f e  e l s ~ e w h e ~ e  in t h e  s o l a r  system. 

The Lunar Explorat ion program has  a l r e a d y  played a major r o l e  i n  ttle 
s c i e n t i f i c  unde:rstanding of t h e  moon and p repa r ing  f o r  t h e  f i r s t  mannc!d 
e x p l o r a t i o n  of  t h e  moon by provid ing  va luab le  d a t a  from t h r e e  types  oj' 
missions.  The Eirst, Ranger, has  y i e lded  over  17,000 photographs proipiding 
a b e t t e r  understanding of t h e  n a t u r e  and s u r f a c e  of t h e  moon. The sec.ond, 
Lunar O r ' b i t e r  , provided d e t a i l e d  photography of t h e  moon which s i g n i f i c a n t  l y  
con t r ibu ted  t o  t h e  s e l e c t i o n  and c e r t i f i c a t i o n  of landing  si tes f o r  tile 
Apollo manned luna r  landing  miss ions .  I n  a d d i t i o n ,  t h e  Lunar O r b i t e r  has  
provided va luab le  s c i e n t i f i c  d a t a  by photographing t h e  e n t i r e  lunar  sr i r face 
and thus  c o n t r i b u t i n g  t o  t h e  fundamental knowledge of l una r  s u r f a c e  topo- 
graphy and geology, provided t h e  f i r s t  photographs of t h e  e a r t h  from 1 he 
immediate v i c i n i t y  of t h e  moon, obta ined  da ta  on t h e  lunar  microrneteoi*oid 
f l u x  and radiation i n t e n s i t y  near  t h e  moon, and c o n t r i b u t e d  t o  t h e  i q l r o v e -  
ment i n  the  d e f i n i t i o n  of t h e  luna r  g r a v i t a t i o n a l  f i e l d .  The Lunar 0 1 - b i t e r  
p r o j e c t  'has demsnstrated t h e  C a p a b i l i t y  t o  develop complex technollogy 
r equ i r ed  t o  p l a c e  automated s p a c e c r a f t  i n t o  p r e c i s e  o r b i t s  about  anotlier 
body of t he  s o l a r  system. Th i s  technology w i l l  have d i r e c t  a p p l i c a t i o n  t o  
p l a n e t a r y  exp lo ra t ion .  With t h e  completion of t h e  l a s t  Lunar O r b i t e r  f l i g h t  
i n  FY 1968, <the p r o j e c t  has conducted f i v e  s u c c e s s f u l  miss ions  over a t h i r -  
teen-month per iod .  No funds axe being reques ted  f o r  t h i s  p r o j e c t  i n  ! h e  
FY 19 69 budget . 

The Surve:yor p r o j e c t ,  a l s o  completed i n  FY 1968, has  demonstrated l.he 
c a p a b i l i t y  t o  develop complex automated s p a c e c r a f t  t o  s o f t  land om another  
p l a n e t .  To d a t e ,  f i v e  s u c c e s s f u l  miss ions  have been achieved.  The f m a 1  
Surveyor mission was conducted e a r l y  i n  ca l enda r  year  1968. 
a r e  being relquested f o r  t h i s  p r o j e c t  i n  FY 1969. The Surveyor missioiis 
have produced s e v e r a l  thousand c lose-up  photographs of l una r  s u r f a c e  t le ta i  1, 
da t a  on lunar  s u r f a c e  bea r ing  s t r e n g t h  r equ i r ed  f o r  Apollo,  and have iier- 
formed t i h e  f i r s t  o n - s i t e  chemical a n a l y s i s  a t  v a r i o u s  l o c a t i o n s  on tho  

No funds 
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l una r  s u r f a c e .  P a r t  of t h e  FY 1969 funds reques ted  under t h e  Data Anailysis 
p r o j e c t  care f o r  Surveyor and Lunar O r b i t e r .  These funds w i l l  p rovide  f o r  t h e  
c o n t i n u a t i o n  of a n a l y s i s  and r e p o r t i n g  on t h e  s c i e n t i f i c  and eng inee r ing  da ta  
obta ined  fronn t h e s e  s u c c e s s f u l  miss ions  t o  t h e  moon. The funds w i l l  siupport 
t h e  Surveyor prfincipal i n v e s t i g a t o r s  and members of t h e  adv i so ry  teams; and 
working groups i n  t h e  f i e l d s  of l una r  geology, chemis t ry ,  mechanical proper -  
t i e s ,  s o i l  mechanics and e l ec t romagne t i c  phenomena. 

The P lane ta ry  Exp lo ra t ion  program has  experienced a h igh  degree of success  
and inc reased  oiir knowledge about  t h e  p l a n e t s  Mars and Venus. The Mai.iner I1 
mission in  1062, provided new d a t a  on t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  
Venusian atmosphere. The Mariner IV miss ion  t o  Mars i n  1965, provldetl t h e  
f i r s t  c lose-up  photography of t h e  p l a n e t  and t h e  f i r s t  d a t a  on i t s  loar dens i ty  
atmosphere. ?Iariner V, launched i n  June 1967, f lew by Venus on Octobt!r 19 ,  
1967, and made de te rmina t ions  of mass and ephemeris,  measured the solzir wind 
i n t e r a c t i o n  wi th  the  p l a n e t ,  determined the  magnetic f i e l d  of Venus to be 
less than 1/330 of t h a t  of t h e  e a r t h  and i n d i c a t e d  no r a d i a t i o n  b e l t s  around 
t h e  p l ane t .  Pre l iminary  a n a l y s i s  of t h e  d a t a  i n d i c a t e s  t h e  atm0spher:i.c 
p re s su re  i s  Eive t o  seven atmospheres a t  a temperature  of 330 t o  350° F 
about 24 m i l e s  above t h e  p l a n e t ' s  su r f ace .  Should Mariner V su rv ive  :l.ts 
c l o s e  approach to t h e  sun i n  January  1968, ear th-based  an tennas  w i I . 1  ]'e- 
acqu i r e  the  spacec ra f t  i n  an a t tempt  t o  o b t a i n  a d d i t i o n a l  d a t a  i n  ,4ugiist o r  
September 19168. 

The next  step i n  t h e  e x p l o r a t i o n  of t h e  p l a n e t s  w i l l  be t o  ga in  fux the r  
in format ion  about  t h e  p l a n e t  Mars. I n  1969, a Mariner miss ion  w i l l  be 
launched t o  f l y  by t h e  p l a n e t  t o  o b t a i n  h igh  r e s o l u t i o n  topographic  i r i for-  
mation about  t h e  Mart ian s u r f a c e ,  p rovide  atmospheric  p r o f i l e  measrirenients 
by means of o c c u l t a t i o n  experiments  and perform measurements of t h e  atmos - 
p h e r i c  c o n s i t u e n t s  i nc lud ing  polyatomic molecules ,  atomic hydrogen, 0)  ygen 
and n i t rogen : ;  i o n i c  molecular  n i t r o g e n  and carbon monoxide; and molect l a r  
n i t r o g e n ,  n i t  c ic  ox ide ,  carbon monoxide, and cyanogen wi th  i n f r a r e d  arld 
u l t r a v i o l e t  :tns1:ruments. The f l y  by d i s t a n c e  w i l l  be about 1/3 t h a t  sichieved 
by Mariner If1 i n  1965. The 1971 Mariner-Mars miss ion  w i l l  perform s i n i i l a r  
experiments  :LIT o r b i t  r a t h e r  than  i n  a f l y  by mode. The o r b i t a l  mode of 
opera t ion  w i l l  enable  us  t o  ga in  d e t a i l e d  informat ion  about  t h e  dynamlc 
c h a r a c t e i c i s t i ~ : ~  of t h e  p l a n e t  and provide  cont inuous measurements of aleasonal 
and d i u r n a l  wr :Lat ions .  Voyager, which was be ing  developed t o  provide 
S a t u r n  V launched o r b i t i n g  and landing  miss ions  t o  Mars i n  1973, has tleen 
te rmina ted  u p w  t h e  complet ion of Phase B c loseou t  a c t i v i t i e s .  
a r e  being reques ted  f o r  t h i s  p r o j e c t  i n  t h e  FY 1969 budget.  The 1973 Mars 
miss ion  wi th  l3 T i t a n  Mars 1973 o r b i t e r  and probe w i l l  ex tend  t h e  s c i e x l t i f i c  
measurements i n  o r b i t  and provide  f o r  d i r e c t  measurements of t h e  atmorpheric  
composi t ion,  temperature ,  p r e s s u r e ,  and d e n s i t y  p r o f i l e .  The T i t a n  Mars 
1973 miss ion  w i l l  p rovide  t h e  f i r s t  c o r r e l a t i o n  of remote measurements from 
o r b i t  wi th  d i r e c t  e n t r y  measurements from a probe. This program w i l l  e s t a b -  
l i s h  t h e  b a s i c  s t e p s  f o r  more d e t a i l e d  s u r f a c e  e x p l o r a t i o n  of t h e  plaxlet 
Mars and an o r b i t e r  b a s e l i n e  ccmfigura t ion  f o r  f u t u r e  p l a n e t a r y  explo i .a t ion .  

No furlds 
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Supporting research  and tech-  

Advanced p lane tary  mission 
nology/advanced s t u d i e s  ...... $22,350,000 

technology --- 
Data a n a l y s i s  .................. 
Surveyor ....................... 79,942,000 
Lunar o r b i t e r  .................. 26,000,000 
Mariner IV & V . . . . . . . . . . . . . . . . .  13,058,000 
Mariner Mars 1969.. ............ 30,130,000 
Mariner Mars 1971  .............. 
Ti tan  Mars 1973 ................ 
Voyager. ....................... 12.670.000 

Totail.. ...................... $184,1SO,OOQ 

................... --- 

--- --- 

$19,800,000 

12,000,000 
600,000 

35,600,000 
9,500,000 
3,800,000 

59,200,000 

--- 
1.000 e 000 

$141,5 00 5 000 

$30,1300,000 

6,700,000 
2,600,000 --- --- 

- -- 
30,000,000 
18,000,000 
20,000,000 --- 

.$107,300,000 

Dis t r ibu t ion  of Program Amount bv I n s t a l l a t i o n :  

1967 1968 1'169 

Kennedy :;piice Center.  ....... $159,000 
Manned Spacecraf t  Center. .  .. 65,000 

Goddard Space F l i g h t  Center .  355,000 

Arne:; Research Center. .  ...... 620,000 

NASA Heiidqina r t e r s  ........... 10,490,000 

Marsha 111 Space F l i g h t  Center 1,411,000 

Jet Propulsion Laboratory, .  . 141,885,000 

E lec t ron ic s  Research Center.  40,000 
Langley Ilesearch Center . .  *.. 28,625,000 

$90,000 
650,000 
385,000 

1,292,000 
113,479,000 

1,098,000 
75,000 

12,700,000 
11,73 1,000 

:~100,000 
1 ,, 100,000 

100,000 
2 ,, 000,000 

62 ,, 300,000 
1 ,, 700,000 

100,000 
22 ,, 000,000 
1 7  ,, 900,000 

BASIS OF FUND REQUIREMENTS: 

- Supportinp Research and Technology/Advanced Studies  

1969 1967 1968 - 
Lunar sci.enc.e, advanced 

tec:hnic:al development, 
and advanced s t u d i e s .  ....... $4,500,000 $4,000,000 $14 ,200,000 

Plane tary  sc ience ,  advanced 
technicxal development and 
advanced s t u d i e s . .  .......... 17,850,000 15,800,000 .__ 15,800 . OOC! 

T o t a l .  ....................... $22,350,000 $19,800,000 $3c!, 000. OOC! 

RD 5-3 



The Support ing Research and Technology/Advanced S t u d i e s  program prc)vides 
suppor t  t o  t h e  f l i g h t  miss ions  by developing sc i ence  experiments  and c?ngi- 
n e e r i n g  c a p a b i l i t i e s ,  and by s t u d i e s  d e f i n i n g  t h e  o b j e c t i v e s  and requLrements 
of va r ious  f l i g h t  mission p o s s i b i l i t i e s .  

The a c t i v i t i e s  i n  t h e  Sc ience  program inc lude  t h e  development of nc?w and 
improved f l i g h t  experiments ,  t h e  advancement of t h e  s t a t e  of knowledga of 
t h e  moon, p l a n e t s ,  and t h e  e a r t h ' s  upper atmosphere by t h e o r e t i c a l  s t u d i e s ,  
t h e  de te rmina t ion  of e s s e n t i a l  da t a  by l a b o r a t o r y ,  a s t ronomica l ,  ba1lt)on and 
sounding rocket  i n v e s t i g a t i o n s ,  and da ta  a n a l y s i s  and i n t e r p r e t a t i o n  i)f t h e  
resul ts  from f l i g h t  experiments .  Research emphasis is  d i r e c t e d  z i t  t h e  
c h a r a c t e r i s t i c s  of t h e  e a r t h ' s  upper atmosphere and t h e  atmospheres,  sur face  
f e a t u r e s ,  and s o l i d  body p r o p e r t i e s  of t h e  moon and t h e  p l a n e t s .  Labmatory  
r e sea rch  inc ludes  i n v e s t i g a t i o n s  i n t o  t h e  p h y s i c a l  and chemical naturi? and 
behavior  of l i k e l y  c o n s t i t u e n t s  of p l a n e t a r y  atmospheres and t h e  solill material 
of t h e  moon and p l a n e t s ,  "and t h e  r e a c t i o n s  t h a t  occur through t h e  in f  h e n c e  of 
e x t e r n a l  f o r c e s  and e f f e c t s  such a s  s o l a r  r a d i a t i o n ,  cosmic rays  and ineteor- 
o ids .  Other i n v e s t i g a t i o n s  u t i l i z e  o p t i c a l  and r a d i o  techniques  of astronomy 
t o  o b t a i n  informat ion  about  t h e  moon and t h e  p l a n e t s  from ba l loons ,  sounding 
r o c k e t s ,  and ground-based o b s e r v a t o r i e s .  During FY 1969, i t  is  expected t h a t  
cons t ruc t ion  w i l l  be completed on t h e  105" t e l e s c o p e  a t  t h e  Un ive r s i ty  of 
Texas and t h e  84" t e l e s c o p e  a t  t h e  Un ive r s i ty  of Hawaii. 

The m o s t  important  r e sea rch  a r e a s  cont inue  t o  be t h e  n a t u r e  of t h e  atmos- 
pheres  of Mars and Venus, and t h e  c h a r a c t e r i s t i c s  of t h e  surfaceti  of t h e  Moon 
and Mars. The  d a t a  obta ined  from t h e s e  ground based a c t i v i t i e s  when combined 
wi th  f l i g h t  r e s u l t s  (Mariner 11, Mariner I V ,  Mariner V,  Lunar O r b i t e r  I 
through V ,  and Surveyor miss ions)  con t inue  t o  advance our  knowledge through 
t h e o r e t i c a l  and modeling s t u d i e s .  The b e t t e r  unders tanding  of t h e  m o m  and 
p l a n e t s  ob ta ined  i n  t h i s  way i s  paving t h e  way f o r  manned landings  on t h e  
Moon and a u t c m t e d  probes f o r  descent  through t h e  atmospheres of Venus and 
Mars and landing  on t h e  p l a n e t s .  

The o b j e c t i v e s  of t h e  Advanced Technica l  Development program tire ti3 
advance techrlology f o r  a p p l i c a t i o n  i n  new and improved Spacec ra f t  hardware 
and provide  b e t t e r  a l t e r n a t i v e  des igns  t h a t  w i l l  s u c c e s s f u l l y  al'tow tlqe con- 
duc t  of  propcsed f l i g h t  miss ions  t o  t h e  moon and p l a n e t s .  The success  of 
t h e s e  miss ions  w i l l  be dependent upon t h e  development of equipment which can 
ope ra t e  r e l i a b l y  a f t e r  long term exposure i n  deep space .  For f l i g h t  inissions 
planned t o  t h e  p l a n e t s ,  t h e  s p a c e c r a f t  hardware developed must a l s o  q p e r a t e  
s u c c e s s f u l l y  a f t e r  being fumigated by gas  and s t e r i l i z e d  wi th  heist. Iluring 
FY 1968, t h e  program covered a number of phases  of s p a c e c r a f t  advanced develop- 
ment inc ludirlg t h e  des ign  and development of te leconmunica t ion  and da ta  au to -  
mation concepts  and t echn iques ,  t h e  i n v e s t i g a t i o n  of techniques  :€or s t e r i l i -  
z a t i o n  of hardware,  t h e  development of landing  and capsu le  system technology,  
and t h e  imprcwement of component r e l i a b i l i t y  and l i f e t i m e .  I n  FY 1969 funds 
w i l l  be used t o  cont inue  t h e  c u r r e n t  e f f o r t s ,  t o  suppor t  p o s s i b l e  futiure Mars 
mis s ions ,  anci t o  s t a r t  advanced development of c r i t i c a l  t echno log ie s  requi red  
f o r  miss ions  t o  Mercury and o t h e r  p l a n e t s .  



I 

I 

The Advanced S t u d i e s  program p lays  a n  e s s e n t i a l  r o l e  i n  developing t h e  
p l ans  f o r  futurle lunar  and p l a n e t a r y  miss ions .  The i d e n t i f i c a t i o n  ant1 e v a l u a -  
t i o n  of p o t e n t i a l  miss ions  is  a con t inu ing  process  which t a k e s  i n t o  ac:count 
new information about  t h e  moon and t h e  p l a n e t s ,  advances made i n  s p a c e c r a f t  
technology, ,and improved boos ter  c a p a b i l i t i e s .  I n  F i s c a l  Pear  1968, Ifunds 
were used (1) t o  conduct a s tudy  of a s u r v i v a b l e  Venus probe based on des ign  
s t u d i e s  of nonsurvivable  probe concepts ;  (2) t o  e v a l u a t e  p o s s i b l e  Mariner 
missions f o r  t h e  e a r l y  1970 t i m e  per iod;  and (3) t o  i n v e s t i g a t e  t h e  u:ie of 
s o l a r  e l e c t r i c  propuls ion f o r  miss ions  t o  J u p i t e r  and beyond. A combined 
Venus/Mercury mission us ing  nominal on-board propuls ion  systems was s m d i e d .  
During FY 1969 funds w i l l  be used t o  cont inue  t h e  survey  of miss ions  i n  t h e  
d i s t a n t  f u t u r e  and de termina t ion  of t h e  requi rements ,  c h a r a c t e r i s t i c s ,  and 
f e a s i b i l i t y  of t hese  miss ions  t o  t h e  moon end p l a n e t s  and t h e i r  cissociated 
technology requirements .  
p l a n e t  f ly -by  missions and o r b i t e r  miss ions  t o  J u p i t e r .  I n  addi t  i on ,  p r e -  
l iminary  s t u d i e s  of automated Mars s u r f a c e  sample r e t u r n  missions a r e  planned,  
Other s t u d i e s  w i l l  i nc lude  t h e  d e f i n i t i o n  of a J u p i t e r  a tmospheric  probe and 
an  a n a l y s i s  of rendezvous miss ions  t o  comets and a s t e r o i d s .  

Primary emphasis w i l l  be p laced  on s t u d i e s  of ou te r  

During FY 1969, Support ing Research and Technology e f f o r t s  d i r ec t e l l  toward 
t h e  p l a n e t s  w i l l  con t inue  a t  t h e  same l e v e l  a s  FY 1968. 
towards opt imiz ing  manned e x p l o r a t i o n  of t h e  moon w i l l  be increased .  

E f f o r t s  dire1:ted 

The oppor tun i ty  p re sen ted  by Apollo t o  exp lo re  t h e  moon is a nlajor c h a l -  
lenge t o  t h e  s c i e n t i f i c  community. 
lunar  o r b i t  and on to  t h e  luna r  s u r f a c e ;  a s t r o n a u t  s t a y  t i m e  w i l l  be gmdu811y 
increased;  m o b i l i t y  systems w i l l  be in t roduced ,  and,  above a l l ,  nmn wi t11  be 
t h e r e  t o  manipulate  t h e  equipment and observe and r e p o r t  on t h e  r e s u l t s .  Our 
e f f o r t s  toward opt imizing t h i s  e x p l o r a t i o n  and f u l l y  u t i l i z i n g  t h e  ca1 )ab i l i t y  
of t h e  sys t em m u s t  be increased .  
and e x i s t i n g  e a r t h  e x p l o r a t i o n  methods must be  modif ied t o  f i t  t h e  luiiar 
parameters .  Ins t ruments  must then  be designed and breadboards ccmstri icted.  
A major c o n t r i b u t i o n  t o  t h i s  e f f o r t  w i l l  be inc reased  emphasis or1 rescrarch 
based on t h e  s c i e n t i f i c  da t a  from t h e  Surveyor and Lunar O r b i t e r  spaccicraf t .  
This  researcih w i l l  s i g n i f i c a n t l y  c o n t r i b u t e  t o  our  d e c i s i o n s  on what ite shouldl 
look f o r  on the  s u r f a c e  and i n  t h e  i n t e r i o r  of  t h e  moon, how we s'houltl look 
f o r  i t ,  and \where we should concen t r a t e  our  e f f o r t s .  Continued refincrment of  
e x i s t i n g  miss ion  p l ans  must keep pace w i t h  t h e s e  a c t i v i t i e s .  

Large payloads can  be d e l i v e r e d  i i i t o  

New e x p l o r a t i o n  methods must be: devcrloped, 

The i n i t i a t i o n  of t h e  above a c t i v i t i e s  a r e  e s s e n t i a l  i f  we hope t o  t a k e  
f u l l  advantage )of t h e  Apollo miss ions  i n  t h e  e a r l y  1970's.  The a c c q p l i s h m e n t  
of t h e s e  goa l s  i n  t h i s  t i m e  span w i l l  n e c e s s i t a t e  i n c r e a s i n g  t h e  a c t i v i t i e s  of 
s c i e n t i s t s  and ,groups of s c i e n t i s t s  c u r r e n t l y  i n  the pragram, a s  w e l l  a s  
suppor t ing  new groups t h a t  a r e  c u r r e n t l y  anxious t o  p a r t i c i p a t e .  
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Advanced P l a n e t a r y  ' s i o n s  T e c h n o l o w  

1967 1968 -1969- 
O r b i t e r s  and f ly-bys. .  ........ --- $6,000,000 $1,5CIO, 000 
Probes and Lander6 ............ --- 4,000,000 2,600,000 
Sur face  l a b o r a t o r i e s . .  ........ --- 2 000.000 2 6C180.000 

....................... $12.000.000 $6,7C!'O,OOO --- T o t a l . .  

The Advanced P l a n e t a r y  Missions Technology program commenced i n  Fis,ca 1 
Year 1968 i n  view of t h e  conc lus ion  of t h e  Mariner V,  Lunar O r b i t e r ,  and 
Surveyor programs and t h e  d e f e r r a l  of Voyager a f t e r  t h e  Phase B completion. 
These p r o g r a m  r e p r e s e n t  an  e s t ima ted  experience of about 20,000 t o  3(1,000 
man y e a r s  :flie Advanced P l a n e t a r y  Missions Technology e f f o r t  i s  maint a i n i n g  
a nucleus of the s c i e n t i f i c ,  t e c h n i c a l ,  and management competence made a v a i l -  
a b l e  by t h e  c lmple t ion  of t h e s e  s u c c e s s f u l  programs t o  conduct t h e  necessa ry  
mission d e s i l p  s t u d i e s  t o  s h o r t e n  l e a d  time requirements f o r  f u t u r e  mj.ssions, 
t o  a c c e l e r a t e  s p e c i f i c  technology t a s k s  i n  advanced subsystem development 
e s s e n t i a l  for execu t ing  missions i n  t h e  e a r l y  1 9 7 0 ' ~ ~  and t o  advance sc i e n t i f i c :  
i n s t r u m e n t a t i ~ ~  development a s s o c i a t e d  wi th  probes and l ande r s .  

The Advanced P l a n e t a r y  Missions Technology program has  been dividetl  i n t o  
t h r e e  major t y p e s  of missions: O r b i t e r s  and Fly-bys,  Probes and Landeirs, and 
Sur face  :Labo.ratories. Within each mission type  t h e r e  a r e  t h r e e  nla j o r  a r e a s  
of a c t i v i t i e s :  
Development, and Science D e f i n i t i o n  and Instrument  Development. 

Mission Design S t u d i e s ,  Advanced Subsystem Research arid 

The Mission Design S t u d i e s  s t a r t e d  i n  FY 1968,and t o  be cont inued :i.n 
FY 1969, a r e  d i r e c t e d  toward t h e  mission o p p o r t u n i t i e s  t h a t  e x i s t  durirrg t h e  
e a r l y  1970's.  These missions inc lude  v a r i o u s  p o s s i b l e  Venus missions i n  
1972, missions to Venus cons ide r ing  t h e  deployment of a Buoyant S t a t i o n ,  a 
Venus swingb:y t o  Merqury i n  1973 and s o f t  landing capsu le s  and surfact!  l abo ra -  
t o r y  missionrs t o  Mars i n  t h e  mid 1970's .  

For each p o t e n t i a l  mission, t r ade -o f f  s t u d i e s  a r e  performed betweell variouc; 
p o s s i b l e  combinations of mission o b j e c t i v e s ,  a p p l i c a b i l i t y  and u s e  of inforrna- 
t i o n  and equipment from e a r l i e r  mi s s ions ,  m o d i f i c a t i o n  and r euse  of rc!maining 
s p a r e  hardware from previous mis s ions ,  and c o n t r i b u t i o n  t o  follow-on m i s s i o n s ,  
To detenmine t h e  energy requirements and c o m p a t i b i l i t y  of va r ious  c1a:;ses of 
payloads w i t ' h  a v a i l a b l e  launch v e h i c l e  c a p a b i l i t y ,  t r a j e c t o r y  s t u d i e s  a r e  con- 
ducted.  These s t u d i e s  a r e  combined t o  e v a l u a t e  t h e  mission mode, sizd!, weight ,  
and t r a j e c t o r i e s  so t h a t  e f f i c i e n t ,  s c i e n t i f i c a l l y  d e s i r a b l e ,  and e f f ( ! c t ive  
missions can be def ined.  A f t e r  d e f i n i n g  d e s i r a b l e  mission concep t s ,  : i tud ies  
a r e  performed t o  provide concep tua l  des igns  of systems and subsysltems, space- 
c r a f t / c a p s u l e  i n t e g r a t i o n ,  launch v e h i c l e  i n t e g r a t i o n ,  program arid te , ; t  
planning and s t e r i l i z a t i o n  planning.  
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From t h e s e  Mission Design S t u d i e s ,  a foundat ion is  e s t a b l i s h e d  f o r  t h e  
i n i t i a t i o n  o.E pLanetary f l i g h t  p r o j e c t s  on a s h o r t e r  l ead  t i m e  t han  i f ,  

normally r equ i r ed .  I n  a d d i t i o n ,  a sound b a s i s  is  formulated f o r  t h e  s e l e c t i o n  
of missions t h a t  a r e  compatible wi th  schedule  and r e source  l imi t a t ions ,  a s  well1 
a s  s c i e n t i f i c  a t t r a c t i v e n e s s .  By performing t h i s  des ign  s t u d y  we a r e  a f fo rded  
t h e  f l e x i b i l i t y  t o  implement e x i s t i n g  mission o p t i o n s  a t  a l a t e r  d a t e .  

The Advanced Subsystem Research and Development a c t i v i t y  i n i t i a t e d  i n  
FY 1968 was b3sed on an e v a l u a t i o n  of t h e  c r i t i ca l  technology requirements 
f o r  t h e  t h r e e  mlssion c l a s s e s  and t h e  l ead  t i m e s  involved i n  developirig t h e s e  
t echno log ie s .  :In t h i s  way, subsystem technology would be developed t o  t h e  
s t a g e  of demonstrated eng inee r ing  f e a s i b i l i t y  f o r  s p e c i f i c  c l a s s e s  of missions.  
Th i s  e f f o r t  is d i r e c t l y  a p p l i c a b l e  t o  t h e  s p e c i f i c  1971 and 1973 Mars missions 
included i n  t h e  FY 1969 budget r eques t  and w i l l  be supported by t h e  f l i g h t  
p r o j e c t s  when they  a r e  approved. The funds r eques t ed  i n  FY 1969 w i l l  cont inue 
work i n  h e a t  s h i e l d  development, a n a l y s i s  of r a d i a t i n g  boundary layerr  and i n  
e n t r y  v e h i c l e  development. These funds w i l l  a l s o  p rov ide  f o r  continuebd work 
i n  teleccmrmuiiiccitions, d a t a  hand l ing  and p rocess ing ,  p ropu l s ion ,  e n t r J -  ae ro -  
dynamics, guidance and c o n t r o l ,  s t r u c t u r e s  and mechanics,  s t e r i l i z a t i o n  and 
ground suppoir t equipment. S i g n i f i c a n t  advances a r e  r e q u i r e d  i n  t r ansn i i t t ed  
power subsystem:; and i n  h ighe r  e f f i c i e n c y  coding and modulation technilques 
t o  enab le  plelnetary o r b i t e r s  t o  e f f e c t i v e l y  t r a n s m i t  photographic datci over 
long d i s t a n c e s .  
i n  o rde r  t o  develop l a r g e  pa rachu tes  deployable  a t  high Mach numbers I n  a 
low dens i t y  21 tmosphere. 

The t h i r d  major a c t i v i t y  i n  the  Advanced P l a n e t a r y  Mission Technology 
program i s  concerned with t h e  d e f i n i t i o n  of s c i ence  o b j e c t i v e s  and rai: ionale 
f o r  the va r ious  classes of mis s ions ,  and wi th  t h e  advance development o f  
i n s t rumen ta t ion  t o  be c a r r i e d  on t h e s e  missions.  The FY 1969 s c i e n t i f i c  
i n s t rumen ta t ion  e f f o r t  would provide f o r  the d e f i n i t i o n  o f  s c i e n t i f i c  
experiments 
instrument  performance f o r  missions to  Mars, Venus, and Mercury. 'The 
s u r f a c e  Laboicatory w i l l  r e q u i r e  t h e  development of i n t e g r a t e d  sc i ence  
instrumeintat ilm t h a t  can be s t e r i l i z e d  and f u n c t i o n  as an i n t e r r e l a t e t l  se t  
of experimen1:s. To d e f i n e  t h i s  i n t e g r a t e d  l a b o r a t o r y  e f f e c t i v e l y ,  s c l ence  
teams w i l l  be organized t o  work wi th  design eng inee r s  i n  the  ear ly  bread- 
board s t a g e  so t h a t  s i g n i f i c a n t  problem a r e a s  w i l l  be i d e n t i f i e d  earl!,. 
I n  o r d e r  t o  ixl:h.ieve an  o p e r a t i o n a l  s u r f a c e  l a b o r a t o r y  i n  t h e  rnid-l970's,  
work w i l t  be done on advance in s t rumen ta t ion  and techniques f o r  sample 
p rocess ing ,  mic~:ochemical a n a l y s i s ,  and imaging d i s c r i m i n a t i o n .  

Advanced i n v e s t i g a t i o n s  a r e  r e q u i r e d  i n  pa rachu te  dyiamics,  

t he  f a b r i c a t i o n  of l a b o r a t o r y  breadboard models t o  ve i* i fy  

The eicplo~ti~tilon of Venus wil.1 r e q u i r e  the same e f f o r t  i n  terms of i n s t r u -  
mentation and experiment design.  Data from the  s u c c e s s f u l  Mariner V 2nd 
Venus I V  w i l l .  be i n t e r p r e t e d  t o  provide information f o r  t he  d e f i n i t i o r  of 
missions and experiments t o  be flown l a t e r .  
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Data Analys is  

1967 1968 -BEL- 

Surveyor. . .  .................... --- - - -  $1,200,000 
- - -  800,000 Lunar Orbi ter . . . . . . . . . . . . . . . . . .  - - -  

Mariner. . . . . . . . . . . . . . . . . . . . . . . .  - - -  $600.000 - 600.(@Q 

Total . . . . . . . . . . . . . . . . . . . . .  ... --- $600.000 $ L 6 0 0  .Om - 
Data analysi:3 i s  shown a s  a s e p a r a t e  p r o j e c t  i n  t h e  Lunar and Plant! tary 

program ithis year ,  i n  view of t h e  f a c t  t h a t  t h e  Lunar O r b i t e r ,  Surveycw, and 
Mariner 'tV and 11 p r o j e c t s  a r e  completed but  t h e  a n a l y s i s  of da ta  gathttred i s  
not  y e t  E u l l y  accomplished. The funds shown i n  FY 1968 were included i n  t h e  
Mariner p r o j w t  i n  t h e  FY 1968 budget and a r e  be ing  used f o r  Mariner [lata 
Ana l y s i s .  

The Lunar O r b i t e r  p r o j e c t  has  photographed t h e  e n t i r e  Moon, provid jng  
topographic  and geologic  informat ion  i n  g r e a t  q u a n t i t y  and d e t a i l ,  T t e  
Surveyor proJect: has  accomplished s o f t  landings a t  s e l e c t e d  s i tes  on t h e  
Moon. B y  te:LevhsFon photography, manipula t ion  of t h e  s u r f a c e  ma te r i a l  , 
chemical ena:l:ysi.s and magnetic tes ts ,  Surveyor s p a c e c r a f t  have provided 
va luab le  infocmation about t h e  lunar  s u r f a c e  m a t e r i a l ,  i ts  bea r ing  s t r e n g t h ,  
t e x t u r e ,  cohesive p r o p e r t i e s ,  and chemical composition. Lunar Orb i t e r  da ta  
have provided f o r  s e l e c t i o n  of e i g h t  candida te  Apollo landing s i t e s ,  Four 
o f  t h e s e  site a r e a s  were i n v e s t i g a t e d  by Surveyor.  F i s c a l  yea r  1968 na rks  
t h e  end of t h e s e  s u c c e s s f u l  programs. A p o r t i o n  of t h e  funds reques ted  i n  
J?Y 1969 f o r  c l i r t t i  a n a l y s i s  w i l l  be used t o  cont inue  t h e  a n a l y s i s  of and 
r e p o r t i n g  of the! v a s t  amount of s c i e n t i f i c  and eng inee r ing  da ta  obt.ained 
from t h e s e  s u c x e s s f u l  programs. The funds w i l l  suppor t  t h e  work of t h e  
Surveyor and 1,unar O r b i t e r  P r i n c i p a l  I n v e s t i g a t o r s ,  members of t h e  Surveyoi 
Sc ience  E:valuation and Advisory Team and Working Groups i n  t h e  f i e l d s  of 
lunar  geology,  topography, car tography,  chemis t ry ,  mechanical p r o p e r t i e s ,  s o i l  
mechanics, and e lec t romagnet ic  p r o p e r t i e s .  

Mariner mi:;si.ons have a l s o  provided a weal th  of da t a  about tlie plar ie ts  
Mars and Venw;, as w e l l  as t h e  i n t e r p l a n e t a r y  medium. Mariner 11 acqLired 
i n t e r p l a n e t a r y  and p l a n e t a r y  d a t a  on a fly-by, mission t o  Venus i n  1962. 
Mariner IV, 1.i~unched i n  November 1964, f lew p a s t  Mars i n  J u l y  1965. I t  
acqui red  d a t a  on t he  i n t e r p l a n e t a r y  medium, t h e  atmosphere of t h e  plariet artd 
t r ansmi t t ed  to e a r t h  22 p i c t u r e s  of t h e  su r face  of t h e  p l a n e t .  A f t e r  comp1.e- 
t i o n  of the Fiirrs; miss ion ,  Mariner I V  cont inued  on i t s  t r a j e c t o r y  i n  o r b i t  
about t he  suri.. I n  1966-67 i t  came w i t h i n  range of t h e  ear th-based  deep space 
network iintennas and was determined t o  be i n  good o p e r a t i n g  cond i t ion .  It con.- 
t i nued  t o  func t ion  normally throughout t h e  two-year pe r iod  u n t i l  the  cn-board 
att i tude--cont:~:ol.  gas supply was f i n a l l y  exhausted i n  December 1967. 
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Mariner V ,  launched i n  June 1967, acqu i r ed  d a t a  on t h e  i n t e r p l a n e t a r y  
medium and p l a n e t a r y  atmosphere of Venus which improved and augmented s i g -  
n i f i c a n t l y  t h e  d a t a  acqui red  f i v e  years ear l ier  by Mariner 11. Although 
the  a n a l y s i s  of Mariner V d a t a  is  s t i l l  i n  process ,  p re l imina ry  f i n d i n g s  
i n d i c a t e  a p l a n e t a r y  su r face  of  high temperature  under very  h igh  atmospheric  
p re s su re .  Carbon d ioxide  is a p r i n c i p l e  c o n s t i t u e n t  of t h e  Venus lower 
atmosphere. The p l a n e t  i s  enveloped i n  a sphere  of hydrogen ana:togous t o  that: 
of e a r t h .  Nei ther  a magnetic f i e l d  nor  t rapped  e n e r g e t i c  p a r t i c t e s  were 
de tec ted  near t h e  p l a n e t .  

I n  t h e  event  t h a t  Mariner V s u r v i v e s  i t s  c l o s e  approach t o  t h e  sun i n  
January 1968, i t s  t r a j e c t o r y  w i l l  b r i n g  i t  w i t h i n  range of ear th-based  
antennas aga in  i n  August o r  September 1968, and provide an opporlzunity t o  
acqu i r e  add i t , i ona l  d a t a  dur ing  such a per iod  of r e a c q u i s i t i o n .  Funds a r e  
budgeted i n  F Y  1969 t o  support  t h i s  a c t i v i t y .  

Mariner 

1969 --- 1967 1968 

Mariner -Mars 1964. $200,000 --- --- 
Mariner I V . . . . . . . . . . . . . . . . . . . . . . . .  800,000 $620,000 --- 
Mariner V . . . . . . . . . . . . . . . . . . . . . . . . .  12,058,000 3,800,000 --- 
Mariner-Mars 1971. .-I 

................ 

Mariner-Ma.1-s 1969 . . . . . . . . . . . . . . . . .  30,130,000 59,200,000 $30,000,000 ................ --- --- 18 000,000 

T o t a l  Spacecraf t  and Support . .  .. $43,188.000 $63,000.000 $48,C100,000 

At las  Ageria (Launch Vehicle  

Atlas Cent.;tur (Launch Vehicle  
Proc:uremc?nt. Program). ........... ($200,000) ($71,000) (---I 

Proc:urenient. Program). ........... (8,800,000) (8,000,000) .JS6,600,000) 

Total (j.~icI.uding launch 
vc!hicl.es) ..................... ($52.188,000)($71,071.000) (.$54,t:OO,000) .-- 

The Mariner program o b j e c t i v e  i s  t o  conduct precursory  missions wi th  400 
t o  1,200 pound c l a s s  s p a c e c r a f t ,  f o r  t h e  e x p l o r a t i o n  of  t h e  p l a n e t s  #and 
i n t e r p l a n e t a r y  medium. These miss ions  a r e  t o  provide  a s c i e n t i f i c  ami 
t echno log ica l  b a s i s  f o r  more d e t a i l e d  e x p l o r a t i o n  by l a r g e r  orbit : ing ispace- 
c r a f t ,  p robes ,  and l ande r s .  Mariners  I1 and IV measured t h e  magnetic f i e l d s ,  
charged p a r t i c l e  f l u x e s ,  and cosmic d u s t  i n  i n t e r p l a n e t a r y  space  and in t h e  
v i c i n i t y  of Venus and Mars r e s p e c t i v e l y .  On December 14, 1962, 1farincx I1 
observed microwave b r i g h t n e s s  tempera tures  of approximately 8 O O 0 F  on Venus, 
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but d i d  not  detect a magnetic f i e l d  when it  passed w i t h i n  22,000 mi1e r . i  of t h e  
p l a n e t ' s  sur:EC9ce. On October 12, 1967, Mariner V passed wi th in  2,500 m i l e s  
of t h e  s u r f a c e  of Venus. The p re l imina ry  r e s u l t s  a r e  s t a t e d  above. Nar iner  
I V  t r a n s m i t t e d  t o  e a r t h  t h e  f i r s t  c lose-up photographs of another  plal le t  a f t e r  
i t  passed wi th in  6,200 m i l e s  of t h e  s u r f a c e  of Mars on J u l y  15, 1965. 
next  s t e p  i n  the  Mariner program f o r  t h e  e x p l o r a t i o n  of t h e  p l a n e t s  i t ;  a 
f ly -by  m i s s i c s n  of Mars i n  August 1969. Mission d e f i n i t i o n  and f l i g h t  p l ans  
which a r e  now nea r ing  completion c a l l  f o r  t h e  launch of  two Mariner-c:l.ass 
s p a c e c r a f t  which w i l l  be instrumented t o  o b t a i n  more s c i e n t i f i c  inforrimtion 
dur ing  t h i s  o n e  oppor tun i ty  than  has  been c o l l e c t e d  by a l l  p rev ious  pllanetary 
miss ions  combined. 

The 

The b a s i c  s p a c e c r a f t  looks much t h e  same a s  e a r l i e r  Mariners  atlthollgh i t  
is  l a r g e r  and heav ie r  (approximately 850 pounds a s  compared t o  Wrine:t: I V  
which weighed 570 pounds) because of t h e  inc reased  s c i e n c e  requirements .  The 
sc i ence  ins t ruments  c o n s i s t  of two t e l e v i s i o n  cameras,  an i n f r a r e d  s p i x t r o -  
meter, i n f r a r e d  rad iometer ,  and an  u l t r a v i o l e t  spec t rometer .  I n  a d d i t i o n  t o  
t h e s e  f l i g h t  ins t ruments ,  i t  is a l s o  planned t o  conduct a p l a n e t a r y  o c c u l t a t i o n  
experiment making use  of t h e  s p a c e c r a f t ' s  r a d i o  equipment, and a ce1e : ; t i a l  
mechanics experiment u s ing  t h e  t r a c k i n g  da ta .  

The launch pmeriod f o r  t h i s  oppor tun i ty  opens i n  mid-February 1.969 rmd ex- 
t ends  f o r  about seven weeks i n t o  e a r l y  A p r i l .  By making use  of i n - f l i g h t  
t r a j e c t o r y  c o r r e c t i o n s ,  i t  is  p o s s i b l e  t o  have both s p a c e c r a f t  encoun1:er t h e  
p l a n e t  w i th in  a given ten-day per iod .  A s  each s p a c e c r a f t  approaches ithe 
p l a n e t ,  one of t h e  two TV cameras on board w i l l  commence a p i c t u r e  t ak ing  
sequence p e r m i t t i n g  f u l l  photographic  coverage of Mars a t  i n c r e a s i n g  tresolu- 
t i o n .  
on a long  w i t h  t h e  I R  and UV ins t ruments .  A l l  d a t a  w i l l  be c o l l e c t e d  ,and 
s t o r e d  on magnetic t a p e s  up t o  t h e  t i m e  t h e  s p a c e c r a f t  is  o c c u l t e d  by t h e  
p l a n e t .  
played back t o  t h e  e a r t h  t r a c k i n g  s t a t i o n s .  

During t h e  nea r  encounter  phase,  t h e  o t h e r  TV camera w i l l  be ti~irned 

Af te r  the s p a c e c r a f t  e x i t s  from o c c u l t a t i o n ,  t h e  t a p e s  will l)e 

The exper ience  i n  lunar  e x p l o r a t i o n  has  been c a r e f u l l y  reviewed t o  
determine i t s  a p p l i c a b i l i t y  t o  t h e  p l a n e t a r y  e x p l o r a t i o n  program,, Th Ls 
exper ience  i n d i c a t e s  t h a t  s e v e r a l  o r b i t e r  miss ions  (about four  a s  a mlnimum) 
a r e  r equ i r ed  t o  make t h e  necessa ry  remote obse rva t ion  and t o  suppor t  landing 
miss ions .  Two o r b i t e r  miss ions  t o  Mars a r e  planned f o r  bo th  t h e  1971 and 
1973 o p p o r t u n i t i e s .  While T i t a n  c l a s s  launch v e h i c l e s  a r e  r equ i r ed  i l l  1973, 
A t l a s  Centaurs  $can be used i n  1971 because of t h e  low energy reqwiremcmts 
a s s o c i a t e d  wi th  t h e  1971 oppor tun i ty .  
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The 1971 lrlar'iner missions planned f o r  Mars w i l l  u se  t h e  b a s i c  Mariiier 1969 
f ly-by s p a c e c r a € t  c o n f i g u r a t i o n  modified t o  go i n t o  o r b i t  about  t h e  p l a n e t .  
Because 1971 is  a minimum energy yea r  f o r  bo th  h e l i o c e n t r i c  i n j e c t i o n  and 
o r b i t  i n s e r t i o n  about Mars, we  a r e  a b l e  t o  launch on an  Atlas  Centaur e 
Mariner c l a m  s p a c e c r a f t  t h a t  w i l l  o r b i t  Mars wi th  a s i g n i f i c a n t  scieiice 
payload. 

The s c i e n t i f i c  instruments  for t h e  Mariner Mars 1971 m i s s i o n s  w i l l  be 
s i m i l a r  t o  tinose c a r r i e d  on t h e  Mariner Mars 1969 f ly-by.  However, tlie 
s c i e n t i f i c  d a t a  r e t u r n  w i l l  be inc reased  up t o  t e n  times t h a t  of t h e  '1969 
mission.  This  Inc rease  i n  d a t a  r e t u r n  r e s u l t s  from t h e  s p a c e c r a f t  b e m g  i n  
o r b i t  about the p l a n e t  a l lowing m u l t i p l e  measurements and observation:;  of 
t h e  p l a n e t ' s  noc tu rna l ,  d i u r n a l ,  and s e a s o n a l  v a r i a t i o n s  over a periocl of 
s e v e r a l  months. I n  a d d i t i o n ,  t h e  low p o i n t  of t h e  o r b i t  w i l l  be aboul: 1,200 
m i l e s  a s  compared wi th  t h e  nominal 1,800 m i l e  c l o s e s t  approach distanc:e of 
t h e  Mariner lrlars 1969 fly-by. T h i s  c l o s e r  d i s t a n c e  t o  t h e  s u r f a c e  w i l . l  a l l o w  
h ighe r  r lesolut ion measurements from a l l  i n s t rumen t s ,  and w i l l  increasc! t h e  
v a l u e  of t h e  o c c u l t a t i o n  and c e l e s t i a l  mechanics experiments.  

The Mariner Mars 1971 o r b i t e r  design is  based on e x i s t i n g  Mariner 1:ech- 
nology which r e s u l t e d  i n  s u c c e s s f u l  p l a n e t a r y  i n v e s t i g a t i o n s  of Venus du r ing  
1962 and 1967, and of Mars du r ing  1965, and was used t o  develop t h e  s l ' a cec ra f t  
which w i l l  be h u n c h e d  t o  Mars i n  e a r l y  1969. The a c t u a l  hardware t o  be used 
f o r  t h e  1971 o r b i t a l  missions w i l l  make maximum use  of s p a r e  hard,ware and test 
equipment from t h e  Mariner Mars 1969 program. Because t h e  Mariner Ma1.s 1969 
mission w a s  n o t  an  o r b i t a l  mi s s ion ,  an o r b i t a l  i n s e r t i o n  p ropu l s ion  siibsystem 
w i l l  be developed and i n t e g r a t e d  w i t h  t h e  modified Mariner Mars 3.969 liardware 
t o  make up t h e  1971 o r b i t e r .  

The Mariner Mars 1971 o r b i t e r  w i l l  weigh about  2,100 pounds t o t a l  when 
launched. O €  t h i s  t o t a l  weight ,  about 975 pounds w i l l  be p r o p e l l a n t s  expended 
du r ing  mid-course c o r r e c t i o n s  and o r b i t a l  i n s e r t i o n ;  about 150 pounds w i l l  be 
t h e  d ry  weight of t h e  p ropu l s ion  subsystem; and about  975 pounds w i l l  remain 
a s  u s e f u l  weight i n  o r b i t  about Mars. Of t h e  975 pounds of u s e f u l  we:l.ght, 
about  100 t o  150 pounds w i l l  be devoted t o  t h e  s c i e n c e  subsystem. 

The OEfice oE Space Science and A p p l i c a t i o n s ,  NASA Headquarters ,  i r i  

r e s p o n s i b l e  € o r  o v e r a l l  management of t h e  Mariner program. The r e s p o i i s i b i l i t y  
f o r  p r o j e c t  management i s  a s s igned  t o  t h e  Jet P ropu l s ion  Laboratory.  The .Jet 
P ropu l s ion  Laboratory w i l l  perform t h e  systems i n t e g r a t i o n  f u n c t i o n  oj' t h e  
prime c o n t r a c t o r  f o r  Mariner Mars 1969, bu t  s u b c o n t r a c t i n g  w i l l  b e  foi. complete 
subsystems. ,Subcontracting w i l l  be more e x t e n s i v e  i n  t h e  Mariner Marr, 1971 
p r o j e c t ,  w i th  perhaps a system prime c a n t r a c t o r  f o r  t h e  s p a c e c r a f t .  
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During t h e  c u r r e n t  f i s c a l  y e a r ,  t h e  Mariner Mars 1969 p r o j e c t  has  \been 
completing t h e  design of t h e  s p a c e c r a f t  subsystem and t h e  f a b r i c a t i o n  of 
both test and f l i g h t  hardware. These funds a r e  a l s o  being used t:o i n i t i a t e  
t e s t i n g  of t h e  Proof Test Model S p a c e c r a f t  which w i l l  extend through i:he 
remainder of t h i s  f i s c a l  yea r .  F i s c a l  Year 1969 funds w i l l  be used f o r  t h e  
completion of f l i g h t  s p a c e c r a f t  t e s t i n g ,  launch o p e r a t i o n s ,  and t:he conduct 
of i n - f l i g h t  mission ope ra t ions .  

The funds r eques t ed  for  Mariner Mars 1971 i n  FY 1969 w i l l  provide f o r  t h e  
completion of d e t a i l e d  system des ign ,  procurement of Mariner Mars 1960 follow-, 
on subsystems, mod i f i ca t ion  of Mariner Mars 1969 hardware, and develo1)ment and 
t e s t i n g  (of pro to types  of c r i t i c a l  subsystems. 

T i t an  Mar s 1973 

1967 19 68 - 1969.. 
T i t a n  Mars 19'73 ..................... --- --- $20,000,000 

The o r b i t t i l  reconnaissance of Mars i n i t i a t e d  i n  1971 w i l l  be contiriued i n  
1973. I n  a d d i t i o n ,  t h e  i n i t i a l  d i r e c t  measurements of t h e  atmosphere and on 
t h e  Mart ian s u r f a c e  w i l l  be made by means of a s m a l l  s u r v i v a b l e  l ande r .  The 
o b j e c t i v e  of t h e  T i t a n  Mars 1973 program is  t o  conduct e x p l o r a t i o n  of Mars 
with spacecra:Ft s i z e d  t o  t h e  T i t a n  and designed t o  o r b i t  and land sma l l  
s c i e n t i f i c  payloads on t h e  p l a n e t ,  t he reby  u t i l i z i n g  t h e  t echno log ie s  and 
experience deire1.oped by t h e  Lunar O r b i t e r ,  Surveyor,  Mariner ,  and t h e  Phase B 
Voyager programs. Th i s  program r e p r e s e n t s  an  in t e rmed ia t e  s t e p  t o  ach iev ing  
t h e  ob jectivaz; e s t a b l i s h e d  f o r  t h e  1973 Voyager mission.  

The 1973 missions w i l l  make s c i e n t i f i c  measurements of t h e  p h y s i c a l  and 
chemical p r o p e r t i e s  of Mars, advance t h e  s t a t e - o f - t h e - a r t  of t h e  technology 
r e q u i r e d  t o  ac:ccmplish advanced Mars o r b i t a l  missions and t o  develop t h e  
technology f o r  l and ing  a s u r v i v a b l e  instrument  package on t h e  p l a n e t ' s  s u r f a c e ,  

The o r b i t e r  s p a c e c r a f t  design w i l l  be based upon t h e  Mariner 1969/Mariner 
1971 family.  However, modest i n c r e a s e s  i n  s c i e n t i f i c  c a p a b i l i t y  dqre contem- 
p l a t e d .  The s u r v i v a b l e  l ande r  w i l l  weigh on t h e  o r d e r  of 800 pounds, v i 1 1  
use aerod.ynam.fc d rag  and parachutes  f o r  d e c e l e r a t i o n  i n  t h e  Martian atino- 
sphe re ,  and w i l l  be designed t o  land a s m a l l  ins t rument  package on t h e  s u r f a c e  
by t h e  use of impact l imiter m a t e r i a l  t o  absorb t h e  f i n a l  impact :Loads. 

The o r b i t e r  s c i e n c e  subsystem, a s  c u r r e n t l y  planned, w i l l  i nc lude  i n s t r u -  
ments t o  perform s u r f a c e  reconnaissance,  o b t a i n  information on t h e  surEace 
and atmospheric composition, and t o  measure thermal  r a d i a t i o n  emit:ted Erom 
t h e  s u r f a c e ,  t h e  atmospheric s t r u c t u r e  and d e n s i t y ,  t h e  magnetic f i e l d  
t rapped r a d i a t i o n ;  and t h e  micrometeoroid f l u x  of Mars. 
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I n  a d d i t i c a ,  t h e  S-band o c c u l t a t i o n  and c e l e s t i a l  mechanics experiinents,  
s i m i l a r  t o  those  performed on previous p l a n e t a r y  mis s ions ,  w i l l  be cont inued.  
The instrument  complement, p l u s  t h e  inc reased  d a t a  s t o r a g e  and t r ansmiss ion  
c a p a b i l i t y ,  will permit up t o  10 o r  12 times h ighe r  data  r e t u r n  from the 
1973 o r b i t e r  mission than  t h e  d a t a  r e t u r n  from t h e  Mariner Mars I971 lorbiter 
m i s s  i on .  

The lander  s c i e n c e  subsystem, a s  c u r r e n t l y  planned,  w i l l  i nc lude  i i i ~ t r u -  
ments t o  d i r e c t l y  measure t h e  d e n s i t y  p r o f i l e ;  and atmospheric t tmperi i ture ,  
p r e s s u r e ,  and composition, du r ing  e n t r y  and make s u r f a c e  measurenlents i nc lud ing  
p i c t u r e s  and s o i l  composition water con ten t  and wind v e l o c i t y .  

The l ande r  may be r e l e a s e d  Erom o u t  of o r b i t  o r  through d i r e c t  desc:ent 
p r i o r  t o  o r b i t a l  i n s e r t i o n  and w i l l  make i t s  measurements during entr:r and 
a f t e r  landing on the s u r f a c e .  The data c o l l e c t e d  w i l l  be r e l a y e d  t o  1:he 
o r b i t e r  f o r  ,silb,;equent t r ansmiss ion  t o  t h e  e a r t h .  

Current  year  funds budgeted under t h e  Advanced P l a n e t a r y  Missions l'ech- 
nology program care being used t o  conduct mission s t u d i e s  and t o  defincs 
f e a s i b l e  v a r i a t i o n s  from t h e  b a s e l i n e  design desc r ibed  above. V a r i a t i o n s  
being s t u d i e d  inc lude  t h e  use  of s p a c e c r a f t  p ropu l s ion  subsystem f a r  combined 
i n t e r p l a n e t a r y  3.n j e c t i o n  and o r b i t a  1 i n s e r t i o n ,  t h u s  p o t e n t i a l l y  i n c r e a s i n g  
t h e  u s e f u l  weight i n  o r b i t  t o  about 2,500 pounds; t h e  f e a s i b i l i t y  of deploying 
l ande r s  by di.rec:t descen t  ve r sus  ou t  of o r b i t ;  and t h e  e v a l u a t i o n  of s c i e n t i -  
f i c  gains; a s  ai f u n c t i o n  of t h e  r e q u i r e d  performance f o r  probes and l ande r s .  
The FY 1969 funcls r eques t ed  w i l l  provide f o r  t h e  e s t ab l i shmen t  of f u n c t i o n a l  
specif icnt ior i i i ,  award of a systems prime c o n t r a c t ,  i n i t i a t e  d e t a i l e d  system 
d e s i g n s ,  and provide f o r  t h e  development, f a b r i c a t i o n ,  and t e s t i n g  of 
eng inee r ing  nlodels f o r  both t h e  o r b i t e r  and t h e  l a n d e r s .  During FY 1969, t h e  
s c i e n c e  pay1Cbiid w i l l  be s e l e c t e d  and p r i n c i p a l  i n v e s t i g a t o r s  supported i n  t h e  
development of s c i e n t i f i c  i n s t rumen ta t ion .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE 01: SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT FROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The Launch Vehicle Development program provided f o r  t h e  development of 
new v e h i c l e s  ancl v e h i c l e  s t a g e s  t o  support  mi s s ion  requirements.  I.n FY 1967 
t h e  Launch Vehicle Development program c o n s i s t e d  o f  Supporting Research and 
Technology/Aclvanced S tud ie s  and Centaur Development. 
Research and Technology new t e c h n o l o g i c a l  developments were i n v e s t i g a t e d  where 
t h e i r  pot e n t i a 1  a p p l i c a t i o n  t o  f u t u r e  mis s ions  and f u t u r e  launch v e h i c l e s  
were determinwd. Advanced S t u d i e s  w e r e  performed t o  i d e n t i f y  and analyze 
f u t u r e  m i  ssiclri requirements  and t o  d e f i n e  methods of ach iev ing  d e s i r e d  per-  
formance c h a r a c t e r i s t i c s .  Under t h e  Centaur Development p r o j e c t  t h e  Centaur 
high energy upper s t a g e  w a s  developed and made a v a i l a b l e  f o r  launching au to -  
mated e a r t h  o r b i t a l  s p a c e c r a f t  and high v e l o c i t y  missions t o  luna r  and p l a n e t a r y  
d e s t i n a t i o n s .  Development of t h e  Centaur w a s  completed during FY 1967. Other 
v e h i c l e s  developed by NASA i n c l u d e  t h e  Scout and Delta which becarw oplarational 
i n  1963 a f t e r  undergoing s imilar  development programs. 

Through Supporting 

Since no major new v e h i c l e  development w a s  conducted i n  FY 1968 and none 
i s  a n t i c i p a t e d  f o r  FY 1969, t h e  Supporting Research and Technology/Adv,mced 
S tud ie s  e f f o r t s  are being budgeted i n  Launch Vehicle Procurement fcbr t l iese 
two f i s c a l  years.  

SUMMARY OF RESOURCES REQUIREMENTS: 

1967 

Supporting research and 
technologyladvanced s t u d i e s  $4,000,000 

Centaur development. ......... 27,200,000 

Total . . . . . . . .  ............ $31,200,000 

1968 ---- 1969 
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P i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

1967 1968 - 1969 

Goddard (Space F l i g h t  Center $75,000 
E1ectron:lcs Research Center $2,214,000 
Langley Research Center..  . e 650,000 
Lewis Resea'rch Center..  . . . 27,761,000 
NASA Headquarters..  . . -. .. . 500,000 

BASIS OF FUNID REQUIREMENTS: 

No funds are being r eques t ed  i n  FY 1969 f o r  Launch Vehicle Developnient. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE 01: SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PROGRAM_ 

PROGRAM OBJEC'rIVES AND JUSTIFICATION : 

The o b j e c t i v e  of  t he  Launch Vehicle  Procurement program i s  t o  prov:i.de f o r  
t h e  purchase (of launch v e h i c l e s  f o r  space mis s ions .  The program incl t tdes  the  
procurement of v e h i c l e  hardware, launch s e r v i c e s ,  and o t h e r  suppcrt ini ;  a c t i v -  
i t i e s  i n  a d d i t i o n  t o  provid ing  f o r  a S u s t a i n i n g  Engineer ing and Mtaintc!nance 
e f f o r t  a t  t he  launch s i tes  and the  c o n t r a c t o r  p l a n t s .  The program altso 
inc ludes  an Advanced Studies /Suppor t ing  Research and Technology e f fori': t o  
analyze f u t u r e  mis s ion  requirements  and i n v e s t i g a t e  new t echno log ica l  devel  - 
opments, Those v e h i c l e s  c u r r e n t l y  being procured a r e :  Scout ,  De l t a ,  Thor 
Agena, A t l a s  Agena, and Centaur .  

The Launclh Vehicle Procurement program i s  presented  a s  a s e p a r a t e  l'rogram, 
but  v e h i c l e  funding a s s o c i a t e d  wi th  s p e c i f i c  f l i g h t  p r o j e c t s  i s  Ellso :.shown 
p a r e n t h e t i c a l l y  wi th  t h e s e  p r o j e c t s .  Sus t a in ing  Engineer ing and Maintenance 
c o s t s  a r e  not  included i n  t he  p a r e n t h e t i c a l  n o t a t i o n s  shown wi th  each mis s ion  
p r o j e c t  as e f f o r t  i s  gene ra l  i n  na tu re  and b e n e f i t s  a l l  p r o j e c t s  asso1:iated 
wi th  a p a r t i c u l a r  launch v e h i c l e  system. 

N A S A ' s  goa l  i s  t o  purchase launch v e h i c l e s  i n  t h e  most e f f i c i e n t  and 
economical manner p o s s i b l e .  One of t he  most important  c o n s i d e r a t i o n s  i n  the  
management of t h i s  program i s  t h a t  of t r y i n g  to determine t h e  optiimum number 
of v e h i c l e s  t o  be ordered on each product ion  c o n t r a c t .  Before such an o rde r  
i s  p laced ,  t h e  fo l lowing  f a c t o r s  are cons idered:  (1) c u r r e n t  and p ro jec t ed  
i n v e n t o r i e s ,  (2) launch schedules ,  (3) procurement l ead  t imes  requiret i  fo r  
veh ic l e  d e l i v e r y ,  and (4) t h e  m o s t  economical product ion rates of NASA's 
v e h i c l e  conffractors.  

P r i o r  t o  t h e  FY 1968 submission, Launch Vehicle  Development w a s  presented  
as  a sepa ra t e  program. S ince  no major development i s  proposed for  FY 1969, 
t h e  remaining development a c t i v i t i e s  - Support ing Research and Technology and 
Advanced S t u d i e s  - are aga in  shown i n  t h e  Launch Vehicle Procurement iprogram. 

SUMMARY OF RESOURCES REQUIREMENTS : 

1969 ----- 1967 1968 

Support ing r e sea rch  and technology/ 
advanced s t u d i e s . .  . . . . . . . . . . . . . .  ---  $4,000,000 $4,000,000 

Scout .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $9,400,000 10,200,000 16,500,000 
De l t a .  ............................ 23,835,000 30,300,000 30,800,000 
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1'369 --- 1967 1968 

S t r u c t u r e s  and m a t e r i a l s . .  ....... --- $700,000 $6iOO,OOO 
Vehicle  engineer ing  .............. --- 100,000 ~200,000 

T o t a l . . .  ................ ..... $4,000,000 $4,1100,00~ -- 
The o b j e c t i v e  o f  Advanced S t u d i e s  i s  to  d e f i n e  v e h i c l e  requirements  f o r  

f u t u r e  mis s ions  and t o  e s t a b l i s h  the  methods by which performance i n  e s c e s s  
of  c u r r e n t  C a F a b i l i t i e s  can b e s t  be developed. 
of  r e sea rch  and new technology development, which may be most f r u i t f u l  i n  
terms of mission b e n e f i t s ,  a r e  ind ica t ed .  Support ing Research and Tecmology 
e f f o r t s  a r e  d i r e c t e d  toward developing t h e  new technology for which a need 
has  been demonstrated by Advanced S t u d i e s .  

Through t h e s e  s t u d i e s ,  a r e a s  

The FY' 1967 and FY 1968 Advanced S t u d i e s  have been d i r e c t e d  toward inission 
and techntolog,y requirements  f o r  very h igh  v e l o c i t y  launch vehic1e.s. P a r t i c  - 
u l a r  e f f o r t s  i n  technology were d i r e c t e d  toward h igh  energy and s t o r a b l e  
upper s t a g e s  t:o be used wi th  e x i s t i n g  lower s t a g e s .  FY 1969 s t u d i e s  w i l l  be 
concerned wi th  miss ion  ana lyses ,  i n v e s t i g a t i o n  of v e h i c l e  and s t a g e  a l t e r n a -  
t i v e s  , arid progxam planning.  

Support ing Research and Technology t a s k s  being conducted i n  t h e  FY 1968 
program inc lude  computation of performance of  low- thrus t  p ropu l s ion  systems,  
alignment: and c a l i b r a t i o n  of strapdown guidance systems, test program p re  - 
p a r a t i o n  f o r  strapdown system e v a l u a t i o n ,  t r a j e c t o r y  a n a l y s i s  suppor t  for 
t h e  advanced k i c k  s t a g e ,  gyro test  and e v a l u a t i o n ,  development of ii guidance 
r o l l  and yaw compensation system, S-band antenna s t u d i e s ,  p r e s s u r i z a t i o n  and 
dynamics of c cyogenic t anks ,  t e s t s  of i n s u l a t e d  l i q u i d  hydrogen t anks ,  
s t o r a g e  of hydrogen i n  space v e h i c l e s ,  and o t h e r  t a s k s  important  t o  the 
f u t u r e  oE t h e  launch v e h i c l e  program. 

I n  FY 196!3, Support ing Research and Technology work w i l l  cont inue  crn t h e  
development o f  strapdown guidance systems f o r  small  and medium c l a s s  launch 
v e h i c l e s  f o r  sc ience  and a p p l i c a t i o n s  miss ions .  
r ec t ed  toward p ropu l s ion  system/mission a n a l y s i s  r e sea rch ,  i n v e s t  igat:i.on of 
advanced P r e s s u r i z a t i o n  systems, o x i d i z e r  tank and system f a b r i c a t i o n  f u e l  
tank  and system f a b r i c a t i o n ,  s p a c e c r a f t  p ro to type  engine development, 
t h r o t t l i n g  techniques  f o r  hydrazine r e a c t o r s ,  improvement of  a s o l i d  1bro- 
p e l l a n t  motor f o r  use on the  Scout v e l o c i t y  package, solid s t a g e  switc:hing 
f o r  use i n  space v e h i c l e s ,  i n v e s t i g a t i o n  of a l a r g e  h e a t  s h i e l d  f o r  u:;e w i th  
launch v e h i c l e s ,  g l a s s - f i b e r  c o n i c a l  cryogenic  tank  suppor t ,  and propi i ls ion 
module i n t e g r a t i o n  s t u d i e s .  

E f f o r t  w i l l  a l s o  be c t i -  



1967 1968 .- 1969 

Agena ............................ $29,396,000 $14,400,000 $14,~300,000 
Centaur.  ......................... 55,019,000 68,200,000 .-, 6 3 , ~ ~ 0 , ~ ~ 0  

Tota l .  ......................... $117,650,000 

D i s t x i b u t i p i f  Program Amount by I n s t a l l a t i o n :  

John F. Kennedy Space Center . .  . $2,387,000 
Marshall  Space F l i g h t  Center. .  . --- 
Goddard Space F l i g h t  Center.  ... 15,743,000 
Jet I’ropul.sion Laboratory.  ..... ..-- 
Elec t ron ic s  Research Center . .  .. --- 
Langley Fksearch Center .  ....... 9,400,000 
L e w i s  Research Center . .  ........ 81,889,000 
Headcluartx! r L; ................... --- 
Western Support Off ice.. ....... 8,231,000 

$127,100,000 

$5,200,000 
500,000 

18,000,000 

1,600,000 
10,600,000 
78,400,000 

11,800,000 

100,000 

900,000 

The o v e r a l l  p lan  f o r  launches during t h i s  per iod is: 

Ve h i c 1 el 

Ca 1 end a r 
Year 
1967 

Scout:... .................. 4 
Delta... .................. 6 
Agena.. ................... 7 

............. 4 Centaur . . . . . .  - 
Tot:al.. ,  ................ 

Calendar 
Year 
1968 

7 
6 
2 
3 - 

$128 300 000 .-* .- 

$5,8~00,000 
500,000 

28,3800,000 
100,000 

1,700,000 
16,8 00,000 
74 400 000 

7 00,000 --- 

(2 al en d a r 
Year 
1969 .-- - 

5(+1 B/U) 
6 
3 
4 -. 

Above tab1.e inc ludes  Advanced Research and Technology miss ions  but  
excludes reimbursable launches and v e h i c l e s  procured f o r  o t h e r  
agenc: ie  s . 

BASIS OF FUND RE:QUIREMENTS: 

Supporting Research and Technology 
Advanced S tud ie s  

1969 -- 1967 1968 

Advanced st:udies .................. --- $1,000,000 $1,000,000 
Propuls ion.  --- 
Instrunientat ion and e l e c t r o n i c s . .  --- 500,000 200,000 

....................... 100,000 300,000 
Guidance, c:ont:rol and navigat ion.  --- 1,600,000 1,700,000 
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Scout Procurement 

1969 -- 1967 1968 

Veh ic l e s . . .  ...................... $2,047,000 $3,500,000 $7,000,000 

L o g i s t i c s  amd s p a r e s . .  ........... 90,000 500,000 1,000,000 

ma i n  t:enanc:e .................... 4,000,000 5,000,000 ,-- 5 000,000 

Motors.  .......................... 3,263,000 1,200,000 3,500,000 

Sus ta in ing  engineer ing  and 

Total ........................... $9,400,000 910,200,000 $16,,500,000 
IC_ 

Scout i s  the  sma l l e s t  and t h e  on ly  a l l  s o l i d - p r o p e l l a n t  launch v e h i c l e  i n  
t h e  NASA vehic:le family.  It i s  used f o r  a v a r i e t y  of small s c i e n t l f i c  pay- 
loads  such as small  s a t e l l i t e s ,  atmospheric and space probes ,  and high speed 
r e - e n t r y  experiments .  Between t h e  launching of the  f i r s t  Scout v e h i c l e  on 
J u l y  1, 1960, and December 1967, t h e r e  have been 58 launches.  Although NASA 
has  primary r e s p o n s i b i l i t y  f o r  t h e  management of t he  Scout program, t h i s  
v e h i c l e  has  been u t i l i z e d  by DOD, AEC, f o r e i g n  c o u n t r i e s ,  and i n t e r n a t i o n a l  
o r g a n i z a t i o n s .  

The Langley Research Center  has  managed t h e  Scout p r o j e c t  f o r  NASA s ince  
i t s  incep t ion .  The prime c o n t r a c t o r  f o r  t h e  product ion ,  checkout ,  and launch 
of Scout v e h i c l e s  i s  Ling-Temco-Vought (LTV), D a l l a s ,  Texas. Scout v e h i c l e s  
a r e  normally launched fram t h e  Western T e s t  Range, C a l i f o r n i a  o r  lJallops 
S t a t i o n ,  V i rg in i a .  I n  1967, a Scout v e h i c l e  was s u c c e s s f u l l y  launched f o r  
t he  f irst  t i m e  from t h e  I t a l i a n  San Marco p la t form i n  t h e  Ind ian  Ocean o f f  
t h e  coas t  of Af r i ca .  Thus, t h e r e  a r e  now t h r e e  si tes capable  of :Launc'ning 
Scout v e h i c l e s .  

I n  J?Y 1969 funds f o r  Scout Procurement w i l l  be u t i l i z e d  f o r  t h e  produc- 
t i o n ,  assembly, checkout ,  and launch of t h e  Scout veh ic l e .  I n  a d d i t i o n ,  
funds w i l l  a l s o  be r equ i r ed  t o  support  L!l'V systems management, f o r  l o g i s t i c s ,  
and f o r  v e h i c l e  a d a p t a t i o n  f o r  i n d i v i d u a l  missions. 

FY 1969 funds f o r  Scout S u s t a i n i n g  Engineer ing and Maintenance will be 
u t i l i z e d  f o r  maintenance of ground support  equipment a t  the  t w o  Aniericnn 
launch s i t e s ,  l o g i s t i c s ,  t r a n s p o r t a t i o n ,  management and eng inee r ing  sul>port ,  
minor improvements i n  the  Scout v e h i c l e ,  and o t h e r  suppor t  a c t i v i t i e s .  

Delta Procurement 

De l t a  product ion .  ............... $8,544,000 $14,700,000 :;12,000,000 
Thor boos te r s . .  ................. 7,000,000 6,900,000 9,5OO,OOO 
P r o p e l l a n t s  ..................... 500,000 700,000 7O0,OOO 
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1969 --- 196 7 1968 

Third s t ages . .  .................. $490,000 $1,000,000 $1 ,0130 , 000 
S u s t a i n  ing  e ng inee  r i n g  and 

maintenance. .................. 7,301,000 7,6130,000 7,000,000 

To ta l .  ........ ................ 923,835,000 $30,300,000 

The De l t a  t e h i c l e  fami ly  has  proven t o  be one of t h e  most econtmica l ,  
v e r s a t i l e ,  and r e l i a b l e  members of t h e  NASA launch v e h i c l e  s t a b l e .  I t s  
f l i g h t  can f igLra t ion  c o n s i s t s  of t h e  Thor b o o s t e r ,  t h e  Delta second s t a g e ,  
and a t h i r d  s t a g e  i f  necessary .  If t h e  t h i r d  s t a g e  i s  r e q u i r e d ,  .an FW-4 o r  
TE-364 moltor may be u t i l i z e d  depending upon miss ion  requirements .  These 
conf igurait ions a r e  capable  of l i f t i n g  a wide v a r i e t y  of medium-sized payloads 
i n t o  e a r t h  o r b i t  o r  launching m a 1 1  s p a c e c r a f t  i n t o  l u n a r  o r b i t  o r  deep space.  
To d a t e  t h e  Dle!lta v e h i c l e  has  s u c c e s s f u l l y  launched more me teo ro log ica l ,  
communicationls;, and s c i e n t i f i c  s p a c e c r a f t  than any o t h e r  NASA v e h i c l e .  
Through Decerriher 1967 t h e r e  have been 55 De l t a  v e h i c l e  launches oE which 51 
have been scc~i-ed a s  s u c c e s s f u l ,  and Del ta  has  achieved f o r  t h e  second time 
22 consecut ive  s u c c e s s f u l  launches.  

NASA has  at;si.gned primary management r e s p o n s i b i l i t y  f o r  t he  Delt:a p r 0 j e c . t  
t o  t h e  Goddarcl Space F l i g h t  Center .  The prime c o n t r a c t o r  f o r  t h e  Delta 
v e h i c l e  is t h e  McDonne11 -Douglas Corpora t ion ,  Santa  Monica, C a l i f o r n i a  . 
NASA procures  t h e  f i r s t  s t a g e  Thor b o o s t e r s  through t h e  A i r  Force ,  which has  
t h e  primary i : e spons ib i l i t y  for t h e  product ion  of t h i s  v e h i c l e  s t a g e .  
Delta v e h i c l e  i o ;  launched from t h e  Eas t e rn  T e s t  Range, Cape Kennedy, F l o r i d a  
and t h e  Westei:n T e s t  Range, C a l i f o r n i a .  

The 

FY 1969 funds; f o r  Delta Procurement w i l l  be used t o  complete t h e  prirchase 
of fou r t een  f i r s t  and second s t a g e  v e h i c l e s  i n i t i a l l y  funded i n  FY 19b8, and 
t o  procure a s s o c i a t e d  v e h i c l e  hardware,  launch s e r v i c e s ,  and o t h e r  suppor t ing  
s e r v i c e s  a t  t h e  launch s i t e s  and product ion  f a c i l i t i e s ,  I n i t i a l  fund1 ng f o r  
t h e  product ion  of t e n  a d d i t i o n a l  v e h i c l e s  i s  planned f o r  FY 1969. 

During FY 1969, De l t a  S u s t a i n i n g  Engineer ing and Maintenance fuuds are 
requ i r ed  f o r  the maintenance of  ground support  equipment a t  t h e  two lriunch 
si tes,  for v e h i c l e - r e l a t e d  eng inee r ing  suppor t ,  and for m i n o r  product  
improvement t!Eforts. Improvements planned f o r  FY 1969 inc lude  t h e  rnoclifi- 
c a t i o n  oE t h e  RJ-4 motor nozz le  and convers ion  to  S-band telemetry. I’iajor 
improvement ( :€for ts  i n i t i a t e d  i n  FY 1968, such as the  a d a p t a t i o n  o f  t l e  Long 
Tank Thor boos te r  and t h e  TE-364 t h i r d  s t a g e  t o  Delta, w i l l  be compleied i n  
FY 1969. 
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Agena Procurement 

1969 --- 1967 1968 

Agena product ion ................. $3,564,000 $1,400,000 $2,500,000 
Agena mis s ion  mod i f i ca t ions .  ..... 9,354,000 7,700,000 5 ,000,000 
Thor procurement. ................ 4,257,000 2,000,000 4 ,400,000 
A t l a s  procurement. ............... 7,176,000 1,900,000 

200,000 100,000 P r o p e l l a n t s  ...................... 310,000 

................ 2 ,000,000 maintenance. . . .  4,735,000 1,200,000 -I 

--- 
Sus ta in ing  engineer ing  and 

To ta l .  ......................... $29,396,000 $14,400,000 $14,,000,000 

The Agena p r o j e c t  i n c l u d e s  t h e  Thor Agena and t h e  Atlas Agena 1aunc:h 
v e h i c l e  s y s t e m .  The Thor Agena has  been u t i l i z e d  f o r  p o l a r  o r b i t a l  mi s s ions  
which exceed the  c a p a b i l i t y  of the  De l t a  veh ic l e .  The A t l a s  Agena ha:; been 
used f o r  i3 w i d e  v a r i e t y  of miss ions  inc lud ing  l i f t i n g  r e l a t i v e l y  heavy a u t o -  
mated payloads i n t o  e a r t h  o r b i t  and launching  s e v e r a l  medium-sized sp i icecraf t  
on luna r  and p l ane ta ry  mis s ions .  

Durin,g 1967 the Thor Agena v e h i c l e  s u c c e s s f u l l y  launched t h e  O r b i t i n g  
Geophysical Observatory I V  i n t o  e a r t h  o r b i t .  Miss ions  launched by tht! A t l a s  
Agena i n  1967 included Mariner  Venus '67, Lunar O r b i t e r s  111, I V ,  and V and 
App l i ca t ions  Technology Sa te l l  i t e s  I1 and 111. Of t h e s e  m i s s i o n s ,  al'l. bu t  
t h e  ATS L:I were success fu l .  

I n  view oE t he  demonstrated o p e r a t i o n a l  success  of t h e  more powerfril A t l a s  
Centaur  and t n e  low p r o j e c t e d  launch r a t e  of  heavy automated miss , ions, ,  NASA 
i n t e n d s  to phase ou t  t h e  Atlas Agena du r ing  FY 1968. The l a s t  cu1rrenl:ly 
planned Launcn of a NASA A t l a s  Agena i s  e a r l y  i n  CY 1968, when the  OGO E 
miss ion  is scneduled. Followiiig t h i s  launch NASA p l a n s  t o  c l o s e  down i t s  
Agena f a c i l i t y  at  t h e  Eas t e rn  Tes t  Range. Thor Agena v e h i c l e s  will cont inue  
t o  be 1autichac3 Erm t h e  Western Tes t  Range. 

Withiin NA!;,4 t h e  management of  t h e  Agena p r o j e c t  has  been ass igned  1:o t h e  
Lewis Re searcn Center .  Lockheed Missiles and Space Corpora t ion ,  Sunnyvale,  
C a l i f o r n i a  i s  t h e  p r ime  c o n t r a c t o r  f o r  t h e  Agena s t age .  McDonnell -Doriglas 
Corpora t ion ,  (Santa Monica, C a l i f o r n i a  and General  Dynamics/Convair, S;tn 
Diego, C , s l i f o m l a ,  a r e  prime c o n t r a c t o r s  f o r  t h e  Thor and Atlas boostc:rs, 
r e s p e c t i v e l y .  ' h e  Agena and t h e  boos te r  s t a g e s  a r e  purchased fram thtbse 
c o n t r a c t o r s  through t h e  U.S. A i r  Force ,  which has  primary management i'espon- 
s i b  i 1 i t y (1 f t h e  :;e veh i c 1 e s . 

FY 1969 fund:; f o r  Agena Procurement a r e  requi red  f o r  t h e  purchase of Agena 
upper s t a g e s  and Thor boos te r s .  
mission-pecu:L ial: a d a p t a t i o n ,  launch s e r v i c e s ,  and o t h e r  suppor t  a c t i w . t i e s .  

I n  a d d i t i o n ,  i t  w i l l  be necessary  t o  fund 
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Funds f o r  hgma  S u s t a i n i n g  Engineer ing and Maintenance i n  FY 3.969 ; i re  
r equ i r ed  f o r  maintenance of ground suppor t  equipment, eng inee r ing  s e r v i c e s ,  
and minor improvements i n  suppor t  of t he  cont inued u t i l i z a t i o n  of t h e  Thor 
Agena launch veh ic l e .  

Ce n t au r P roc  ureme n t 

1.969 -- 1967 1968 

Vehicle  product ion . .  .............. $30,755,000 $44,700,000 $38 .. 000,000 
Atlas 1~oost:er procurement. ........ 9,231,000 8,400,000 7 ), 000,000 
RL-10 engine procurement. ......... 3,875,000 500,000 2 ,, 400,000 
P r o p e l l a n t s . .  ..................... 6 78,000 1,400,000 1 ,, 500,000 
Sus ta in ing  eng inee r ing  and 

mainitenatice, .................... 10,480,000 13,200,000 .~,100,000 

Tota l .  .......................... $55,019,000 $68,200,000 $63,000,000 - 
The A t l a s  Centaur i s  t h e  l a r g e s t  launch v e h i c l e  c u r r e n t l y  employed by NASA 

e x c l u s i v e l y  jEor automated space miss ions .  It c o n s i s t s  of t h e  A t l a s  bcloster 
and t h e  r e c e n t l y  developed Centaur  upper s t a g e  which w a s  t h e  f i r s t  rocke t  i n  
t h e  n a t i o n a l  Launch v e h i c l e  fami ly  t o  u t i l i z e  l i q u i d  h y d r o g e d l i q u i d  clxygen 
p r o p e l l a n t s .  These h igh  energy p r o p e l l a n t s  and t h e  Centaur ’s  c a p a b i l j  t y  t o  
r e s t a r t  .Ln s p m :  make t h i s  v e h i c l e  uniquely q u a l i f i e d  t o  perform a va i ’ i e ty  
of high v e l o c i t y  deep space mis s ions  a s  w e l l  a s  r e l a t i v e l y  l a r g e  eart€l o r b i t  
and 1una:c miss ions .  Since development w a s  completed i n  1966, t h e  Centaur has  
been launched seven t imes i n  suppor t  of Surveyor missions and a l l  laurxhes have 
been successEJ1,  In t h e  f u t u r e ,  NASA p l ans  t o  launch a v a r i e t y  o f  mi:;sion!: 
on the  A t l a s  Zentaur inc lud ing  Mariner Mars, O r b i t i n g  Astronomical 0b:;erva- 
t o r i e s ,  Advanced Technology S a t e l l i t e s ,  and Pioneer  space probes.  

The L e w i s  3e:;earch Center  has  primary management r e s p o n s i b i l i t y  of t h e  
Centaur P r o j e c t ,  The prime c o n t r a c t o r  f o r  both t h e  A t l a s  boos t e r  and t h e  
Centaur s t a g e  General  Dynamics/Convair, San Diego, C a l i f o r n i a .  The P r a t t  
and Whitiiey I l i v i s ion  of United A i r c r a f t ,  West Palm Beach, F l o r i d a  .is am 
a s s o c i a t e  c o n t r a c t o r  f o r  Centaur’s  l i q u i d  hydrogen engines .  Honeywell , Inc . ,  
St. Petersbuicg, F l o r i d a  i s  an a s s o c i a t e  c o n t r a c t o r  f o r  t he  Centaur  guidance 
system. The ,4t!las Centaur i s  launched from t h e  E a s t e r n  Tes t  Range, Cr.pe 
Kennedy, Flax idil 

During FY 1959 funds a r e  r equ i r ed  t o  cont inue  funding f o r  OAO, ATS and 
Mariner Mars 19159 v e h i c l e s .  Funds a r e  a l s o  r equ i r ed  t o  i n i t i a t e  procitrement 
of v e h i c l e s  f o r  the  Mariner Mars 1971 and ATS F and G missions.  In  a d d i t i o n  
t o  procurement of  A t l a s  and Centaur hardware f o r  t hese  mis s ions ,  fund-ng 
support  f o r  procurement of RL,- 10 eng ines ,  i n e r t i a l  guidance s y s t e m s ,  ILaunch 
s e r v i c e s ,  management and eng inee r ing  s e r v i c e s  a t  t h e  c o n t r a c t o r  p l a n t ,  and 
f o r  a v a r i e t y  o f  suppor t ing  s e r v i c e s  i s  necessary .  
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F i s c a l  year  1969 Centaur S u s t a i n i n g  Engineering and Maintenance fuiids a r e  
r equ i r ed  for maintenance ground support  equipment, eng inee r ing  a n a l y s i s ,  o t h e r  
miscellaneous eng inee r ing  support  a c t i v i t i e s ,  and Centaur improvement ' 5 .  Centaur 
components t o  be improved inc lude  the guidance computer, pulse  code modulat ion 
t e l eme t ry  equipment, forward a d a p t e r ,  f i x e d  i n s u l a t i o n ,  and o t h e r s .  'Chis i s  
necessary t o  enhance the r e l i a b i l i t y  and f l e x i b i l i t y  of t h i s  vehi-cle,  which 
NASA p lans  t o  make the  mainstay f o r  launching heavy and high energy missions.  
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RESEARCH A N D  DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF' SPACE SCIENCE A N D  APPLICATIONS BIOSCIENCE: PROGRAM 

PROGRAM OBJEC7.'ICrES A N D  JUSTIFICATION: 

The Bj.oscj.enc:e program has  two p r i n c i p a l  o b j e c t i v e s .  The f i r s t  o b j e c t i v e  
i s  the  at:tainrnerit o f  a thorough understanding of t h e  e f f e c t s  of t h e  space 
environment c m  t e r r e s t r i a l  organisms. I t s  implementat i o n  inc ludes  ground- 
based researc:h, t he  B iosa t e l1 i t . e  p r o j e c t  , and development of  f l i gh t :  experiments 
f o r  o t h e r  mit;:;ions. 

The f1.i.ght.:; of B i o s a t e l l i t e  I and I1 have thoroughly checked out. t he  
engineering dt?si.gn and i n t e g r a t e d  o p e r a t i o n  of t h e  s p a c e c r a f t  systems. The 
system d e f i c i e n c i e s  encountered w i t h  t h e  f i r s t  f l i g h t  w e r e  c o r r e c t e d  and 
B i o s a t e l L i t e  CI w a s  recovered s a t i s f a c t o r i l y .  The o b j e c t i v e  of t h e  experiments 
c a r r i e d  .in Bi.osate11ite I1 was t o  determine the  e f f e c t s  of  t h e  space environ-  
ment on :jimpl.tr forms o f  l i f e  such as amoeba and f r o g  eggs ,  s e e d l i n g s ,  and 
p l a n t s ,  espec i a l . 1 ~  wi th  r e f e r e n c e  t o  i n t e r a c t i o n  of  weight lessness  wi th  a 
known in tens i l ry  of  i o n i z i n g  r a d i a t i o n .  The subsequent f l i g h t s ,  w i t h  nore 
complex Eorms of l i f e  and f l i g h t  d u r a t i o n s  up t o  30 days,  w i l l  be u t i l i z e d  
t o  determine :he e f f e c t s  of  weight lessness  on mammalian s y s t e m s  and tke 
e f f e c t s  of an  environment d i s a s s o c i a t e d  from t h e  normal 24 hour day ln jgh t  
c y c l e  r e l a t e d  t o  the  e a r t h ' s  r o t a t i o n .  
day mission and two f o r  t he  2 1  day mission.  

Two f l i g h t s  are planned f o r  tile 30 

The second o b j e c t i v e  of  t he  Bioscience program is  t h e  s e a r c h  f o r  e > t r a -  
t e r r e s t r i a l  Li fe ,  w i t h  t h e  primary emphasis d i r e c t e d  i n i t i a l l y  t o  the  moon 
and n e a r e s t  pLaiiets. The s p e c i f i c  aims of t h i s  o b j e c t i v e  i n c l u d e :  (;I) 
phys ica l  and :hemica1 e v a l u a t i o n  of p l a n e t a r y  s u r f a c e s  as a poss ib  Le cnviron-  
ment f o r  Li fe ;  (b) de te rmina t ion  of whether o r  n o t  l i f e  e x i s t s ,  o r  ha: e x i s t e d ;  
( c )  i f  l i f e  i n  :some form e x i s t s ,  de t e rmina t ion  of  i t s  c h a r a c t e r i s t i c s  and 
(d)  i f  no l i E 2  e x i s t s ,  i n v e s t i g a t i o n  of  t h e  p a t t e r n  of chemical e v o l u t i o n  i n  
o r d e r  t o  evaLLare the  p r o b a b i l i t y  o f  i t s  f u t u r e  occurrence e i t h e r  spori- 
taneously o r  by contaminat ion.  The p l a n e t a r y  qua ran t ine  program has  the  
o b j e c t i v e  of  ninimizing the  p o s s i b i l i t y  t h a t  t e r r e s t r i a l  organislrs cot I d  
contaminate a p l a n e t  and t h u s  d e s t r o y  i t s  s c i e n t i f i c  va lue  as a means o f  
t e s t i n g  the v a r i o u s  hypotheses r ega rd ing  t h e  e x i s t e n c e  of  e x t r a t e r  rest  r i a l  
l i f e .  Continuous e f f o r t  w i l l  be made be fo re  i n i t i a t i o n  of p l a n e t a r y  : ' l i g h t s  
t o  a s s u r e  an  adequate understanding of  and s o l u t i o n  t o  t h e  ve ry  coinplcbx 
problems a s s o c i a t e d  wi th  t h i s  p l a n e t a r y  qua ran t ine  e f f o r t .  

A suppor t ing  program of b a s i c  and a p p l i e d  r e s e a r c h  i s  be ing  ccnducl.ed 
i n  con junc t ion  with and i n  support  of t h e  Bioscience program objectivtbs.  
Th i s  e f f o r t  i nc ludes  such work as  developing techniques f o r  i den t  i fyir ig  
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organic  rnolec:iilc!s and f o s s i l s  from Pre-Cambrian rocks which w i l l  be a p p l i e d  
t o  e x t r a t e r r e s t r i a l  samples e i t h e r  i n  s i t u  o r  on r e tu rned  samples,  stLldies 
on t h e  pi:obabili.ty of growth of  v i a b l e  organisms on t h e  p l a n e t s ,  and t h e  
p r o b a b i l i t y  o E  r e l e a s e  from space f l i g h t  hardware t h a t  impacts a t  high 
v e l o c i t y .  Studies a r e  being conducted on the  use  of e l e c t r o n  microsccipes 
t o  magnify 01: dcmagnify images s e v e r a l  thousand f o l d  t o  use  i n  c o l l e c t i o n  
and s to rage  o E  in format ion  i n  e x t r a t e r r e s t r i a l  s t u d i e s .  Evalua t ion  of t h e  
r e su l t s  of t he  I i i o s a t e l l i t e  I1 f l i g h t  d a t a  as compared t o  ground basec SR&T 
i s  i n  p rocess ,  S tud ie s  on the  e f f e c t s  of a c c e l e r a t i o n  and we igh t l e s sness  
are c o n t h u i n g ,  and f l i g h t  s t u d i e s  of g r a v i t y  l e v e l  preference  are being 
accomp 1 i:; he d 

t 

e 

SUMMARY OF RKSOlJRCES EEQUIIUDENTS : 

1969 - 1967 1968 

Supporting :research and technology. .  $10,050,000 $11,800,000 $16,Ci00,000 
B i o s a t e l l i t e .  ....................... 31,950,000 30,000,000 . 32,5,00,000 

T o t a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $42,000,000 $41,800,000 ,$48,500,000 .- 

D i s t r i b u t i o n  of  Propram Amount by I n s t a l l a t i o n :  

Marshal l  Space F l i g h t  Center . .  .... $100,000 $55,000 $105,000 
Goddard Space F l i g h t  Center:. ...... 369,000 134,000 156,000 
Je t  I?ropu LsfLon Laboratory.  ........ 9 54,000 1,342,000 1 ,L148,000 
Wallops !; t a t i o n . .  ................. 25,000 40,000 185,000 

Lang.tey IL2st:arch Center . .  ......... 160,000 85,000 85,000 
A m e s  Resemch Center .  ............. 32,941,000 30,963,000 33 ,:130,000 

NASA Headquarters .  ................ 7,451,000 9,181,000 12,991,000 

BASIS OF FUND EtEQUIREMENTS: 

Support inp Research and Technolorn 

Exobio Logy, ......................... $2,350,000 $3,500,000 $4 ,(100,000 
Enviroiunental biology.  ............... 1,627,000 1,965,000 3,;'65,000 
Behavioral  biology.  ................. 1,621,000 1,948,000 3,; 48,000 
Phys ica l  biology. .  .................. 1,842,000 1,687,000 2 ,:187,000 
Plane ta ry  qi iarant ine. .  .............. 1,810,000 1,800,000 2,(100,000 
Bio-cornmun.ica1: ions .  .................. 800,000 900.000 si 00 ,000 

T o t a l . . . , . . . . . . . . . . . . . . . . . . . . . . . . .  $10.050,000 $11,800,000 $L6,(100,000 
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Exobiology 

An i n t e g r a l  and perhaps i n e v i t a b l e  event  i n  t h e  o r i g i n  and e v o l u t i ' m  
of the un ive r se  w a s  t h e  o r i g i n  of l i f e .  An understanding of the c o n t r o l l i n g  
f a c t o r s  i n  the o r i g i n  of l i f e  and a de te rmina t ion  of the uniqueness oE l i f e  
on the  e a r t h  a r e  the  primary o b j e c t i v e s  of t h e  Exobiology prograni. Tlie 
r e sea rch  a r e a s  considered b a s i c  t o  the  program area are:  

1. Chemical Evolut ion - a s tudy of t h e  chemical even t s  on t h e  p r i in i t i ve  
e a r t h  o r  on any p r i m i t i v e  p l a n e t  w i th  a similar h i s t o r y  which precedelj and led 
t o  t h e  o r i g i n  of l i f e .  There a r e  two approaches t o  chemical evo l .u t io i :  (a )  
ab iogenes i s  i s  t h e  s y n t h e s i s  of b i o l o g i c a l l y  s i g n i f i c a n t  o rgan ic  mole1:ules 
by t h e  a p p l i c a t i o n  o f  energy ( e l e c t r i c a l  d i scha rge ,  u l t r a  v i o l e t  r a d i . a t i o n ,  
h e a t ,  e t c . )  t o  t h e  simple components (methane, ammonium, wa te r )  of: tht: 
p r i m i t i v e  atmosphere, and (b)  o rgan ic  geochemistry which inc ludes  a n a l y s i s  
of a n c i e n t  rocks and sediments of t h e  E a r t h ,  Moon and o t h e r  p l a n e t s ,  €or  
f o s s i l s  (both chemical and b i o l o g i c a l ) ,  providing a r eco rd  o f  t he  eveii ts  
t a k i n g  p l ace  a t  t h e  time of t h e  o r i g i n  o f  l i f e .  E x t r a t e r r e s t r i a l  ana lyses  
can be done .in s i t u  o r  on r e t u r n e d  samples. 

2 .  B io log ica l  Adaptat ion - a s tudy of t h e  response of te r res t . r - ia l  
organisms ( p r i m a r i l y  microorganisms) t o  extremes of environment (tem- 
p e r a t u r e ,  r a d i a t i o n ,  p r e s s u r e ,  atmospheric composition, water a v a i . l a b i l i t y ,  
e t c . )  l i k e l y  t o  be c h a r a c t e r i s t i c  of e x t r a t e r r e s t r i a l  environments.  'Cwo 
b a s i c  problems a r e  being explored - s u r v i v a l  and growth. Are t e r - r e s t i r i a l  
organisms a c c i d e n t l y  landed on an e x t r a t e r r e s t r i a l  s u r f a c e  l i k e l y  t o  
su rv ive  and be de t ec t ed  i n a d v e r t e n t l y  by our  l i f e  d e t e c t i o n  exper'imenl:s, 
and are t e r r e s t r i a l  organisms l i k e l y  t o  grow and d e s t r o y  an indigenou; 
l i f e  form. 'dhat a r e  the  1i.mits of environmental  extremes which carboi-based 
l i f e  can t o l e r a t e ,  so t h a t  we may estimate t h e  l i k e l i h o o d  of l i f e  on ,my 
given p l a n e t ?  ,4re t h e r e  o t h e r  c h e m i s t r i e s  which could produce a " l iv ing"  
system capable  :,f t o l e r a t i n g  q u i t e  d i f f e r e n t  environments t han  we o r d i n a r i l y  
cons ide r?  

3 .  L i f e  Detection - t he  development of techniques which w i l l  a l l o i ~  u s  
t o  determine thie presence o r  absence of p a s t ,  p re sen t  o r  f u t u r e  l i f e  
elsewhere i n  the  u n i v e r s e .  The emphasis i s  on automated systems performing 
r e l e v a n t  environmental  measurements and chemical ana lyses  e a r l y  j n  tht? 
program, evolving t o  more complex payloads making more i n t e g r a t e d  and 
s o p h i s t i c a t e d  m'easurements and u l t i m a t e l y  t o  unmanned and even manned 
l a b o r a t o r i e s .  'The most l i k e l y  techniques are those  which seek the  mo.i:e 
b a s i c  a t t r i b u t e s  of t e r r e s t r i a l  l i f e  - organ ic  chemical ,  me tabo l i c ,  aiid 
growth a n a l y s e s ,  as we l l  as imaging s y s t e m s  f o r  v i s u a l  d e t e c t i o n  and 
morphology. U l t ima te ly ,  d a t a  on a l l  o f  t h e s e  b a s i c  a t t r i b u t e s  w i l l  bit 
r e q u i r e d ,  hope fu l ly  on a s i n g l e  sample. 
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Environmental Biology 

The Eiiviro~xmental Biology program d e a l s  w i th  those  fundamental resc a r c h  
p r o j e c t s  seeking t o  understand t h e  e f f e c t s  of va r ious  a s p e c t s  of  t h e  space 
environment,  such as we igh t l e s sness ,  a c c e l e r a t i o n ,  v i b r a t i o n ,  r a d i a t i o n ,  
and magnetism, on l i v i n g  systems ranging from t h e  microorganism t o  mark. 
The approach dea l s  wi th  i n v e s t i g a t i o n s  a t  t h e  molecular ,  c e l l u l a r  , sy:item, 
and organism l e v e l  of development. 

There is l i t t l e  sys temat ic  in format ion  a v a i l a b l e  concerning t h e  e f j i ec t s  
of mechanical f o r c e s  on complete b i o l o g i c  systems. One o f  t h e  grea te : ; t  
sc ien t i f ic :  cha l l enges  of  today i s  a n  understanding of g r a v i t y  as an 
environmental  f a c t o r  and t h e  r o l e  i t  p l ays  i n  t h e  o r i g i n ,  n a t u r e ,  and 
func t ion  of h i g h l y  organized  l i f e .  

Accurate information i s  r equ i r ed  concerning t h e  a v a i l a b i l i t y  o f  eai:th 
organisms t o  l i v e ,  grow, and r epopu la t e  i n  p l a n e t a r y  environments'.  WityS 
of adap ta t ion  t l ?a t  were adequate under given circumstances he re  i n  thit 
e a r t h  environment may no longer  be adequate  when circumstances change i n  
t h e  space and p l a n e t a r y  environment. 

With the  extiension of space missions t o  the  p l a n e t s ,  r e g e n e r a t i v e  I-ife 
support  systems w i l l  be needed. Research on hydrogen-f ixing b a c t e r i a  
i n d i c a t e s  an a b i l i t y  to  supplement c u r r e n t  systems wi th  l i v i n g  os b i o .  
r egene ra t ive  organisms that.  can u t i l i z e  animal wastes  and carbon d iox ide  
t o  syn thes i ze  p r o t e i n ,  f a t ,  and o t h e r  n u t r i e n t s .  Th i s  bac te r ium,  knoirn 
as hydrogenoaonas, f u l f i l l s  i t s  energy requirements  w i th  hydrogen froin 
t h e  e l e c t r o l y s i s  of  water .  

The mic ro f lo ra  o r  b a c t e r i a  a s s o c i a t e d  wi th  man are v i t a l  t o  h i s  we l l  
being and normal func t ion .  Confinement of man f o r  prolonged pe r iods  in 
c losed  environments ( f o r  example, a space capsule)  could  conceivably Zause 
abnormal s i t u a t i o n s  which may be e i t h e r  b e n e f i c i a l  o r  detrimental .  t o  i i i m .  
To s tudy  t h e  i n t e r a c t i o n s  of man and microbes under c o n d i t i o n s  of conEine- 
ment, t h e  germfree animal provides  a unique b a s e l i n e  f o r  t h e  establ is i iment  
of model systems which a r e  cons idered  p r e r e q u i s i t e  t o  c o n t r o l  measure 3 , 
i n  c o n t r a s t  t o  convent iona l  animals  w i t h  t h e i r  d i v e r s i t y  of  i l l - t k f i n i r d ,  
and unpred ic t ab le ,  indigenous mic ro f lo ra .  

Behavioral  Biology 

The r o l e  c f  behaviora l  b io logy  i n  space b iosc i ence  i s  twofold:  (1) t o  
exp lo re  the  &rays i n  which t h e  extreme cond i t ions  of space f l i g h t  a f f e c t  
t he  behavior  of organisms, and ( 2 )  t o  use t h e  unique f e a t u r e s  of  t he  space 
environment t o  advance t h e  a n a l y s i s  of behavior .  I n  a d d i t i o n  t o  we ig? t l e s s -  
nes s ,  which r e p r e s e n t s  t h e  p r i n c i p a l  unique f a c t o r  i n  space ,  important  
e f f e c t s  upon behavior  inc lude  d r a s t i c  r educ t ions  i n  f a m i l i a r  modes of  
sensory  s t i m u l a t i o n ,  t he  removal o r  a l t e r a t i o n  of  o rd ina ry  day-night zyc les  
and,  p a r t i c u l a r l y  f o r  h igher  forms, a r a t h e r  severe  k ind  of soc i i l l  i s s l a t i o n .  
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A major area of  endeavor i s  t h e  border  r eg ion  between pe rcep t ion  artd 
c o n t r o l  of movement. The o r i g i n  and maintenance of eye-hand coodinat:i.on 
i s  an extremely promising t o p i c  f o r  c u r r e n t  r e sea rch  i n  behav io ra l  bicilogy. 
The va r ious  Eeed-back and feed-forward mechanisms involved i n  manipuliitory 
behavior  have become s u s c e p t i b l e  t o  l a b o r a t o r y  exper imenta t ion .  I f  t l iere  
i s  any d e t e r i o r a t i o n  i n  the  performance of  h igh - l eve l  motor s k i l l s  i t  i s  
important  t o  l e a r n  about t h i s  from t h e  s t andpo in t s  of  a s t r o n a u t  sa fe t l r  and 
a deeper understanding of  mechanisms i n  sensorimotor  coordinat ion. .  

O r i e n t a t i o n  i n  space i s  engaging the  a t t e n t i o n  of i n v e s t i g a t o r s  in i .e res ted  
i n  understan'ding and c o n t r o l l i n g  those  func t ions  which a r e  e s s e n t i a l  1:o 
e x t r a v e h i c u l a r  # a c t i v i t y  and those  o t h e r  maneuvers i n  space which requ:i.re 
complex behavior.  Both ground-based and i n f  l i g h t  s t u d i e s  on the s e n s a t i o n  
of  g r a v i t y  such as the  de te rmina t ion  of  t h re sho lds  f o r  angular  and liiiear 
a c c e l e r a t i o n  and respons iveness  of t he  o t o l i t h s ,  s emic i r cu la r  c a n a l s ,  and 
o t h e r  grav i - rec 'ep tors  t o  both t r a n s i e n t  and prolonged s t i m u l a t i o n  w i l l .  con- 
t r i b u t e  t o  t h i s  understanding.  

Absence of t he  day-night cyc le  and o t h e r  p e r i o d i c  a s p e c t s  of  t h e  e , i r t h  
environment make space an i d e a l  l a b o r a t o r y  f o r  l ea rn ing  about t he  o r i g i n  
and na tu re  of c i r c a d i a n  rhythms. I n t e r e s t  i n  t h i s  s u b j e c t  ex tends  t o  a 
concern f o r  behaviora l  and o t h e r  b i o l o g i c a l  e v e n t s ,  observed i n  man, 
wi th  a p e r i o d i c i t y  of approximately twenty-four hours ,  exempl i f ied  by the  
cyc le  of s l e e p  and wakefulness.  S t u d i e s  of  va r ious  s t a g e s  of s l e e p ,  \par t ic -  
u l a r l y  those dea l ing  wi th  neurophys io logica l  and biochemical changes ( lur ing  
t h a t  s t a g e  a s s o c i a t e d  wi th  r a p i d  eye movement promises new knowledge c?qually 
r e l e v a n t  t o  man i n  space and i n  h i s  normal environment. The relat . ionl;hips 
between the  requirements  f o r  s l e e p ,  t he  process  of f a t i g u e ,  and t h e  eEfec t s  
of  g r a v i t y  remain almost  t o t a l l y  unexplored. 

Phys ica l  Biology 

The Phys ica l  Biology program suppor t s  r e sea rch  i n  comparative physiology,  
b io- ins t rumenta t ion ,  b iophys ic s ,  and t h e o r e t i c a l  b io logy .  Research i.1 com- 
p a r a t i v e  physiology inc ludes  s t u d i e s  on l i v i n g  organisms which s p e c i f i c a l l y  
lend themselves t o  i n v e s t i g a t i o n s  i n  o r b i t i n g  b i o l o g i c a l  v e h i c l e s ,  on the  
n u t r i t i o n a l  requirements  of l i v i n g  organisms f o r  prolonged space trav(21, and 
on the  phys ica l  dynamics of va r ious  phys io log ica l  and behaviora l  sys t lms .  

The dynamics of t h e  body temperature  r e g u l a t o r y  system, the  bl-ood Elow 
(ca rd iovascu la r  system), and t h e  hormonal system are be ing  s t u d i e d  by physical. 
modeling and a n a l y s i s  i n  an a t tempt  t o  understand the  mechanics o f  thi2se 
systems under normal cond i t ions  as w e l l  as i n  stress s i t u a t i o n .  

Various types  of b i o l o g i c a l  i n s t rumen ta t ion  are being developed t o  measure 
and analyze b i o l o g i c a l ,  b iochemical ,  and b iophys ica l  phenomena. In  biological .  
t e l eme t ry ,  wcrk i s  proceeding on t h e  development of a mult ichannel  seiising 
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implantable  device i n  o r d e r  t o  measure, s imultaneously,  a number o f  b io -  
l o g i c a l  and behavioral  a c t i v i t i e s ,  and t o  enab le  measuremeut of norml. ly  
i n a c c e s s i b l e  phys io log ica l  a c t i v i t i e s  under a v a r i e t y  of c o n d i t i o n s .  
Th i s  i s  e s p e c i a l l y  important i n  space f l i g h t  experimentat ion where dai:a 
have t o  be t e l e n e t e r e d  and acqu i red  under c o n d i t i o n s  n o t  normally fouiid 
i n  e a r t h  l a b o r a t o r i e s .  E lec t ron  microscopic techniques a r e ’ b e i n g  useti t o  
develop a method of s t o r i n g  d a t a  accumulated during space f l i g h t .  Thi!se 
techniques may allow s t o r a g e  of  d a t a  by m i n i a t u r i z i n g  the  information t o  
1/100,000 t h e i r  u sua l  s i z e .  

I n  the  a rea  3f b iophys ic s ,  r e s e a r c h  i s  being conducted on b i o l o g i c a i l  
systems a t  the  no lecu la r  and c e l l u l a r  l e v e l s .  It has  been shown t h a t  some 
p r o t e i n s  c a r r y  t h e i r  a n c e s t r a l  type t o  some degree i n  ce l l s  as far  reinoved 
i n  r e l a t i o n s h i p  a s  sp inach ,  b a c t e r i a ,  and human h e a r t  muscle. I n  theo- 
r e t i c a l  biology,  work i s  proceeding on de te rmina t ions  of what organic  and 
l i f e - r e l a t e d  molecules can e x i s t  under t h e  atmospheric c o n d i t i o n s  of 
p re s su re  and heat t h a t  a r e  found on o t h e r  p l a n e t s .  

P l a n e t a r y  Quarantine 

The search f o r  e x t r a t e r r e s t r i a l  l i f e  cannot be s u c c e s s f u l l y  prosecii ted 
u n l e s s  p l a n e t a r y  s p a c e c r a f t  a r e  kept  f r e e  of t e r r e s t r i a l  contaminatioii  u n t i l  
t he  e x p l o r a t i o n  i s  completed. With t h e  s u c c e s s f u l  accomplishment. of c?ach 
f l i g h t ,  knowledge is  added t h a t  makes i t  p o s s i b l e  t o  improve t h e  desi;;n of 
succeeding missions.  Thus t h e  knowledge gained by both Venus f ly-bys i n  
1967 has  p e r s i t t e d  a reassessment of the p o s s i b i l i t y  of contaminat ing t h a t  
p l a n e t .  Ea r ly  f ly -bys  of Mars w i l l  a ss i s t  i n  the  des ign  of  l a t e r  lanlling 
missions,  p a r t i c u l a r l y  i n  t h e  design of e f f e c t i v e  p l a n e t a r y  quarantinc? 
measures. N:, mission has  e i t h e r  confirmed o r  denied t h e  p o s s i b i l . i t y  of 
t h e  e x i s t e n c e  o f  l i f e  i n  t h e  o u t e r  atmosphere of Venus, on Mars, o r  bi?Low 
the  s u r f a c e  of the moon. 

Both major launching n a t i o n s  have accepted t h e  c r i t e r i o n  t h a t  t h e n ?  
must not  be more than  one chance i n  a thousand of contaminating EL plaiiet  
during t h e  per iod of b i o l o g i c a l  exp lo ra t ion .  This  level  o f  s a f e t y  ha:; 
r e q u i r e d  rather r igo rous  s t e r i l i z a t i o n  of t h e  s p a c e c r a f t  by d ry  h e a t  
before  launch and p r o t e c t i o n  of t he  s t e r i l e  capsule  from recontaniinat ion 
during launch. These requirements have had a seve re  impact on the r e 1 i a b i l i t : y  
of the s p a c e c r a f t .  

Up t o  the p a s t  year  i t  was no t  be l i eved  t o  be p o s s i b l e  t o  achieve liigh 
r e l i a b i l i t y  of s t e r i l i z a t i o n  and mission r e l i a b i l i t y .  Recent developinents , 
however, suggest  t h a t  i t  may be p o s s i b l e  t o  s u b s t a n t i a l l y  reduce t h e  lieat 
requirements.  I n t e n s i f i c a t i o n  of i n v e s t i g a t i o n s  i n  FY 1969 shou1.d r e  ; u l t  
i n  r e d u c t i o n  of  t he  s t e r i l i z a t i o n  requirements  and s u b s t a n t i a l  r e d u c t i o n  
i n  c o s t s .  
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In the  ope:cat:ional area a l l  l una r  f l i g h t s  have been monitored t o  pxovide 
an inventory of  t he  microorganisms landed on the  moon. These operaticins 
are being extended t o  Apollo i n  o r d e r  t h a t  l i f e  on t h e  r e t u r n e d  luna r  
samples rnay t r e  more qu ick ly  i d e n t i f i e d  and the  qua ran t ine  pe r iod  f o r  r e t u r n e d  
a s t r o n a u t s  arid luna r  material he shortened.  

Bioscience Communications 

The B iosc:.enc:e Communications program w a s  e s t a b l i s h e d  t o  meet the growing 
need f o r  effec:ti.ve and t imely communication between NASA program s c i e r l t i s t s  
and administl-i3tors, s c i e n t i s t s  i n  u n i v e r s i t i e s ,  i n d u s t r y ,  and o t h e r  gcvern-* 
ment agenc ie s .  Its a c t i v i t i e s  a r e  designed t o  meet the information needs 
of each a r e a  of t h e  Bioscience program i n  d i r e c t i n g  and c o o r d i n a t i n g  i t s  
a c t i v i t i e s  wi.:h a maximum of e f f i c i e n c y  and f o r e s i g h t ,  and t o  provi,de the 
s c i e n t i f i c :  cormunity w i t h  access  t o  information on t h e  s c i e n t i f i c  proclucts 
of t hese  prog,? 'I anis. 

The Bioscj ence Communications program provides  (1) p a r t i a l  support  of 
t h e  Space Sci.t?nc:e Board of t h e  Na t iona l  Academy of Sc iences  and i t s  sub- 
c o m i t t e s s ,  ( 2 )  t r a i n i n g  of s c i e n t i s t s  through r e s e a r c h  a s soc ia t e sh ips t  
and summer i n s t i t u t e s ,  (3)  c o n s u l t a t i o n  t o  a d m i n i s t r a t i v e  program s c i e n t i s t s ,  
( 4 )  suppl1emeni:a 1. c r o s s - d i  s c i  p l i  nary c o m u n i c a  ti on be tween v a r i o u s  i n t e  r f  ace  s 
of t h e  p h y s i c a l  and b i o l o g i c a l  s c i e n c e s ,  ( 5 )  r e s e a r c h  l i t e r a t u r e  and report: 
ana lyses , ,  c u r r e n t  s t a t u s  r e p o r t s ,  etc.,  ( 6 )  confe rences ,  symposia, and i n f o r -  
m a l  meetings,  

Biosate  11 i te  

1967 19 68 1969 

Spacec ra f t  ........................ $24,544,000 $23,842,000 $20,478,000 

Operations ........................ 545,000 264,000 994,000- 
Experiments ....................... 6,861,000 5,894,000 ll,OL8,000 

T o t a l  Spacec ra f t  Opera t ions . .  ... $31,950,000 $30,000,000 $32,500,000 

Thor-De1t:a (Launch Vehicle  
Procurement Program) ............ (---) (3,900,000) ,(.:I ,903,000.) 

Total. ( i n c l u d i n g  Launch 
Veh ic l e s ) .  .................. ($31,950,000) ($33,900 .OOO) (&38,400,000,) ----. 

The f i r s t  t.wc B i o s a t e l l i t e  f l i g h t s  (3  days d u r a t i o n )  i n v e s t i g a t e d  the  
b i o l o g i c a l  e f f e c t s  on a v a r i e t y  of c e l l s , p l a n t s ,  and simple forms o f  l i f e  
and the e f f e c t s  of we igh t l e s sness  combined with r a d i a t i o n  on planLs, 
animal c e l l s ,  a n d  i n s e c t s .  B i o s a t e l l i t e  I w a s  s u c c e s s f u l l y  launched on 
December 14,  1966, bu t  w a s  no t  recovered due t o  f a i l u r e  of t he  re 'cro-rocket 
system. B i o s a t e l l i t e  I1 w a s  launched on September 7 ,  1967, and recovered 
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on September 9 ,  1967. The t h i r d  and f o u r t h  f l i g h t s ,  o f  30 days curat:i.on, 
w i l l  i n v e s t i g a t e  the  e f f e c t s  of  we igh t l e s sness  on a pr imate’s  gene ra l  
metabol ic  behavior  and performance, and ca rd iovascu la r  and nervous sytitems . 
The f i f t h  and s i x t h  f l i g h t s ,  of 2 1  days du ra t ion  w i l l  c o n s i s t  of expei’iments 
t o  determine the e f f e c t s  of we igh t l e s sness  on p l a n t  growth and develoIment ,  
growth of isolaired human c e l l s ,  g ros s  body composition and f u n c t i o n  i r l  

mammals ,  and 2 i r cad ian  ( 2 4  hour) rhythms. 

Management r e s p o n s i b i l i t y  f o r  t h e  B i o s a t e l l i t e  program has  been ass igned  
t o  the  Arnes 1test:arch Center .  Spacec ra f t  development and f a b r i c a t i o n  j s under 
c o n t r a c t  to t he  General E l e c t r i c  Company, Re-entry Systems Divis ion ,  l oca t ed  
a t  P h i l a d e l p h i a ,  Pennsylvania .  

The B:iosat:c?ll.ites a r e  launched from Cape Kennedy by two-stage,  t h r u s t -  
augmented Thor Ik l t a  Launch v e h i c l e s .  The experiments  are conta ined  i n  the  
r e -en t ry  veh ic l e  while  o t h e r  suppor t ing  equipment i s  l o c a t e d  i n  t h e  adap te r  
s e c t i o n .  The adap te r  i s  sepa ra t ed  from the  r e - e n t r y  v e h i c l e  p r i o r  t o  the  
r e t r o  maneuvei:. Recovery of t h e  s p a c e c r a f t  i s  accomplished by t h e  United 
S t a t e s  A i r  Force us ing  aer ia l  recovery.  

The Bi .osat .e l l i te  f l i g h t s  a r e  provid ing  d a t a  which has a wide range 
of  applic:abil.i .ty. The t e s t i n g  of  b i o l o g i c a l  hypotheses  i n  the  areas o f  
g e n e t i c s  ,, developmental b io logy ,  environmental  physiology,  and gene ra l  
metabolism i s  one r e s u l t  of t h e s e  f l i g h t s ,  The B i o s a t e l l i t e s  should 
a l s o  provide va luab le  d a t a  p e r t a i n i n g  t o  b i o l o g i c a l  requirements  fo r  
prolonged maririecl space f l i g h t ,  and t h e  p o s s i b i l i t y  o f  delayed e f f e c t s  
appearing i n  1 a t e r  l i f e  o r  subsequent gene ra t ions  of animal s u b j e c t s ,  
wi th  poss ib le  a p p l i c a t i o n s  t o  man. Also,  t hese  f l i g h t s  should r e . m l t  
i n  the  development and t e s t  of new ins t rumen ta t ion  techniques ,  su::gical 
p r e p a r a t i o n s ,  and o t h e r  procedures  and devices  which may have medical  
and o ther  a p p l i c a t i o n s  t o  human be ings .  

FY 1966 and p r i o r  yea r s  funding f o r  t h i s  s ix  f l i g h t  program, inc luding  
launch v e h i c l e s ,  amounted t o  $61,711,000. Funding f o r  FY 1967 provided f o r  
t he  subsystem and system q u a l i f i c a t i o n  t e s t i n g  of  t h e  3 day mission pri3totype 
s p a c e c r a f t ,  assembly and s y s t e m  acceptance t e s t i n g  of  t h e  3 day f l i g h t  
s p a c e c r a f t ,  Launch and ope ra t ions  suppor t  of B i o s a t e l l i t e  I and t h e  design 
and t e s t  e f f o r t  t o  c o r r e c t  t h e  B i o s a t e l l i t e  I d e f i c i e n c i e s .  Also. ,  i t  lpro- 
v ided  f o r  t he  f a b r i c a t i o n  and q u a l i f i c a t i o n  of  t h e  30 day miss ion  majolr 
subsystems and the  f u n c t i o n a l  t e s t i n g  o f  t he  30 day developmental spacl2- 
c r a f t  model. Funding f o r  FY 1968 provided f o r  t he  launch o p e r a t i o n s  o r  
B i o s a t e l l i t e  11, bu t  emphasized t h e  f a b r i c a t i o n ,  sys t ems  func t iona l  t e s t i n g  
and q u a l i f i c a t i o n  t e s t i n g  of  t he  30 day s p a c e c r a f t  as we l l  as cont.inue1i 
funding f o r  experiment development f o r  t h e  30 day and 21  day missions.  
Funding f o r  FY 1969 w i l l  provide f o r  t h e  f l i g h t  ope ra t ions  of t he  two :\O 
day miss ions ,  da ta  process ing ,  and a n a l y s i s  and f o r  t h e  procurement of t h e  
21 day experiment f l i g h t  hardware. Funding requirements  subsequent t o  FY 
1969 f o r  completion of t h i s  e f f o r t ,  i nc lud ing  launch v e h i c l e s  a r e  e s t i r l a t ed  
t o  be $25,360,000. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1969 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS - 

Pro F; r am 

Basic re:jearc:li. , . . . . . . . . . . 
Space v e h i c l e  systems. . . . . 
E 1 ec t r0n:i.c s terns . . . . . . . 
Human f a c t o r  :jyS tems . . . . . . 
Space power and e l e c t r i c  

propul t j  i.on :;ys terns. . . . . . 
Nuclear r o c k e t s .  . . . . . . . . . . 
Ctiemi c a 1 p r opii 1 c; i on  . . . . . . . 
Aeronau t i ca l  v e h i c l e s .  . . . . 

T o t a l . .  .. , .  . . . . . . . . . . . 

l’iscal Year 
1967 

$21,401,000 

33,909,000 

33,597,000 

16,265,000 

40,440,000 

53,000,000 

33,638,000 

35,900,000 

$268.150.000 

F i s c a l  Year 
1968 

$21,465,000 

35,000,000 

39,200,000 

20,985,000 

44,000,000 

54,000,000 

37,250,000 

66,800,000 

$318,700,000 

F i s c a l  I e a r  
---- 19651 

$ 2 2 ,  C O O :  GOO 

35,:300,000 

39, !COO, 000 

:H , ;700, ooo 

[+4,800, G O O  

60,000,000 

3 6,;700,000 

76 000 000 

$336 F!OO OGO 

-LA- 

-r:-- 
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FISCAL YEAR 1969 ESTIMATES 

I 

The Advanced Research and Technology programs shown i n  the  preceedlng 
t a b l e  supports  research  i n  two major technologica l  a r e a s ,  Space Technology 
and A i r c r a f t  Technology. The d i v i s i o n  of e f f o r t  between these  two arisas 
i s  shown below: 

1969 --.- -- 1967 1968 

SPACE TECHNOLOGY 

Program - 
Basic Research.. ................ $17,801,000 $17,165,000 !~17,2~30,000 
Space Vehlcl .. Sys terns.. ......... 33,909,000 35,000,000 3 5,3130,000 

Human Factor  S y s t e m s  ............ 14,065,000 18,485,000 19,500,000 
Space Power and E l e c t r i c  

40,440,000 44,000,000 44,800,000 

36,700,000 

E l e c t r o n i c s  Systems,......,.... . 29,597,000 31,400,000 :3 2,0~30,000 

Propul s ion  Systems. ........... 
Nuclear Rockets.. . . . .o.. . . , . . . . .  53,000,000 54,000,000 60,000,000 
Chemical Propuls ion ............. 33,638,000 37,250,000 -__-- 

AIRCRAFT TEC:HNCrLOGY 

E’rogr am - 
Basic Research .................. $3,600,000 $4,300,000 $4,aoo,ooo 

Human Fac.tor Systems.. .......... 2,200,000 2,500,000 2,200,000 
E lec t ron ic s  Systems.. ........... 4,000,000 7,800,000 7,400,000 

i’G, 900,000 Aeronaut:ica] Vehicles... . . . . . . . .  35,900,000 66,800,000 _--- ---- 

T o t a l S o .  O d a , . . . . . . . O . . . . . V Y . . . .  $45,700,000 $81,400,000 $91,300,000 --..--- 

TOTAL, PJIVANCED RE SEARCH 
AND TE:CHNOLOGY., .......... $268,150,000 $318,700,000 -- $336,800,000 --- 

A i r c r a f t  technology inc ludes  support ing r e sea rch  and technology efEor t  
conducted und.er Basic Research, E l e c t r o n i c s  Systems and Human Factor  Systems 
programs r e l a t e d  t o  aeronaut ics ,  i n  add i t ion  to a l l  p r o j e c t s  i temized under 
the  Aeronaut ical  Vehicles  program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

SPACE APPLICA"Z( ! J S L I W Y  

The o b j e c t i v e s  of t h e  Space App l i ca t ions  Program a r e  to :  (1) expani  t h e  
knowledge of atmospheric and space  phenomena; (2)  conduct a broad program of 
r e sea rch  and t e c h n i c a l  development o r i e n t e d  toward t h e  a p p l i c a t i o n  of 13pace 
techniques  f o r  t h e  b e n e f i t  of mankind; (3) develop and test procedures ,  
ins t ruments ,  subsystems, s p a c e c r a f t ,  and i n t e r p r e t i v e  techniques  f o r  t h e  
va r ious  a p p l i c a t i o n s ;  (4) f u l f i l l  NASA's r e s p o n s i b i l i t i e s  under t h e  Camuni-  
c a t i o n s  S a t e l l i t e  A c t  of 1962; ( 5 )  develop and implement f o r  t h e  Environ- 
mental  Sc ience  S e r v i c e s  Adminis t ra t ion  (ESSA), Department of  Commc!rce, t h e  
o p e r a t i o n a l  me teo ro log ica l  s a t e l l i t e  system; and (6) coopera te  wit:h o t h e r  
government agenc ie s  i n  t h e  s tudy  and development of space  technology r e l a t e d  
t o  t h e  e a r l y  r e a l i z a t i o n  of p r a c t i c a l  b e n e f i t s ,  such a s  e a r t h  r e source ;  su r -  
vey endeavors i n  a r e a s  of a g r i c u l t u r e / f o r e s t r y ,  hydrology/oceanography, 
geography/cartography and geology/mineralogy through p e r i o d i c  syst:ema t ic 
surveys of e a r t h  resources .  

Many c o u n t r i e s  throughout  t h e  world have t r a d i t i o n a l l y  looked t.0 thl! 
United S t a t e s  f o r  economic, s c i e n t i f i c ,  and t e c h n o l o g i c a l  l eade r sh ip .  One 
of t h e  s i g n i f i c a n t  ways i n  which t h i s  l e a d e r s h i p  can be demonstratzd i ;  
through a conrpreihensive space a p p l i c a t i o n s  program. The Space AppI.ications 
Program e f f o r t  i s  d i r e c t e d  toward r e sea rch ,  development, and f l i g h t  te:;t i n  
t h e  d i s c i p l i n e  a r e a s  o f :  a p p l i c a t i o n s  technology,  connnunications, eari:h 
r e sources ,  geodesy, meteorology, and nav iga t ion  and inc ludes  imp1c!nient4ition 
of o p e r a t i o n a l  s y s t e m s ,  a s  a p p r o p r i a t e .  Current  s a t e l l i t e  f l i g h t  proj izcts  
inc lude  TIROS, Nimbus, App l i ca t ions  Technology and Geodet ic  S a t e l l i t e s ,  
F i s c a l  Year 1969 e f f o r t  inc ludes  f e a s i b i l i t y ,  d e f i n i t i o n ,  and d e s j  gn s t u d i e s  
f o r  an Ea r th  Resources Technology S a t e l l i t e .  App l i ca t ions  Technol.ogy : ;a t -  
e l l i t e s  o f f e r  g r e a t  p o t e n t i a l  t o  mankind by developing and ex tending  tcxh-  
nology commonly requi red  f o r  a l l  types of a p p l i c a t i o n s .  Cornmuniceit ionri 
S a t e l l i t e s  o f f e r  t h e  p o s s i b i l i t y  of broadcas t  t o  a l l  o r  p a r t s  of  t h e  wc>rld 
by economical means. Geodetic S a t e l l i t e s  o f f e r  t h e  means t o  determine t h e  
s i z e  and shape oE t h e  e a r t h  and t h e  v e c t o r  p r o p e r t i e s  of  i t s  g r a v i t a t i i m a l  
f i e l d .  Meteoro logica l  S a t e l l i t e s  provide  t h e  c a p a b i l i t y  t o  improve weiither 
p r e d i c t i o n  on a g loba l  b a s i s ,  and i n c r e a s e  our knowledge of t h e  atmospliere. 
Ea r th  Res'ources S a t e l l i t e s  provide  t h e  means t o  o b t a i n  va luab le  da t a  i l l  

such a r e a s  a s  a g r i c u l t u r e / f o r e s t r y ,  geology/mineralogy, hydrologyiaceallo- 
graphy , a nd ge og raphy /ca r tography . Naviga t ion  S a t  e 11 it es provide  1 (oca 1: i on ,  
t r a f f i c  c tontrol ,  s ea rch  and r e scue ,  and communications systems fox #airc:raft  
and s h i p s .  



I 
Supporting Research and Technology/ 

Advanced Studies. . . . . . .  ......... $11,030,000 
TIROS /'mS Improvements . . . . . . . . . . . . 1,292,000 
Nimbus........................... . 24,410,000 
Meteorological  Soundings. ......... 2,855,000 
I n t e r n a t i o n a l  Applicat ions 

Applic<atioins Technology S a t e l l i t e s  30,013,000 
Geodetic Satellites.. ... , .... . .... 1,600,000 
Earth Resources Survey.. . . . . . . . . . . 

A i re  ra f t P r  logram. . . . . . . . . . . . . . . . 
Eart'h Reieources Technology 

Satellite..................... 

Satell i te. . . . . . . . . . . . . . . . . . . . . . .  100,000 

--- --- 
--- 

$19,300,000 
9,100,000 
33,700,000 
3,000,000 

100,000 
25,600,000 
3,400,000 
5,300,000 
(5,300,000) 

$23, ;i300,000 */ 

32, 'LO0,OOO 
3,000,000 

5, r;100,000 

'LOO, 000 

12,:1!00,000 
( 10 ,:!oo,ooo) 

3 1,200,000 
4,000,000 

c2.000.00Q) 

b Total........................... $ 7 ! Q  S2-m $,'112.:!!00.000 

Distri,wcaU>f Program Amount b u s  t a  lla t ion: 

-- - Manned S 1p B cecra  f t Center . . . . . . . . 
Mars'hall Spiace F l i g h t  Center. .  . . $280,000 
Goddard Space F l i g h t  Center. .  . . . 65,210,000 
Jet Propuls Lon Laboratory.  . . . . . . 321,000 
Wall'ops S ta t ion . .  . . . . . . . . . . . . . . . 240,000 
A m e s  R@seErch Center. .  . . . . . . . . . . 100,000 
E lec t ron ic s  Research Center . . . . .  1,230,000 
Langley Research Center. . . . . . . . .  905,000 
Lewis Research Center. . . . . . . . . . .  312,000 
NASA Headquarters. .  . . . . . . . . . . . . . 2,702,000 

$6,100,000 
300,000 

78,300,000 

400,000 

1,800,000 
800,000 

1,400,000 

100,000 

100,000 

10,200,000 

$11,~'~00,000 
~'bOO,OOO 

:!oo, 000 
l100,000 

''00,000 
1,400,000 

79,!iOO,OOO --- 

2 , r'iOO, 000 

15,000,000 

SUDDOrt- Re search  and Techn o l o n ~  
Advanced S tud ie s  

Appl ica t ions  Technology.. . . . *.  . . . . $1,226,000 $1,400,000 $1,!~00,000 
Conamunicat~ilonrs.. . . . . . . . . . . . . , , . . . . 3,200,000 4,:!00,000 
Ear th  liesources.. ,. . , . . . . . , . *. . , . . --- 7,700,000 8,700,000 

2,618,000 

GeodesyI.....,..... ............... 450,000 1,000,000 1,1100,000 
Meteorology... ..,...........,..... 5,761,000 5,000,000 5,1~~00,000 

._J.4IOO. 000 1.000 -000 Navigation..  . , . . . . . . . . . . . . . . ,. , . . -_4;1_ZpeQ 

Tota 1.. . . , . . , . . . . . . . . . . . . . . ,, . . . . $~,~30,000 $19 - 300 - 00 0 $?Urn. 
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Suppor t ing  Research and Technology i n  Space App l i ca t ions  covers  an 
extremely widle range of a c t i v i t y  from t h e  broad s p a c e c r a f t  technology 
focus ing  on a8dv;nncement i n  s p a c e c r a f t  s t a b i l i z a t i o n  methods, high1 poiikting 
accuracy ,  h ighe r  power, long l i f e t i m e ,  and d a t a  hand l ing  c a p a b i l i t y  t o  t h e  
more s p e c i f i c  i tems such a s  s enso r s  and in s t rumen ta t ion  s tudy  and. des:i.gn. 
These e fEor to  form t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  b a s i s  f o r  p r e s e n t  and 
f u t u r e  app1icat:Lons and miss ions .  

The d i s c i p l i n e  a r e a s  of a p p l i c a t i o n s  a r e :  a p p l i c a t i o n s  t echno logy ,  
conrmunications, e a r t h  r e s o u r c e s ,  geodesy, meteorology, and n a v i g a t i o n .  

E f f o r t s  i n  FY 1967 f o r  a p p l i c a t i o n s  technology cont inued  i n  t h e  art!a of 
a t t i t u d e  measurement such a s  s t a r f i e l d  r e a d e r s ,  r a d i o  frequency (RF) i l ensors ,  
and non-KF senso r s ;  and c o n t r o l  dev ices  such a s  g r a v i t y  g r a d i e n t  compclnents, 
momentum wheels and sma l l  t h r u s t e r s .  
and pre1:Lminncy development of a spaceborne m i l l i m e t e r  p ropagat ion  exileri- 
ment. Funds Ln FY 1968 a r e  be ing  used f o r  c o n t r o l  systems s t u d i e s  d i i e c t e d  
a t  s t a b i  Lizat: Lori of s p a c e c r a f t  i n  o r b i t ;  s p a c e c r a f t  equipment developments 
t o  improve RF a m p l i f i c a t i o n  and antenna system c a p a b i l i t i e s  and t o  i n c r e a s e  
t h e  r e l i a b i l i t y  and u s e f u l  l i f e t i m e  of s a t e l l i t e  e lements .  S t u d i e s  wi 11 be 
Continued on Long-life f u l l y  s t a b i l i z e d  s p a c e c r a f t  having improved lax ge 
space  e r e c t a b  Le antenna wi th  g r e a t e r  p o i n t i n g  accuracy.  Act ive  and hybr id  
g r a v i t y  gradient: s t a b i l i z a t i o n  c o n t r o l  systems a n a l y s i s  w i l l  be cont inued.  
A f e a s i b i l i t y  s tudy  is  planned on a u n i f i e d  space  a p p l i c a t i o n s  missiori 
s a t e l l i t e ,  wti:Cch w i l l  examine m u l t i - d i s c i p l i n a r y  a p p l i c a t i o n s  missionE i n  
terms of t h e  t r a d e - o f f s  r e l a t i v e  t o  type of s enso r s  and experiments ,  c i r b i t a l  
c h a r a c t e r i s t i c s ,  and s p a c e c r a f t  technology. I n  FY 1969, e f f o r t s  w i l l  con- 
t i n u e  i n  t h e  development of new c o n t r o l  systems and i n i t i a t i o n  of e f fc t r t  
on a hydrazine c:ontrol system. Development of components and subsystems w i l l  
cont inue  w i t h  new e f f o r t  be ing  i n i t i a t e d  on a u n i f i e d  S-band t ransponder .  
Also, i t  is p:Lartned t o  i n i t i a t e  s t u d i e s  f o r  t h e  e v a l u a t i o n  of educat ic lnal  TV 
s a t e l l i t e  pot.c!nt i a l  and t h e  d e f i n i t i o n  of i n d u s t r y  requirements  of s a t e l l i t e  
app l i c a  t i o n s ,  

E f f o r t  a l s o  cont inued  on t h e  declign 

I n  cmrmuni.c:ations, FY 1967 and p r i o r  year  i n v e s t i g a t i o n s  had been con- 
ducted on sa t . c l l . i t e  systems capable  of l i n k i n g  terminals of g r e a t l y  reduced 
s i z e ,  making p o e s i b l e  comwnica t ions  wi th  l o w  c a p a c i t y  mobile and f i x e d  
s t a t i o n s ,  I n v e s t i g a t i o n s  cont inued  on t h e  e f f e c t  of s c a t t e r i n g  e l e c t r o -  
magnetic wave€; by e a r t h ' s  atmosphere and space  environment and thle d e t e r -  
mina t ion  of nnitual i n t e r f e r e n c e  between space  and t e r r e s t r i a l  communications 
systems. F i s c a l  Year 1968 e f f o r t  is p r i m a r i l y  i n  t h e  a c t i v e  s a t e l l i t e  a r e a ,  
including; evaI.uation and assessments  of components and s u b s y s t e m  requ i r ed  
f o r  broadcast  a p p l i c a t i o n s ;  p ropagat ion  s t u d i e a  and component development 
i n  t h e  fxequericy reg ion  between 10 t o  100 GHz where f r equenc ie s  ace  more 
a v a i l a b l e  f o r  space  comnunications,  bu t  much less understood;  and i .nter-  
f e rence  analye i s  and p r e d i c t i o n  methods needed f o r  developing frequency 
s h a r i n g  c r i t e r i a .  A f e a s i b i l i t y  s t u d y  w i l l  be conducted t o  determine 
s a t e l l i t e  system concepts  and approaches t o  provide  wide-band conammica- 
t i o n s  between o r b i t i n g  s p a c e c r a f t  and e a r t h  t e rmina l s  v i a  satel1ii:e r e l a y s .  
E f f o r t s  i n  FY 1969 w i l l  con t inue  t h e  e v a l u a t i o n  and development oE components 



and subsystems f o r  communications s a t e l l i t e s .  Continued e f f o r t s  w i l l  be 
made t o  opt imize t h e  u t i l i z a t i o n  of t h e  f requency spectrum. 
and technologicel l  s t u d i e s  w i l l  be conducted on: d a t a  d i s semina t ion  by 
sa te l l i t e ,  t h e  p o t e n t i a l  of TV broadcas t  s a t e l l i t e s ,  and t h e  r e l a t i o n o h i p  of 
comnunication s a t e l l i t e s  t o  common c a r r i e r  systems f o r  mass comnunicat i ons  
dissernincitiori, 

Systems s ina lys i s  

E a r t h  rescmrc:es e f f o r t  i n  FY 1967 was funded from t h e  Apollo App l i ca t ions  
program. 
us ing  remote isensing technology i n  d e t e c t i n g ,  measuring, and mapping e a r t h  
r e source  phentmma from space.  
w i th  u s e r  agenc ie s  t o  determine t h e  c a p a b i l i t y  of remote sens ing  devices  f o r  
o b t a i n i n g  da ta  r e l e v a n t  t o  t h e  f i e l d s  of a g r i c u l t u r e ,  f o r e s t r y ,  geography, 
car tography,  geology, hydrology, and oceanography. Two NASA a i r c r a f t  
equipped wi th  exper imenta l  s enso r s  ga the red  d a t a  Over s e l e c t e d  tes t :  s i tes 
i n  suppor t  of f e a s i b i l i t y  s t u d i e s  t o  a s s e s s  p o t e n t i a l  space  a p p l i c a t i o n s .  
The a i r c r a f t  eiccluired d a t e ,  a s  w e l l  a s  d a t a  from Gemini, TIROS, and Nimbus 
were dist:ribuit:edi t o  t h e  i n v e s t i g a t o r s  f o r  a n a l y s i s .  The Departments of  
A g r i c u l t u r e ,  I ; n t e r i o r ,  Commerce, and Navy a r e  p a r t i c i p a t i n g  i n  t h i s  m u l t i -  
d i s c i p l i n e  reriearch. F i s c a l  Year 1968 funds a r e  being used f o r  s t u d i e s  t o  
d e f i n e  e a r t h  r e sources  senso r  c o n f i g u r a t i o n s  f o r  space  f l i g h t s .  'In a d d i t i o n ,  
i n  coordinat icm wi th  u s e r  agenc ie s ,  s t u d i e s  a r e  be ing  conducted on process ing  
and d i s semina t ioa  of space  acqu i r ed  d a t a ,  ground t r u t h  i n v e s t i g a t l o n s  and 
space  mapping, i n  oceanography and i n  t h e  development of a g r i c u l t u r a l  s i g -  
n a t u r e s  f o r  i d e n t i f i c a t i o n  and a n a l y s i s  of c rop  s p e c i e s .  I n  FY 1969, par- 
t i c i p a t i n g  agemcies w i l l  con t inue  t h e i r  e f f o r t s  t o  d e f i n e  requirements  f o r  
space  miss ions .  Development of i n t e r d i s c i p l i n a r y  in s t rumen ta t ion  w i l l  
cont inue  w i t h  emphasis on t h e  de te rmina t ion  of requirements  f o r  f u t u r e  
ins t ruments  bemyond t h o s e  p r e s e n t l y  r equ i r ed  by u s e r  agencies .  Addit  iotnal 
s t u d i e s  w i l l  ble performed t o  a s s e s s  t h e  r e l a t i o n s h i p  and requi rewants  Iof 
e a r t h  r e sources  s a t e l l i t e s  f o r  t h e  a r e a s  of oceanography, f o r e s t r y ,  urban 
and r u r a l  development , a g r i c u l t u r e ,  petroleum and mining, water  rt?souri:es, 
and o t h e r  e a r t h  r e sources  program p o t e n t i a l .  

Fewir ib i l i ty  s t u d i e s  were conducted t o  d e f i n e  t h e  p o t e n t i a l  for 

S t u d i e s  have been conducted i n  coord ina t ion  

Geodesy e f f o r t s  i n  FY 1967 and FY 1968 c o n s i s t e d  of (1) conceptua l  
s t u d i e s ,  f e a s i b i l i t y  a n a l y s i s ,  and c o n f i g u r a t i o n  d e f i n i t i o n  of geodetil: 
s p a c e c r a f t ,  (2) a n a l y s i s  of geode t i c  requirements  i n  terms of spac:ecra Et 
m i s s i o n  and in s t rumen ta t ion  c o n f i g u r a t i o n ,  (3) a n a l y s i s  of f e a s i b i l i t y  
and e f f e c t i v e n e s s  of a c c u r a t e l y  loca t ed  ground-based s p a c e c r a f t  ohserv4t- 
t i o n  systems,  and of d a t a  a n a l y s i s  techniques  f o r  a c t i v e  and p a s s i v e  
geode t i c  s a t e l l i t e s ,  and (4) r e s e a r c h  i n t o  geode t i c  e f f e c t i v e n e s s  and 
f e a s i b i l i t y  of t echniques ,  t o  c a l i b r a t e  geode t i c  obse rva t ion  method8 
in tended  f o r  e x t r a t e r r e s t r i a l  use.  I n  FY 1969, e x i s t i n g  s t u d i e s  a r i l 1  lbe 
cont inued  and new e f f o r t  i n i t i a t e d  t o  determine t h e  d a t a  requirements  f o r  
s h i p  p o s i t i o n i n g ,  c o n t i n e n t a l  d r i f t ,  and t h e  r e l a t i o n s h i p  of s a t e l . l i t e  
and s u r f a c e  g r a v i t y  measurements. I n v e s t i g a t i o n s  w i l l  a l s o  be conductc!d 
t o  determine the  p o t e n t i a l  of us ing  s a t e l l i t e s  f o r  marine geodesy and 1:o 
a s s e s s  advanced geode t i c  s a t e l l i t e  a p p l i c a t i o n s .  

KD 9 - 4  
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I n  met:eoro'Logy, FY 1967 and p r i o r  year  funds were u t i l i z e d  f o r  developing 
and e v a l u a t i n g  cmnponents f o r  p o t e n t i a l  me teo ro log ica l  s a t e l l i t e  system 
a p p l i c a t i o n s :  des ign  and development of s a t e l l i t e  s e n s o r s  f o r  t h e  d e t e c t i o n  
and conti:olled a c q u i s i t i o n  of meteoro log ica l  da t a  d i r e c t l y  from t h e  atmo- 
sphe re ,  f.nver;l:igation of s c i e n t i f i c  techniques  f o r  t h e  sys t ema t i c  obse rva t ion ,  
a n a l y s i s  and : tnt .erpretat ion of me teo ro log ica l  a tmospheric  phenomena; and 
system a r i a lys i s  and e x p l o r a t i o n  of t h e  atmosphere. F i s c a l  Year 1968 funds 
a r e  being useti p r i m a r i l y  f o r  t h e  development of improved s a t e l l i t e  subsystems 
and component 15 sind t h e  i d e n t i f i c a t i o n  and development of advanced senso r s .  
Improvement elifcirts i nc lude  t h e  spaceborne medium s i z e  memory, on-board da ta  
p rocess ing  sytitems, i n t e r f e r o m e t e r  development, power and a t t i t u d e  conitrol 
systems,  tape: r eco rde r  op t imiza t ion ,  and s o l a r  a r r a y  d r i v e  and p o s i t i a n i n g .  
1den t i f i c : a t ion  and development of advanced s e n s o r s  i nc lude  t h e  test:  and 
e v a l u a t i o n  of vairious me teo ro log ica l  experiments  on r o c k e t s  and a i r c r a f t ,  
advanced stucli.es4 on r a d i a t i o n  d a t a ,  t h e  development of r ad iomet r i c  i n v e r s i o n  
techniques  f w  i n f e r r i n g  atmospheric  s t r u c t u r e ,  and r e s e a r c h  i n  millimeter 
techniques  fcw remote sounding. 
i n  t h e  a r e a  of improved subsystems and components and advanced senso r s  f o r  
synchronous arid non-synchronous a l t i t u d e  s a t e l l i t e s .  I n  a d d i t i o n ,  s t u d i e s  
w i l l  be conducted on t h e  u t i l i z a t i o n  of me teo ro log ica l  d a t a  ob ta ined  from 
synchroncus s a t e l l i t e s ,  de te rmina t ion  of t h e  requirements  f o r  a i r  and water 
p o l l u t i o n  senmors and subsystems, and t h e  q u a n t i t a t i v e  da t a  requirements  
f o r  advanced 51 tniospher i c  mode 1s. 

I n  FY 1969, t h e  e f f o r t  w i l l  be cont inued 

Navigaitionl and t r a f f i c  c o n t r o l  s a t e l l i t e  system conceptua l  s t u d i e s  con- 
ducted i n  FY 1.967 and p r i o r  yea r s  i n d i c a t e d  t h a t  s a t e l l i t e s  could a s s i s t  
over-ocean a i r c r a f t  and s h i p s  t o  o b t a i n  more p r e c i s e  p o s i t i o n  informat ion  
under a l l  weather c o n d i t i o n s ,  and could a i d  a i r - s e a  t r a f f i c  control.  and 
coord ina t ion  of rescue ope ra t ions .  I n  FY 1968, n a v i g a t i o n  and t r a f f i c  con- 
t r o l  e f f o r t  inc luded  s t u d i e s  and experiment development on da ta  andl vo ice  
t r ansmiss ion  v i a  s a t e l l i t e  to s h i p s ,  a i r c r a f t ,  and o t h e r  mobile p l a t fo rms ;  
p o s i t i o n  de te rmina t ion  techniques ;  and s t u d i e s  of f u t u r e  nav iga t ion  and 
t r a f f i c  c o n t r o l  s a t e l l i t e  concepts .  I n  FY 1969, e f f o r t  on t h e s e  s t u d i e s  
and experiment development w i l l  cont inue .  S t u d i e s  w i l l  a l s o  be i n i t i a t e d  
t o  a s s e s s  t h e  socio-economic-political i m p l i c a t i o n s  of nav iga t iona l  s a  t e l -  
l i t es ;  tal determine u s e r  agency requirements  f o r  n a v i g a t i o n a l  a i d s ,  s ea rch  
and r e scue  t echn iques ,  and d a t a  on t r a n s p o r t a t i o n  hazards .  

=OS /TOS Imr Ovemen t s 

1967 1968 19159 
TIROS M Spacec ra f t . .  ............ $847,000 $7,400,000 $3,300,000 
TOS Impro'vements ................ 445 . 000 J. - 700.000 iSQ!LMe 

T o t a l  Spacec ra f t  and Support .  $1,292,000 $9,100,000 $5,800,000 

Del ta  (Launch Vehicle  Procurement 
(800 OOOJ -Lzz) Program) --- 

Tota 1 ( i n c l u d i n g  launch 
v e h i c l e s )  ................... ($J,292,00Q) ($9,900, 0001 ($UW'~ 
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Nine TIROS r e sea rch  and development s p a c e c r a f t  funded by NASA, and seven 
o p e r a t i o n a l  s p a c e c r a f t ,  based on t h e  TIROS c o n f i g u r a t i o n ,  funded by EliSA, 
have been s u c c e s s f u l l y  launched. I n  response t o  t h e  requirements  of XSSA 
f o r  a n  e a r l y  day-n ight  c a p a b i l i t y  i n  a s i n g l e  s p a c e c r a f t ,  NASA iriitiai:ed 
des ign  s t u d y  e f f o r t  in FY 1966 f o r  a s p a c e c r a f t  des igna ted  ?IROS M. 'Chis 
s p a c e c r a f t ,  scheduled f o r  launch i n  1969, w i l l  c o n t a i n  t w o  advanced v tdicon 
camera sys t ems  (AVCS) , two automat ic  p i c t u r e  t r ansmiss ion  (APT) systems,  
two high r e s o l u t i o n  radiometer  (HRR) systems and secondary s e n s o r s ,  which 
c o n s i s t  of a f l a t  p l a t e  radiometer  t o  map t h e  e a r t h ' s  h e a t  budget and a 
s o l a r  pro ton  monitoring ins t rument .  
s i t i o n  s t a t i o n s  a t  Wallops I s l a n d ,  V i r g i n i a ,  and Gilmore Creek, Alaskdl, 
will be %used. Data w i l l  be u t i l i z e d  by t h e  Goddard Space F l i g h t  Centc!r 
(GSFC) , IESSA and coope ra t ing  government and non-government meteoxo1og:Lca 1 
organizat ionis .  The c o n f i g u r a t i o n  f l i g h t  t e s t e d  by TIROSM will ble used 
i n  t h e  f u t u r e  improved TOS s p a c e c r a f t  funded by ESSA. The TOS Inprovtnnent 
program provides  f o r  t h e  r e s e a r c h  and development of components and srib- 
systems €or inleecing t h e  e v o l u t i o n a r y  requirements  of t h e  TOS system. These 
requirements  * a r t ?  i nc reased  r e l i a b i l i t y ,  extended l i f e ,  expanded sen so^' 
c a p a b i l i t y ,  rind improved o p e r a t i o n a l  c a p a b i l i t y .  E f f o r t s  c u r r e n t l y  bt!ing 
undertaken inc lude  t h e  improvement of v id i con  cameras,  rad iometers  foi  
h ighe r  r e s o l u t i o n  day-n ight  coverage,  s enso r s  f o r  v e r t i c a l  p r o f i l e  metisure- 
ments, irnprowd a t t i t u d e  de t e rmina t ion  subsystems,  on-board o r b i t  cor1 e c t i o n  
subsysterns, rind improved ground s t a t  ion systems. 

TIROS o p e r a t i o n a l  system (TOS) ac:qui- 

The O f f i c e  of Space Sc ience  and App l i ca t ions  is  r e s p o n s i b l e  for t he  over -  
a l l  manageatenl: of t h i s  p r o j e c t .  R e s p o n s i b i l i t y  f o r  p r o j e c t  management is 
ass igned  t o  t:he Goddard Space F l i g h t  Center .  
is Radio Corporrition of America. 

The major s p a c e c r a f t  cor t t rac tor  

F i s c a l  Yeati: 1.966 and p r i o r  year  NASA funds f o r  TIROS I through IX, 
TIROS M, and TOS improvements, i nc lud ing  launch v e h i c l e s ,  amounted t o  
$56.6 milllion., F i s c a l  Year 1967 funds were u t i l i z e d  t o  i n i t i a t e  hardware 
procurement f o r  t h e  TIROS M s p a c e c r a f t  and f o r  TOS senso r s  development. 
Fiscal Year 1968 funds a r e  be ing  used t o  cont inue  t h e s e  e f f o r t s .  F i s c a l  
Year 1969 funds a r e  r equ i r ed  t o  complete t h e  TIROS M s p a c e c r a f t  and senso r s ;  
f o r  in tegra t ic in ,  test, and launch of t h e  TIROS M s p a c e c r a f t ;  and to cont inue  
funding t h e  T O S  improvement e f f o r t s .  Subsequent funding requi rements  f o r  
TIROS M are  es t imated  a t  $1.5 m i l l i o n  f o r  completion of funding 013 t h e  p r i m e  
s p a c e c r a f t  c o n t r a c t .  TOS improvement e f f o r t  will cont inue  a t  t h e  l e v e l  of  
about  $2.5 m i l l i o n  p e r  year ,  

Nimbus 

Spacec ra f t . .  ....................... $14,152,000 $18,100,000 $18,000,000 
Experim.ents ........................ 8,261,000 13,400,000 12,100,000 
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19 67 1968,1969-. 
Ground 0pei:iat:Lons and Support . .  . . . . $1-997.0@ $2,200.00Q $;!. 000 oog. 

Tota 1.. #, . . <, . . . . . . . . . . . . . . . . . . . . $24,410,000 $33,700,000 $3;':, 100,000 

TAT-Agenil (Ltrunch Vehicle  Procurement 
Program). . (.. . ,, . . . . . . . . . . . . . . *. . . Q .330.004) (3,036,000) - (.3.,638,000) -- 

T o t a l  ( f inchding  launch v e h i c l e s )  ($26.740,QQQ) ($36,736,000) 

The object::ivc!s of Nimbus a re :  (1) t o  develop an  improved meteoxolclgical 
s a t e l l i t e  t o  provide d a t a  f o r  use by t h e  s c i e n t i f i c  community, (2) t o  c a r r y  
out  f l i g h t  tec;ts t o  prove t h e  a p p l i c a b i l i t y  of t h e  in s t rumen ta t ion ,  (?I) t o  
f u l f i l l  ~ ~ p e c l L i ~ l  da t a  requirements  of t h e  atmospheric  s c i e n c e s  researckl com- 
munity which can  be provided uniquely by t h i s  i n s t rumen ta t ion  funct ior l ing 
a s  a space met1:eorological observa tory ,  and (4) t o  provide  t h e  b a s i s  f o r  
f u r t h e r  s i g n i f i c a n t  t echno log ica l  advances i n  meteoro logica l  s a t e l l i t e s  f o r  
s c i e n t i f i c  and o p e r a t i o n a l  uses .  The Nimbus concept f e a t u r e s  (1) o r i e n t a t i o n - * -  
t h e  s p a c e c r a f t  s t a b i l i z e d  i n  t h r e e  axes  and po in t ing  t o  t h e  e a r t h  a t  s i l l  t i m e s ,  
(2) covei:age-*-tkie p o l a r  o r b i t  enables  t h e  s p a c e c r a f t  s enso r s  t o  provide  d a i l y  
g l o b a l  coverage,,  and (3) capac i ty- - the  s p a c e c r a f t  c o n f i g u r a t i o n  allows f o r  
test of ii sir:c!able number of r e l a t i v e l y  advanced obse rva t iona l  sensors  and 
experiments.  

The p r o j e c t  c:onsists of s i x  s p a c e c r a f t  of which two have been launched, 
Nimbus I,, Augiist: 28, 1964, and Nimbus 11, May 15, 1966. These launches 
have v a l i d a t e d  t:he Nimbus concept of t e s t i n g  a v a r i e t y  of advanced senso r s  
on a stabi1izr:d e a r t h  o r i e n t e d  s p a c e c r a f t .  
under development f o r  launch i n  1968 and 1970, r e s p e c t i v e l y ,  t o  t e a t  a 
v a r i e t y  of ac1dit:ional advanced meteoro logica l  experiments.  

Nimbus B and D a r e  c u r r e n t l y  

NimbuEi B ~ 1 ~ 1 1 .  test  such senso r s  as :  (a )  i n f r a r e d  in t e r f e romete r  s p e c t r o -  
meter (IFLIS), (1)) i n t e r r o g a t i o n ,  record ing ,  l o c a t i o n  system ( I R L S ) ,  (c )  
medium raso1ut:ion and high r e s o l u t i o n  i n f r a r e d  radiometer  (HRIR), fd )  a 
s a t e l l i t e  i n f r a r e d  spectrometer  (SIRS), (e) an image d i s s e c t o r  camera system 
(IDCS) t o  provide daytime TV p i c t u r e s  of c loud cover .  
such senso r s  iis (1) an improved i n f r a r e d  in t e r f e romete r  spec t rometer  ( I R I S )  ~ 

(2) an improved s a t e l l i t e  i n f r a r e d  spectrometer (SIRS), (3) a f i l t e r  wedge 
spectrometer  (FWS) t o  monitor water content  of t h e  atmosphere, (4) a t e m -  
perature,'hum;tdil:y i n f r a r e d  radiometer  (THIR), and ( 5 )  an improved :hit€ r- 
roga t ion . ,  record ing  and l o c a t i o n  system (IRLS). E f f o r t  i s  being i n i t l a t e d  
i n  FY 1968 on development of Nimbus E and F scheduled f o r  launch i n  15172 arid 
1973, respect: Lvely, to test a d d i t i o n a l  experiments  t o  f u r t h e r  extend the  
technology advancements i n  meteoro logica l  s a t e l l i t e s  f o r  s c i e n t i f i c  arid 
ope ra t iona l  purposes u t i l i z i n g  s p a c e c r a f t  of g r e a t e r  weight and power 
capa b i 1 i 1:y. 

Nimbus D w i l l  test  
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The Off ice  of Space Sc ience  and App l i ca t ions  is r e s p o n s i b l e  f o r  ovlera11 
management of t h e  Nimbus p r o j e c t  . R e s p o n s i b i l i t y  f o r  p r o j e c t  management is 
ass igned  t o  Goddard Space F l i g h t  Center .  The major c o n t r a c t o r s  !Eor t h e  
Nimbus A-D miss ions  a r e  General  E l e c t r i c  f o r  i n t e g r a t i o n  and test of the 
Spacec ra f t  and f o r  t h e  c o n t r o l s  subsystems and t h e  Radio Corporat ion lof 
America f o r  camera, power, and d a t a  s t o r a g e  subsystems. Major c o n t r a c t o r s  
f o r  t h e  Nimbus E and F s p a c e c r a f t ,  experiments ,  and subsystems have n1,t ye t  
been s e l e c t e d .  

F i s c a l  Year 1966 and p r i o r  years  funds,  i nc lud ing  launch v e h i c l e s ,  
amounted t o  $156.5 m i l l i o n .  F i s c a l  Year 1967 funds were u t i l i z e d  t o  icon- 
t i n u e  development of Nimbus B s p a c e c r a f t  and experiments ,  i n i t i a l 1  procure-  
ment on long l ead  hardware i tems f o r  Nimbus D and cont inued d a t a  handl ing  
of Nimbus 11. 
i n t e g r a t i o n ,  and launch of t h e  Nimbus B s p a c e c r a f t ,  cont inued  developinent 
of Nimbus D s p a c e c r a f t  and experiments ,  and f o r  f i n a l  d e f i n i t i o n  and i n i t i a l  
experiment development e f f o r t  f o r  Nimbus E and F, and cont inued da ta  liandling 
f o r  Nimbus I1 and €or  Nimbus B a f t e r  launch. F i s c a l  Year 1969 funds , i r e  
r equ i r ed  t o  cont inue  t h e  development of Nimbus D ,  E ,  and F spacec:raft  and 
experiments  and cont inued da ta  handl ing  from miss ions  i n  o r b i t .  Subslzquent 
yea r s  funding requirements  f o r  t h i s  p r o j e c t ,  i nc lud ing  launch vehiclers a r e  
e s t ima ted  t o  be $82.3 m i l l i o n .  

F i s c a l  Year 1968 funds a r e  be ing  u t i l i z e d  f o r  complet ion,  

He teo ro lon ica l  Soundinns 

Large r e sea rch  $sounding rockets . .  . . . . $1,920,000 $2,020,000 $2,0‘1’0,000 
Sounding rocket  system development.. . 630,000 750,000 700,000 
F i e l d  ex!periinent support . .  . . . . , . . . . . . 305,000 230 a 000 , 2:lo.ooo 

T o t a l  .............................. $2 .855 .0  OQ $3.000 000 $ U : ) O  000 

The o1bjeci:ives of t h e  Meteoro logica l  Sounding p r o j e c t  a r e :  (1) t o  
determine t h e  s t r u c t u r e  and c h a r a c t e r i s t i c s  of t h e  atmosphere i n  t h e  ~ . e g i o n  
20 t o  60 mi l e s  above t h e  e a r t h  through t h e  use  of r e sea rch  and develoIlment 
t ype  sounding r o c k e t s ,  and (2 )  t o  develop a meteoro log ica l  sounding rocket  
sys tem amenable t o  r e s e a r c h ,  range suppor t ,  and suppor t ing  opera t iona l .  
requirements  To accomplish t h e s e  o b j e c t i v e s ,  t h r e e  a r e a s  of e f f o r t  iire 
involved: (I) development and use of l a r g e  sounding r o c k e t s  t o  explol-e 
atmospheric ( c h a r a c t e r i s t i c s  i n  t h e  r eg ion  of 30-60 miles above the  eai-th,  
( 2 )  des ign  and test of small  sounding r o c k e t  systems to o b t a i n  d a t a  fi-om 
t h e  regilon 20-40 miles above t h e  e a r t h ,  and (3) p a r t i c i p a t e  i n  conduc’1:ing 
sounding rocke t  experiments  i n  coopera t ion  wi th  o t h e r  c o u n t r i e s  on a c:ost- 
sha r ing  bas is .  

The O f f i c e  of Space Sc ience  and App l i ca t ions  is r e s p o n s i b l e  f o r  the  
o v e r a l l  rnanagcmant of t h e  p r o j e c t  . 
rocke t6  is aes igned  t o  Goddard Space F l i g h t  Cen te r ,  for sma l l  developmental  

P r o j e c t  management f o r  l a r g e  r e sea rch  
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rocke t s  t o  Langley Resdarch Center ,  and f o r  t h e  f i e l d  experiment suppor t  t o  
Goddard Space! F l i g h t  Center and Wallops S t a t i o n .  

F i s c a l  Year 1966 and p r i o r  year  funding amounted t o  $9.2 m i l l i o n  of which 
$7.4 m i l l i o n  was u t i l i z e d  f o r  l a r g e  r e sea rch  r o c k e t s ,  $1.6 m i l l i o n  f o r  small 
rocke t  development, and $ . 2  m i l l i o n  f o r  f i e l d  experiment s u p p o r t .  Approxi- 
mately 50 l a r g e  r e sea rch  r o c k e t s  and 100-150 small developmental  sounding 
rocke t s  a r e  launched each year .  Funds f o r  FY 1967 were u t i l i z e d  f o r  launch 
of l a r g e  r e sea rch  and small developmental  sounding r o c k e t s ,  f l i g h t  tetst of 
va r ious  payload components, r e sea rch  f o r  system improvements and f o r  Ln i t i -  
a t i o n  of t h e  i n t e r n a t i o n a l  coope ra t ive  f i e l d  experiment p r o j e c t  wi th  
Argent ina.  Funds f o r  FY 1968 a r e  be ing  u t i l i z e d  t o  launch a d d i t i o n a l  l a r g e  
r e sea rch  r o c k e t s  and sma l l  developmental  sounding rocke t s ;  development and 
improvement of  sounding rocket  systems; c o n t i n u a t i o n ,  ex tens ion ,  and iievelop- 
ment of f i e l d  experiment p r o j e c t s  j o i n t l y  wi th  c o u n t r i e s  i n  South Ameirica, 
Europe, and As ia ,  t o  s t u d y  and observe t h e  upper atmosphere through tlie 
coord ina ted  launches of small developmental  sounding r o c k e t s .  

F i s c a l  Year 1969 funds a r e  r equ i r ed  t o  provide f o r  t h e  launch of approxi -  
mately 50 l a r g e  r e sea rch  rocke t s  t o  cont inue  s tudy  of t h e  r e l a t i o n s h i p  of 
t h e  atmospheric  s t r u c t u r e  i n  t h e  a r c t i c ,  s u b - a r c t i c ,  m i d - l a t i t u d e s ,  aiid t h e  
t r o p i c s  dur ing  var ious  seasons ;  f o r  launch of about 150 sma l l  developiment 
sounding rocke t s ;  f l i g h t  test of va r ious  payload components; r e sea rch  t o  
improve rocke t  performance; and t h e  c o n t i n u a t i o n  and development of tlie 
f i e l d  experiment p r o j e c t s  wi th  o t h e r  coope ra t ing  c o u n t r i e s .  Sub~~equei i t  year 
funding requireiments w i l l  con t inue  a t  about  t h e  l e v e l  of $3.0 mil.1.ion per  
yea r .  

ut e rna t i o n a l  A ~ ~ l i c  a t i o n s  S a t e l l i t e  

1967 L968 .- 1969 

Spacec ra f t  apd :support..  . . . . . . . . . . . . . . , . . . $100,000 $100,000 $1.00,000 
Scout (Launch Vehicle  Procurement Program) (---) (---) ~(3,000.000) 

T o t a l  ( i n c l u d i n g  launch v e h i c l e s ) .  . . . . . . ($100 .OOO~) (&I.OO ,000) 

This  Iproject was e n t i t l e d  French S a t e l l i t e  i n  t h e  FY 1968 budget.  It is 
a coope ra t ive  p r o j e c t  wi th  France and c o n s i s t s  of a space  meteorology e x p e r i -  
ment involv ing  ithe use  of f r e e - f l o a t i n g  ba l loons  and an  e a r t h  o r b i t i n l ;  
s a t e l l i t e ,  The  exper imenta l  da t a  w i l l  p rovide  t h e  v e l o c i t y  of a i r  mar8ses 
a t  varioius a l t i t u d e s ,  and a s s i s t  i n  ga in ing  a b e t t e r  understanding of t h e  
atmospheric  13 t r i i c tu re .  

Francis w i l l :  ( a )  des ign ,  develop,  and launch ba l loon  payloads equl.pped 
t o  ga the r  me teo ro log ica l  d a t a  i n  conjunct ion  wi th  an  e a r t h  o r b i t i n g  space-  
c r a f t ,  (b) dta:sign, and develop t h e  s p a c e c r a f t ,  and (c) provide ground 
o p e r a t i o n a l  suppor t  i nc lud ing  s p a c e c r a f t  checkout ,  t r a c k i n g ,  da t a  a c q u i s i -  
t i o n  and ana:L:ys:is. NASA w i l l :  ( a )  p rovide  t h e  launch v e h i c l e ,  backultt 
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v e h i c l e  i f  r e q u i r e d ,  and launch s e r v i c e s ,  (b) provide  t e c h n i c a l  a s s i s t a n c e ,  
and (c )  a s s i s t  i n  d a t a  a c q u i s i t i o n  and a n a l y s i s .  

The O f f i c e  of Space Sc ience  and App l i ca t ions  i s  r e s p o n s i b l e  f o r  thl! over-  
a l l  management. R e s p o n s i b i l i t y  f o r  p r o j e c t  management is as s igned  t o  
Goddard ,Space F l i g h t  Center .  

This  p r o j e c t  was i n i t i a t e d  Ln FY 1967. F i s c a l  Year 1967 funds werc! 
u t i l i z e d  f o r  Spacecraf t  and ba l loon  subsystems s t u d i e s .  F i s c a l  Year '1.968 
funds a r e  be ing  used t o  cont inue  t h i s  e f f o r t  i nc lud ing  t h e  a n a l y s i s  oj' b a l -  
loon and s p a c e c r a f t  an tenna ,  e l e c t r o n i c s ,  ba l loon  p o s i t i o n  f i x i n g  tec tmiques ,  
and gene ra l  p r o j e c t  suppor t .  F i s c a l  Year 1969 funds w i l l  be r equ i r ed  t o  
cont inue  t h i s  e € f o r t  and f o r  procurement of t h e  launch v e h i c l e s  and s r r v i c e s .  
Funding requirements f o r  f u t u r e  yea r s  f o r  t h i s  p r o j e c t  a r e  e s t ima ted  t o  be 
about  $. 2 m i  Llion. 

Avvlic  a t i o n s  Technolonv S a t e l l i t e s  

L967 
Spacecraf t . .  .................... $15,413,000 
Experiments. .... ,, ................. 13,400,000 
Opera t iona l  w p p o r t  .............. 1.200 -000 

T o t a l .  ......................... $30,013,000 

A t l a s  Agena mid A t l a s  Centaur 
(Launch Veh:iclle Procurement 
Program) ...................... (17.856-000) 

vehic:les)l,,., ................ ($47.8@, 000) 
T o t a l  (incl.iidl.ng launch 

1968 -B'- 
$10,900,000 $15,300,000 

13,200,000 13,100,000 
1 500,000 2,soo.m 

$25,600,000 $31,200,000 

(10.301.000) &2OO.OOQ) 

The objectl ives of t h e  App l i ca t ions  Technology S a t e l l i t e s  p r o j e c t  a r e  t o  
des ign ,  clevel.op, f l i g h t  test, and e v a l u a t e  a v a r i e t y  of experiments  i n  t h e  
space  app1icait:ions d i s c i p l i n e s  by use  of a series of s p a c e c r a f t ,  most of 
which a r e  launched i n t o  synchronous o r b i t s .  Seven s p a c e c r a f t  a r e  i n  t h e  
series, of w h c h  t h r e e  have bean launched t o  date, one i n t o  medium a l t i t u d e  
and t w o  s p i n  E;tabil ized s p a c e c r a f t  i n t o  synchronous o r b i t .  Four a d d i t i o n a l  
s p a c e c r a f t  axe scheduled f o r  launch i n  t h e  1968-1973 pe r iod  u t i l i z i n g  Atlas  
Centaur 1.aunctr v e h i c l e s .  The launch of ATS-A i n t o  medium a l t i t u d e  was 
l a r g e l y  unsuccess fu l  due t o  f a i l u r e  t o  o b t a i n  t h e  c i r c u l a r  o r b i t  requi red .  
App l i ca t ions  Technology S a t e l l i t e s  B and C have s u c c e s s f u l l y  demonstrated 
t h e  f e a s i b i l i t y  of a v a r i e t y  of experiments  a t  synchronous a l t i t u d e  such a s  
b l ack  and whi te  and c o l o r  cloud cover p i c t u r e s  from synchronous a l t i t u d e ,  
very  high! f requency communication experiments  w i th  a i r c r a f t ,  and 13 number 
of environmental  measurement experiments .  App l i ca t ions  Technology S a t e l -  
l i tes  D and E scheduled f o r  launch i n  1968 and 1969 r e s p e c t i v e l y  w i l l  t e s t  
new and a d d i t i o n a l  space  a p p l i c a t i o n s  experiments a t  synchronous a l t i t u d e  
us ing  g r a v i t y  g r a d i e n t  s t a b i l i z e d  s p a c e c r a f t .  App l i ca t ions  Technology 
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S a t e l l i t e s  F mnd G a r e  scheduled f o r  launch i n  t h e  1972-73 per iod t o  j ' l i g h t t e e t  
a 30 f o o t  space  e r e c t a b l e  p a r a b o l i c  antenna;  a c c u r a t e ,  long l i f e  s t a b l  l i z e d  
system; p r e c i s i o n  r a d i o - i n t e r f e r o m e t e r ;  and o t h e r  a p p l i c a t i o n s  and s c j  e n t i f i c  
experiments  which a r e  t o  be s e l e c t e d .  

Included i n  t h i s  p r o j e c t  a r e  e f f o r t s  on development of a d d i t i o n a l  advanced 
a p p l i c a t i ~ o n s  € l i g h t  experiments  i n  t h e  d i s c i p l i n e  a r e a s  of meteorology, 
broadcast: and program d i s t r i b u t i o n ,  d a t a  c o l l e c t i o n  and r e l a y ,  navigat  i on  and 
t r a f f i c  c o n t r o l , ,  and geodesy. These experiments  w i l l  be inco rpora t ed  i n t o  
t h e  a p p r o p r i a t e  ATS s p a c e c r a f t  f o r  f l i g h t  t e s t i n g .  

The O f f i c e  of Space Sc ience  and App l i ca t ions  is r e s p o n s i b l e  f o r  o v e r a l l  
management. I tesiponsibil i ty f o r  p r o j e c t  management is  as s igned  t o  Goddlard 
Space Fljight Center .  The major c o n t r a c t o r s  f o r  t h e  f i r s t  f i v e  ATS miss ions  
a r e  Hughes A i r c r a f t  Company f o r  s p a c e c r a f t  development, and General  E l e c t r i c  
Corporat ion f o r  g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n  system development. Caln- 
t r a c t o r s  f o r  t h e  F and G a r e  be ing  s e l e c t e d  i n  FY 1968. 

Fiscal. Yeair 1.966 and p r i o r  year  funding f o r  t h i s  p r o j e c t ,  inc luding  launch 
v e h i c l e s  and me teo ro log ica l  f l i g h t  experiments ,  amounted t o  $90.1 m i l l i o n .  
F i s c a l  Year 1.967 funds were used t o  cover t h e  f i r s t  two launches #and con- 
t i nued  dsvelopment on t h e  subsequent t h r e e  s p a c e c r a f t  and experiments .  F i s -  
c a l  Year 1968 funds a r e  being u t i l i z e d  t o  launch t h e  t h i r d  s p a c e c r a f t  end 
cont inue  t h e  development of ATS D and E and i n i t i a t e  t h e  development of ATS 
F and G .  Fiecal .  Year 1969 funds a r e  r equ i r ed  t o  cont inue  development of t h e  
fou r  spac:ecraft (D through G), experiments ,  and ground o p e r a t i o n s  1 suppor t  
of +he mis s i ans  i n  o r b i t ,  and s e v e r a l  advanced a p p l i c a t i o n s  experiments .  
Subsequent funding f o r  t h i s  p r o j e c t ,  i nc lud ing  launch v e h i c l e s  is es t imated  
t o  be $11.8.5 n i i l l i on .  

Wodet  i c  Sa te l l i t es  

Spacec ra f t  and support . .  ............. $1,600,000 $3,400,000 $4,000,000 
Thor Agena and De l t a  (Launch Vehic le  ............... 700.000) ciLm&m Procurement Program) --- 

T o t a l  ( i nc lud ing  Launch Vehic les ) .  . ($J.600-0QQ) ( $ U O , O O O )  (:iljJ(JD-OOO) 

The o b j e c t i v e s  of  t h i s  program a r e  t o  conduct geode t i c  s a t e l l i t e  mamure- 
ments on a g l o b a l  scale. Th i s ,  i n  conjunct ion  wi th  a s t r o g e o d e t i c ,  surEace 
base - l ine  , and g r a v i t y  d a t a  a v a i l a b l e  from o t h e r  sou rces ,  w i l l  r e i i u l t  in: 
t h e  e s t ab l i shmen t  of a u n i f i e d  world datum i n  a g e o c e n t r i c  c o o r d i n a t e  system 
t o  which t h e  nrajor world datums w i l l  be connected; t h e  d e f i n i t i o n  of tine 
s t r u c t u r e  of t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d  and ref inement  of thta 1oc)ntions 
and magnitudes of l a r g e  g r a v i t y  anomalies;  t h e  improvement of  t h e  pos i l t ion ing  
accuracy  of t r a c k i n g  si tes and t h e  l o c a t i o n  of  i s o l a t e d  i s l a n d s ;  and an  
e v a l u a t i o n  and c o r r e l a t i o n  of t h e  r e s u l t s  ob ta ined  from t h e  geode t i c  i instru-  
mentat ion and t echn iques  u t i l i z e d .  
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The Geodet::Lc S a t e l l i t e  P r o j e c t  consists of fou r  f l i g h t  missions, namely: 
(1) GEOS-I ((XOS-A) s u c c e s s f u l l y  launched on November 6, 1965, (2) PAC;.EOS-I 
s u c c e s s f u l l y  ‘Launched on June 23, 1966, (3) GEOS-B, scheduled f o r  f l i g h t  i n  
e a r l y  1968, erliic:h is s t r u c t u r a l l y  s i m i l a r  t o  GEOS-I and w i l l  c o n t a i n  f l a s h i n g  
l i g h t s ,  minit:i:ac:k beacon, doppler  beacon t r a n s m i t t e r s ,  range and range r a t e ,  
SECOR and C-bmcl  t r ansponder s ,  and o p t i c a l  r e f l e c t o r s  f o r  l a s e r  t r a c k i n g  and 
(4) GEOS-C, r;c:ht!duled f o r  f l i g h t  i n  1969. GEOS-C, s t r u c t u r a l l y  s i m i l a r  t o  
both  GEOS-I rind GEOS-B, is t h e  back-up s p a c e c r a f t  f o r  GEOS-B, and w i l l  be 
flown a t  an l.iic1.ination and a l t i t u d e  r equ i r ed  f o r  supply ing  t h e  d a t a  t o  
complete a un:lfied world datum and improve t h e  l o c a t i o n  of t h e  t r a c k i n g  
s t a t i o n s  i f  (XOS-B is s u c c e s s f u l .  GEOS-C w i l l  c a r r y  t h e  same b a s i c  i n s t r u -  
mentat ion a s  (BOS-I and B p l u s  in s t rumen ta t ion  designed t o  o b t a i n  higkily 
p r e c i s e  d a t a  measurements. 

The O f f i c e  of Space Sc ience  and App l i ca t ions  is  r e s p o n s i b l e  f o r  t h e  over-  
a l l  management of GEOS . 

FY 66 and p r i o r  year  funding inc lud ing  launch v e h i c l e s ,  amounted tc i  $23.5 
m i l l i o n .  FY 67 funds were u t i l i z e d  f o r  cont inued  development of GEOS-B 
s p a c e c r a f t  and f o r  cont inued d a t a  a c q u i s i t i o n  and a n a l y s i s  from GEOS-I. 
FY 68 funds Eire be ing  u t i l i z e d  t o  complete GEOS-B s p a c e c r a f t  d a t a  a c q u i s i t i o n  
and a n a l y s i s  ,, provide  systems eng inee r ing ,  and ground suppor t  f o r  (;EO$ -B 
launch arid ccnmancement of development of GEOS-C. FY 69 funds a r e  for con- 
t i nued  QSOS-I) d a t a  a c q u i s i t i o n  and a n a l y s i s ,  GEOS-C (GEOS-B back-up) s8pace-. 
c r a f t  development, and ground o p e r a t i o n a l  suppor t .  Funding requirements  f o r  
f u t u r e  years , ,  i nc lud ing  launch v e h i c l e s  a r e  e s t ima ted  t o  be $7.4 m i l l i o n .  

Q r t h  Resources Survey 

A i r c r a f t  Prog1:aoi.. .............. $ --- $ 5,300,000 $10,200,000 
E a r t h  Ret;ourc:czs Techno logy 

2,ooo.m --- --- Sate1l:Lte. ...................... 
T o t a l  ............................ $ $ 5,300.008 S 2 . 2 0 0 , Q Q Q  --- 
This  p r o j e c t  c o n s i s t s  of two a c t i v i t i e s  i n  t h e  e a r t h  r e sources  d i s c i p l i n e ,  

a s  fo l lows  (11:) tin a i r c r a f t  program t o  develop and test remote sens ing  t ech -  
n iques ,  sensoirs!, and d a t a  handl ing  systems,  and (2)  f e a s i b i l i t y ,  d e f i n i t i o n ,  
and des ign  st:ud:ies p e r t a i n i n g  t o  an  e a r t h  r e sources  technology s a t e l l j  t e .  

The object::tves of t h e  a i r c r a f t  program a r e :  (1) t o  conduct f e a s i b i l i t y  
s t u d i e s  end pirog;ram d e f i n i t i o n s  on t e s t i n g  of s enso r s  and da ta  c o l l e c t i n g  
techniques  foi: e a r t h  r e sources ,  (2) t o  des ign ,  develop,  and f l i g h t  tes’t 
t h e s e  eqriipwaits,  and (3) t o  conduct a i r c r a f t  f l i g h t s  over  s e l e c t e d  t e s t  
s i tes t o  eval1uat:e t h e  performance of  t h e  sens ing  equipment and t o  o b t a i n  
s i g n i f i c n n t  d a t a  i n  t h e  d i s c i p l i n e  a r e a s  of a g r i c u l t u r e / f o r e s t r y ,  geography/ 
car tography,  oceanography/hydrology , and geology/minera logy. 
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This  e f f o r t .  was conducted i n  FY 1967 i n  Suppor t ing  Research and Technology 
(SR&T) funded from Apollo App l i ca t ions  and inc luded  i n  t h e  Space App l i ca t ions  
program e f f e c t i v e  wi th  N 1968. The FY 1967 and 1968 e f f o r t  cons i s t ed  of 
s t u d i e s  i n  t h e  a r e a s  of program d e f i n i t i o n ,  f e a s i b i l i t y ,  and p o t e n t i a l  bene- 
f i t s  t o  t h e  nsi t ional  i n t e r e s t  and mankind i n  t h e  d i s c i p l i n e s  c i t e d  above. 
This  e f f o r t  a l s o  included in s t rumen ta t ion  development, and i n t e g r a t i o n  of 
experiments and senso r s  i n t o  a Convair 24OA and a Lockheed P-3A a i r c r a f t  f o r  
f l i g h t  over s p e c i f i e d  test sites t o  ga the r  fundamental da t a  i n  t h e  va r ious  
e a r t h  resources  d i s c i p l i n e s .  I n  F i s c a l  Year 1968, t h e  Convair 241% is  being 
r ep laced  w i t h  another  P-3A. These instrumented a i r c r a f t  g a t h e r ,  €or  emmple,  
such b a s i c  d a t a  as (1) s o i l  t ypes ,  c rop  c o n d i t i o n s ,  environmental  cond i t ions ,  
e t c . ,  i n  t h e  case of a g r i c u l t u r e ;  (2) tree i d e n t i f i c a t i o n ,  f o r e s t  d e n s i t y ,  
f o r e s t  cond i t ions ,  e t c . ,  i n  t h e  case  of f o r e s t r y ;  and (3) water  d e n s i t i e s ,  
t empera tures ,  c u r r e n t s ,  e tc . ,  i n  t h e  case of oceanography. I n  a d d i t i o n  t o  
ga ther ing  s i g n i f i c a n t  d a t a ,  t h e  a i r c r a f t  program se rves  as a test bed f o r  
acqu i r ing  t h e  s k i l l s  i n  handl ing  and i n t e r p r e t i n g  t h e  d a t a  obta ined  and i n  
ga in ing  va luab le  des ign  exper ience  i n  t h e  p u r s u i t  of more s o p h l s t l c a t e d  
in s t rumen ta t ion  r equ i r ed  f o r  f u t u r e  s a t e l l i t e  missions.  

The o b j e c t i v e s  of t h e  Ea r th  Resources Technology S a t e l l i t e  (ERTS) e f f o r t  
a r e  to  conduct f e a s i b i l i t y ,  d e f i n i t i o n ,  and des ign  s t u d i e s  of a s a t e l l i t e  
con ta in ing  a v a r i e t y  of s enso r s  capable  of ob ta in ing  fundamental exper i -  
mental  da t a  i n  t h e  e a r t h  resources  d i s c i p l i n e s .  
would l o c a t e ,  i d e n t i f y ,  and a s s e s s  many e a r t h  resource  phenomena. I n  s g r i -  
c u l t u r e  and f o r e s t r y  f o r  example, c rop  growth a r e a ,  f o r e s t  a r e a ,  brush/range 
land i n t e r f a c e ,  crop y i e l d ,  and damage assessment da t a  could be obta ined  by 
an  Ea r th  Resources Technology S a t e l l i t e .  
Comnerce, I n t e r i o r ,  and t h e  U.S. Naval Oceanographic O f f i c e  have parti1:ipated 
i n  a coope ra t ive  program wi th  NASA t o  i d e n t i f y  uses  and a s s e s s  t h e  valiue of 
space acquired d a t a  when a p p l i e d  a s  improvements t o  func t ions  f o r  whicln they  
have r e s p o n s i b i l i t y .  

Analys is  of t h e s e  da t a  

The Departments of A g r i c u l t u r e ,  

The O f f i c e  of Space Sc ience  and App l i ca t ions  is re spons ib l e  f o r  t h e  over- 
a l l  management of t h i s  p r o j e c t .  
t h e  A i r c r a f t  Program i s  as s igned  t o  Manned Spacec ra f t  Center .  
c e n t e r  has  not  y e t  been des igna ted  f o r  t h e  E a r t h  Resources Technology Isatel- 
l i t e  s tudy  e f f o r t .  

R e s p o n s i b i l i t y  f o r  p r o j e c t  management of 
A f i e l d  

F i s c a l  Year 1969 funds a r e  r equ i r ed  f o r  ins t rumenta t ion  development f o r  
a h i g h - a l t i t u d e  a i r c r a f t ;  o p e r a t i o n a l  suppor t  f o r  two P-3A's and the high  
a l t i t u d e  a i r c r a f t ;  and f o r  da t a  a c q u i s i t i o n ,  a n a l y s i s ,  and u t i l i z a t i o n ,  i n  
t h e  A i r c r a f t  Program; and i n  E a r t h  Resources Technology S a t e l l i t e  a c t i r i t y  
t o  conduct f e a s i b i l i t y ,  d e f i n i t i o n ,  and des ign  s t u d i e s  f o r  a s a t e l l i t e  
system. 
Funding requirements  f o r  f u t u r e  yea r s  f o r  t h e  A i r c r a f t  Program a r e  esti-  
mated t o  be about $5.5 m i l l i o n  p e r  year .  

These endeavors w i l l  be coord ina ted  wi th  u s e r  government agenc:ies. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

I 

OFFICE OF UNIVERSITY AFFAlKS SUSTAINING UNIVERS tTY PROGRAM 

PKOGRAM OBJECTIVES AND JUSTIFICATION: 

Since the  beginning of t h e  n a t i o n a l  space program, NASA has  dependl?d upon 
u n i v e r s i t i e s  t o  supply e x p e r t i s e  and competence t h a t  i s  e s sen t i a ; .  t o  the spaci! 
e f f o r t  and i s  a v a i l a b l e  on1.y i n  u n i v e r s i t i e s .  Un ive r s i ty  s c i e n t ; L s t s  zonceive 
and develop s a t e l l i t e  experiments  which c o n t r i b u t e  d i r e c t l y  t o  new s c i e n t i f i c  
knowledge ; they  do r e s e a r c h  i n  u n i v e r s i t y  l a b o r a t o r i e s  on comuni .c :a t i~~n and 
meteoro logica l  s a t e l l i t e s  and manned f l i g h t  o p e r a t i o n s ;  t hey  se rve  on adv i so ry  
groups which p l an  and e v a l u a t e  space a c t i v i t i e s ;  t hey  t r a i n  t h e  thous*mds o f  
s c i e n t i s t s ,  eng inee r s ,  and managers who run  t h e  space program. Th i s  is no t  
a one-way b e n e f i t ;  p a r t i c i p a t i n g  u n i v e r s i t i e s  g a i n  new knowledge and c:xperi- 
ence necessary  to t h e i r  cont inued  s c i e n t i f i c ,  t e c h n i c a l  and academic iidvance- 
ment. NASA also d e a l s  w i t h  u n i v e r s i t i e s  t o  feed  back knowledge gainell from 
space explor ,a t ion  i n t o  u s e f u l  nonspace a p p l i c a t i o n s  and t o  h e l p  presei-ve t h e  
r o l e  of  the 1Jni:ed S t a t e s  a s  a leader i n  a e r o n a u t i c s  and space scienccb and 
technolosy a:; r e q u i r e d  by the  :;pace A c t  of 1958. The n a t u r e  of NASA'j :  
r e l a t i o n s h i p s  wi th  u n i v e r s i t i e s  changes somewhat from t i m e  to tirre t o  m e e t  
changing need;, bu t  
space program, u n i v e r s i t i e s  must be an e s s e n t i a l  p a r t  o f  i t .  

r e g a r d l e s s  of  t h e  l e v e l  o r  d i r e c t i o n  o f  t h e  n a t i o t l ' s  

Most oF NASA suppor t  t o  u n i v e r s i t i e s  i s  through t h e  agency program o f f i c e s  
and c e n t e r s  which deal  d i r e c t l y  wi th  u n i v e r s i t y  s c i e n t i s t s  and eng inee r s  i n  
c a r r y i n g  o u t  : ;pec i f ic  r e s e a r c h  and development p r o j e c t s .  However, marly needs 
f a l l  o u t s i d e  i:he cognizance of t h e s e  o f f i c e s  and must be m e t  by t h e  Sus t a in ing  
Universi t  y program. These inc lude  s u s t a i n i n g  r e s e a r c h  on s u b j e c t s  brcader  
i n  scope t h a n  t h e  r e s p o n s i b i l i t i e s  of  any o t h e r  NASA o f f i c e ,  t r a i n i n g  o f  
g radua te  stuclcnt s i n  d i s c i p l i n e s  which r e p r e s e n t  p a r t i c u l a r  NASA needs,  s p e c i a l  
t r a i n i n g  f o r  k,eriior f a c u l t y  menibers i n  space r e sea rch  and eng inee r ing  systems 
des ign .  The incestment  i n  u n i v e r s i t i e s  h a s  been r e s p o n s i b l e  f o r  a major con- 
t r i b u t i o n  towarc making t h i s  n a t i o n  a leader i n  space e x p l o r a t i o n ,  e s p e c i a l l y  
i n  space sc i ence .  

I n  t h c  e a r l y  y e a r s ,  NASA needed t o  i n c r e a s e  t h e  number of  u n i v e r s i t y  
t r a i n e d  e x p e r t s  t o  develop s c i e n t i f i c  experiments  and s p a c e c r a f t .  In  FY 
1968 and FY 1569, t h e  flight: program i s  be ing  c u t  back and t h e  need i s  f o r  
p re se rv ing  t o  t h e  g r e a t e s t  e x t e n t  p o s s i b l e ,  t h e  s c i e n t i f i c  and t e c h n i c ~ l  
base t h a t  has  been developed and €or  concen t r a t ing  r e s e a r c h  e f f o r t s  on more 
complex space programs which might be undertaken i n  t h e  f u t u r e .  That is, 
if the  U n i t e d  S t a t e s  hopes I:o r e t a i n  a p o s i t i o n  o f  l e a d e r s h i p  i n  space 
e x p l o r a t i o n ,  i t  m u s t  compensate f o r  t h e  l a c k  o f  f l i g h t  programs thr-ougii more 
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i n t e n s e  l abora to ry  r e s e a r c h  aimed a t  developing t h e  sc i ence  and Eechnology 
needed f o r  whatever f l i g h t s  might be under taken  i n  t h e  f u t u r e .  NASA a l s o  
needs t h e  b e s t  minds a v a i l a b l e  i n  u n i v e r s i t i e s  to s tudy  t h e  s o c i a l  and 
economic imp1 i c a t i o n s  of v a r i o u s  f u t u r e  f l i g h t  o p t i o n s ;  and t o  concen t r a t e  
on s t u d i e s  i n  s o p h i s t i c a t e d  systems eng inee r ing  des ign ,  t o  encourage the 
u t i l i z a t i o n  c f  knowledge, development of t a l e n t s  and apply  the  vii!;t alnount 
o f  in format icn  emanating from the  t o t a l  space r e s e a r c h  and technology 
program. 

SUMMARY OF RESOURCES REQUIKEMENTS : 

-969 ----- 1967 1968 

Tra in ing  ........................ $16,000,000 $3,000,000 $3,000,000 
Research ........................ 11,000,000 7,000,000 7,000,000 
Research f a c i l i t i e s  4 .OOO ,000 ----- --- - - .- ............. 

......................... $31,000,000 $10.000.000 .jlJ.OO0.00~ T o t a l  ---- -- 
D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n :  

BASIS OF FUND REQUIRENENTS: 

T r a i n i n g  

Tra in ing . .  ........................ $16,000,000 $3,000,000 $1) ,oclo ,000 

A s  t h e  nat: Lorial space e f fo r t .  proceeds towards a t t a inmen t  of i t s  mission 
o b j e c t i v e s  , t:rai.ning a c t i v i t i e s  conducted under NASA ' s Sus ta in ing  LJnik e r s  i t:y 
Program a r e  c:ont:inuously be ing  reviewed and reassessed t o  i n s u r e  harmcny 
wi th  t h e  new cond i t ions  and t a s k s  t h e  Agency w i l l  encounter  i n  the  yea r s  
ahead. 

I n  FY 1969:, c83 m i l l i o n  i s  r eques t ed  f o r  t r a i n i n g ,  $1.5 m i l l i o n  of which 
w i l l  be a l l o c a t e d  t o  predoc to ra  1 t r a i n i n g  i n  systems eng inee r ing  'de s i g n  
and pub l i c  aclri ir i istration and the  o t h e r  $1.5 m i l l i o n  t o  s p e c i a l  simmer 
t r a i n i n g  progr-anis . 

NASA's effcmctiveness has  been l i m i t e d  by a c r i t i c a l  shor tage  oE w e l l  
t r a i n e d  persons  who can  conceive , des ign ,  and develop complex boo:;t:ers , 
s p a c e c r a f t ,  a i r c r a f t ,  and ground f a c i l i t i e s  which r e p r e s e n t  t h e  milin t l i ru s t  
i n  t h e  c o u n t r q ' s  space and a e r o n a u t i c s  e f f o r t ,  and f o r  persons who und1.r- 
s t a n d  the a d m i n i s t r a t i v e  and management problems involved wi th  t h e  expanding 
dimensions of  s c i ence  and technology w i t h i n  t h e  s o c i a l  and econom:Lc: s t r u c t u r e  
of t he  na t ion .  The s p e c i a l  p r e d o c t o r a l  t r a i n i n g  program i n  syster is  enz ineer -  
i ng  des ign  and p u b l i c  a d m i n i s t r a t i o n  has  been e s t a b l i s h e d  so t h a t  seni t i r  
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f a c u l t y  members and graduate  s t u d e n t s  may use  NASA i n s t a l l a t i o n s  as 
l a b o r a t o r i e s  i n  which t o  s tudy  problems which are r e l e v a n t  t o  NASA nelzds 
whi le  helping, t o  s t r e n g t h e n  the  graduate  programs a t  t h e i r  u n i v e r s i t i  I S .  

The $1.5 m i l l i o n  would suppor t  about  75 p redoc to ra l  s t u d e n t s  i n  these  two 
a r e a s .  

The o t h e r  $1.5 m i l l i o n  w i l l  be a l l o c a t e d  t o  s p e c i a l  summer t r a i n i n , ;  
a c t i v i t i e s  which a r e  descr ibed  below. 

The summer f a c u l t y  f e l lowsh ip  program, emphasizing i n d i v i d u a l  resezirch 
a c t i v i t i e s ,  %was s t a r t e d  t o  h e l p  young f a c u l t y  members keep up with tht! 
l a tes t  t e c h n i c a l  developments i n  engineer ing  and sc ience .  O r i g i r a l l y  
e s t a b l i s h e d  w i t n  t h e  a s s i s t a n c e  o f  t h e  American Soc ie ty  f o r  Engineeririg 
Education (ASEE), t h e s e  10 week summer s e s s i o n s  are coope ra t ive  endeairors 
undertaken i n  conjunct ion  wi th  one o r  more u n i v e r s i t i e s  l oca t ed  near  lIASA 
r e sea rch  cen te r s .  P a r t i c i p a n t s  spend about  t h r e e  q u a r t e r s  of t h e i r  t j m e  
i n  t h e  l abora to ry  and t h e  ba lance  of  t h e  t i m e  i n  semimars o r  symposia, mainly 
on t h e  u n i v e r s i t y  campus. During t h e  summer o f  1968, i t  i s  e s t ima ted  t h a t  
between 225 and 250 young f a c u l t y  members w i l l  p a r t i c i p a t e  i n  t h e  prog,ram a t  
one o f  e i g h t  l o c a t i o n s  involv ing  e i g h t  NASA c e n t e r s  and twelve univer:  i t i e s .  
A program o f  similar magnitude i s  planned f o r  FY 1969. 

A f a c u l t y  fe l lowship  program i n  systems engineer ing  des ign  was s ta i  t e d  
dur ing  the  siinmer of 1966. Under t h i s  program, f a c u l t y  members from ci i f -  
f e r e n t  engint??r ing d i s c i p l i n e s  are brought t oge the r  t o  work on broad pace 
r e l a t e d  prob k m : ;  r e q u i r i n g  an in t eg ra t ed  o r  team approach. Usual ly ,  ii t 
l e a s t  two facsi l ty  members from t h e  same u n i v e r s i t y  p a r t i c i p a t e  i n  o rde r  
t o  in t roduce  new techniques  i n  the  teaching  of  systems engineer ing  des ign  
when they  r e t u r n  t o  t h e i r  home i n s t i t u t i o n s .  These a c t i v i t i e s  are alt;o 
c a r r i e d  on i n  coope ra t ion  wi th  one o r  more u n i v e r s i t i e s ,  l oca t ed  near  NASA 
c e n t e r s ,  wi th  c e n t e r  personnel  ~ having s p e c i a l  competence i n  s y s t e n s  engi-  
nee r ing  des ign ,  lending  s t r o n g  suppor t .  During t h e  summer of 1968,, i t  i s  
e s t ima ted  thal: between 75 and 100 young f a c u l t y  members w i l l  p a r t i - i p a t e  
i n  t h e  pi:ograrn i.nvolving four  NASA c e n t e r s  and seven u n i v e r s i t i e s .  Pro-  
grams a t  t h e  same l o c a t i o n s  a r e  planned f o r  FY 1969. 

The ot:her s p e c i a l  t r a i n i n g  programs inc lude  t h e  summer institutes 
f o r  upper div:.sion undergraduates  and the  post-M. D. t r a i n i n g  i n  a13 rospace 
medicine.  Tkw summer i n s t i t u t e s  f o r  undergraduates  a r e  designed to  acquain t  
j u n i o r  arid se r i i c l r  l e v e l  undergraduates  wi th  some of  t h e  substanti .de pr3blems 
of  space s c i e r i c c  and engineer ing .  As i n  prev ious  y e a r s ,  t h e  s t u d e n t s  a r e  
s e l e c t e d  from a n a t i o n a l  coinpet i t i o n  and w i l l  be e s p e c i a l l y  t a l enced  ysung 
men and womer. who show promise o f  con t inu ing  t h e i r  s t u d i e s  a t  t he  gradliate 
l eve l .  During t h e  summers of 1968 and 1969, i t  i s  planned t o  conduct four  
o f  t hese  i n s t i t u t e s .  

The pclst-K.D. t r a i n i n g  program i s  designed t o  h e l p  provide a few very  
s e l e c t  medical doc to r s  w i th  s p e c i a l  advanced t r a i n i n g  t o  work i n  d i r e c r  o r  
suppor t ing  r o l e s  i n  manned space f l i g h t  e f f o r t s .  In  FY 1968 ana 1.J’ 19159, 
t h e  level of e f f o r t  w i l l  be t h e  same a s  i n  prev ious  yea r s .  
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Res ear ch 

I969 --- - 1967 1968 

t 
Research ..,, .,,.... . ... ........ $11,000,000 $7,000,000 $;7,OC:8O,OO0 

NASA, throJgh t h e  r e sea rch  element of t h e  Sus t a in ing  Un ive r s i ty  Prcigrani, 
suppor ts  u n i v e r s i t y  r e sea rch  which i s  broader  i n  scope and longer  range than  
program o r  piw j e c t  o r i e n t e d  research .  Sus t a in ing  r e sea rch  g r a n t s  have been 
awarded to almul: 50 u n i v e r s i t i e s  throughout t h e  country and a r e  designed t o  
permit univeirsii:ies t o  develop and s t r eng then  t h e i r  own f a c u l t i e s  rind c u r r i c u l a  
whi le  c o n t r i l i ~ t  ing d i r e c t l y  t o  NASA's space and ae ronau t i c s  r e sea rch  rieeds. 
I n  a d d i t  Lon t o  Eurther development of t h e  u n i v e r s i t i e s  s c i e n t i f i c  and t echn i -  
c a l  competence, p a r t i c u l a r  emphasis i s  placed on m u l t i d i s c i p l i n a r y  s t t i d i e s  
which cons ider  s o c i a l ,  economic, and p u b l i c  po l i cy  a s p e c t s  of advaricirig sc i ence  
and technology. Research supported by t h e s e  g r a n t s  has  a s ign i f i cance  beyond 
t h e  immediate r e sea rch  accomplishments i n  t h a t  p a r t i c i p a t i n g  u n i v e r s i t i e s ,  a t  
t h e  same t ime,  enhance t h e i r  c a p a b i l i t i e s  t o  c o n t r i b u t e  t o  o t h e r  techr i ica l ,  
engineer ing ,  s c i e n t i f i c ,  s o c i a l ,  and economic needs of t h e i r  reg ions  2nd t h e  
na t ion .  

Research :j ~ p p o r t e d  by t h e  Sus t a in ing  Un ive r s i ty  Program balances a r d  
complements t h e  Agency's p r o j e c t  r e sea rch  and f l i g h t  experiment a c t i v i  t i e s  
and provldes  st irble funding f o r  u n i v e r s i t y  r e sea rch  and t r a i n i n g .  Tygiical 
r e sea rch  e f for t ! i  w i l l  i nc lude :  

1. M u l t i d i s c i p l i n a r y  research  g r a n t s  which provide a s t a b l e  ba:;e of 
support  f o r  space r e l a t e d  sc i ence  and engineer ing  a t  t h e  universit , i .es 
b e s t  a b l e  t o  c o n t r i b u t e  t o  t h e  r e sea rch  needs of  t h e  n a t i o n a l  spaci: 
program. 

2. Strengthening  of  t h e  n a t i o n ' s  u n i v e r s i t y  r e sea rch  i n  a r e a s  iJhere 
s p e c i f i c  agency needs have been i d e n t i f i e d  but  adequate  c a p a b i l i t y  does 
not  e i i s t  i n  u n i v e r s i t i e s .  

3. Research on more complex, longer  d u r a t i o n  miss ions  of t h e  f i i tu re  
( e .  g. p l ane ta ry  exp1orat:ion). 

4. M u l t i d i s c i p l i n a r y  s tudy  of f u t u r e  t echn ica l  needs and jmp1i:ations 
of the space program inc lud ing  s o c i a l  and economic a spec t s :  c!.g., world- 
wide communications, long-term u e a t h e r  p a t t e r n  a n a l y s i s ,  imprtwerne)its i n  
speed and s a f e t y  of a i r c r a f t ,  and b e t t e r  development of e a r t h  r'esolirces. 

5. Research on management and admin i s t r a t ion  of complex sc:ient.If i c  
and t e c h n i c a l  programs supported by pub l i c  funds.  

6. Study of  exper ience  and knowledge from t h e  space program which 
might be b e n e f i c i a l  i n  dea l ing  wi th  o t h e r  n a t i o n a l  problems such a.; 
p o l l u t i o n ,  t r a n s p o r t a t i o n ,  housing, and crime con t ro l .  
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Research programs are i n d i v i d u a l l y  t a i l o r e d  t o  t h e  s t r e n g t h  of t h e  p a r t i -  
c i p a t i n g  i n s t i t u t i o n s .  The g r a n t s  t y p i c a l l y  b r i n g  t o g e t h e r  t h e  most ztble 
minds on t h e  campus i n t e r e s t e d  i n  space and a e r o n a u t i c s  r e sea rch .  Th1.s group,, 
i n  c o n s u l t a t i o n  w i t h  NASA, determines t h e  most opportune ways i n  whicll a v a i l -  
a b l e  r e sources  m y  be u t i l i z e d  t o  ach ieve  t h e  o b j e c t i v e s  of t h e  g,rant and t h e  
r e s e a r c h  needs of t h e  space program. 

With a budseir of $7 m i l l i o n  i n  FY 1969, t h e  r e sea rch  element of  thc: Sus- 
t a i n i n g  Univers:i.ty Program w i l l  support  m u l t i d i s c i p l i n a r y  programs a t  35 
u n i v e r s i t i e s ,  'Chis number i s  down from t h e  44 i n s t i t u t i o n s  funded i n  FY 1968 
and 50 univeirsii:ies i n  t h e  program i n  FY 1967. 

E 
Research F a c i l i t i e s  

1967 1968 -- 1969- 
--- ., - - Research fa':i:Lities..  . . o . .  . $4,000,000 

NASA has  ~ L I I  p r ev ious  y e a r s  funded t h e  c o n s t r u c t i o n  of l a b o r a t o r y  f a c i l i t i e s  
a t  about 35 t m i v e r s i t i e s .  The money provided space which i s  being uscd f o r  
t h e  conduct o E r e s e a r c h  and t r a i n i n g  i n  space r e l a t e d  s c i e n c e  and teclinology. 
Under a pe r iod  o f  d e c l i n i n g  budget,  NASA i s  no t  r e q u e s t i n g  FY 1969 funds f o r  
t h e  construc1::ion of major l a b o r a t o r y  f a c i l i t i e s  on u n i v e r s i t y  campuse:, . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

BASIC RESEARCH PiXOGRAM 

The Basic  Research program suppor t s  fundamental r e sea rch  i n  t h e  phys ica l  
and mathematical  s c i ences .  It i s  aimed a t  provid ing  an understanding of t h e  
phys i ca l  phenomena p e r t i n e n t  t o  o t h e r  NASA programs concerned wit-h cuirrent 
and f u t u r e  a i r c r a f t  and space a c t i v i t i e s .  Th i s  b a s i c  r e sea rch  is  caricied 
ou t  p r i n c i p a l l y  i n  N A S A ' s  Research and F l i g h t  Centers  supplemented by in -  
v e s t i g a t i o n s  a t  u n i v e r s i t i e s ,  i n d u s t r i a l  r e sea rch  l a b o r a t o r i e s ,  and oliher 
Government r e sea rch  c e n t e r s .  Fundamental understanding of phys i ca l  p:ienomena 
i n  many f i e l d s  of s c i ence  i s  r equ i r ed  t o  develop the  technology f o r  NASA's 
programs. Basic  r e sea rch  i n  NASA, t h e r e f o r e ,  must encompass a wide si)ectrum 
of d i s c i p l i n e s .  It ranges from very  fundamental s t u d i e s  i n t o  the  nati ire 
and p r o p e r t i e s  of atoms and molecules t o  t h e  more a p p l i e d  r e sea rch  arl?as of 
determining the  b e s t  materials f o r  t h e  supersonic  t r a n s p o r t  a i r p l a n e .  

The Basic  Research program is d iv ided  i n t o  four  broad d i s c i p l i n e s :  
F l u i d  Phys ics ,  E lec t rophys ic s ,  M a t e r i a l s ,  and Applied Mathematics. 

F l u i d  dyn.amics r e sea rch  covers  t he  t h r e e  gene ra l  areas of aerclnaut:i.cal 
f l u i d  dynamics, e n t r y  f l u i d  phys ic s ,  and i n t e r n a l  f l u i d  mechanics of 1)ro- 
pu l s ion  and power systems inc lud ing  t h e  problems of clear a i r  turbulei ice ,  
son ic  boom, .aerodynamic hea t ing  and aerodynamic c o n t r o l  of high speed a i r -  
c r a f t .  Reentry r e sea rch  focuses  on improved understanding of the pariimeters 
which in f luence  h e a t i n g ,  t h e  a b l a t i v e  response of  t h e  h e a t  s h i e l d ,  ant1 on 
the  t h r e e  dimensional f low f i e l d s  about maneuverable bodies .  F l u i d  dynamic 
p r i n c i p l e s  were a p p l i e d  t o  s tudy  blood c i r c u l a t i o n .  E x i s t i n g  t e s t  da1.a were 
analyzed i n  an a t tempt  t o  develop s imple and more p r e c i s e  c i r c u l a t o r y  
d i a g n o s t i c  p r x e d u r e s .  

The objeclt ive of the  e l e c t r o p h y s i c s  program i s  to o b t a i n  new knowlctdge 
o f  t he  e E f e c t s  of a c o u s t i c ,  g r a v i t a t i o n a l ,  e l e c t r i c  and magnetic forccbs on 
t h e  e l e c t r o n i c ,  nuc lea r ,  atomic and molecular  c o n s t i t u e n t s  o f  matter. New 
informat ion  i n  1:his area i s  t h e  source n o t  on ly  f o r  advances i n  the  tech- 
nology p.rogriains of e l e c t r o n i c s ,  space power and space p ropu l s ion ,  but  a l s o  
f o r  t h e  exp lo ra t ion  and understanding of complex phenomena i n  space ; f o r  
example, t he  i n t e r a c t i o n  of  t h e  charged p a r t i c l e s  of  t h e  s o l a r  wind wi th  the  
magnetosphere, ;and the  de te rmina t ion  of  t h e  motion of t h e  e a r t h ' s  magnetic 
f i e l d .  

Materials :research has  as it:s o b j e c t i v e  t h e  understanding of t he  
 characteristic:^ and behavior  of materials. It ranges from s t u d i e s  i n t o  t h e  
fundamental p r o p e r t i e s  o f  s o l i d s  t o  i n v e s t i g a t i o n s  of how and why engineer ing  
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m a t e r i a l s  f a i l .  I nc reas ing  emphasis i s  be ing  p laced  on the  behavior  3 f  

e l e c t r o n s  i n  s o l i d s  and the  e f f e c t  of  c o r r o s i v e  environments on meta ls  and 
polymers over  a wide range of temperatures .  Research on mechanisms f o r  i m -  
proving t h e  s t r e n g t h  of composite and ceramic materials i s  cont inuing .  The 
understanding of  a l l  such m a t e r i a l s  w i l l  enable  advances t o  be macle i n  t h e  
u t i l i z a t i o n  c f  both c u r r e n t l y  a v a i l a b l e  as w e l l  as newly deve1opt:tl m a t e r i a l s  
t o  advanced a i r c r a f t  and more s o p h i s t i c a t e d  s p a c e c r a f t .  

The r e sea rch  program i n  a p p l i e d  mathematics i s  concerned w i t h  the  improve- 
ment of mathematical  t echniques  r equ i r ed  f o r  problems i n  aerospace sc ience  
and technology. A mathematical  approach i s  o f t e n  t h e  most feasib1.e aiid 
economical f o r  planning experiments .  It i s  a l s o  a necessary  bas:is f o r  p r e c i s e  
and r e l i a b l e  des igning  of t he  complicated and expensive p i eces  of harljware 
needed f o r  va r ious  NASA ope ra t ions .  For example, mathematical  resear :h i n  
numerical  a n a l y s i s ,  by developing f a s t e r  and more e f f e c t i v e  comput:ation 
procedures  , h a s  reduced t h e  c o s t  of  d i g i t a l  s imu la t ion  mission s t u d i e  j 
necessary  fo r  t h e  success fu l  design of such i tems as t h e  Sa turn  V v e h i c l e .  

SUMMARY OF RESOURCES REQUIREMENTS : 

1'369 -.--- 1967 1968 

Support ing r e sea rch  and 
technology ..................... $21,401,000 $21.465.000 $22.000,0@ 

T o t a l . . . . . . . . . . . . . . . . . . . .  ...... $21,401,000 S21.465,OOO $22,000,000 --- 
D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Marshall Space F l i g h t  Center .  .. $888,000 

J e t  Propuls ion Laboratory ...... 4,757,000 
A m e s  Research Center . .  ......... 2 , 126,000 
E l e c t r o n i c s  Research Cen te r . . . .  1,231,000 
Langley Research Center . .  ...... 2,360,000 
L e w i s  Research Center . .  ........ 2 , 775,000 
NASA Hea'dquarters .............. 6,584,000 
West e rn  ,Sup.port Off i c e .  ........ 535,000 

Goddard Space F l i g h t  Center . . .  . 145,000 
$824,000 

161,000 
4,089,000 
2,006,000 
1,805,000 
2,793,000 
2 , 677,000 
6,884,000 

226,000 

$r%40,000 
1 -  60 , 000 

4,000,000 
2,050,000 
1 ,!~00,OQO 
2 ,!100,000 
2,!130,000 
7 ,:!20,000 - #I - 

BASIS OF FUND REQUIREMENTS : 

Supportins? Research and Technology 

F l u i d  physi-s .................... $4,875,000 $4,910,000 $5,050,000 
Electrophys ic:; ................... 7 , 290,000 7,315,000 7,:120,000 
Mate r i . i l s . . . . . . . . . . . . . . . . .  ....... 7,811,000 7,800,000 8,l 70,000 ............. Applied matnernatics.. 1,425,000 1,440,000 1 , 11.60 .OOg 

Tota L ............................ $21,401,000 $21,465,000 $22 ,(100,000 -- 
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F l u i d  Physics  

t 

The F l u i d  Dynamics program s p e c i f i c a l l y  a p p l i c a b l e  t o  a e r o n a u t i c s  :.s 
being expanded. A program of r e sea rch  on t h e  son ic  boom has  begun. !Itudies 
w i l l  be i n i t i a t e d  on aerodynamic no i se  a s s o c i a t e d  wi th  t u r b u l e n t  j e t s  
f lows,  and conbust ion processes .  The important  o p e r a t i o n a l  problem ol '  c l e a r  
a i r  turbulence  is a l s o  being s tud ied .  

i n t e r n a l  

Aerodynamic s t u d i e s  i n  the  r a r e f i e d  gas  dynamic regime, s imula t ing  
s a t e l l i t e  coiidi Lions , a r e  provid ing  new understanding of the  o r b i t a l  ( harac- 
t e r i s  t i c  s of s a  :el 1 i t e s  . 

Aerodynami: hea t ing  i s  p a r t i c u l a r l y  severe  a t  t h e  nose of t he  en t r ; ,  
veh ic l e  during e n t r y  i n t o  t h e  atmosphere a t  speeds g r e a t e r  than t h a t  l'or 
Apollo.  The problem i s  one of hea t  s h i e l d  s u r v i v a l .  There i s  a need f o r  
e i t h e r  a s i g n i f i c a n t  improvement of h e a t  s h i e l d  performance o r  a mean:, of  
s i g n i f i c a n t l y  reducing the  hea t ing  r a t e .  
Three dimens i m , a l  a n a l y s i s  of t:he flow f i e l d s  about  maneuverable e n t r -  11  con- 
f i g u r a t i o n s  w i l l  begin.  

Both approaches are being ptirsued. 

The problen  of  t he  d e t a i l e d  boundary l a y e r  behavior  r e l a t i n g  t o  roc.ket 
nozzle  tlnroal: hea t  t r a n s f e r  i s  being s tud ied .  The p o s s i b i l i t y  of indticing 
laminar flow i n  the  t h r o a t  reg ion  t o  reduce h e a t  t r a n s f e r  r a t e s  i s  al: :o 
being i n v e s t  ipa ted .  

F l u i d  dynanic a n a l y s i s  techniques  were app l i ed  t o  experimental  Jatzi on 
blood flow through animal organs t o  provide informat ion  on flow r a t e ,  blood 
volume and t r a n s i t  t i m e .  T h e o r e t i c a l  r e s u l t s  agree  wi th  the  measured va lues .  
Hopeful ly ,  t he  Lechnique w i l l  be modified f o r  human a p p l i c a t i o n s  t o  pi.ovide 
a s a f e  p o s i t i v e  t e s t  of the  cond i t ion  of c e r e b r a l  c i r c u l a t i o n  for  ipos:;ible 
use  i n  se lecLing  a s t r o n a u t s .  

E lec t rophys ic s  

The Elect-cDpliysics program i s  conducted w i t h i n  the  r e sea rch  laborai  o r i e s  
of  NASA, a t  u n i v e r s i t i e s ,  and a t  i n d u s t r i a l  and o t h e r  Government 1aboi.ator i e s .  
S p e c i f i c a l l y ,  t h e  work inc ludes  a number of new i n v e s t i g a t i o n s  such a:: t he  
use  of  l a s e r  beams f o r  in format ion  s to rage  purposes .  High dens i ty  ( lo7  b i t s  
per  square inch:) in format ion  can be ob ta ined  on a t h i n  f i l m  o f  manganttse 
bismuth by us ing  a very  f i n e  laser beam i n  a magnetic f i e l d  t o  product, 
d i s c r e t e  one nicron s i z e  s p o t s  on t h e  t h i n  f i lm .  I n  comparison, aboul t e n  
cubic  f e e t  a.ce needed t o  s t o r e  t h e  same number of  b i t s  i n  a modern coriputer. 
Also , a new advance i n  supe rconduc t iv i ty  promises t o  r a i s e  t h e  c r i t i c i l l  
temperature  below which superconduct iv i ty  occurs .  A t  p r e s e n t ,  the  hig,hest 
c r i t i c a l  temperature i s  20°K (-423OF) which means t h a t  l i q u i d  helium riust 
be u s e d  f o r  cDoLing. This  i s  ii s e r i o u s  disadvantage t o  the  p o s s i b l e  tises 
of  superconduct ing magnets i n  $;pace a p p l i c a t i o n s  , such as s h i e l d i n g  ag,ainst  
e n e r g e t i c  charged p a r t i c l e s .  The new advance covers  t h e o r e t i c a l  pred: c t io i i  
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and experimental  v e r i f i c a t i o n  t h a t  i n  a composite s t r u c t u r e  of  t v t r  t h i n - f i l m  
supercoriductccs sepa ra t ed  by an  i n s u l a t i n g  f i l m ,  t h e  c r i t i c a l  temperature  can 
be inc reased ,  

1nvestigat.icn.s o f  plasma a c c e l e r a t i o n  and plasma-energy gene ra t ion  a r e  
being c a r r i e d  c u t  which involve fundamental phenomena such as i o n i z a t i o n ,  
e x c i t a t i o n ,  zinc, r a d i a t i o n  of  atoms and molecules.  Because r e s u l t s  from 
theory  and experiment do not  ag ree  very  w e l l  i n  some c a s e s ,  t he  research  
w i l l  include tl-e c o l l i s i o n a l  i n t e r a c t i o n s  of  atoms such as cesium, argon 
and xenon scf t l -a t  t he  energy t r a n s f e r  i n  t h e s e  processes  may be understood.  
Both plasma power devices  and thermionic  diode power conve r t e r s  w i  11 b e n e f i t  
from these  s t.uclies. 

Magnetopl asniadynamic arcs r e q u i r e  s u b s t a n t i a l  improvement i n  e f f i c i e n c y  
t o  be use fu l  i n  space propuls ion  and power systems. The problems a r e  t h a t  
t h e  e lec : t r ic .a l  d i scharge  i s  no t  uniform enough as i t  spreads  o u t  i.nto the  
exhaus t ,  t h e  ic lnizat ion ra te  does n o t  reach  optimum va lues ,  and plasma 
instabi1.i . t ie: ;  cause an undes i r ab le  d i s s i p a t i o n  of  e l ec t r i ca l  power. Continued 
r e sea rch  is  expected t o  so lve  these  problems. 

Mater ia  1 s 

The sc.ope of t h e  materials program inc ludes  t h e  unders tanding  of  t he  
behavior  and p r o p e r t i e s  of  s o l i d  m a t e r i a l s ,  metals, ceramics ,  polymers, 
composit:es of t hese  m a t e r i a l s ,  mine ra l s ,  and l u b r i c a n t s .  S tud ie s  of t h e  
e f f e c t s  of ii wide range of environments on m a t e r i a l  behavior  a r e  inc reas ing ly  
being eniphaa:.zed. P a r t i c u l a r l y  the  e f f e c t s  of cryogenic  and very high tem- 
p e r a t u r e s ,  and those of  co r ros ive  and e m b r i t t l i n g  f l u i d s  are under i n v e s t i -  
ga t ion .  S tud ie s  of  t he  phys ics  and chemis t ry  of  s o l i d s  emphasize the  
i n t e r r e l  a t icmship  between the  e l e c t r o n i c ,  atomic, molecular  and ]macroscopic 
s t r u c t u r e s  of materials and t h e i r  e l e c t r o n i c ,  mechanical,  and chemical 
p r o p e r t i e s .  Methods f o r  c o n t r o l l i n g  t h e s e  s t r u c t u r e s  a r e  of p a r t i c u l a r  
i n t e re s t :  i n  o rde r  t o  o b t a i n  d e s i r e d  combinations of p r o p e r t i e s .  ‘I’hese 
fundamental : ; tudies  are expected t o  provide new c a p a b i l i t i e s  f u r  p r e d i c t i n g  
and cont:roll.:ing material p r o p e r t i e s  and i n  developing new m a t e r i a l s .  For 
example,  furttianiental s t u d i e s  on t h e  n a t u r e  of t he  bonding i n  ca rb ides  are 
i n d i c a t i ~ n g  what. means might be taken  t o  produce materials having high 
s t r e n g t h s  above 4000’F. 

Other hig;h temperature  materials a r e  a l s o  r e c e i v i n g  con t inu ing  emphasis. 
The strengtht!nj.ng of n icke l -base  supe ra l loys  wi th  d i s p e r s i o n s  of f i n e  re -  
fractor1r p a r t i c l e s  and w i t h  f i b e r s  i s  providing new i n s i g h t  i n t o  strengthenin. ,g 
mechanisms it!; well as improved a l l o y s .  Because t h e  r e f r a c t o r y  me ta l s ,  tungs ten  
and chromiuoi, are known f o r  t h e i r  b r i t t l e n e s s  as w e l l  as t h e i r  high temperature  
s t r e n g t h ,  0111: r e sea rch  m e t a l l u r g i s t s  are a l s o  s tudying  how t o  improve t h e i r  
duct  il it:y . 
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Premature : f a i lu re s  i n  m e t a l l i c  s t r u c t u r e s  due t o  co r ros ive  o r  embri t t l i r i g  
environments cont inue  t o  a t t r a c t  our  a t t e n t i o n .  By s tudying  t h e  mechsinisms 
which cause crac:king i n  meta ls  while  being sub jec t ed  t o  loads  and co r ros ive  
f l u i d s ,  t he  niearis may be provided by which gas  s to rage  v e s s e l s  and hig,h 
performarice c i i r c ra f t  s t r u c t u r e s  w i l l  be improved. 

Another prob1.em a r e a  i n  high speed a i r c r a f t  t h a t  r e q u i r e s  p a r t i c u l a r  
a t t e n t i o n  i s  t h a t  of  s e a l a n t s  f o r  f u e l  tanks .  For such a p p l i c a t i o n s ,  
e l a s tomer i c  n i a t e r i a l s  are requi.red having long-time s t a b i l i t y  a t  high 
temperatures  ancl a t  t he  same time being compatible  wi th  the  a i r c r a f t  
s t r u c t u r a l .  materials and the  f u e l .  Research i s  be ing  i n i t i a t e d  t o  
syn thes i ze  new types  of  e las tomers  having improved h igh  temperaturle 
p r o p e r t i e s .  

Appl i e  d Ma thematic  s 

The app l i ed  mathematics program promotes the  formula t ion  o f  mathematical 
models arid conputer  programs f o r  more e f f e c t i v e  and economical t rea tment  
o f  problems i.n a e r o n a u t i c s  and space technology. Research i s  c a r r i e d  on 
i n  va r ious  rel .evant mathematical  f i e l d s  such as a n a l y s i s ,  c a l c u l u s  of 
v a r i a t i o n s ,  mechanics and numerical  methods. 

Gravit .at iona1 and o r b i t a l  mathematics needs r e sea rch  i n  d i f  f e r e n t i a 1  
equa t ions  ancl ce l e s t i a l  mechanics r e l e v a n t  t o  des ign  and motion of space- 
c r a f t .  F u r t h e r  r e sea rch  i s  r e q u i r e d  on s o l u t i o n s  of p a r t i a l  d i f f e r e n t i a l  
equa t ions  a r i s i n g  i n  e lec t romagnet ic  and r a d i a t i o n  theory  and i n  ?ea t  
conduct ion prciblems of  hypersonic  v e h i c l e s .  

Mathenlatics r e sea rch  w i l l  cont inue  on a e r o n a u t i c a l  problems such as 
the  use of t h e  c a l c u l u s  o f  v a r i a t i o n s  i n  op t imiza t ion  of  a i r c r a f t  t r a -  
j e c t o r i e s  and! i n  t he  mechanics of t h i n  s h e l l s ,  approximation methods f o r  
so lv ing  c o n t r o l  equa t ions ,  and on the  s t a b i l i t y  of systems o f  non- l inea r  
d i f f e r e n t  i d 1  equat ions .  

Geophysical and p l a n e t a r y  mathematics r e q u i r e s  con t inu ing  r e sea rch  i n  
a n a l y t i c a l  mechanics and r e l a t i v i t y  theo ry  as  w e l l  as numerical  a n a l y s i s  
and d a t a  process ing  methods f o r  b e s t  e x p l o i t i n g  the  v a s t  amounts o f  d a t a  
r ece ived  a t  NASA t r a c k i n g  s t a t i o n s .  The l a t t e r  f i e l d s  of  r e sea rch  a r e  a l s o  
be ing  pursued i n  t he  area of t r a c k i n g  and d a t a  process ing  mathematics,  
a long w i t h  t h e  widely a p p l i c a b l e  t o p i c s  of e r r o r  a n a l y s i s  mat r ix  invers ion  
and s t a t i s t i c s . 1  e s t i m a t i o n  theory .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

I 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PILOGRAM 

PROGRAM OBJECI'I'JES AND JUSTIFICATION : 

The Space Vehicle Systems program i s  a broad-base r e sea rch  and teclinology 
program i n  aerothermodynamics, s t r u c t u r e s ,  and space environmental fac:tors 
of importancde to t h e  design of s p a c e c r a f t  and launch veh ic l e s .  I t  al:;o 
provides f o r  t h e  formulation and documentation of  a u t h o r i t a t i v e  space v e h i c l e  
design c r i t e r i a  based on o p e r a t i o n a l  experience and the  latest  researc:h i n f o r -  
mation. The o b j e c t i v e s  of  t h e  program are t o  i d e n t i f y  and so lve  t h e  1:echnicaI 
problems of launch v e h i c l e  s t a g e s ,  manned and unmanned s p a c e c r a f t ,  anti t h e  
o v e r a l l  i n t e g r a t e d  space v e h i c l e  during f l i g h t  through t h e  atmosphere and i n  
space. The program seeks t o  provide t h e  advanced technology base f o r  t h e  
conception and design of f u t u r e  v e h i c l e s  and t o  support  cu r ren t  space v e h i c l e s  
and missions of NASA and t h e  m i l i t a r y  services. 

SUMMARY OF RE,SOURCES RmUIREMENTS: 

1967 1968 

Supporting research and 
technology. ................. $26,777,000 $30,258,000 

L i  f t ing-body program. ......... 1,000,000 1,200,000 
Reentry hee.ting f l i g h t  

P r o j e c t  Pegasus.. ............. 70,000 
Small space wehicle f l i g h t  

experiments.... ............. 1,800,000 2,206,000 --- 
experiments ................. 4,262,000 1,336,000 

Total . .  ................... $33,909.000 535, 000,000 

---- Distrj.buti.on of Program Amount by I n s t a l l a t i o n :  

Manned Spac:ecraft Center. o s  e 

Marshall. Space F l i g h t  Center 
Goddard Space F l i g h t  Center. 
Je t  Propulsion Laboratory.. 
Ame:; Research Center.. ...... 
E1ectron:icc; Research Center. 
F l i g h t  Research Center.. .... 
Langley 1ie:;earch Center.. * .  . 
Lewis  Re.;earch Center.. ..... 
NASA Headquarters..  ......... 
Wesitern Support Office.. .... 

$537,000 
3,692,000 
1,935,000 
2,426,000 
3,198,000 

320,000 
1,010,000 

16,145,000 
2,288,000 
1,899,000 

459,000 

$650,000 
3,981,000 
2,215,000 
2,125,000 
2,984,000 

385,000 
1,350,000 

15,66 1,000 
3,115,000 
2,434,000 

100,000 

196'9 - 

$3:L, 300,000 
:t ,200,000 

- 1,300,000 

$3.5 300 , 000 
--,- 

$6OCi,OOO 

2 325,000 
1 825,000 

40C1,OOO 
1 5OC1,OOO 

15 909,000 
3 2251,000 

3 950,000 

3 25Ci,OOO 

2 :, 32& 000 --- 
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,BASIS OF FUNII RE;QUIREMENTS: 

Supportinn Research and Technolom 

1967 1968 

Space vehic: Le aerothermo- 
dynamics,. ,. ................. $5,936,000 $7,441,000 

Space i~nvii:c~nmental f ac to r s . .  10,269,000 11,254,000 
Space v e h i c l e  design c r i t e r i a  1,105,000 1.7 10,000 

Space v e h i c l e  s t r u c t u r e s . .  ... 9,467,000 9,853,000 

Total .  ..................... $26,777, 000 $30,258,000 

- 1964' 

$7,750,000 
9,950,000 

11,200,000 
- 2,400,000 

&3 1,300 ,, 000 --- 
Space Vehicle  Aerothermodynamics 

The Space Vehicle Aerothermodynamics program i s  concerned with t h e  design 

I n  FY 1969 p a r t i c u l a r  a t t e n t i o n  w i l l  be given t o  adviinced 
problems assc3ciiated wi th  f l i g h t  of launch v e h i c l e s  and s p a c e c r a f t  through 
t h e  atmosphere. 
r e e n t r y  veh ic l e s  f o r  manned f l i g h t  nea r  t h e  e a r t h ,  i n c l u d i n g  methods ::or 
recovery 
on o t h e r  p l ane t s .  

on land,  and t o  t h e  e n t r y  and t e rmina l  descent  o f  unmanned ]'robes 

With e a r t h  atmosphere e n t r y ,  i n t e r e s t  i s  cen te red  on hypersonic  ve l i i c l e s  
Work c u r r e n t l y  i n  t h e  e x p l o r a t o r y  sta.ge df ta l ing  of  i n c r e a s i n g  s l ende rness .  

with a number of new c o n f i g u r a t i o n s  w i l l  b e  more c l o s e l y  focused duriiig 
FY 1969, and t h e  most promising c o n f i g u r a t i o n s  w i l l  be i n v e s t i g a t e d  i i i  g r e a t e r  
depth. 

I n v e s t i g a t i o n  of t h e  M2-F2 and HL-10 f l i g h t  r e s e a r c h  v e h i c l e s  has  , i l ready  
r evea led  s e v e r a l  important  problems i n  f l i g h t  con t ro l .  These h a w  be1.n inves  t : i -  
ga ted i n  t h e  l abora to ry .  
porated i n  t h e  HL-10 f o r  v e r i f i c a t i o n  i n  f l i g h t .  
f l i g h t  and l a b o r a t o r y  r e sea rch  w i l l  continue.  

S o l u t i o n s  r e s u l t i n g  from t h i s  work have bee11 inco r -  
This  c l o s e  i n t w p l a f  between 

Research cn  s p e c i a l i z e d  parachutes  and o t h e r  d e c e l e r a t o r s  f o r  a p p l i c a t i o n  
t o  Mars e n t r y  probes has  i n d i c a t e d  t h a t  t h e s e  dev ices  are  a l s o  a t t r a c t i v e  f o r  
o t h e r  a p p l i c a t i o n s ,  such as s t a b i l i z a t i o n  and d e c e l e r a t i o n  of manned spacec ra f t  
a t  high speecs and a l t i t u d e s .  This ground-based and f l i g h t  rese;trch )will be 
continued i n  t h e  coming year.  

A suk l s t an t i a l ly  augmented program w a s  i n s t i t u t e d  i n  FY 1968 t o  develop t h e .  
technolclgy of' g l i d i n g  f lexible-wing descen t  systems f o r  a p p l i c a t i o n  t13 t h e  
recovery on land of manned s p a c e c r a f t .  The parawing r e s e a r c h  and t e c m o l o g y  
program, which w i l l  con t inue  i n  FY 1969, w i l l  i nvo lve  a combined a n a l y t i c a l ,  
ground-based, and f l i g h t  tes t  program t o  i n v e s t i g a t e  problems of deplcynent ,  
a i r  loads,  arid f l i g h t  c o n t r o l  w i th  parawings o f  l a r g e  s i ze  a p p r o p r i a t e  t o  space-  
c r a f t  recovery.  
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Space Vehicle S t r u c t u r e s  

I 

Major o b j e c t i v e s  o f  t h i s  subprogram are t o  develop advanced s t r u c t u r e s ,  
e x p l o i t  new s t r u c t u r a l  materials, and provide advanced s t r u c t u r e s  tec'hnology 
needed t o  improve t h e  e f f i c i e n c y  and c o s t  e f f e c t i v e n e s s  of space v e h i c l e s .  
The subprogram encompasses t h e  areas of advanced s t r u c t u r a l  concepts m d  
materials a p p l i c a t i o n s ,  s t r u c t u r a l  mechanics, s t r u c t u r a l  loads,  s t ruc i -u ra l  
dynamics, h igh  temperature  s t r u c t u r e s ,  cryogenic  s t o r a g e  and l a r g e  or1) i t ing 
antenna s t r u c t u r e s .  

S u b s t a n t i a l  p rog res s  h a s  been made i n  p rev ious  y e a r s  t o  a l l e v i a t e  che low- 
frequency dynamic problems r e s u l t i n g  from ground winds, i n - f l i gh t :  winds, and 
o t h e r  r e l a t e d  cond i t ions  causing o v e r a l l  s t r u c t u r a l  responses.  A conlzerted 
a t t a c k  h a s  ncw been i n i t i a t e d  on t h e  c r i t i c a l  problems caused by high frequency 
dynamic condi t ions.  Emphasis w i l l  be  given t o  improved techniques of a n a l y s i s  
and b e t t e r  ground tes t  s imula t ion  t o  reduce t h e  n e c e s s i t y  f o r  overdesign and 
o v e r t e s t i n g .  

The genera 1 purpose s t r u c t u r a l  a n a l y s i s  computer program f o r  space v e h i c l e s  
should become o p e r a t i o n a l  du r ing  FY 1969. This  program w i l l  permit m n e  uniflorm 
and e f f e c t i v e  s t r u c t u r a l  des ign  a n a l y s i s  o f  t h e  i n t e g r a t e d  space vehil-le and t h e  
i n t e r a c t i o n s  of s t a g e s  and subsystems. It w i l l  a l s o  accommodate new technologies  , 
such as those r e l a t e d  t o  high frequency dynamics. The program may a l s o  f i n d  
a p p l i c a t i o n  t o  o t h e r  s t r u c t u r e s  such as bu i ld ings ,  b r idges ,  ship!; and a i r c r a f t .  

Analysis  a.nd small-scale experiments are under way on l a r g e  aritienn,a s t r u c t u r e s  
f o r  o r b i t i n g  r a d i o  t e l e scopes .  Cr i t ica l  t e c h n i c a l  problem areas of s t r u c t u r e s  
are being i d e n t i f i e d .  Small-scale  l a b o r a t o r y  experiments w i l l  be continued t o  
t h e  e x t e n t  pc'ssib le. 

Emphasis w i l l  cont inue i n  advanced r e s e a r c h  and technology for  p ro  longed 
space storage'  o f  cryogenic  f l u i d s .  Progress  i s  being made i n  developing improved 
t anks  and m a t e r i a l s  and more e f f e c t i v e  i n s u l a t i o n  systems f o r  s t o r i n g  l i q u i d  
hydrogen 

Space Environmental Fac to r s  

This subprogram i s  concerned wi th  t h e  e f f e c t s  of t h e  space environment on 
space v e h i c l e  design and o p e r a t i o n  and t h e  development o f  t h e  r e  Lated technolo- 
g i e s  req,uirecl f o r  design. The p r i n c i p a l  areas o f  concern a r e  space r a d i a t i o n : ,  
meteoroids  , reduced g r a v i t y  and thermal r a d i a t i o n .  Continuing resear -h i n  
t h e s e  areas i s  r e q u i r e d  as mis s ions  and s p a c e c r a f t  become more complicated and 
invo lve  longer  exposure times i n  space. 

Exposure t o  high-energy space r a d i a t i o n  can degrade t h e  pe r fomance  o f  
spacecra.ft  mmterials  and components and necessitate s h i e l d i n g  foic man. Research 
i s  cont inuing on r a d i a t i o n - s e n s i t i v e  materials and components w i t h  emphasis 011 
t h e  understanding of b a s i c  damage mechanisms. Research i s  a l s o  con t i3u ing  t o  
o b t a i n  d a t a  f'or u s e  i n  s h i e l d i n g  des ign  as w e l l  as on t h e  development of 
improved s h i e l d i n g  methods. The r e c e n t l y  completed NASA Space Radiat ion E f f e c t s  
Laboratory is now i n  f u l l  ope ra t ion .  
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Advances have been made i n  determining t h e  meteoroid p e n e t r a t i o n  hztzard i n  
nea r -ea r th  space,  but  a d d i t i o n a l  d a t a  are s t i l l  needed. S t u d i e s  o f  m t t u r a l  
meteors e n t e r i n g  t h e  e a r t h ' s  atmosphere w i l l  be cont inued t o  o b t a i n  tlte 
a d d i t i o n a l  d a t a  on t h e  nea r -ea r th  environment. Also, emphasis w i l l  br! placed 
on s t u d i e s  of new d e t e c t i o n  concepts f o r  u se  i n  o b t a i n i n g  f u t u r e  f l i g l t t  d a t a  
on t h e  hazard i n  both t h e  nea r -ea r th  and a s t e r o i d  regions.  
meteoroids i a  t h e  l a b o r a t o r y  i s  s t i l l  no t  adequate ,  and work i s  contiriuing on 
techniques t o  o 3 t a i n  t h e  d e s i r e d  p a r t i c l e  masses and v e l o c i t i e s  i n  ground test 
f a c i l i t i e s  . 

Simulatiort o f  

The maintenance of d e s i r e d  temperatures  under va ry ing  thermal  inpui:s i s  
e s s e n t i a l  t o  r e l i a b l e  s p a c e c r a f t  ope ra t ion .  Continuing r e s e a r c h  incl i ides  
development (of s t a b l e  c o a t i n g s  having d e s i r e d  r a d i a t i v e  c h a r a c t e r i s t x c s ,  
h e a t  t r a n s f e r  a n a l y s i s  techniques,  and advanced thermal c o n t r o l  concel?ts. 
A t t e n t i o n  w i l l  b e  g iven i n  FY 1969 t o  t h e  problem of deg rada t ion  a f  r i i d i a t i v e  
p r o p e r t i e s  of s u r f a c e  coa t ings  r e s u l t i n g  from exposure t o  t h e  space erivironmeriit 
and t o  t h e  problem of p rope r ly  s i m u l a t i n g  t h a t  environment i n  t h e  laboratory.  

Space Vehicle Design Cri ter ia  

The o b j e c t i v e  of t h i s  program is  t o  develop, document, and pub l i sh  design 
c r i t e r i a ,  i nc lud ing  models of t h e  environments, t h a t  are a p p l i c a b l e  t o  t h e  
design o f  space v e h i c l e  s t r u c t u r e s ,  p ropu l s ion  systems, and guidance iind cont:ro:l 
systems. Research r e s u l t s  and experience gained from t h e  design and o p e r a t i o n  
of space v e h i c l e s  are  being u t i l i z e d  t o  formulate  and update  t h e  c:riti?ria i n  
o r d e r  t o  i n s u r e  t h e  development o f  more r e l i a b l e  and e f f i c i e n t  space -7ehicles .  

To d a t e ,  e i g h t  documents have been completed and have been circu1aI:ed t o  
NASA c e n t e r s  and throughout: t h e  aerospace indus t ry .  Seve ra l  more docinnents, 
i nc lud ing  those  d e a l i n g  wi th  t h e  meteoroid environment, t h e  atmospheric winds, 
and t h e  albedo and r e f l e c t e d  r a d i a t i o n  from t h e  e a r t h  are nearing; com,pletion. 
I n  a d d i t i o n ,  a number of documents a r e  now i n  v a r i o u s  s t a g e s  of development 
and approximately 20 o f  t h e s e  should be completed and i s s u e d  du r ing  F I  1969. 

The program i n  FY 1969 w i l l  encompass t h e  areas of s t r u c t u r e s ,  c h a n i c a l  
rocke t  p ropu l s ion ,  guidance and c o n t r o l ,  and environments as i n  p r i o r  yea r s  
and w i l l  a lso inc lude  some i n i t i a l  e f f o r t  on electromechanical  mtxhan isms. 
The program i s  being c a r r i e d  o u t  i n  v a r i o u s  NASA c e n t e r s  w i th  t h e  a s s i s t a n c e  
of t e c h n i c a l  e x p e r t s  from t h e  ae rospace  i n d u s t r y  and u n i v e r s i t i e s .  

F i s c a l  year  1969 funds w i l l  be used t o  c o n t r a c t  f o r  t h e  s e r v i c e s  oE t e c h n i c a l  
e x p e r t s  o u t s i d e  of t h e  Fede ra l  Government who have t h e  knowledge and i2xperience 
i n  c r i t i c a l  a r e a s  of space v e h i c l e  design. 

RII 12-4 



Lifting-Body Program 

1967 1968 -- 1969- 

Fl ight  v e h i c l e s  and suppor t  
s e r v i . c e s . . . . . . . . . . . . . . . . . . .  $1,000,000 $1,200,000 $1,200,000 

FY 1969 fundi.ng i s  r equ i r ed  f o r  t h i s  cont inuing  program t o  i n v e s t i g , a t e  i n  
f l i g h t  wi th  nianned r e sea rch  v e h i c l e s  t h e  p i l o t i n g  and c o n t r o l  problems of  
l i f t i ng -body  conf igu ra t ions  a t  t r a n s o n i c  speeds and du r ing  terminal. approac:h 
and landing. 

Sevent:een : f l i gh t s  have been made t o  da te .  S u b s t a n t i a l  d a t a  on f l y i n g  
q u a l i t i e s  and performance have been ob ta ined ,  problem areas uncovered, and 
means for  improvement found, a l l  i n  keeping wi th  t h e  o b j e c t i v e s  of the 
r e sea rch  pro$, 'I : am. 

F l i g h t  t e s t s  o f  t h e  M2-F2 v e h i c l e  were h a l t e d  i n  May 1967 when it b4as 
damaged i n  landing. The HL-10 i s  i n  f l i g h t  s t a t u s .  A t h i r d  t e s t  v e h i c l e ,  
t h e  X-24A, deve:!oped under USAF ausp ices  h a s  been added t o  t h e  progran. The 
X-24A i s  undtrgoing ex tens ive  p r e f l i g h t  tests p repa ra to ry  t o  f l i g h t  dirring 
FY 1969. 

Some increiast? i n  funding was necessary  i n  FY 1968 and w i l l  a l s o  be r equ i r ed  
i n  FY 1969 as a consequence of t h e  M2-F2 a c c i d e n t ,  modi ' f icat ions t h a t  were 
found t o  be necessary  f o r  t h e  HL-10, and t h e  a d d i t i o n  of t h e  X-24A. 

Reentry Heat i n n  F l i g h t  Experiments 

19651 1967 1968 -- 
Spacecraf t  and support . .  ...... $1,800,000 $2,206,000 $1,500:, 000 
Scout (launch v e h i c l e  pro- 

cureinent program). .......... (100 ,000~  (2,150,000J ~ , 2 0 0 : , ~  

To t a l  ( inc lud ing  launch 
vehicle:;) .  .............. ($ 1,900,000) ($ 4,356,000) &2,7 00,, 000) --- 

Two r e e n t r y  experiment payloads are  being f a b r i c a t e d  f o r  launch wii:h Scout 
v e h i c l e s  t o  o b t a i n  anchor-point  d a t a  on t h e  h e a t i n g  rates a s s o c i a t e d  I i i th  
t u r b u l e n t  boundary l a y e r s  on c l ean ,  nonabla t ing  s u r f a c e s  a t  h igh  Mach numbers 
and on t h e  cond i t ions  r e l a t e d  t o  t r a n s i t i o n  from laminar t o  t u r b u l e n t  flow. 
Resu l t s  from t h e s e  experiments  w i l l  permit  c o r r e l a t i o n  of  l abora to ry  (lata and 
assist  i n  t h e  s o l u t i o n  o f  t h e  g e n e r a l  problem of  t u r b u l e n t  flow Eeatiiig. 

The f i r s t  experiment w i l l  be flown i n  t h e  f i r s t  h a l f  of  CY 1968. ;:Y 1969 
w i l l  provide for completion of  t h e  second payload and launching o f  thi! second 
experiment. 
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Funds w i l l .  a l s o  provide f o r  t h e  d e f i n i t i o n  of c r i t i c a l  follow-on experiments 
on conf igu ra t ions  wi th  a b l a t i v e  h e a t  s h i e l d s  t o  determine t h e  e f f e c t s  of  
roughened, char red  s u r f a c e s  and ou tgass ing  on boundary l a y e r  t r a n s i t i o n  and t o  
i n v e s t i g a t e  t h e  i n t e r a c t i o n s  between t h e  high-temperature  flow fie1.d and t h e  
a b l a t i n g  hea t  s h i e l d s  a s  t hey  a f f e c t  h e a t  s h i e l d  performance and v e h i c l e  motiolls. 

Small Space Vehicle  F l i g h t  Experiments 

1969 ----- 1967 1968 

Spacecraf t  smd support . . . . . . . .  $4,262,000 $1,336,000 $1,300,000 

P lane ta ry  Eht rv  Parachute  Technology - During FY 1967 and FY 1968, i n t e r -  
mediate  and 1s.rge s c a l e  parachute  tests were conducted a t  t r anson ic  and low 
supersonic  speeds t o  eva lua te  promising parachute  concepts  f o r  t e rmina l  descent: 
o f  unmanned M,xs instrumented capsules .  It was found t h a t  deployment 2nd 
canopy i n f l a t i o n  could be accomplished i n  t h e  wake of a l a r g e  bluEf a e r o s h e l l  
s t r u c t u r e  r e p r e s e n t a t i v e  of  a t y p i c a l  Mars e n t r y  probe. Two type:; of  l a rge -  
p o r o s i t y  parachutes ,  t h e  disc-gap-band and r i n g s a i l ,  were shown t o  have s a t i s -  
f a c t o r y  c h a r a c t e r i s t i c s  t o  Mach 1,6.  

I f  deployment and s t a b l e  f l i g h t  can be accomplished wi th  assurance  , a t  h ighe r  
Mach numbers, t h e  weight of  t h e  payload t o  be landed on t h e  Mars s u r f a c e  could 
be increased .  F l i g h t  t e s t s  w i l l  be conducted i n  FY 1969 t o  extend t h e  range 
of  i n v e s t i g a t i o n .  

---- Heat Shie lc  Materials Technolom - Small scale f l i g h t  t e s t s  of  h e a t  s h i e l d  
materials c l o s e l y  coupled wi th  a r c - j e t  tests i n  t h e  l abora to ry  have inc reased  
our  knowledge of  hea t  s h i e l d  performance. A r e c e n t  Pacemaker f l i g h t  m,ade a 
s i g n i f i c a n t  c c n t r i b u t i o n  t o  t h e  Apollo program by ob ta in ing  d a t a  on s i inulated 
protuberances.  The program w i l l  cont inue  i n  FY 1969. 

RD 12-6 



FESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF ADVANCED RESEARCH A N D  TECHNOLOGY ELECTRONICS SYSTEMS PiiOGRAM 

PROGRAM OBJECTIVES A N D  JUSTIFICATION : 

The o b j e c t i v e  of t h e  E l e c t r o n i c s  Systems program i s  t o  provide the  know- 
ledge and technology which w i l l  s a t i s f y  the  requirements  of  f u t u r e  spnce 
and a e r o n a u t i c a l  systems i n  the  most e f f e c t i v e  and e f f i c i e n t  manner. Re- 
search  a c t i v i t i e s  inc lude  a l l  e lements  of e l e c t r o n i c s  and c o n t r o l  fun1:tions 
from conceptual  s t u d i e s  through the  development and e v a l u a t i o n  of new o r  
improved components and subsystems. The program e f f o r t s  c e n t e r  on :  (1) 
support  of f u t u r e  space miss ions ,  ( 2 )  improved av ion ic s  sys t ems  for a l l  
types  of a i r c r a f t ,  and ( 3 )  gene ra l  r e sea rch  on new o r  advanced techniques 
i n  t h e  f u n c t i o n a l  areas of i n s t rumen ta t ion ,  da t a  p rocess ing ,  comrnunicntions, 
guidance,  c o n t r o l  and component technology. Achievement of  program gI2als 
i s  sought through a n a l y t i c a l  and experimental  s t u d i e s  performed :in i n d u s t r i a l ,  
academic and government l a b o r a t o r i e s .  F l i g h t  experiments  a r e  employed t o  
c o l l e c t  d a t a ,  confirm re sea rch  r e s u l t s ,  and v e r i f y  p red ic t ed  performaiice 
i n  those areas which cannot: be adequate ly  s t u d i e d  i n  t h e  l abora to ry .  

SUMMARY OF RE SOURCES REQUIREMENTS : 

1967 1968 

Support ing r e sea rch  and 
technology .................... $32,302,000 $38,700,000 

F l i g h t  p r o j e c t s  ................. 1,295,000 500,000 

T o t a l . . . . . . . . . . . . . . . . .  ......... $33,597,000 $39,200,000 

---- D i s t r i b u t i o n  of Propram Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Cen te r . . . . . .  
Marshall  Space F l i g h t  Center . .  
Goddard Space F l i g h t  Center . .  . 
J e t  Propuls ion  Laboratory. .  ... 
Ames Research Center . .  ........ 
E l e c t r o n i c s  Research Cen te r . .  . 
F l i g h t  Research Center  ........ 
Langley R.esearch Cen te r . . . . . . .  
Lewis Research Center  ......... 
NASA Headquarters ............. 
Western Support Of f i ce  ........ 

$292,000 
4,049,000 
3,306,000 
2,282,000 
3,735,000 
9,716,000 

845,000 
7,156,000 

450,000 
1,761,000 

5,000 

$150,000 
2,655,000 
2,660,000 
3,305,000 
3,815,000 

15,935,000 
890,000 

5,320,000 
400,000 

4,070,000 --- 

!j38,913O,OOO 
---I 500 ,000 

$150,000 
2,600,000 
2,7 ' )0,000 
3,31)0,000 
3,815,000 

1 6 ,  LOO ,000 
8 30,000 

5,5I)O,OOO 
4D0,OOO 

3,9 $5,000 --- 
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BASIS OF FUND REQUIREMENTS: 

Support ing Research and Technology 

Advanced concepts .  ................ 
Guidance syst,ems. ................. 
Control  systeins ................... 
Communica t ions . . . . . . . . . . . . . . . . . . . .  
Tracking and data a c q u i s i t i o n  ..... 
Data handl ing and process ing  ...... 
Ins  t rument.at ion.  .................. 
Elec t ron ic  techniques and 

components ...................... 

1!169 -.--- 1967 1968 

$1,071,000 
7,368,000 
6,444,000 
4,615,000 
3,060,000 
3,140,000 
3,609,000 

2,995,000 

$3,820,000 
8,200,000 
5,900,000 
4,7 7 5,000 
3,625,000 
4,010,000 
3,810,000 

4,560,000 

$3,7:)5,000 

6 , Z”5,OOO 
4,7:10,000 
3 ,61 to ,000 
#4,0:!5,000 
14 , 0 1 i 5 , 0 0 0 

7,8?0,000 

T o t a l . .  ....................... $32.302,000 $38,700,000 >38,900,000 
--I__ 

Advanced Concepts 

Research i n  the advanced concepts  subprogram i s  comprised of s tud i t ! s  t o  
de f ine  t iechnical requirements  of f u t u r e  aerospace systems,  the  develoljment 
of methods and techniques f o r  performing system ana lyses ,  and l a r g e  sirstem 
e f f o r t s  .which eincompass s e v e r a l  f u n c t i o n a l  areas. 

E f f i c i e n t  ope ra t ion  of supersonic  a i r c r a f t  r e q u i r e s  t h e  u s e  of t he  most 
advanced technology a v a i l a b l e .  To meet t h i s  requirement i n  those func.t ions 
performed e l e c t r o n i c a l l y ,  t he  E l e c t r o n i c s  Research Center has  begun dcbvelopment 
of an i n t e g r a t e d  e l e c t r o n i c s  s y s t e m  f o r  supersonic  a i r c r a f t .  Current  e f f o r t s  
a r e  cen te red  on the  a n a l y s i s  of system requirements .  In FY 1969,  the3;e 
e f f o r t s  w i l l  cont inue and development of system components w i l l  beg in .  

Earth o i b i t i n g  s p a c e c r a f t  provide ou t s t and ing  o p p o r t u n i t i e s  t o  s tu t ly  and 
eva lua te  the  e a r t h ’ s  n a t u r a l  and man-made c h a r a c t e r i s t i c s  through the  use 
of  on-board .sensors.  P r i n c i p a l  c o n s t r a i n t s  on t h i s  technology a r e  thc 
r e s o l u t i o n  o f  a v a i l a b l e  sensors  and methods f o r  e f f i c i e n t  a n a l y s i s  ant1 
r educ t ion  of accumulated da ta .  S tud ie s  of t y p i c a l  d a t a  obta ined  i n  ptist  
space missions have begun and w i l l  cont inue  i n  FY 1969 t o  i d e n t i f y  u s c f u l  
f e a t u r e s  of tnalr d a t a ,  and determine a r e a s  where improved sensors  o r  ( lata 
handl ing techniques can improve the  q u a l i t y  and e f f i c i e n c y  wi th  bhich u s e f u l  
r e s u l t s  (can 115 obta ined .  

Guidance Systems 

Guidance I; ystem re sea rch  has  the  o b j e c t i v e  of provid ing  improved sc nsor s  
and techniques  Eor determining the  p o s i t i o n  and f l i g h t  pa th  of aerospzice 
v e h i c l e s .  Pirincipal e f f o r t s  inc lude  the  development of advanced i n e r t  i a l  
and e l e c t r o m a g w t i c  senso r s ,  high r e l i a b i l i t y  computers,  and s i inp l i f ic  d 
equat ion  s f o r  guidance and nav iga t ion .  
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P r i o r  year  e f f o r t s  on strapdown (fixed-nongimballed) i n e r t i a l  guidilnce 
sys t ems  using e l e c t r o s t a t i c  gyros w i l l  culminate  i n  l a b o r a t o r y  t e s t s  of t he  
complete system during FY 1969. F l i g h t  tests on tes t  a i r c r a f t  w i l l  fo l low.  
Research on Long-l i fe ,  h igh ly  a c c u r a t e  gyros and acce lerometers  for  gl.m- 
b a l l e d  systems w i l l  cont inue .  Laboratory tests of  developmental mode 1.s 
w i l l  beg in  i n  Ff 1969. 

Research i n  (e lectromagnet ic  s enso r s  w i l l  c e n t e r  on cont inued development 
of  s o l i d  s t a t e  d e t e c t o r s  t o  provide inc reased  r e l i a b i l i t y  and accurac;r i n  
hor izon  sens ing  and s t a r  t r a c k i n g  a p p l i c a t i o n s .  Study of holographic  imaging 
techniques  a s  a means f o r  determining a t t i t u d e  i n  space w i l l  be i n i t i i i t e d .  
A l a s e r  radar  f o r  space rendezvous has  been s u c c e s s f u l l y  developed ancl 
t e s t e d  i n  ground s imula t ions .  Follow-on e f f o r t s  i n  FY 1969 w i l l  focu:; on 
developmlent (of $a space experiment t o  confirm ground t e s t  r e s u l t s .  

Computers a r e  e s s e n t i a l  t o  t h e  guidance and nav iga t ion  of manned ac:rospace 
v e h i c l e s .  A concept which provides  f o r  s e l f  t e s t i n g  and r e p a i r  by thtb com- 
p u t e r  has  been 'developed and i s  now being implemented. Laboratory t e : ; t s  w i l l  
be conducted i n  FY 1969. S tud ie s  of  techniques  f o r  i n t e g r a t i n g  compu1.er 
func t ions  w i t h  the guidance senso r s  w i l l  cont inue .  

Tra j e 2 t or:y ana 1 ys i s  provides  m a t  hema t i c a l  too 1 s f o r  deve 1 op in@ gu i c  lance 
equa t ions  and s i m p l i f i e d  techniques  f o r  accomplishing guidance and nairigat ion 
func t ions .  T h i s  work i s  fundamental t o  t he  guidance r e sea rch  and w i l .  con- 
t inue . 

Contro l  Systems 

Control  and s t a b i l i z a t i o n  r e sea rch  and development l e a d s  t o  iniprovfments 
i n  space and ae ronau t i ca l  c o n t r o l  systems. Areas of emphasis a r e  prec.ise 
po in t ing  conitrots f o r  as t ronomica l  t e l e s c o p e s ,  long l i f e  s p a c e c r a f t  a l . t i t ude  
c o n t r o l s ,  f l i g h t  c o n t r o l s  f o r  v e r t i c a l / s h o r t  t akeoff  and landing  (V/S1'OL) 
a i r c r a f t  and general  a v i a t i o n  u s e ,  and d i s p l a y  and o t h e r  component deirices . 

E f f o r t s  on c o n t r o l  moment gyros (CMG) c o n t r o l  techniques  f o r  p rec i t ; i on  
po in t ing  app t i c a t i o n s  have been p rev ious ly  r epor t ed .  This  work i s  be;.ng 
extended t o  s tudy  c o n t r o l  systems f o r  l a r g e ,  f l e x i b l e  manned spacecra i ' t .  
Simulat ion and tes t  equipment f o r  t h i s  purpose have been procured.  CcIm- 
ponent tests ,art? completed. F u l l  s c a l e  CMG system tests w i l l  be i n i t i . a t e d  
i n  FY 1949. 

A v e r s a t i  11. E a c i l i t y  f o r  long l i f e  a t t i t u d e  c o n t r o l  system deve Lopnient 
has  been insl-a1 led a t  A m e s  Research Center .  Sensor l o g i c  and actui3toI 
des ign  will be s t u d i e d  i n  t h i s  f a c i l i t y  dur ing  FY 1969 t o  o b t a i n  optiniized 
c o n t r o l  ~ y s t e ~ n s  f o r  unmanned observa tory  and e a r t h  r e sources  s a t e l  L i t c  s .  

F l i g h t  c o n - r o l s  f o r  V/STOL a i r c r a f t  a r e  being s t u d i e d  t o  develop SJ stems 
which can proyride s t a b l e ,  poss ib ly  au tomat ic ,  v e r t i c a l  t ake -o f f s  and 1 anding. 
A d i s p l a y  gene ra to r ,  developed i n  p r i o r  year  e f f o r t s ,  i s  being used t c  s tudy  
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s h o r t  t ake  o f f  and landing  d i s p l a y s  f o r  low-noise approaches.  This  w i l l  l e ad  
t o  d i s p l a y  development i n  FY 1969. Improved f l i g h t  c o n t r o l s  f o r  gene ra l  
a v i a t i o n  a i r c r a f t  are being developed. Research on proximity warning in -  
d i c a t o r s  (PWI) seeks  t o  reduce t h e  danger of  mid-air  c o l l i s i o n s  :in c i v i l  
a i r c r a f t .  F l i g h t  tests w i l l  occur  i n  FY 1969. Display devices  which ope ra t e  
i n  b r i g h t  l i g h t  are be ing  developed and w i l l  be improved i n  the  c:ominlg year .  

Components such as a new v a r i a b l e - f i e l d  b r u s h l e s s  d i r e c t  c u r r e n t  motor, 
a r e  being developed f o r  gene ra l  use i n  c o n t r o l  systems. Con t r ibu t ing  t o  a l l  
c o n t r o l  system development i s  a program of b a s i c  and a p p l i e d  c o n t r o l  irheory 
r e sea rch .  

Communications, Tracking and Data Acqu i s i t i on  

Ear th  resources  s a t e l l i t e s  and o r b i t i n g  as t ronomica l  t e l e scopes  must 
t r ansmi t  high r e s o l u t i o n  images back t o  e a r t h  i n  q u a n t i t i e s  which w i l l  exceed 
the  c a p a b i l i t y  Df our  p re sen t  technology. Future  deep space miss ions  a l s o  
r e q u i r e  g r e a t l y  increased  d a t a  ra tes  t o  make the  g r e a t e s t  use of theii :  
c a p a b i l i t i e s  as they  pass  o t h e r  p l a n e t s  and endeavor t o  map the i r .  s u r f a c e s .  
Each mission has s p e c i f i c  requirements  which in f luence  the  techniques  and 
frequency t o  be  used so s t u d i e s  are c o n t i n u a l l y  performed t o  detcruninc: t h e  
optimum systems. Research i s  cont inuing  i n  t h e  improvement of corriponc:nts 
such as high-power, h i g h - e f f i c  iency tubes  and l a r g e  space -e rec t ab le  aii tennas.  
Since l a r g e  reduct ions  i n  s i z e  and weight can be a t t a i n e d  by the  use of 
higher  f r equenc ie s ,  both submi Llimeter and o p t i c a l  t echniques  a re  lbeiiig 
explored.  The technology of o p t i c a l  communications has  progressed s u i -  
f i c i e n t l y  during the  p a s t  t h r e e  yea r s  t o  g ive  sav ings  i n  s i z e  anc weil:ht 
of 50% o r  more over  convent iona l  microwave systems and, a t  t h e  same t.i.me, 
t o  inc rease  the communication margin of s a f e t y  by a f a c t o r  of  3 0 .  In  
FY 1969, work w i l l  cont inue  on t h e  development of laser l i g h t  sources 
modulators,  & t e c t o r s  and t e l e scopes .  I n  a l l  of t hese  communication :;ysterns, 
improved perCxrnance can be ob ta ined  a t  minimum c o s t  by the  use of adiranced 
coding techn.ilques. A r e c e n t  development i n  t h i s  area w i l l  be used i n  the  
P ioneer  D mission.  Other promising techniques  w i l l  be explored  and developed 
wi th  univers . i ty  g r a n t s  i n  FY 1969. 

To improve the  q u a l i t y  o r  r e s o l u t i o n  o f  as t ronomica l  t e l e s c o p e s ,  i t  i s  
extremely de:; i r a b l e  t o  p l ace  the  t e l e scope  o u t s i d e  t h e  e a r t h ' s  atmospkiere. 
A t e lescope  fin :;pace could  see  ce l e s t i a l  o b j e c t s  wi th  200 t i m e s  t he  d t t a i l  
a v a i l a b l e  t o  e a r t h  t e l e scopes .  Eowever, t o  b u i l d  and ope ra t e  a lairge 
space te : lescope,  new m i r r o r  materials must be found and t e s t e d ,  and a 
method must be developed f o r  determining t h e  accuracy of mi r ro r  s u r f a c e s  
and f o r  c o n t i n u a l l y  c o r r e c t i n g  the  d e t e c t e d  e r r o r s .  Research on these 
problems i s  underway and w i l l  cont inue  i n  FY 1969. 

The ava i lah i1 . i ty  of lasers f u r n i s h e s  a va luab le  t o o l  f o r  a t t a i n i n g  
increased  accxiracy i n  t r a c k i n g  sa te l l i t es .  Pulsed ruby laser systems have 
a l r e a d y  achieved an accuracy of  1.5 meters. The use o f  argon l a s e r s  and 
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doppler techniques should y i e l d  an improvement t o  approximately 1.5 c e n t i m e t e r s .  
Development of a t r a c k i n g  system employing these  techniques w i l l  con t inue  i n  
FY 1969. 

Data Process ing  

To keep pace wi th  t h e  i n c r e a s i n g  needs o f  aerospace mis s ions ,  cont  inuing 
advances i n  both ground-based d a t a  p rocess ing  and s p a c e c r a f t  cornputin;,: 
c a p a b i l i t y  a r e  needed. 

P r i o r  yea r  funds have provided computer programs and equipment. whic:h permit: 
more e f f e c t i v e  communications between experimenters  and l a r g e  ground-l)ased 
computers i n  the  s o l u t i o n  of complex problems. Techniques are being 'ieveloped 
t o  f a c i l i t a t l e  t h e  e x t r a c t i o n  of u s e f u l  information from d a t a  ob ta ined  i n  space 
experiments.  I n  FY 1969, cont inued improvements i n  t h e s e  techniques i q i l l  be 
sought ,  with p a r t i c u l a r  emphasis on methods f o r  e x p e d i t i n g  t h e  a n a l y s i s  of 
d a t a  from s p a c e c r a f t ,  wind tunne l  tes ts ,  p i l o t / c o n t r o l  and physicilogii:al 
experiments.  

Research e f f o r t s  i n  p rev ious  y e a r s  have r e s u l t e d  i n  t h e  developmenl: o f  
b a s i c  components and conceptual  c i r c u i t  arrangements which have Exhib iLted 
major performance improvements i n  l a b o r a t o r y  demonstrations o f  spaceborne 
computers. 
and development of eng inee r ing  models f o r  a d d i t i o n a l  t e s t i n g .  Furthei: 
development is expected t o  r e s u l t  i n  s p a c e c r a f t  computers equa l  i n  pel:- 
formance t o  ( c u r  r en t  l a r g e  scale ground-based computers. 

'Fiscal yea r  1969 work w i l l  be d i r e c t e d  toward system r e f  iiiement 

Research will a l s o  con t inue  on techniques f o r  pre-processing d a t a  on board 
s p a c e c r a f t  t o  minimize the  q u a n t i t y  of d a t a  t r a n s m i t t e d  and processed on t h e  
ground. 

In s t rumen ta t ion  

Aerospace missions o f  t h e  f u t u r e  w i l l  con t inue  to  be h e a v i l y  clepenclent 
on the  a v a i l a b i l i t y  o f  measurement techniques t o  o b t a i n  s c i e n t i f i c  dai:a, 
and instruments  f o r  o b t a i n i n g  t e s t  and eng inee r ing  measurements. 

Development of techniques which provide v i s u a l  and o p t i c a l  i n f o  rmal.ion 
i s  p a r t i c u l a r l y  important .  P r i o r  yea r  r e s e a r c h  e f f o r t s  have advanced our  
c a p a b i l i t y  t o  measure and provide information r e l a t e d  t o  launch v e h i c l e  
and spacecraEt  (design and t e s t i n g ,  space o p e r a t i o n s  and ground simulal.ion 
f ac i 1 i t  i e  s . ,4ppl icat ion  of m i c r o e l e c t r o n i c  technology, develope c undt!r 
o t h e r  p r o g r a m ,  has  been of cons ide rab le  b e n e f i t  t o  i n s t rumen ta t ion  rt!- 
sea rch .  F i s c a l  year  1969 e f f o r t s  are planned t o  con t inue  t h e  app1ical.ion 
of such r e l a t e d  t echno log ie s  and develop a d d i t i o n a l  c a p a b i l i t y  t c  mea:;ure 
and sense p h y s i c a l  phenomena i n  p a r t s  of t h e  e l ec t romagne t i c  spectrum 
which a r e  s t  i l l  r e l a t i v e l y  unexplored ( p a r t i c u l a r l y  i n  the  I n f r a r e d  arid 
U1 t r a v i o l e t  :reg ions).  



e 

Lasers a r e  r e c e i v i n g  more and more a t t e n t i o n  i n  t h e  f i e l d  of i i i s t ru~nent  re- 
sea rch  because of t h e i r  unique p r o p e r t i e s .  One p a r t i c u l a r l y  i n t e r e s t i n g  
development is, a ground based laser system which measures d e n s i t y  of t he  
e a r t h ' s  a.tmosphere i n  a v e r t i c a l  d i r e c t i o n .  I n  a d d i t i o n  t o  the  unique 
c a p a b i l i t y  of making measurements from t h e  ground which were p rev ious ly  only 
a v a i l a b l e  from ba l loons  o r  r o c k e t s ,  t h i s  development has  provided a. p o s s i b l e  
technique f o r  d e t e c t i o n  of c l e a r  a i r  turbulence (CAT),  a problem of  s e r i o u s  
importance i n  j e t  a i r c r a f t  o p e r a t i o n s .  F i s c a l  yea r  1969 funds a r e  planned 
t o  cont inue t h e  o r i g i n a l  development program and t o  i n v e s t i g a t e  f e a s i b i l i t y  
of a i r b o r n e  CAT d e t e c t o r  systems u s i n g  lasers. Other r e s e a r c h  ef Eorts w i l l  
con t inue  t o  s tudy t h e  a p p l i c a t i o n  o f  l a s e r s  t o  in s t rumen ta t ion  problems. 

E l e c t r o n i c  Techniques and Components 

Research i n  e l e c t r o n i c  techniques and components s eeks  t o  deve top inproved 
e l e c t r o n i c  dexvices wi th  inc reased  v e r s a t i l i t y ,  h ighe r  i n i t i a l  q u a l i t y  and 
longer  u s e f u l  l i f e t i m e s ,  and t o  e s t a b l i s h  p r i n c i p l e s  and pract ice .5  f o r  t e s t i n g  
and us ing  these  devices  more e f f e c t i v e l y .  

Recent advances i n  e l e c t r o n i c  component technology have l e d  frorn d i s c r e t e  
p a r t s  t o  inteE,rated c i r c u i t s  and c u r r e n t l y  t o  l a r g e  s c a l e  i n t e g r a t i o n  (LSI) 
i n  t h e  e q u i v a l e n t  of hundreds of p a r t s  formed and in t e rconnec ted  a u t o m a t i c a l l y  
on a s i n g l e  device.  The p o t e n t i a l  u t i l i t y  of t h i s  technology t o  provide 
complex e l e c t r o n i c  func t ions  wi th  minimum space and weight requirements  
makes cont inued r e sea rch  and development e s s e n t i a l .  During EY 1940, r e s e a r c h  
e f f o r t s  w i l l  seek b e t t e r  materials f o r  making l a r g e  s c a l e  i n t e g r a t e d  c i r c u i t  
devices  rind improved f a b r i c a t i o n  techniques.  The t i n y  s i z e  of t h e  p a r t s  
arranged on each device r e q u i r e s  development of new t o o l s  and techniques 
f o r  i n s p e c t i n g  and t e s t i n g  f i n i s h e d  products .  Since many p a r t s  a re  l o c a t e d  
on a s i n g l e  clevice, e f f i c i e n t  c i r c u i t  design r e q u i r e s  t h e  development of 
computer techniques which can qu ick ly  examine a l l  p o s s i b l e  combinat i ons  
of c i r c u i t  elements and enable  the  des igne r  t o  s e l e c t  t h e  b e s t  arrangement 
f o r  a p a r t i c u l a r  a p p l i c a t i o n .  

Reseasch w i l l  con t inue  on methods f o r  making i n t e r c o n n e c t i o n s  .and c a b l e s  
which j0i.n t h e  e l e c t r o n i c  components i n t o  systems, and on improved packaging 
and assembly Lechniques. E f f o r t s  t o  develop p a r t s  t h a t  w i l l  wi thstand the 
v a r i a t i o n s  of t h e  space environment,  p a r t i c u l a r l y  temperature  extremes,  
w i l l  r e c e i v e  inc reased  emphasis i n  Fy 1969. 

F l i g h t  P r o j e c t s  

1967 1968 
Radio A t  tenuat  i on  Measurements 

Small F1igh.t: r ' ro jec t  (SCANNER). . . 295,000 
(RAM-~C) . . . . . . . . . . . . . . . . . . . . . . . .  $1,000,000 $500,000 --- 
Total  F1ig;ht P r o j e c t s . .  . . . . . . . . $1,295,000 $500,000 

1969 -,- 

$500,000 
--- 

$500,000 
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1967 1968 - 19 69 

Scout (Launch Vehicle  
Pro c: u r  e me n t . Program) . . . . . . . . . . ( $700,000) ($900 ,tIOO) - (---I 

T o t a l  i:iricluding 
Launch Veh ic l e s ) .  . . . . . . . . . . ($1,995,000) ($1,400,000) - ($500,000) - 

F l i g h t  p r o j e c t s  provide v e r i f i c a t i o n  of l a b o r a t o r y  i n v e s t i g a t i o n s  and a c q u i r e  
d a t a  on natw:al. phenomena whic.h are essent ia l  t o  t h e  development of advanced 
s e n s o r s  and !;y:;tems. Brief  d e s c r i p t i o n s  of t h e s e  p r o j e c t s  are proviced i n  the  
fol lowing poi-agraphs . 

Radio A t t e n u a t i o n  Measurements (RAM) 

P r o j e c t  U M  is  concerned wi.th a l l e v i a t i n g  the  communication b l ackcu t  
caused by the  plasma which surrounds a s p a c e c r a f t  as i t  reenters t h e  
atmosphere. RAM C - 1  was s u c c e s s f u l l y  flown i n  October 1967 and demoristrated 
the  pa r t i a l  e f f e c t i v e n e s s  of t h e  u s e  of h ighe r  f r equenc ie s  and of thc in -  
j e c t i o n  of \ J i a t c : r  i n t o  t h e  plasma i n  overcoming t h e  blackout  problem i n  t h e  
25,000 f o o t  per  second v e l o c i t y  range.  RAM C-B w i l l  be flown i n  ca l cnda r  
year  1908 t o  determine wi th  g r e a t e r  accuracy the  c h a r a c t e r i s t i c s  of t h e  
r e e n t r y  plaarna shea th  i n  the  :!8,000 f o o t  p e r  second v e l o c i t y  range.  

Several  rvitc:rials have shown an a b i l i t y  i n  l a b o r a t o r y  t e s t s  f o r  f t i r ther  
a l l e v i a t i n g  i:he blackout  problem. I f  f u r t h e r  i n v e s t i g a t i o n  i n d i c a t e s  t h e i r  
s u p e r i o r i t y  over  w a t e r ,  a f l i g h t  t e s t  u s i n g  an e x i s t i n g  backup spilcec r a f t  
w i l l  be con:; idered f o r  FY 1969. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

HUMAN FACTOR SYSTEMS PROGRAM --- OFFICE 01: ADVANCED RESEARCH AND TECHNOLOGY --- 

PROGRAM OBJE(XI\IES AND JUSTIFICATION: 

The o b j e c t i v e  of t he  Human Fac to r  Systems Program i s  t o  provide tlie 
r e s e a r c h  and technology t o  (1) q u a l i f y ,  (2)  suppor t ,  and (3) u t i l i z e  man 
i n  advanced a e r o n a u t i c a l  and space missions.  Th i s  i s  accomplished by 
(1) determining man's r e a c t i o n s  t o  the  unique environments of s p c c e  arid 
a e r o n a u t i c a l  f l i g h t ;  ( 2 )  d e f i n i n g  the  e s s e n t i a l  requirements  f o r  sus t , i i n ing  
and p r o t e c t i i g  man i n  these  environments;  (3) developing the  tecktno1ol;y 
necessary t o  provide s u i t a b l e  l i f e  support  and p r o t e c t i v e  systems; ancI 
( 4 )  i n t e g r a t i n g  man's c a p a b i l i t i e s  w i th  those of machines t o  o b t a i n  
composite sys t ens  of s u p e r i o r  performance, I n  t h i s  manner we cart ensiire 
the optimum u t i l i z a t i o n  of man i n  space a s  a n o b s e r v e r ,  as a mechanic,  
and a s  a dec i s ion  maker. 

This  i s  accomplished through t imely ground based r e s e a r c h  i n  human 
f a c t o r s  v a l i d a t e d  by c r i t i c a l  f l i g h t  experiments i n  a i r  and space.  T l i i s  
w i l l  provide the  confidence necessary f o r  t he  use of man i n  the  I'uturl: 
spectrum of I r iss ions.  The t e c h n o l o g i c a l  t a s k s  t o  be accomplished inc lude  
assessment of t he  p h y s i o l o g i c a l  and psycho log ica l  e f f e c t s  on man. humm 
eng inee r ing ,  e x t r a v e h i c u l a r  eng inee r ing ,  pe r sona l  p r o t e c t i o n  and l i f e  
support .  Understanding of t he  p h y s i o l o g i c a l  e f f e c t s  on man as hc, r e s l o n d s  
t o  f u t u r e  a e r o n a u t i c a l  and space s t r e s s e s  i s  necessary f o r  h i s  e f f e c t i v e  
i n t e g r a t i o n  a i t h  the  t o t a l  system. Human engineer ing i s  e s s e n t i a l  foir 
the development of des ign  d a t a  and procedures  f o r  a v i a t i o n ,  maint-ain- 
a b i l i t y  i n  space,  and f o r  the a p p r o p r i a t e  i n t e g r a t i o n  of man i n  the  m m -  
machine complex. Ex t r aveh icu la r  eng inee r ing  w i l l  provide the  a s t r o n a i t  
w i th  work a i d s ,  t r a n s l a t i o n  d e v i c e s ,  and o t h e r  augmentation systcws f i r  
use i n  f r e e  space as  w e l l  as i n  e x t r a t e r r e s t r i a l  su r f ace  e n v i r o n n m t s .  
L i f e  support  i s  one of t he  m o s t  d i f f i c u l t  technology a r e a s  becauw of the 
many sub-systerr c a p a b i l i t i e s  t h a t  must be i n t e g r a t e d  as a f u n c t i o n a l  
system. Space s u i t s  and a s t r o n a u t  p r o t e c t i o n  dev ices  a r e  l i f e  sdving 
dev ices  whicf r u s t  be f a i l  s a f e ,  bu t  must provide a f u n c t i o n a l  cdpac i ty  
f o r  work w i t k  a minimum of decrement. 

The Human Fac to r  Systems Program i s  accomplished through a m i d t i -  
d i s c i p l i n e d  approach inc lud ing  r e s e a r c h e r s  i n  n e a r l y  every f i e l d  of 
medicine,  bicilcgy, psychology, eng inee r ing ,  phys i c s ,  and e l e c t r o n i c s ,  
l oca t ed  i n  KASA i n s t a l l a t i o n s  , Department of Defense aerospace medical 
f a c i l i t i e s  , m i v e r  s i  t i e  s , and i n d u s t r y .  
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SUMMARY OF RE SOlJRCE S REQUIR.EMENT -- S : --- 

P 
1968 --___ 1967 

Support ing r e s e s r c h  
and technology ........... $14,765,000 $19,385,000 

Sma 11 biotechnology 
f l i g h t  pr3je: ts  ........... 1 , 500,000 1,600,000 

T o t a l  ................... $16,265,000 $20,985,000 

D i s t r i b u t i o n  --- of Program A m c c  by I n s t a l l a t i o n :  

Manned Spacecraf t  Center . .  ... 
Marshal l  Space F l i g h t  Center .  
J e t  Propuls ion  Laboratory .... 
Wallops S ta t ion . . . , . . .  ....... 
Ames Research Center . .  ....... 
E l e c t r o n i c s  Research Center . .  
F l i g h t  R e  search  Center .  ...... 
Langley Research Center . .  .... 
Lewis Research Center . .  ...... 
NASA He ad quar t e r s ............ 
Western Support Of f i ce . . . . . . .  

$ 1,160,000 
100 , 000 

- - -  
- - -  

5,498,000 
610,000 

1,300,000 
4,516 , 000 

66 ,000  
2,979,000 

36 , 000 

$ 2,300,000 
300,000 

50 , 000 
535,000 

6,225,000 
980 , 000 

1,000,000 
5,955,000 

150 , 000 
3 , 390,000 

100 , 000 

BASIS OF FUND REQUIREMENTS: 

Support ing Research and Technology 

1967 1968 
Human r e  search  and performance $ 6,595,000 $ 5 , 985,000 
L i fe  support  and p r o t e c t i v e  

systems.. . , . . . . . .  ......... 5 , 262,000 9 , 000,000 

Advanced concep t s . . . . . . . . . . . .  416,000 - 500,000 
Man-systems i n t e g r a t i o n  ...... 2,492,000 3,900,000 

T o t a l . .  ................. $14,765,000 - $19,385,000 

1569 

$20,20C ,000 

1, 5CIC, 000 

9 ,  25Ci,OOO 
4 , 200,000 

50c~,000 __-.-- 

$20,200,00')  

Human Research and Performance 

The P r e s i d e n t ' s  S c i e n t i f i c  Advisory Committee Report  on t h i s  pZ'ogr3.m 
emphasized t h e  n e c e s s i t y  t o  q u a l i f y  man f o r  p o s s i b l e  f u t u r e  space exp Loits.  
The e x p e r t i s e  of  the  Space Science Board ' s  summer s tudy  groups arid 
committees provides  t h e  p l a n  of a t t a c k  on these  problems. I n  f i s c a l  7ear 
1969, a systems a n a l y s i s  approach w i l l  be used t o  determine how tlie 
adapt ive  mechanisms of the  ca rd iovascu la r  system perform t h e i r  f u n c t i  in 
of l i m i t i n g  t h e  d e l e t e r i o u s  e f f e c t s  of s t r e s s e s .  Computerized mathe- 
m a t i c a l  models w i l l  be used t o  s tudy  these  mechanisms based on d a t a  
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obta ined  from instrumented animals .  A key element i n  these  s t u d i e s  i s  the  
p rov i s ion  of b io ins t rumen ta t ion  t o  measure t h e  dynamic response of l i v i n g  
systems t o  v a r i o u s  s t r e s s e s .  In s t rumen ta t ion  techniques  inc lude  t-he u ;e of 
u l t r a s o n i c s  t c  measure blood f low and microminiature  implanted senL; cors  t o  
measure p r e s s u r e s ,  volumes, and a c c e l e r a t i o n s .  A m e s  Research Cenl.c>r h i s  
developed implantab le  mul t ichannel  t e l eme t ry  senso r s ,  which have bclen 
a c t i v e  f c r  f i k e  months i n  animals .  

The t c x i c i t y  of oxygen at v a r i o u s  p r e s s u r e s  i s  be ing  determined i n  
s e v e r a l  s p e c i e s  of animals  p re l imina ry  t o  human t e s t s  i n  f i s c a l  year  1369. 
Experiments have shown t h a t  excess ive  oxygen p res su re  must be avoided 
s i n c e  i t  can cause damage t o  lungs ,  k idneys ,  and o t h e r  organs.  

Hormones artd t h e i r  c o n t r o l  of s t r e s s  r e a c t i o n s  a r e  be ing  s tudied  i n  
animals  a t  t h e  c e l l u l a r  l e v e l ,  a s  w e l l  as i n  humans under s t r e s s .  Of 
fou r t een  men tremping 110 m i l e s  i n  10 days i n  t h e  a r c t i c  co ld  a t  17dirbanks, 
Alaska,  t w o  co l l apsed  on t h e  seventh day. There had been no warning s i g n s ,  
except  fcrr a low l e v e l  of one hormone, a ldos t e rone .  Fu r the r  t e s t ;  a r e  
necessary  t o  e s t a b l i s h  whether a low l e v e l  of t h i s  hormone i s  a wa,*ning 
of t roub le  t o  come. I n  the  course of t hese  space o r i e n t e d  s t u d i e s ,  t he re  
sometimes are very  worthwhile d i s c o v e r i e s  w i th  o t h e r  medical  app l i i - a t ions .  
For example, s t u d i e s  a t  Ames on hormones from the  p i t u i t a r y  gland Iiave 
r e s u l t e d  i n  t h e  d iscovery  of an enzyme which p o s s i b l y  may be used t o  
produce human growth hormones from bovine growth hormones. Many 31 op le  
s u f f e r  from 1x1.  of t h i s  hormone and t h e r e  i s  p r e s e n t l y  no adequatv 
source of supply.  

I n  f i s c a l  :rear 1969, ex tens ive  s t u d i e s  of t h e  e f f e c t s  of s o l a r  f l a r e s  
on mammalian izissue w i l l  be p o s s i b l e  a s  a r e s u l t  of t he  development: of a 
s o l a r  f l a r e  :;:imulator f o r  NASA by t h e  A E C ' S  Donner Laboratory,  
Un ive r s i ty  of C a l i f o r n i a ,  Berkeley. Monkeys a r e  be ing  exposed t o  
determine the  e f f e c t s  of s o l a r  f l a r e s  s imi la r  t o  those a s t r o n a u t s  :-lay 
experience,  i n  long miss ions .  In a c o l l a b o r a t i v e  s tudy  wi th  the  Navy z i t  
Pensacola ,  Be::keley i s  s tudying  r a d i a t i o n  e f f e c t s  on the  phys io log?~ca l  
balance mechmi!;ms us ing  monkeys, and a t  t he  NASA Langley Research Ceriter 
cyc lo t ron ,  a 1JStiF team of  r a d i o b i o l o g i s t s  i s  s tudying  t h e  e f f e c t s  of 
p r o t r a c t e d   lo^^ dose exposures .  Another a r e a  of i n c r e a s i n g  r e sea rch  e f f o r t  
i n  f i s c a l  year  '1969 w i l l  be t h e  b a c t e r i o l o g i c a l  a s p e c t s  of long term 
space f l i g h t ,  Environmental  f a c t o r s  i n  such f l i g h t s  could poss ib ly  c:.use 
non-pathogen:i=. organisms t o  become pa thogenic ,  a l t e r  t he  mechanism:; of  
i n f e c t i o a  and the  immunological mechanisms, and r e s u l t  i n  c r o s s -  
i n f e c t i o n  of space crew members. 



c 

I n  a v i a t i o n ,  major e f f o r t  w i l l  cont inue on s t u d i e s  of t he  p s y c ~ o a c o u s t i c  
e f f e c t s  of a i r c r a f t  n o i s e  and sonic  boom. The second yea r  of a study on 
d e f i n i n g  the anroyance parameters  of t h i s  p o l l u t a n t  i s  underway. 'I'he 
p h y s i c a l  c h a r a c t e r i s t i c s  of a i r c r a f t  n o i s e  a r e  being measured whill: 
f a m i l i e s  r e s i d i n g  near  e i g h t  major a i r p o r t s  i n  the  U.  S. a r e  quest ioned 
r ega rd ing  the1.r r e a c t i o n s  t o  t h i s  noise .  The r e s u l t s  w i l l  be analyzed t o  
determine i f  the n o i s e  would be l e s s  o b j e c t i o n a b l e ,  i f ,  f o r  excampli., 
c e r t a i n  f'requcwc i e s  were suppressed. 

L i f e  Support and P r o t e c t i v e  Systems 

The most c : r i t : i ca l  technology problem a r e a  i s  l i f e  support .  Th? 
l o g i s t i c s  sav:-ng; by r e c y c l i n g  water and oxygen i s  most d e s i r a b l e ,  .but 
l i m i t e d  ground s t u d i e s  have i n d i c a t e d  t h a t  a v a i l a b l e  techniques f 0.r 
achieving; t h i s  do n o t  l i v e  up t.o e x p e c t a t i o n s  when they a r e  embodi1::d i n  
a t o t a l  I - i fe  support  system where each u n i t  depends on the  output  ':)f 
another .  A manned environmental  chamber t e s t  i s  planned i n  f i s c a l  yezr 
1968 t o  c l o s e  the  water loop  f o r  an unprecedented s i x t y  day pe r iod .  
Four men w i l l .  consume water r egene ra t ed  from t h e i r  l i q u i d  wastes .  O f  
p a r t i c u l a r  i n t e r e s t  w i l l  be inventory and c o n t r o l  of b a c t e r i a  during 
such a run. I3ased on what i s  learned from t h i s  and o t h e r  research: ,  new 
sub-systems must: be developed with emphasis on m a i n t a i n a b i l i t y  and 
r e l i a b i l l t y .  Such equipment w i l l  be developed i n  f i s c a l  yea r  1969 for  
f u t u r e  manned t e s t s  on an advanced l i f e  support  system. The Na t iona l  
Academy of Sc:iences has  fu rn i shed  NASA with i n t e r i m  water s t anda rds  fclr 
r ecyc led  wateir and f i n a l  s t anda rds  a r e  t o  be determined f o r  both water 
and a i r .  The sensing and c o n t r o l  e lements  of l i f e  support  systems are 
most importan.: and a r e  r e c e i v i n g  inc reased  emphasis, as i s  the  d i f f i c L  I t  
problem of  hmid1.ing human waste.  Advancements i n  t h i s  technology a r e  
app1icab:Le t o  problems of a i r  and water p o l l u t i o n  on e a r t h ,  and c l o s e  
l i a i s o n  :is be h i ;  maintained wi th  the  Fede ra l  Water P o l l u t i o n  Con t ro l  
Admin i s t r a t ion  and the  O f f i c e  of S a l i n e  Water. 

The developments i n  new proLect ive space s u i t  concepts  a r e  most 
e x c i t i n g ,  p a l - t i c u l a r l y  new hard s u i t  concepts  i n  which man can operate 
wi th  very lit !le performance decrement because of e a s i e r  m o b i l i t y  of 
t he  j o i n t s  when the  s u i t  i s  p r e s s u r i z e d .  These a r e  so  promising tha t  
inc reased  e f f w t :  w i l l  i nc lude  s t u d i e s  of a p p l i c a t i o n  of t hese  concept: 
t o  s o f t  c l o t h s u i t s  t o  improve donning, and i n c r e a s e  m o b i l i t y  and 
performance :st> t h a t  t h e i r  o p e r a t i n g  p r e s s u r e  can be inc reased  t o  t h a t  
of the s p a c e c r a f t .  Pe r sona l  l i f e  support  back packs w i l l  i nc lude  
advanced coo Ling and c o n t r o l l i n g  systems with some us ing  long she1 E 
l i f e  s o l i d  c h ~ m i c a l  oxygen r a t h e r  than gaseous oxygen. I n  a v i a t i o n  a 
new a i r c r a f t  s e a t  design i s  beLng developed which w i l l  absorb energy 
and provide 1Iie occupant more c r a s h  i n j u r y  p r o t e c t i o n .  
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Man - S y s tems I n t e g r a t i o n  

To ensure  man's e f f e c t i v e n e s s  i n  advanced a i r c r a f t  and space syste.ns,  
ex t ens ive  s t u d i e s  a r e  underway on the  u t i l i z a t i o n  of man i n  compkx 
systems---as an ope ra to r  and as a manager. I n  f l i g h t  management, man h a s  
an i n c r e a s i n g l y  complex r o l e  i n  assessment of t he  f l i g h t  s i t u a t i o n ,  tile 
judgment of t he  s i g n i f i c a n c e  of unscheduled even t s ,  and e x e r c i s e  of 
command-control func t ions .  Emphasis w i l l  i n c r e a s e  on methods of impriiving 
h a b i t a b i l i t y  of working and l i v i n g  a r e a s  of manned s p a c e c r a f t  f o r  lon;  
d u r a t i o n  f l i g h t  t imes.  The Space Science Board h a s  an a c t i v e  coTmittl?e 
t o  a s s i s t  i n  t h e  requirements  f o r  r e sea rch  on t h i s  problem. 

The development of e x t r a v e h i c u l a r  technology i s  a pacing i tem f o r  nan 's  
work i n  space on as t ronomica l  t e l e s c o p e s ,  s t r u c t u r e s  assembly, anti cmw 
and cargo  t r a n s f e r .  Recommendations of t he  Astronomy Missions Board s i l l  
in f luence  s tudy e f f o r t s  i n  f i s c a l  year  1969 on manned engineer ing  ope ra t ions  
i n  o r b i t  inc luding  maintenance, r e p a i r ,  and equipment refurbishmt?nt a i d  
the  development of works i te  technology,  t o o l s ,  and work support  :;!?steins. 
Conventional e a r t h  type t o o l s  have been r e l a t i v e l y  i n e f f e c t i v e .  Our 
s imula t ion  techniques  have proven so e f f e c t i v e  t h a t  t he  deve1opmt:nt 
of t o o l s  and work techniques  i n  the  we igh t l e s sness  of o r b i t a l  f l i g h t  i s  
now poss ib l e .  Large s t r u c t u r e s  such as S-band antennae a r e  assembled 
i n  a s imulated we igh t l e s s  environment. I n  a v i a t i o n ,  t he  a i r  crew work- 
load i s  being s tud ied  i n  order  t o  reduce s t r e s s  and f a t i g u e  and 
inc rease  s a f e t y .  

Advanced Concepts 

Research cn advanced concepts  i s  e s s e n t i a l  t o  so lv ing  the  nexli 
gene ra t ion  of problems i n  any p a r t i c u l a r  f i e l d .  Noteworthy i s  a tion 
invas ive  technique f o r  measuring v e l o c i t y  of blood i n  man by u l t r a s o n i c s .  
I t  promises t o  have many c l i n i c a l  a p p l i c a t i o n s ,  a s  we l l  as being a u s2 fu l  
monitor ing device i n  space I 

Biotechnolopy F l i g h t  P r o j e c t s  

1960 ~ - - -  1967 1968 
Biotechnology 

Scout (L,aunch v e h i c l e  
f l i g h t  prc  j e c t s . .  . . . . . . * .  $1,500,000 $1,600,000 $1,50~),000 

( 1  , 5 O O , O O O )  procurement program). . . ,. . ( - >  ( - )  ---- 

T o t a l  . . . . . . . . . . . . . . . , . ($1,500,000) ($1,600,000) ($3 ,000: ,000)  ~ _ _ _ _ _  

I n  f i s c a l  year  1969,  a Scout launch of a v e s t i b u l a r  experiment i.; p la ined  
t o  permit  study of t he  a c t i o n  i n  we igh t l e s sness  of t he  b a s i c  ce l l : ;  i n  
the  f r o g ' s  bzlance mechanism t h a t  i s  s i m i l a r  t o  man's i nne r  e a r  ( o t o l i t h ) .  
These t i n y  c e l l s  d e t e c t  t he  presence of g r a v i t y  and send coded me:;sag?s 
t o  the b r a i n  c e n t e r s  of c o n t r o l .  I t  i s  important  t o  measure these  
e f f e c t s  i n  gz in ing  an understanding of t h i s  t i n y ,  bu t  very  e f f e c s i v e  
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s ensor  so  necc;ssary t o  man's w e l l  being i n  space as we l l  a s  on e a r t h .  Other 
phys io logica l  experiments  a re  being def ined  by the  Ames Research Cc9nter a s  
an outgrowth of t h e i r  human and animal r e sea rch .  S i m i l a r l y ,  the  Langley 
and Elect  roni.(:s Research Centers  and Manned Spacecraf t  Center a r e  
developirig l i  f e  support  and p r o t e c t i o n  equipment experiments.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF AD'J.4NCED RESEARCH ANI) TECHNOLOGY SPACE POWER AND ELEC'IR I C  --- - 
PROPULSION SYSTEMS --- PROGlL4M 

PROGRAM OB J EC r 1'1 E S AND JUST I F  ICAT I O N  : --- 
The objective: of the  Space Power and E l e c t r i c  Propuls ion  Systems 

program i s  t o  determine the  t echno log ie s  r equ i r ed  t o  adequate ly  suppoi t 
p o t e n t i a l  f u t u r e  mis s ions ;  and by a p p l i c a t i o n  of e f f e c t i v e  r e s e a r c h  arid 
exp lo ra to ry  d ~ v e l o p m e n t  t o  improve o r  e s t a b l i s h  these  t echno log ie s  t o  the  
degree requi.r?d t o  ensure  even tua l  s u c c e s s f u l  development and a p p l i c a t i o n  
by f u t u r e  miss ion  program o f f i c e s .  

Current  estimates of p o t e n t i a l  f u t u r e  miss ion  power system requi re r ien ts  
encompas.; a wide range of  power, l i f e  and miss ion  environments.  N o  orle 
power system :an meet t h e s e  v a r i e d  requi rements .  The space  power p ro~ , r am 
i s  aimed a t  provid ing  t h e  r e s e a r c h  and technology necessary  f o r  t h e  iriprove 
ment and/or  development of a l i m i t e d  number of s o l a r ,  chemical and nuc lea r  
systems €or  a i t  i c ipa t ed  a u x i l i a r y  power and e l ec t r i c  p ropu l s ion  r r i ss ion  
requirements  ranging from w a t t s  t o  k i l o w a t t s  i n  t h e  1970 's  t o  megawatts 
i n  t h e  1'380' : ; .  

The e a r l y  ( app l i ca t ion  of s o l a r  powered e l e c t r i c  t h r u s t e r s  f o r  space c r a f t  
p o s i t i o n  c o n t r o l  and f o r  s m a l l ,  automated, i n t e r p l a n e t a r y  spacecra-Et 
continue:; t o  be  a major goa l  of t h e  e l e c t r i c  p ropu l s ion  program. The 
exper ience  t o  d a t e  from t h e  ATS (Appl ica t ions  Technology S a t e l l i t e )  f 1 i g h t  
program coup L1.d w i t h  t h e  des ign  and ground e v a l u a t i o n  of t y p i c a l  thru: t e r  
systems i:onf.irm:j t h e i r  p o t e n t i a l  advantages of s p a c e c r a f t  o p e r a t i o n a l  
f l e x i b i l i t y  mid s i m p l i c i t y ,  i nc reased  payload o r  decreased  t r i p  time clr 
reduced s p a c e c r a f t  weight .  The proposed SERT (Space Elec t r ic  Rocket 1 e s t )  
f l i g h t ,  t h e  w n t i n u i n g  ATS program and t h e  ground technology program zire 
e s s e n t i a  L s t e p s  toward t h e  g o a l  of e a r l y  a p p l i c a t i o n .  

SUMMARY OF REljOURCES REQUIREMENTS : --- 

Support ing r e s e a r c h  and 

Space eLec:i:r:-c rocke t  
teclinology., ................. $34,940,000 $35,400,000 $35,8OCl,OOO 

t e s t  (SEIlT:l.. ............... --- 1,100 , 000 1,5OCl,OOO 
SNAP-8 d eve lopment ............ 5,500,000 7,500,000 

T o t a l .  ....................... $40,440,000 $44,000,000 $4~,80Ci ,000 -- -__-- 

RD 15-1 



D i s t r i b u t i o n  oli Program Amount by I n s t a l l a t i o n :  --- 
196 9 __--- 1967 1968 

Manned Spacec ra f t  Center . .  .... $ 267,000 

Goddard S8pac e F l i g h t  Center .  .. 5,078,000 
J e t  I'ropu .s ion Labora tory . .  ... 6,579 000 
A m e s  Research Center . .  ........ 145 , 000 
E l e c t r o n i c s  Research Center . .  . 853 , 000 
Langley Research C e n t e r . . . . . . ,  970 , 000 
Lewis Res ear ch Center .  ........ 21,559,000 
NASA Headquarters  ............. 1 , 808 , 000 
Western SUPF o r t  Of € i c e .  ....... 1,433,000 

Marsha l l  Space F l i g h t  Center .  . 1 , 748 , 000 

BASIS OF FLJM REOUIREMENTS: 

$ 200,000 $ 6C0,OOO 
I. , 2 0 0 , OOCl 
3; , 933 , OOCl 

960 , 000 

9 , 159 , 000 3 , 95 0 , 000 
270,000 265 , OOCl 

1,550,000 I ,549,000 
745 , 000 850 , 000 

24 , 855 , 000 24. , 186 , 0001 
2,270,000 ?,267,000 

3,430 , 000 

561,000 --- 

Support ing Research and Technology 

1959 --_- -, 
1967 1968 

Nuclear  f l i g h t  s a f e t y  ......... $ 110,000 $ 150,000 $ 165,000 
E l e c t r i c  Fropuls ion  ........... 8,990,000 7,800,000 7 ,49~j,OOO 
Nuclear pcwer gene ra t ion . .  .... 13,160,000 14,650,000 !5,083,000 
S o l a r  power gene ra t ion  ........ 7,584,000 7,700,000 7',84'3 , 000 ... 5,096,000 5,100,000 5 211,000 ---L Chemical power gene ra t ion . .  

T o t a l  ...................... $34,940,000 $35,400,000 

Nuclear  F l i g h t  Sa fe ty  

Although AEC development and s a f e t y  o f f i c e s  and NASA miss ion  progr<im 
o f f i c e s  have b a s i c  r e s p o n s i b i l i t y  f o r  s a f e  des ign  and development , it  i s  
necessary  t o  do a l i m i t e d  amount of t e s t i n g  and e v a l u a t i o n  i n  c e r t a i n  f i e l d s  
such as atmosphsr ic  r e e n t r y  i n  which NASA c e n t e r s  have s p e c i a l  ccmpet(!nce. 
These funds a r e  used t o  pay f o r  necessary  hardware and equipment a t  tlie 
c e n t e r s  t o  accomplish t h i s  suppor t ing  e f f o r t .  Th i s  work i s  condLcted 
u s u a l l y  on a co3pe ra t ive  b a s i s ,  w i th  AEC, DOD and o t h e r  p a r t i c i p a t i n g  
organiza  t iona . 

Electr ic  Propuls ion  

The prime ob, ject ive of t h i s  program is  t h e  advancement of e l e c t r i c  
t h r u s t e r  sysi-sm technology f o r  mis s ion  use .  These t h r u s t e r  system:; ol ' fer  
p o t e n t i a l  s i g i i  Ficant advantages f o r  bo th  prime and a u x i l i a r y  propuls j  on 
miss ions .  F o r  example, reduced launch v e h i c l e  requirements  f o r  a req i  i r e d  
miss ion  paylo,2d can be  achieved f o r  i n t e r p l a n e t a r y  s p a c e c r a f t .  I n  adcl i t ion,  
f l i g h t  t i m e  ior c e r t a i n  d i f f i c u l t  miss ions  can be  reduced,  and m i s s i o r s  
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t o t a l l y  i m p r a c t i c a l  by chemical r o c k e t s  can  be  accomplished by e l e c t r  -c 
propuls ion .  S a t e l l i t e  s t a t i o n  keeping,  manuevering and a t t i t u d e  cont:-ol  
can a l s o  be performed w i t h  reduced system weight r e l a t ive  t o  con \en t iona l  
chemical techniques .  P r o p e l l a n t  economy r e s u l t i n g  from h i g h  s p e c i f i c  
impulse is  t h e  b a s i s  f o r  t h e s e  i n d i c a t e d  performance advantages cf e l thc t r i c  
t h r u s t e r s .  Ilowever, t h e  prope Llant weight  sav ing  must more than  compctnsate 
f o r  t h e  weight: of t h e  necessa ry  e l e c t r i c  power source .  S ince  power siipply 
weight i s  depzntlent on t h r u s t e r  system e f f i c i e n c y ,  a major program go:l 
i s  t o  increa:;? ixhis e f f i c i e n c y .  In  a d d i t i o n ,  t h e  t h r u s t e r  system must 
ope ra t e  r e l i a > l ; r  f o r  thousands of hours  i n  o rde r  t o  r e a l i z e  t h e s e  advantages.  

Electirostatic:  t h r u s t e r  systems w i l l  con t inue  t o  receive t h e  major 
emphasis i n  F71 1969. Such t h r u s t e r s  are  c h a r a c t e r i z e d  by t h e  acce  l e r z t i o n  
o f  ions o r  c h a g e d  p a r t i c l e s  bj7 app l i ed  e l e c t r o s t a t i c  f o r c e  f i e l d s . .  The 
ion  engine u s e s  two processes  f o r  i o n  formation;  e l e c t r o n  bombardwnt and 
c o n t a c t  ionizati.on. These two types  of e l e c t r o s t a t i c  t h r u s t e r  havt' 
rece ived  t h e  most a t t e n t i o n  i n  FY 1968. 

Endurance 1:es:ting i n  F Y  1967 of 1 KW e l e c t r o n  bombardment i o n  t h r u s t e r s  
has  demoristrat:eci t h a t  operat ing,  l i f e t i m e s  (about  1 yea r )  adequate  fior e a r l y  
s o l a r  a r r a y  powered prime p ropu l s ion  miss ions  are ach ievab le .  1)ur i.ng 
F Y  1968 exiphs.sis has  been placed on f u r t h e r  improvements in.  th rus tc?r  and 
o v e r a l l  t:hrust:er. system e f f i c i e n c y .  The 500 hour t e s t  of a s i n g l e  t h r u s t e r  
system conduct:ed i n  FY 1967 was a p recu r so r  f o r  a more complex system t e s t  
t o  s i m u k t e ,  i.n a reasonably  r e a l i s t i c  manner, o p e r a t i o n  f o r  a t y p i c a l  
s o l a r  e l e c t r i c  miss ion .  Work t o  d a t e  on t h i s  upcoming t e s t  has  p::ogressed 
t o  t h e  po in t  i.n FY 1968 where f o u r  2 .5  KW e l e c t r o n  bombardment t h r u s t e r s  
have beer. c l u s t e r e d  and p re l imina ry  t h r u s t e r  performance t e s t s  haire be#-n 
conducted. Bs.sed on t h e s e  t e s t s  t h e  subsystems which cond i t ion  t l i c :  posnler 
suppl ied  by a s o l a r  a r r a y  s imula to r  and c o n t r o l  t h r u s t e r  Operat ion hav~? 
been s p e c i f i e d .  S ince  t h r u s t e r  c o n t r o l  i nc ludes  t h e  programmed swi tch ing  
off  of i n d i v i d u a l  t h r u s t e r s ,  a t r a n s l a t i o n  mechanism i s  necessary  to 
p o s i t i o n  t h e  t h r u s t e r  a r r a y  s o  t h a t  t h e  r e s u l t a n t  t h r u s t  vec to r  wI.1.1 n i t  
a l t e r  t h e  a t t i t u d e  of t h e  s imula ted  s p a c e c r a f t .  The des ign  of such a ILrans- 
l a t i o n  mechanism i s  cur ren t ] -y  under s tudy .  The complete system tesit i;; 
scheduled t o  s t a r t  i n  F Y  1969, (and i t  i s  in tended  t o  demonstrate  t.he 
technology of a bas i c  propul.sion system des ign  and t o  e v a l u a t e  i t s  c ap i tb i l i t y  
t o  perform t h e  r e q u i r e d  o p e r a t i o n a l  func t ions  of s o l a r  powered mission:; .  

Research i n t o  p o s s i b l e  i n t e r a c t i o n s  r e s u l t i n g  from i o n  t h r u s t e r  opei.ation, 
such as t h r u s t e r  exhaust  e f f e c t s  on t h e  s p a c e c r a f t  and on t h e  ambient ::pace 
environment,  are  planned t o  con t inue  i n t o  FY 1969. SERT 11, t h e  c 'rbitztl  
t e s t  of a 1 K14 e l e c t r o n  bombardment t h r u s t e r  t o  be  launched i n  CY 1969 
w i l l  augment 1:ie:;e s t u d i e s  by f u r n i s h i n g  informat ion  on p o s s i b l e  r a d i o  
frequency i n t e r f e r e n c e  due t o  t h r u s t e r  ope ra t ion  and p r o p e l l a n t  exhaust 
d e p o s i t i o n  on Sp ' icecraf t  s t r u c t i i r e s .  
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The c o n t a c t  ion engine appears  more s u i t a b l e  f o r  a u x i l i a r y  prcpiils;.on 
a p p l i c a t i o n s  such a s  s a t e l l i t e  s t a t i o n  keeping. Development of a lo-- '  pound 
t h r u s t  s y s t e i n ,  capable  of v e c t o r i n g  t h e  t h r u s t  e l e c t r i c a l l y  i n s t e a d  ol' 
mechanica l ly ,  i s  be ing  completed i n  FY 1968 and w i l l  be  experimentall jv 
f l i g h t  t e s t e d  011 t h e  App l i ca t ions  Technology S a t e l l i t e  (ATS) D&E, t h e  f i r s t  
of which i s  1-3 be  launched i n  CY 1968. E f f o r t  on a h ighe r  t h r u s t  system 
( pounds:) s u i t a b l e  f o r  nort:h-south s t a t i o n  keeping of a l a r g e  comtuni- 
c a t i o n  type  :;,3tt.cllite w i l l  be  cont inued i n  FY 1969. I n  a d d i t i o n ,  worl. on 
c o l l o i d a l  p a r ~ i c l e  e l ec t ros t a t . kc  t h r u s t e r s  f o r  a u x i l i a r y  propuls ion  w j  11 
beg in  i n  I'Y L360. This  type  of t h r u s t e r  may g r e a t l y  reduce  power reqtiire- 
ments. 

Res is to je t :  t h r u s t e r s  which produce t h r u s t  by t h e  expansion of  an 
e l e c t r i c a l l y  hea ted  gas  through a nozz le  have been exper imenta l ly  f l i g h t  
t e s t e d .  The ATS-I f l i g h t  experiment r epor t ed  on last  year  d i d  not  r e s u l t  
i n  a s a t  Lsfactoi-y t e s t  because of undetec ted  damage s u s t a i n e d  du r ing  
ins ta1 la t : ion .  Pre l iminary  t e l eme t ry  d a t a  obta ined  from a second f 1-igEt 
experiment or1 AI'S -111 i n d i c a t e  t h a t  t h r u s t  has  been s u c c e s s f u l l y  produced. 
Additional.  d a t a  are  p r e s e n t l y  be ing  s t u d i e d  t o  completely eva lua t2  the  
ope ra t ion  of t h e  f l i g h t  experiment.  This  type  of r e s i s t o j e t  i s  planned 
f o r  o p e r a t i o n a l  use  on both  thE ATS DSLE synchronous a t t i t u d e  s p a c x r a f t  
f o r  east-west s t  a t i o n  keeping.  

It  
i n  
u t  

wh 

System s t u t l i ~ ~ s  have shown t h a t  r e s i s t o j e t s  ope ra t ing  a t  h ighe r  tempera- 
t u r e s  a r e  of i n t e r e s t  f o r  drag  c a n c e l l a t i o n  of l a r g e  o r b i t i n g  space s t a t i o n s .  

i s  planned t c l  con t inue  l i f e  t e s t i n g  of  t h e s e  h igh  temperature  c t i s i s t o j e t s  
FY 1949.  Also ,  r e s e a r c h  e f f o r t s  i n  FY 1969 w i l l  be  d i r e c t e d  toward t h e  
l i z a t i o n  c f '  b iowaste  products  as p r o p e l l a n t  f o r  t h e s e  t h r u s t e r  t ypes .  

The t h i r d  ca t egory  of e l e c t r i c  t h r u s t e r  i s  t h e  e lec t romagnet ic  devize 
ch d i f f e r s  from o t h e r  types  i n  t h a t  t h e  i n t e r a c t i o n  between h igh  c u r r e n t s  

and magnetic f i e l d s  i s  used i n  t h e  product ion  of t h r u s t .  These th i -us t ? r  
types  o f f e r  pc l ten t ia l  s i z e  advantages r e l a t ive  t o  i o n  engines .  The major 
problems l i m i t i n g  development are  i n  a c q u i r i n g  a b a s i c  understand ~ n g  alid 
v e r i f y i n g  t h e  performance of l abora to ry  dev ices .  Progress  i n  FY L968 (as 
marked by t h e  d i scove ry  of a r a p i d l y  r o t a t i n g  c u r r e n t  s h e e t  i n  s t e a d y  
s t a t e  MPD (Magneto-Plasma Dynamic) arcs and t h e  complet ion of a f;.berg las 
t e s t i n g  chamber which w i l l  e l i m i n a t e  e l e c t r i c a l  i n t e r a c t i o n  wi th  vacuuin 
t ank  wal l s ,  one source  of u n c e r t a i n t y  i n  performance de te rmina t ion .  
Research p r e s e n t l y  i n  progress  w i l l  cont inue  i n  FY 1969. 
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Nuclear Power Generat i o n  

The o b j e c t  ivci of t h e  nuc lea r  e l e c t r i c  power technology program i s  t o  
provide  a broad op t ion  and des ign  b a s i s  f o r  t h e  s e l e c t i o n  and e v a l u a t i o n  of! 
energy conve~::;ion equipment t o  be  used i n  advanced nuc lea r  e l e c t r i c  
power systems f o r  f u t u r e  space miss ions .  These systems w i l l  u t i l i z e  
nuc lea r  energy genera ted  by i s o t o p e  o r  r e a c t o r  h e a t  sources  , and t h e r e f o r e ,  
an  unders tanding  of and c l o s e  coope ra t ion  and coord ina t ion  wi th  AEC 
i so tope  and r'eac:tor programs are main ta ined .  The program covei-s t!-te 
power range froni w a t t s  t o  megawatts w i th  system endurance goa l s  of 
one t o  f i v e  y e a r s .  Primary e f f o r t s  i nc lude  t h e  Brayton gas  c y c l e  turbo-  
e l e c t r i c  syst:em, t h e  Rankine c y c l e  a l k a l i - m e t a l  t u r b o e l e c t r i c  sys tcm, and 
t h e  thermi.oni.(: c. irect  conversion system, Other concepts  such as tl-ierrro- 
e l e c t r i c  and nagnetohydrodynamic convers ion  c y c l e s  are a l s o  be ing  
examined. Tt.ct t echnology under l y i n g  thes.e systems i s  a long-rang'. e f f o r t  
r e q u i r i n g  the es tab l i shment  of  engineer ing  d a t a  r e l a t i n g  t o  new m,%t.erials , 
working f l u i d s  a.nd components a . t  t empera tures  never  b e f o r e  used i-,i 
power sys tems . 

The Rankine c y c l e  and thermionic  convers ion  systems i n  combinasion 
wi th  r e a c t o r  t e a t  sources  under development by AEC o f f e r  t h e  p o t e n t i a l  
o f  ach iek ing  t h e  l i g h t e s t  power system weights  a t  h igh  power l e v e t s  f o r  
bo th  a u x i l i a r S  e l e c t r i c  power and e l e c t r i c  propuls ion  systems.  Thri 
Brayton systeni, wi th  i t s  i n h e r e n t  h igh  c y c l e  e f f i c i e n c y  and i n e r t  gas 
working f l u i d ,  o f f e r s  an  a t t r a c t i v e  power source  i n  t h e  2-10 k i lowa t t  
range f o r  manred a p p l i c a t i o n s  , e s p e c i a l l y  i f  coupled wi th  i s o t o p e  h e a t  
sou rces ,  provided t h e  h igh  inherent  e f f i c i e n c i e s  can  be  demonstrai-ed i? 
such small u n i t s  ope ra t ing  on gas  bea r ings .  

The Rankine turbogenera tor  program i n  FY 1968 made s i g n i f i c a n t  
progress  i n  des ign ,  f a b r i c a t i o n  and t e s t s  of major components, and i n  
c h a r a c t e r i z a t i o n  o f  t h e  system a s  a whole. Among t h e  s i g n i f i c a n t  advalices 
were t h e  fol lowing:  comprehensive ana lyses  and p re l imina ry  des igns  wei:e 
completea t o r  t h e  f u l l  s c a l e  t u r b i n e ,  gene ra to r  and tu rbogene ra to r  pac cage, 
thereby  provid ing  a b a s i s  f o r  t h e  des ign  of t h e  turbogenera tor  whjch i,; t h e  
c r i t i c a l  component of t h e  power convers ion  sys L ~ L L ~ .  A d e t a i l e d  des ign  
w a s  completed on a h igh  temperature  (2200'F) e lec t romagnet ic  1ithjui-n piimp. 
During FY 1969 t h e  des ign  of' t h e  turbogenera tor  w i l l  be  developed i n  
g r e a t e r  d e t a i l .  The l i t h i u m  pump and a h igh  tempera ture  t e s t  f a c j  l i t y  
w i l l  be  b u i l t  f o r  t e s t s  of t h e  l i t h i u m  pump's performance and endmanci?.  

F a b r i c a t i o n  w ~ s  completed and tests were s t a r t e d  on a n  advancec 
potassium t u r b i n o ,  e lec t romagnet ic  b o i l e r  feed pump and l i t h i u m  heated 
b o i l e r .  Experimontal i n v e s t i g a t i o n s  w e r e  a l s o  i n i t i a t e d  on c o r r o s i o n  
r e s i s t a n c e  of advanced h igh  tempera ture  tan ta lum a l l o y s ,  h igh  temFtrat i i re  
a l k a l i  metal -gal\res and high tempera ture  e l e c t r i c a l  swi tchgear  caFable  
of ope ra t ing  i n  , a l k a l i  metal  systems a t  tempera tures  i n  excess  of 1000°F. 
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These f i r s t  a r e  important  rxi les tones of engineer ing  ingenu i ty .  A s  p a r t  of 
t h e s e  s u c c e s s f u l  component f a b r i c a t i o n  programs, major advances were 
made i n  t h e  fo rg ing ,  broaching and b raz ing  of advanced molybdenuri-bas 2d 
and tantalum-based a l l o y s ,  and i n  t h e  a p p l i c a t i o n  of  nonre f r ac to ry  
supe r -a l loys .  Such technology advances are e s s e n t i a l  i f  w e  are t.o be  
a b l e  t o  use t h e  l i q u i d  m e t a l  r e s i s t a n t  and s t r o n g ,  b u t  b r i t t l e ,  and 
ox ida t ion  s u s c e p t i b l e  r e f r a c t o r y  metals which are  capable  of opera t io i l  a t  
t h e  h igh  temperatures  of i n t e r l z s t .  

During FY 1959 endurance te,;ts w i l l  be  performed on a th ree - s t age  
potassium t u r b i n e  , potassium b o i l e r  feed pump, potassium corrosiclr- loop,  
h igh  t e m p e r a t u r ?  va lves  and h igh  tempera ture  e l e c t r i c a l  swi tchgear .  
Performatice tests w i l l  be  r u n  on a s i n g l e  tube  tan ta lum b o i l e r  equippt:d 
t o  s tudy  t h e  b o i l i n g  and vapor dry ing  processes .  I n  a d d i t i o n ,  tb rb in t :  
mois ture  rem(3vaL techniques  , b o i l e r  s t a b i l i t y  c h a r a c t e r i s t i c s  and the  
s i m u l a t i m  oE l i q u i d  metals wi th  convent iona l  f l u i d s  w i l l  be  inves t ig t i ted .  

An 8000 h m r  t e s t  on a newly developed advanced tantalum-based 
a l l o y ,  AS'CAR S l L C ,  showed t h a t  t h i s  new material a t  2100°F has  4 t o  5 
t imes thl?  s t - r q ; t h  of t h e  c u r r e n t l y  s e l e c t e d  tan ta lum a l l o y  and exhibi  t s  
s u i t a b l y  Low :reep under ope ra t ing  stresses a t  temperatures  up t o  260(1°F. 
A 6000 hour e idurance  t e s t  of a n  approximately h a l f - s c a l e  model o f  a n  
a I t  e r n a t  01: sr:,it o r  showed t h a t  t h e  e l e c t r i c a l  , magnetic and i n s u l a  t .ing 
material:;,  and t h e  bore  s e a l ,  can s u c c e s s f u l l y  ope ra t e  f o r  very  long 
per iods  a t  13 jO"F i n  u l t r a - h i g h  vacuum wi thout  deg rada t ion  i n  p r o p e r t i e s  
o r  perfoi-manc:e. During FY 1909 t h e  development and t e s t i n g  of  h igh  
performance 5 ;  : r u c t u r a l  and e l e c t r i c a l  materials w i l l  be  cont inued .  

S y s  t e r n  s t eady  -and - t r a n s  i e n t  --s t a t  e s t a b  ili t y  t es t s w e r e  performed 
f o r  t h e  f i r s t :  t i m e  i n  a s m a l l  sca le  two-loop l i thium-to-potassium Rankine 
c y c l e  system vit:h good r e s u l t s  A n a l y t i c a l  system s t u d i e s  w e r e  
performed wit:h t:he o b j e c t i v e  of i d e n t i f y i n g  s u i t a b l e  des ign  p o i n t  loperating 
cond i t ions .  1)uring FY 1969 t h e  s m a l l  scale  two-loop l i t h ium- to -  
po ta s s iun  Rarkirie c y c l e  system w i l l  be  sub jec t ed  t o  a series of 
t rans ien t :  s t a t e  t e s t s  w i th  an analog r e a c t o r  s imula to r  s l aved  t o  t'ie 
l i t h i u m  l tea te r .  System des ign  s t u d i e s  w i l l  be  cont inued.  Advancxl 
concepts  aimed i.t provid ing  technology f o r  l i gh twe igh t  components w i l l  be  
irives t i g a t  ed . 

Research i s  con t inu ing  on t h e  technology programs a s s o c i a t e d  wi th  
thei-mionj c react or  e l e c t r i c  power systems.  The main p a r t s  of t h e  
program incLucLe: (1) a n a l y t i c a l  s t u d i e s  of thermionic  r e a c t o r  systems 
and t h e i r  a s s o c i a t e d  system Components; ( 2 )  exper imenta l  t e s t  programs 
on currei- t l i f e  and performance l i m i t i n g  problems and t h e i r  impro-Jement 
under h iph  temperature  and r a d i a t i o n  f l u x  such as e l e c t r i c a l  i n s u t a t o r s  , 
m a t e r i a l s  p r c F e r t i e s  change:; , high  tempera ture  f u e l  s t a b i l i t y ,  gas  
r e l e a s e d  and cesium r e s e r v o i r  c o n t r o l .  Th i s  r e s e a r c h  w i l l  b e  cont: inue i  
i n  FY 1969.  
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A s  p a r t  of a coord ina ted  i n s u l a t o r  t e s t  program, NASA w i l l  p rovide  i n  
FY 1969 s p e c i a l  thermionic  i n s u l a t o r s  t o  Oak Ridge Na t iona l  Laboratory f o r  
i n c l u s i o n  i n  f iE( : ' s  i r r a d i a t i o n  t e s t  program aimed a t  provid ing  ceramic 
i n s u l a t o i : ~  s a t i s f a c t o r y  f o r  use  w i t h  in-core  thermionic  conve r t e r s  ., 
Development t:est:ing of t h e  components of a n  e x t e r n a l l y - f u e l e d  conve r t e r  
w i l l  be acce l .e ra ted .  
a s p e c t s  of a nu1 . t ip le -conver te r  ( l iqu id-meta l -cooled)  a r r a y  w i l l  begin 
ope ra t ion  a t  J P I ,  du r ing  FY 1969 and i n v e s t i g a t i o n  of  problems assoc:iated 
wi th  f i s s i o n  prcbduct ven t ing  of mul t ip l e -conve r t e r  a r r a y s  w i l l  be  s t a r t e d .  

A t e s t - r i g  f o r  i n v e s t i g a t i n g  t h e  c o n t r o l  and s t a b i 1 i t . y  

A s  a combined in-house and c o n t r a c t u a l  e f f o r t ,  t h e  Brayton c y c l c  power 
convers ion  s y s t e m  technology program con t inues  t o  be  d i r e c t e d  a t  the  
demonstrat ior  of t h e  h igh  component, subsystem and system perform~i-lce 
needed f o r  i s o t o p i c  power. The  p re sen t  Dower conversion system u t i l i z e s  
t h e  i n e r t  c y c l e  gas f l u i d  i n  g a s  bea r ings  f o r  s i m p l i c i t y  of ope ra t ion  i n  a 
s ea l ed  system. However, long t i m e  o p e r a t i o n  of gas  bea r ings  i n  t h i s  h o t  
env i r  onmcnt nius t s t i 11 be  demonstrated . 

During FY 1.968 a gas bea r ing  equipped turbocompressor w a s  opera ted  f o r  
over 10 hours  a t  des ign  cond i t ions  of h igh  temperature  and speed. The gas 
bear ings  opera ted  q u i t e  s t a b l y .  Improvements t o  t h e  Sea r ing  components have 
been incclrporz.ted t o  avoid bea r ing  p i v o t  rub noted du r ing  one of iilie t e s t s .  
A compact gas bea r ing  equipped 5.5 KWe tu rboa l te rna tor -compressor  packsge 
w i l l  be  d e l i v e r e d  and placed on t e s t  dur ing  t h e  l a t t e r  p a r t  of t h i s  f i s c a l  
yea r .  

During FY 1968 o t h e r  subsystem assembl ies  and components have been 
designed and f a b r i c a t e d .  It i s  expected t h a t  subsystem and h o t  c l . c ~ ~ e d - l o o p  
system t e s t i n , g  w i l l  be  i n i t i - a t e d  du r ing  FY 1969. Coordina t ion  w i t h  AEI: on 
t h e  h igh  temperature  i s o t o p e  h e a t  source  has  cont inued ,  and s t e p s  are  1)eing 
taken  wi th  t h e i r  a s s i s t a n c e  f o r  an  isotope-Brayton power system demons : r a t i o n  
t e s t .  

The major e f f o r t  on i so tope - the rmoe lec t r i c  power f o r  space  appl ica t i -ons  
cont inues  t o  3e zonducted by AEC which i s  developing t h e  SNAP-19 znd SIJAP-27 
gene ra to r s  f o r  t i e  Nimbus B and Apol lo  miss ions .  NASA i s  con t inu ing  t o  
eva lua te  i so tope - the rmoe lec t r i c  and i so tope- thermionic  systems for  p o t r m t i a l  
space use .  D ~ r i n g  FY 1968 environmental  tes ts ,  i nc lud ing  shocks equimi len t  
t o  1000 g ' s  w2re s u c c e s s f u l l y  conducted a t  JPL wi th  t u b u l a r  lead  t e l l u i - i d e  
compact t n e r m 3 e l x t r i c  conve r t e r s .  The good p r o p e r t i e s  and performancrh o f .  
t h e s e  conve r t z r s  w i l l  be  f u r t h e r  examined i n  FY 1969, p a r t i c u l a r l y  witli 
r e s p e c t  t o  cascading wi th  s i  licon-germanium f o r  h ighe r  performance Izoul)led 
wi th  h igh  r e l i a b i l i t y .  L i f e  t e s t i n g  of t y p i c a l  SNAP u n i t s  and coniponeiits 
w i l l  be c m t i n u e d  du r ing  FY 1969. 
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S o l a r  Power Genera t ion  

Major goa!,; of t h e  s o l a r  power gene ra t ion  subprogram are:  (,a) t o  cevis t?  
r a d i a t i o n  re:; i s t a n t  s o l a r  c e l l s  , (b)  t o  develop improved metal t o  : j O l z l r  

c e l l  e l e c t r i c a l  c o n t a c t s  , ( c )  t.o d e v i s e  compact methods f o r  stowing 1:irge 
s o l a r  ce L1 ai-I-ays f o r  launch arid t o  develop r e l i a b l e  techniques  f o r  at t o -  
m a t i c a l l y  dep toying t h e s e  l a r g e ,  l i gh twe igh t  a r r a y s ,  (d) t o  d e v i s e  neb 
s o l a r  ce 1l.s having g r e a t l y  improved e f f i c i e n c y  and reduced c o s t  and ( E )  t o  
develop aclvancecl e l e c t r i c a l  components and c i r c u i t s  f o r  b a t t e r y  charg ing ,  
v o l t a g e  1-egul.ati on, processing. ,  d i s t r i b u t i o n  and c o n t r o l  of e1ectri .c rower 
on spacec ra f t  arid a i r c r a f t .  

During FY 1-968 t h e  f i r s t  phase of  a t h r e e  phase program t o  ach ieve  
techno1og;y r e a d i n e s s  of an advanced 20 w a t t  pe r  pound (20  w / l b ) ,  5 3  1% 
fo ld ing  a o l a r  c e l l  a r r a y  w a s  completed and work on t h e  second plias:? was 
i n i t i a t e d .  I n  F'Y 1969 work on t h e  second phase w i l l  be  comp1et:c.d .rind t h e  
t h i r d  phase will. be  i n i t i a t e d .  Phase t h r e e  w i l l  c o n s i s t  of t h e  asr:embly 
and t e s t  of a. s i . g n i f i c a n t  p a r t  of a 1250 f t  wing ( t h e  50 KW array i s  
composed of ~ C ) U L  i d e n t i c a l  1250 f t 2  wings) of t h e  s o l a r  c e l l  a r r a y .  
StructurE.1 ar.cl deployment t es t s  w i l l  be  performed. The g o a l  of! 20 w / l b  
i s  a f i v e - f o l d  advance over  t h e  s o l a r  c e l l  a r r a y s  c u r r e n t l y  plarin'2d f o r  
use on t h e  A p 0 1 1 0  App l i ca t ions  workshop and t e l e s c o p e  c l u s t e r  i.n t he  e a r l y  
1970's .  T'hese s i g n i f i c a n t  weight r educ t ions  r e q u i r e  t h e  use of new s t r u c t u r a l  
concepts  and m a t e r i a l s .  Bery l l ium i s  be ing  i n v e s t i g a t e d  t o  provide  t h e  
needed i r . c r ease  i n  s t i f f n e s s  t o  weight r a t i o .  Methods f o r  forming,  m i l l i n g ,  
c u t t i n g  a.nd j o i n i n g  l a r g e  bc2ryllium s t r u c t u r e s  are  be ing  developed.  

2 

I n  FY 1968 r e s e a r c h  w a s  cont inued toward a more r a d i a t i o n  r e s i s t a n t  
s i l i c o n  s o l a r  c e l l .  The b e n e f i c i a l  e f f e c t  of l i t h i u m  added as a i:i:ace 
impur i ty  w a s  f i r s t  d iscovered  i n  1965. The a c t i o n  of l i t h i u m  h a s  been 
descr ibed  as a " se l f -hea l ing"  process .  Research i s  underway t o  det:ermine 
whether t h e  h e a l i n g  r a t e  can be made s u f f i c i e n t l y  f a s t  s o  t h a t  daraage i n  
space would be annealed as r a p i d l y  as i t  occurs .  Laboratory tes t : ;  havlz 
shown t h a t  c e r t a i n  l i t h i u m  c e l l s  recover  r a p i d l y  from i n t e n s e  doses  of 
r a d i a t i o n ,  bu t  subsequent ly  d e t e r i o r a t e  under room s t o r a g e  condi t : -ons.  
S u b s t a n t i a l  f u r t h e r  work i n  FY 1969 and subsequent  yea r s  i s  needed t o  
adequate ly  exp lo re  t h e  p o t e n t i a l  of t h i s  promising d iscovery .  

During FY 1969 r e s e a r c h  on new s o l a r  c e l l  concepts  w i l l  be  continuell  
wi th  a view toward i n c r e a s i n g  e f f i c i e n c y ,  improving tempera ture  t o l e r a i c e  
and reducing  nanufac tur ing  c o s t s  of  l a r g e  a r r a y s .  Work w i l l  contji iue on 
l a r g e  a r e a  cadmium s u l f i d e  s o l a r  c e l l s  which show a p o t e n t i a l  f o r  p r e a : l y  
reduced manufactur ing c o s t .  A t  t h e  p re sen t  t i m e  t h e s e  t h i n  f i l m  c t l l s  
are  only one- th i rd  t o  one-half  as e f f i c i e n t  as s i l i c o n  c e l l s  and l a v e  i iot  
been a b l e  t o  w i t  i s t a n d  thermal  c y c l i n g  wi thout  degrada t ion .  
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While notatl le progress  has  been made i n  t h e  performance and r e l i a b i l i t y  
of s p a c e c r a f t  e l e c t r i c a l  power systems,  a con t inu ing  need exis ts  E m  inprove-  
ments i n  t h e  E f f i c i e n c y ,  weight ,  l i f e  and r e l i a b i l i t y  of  power cond i t ion ing ,  
d i s t r i b u t i o n  snd c o n t r o l  equipment. 

I n  FY 1969 f u r t h e r  r e s e a r c h  i s  needed on a versa t i le  c i r c u i t  f o r  s t s b l e  
c o n t r o l  c f  p u l s e  modulated power o s c i l l a t o r s ,  on a new concept  f o r  overload 
p r o t e c t i c n  of e l e c t r i c a l  c i r c u i t s  and on a n  approach t o  s o l a r  array o r i e n t a -  
t i o n  and power t r a n s f e r  t h a t  would e l i m i n a t e  s l i p  r i n g s ,  brushes , gear ;  and 
h igh  speed bea r ings  which are  t r o u b l e  s p o t s  w i t h  e x i s t i n g  des igns  I 

Chemical Power Genera t ion  

E l e c t r o c h e r i c a l  devices  --- b a t t e r i e s  and f u e l  c e l l s  -- are  used as 
primary power sources  and as energy s t o r a g e  systems f o r  launch v e h i c l e  
and s p a c e c r a f t  power. The wide range of s t o r a g e ,  frequency of use?: rai:e 
of d i scha rge  and recharge  , high-g impact , b i o l o g i c a l  s t e r i l i z a t i o n  and 
temperature  lead  t o  s e v e r a l  d i f f e r e n t  t ypes  of b a t t e r i e s  t o  b e t t e i .  meel: 
t h e s e  requi rements .  

Research has  cont inued t o w a r d  b a t t e r i e s  t h a t  can provide  f i v e  j 'car 
s e r v i c e  l i f e  i n  90 minute o r b i t s .  I n  t h i s  service t h e  b a t t e r y  mu:t s u - v i v e  
30 t o  40,000 charge-discharge c y c l e s .  S u b s t a n t i a l  improvements i n  sucli 
b a t t e r y  components as s e a l s  and s e p a r a t o r s  a re  needed. There i s  c' c r i l - i c a l  
need f o r  valirl  mithods of a c c e l e r a t i n g  b a t t e r y  t e s t i n g .  Methods iclr a(*cumu- 
l a t i n g  t h e  e q J i v s l e n t  of f i v e  year  service w i t h  a c t u a l  t e s t  t i m e s  of d,iys 
or  weeks nus t  be devised  t o  s h o r t e n  t h e  t i m e  and c o s t  t h a t  w i l l  otherwi.se 
be r e q u i r i d  t 2  d ive lop  such b a t t e r i e s .  Continued i n v e s t i g a t i o n  of tacct 'l- 
e r a t e d  t e s t  methJds w i l l  be an  important p a r t  of t h e  FY 1969 program ill 
t h i s  a r e a .  

The enzrgy s t o r a g e  problems of long l i v e d  synchronous s a t e l l i t e s  
( 2 4  hour x b i t )  a r e  q u i t e  d i f f e r e n t  from low o r b i t  a p p l i c a t i o n s .  In tllis 
c a s e ,  only huiirlrI2ds of charge-d ischarge  cyc le s  occur  per  y e a r ,  but  t h e  
energy s t o r a g e  dev ice  must r e t a i n  i t s  charge  f o r  longer  pe r iods .  To 
s a t i s f y  t h e s e  (demands , work w i L  L con t inue  i n  FY 1969 on e l e c t r i c a l l y  
rechargeab Le h e  L c e l l s ,  us ing  hydrogen and oxygen as t h e  means of 
energy s t o r a g e .  A "breadboard" assembly of rechargeable  f u e l  ce 11s 
w i l l  be f<Ibri(:,3ted and t e s t e d  f o r  performance and service l i f e .  

Pre l iminary  r e s u l t s  i n  FY 1968 wi th  r echa rgeab le  metal-gas  ba t te i - iec  
have been encoiiraging. S e v e r a l  dozen cyc le s  were obta ined  w i t h  z i n c  ariocles 
and oxygen-usi.iig ca thodes .  The metal-gas dev ices  combine b a t t e r y  (zinc ) 
and f u e l  c e l l  (gaseous oxygen) t .echnologies t o  g ive  u s e f u l  performance not  
a v a i l a b l e  f r o n  b a t t e r i e s  o r  fuc)l. c e l l s  s e p a r a t e l y .  Fu r the r  work i s  needed 
i n  FY 1960 on r:hc:se metal-gas el .ectrochemica1 systems. 
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The major e f f o r t  on primary ( e s s e n t i a l l y  non-rechargeable)  b a t t e r i e s  i s  
on s t e r i l  i zab  -e and impact res i s tan t  s i l v e r - z i n c  c e l l s .  
s t e r i l i z a b l e  b a t t e r y  s e p a r a t o r  w a s  improved i n  i t s  chemical and phys ica l  
propert ic is  dur ing  t h e  p a s t  year and eva lua ted  i n  s i n g l e  ce l l s  f o r  s t e r i l i z -  
a b i l i t y .  H a ~ ~ n p  passed t h e s e  t e s t s  , i t  w i l l  be inco rpora t ed  i n  ecper imenta l  
b a t t e r i e s  i n  €'Y 1969 and eva lua ted .  A new b a t t e r y  case mater ia l  was found 
las t  y e a r ,  whic l -  can s u r v i v e  t h e  r i g o r s  of  h e a t  s t e r i l i z a t i o n .  T h i s  w i l l  
be> used i n  t h e  e v a l u a t i o n  program w i t h  epoxy s e a l a n t ,  wh i l e  b e t t e r  methods 
of  s e a l i n g  the b a t t e r y  case t o  t h e  top  w i l l  be  explored a t  t h e  saint! t i n e .  
A shock r e s i s t a n t  b a t t e r y  des ign  w a s  found t o  be  u n s a t i s f a c t o r y ;  b v t t e r  
dclsigns a r e  bc ing  sought .  

An organic. membrane, 

Research G r  a f r e e - e l e c t r o l y t e  f u e l  c e l l  w i l l  con t inue  i n  FY 1069. 
The f r e e  e l e c t r o l y t e  i s  c i r c u l a t e d  o u t s i d e  t h e  c e l l  and can  be  coo?ed 
more e f f e c t i v e l y  opening t h e  way f o r  l a r g e r  f u e l  c e l l  s t a c k s  and riodul2s. 
Impur i t i e s  swept out  by t h e  e l e c t r o l y t e  can  be  removed wi th  expeciied 
improvements i n  system l i f e .  More work i s  needed on t h i s  dev ice ,  
i nc lud ing  improved methods of wet-proofing t h e  e l e c t r o d e s .  

E lec t rochen ica l  r e s e a r c h  has  ranged from t h e  compi la t ion  of c r i t i c a l l y  
eva lua ted  e l ec t rochemica l  d a t a  (cont inuing)  through e x p l o r a t i o n  of gasl>ous 
e l e c t r o l y t e s  (conple ted)  and e l e c t r o d e - l e s s  p l a t i n g  (cont inuing)  t o  a :;tudy 
of e l e c t r o l y s i s  f o r  r e g e n e r a t i n g  r e a c t a n t s  f o r  lunar-based f u e l  C E  11s. A 
u n i v e r s i t y  t h z s i j  on a novel c o n s t r u c t i o n  of f u e l  c e l l s  t h a t  may lead  I:O 

more compsct , ; y s t ems  w i l l  be i n v e s t i g a t e d  f u r t h e r  i n  FY 1969. An ana1;rsis 
of h e a t  t r a n s f e r  i n  f u e l  c e l l s  was s u c c e s s f u l l y  app l i ed  t o  b a t t e r i e s  altd 
i s  expect2d t o  bl- broadened and gene ra l i zed .  S i n g l e - c r y s t a l  a l l o )  
c a t a l y s t s  have been found t h a t  promise t o  be  b e t t e r  t han  t h e  b e s t  f u e l  
c e l l  ca ta lys t : ;  a r a i l a b l e  thus  f a r .  

Space E l e c t r i c  Rocket T e s t  (SERT) 

196!1 -__-- 1967 1968 

Spacec ra f t  and experiments 
d e w  loprient: . . . . . . . . . . . . . . e . --- $ 1,100,000 $ 1,500,000 

Agena i(1,aunch Vehicle  Procure-  
ment Program) . . . . . . . . . . . . . . $ (2 , 420 , 000) (1,640 , 000) ('2 , 640 , 000) 

Total  (1ricl.uding Launch 
Vcnhicle). . . . . . . . . . $ (2,420,000) $(2,740,000)  $(4,140,000) - ----- 

SEKT 1 3  i s  an  ex tens ion  of t h e  SERT p r o j e c t  which was i n i t i a t e d  ' y  SERT I 
launched i n  J u . y  1964. SERT I w a s  a s u b o r b i t a l  f l i g h t  t o  demonst rs te  i o n  
beam n e u t r a l i z a t i o n  i n  space.  SERT I1 i s  planned as an  o r b i t a l  f l i - , h t  f o r  
a minimum of s i x  months t o  evaluate i o n  t h r u s t e r  c h a r a c t e r i s t i c s  ai(! pe r -  
formance curirg;  extended space o p e r a t i o n  and t o  i n v e s t i g a t e  p o s s i b l e  
i n t e r a c t i o n s  h j t h  t h e  s p a c e c r a f t .  SERT I1 r e p r e s e n t s  t h e  next  n i a j x  s t e p  
i n  t h c  desvelopniert and acceptance  of e l e c t r i c  t h r u s t e r s  f o r  prime 3 , opu l s ion  



of i n t e r  2 Laneta-ry s p a c e c r a f t .  Not on ly  w i l l  a s u c c e s s f u l  f l i g h t  prov.i.de 
addition,aL confidence f o r  t h e  adopt ion  of e l e c t r i c  t h r u s t e r s  f o r  actu:t l  
miss ion  i ise,  3ut much va luab le  informat ion  w i l l  be  de r ived  t o  a s s i s t  1.n 
t h e  des igning  0.: e l e c t r i c a l l y  p rope l l ed  s p a c e c r a f t .  

Planned t o  be launched by a THORAD-Agena from Western T e s t  Range d i r i n g  
CY 1969, t h e  S E : T  s p a c e c r a f t  w i th  experiments  w i l l  be  o r b i t e d  toge the i  w i t h  
t h e  Agem vehic  le.  
from a 1 , 5  KIT s o l a r  a r r a y  and S1,000,000 of FY 1969 funds i s  rcquii-ed f o r  
t h e  procur-emmt of t h i s  s o l a r  a r r a y .  A s p a c e c r a f t  suppor t  u n i t  has  bcen 
in t roduced  i n  10 t h e  des ign  t o  s i m p l i f y  t h e  i n t e r f a c e  between the  space craf t .  
and t h e  figena v e h i c l e .  I n  a d d i t i o n ,  a gimbaling system has been adopted 
t o  vectoi- t h e  i o n  engine th rus t  t o  ma in ta in  s p a c e c r a f t  s t a b i l i t y .  F i s c a l  
Year 1960 r e sources  amounting t o  ano the r  $500,000 are necessary  foi- tlre 
spacec ra f t  support  u n i t  and tlie t h r u s t  vec to r ing  gimbal system. 

The Agena w i l l  p rovide  t h e  necessary  e l e c t r i c  power 

- SNAP-8 Development 

196 9 ___-- 1967 1968 

1)evelopmeni:. , .. .. . .. . . . . . .. ... $ 5,500,000 $ 7,500,000 S 7,5OC,OOO 

The o b j e c t i v e  of t h i s  technology p r o j e c t  i s  t o  conduct t h e  groii-id 
development cif i. 10,000 hour ,  35 e l e c t r i c a l  k i l o w a t t  nuc lea r  eI.ect:i:.ic 
generatirip, systcm s u i t a b l e  for space a p p l i c a t i o n s  i n  t h e  1970's  aid! beyond. 
Pr inc ipa l .  p o t e n t i a l  a p p l i c a t i o n s  f o r  SNAP-8 a re  l a r g e  e a r t h  orhit i i- lg spa.ce 
s t a t i o n s ,  1ur.z;r e x p l o r a t i o n ,  d i r e c t  TV broadcas t  s a t e l l i t e s  and uLirimately 
manned irLterF 1.anetary miss ions .  

SNAP-€, i s  E j o i n t  NASA-AEC development wi th  AEC r e s p o n s i b l e  f o  - r e a c t o r  
developmcnt and NASA r e s p o n s i b l e  f o r  t h e  power convers ion  system m d  
even tua l ly  f c r  f u l l  system i n t e g r a t i o n .  SNAP-8 u t i l i z e s  a mercur~r  Rankine 
conwrsicln Lccbp t o  conver t  i-hermal power developed by a compact r e a c t o r  i n t o  
e l e c t r i c a l  poh'er. The des ign  approach p l a c e s  emphasis on maximum use 2 f  
c u r r e n t  s t a t e - o f - t h e - a r t  and provides  f l e x i b i l i t y  t o  adap t  t o  a range If 
p o t e n t i a l  missions wi th  a minimum of changes i n  t h e  system. 

I n  CY 1966 t h e  program was r e o r i e n t e d  toward emphasizing compownt Life  
development a r d  system technology t e s t i n g  us ing  t h e  breadboarded power 
convers ion  system i n  order  t o  s o l v e  t h e  component problems encount:ered , 
p a r t i c u l a r l y  i n  t h e  b o i l e r  and t u r b i n e .  Hardware commitments f o r  more 
advanced system t e s t i n g  were,  t h e r e f o r e ,  d e f e r r e d .  

I n  t h e  p a s t  year  p r i o r i t y  has  been placed on developing s o l u t i o n s  t 3  

t h e  major l i f e - l i m i t i n g  problt~ms found i n  t h e  b o i l e r  and t u r b i n e  f r o m  
previous development t e s t i n g  and on endurance t e s t i n g  i n  s m a l l  coripone it 
loops of t h e  o the r  major components of t h e  power convers ion  syster i .  
During CY 1967 t o t a l  t e s t  hours  on major SNAP-8 components increasc>d 
from about 23 ,000  hours  f o r  all previous  yea r s  t o  over 80,000 h o u ~ s ,  
i n d i c a t i n g  a s i g n i f i c a n t  a c c e l e r a t i o n  f o r  t h e  year  i n  t e s t i n g  p r o p  e s s  I 
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This  achievement: r e f l e c t e d  more component t e s t  loops brought  on t h e  l i n e  as 
w e l l  as bette:: o n - t e s t  exper ience .  During t h i s  per iod  t h e  f i r s t  SNAP-8 
component, t h e  lube /coo lan t  pump, passed t h e  10,000 hour endurance t e s t  
mi les tone .  

The pi-inci.pa:- change made t o  t h e  b o i l e r  and t u r b i n e  t o  c o r r e c t  observed 
l i f e  problems w a s  t o  s u b s t i t u t e  a more d u c t i l e  material  i n  t h e  tu rb ine  r o t o r s  
and s t a t o r s  and t o  r e p l a c e  t h e  i ron-based a l l o y  i n  t h e  b o i l e r  tube  wi th  
tantalum.,  Tantalum has  been found t o  have no measurable s o l u b i l i t y  i r  
mercury and i s  expected t o  reduce t h e  p rev ious ly  experienced co r ros ion  
problem. Teatirig of a modif ied t u r b i n e  and a new b o i l e r  b u i l t  w i t , - i  t h e s e  
new materials has  been in i t i a t e td  and v e r i f i c a t i o n  of t h e  des ign  i s  be ing  
ob ta ined ,  I n  modifying t h e  t u r b i n e  t h e  e f f i c i e n c y  w a s  a l s o  improvcd t o  
a s s u r e  a 35 b.'CJe power conversion system ou tpu t ,  and t h e  improved ?l>rfcrmance 
has  a l s o  been v e r i f i e d  i n  t e s t ,  

During, t h e  remainder of FY 1968 i t  i s  planned t o  complete a lo?;?, d u r a t i o n  
t e s t  of t h e  modif ied t u r b i n e  and new b o i l e r  and t o  perform a p o s t - t e s t  
i n s p e c t i o n  of tl-ese components t o  assess p rogres s  i n  developing s 3 l u t i o n s  
t o  t h e  l i f e  proklems of t h e s e  two components. Endurance t e s t i n g  2 f  t h e  
o the r  ma: o r  components w i l l  con t inue  and p e r i o d i c  examinations madt: of 
t h e s e  components t o  assess t h e i r  development s t a t u s .  Support ing i i ~ v e s t i -  
g a t i o n s  o f  scaled-down exper imenta l  b o i l e r s  w i l l  be  cont inued tow%i :d 
improving the  u rde r s t and ing  of f u l l - s c a l e  b o i l e r  c a p a b i l i t i e s  and l i m i t a t i o n s .  
AEC i s  ezpecttsd t o  complete f a b r i c a t i o n  of t h e  next  SNAP-8 r e a c t o r  i n  FY 1968 
and a long-dura t ion  power t e s t  of t h i s  r e a c t o r  i s  scheduled t o  begin  i n  
FY 1969. 

The bLdget r eques t  f o r  FY 1969 provides  p r i m a r i l y  f o r  t h e  cont inued 
l i f e  development of t h e  power convers ion  system components toward t h e  
10,000 hclur r z r k  i n  component loops ,  and i t  i s  planned t o  complete a 
2500 hour d e r o n s t r a t i o n  of t h e  l i f e  c a p a b i l i t y  of a l l  t h e  major cor,ipon?nts 
i n  t h e  breadboarded SNAP-8 power convers ion  system. 
components r e l a t e d  t o  system s t a r t - u p  and e l ec t r i ca l  c o n t r o l  i n i t i a t e d  i n  
FY 1968 w i l l  'ce cont inued.  I n  a d d i t i o n ,  t h e  e x i s t i n g  breadboarded p o w x  
conversion system w i l l  be  used t o  perform t r a n s i e n t  t e s t s  of s y s t e n i  s t x t - u p ,  
shutdown, and r e s t a r t .  A n a l y t i c a l  s t u d i e s  w i l l  a l s o  be  performed of  a SNAP-8 
power conversion system i n  a more compact c o n f i g u r a t i o n  t o  provide  g u i i e l i n e s  
f o r  component development and s y s t e m  t r a n s i e n t  t e s t i n g  more n e a r l y  r epcesen t -  
i ng  t h e  cond i t ions  expected i n  f u t u r e  a p p l i c a t i o n s .  

Development o i  se1:ondary 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF AIk'ANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM 

PROGRAM OBJE,C:TIVES AND JUSTIFICATION : 

The o b j e c t i v e  of  t h e  Nuclear Rockets program i s  t o  provide roclctt p ropuls ion  
systems f o r  a p p l i c a t i o n  t o  high-energy, high-payload missions o f  t h e  f u t u r e .  
In  c a r r y i n g  c u t  t h i s  o b j e c t i v e ,  t h e  AEC-NASA Space Nuclear Propuls ion  O f f i c e  
i s  conducting a d e t a i l e d  system-analysis ,  des ign ,  development and tes t  pro- 
gram t o  provide an  approxiinately 75,000 pound t h r u s t  NERVA engine of  between 
800-850 seconds s p e c i f i c  impulse f o r  f l i g h t  s t a t u s  by approximately FY 1976. 
Th i s  work i s  proceeding on t h e  b a s i s  of  d a t a ,  des igns ,  and experience 
e s t ab l i s ,hed  i n  the  technology phase of  t h e  program. 

The specif1.c NERVA a c t i v i t i e s  t o  be conducted i n  FY 1969 incluck the  com- 
p l e t i o n  of t h e  technology phase of  t h e  NERVA program and c o n t i n u a t i o n  a t  an 
inc reased  l e v e l  of t he  des ign ,  development, procurement, and compclnent t e s t -  
i ng  of the  approximately 75,000 pound t h r u s t  NERVA engine i n i t i a t e d  i n  FY 
1968. l.nclutlecl i n  FY 1969 w i l l  be t h e  es tab l i shment  o f  t he  NERVA engine 
d e t a i l e d  requirements  and c o n f i g u r a t i o n ,  and f a c i l i t y  modificatioi-is a s  needed. 

I n  a d d i t i o n  t o  NEKVA,  t h i s  program suppor t s  a c t i v i t i e s  t o  advance the  
technology of nuc lea r  rocke t ry  wi th  p a r t i c u l a r  regard t o  s p e c i f i c  i m p u l s e  
and dura t ior : ,  E f f o r t  w i l l  con t inue  t o  be d i r e c t e d  toward v e h i c l e  considera-  
t i o n s ,  inissicjn s t u d i e s ,  and engine-vehicle  i n t e r f a c e s .  The a c t i v i t i e s  i n  
support  o f  t hese  advanced o b j e c t i v e s  a r e  c a r r i c d  o u t  p r i m a r i l y  a t  NASA 
c e n t e r s  (Lew1.s and Marshal l )  and a t  t h e  A E C ' S  Los Alamos S c i e n t i f i c  Labora- 
t o r y .  

The major u z t i f i c a t i o n  f o r  the  development of  t h e  n u c l e a r  roclo: t engine 
i s  t h a t  i t  ~ a - o \ i d e s  a major advancement i n  space p ropu l s ion  c a p a 3 i l i t y .  The 
NEKVA engine i n  a nuc lea r  s t a g e  could i n c r e a s e  the  payload and en l~ance  the  
e f f i c i e n c y  s.nd o p e r a t i o n a l  c h a r a c t e r i s t i c s  i n  a v a r i e t y  of  p o t e n t i a l  missions.  
Some of t he  r i i s s ions  f o r  which a NEKVA-powered s t a g e  would providc o p e r a t i o n a l  
and payload advantages are : large-payload,  o r b i t a l - t r a n s f e r  n i i ss ions ;  manned 
o r  unmanned 1.unar missions ; unmanned so lar -sys tem missions ; and , e v e n t u a l l y ,  
heavy-payload manned missions beyond the  moon. 

The NE:RVA-powered s t a g e  a p p l i e d  as a t h i r d  s t a g e  of  t he  Sa tu rn  ' J  launch 
v e h i c l e  improves s i g n i f i c a n t l y  i t s  payload and mission v e r s a t i l i t y .  For 
example, a nuc lea r  s t a g e  woulcl i n c r e a s e  the  lunar- landed payload 1:Iy 
approxiniately 60-70% and a l low d i r e c t  f l i g h t s  t o  t h e  s u r f a c e  O K  Llie rroon 
t o  be accomplished i n  a s i n g l c  Sa tu rn  V launching. I n  a d d i t i o n ,  the nuc lea r  
t h i r d - s t a g e  i n c r e a s e s  the  payload c a p a b i l i t y  of  t he  Sa tu rn  V f o r  (deep space 
missions by I O C I X  o r  more. The energy c a p a b i l i t y  of t he  nuc lea r  s t age  can be 
r~rnployeti t o  recuce t r i p  tiines t o  d i s t a n t  p l a n e t s  by hundreds of ? ~ i y s .  These 
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improved c a p a b i l i t i e s  provided by nuc lea r  propuls ion  i n  the  th i rd-s ta ; ;e  of 
Sa tu rn  V can be u t i l i z e d  t o  improve t h e  e f f e c t i v e n e s s  of miss ions ,  t o  i n -  
c r ease  n i s s i c n  o r  payload r e l i a b i l i t y ,  t o  reduce t h e  number of requirl2d 
launches,  o r  to  extend the  spectrum of  p o t e n t i a l  missions i n  the  ].ate 1970 's  
and the  1980's. 

SUMMARY --- OF RESOURCES REQUIREMENTS: 
1967 - 1968 - 1269 -- 

Supporting r e sea rch  and 

NEKVA ............................. 34,162,000 35,000,000 h 1 , O i I O  ,000 
technology. .  ................... $16,506,000 $15,000,000 !;1.5,0i)0,000 

NKDS opera t  ions .  .................. 2,332,000 4,000,000 - 4 , Ol10,OO~ 

T o t a l .  .......................... S53.000,OOO S54.000,OOO !~60,0i10,000 ----- 
D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Marshal l  Space F l i g h t  Center . .  . $1,650,000 $2,100,000 $3,O8l0,O00 
Lewis Research Center  .......... 3,515,000 2,200,000 2,41)0,000 
Space Nuclear Propuls ion  Of f i ce  47,835,000 49,700,000 54,610,000 

BASIS OF FUNI) REQUIREMENTS: 

Support ing Research and Technology 

Rocket r e a c t o r  r e sea rch .  .......... $10,855,000 $9,800,000 $7,7l10,000 
Nuclear rocke t  engine s y s t e m s . .  .. 3,901,000 2,600,000 3,81)0,000 
Safe ty  ............................ 150,000 500,000 5130,000 
Vehicle technology. ............... 1,600,000 2.100,OOO - 3,000.00Q 

......................... $16,506 .OOO $15,000,000 ~~15.0~30.000 T o t a l .  --- 
The suppor t ing  r e sea rch  and technology e f f o r t  (SR&T) s u p p l i e s  fou r  lbasic 

needs: (1) @,enera1 SR&T da ta  f o r  c u r r e n t  p r o j e c t s ;  (2) advancinl: b a s i c  
technology f c r  nuc lea r  rocke t  engines  and v e h i c l e s ;  (3) feas ib i l :L t .y  e Efort  
on advanced nuc lea r  propuls ion  concepts ;  and (4) s t u d i e s  of spec:Lal f l i g h t  
s a f e t y  c o n s i c e r a t i o n s  of nuc lea r  rocke t s .  

I<o c k e  t - Re a c  t o r  R e  s ea rch  

This  a c t i v i t y  suppor t s  work i n  two gene ra l  areas: f i r s t ,  i n  t h e  a n a  of 
advanced concepts  and i n  the  des ign  s t u d i e s  of r e a c t o r  concepts  of i n t e r e s t  
f o r  f u t u r e  a p p l i c a t i o n s  ; secondly,  t hese  funds provide f o r  nozzle  and pro- 
p e l l a n t  feed s y s t e m s  f o r  use i n  t h e  advanced technology r e a c t o r  grounld 
t e s t  program a t  the  Nuclear Rocket Development S t a t i o n  (NRDS) . 

Research w i l l  cont inue  i n  FY 1969 on advanced nuc lea r  propuls ion  co ixep t s  
such as the  g a s  core  nuc lea r  rocke t  propuls ion  concept i n  which t h e  uranium 
f i s s i o n a b l e  material i s  i n  a gaseous r a t h e r  than a s o l i d  form. 1 k s u l t s  of 

KD 16-2 



t h i s  work h a w  ind ica t ed  t h a t  extremely high s p e c i f i c  impulse i s  po te r i t i a l  Ly 
a t t a i n a b l e  with t h i s  f u e l .  In-house c a p a b i l i t y  and r e s e a r c h  i s  centel-ed a t  
t h e  L e w i s  Research Center .  Most of t h e  work i n  t h i s  area,  however, i:; carried 
ou t  using t h e  c a p a b i l i t i e s  of i n d u s t r y  and u n i v e r s i t i e s  through contrzicts 
and r e sea rch  grimts.  

In  the  paslc, NASA has funded the  development of a l i q u i d  hydrogen tiirbo- 
pump feed system used t o  t e s t  t he  high-power Phoebus-2 and t h e  NERVA I .eactors .  
During FY 1963 ,  t h i s  system w i l l  be modified t o  meet t he  p re s su re  and flow 
requirements D f  t h e  t es t  bed r e a c t o r  experiments (PEWEE-1) t o  be condiicted 
by the  L o s  Atamos S c i e n t i f i c  Laboratory i n  FY 1969 (under AEC funding:i. 
P r o p e l l a n t s  a n d  p r e s s u r a n t s  i n  support  of t he  r e s e a r c h  and development 
a c t i v i t i e s  on turbopumps and nozz le s  f o r  Phoebus r e a c t o r  t e s t s  as well as 
the  Phoebus a i d  Pewee r e a c t o r  t e s t s  themselves a r e  provided by these  j'unds. 

Nuclear Rocket Engine Systems 

This  resear:h provides  information f o r  s p e c i f y i n g  c h a r a c t e r i s t i c s  oj. f u t u r e  
gene ra t ions  of nuc lea r  r o c k e t s  as w e l l  as e s t a b l i s h i n g  a gene ra l  base of i n -  
formation on the design and o p e r a t i o n  o f  components and engines .  Engine 
component tedinology i s  the r e s p o n s i b i l i t y  of NASA; t he  in-house e Efo1.t i s  
conducted by the Lewis Research Center w i th  o t h e r  work being accomp1i:)hed 
under Lewis' d i - r ec t ion  by c o n t r a c t o r s  and u n i v e r s i t i e s .  

The major e f f o r t  c u r r e n t l y  being c a r r i e d  ou t  i n  t h i s  program i s  on t.he 
e f f e c t s  of  ri3di;stion on nuc lea r  engine components, materials, and s y s t e m s .  

The purpose oE t h i s  work i s  the d e f i n i t i o n  of the  behavior  of ua t e r i a l s  
i n  a combined r a d i a t i o n  and cryogenics  environment. Such informat ion 
suppor t s  a l l  phixses of t he  nuc lea r  rocke t  program and i s  e s s e n t i a l  fol. t he  
design eEforlr. Other important e f f o r t s  are improved in s t rumen ta t ion ,  f l u i d i c  
c o n t r o l  sys t e  n components and engine t r a n s i e n t  a n a l y s i s .  

S a f e t y  

Assuring tlw :;afety of a l l  c u r r e n t  and p r o j e c t e d  a c t i v i t i e s  of t he  riuclear 
r o c k e t s  'progrsm r e q u i r e s  knowledge r e l a t e d  t o  t h e  new and unique problems 
encountered. Most r equ i r ed  information stems d i r e c t l y  from t h e  main I trearn 
technolo,;ica L development a c t i v i t i e s .  F requen t ly ,  however, s p e c i a l l y  
d i r e c t e d  r e sea rch  and a n a l y s i s  must be undertaken i n  areas o u t s i d e  thc normal 
r e a c t o r  a i d  pcol)ulsion d i s c i p l  ine.  Examples of  work i n  progress  o r  pl anned 
f o r  FY 1969 i i c  lude e x p l o r a t i o n  of the r e l a t i o n  between propuls ion r e c u i r e -  
ments and asr:roiiaut s a f e t y ;  s p e c i a l  problems of hydrogen s a f e t y ;  spec] a1 
f a c i l i t y  requirements ; and f u r t h e r  a n a l y s i s  and conceptual  design of rieasures 
t o  avoid o r  o ~ ~ u n t e r  f l i g h t  f a i l u r e s .  

Vehicle  Technology 

This  subpro,griam a c t i v i t y  provides  b a s i c  design information which w i l l  assist: 
the  deve lopme it of nuc lea r  rocke t  v e h i c l e s  f o r  f l i g h t  mission app l  icat i ons  I. 
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General f l i g h t  system technology a c t i v i t i e s  which w e r e  underway i n  p r i o r  
yea r s  w i l l  cont inue .  Areas of p a r t i c u l a r  i n t e r e s t  where r e s e a r c h  i n v c s t i -  
g a t i o n s  w i l l  be conducted are p r o p e l l a n t  h e a t i n g ,  r a d i a t i o n  e f f e c t s  and 
emergency p r c p e l l a n t  ven t ing  and r e l i q u i f i c a t i o n  of c ryogenic  p r o p e l l a n t s .  
Th i s  work i s  c a r e f u l l y  coord ina ted  w i t h  engine development. 

NERVA 

1'369 -- 1968 - 1967 - 
Technology ..................... $34,162,000 $ 2 3 , ~ 0 0 , 0 0 0  ! ~ ~ 6 , 8 ~ 3 0 , 0 0 0  
Development . . . . . . . . . . . . . . . . . . . .  --- 12,000,000 - I- " 4  , 2130,OOQ 

..................... $34,162,000 $35,000,000 ~i!Q,oi30,000 T o t a l . . .  -- 
The NERVA Frogram i n  FY 1969 i nc ludes  t h e  complet ion o f  t h e  technollsgy 

phase of t he  e f f o r t  and i n c r e a s i n g  a c t i v i t i e s  i n  the  development o f  tne 
f l i g h t - r a t e d  NERVA engine a t  a t h r u s t  l e v e l  o f  approximately 75,000 p m n d s .  
These two elements  of  t h e  program are d i scussed  below. 

Technology Phase 

Engine s y s t e m  component 

Ground t e  s t and o p e r a t  i ons  
and subsystem. ............. $14,426,000 $7,700,000 $3,7130,000 

P r o p e l l a n t s  .................. 2,379,000 2,000.000 2 , 8130,Oog 
............. suppor t . . . . . . .  17,357,000 13,300,000 1.0,3130,000 

.................. $34,162,000 $23,000,000 ;L\fi130 000 - _- -A- T o t a l . . . .  

Engine System 

During FY 1969, e f f o r t  w i l l  be d i r e c t e d  toward f i n i s h i n g  the  t t ? r ; t  a : t iv i -  
t i e s  concerned wi th  ground- tes t  exper imenta l  engines .  It i s  planned t h a t  
t h e  l a s t  phases of  XE-1 t e s t i n g  w i l l  be accomplished and disassernbly 12f t h a t  
engine b i l l  b e  concluded. The XE-2 w i l l  be t e s t e d  l a t e r  i n  t h e  ' iiscal year .  
The o b j e c t i v e s  of t h e s e  t e s t s  inc lude :  checkout o f  t h e  t e s t  f a c i l i t y ,  Engine 
Tes t  Stand Nc. 1 (ETS-1) ; e v a l u a t i o n  of engine  c o n t r o l  systems;  e x p l o r a t i o n  
o f  boot-straFB s t a r t u p  d a t a ;  mapping o f  engine  performance a t  a vi11:iety of 
o p e r a t i n g  p o i n t s  ; performance d a t a  on engine components a t  r a t e d  c o n d i t i o n s ;  
and de termina t ion  of t h e  requirements  of  engine  a f t e r - h e a t  removiil . 

!:omponent and Subsystem 

The remaining e f f o r t  i n  technology w i l l  involve  t h e  complet ion o f  t 8 ? s t i n g  
and d e l i v e r y  of t h e  ground exper imenta l  engine components and su!)syst8?ms. 

Ground Tes t  and Opera t ions  Support  

Th i s  e f f o r t  i n  FY 1969 w i l l  b e l a r g e l y  d i r e c t e d  t o  t h e  technology pqase 
o f  t he  N E W A  program. Engine t e s t  f a c i l i t y  o p e r a t i o n s  a t  t h e  Nuc::iear 
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Rocket Development S t a t i o n  are inc luded  i n  t h i s  heading. It a l s o  p roJ ides  
remote handl ing  equipment, checkout and tes t  equipment, and maint:enanl:e 
equipment f o r  t e s t  ope ra t ions .  During FY 1969, t he  Engine Maintcmancl? 
Assembly and Disassembly F a c i l i t y  (E-MAD) w i l l  be used t o  assemble tht? 
experimental  engine assembl ies  and r e a c t o r  experiments .  Remote niaint4:nance 
and disassembly o p e r a t i o n s  w i l l  a l s o  be conducted. Engine Tes t  Stand.1 
w i l l  be used t o  conduct t he  experimental  engine (XE) t e s t s .  Opei*atioil support. 
a l s o  provides  fDr in s t rumen ta t ion ,  s a f e t y  and product assurance  a c t i v i t i e s .  

P r o p e l l a n t s  

Funds provided under t h i s  heading w i l l  be used f o r  procurements of i lropel-  
l a n t s ,  p r i m a r i l y  l i q u i d  hydrogen, r equ i r ed  i n  va r ious  p a r t s  of  t he  NEIWA 
t e s t  programs. 

1069 -- 1968 - 1967 - 
F l i g h t  Engine Development: 

Engine s y s t e m ,  component and 

Ground test  and o p e r a t i o n s  suppor t  ___ 3,930,000 - 8,500 ,OOQ 
subsystem ....................... --- $8,070,000 :,15,700,000 

Tota l . . . . . . . . . . . . . . . . .  .......... 3 12,000,000 

Engine System Development 

Major e f f o r t  w i l l  be underway on des ign  and development of t he  f l i g l i t - t ype  
NERVA engine system and i t s  components. Engine systems a n a l y s i s  and o p t i -  
miza t ion  s t u d i e s  s t a r t e d  i n  FY 1968 w i l l  be completed. Cont inui rg  s t i t d i e s  
w i l l  be nade of t he  i n t e r a c t i o n s  and i n t e r f a c e s  between the  engine anti 
veh ic l e .  Areas of p a r t i c u l a r  design i n t e r e s t  inc lude  r a d i a t i o n  sb ielcling 
requirements  f o r  tank-heat ing and l i f e - s u p p o r t ;  mode o f  a f t e r - h e a t  ancl 
t h r u s t  removal; the  e f f e c t  of  space environment on engine and v e h i c l e ,  pro-  
p e l l a n t  s torage  and pumping modes; l aunch- s i t e  c o n s i d e r a t i o n s ,  e t c .  ,:n FY 
1969, t hese  'design s t u d i e s  w i l l  be l a r g e l y  concluded. Di rec t  input  fi*om 
Marshal l  Space F l i g h t  Center w i l l  support  t h e  c o n t r a c t o r ' s  a c t i v i t i e s  i n  
t h i s  a r e a .  

Component and Subsystem Development 
Based on sp2c i f i c a t i o n s  developed f o r  engine c o n f i g u r a t i o n s  anc eng:i.ne 

requi rements ,  s p e c i f i c  des ign ,  procurement and t e s t i n g  of components itnd 
subsysteins w i l l  be underway i n  FY 1969. These inc lude  the  f o l l o ~ i n g :  

1. Reactoir subsystem: This  e f f o r t  i s  l a r g e l y  funded by the  AEC ant[ w i l l  be 
c a r r i e d  out  a t  \Jestinghouse Ast ronuclear  Laboratory.  The components i r i ta l  t o  
success fu l  deve Lopment of t h i s  subsystem inc lude  r e a c t o r  f u e l  e lementi t ,  r e -  
actor-su>2porrr hardware, mechanical and e l e c t r o n i c  c o n t r o l  components, r a d i a t i o n -  
s h i e l d i n g  compo~ients , and ground-support  equipment. 

2 .  Turbopump assembly (TPA) : The des ign ,  development and t e s t i n g  of t h i s  
assembly w i l t  bti underway i n  FX 1969. The f a c i l i t i e s  necessary  t o  te:>t com- 
ponents will lie a v a i l a b l e  during t h e  course  of t he  yea r ,  and t e s t i n g  of  corn- 
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ponents  w i l l  be i n i t i a t e d .  Weldments and fo rg ings  f o r  t h e  TPA w i l l  be procured 
during E'Y lSO9 f o r  component development t e s t i n g  as w e l l  as f o r  the f i r s t  engine ,  
E - 1 .  Machir.i.ng, and assembly of  t h e  TPA f o r  i n i t i a t i n g  co ld-dr ive ,  law-speed 
t e s t s  a r e  a l s o  expected t o  be completed a t  t h e  end of  t he  year .  S t r u c t u r a l  and 
dynamic t e s t  i.ng, w i l l  be i n i t i a t e d .  

3 .  Thrust-.chamber assembly: The U-tube nozz le  developed under the  NERVA 
technolcigy prog,ram w i l l  be the  b a s i s  f o r  t h e  NERVA nozzle  design.  T h e  hot.- 
b leed  cyc le  w i l l  be used i n  NERVA, based on components and systems s tudies :  
conducted dur ing  NERVA Techno1,ogy phase.  Add i t iona l  nozz le  des ign  a c t i v i t i e s  
a s s o c i a t e d  w i t h  nozzle  ex tens ions  and a nozz le  s k i r t  w i l l  be conducted. Nuclear ,  
thermal and r; tr .ess a n a l y s i s  on t h e  t h r u s t  chamber assembly components w i l l .  be 
conducted. I 'orgings f o r  development nozz les  and f o r  use i n  b leed-por t  deve1o.p- 
ment t e s t i n g ,  ir,.  chemical f i r i n g s  w i l l  be d e l i v e r e d ,  and contour  inachining of  
t he  nozz les  c.orripleted. Nozzle b leed-por t s  w i l l  a l s o  be procured 'cluring t h e  year. 

4 .  Lines ,  va lves  and a c t u a t o r s :  The components f a b r i c a t e d  and t e s t e d  i n  
t h e  NERVA technology program w i l l  be t h e  b a s i c  s t a r t i n g  po in t  f o r  q u a l i f i c a t i o n  
of these components. Included i n  t h i s  ca t egory  are the  turbine-power c o n t r o l  
va lve ,  t urbirte block va lve ,  d i scharge  shu to f f  va lve ,  emergency c~xildown va lve ,  
and the  p r o p e l l a n t  shu to f f  va lve .  These va lves  w i l l  be redesigned o r  upgraded 
ffrom thc XE engine t o  provide t h e  necessary  r e l i a b i l i t y  and weigit .  r equ i r ed  f o r  
a f l i g h t  engine.  These redesigned va lves  w i l l  be f a b r i c a t e d  i.n Fk' 1969 and 
l eak ,  fLncticma1 I t iming response and cyc le  t e s t i n g  i n i t i a t e d .  A new s t r u c t u r a l  
support  coolan t  va lve  w i l l  be developed f o r  t h e  r e a c t o r  support  system t o  c o n t r o l  
coo lan t  flox, rate whi le  main ta in ing  a r e l a t i v e l y  cons t an t  bleed-f low rate o f f  
t he  pump d ischarge .  Deta i led  des ign  of  t h i s  va lve  and f a b r i c a t i o n  w i l l  occur  
i n  FY 1969. 

5 .  TI-rust s t r u c t u r e  and a t t i t u d e  c o n t r o l :  The des ign  of t hese  components, 
i n i t i a t e d  i n  FY 1968, w i l l  be underway and long-lead procurement begun. The 
d e t a i l e d  design of t he  t h r u s t  vec to r ing  system w i l l  be completed i.n FY 1969, 
and the  comFcments of  t h e  system w i l l  be f a b r i c a t e d  t o  i n i t i a t e  development 
t e s t i n g  i n  e a r l y  FY 1970. Components included i n  t h e  system for which f a b r i -  
c a t i o n  w i l l  tie i n i t i a t e d  i n  FY 1969 inc lude  gimbal bel lows and remote j o i n t ,  
gimbal r i n g  anc r i n g  bea r ings ,  remote s t r u c t u r a l  connec tors ,  and t h e  t h r u s t  
s t r u c t u r e .  

6. Ergine c c n t r o l  systems:  The b a s i c  d a t a  f o r  pro to type  c o n t r o l  sys t ems  
w i l l  be a v a i l a b l e  from XE-1 t e s t i n g ,  and systems requirements  w i l l  be implemented 
by func t iona l  and d e t a i l e d  des igns .  Mechanical pro to types  of  f l  ight-packed com- 
ponents w i l l  be f a b r i c a t e d  and t e s t e d .  De ta i l ed  des ign  mod i f i ca t ions  t o  t h e  
e x i s t i n g  E T S - 1  f a c i l i t y  engine c o n t r o l  system and engine s imula tor  w i l l  be com- 
p l e t e d  i n  FY 1969 ant1 f a b r i c a t i o n  of a mod i f i ca t ion  k i t  i n i t i a t e j .  

Ground Tes t  Operat ion and Support  

for  f u l l  s c a l e  turbopump e v a l u a t i o n  and f o r  chemical t e s t  f i r i n g ;  of nozzle 
b leed-por t s .  Modi f ica t ions  t o  ETS-1 f o r  the  NERVA engine w i l l  be i n  the  des ign  
s t age .  Oper i t i ona l  suppor'l a l s o  provides  f o r  i n s t rumen ta t ion ,  s.iEety and pro- 
duct assurance a c t i v i t i e s  for  NERVA development. 

I n  FY 19b9, necessary  mod i f i ca t ions  of  f a c i l i t i e s  w i l l  be i n i t  i ixted a t  Aero je t  
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Nuclear Rocket Development S t a t i o n  Operat ions 

1969 -. 1968 - 1967 

General s i t e  suppor t . .  ............. $2,183,000 $3,600,000 $3,600,000 
Cap i t a1 ec,uipment .................. 149,000 400,000 .__ 400,000 

.......................... $2,332,000 $4,000,000 $4,000,000 T o t a l . .  - 
The mi.ssiori of t he  Nuclear Rocket Development S t a t i o n  (NRDS) i s  t o  provide 

a s i t e  f o r  g-ound s t a t i c  t e s t i n g  of t h e  r e a c t o r s ,  engines  and e v e n t u a l l y  the  
propulsi.on niodu l e s  o r  rocke t  s t a g e s  a s s o c i a t e d  with n u c l e a r  rocket. development, 
The major usc'rs of t he  S t a t i o n  a r e  Aerojet-General Corporat ion,  'destinghouse 
Astronuc lear Laboratory,  and Los A l a m o s  S c i e n t i f i c  Laboratory,  under the over - 
a l l  management of the AEC-NASA Space Nuclear Propuls ion O f f i c e .  The s p e c i f i c  
a c t i v i t i e s  i n  F'Y 1969, as covered e a r l i e r ,  i nc lude  completion o f  :4:E-l t e s t i n g  
and i n i t i a t i o n  of t h e  XE-2 t e s t  s e r i e s .  

Maintenance, housekeeping and management f u n c t i o n s  must be provided a t  the 
s i t e .  These f t . nc t ions  taken t o g e t h e r  c o n s t i t u t e  gene ra l  s i t e  suppor t .  Tiley 
i nc lude  rout  1.n~ maintenance and o p e r a t i o n  of t he  f a c i l i t i e s ;  f o r  exarrlple, 
c u s t o d i a l  SErvices ,  maintenance of roads ,  grounds,  and u t i l i t y  systerr is and 
f u r n i s h i n g  of L t i l i t i e s ,  b u i l d i n g  o p e r a t i n g  s u p p l i e s ,  f i r e  p ro tez t  i o n ,  and 
c a f e t e r i a  sei-vices .  Included a l s o  a r e  the  s e r v i c e s  of a support  ~ ~ o n t r a c t v r  
t o  maint.ain and o p e r a t e  plumbing, e l e c t r i c a l ,  c a r p e n t e r ,  welding .and machine 
shops a s  we1 :. E.S support  f a c i l i t i e s  and equipment. 

These funds w i l l  cont inue t o  provide f o r  NASA's sha re  of t h e  g 'eneral  sit.(? 
o p e r a t i o n s ,  t h e  major p a r t  of which i s  funded by t h e  AEC. 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1969 ESTIMATES 

OFFICE OF ADVPNCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PR ]GRAM 

PROGRAM OBJECTIVES M): A 

The o b j e c t i v e  of  t h e  Chemical Propuls ion  program i s  t o  estab1i:;h sc i ence  
and engineer ing  technology t h a t  w i l l  provide a b a s i s  f o r  developing advanced 
chemical propuls ion  rocke t  systems f o r  t h e  Nat ion 's  f u t u r e  space miss ions .  
This  program covers  r e sea rch  examination of  fundamental concepts ,  o b t a i n s  
per t inent :  engi.neering d a t a ,  develops des ign ,  f a b r i c a t i o n  and t e s t i n g  techniques ,  
and demonstra1:ec; improvements i n  propuls ion  machinery r e s u l t i n g  from resea rch  
examinations by performing experimental  system tests. 

Three b a s i c  p r o p e l l a n t  s y s t e m  types  a re  covered. These are  l i q u i d  pro- 
p e l l a n t ,  s o l i d  p r o p e l l a n t ,  and hybr id  p r o p e l l a n t  systems. Thrust  l e v e l s  
range from s t w e r a l  m i l l i o n  pounds t o  mil l ipounds.  A propuls ion  technc logy 
base i s  prepa:red f o r  launch v e h i c l e  s t a g e s ,  l una r  and p l a n e t a r y  landing and 
a scen t  module;, o r b i t  and de -o rb i t  maneuver engines ,  midcourse c o r r e c t i o n  
engines ,  a t t i t u d e  c o n t r o l  engines ,  rendezvous engines ,  p rope l l an t  s e t t l i n g  
t h r u s t e r s ,  an13 personnel  t r a n s p o r t  devices .  I n  a d d i t i o n  t o  improving t h e  
performance imd f l e x i b i l i t y  of chemical propuls ion  systems, lowering t h e  cos t  
and improving r e l i a b i l i t y  and s a f e t y  are  p r i n c i p a l  o b j e c t i v e s  0 f this work. 
Propuls ion p*mcesses ,  engine des ign ,  engine m a t e r i a l s  and f a b r i c a t i o n  techniques 
are  s tud ied  i%IOIIg with  measurements o f  p r o p e l l a n t  phys i ca l  p r o p e r t i e s ,  combustion 
phenomena, a fundamental understanding of  f l u i d  mechanics processes ,  g,as 
dynamics, s o l i d  mechanics and extremely h igh  ra tes  of h e a t  t r a n s f e r ,  ci.nd 
methods t o  c o n t r o l  t h e s e  a r e  developed. The b a s i c  t echno log ica l  examj n a t i o n s  
are supported by complimentary system demonstrat ion programs. The t o t a l  
process  of developing t h e  t echno log ica l  b a s i s  f o r  advanced propuls ion  system 
des igns  r e q u i r e s  many years .  

The t e c h n i c a l  p r o j e c t s  under t h e  Chemical Propuls ion  program 8.r e miinaged 
by NASA f i e l d  c e n t e r s ,  u s ing  unique in-house c a p a b i l i t i e s  and fac i 1it:i.es t o  
support  t h e i r  work. Work a t  t h e  c e n t e r s  i s  augmented by ex tens ive  us(! of  
competent academic and i n d u s t r i a l  c a p a b i l i t i e s  under con t r ac t ed  work airrange-  
ments. 
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SUMMARY OF RE,SOL!XCES REQUIREMENTS : 

1967 1968 

Support.ing r e sea rch  and 
technology.. ................ $30,688,000 $33,750,000 

Large s o l i d  motor p r o j e c t . .  ... 2,950,000 3,500,000 

Total . . .  .................. $33, 638,000 $37,250,000 

D i s t r i b u t i o n  of Program Amount bv I n s t a l l a t i o n :  

John I?. E:t?nnedy Space 
Center ,  NASA.. ............ $49,000 

Manned Spacec ra f t  Center..  .. 5 14,000 
Marshal l  Spcice F l i g h t  Center 5,200,000 
Goddard Space F l i g h t  Center. 496,000 
J e t  I?ropu LSI-on Laboratory.. e 3,923,000 
Lang Ley Research Center..  ... 2,316,000 
L e w i s  Research Center..  ..... 11,89C,OOO 
NASA Headquarters..  ....... . 2,8 16,000 
Western S ippor t  Off ice . .  .... 6,434,000 

$175,000 
1,120,000 
5,890,000 

540,000 
4,774,000 
2,553,000 

12,597,000 
4,082,000 
5,519,000 

BASIS OF FUNI) REQUIREMENTS: 

SuPportinp Research and Technology 

Liquid Rocket Research and 

So l id  Rocket Propuls ion 

Liquid Roc'ke t E x p e r i m q t a  1 

So l i d  Rocket Exper h e n  t a 1. 

Advanced rechnology.. ........ $11,687,000 $12 . 700,000 

Rese,arch and Technology.. ... 4,407,000 5,050,000 

Engine'ering. ................ 10,675,000 12,500,000 

Engineering.. . . . . . .  ......... 3,9 19,000 3,500,000 

Total . . . . . . . . . . . . . . . . . , . . .o $3 0,688,000 ,750,000 

1969 ---- 

$33,600,000 
3 ,  'LOO 1 000 

$1.50,000 
900 , 000 

5,800,000 
45 0,000 

9s645,000 
2,658,000 

14,040,000 
3,057,000 --- 

$12,600,000 

5,050,000 

12  ,450 ,000 

I_ 22 ,500,000 

El ,600 1 000 --.I- 

Liquid Rocket: Research and Advanced Technology 

The Liquid Rocket Research and Advanced Technology p r o j e c t  perform 3 
broadly based r e sea rch  a p p l i c a b l e  t o  advanced l i q u i d  rocke t  propulsioii  con- 
cep t s .  Half of t he  approximately 160 t a s k s  i s  i n  app l i ed  r e s e a r c h ,  g i2nera l . l~  
a p p l i c a b l e  t o  a l l  l i q u i d  rocke t  eng ines ;  roughly one t h i r d  i s  app l i ca l i l e  t o  
s p a c e c r a f t  er .gines,  t he  remainder is o r i e n t e d  towards launch vehiLcle problems,, 
F o r t y - f i v e  p e r  c en t  of t he  work is c o n t r a c t e d  wi th  i n d u s t r y ,  f o r t y - f i v e  per 
c e n t  i s  done in-house and t h e  remaining t e n  per  c e n t  is accomplished i n  
u n i v e r s i  t i es  L. 
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The app l i ed  r e s e a r c h  e f f o r t  f o r  FY 1969 w i l l  i nc lude  work i n  cc)mbusi:ion, 
combustion s t a b i l i t y ,  i g n i t i o n ,  va lve  and seal technology, pump technology, 
materials of c o n s t r u c t i o n ,  and f a b r i c a t i o n  processes .  The g o a l s  itre t o  
d e f i n e  t h e  p o t e n t i a l  f o r  i nc reased  r o c k e t  system performance, reduced igeight 
and c o s t ,  extended mission d u r a t i o n ,  and improved r e l i a b i l i t y  of components. 
Advancement s p e c i f i c a l l y  r e l a t e d  t o  long d u r a t i o n  space mis s ions  of thiz 
f u t u r e  i s  emphasized. The information generated i s  publ ished as enginizering 
r e p o r t s  and handbooks a p p l i c a b l e  t o  both t h e  aerospace and non-aeirospaiie 
indus t r y . 

The program i n  high-energy space s t o r a b l e  p r o p e l l a n t s ,  such as m i x t i n e s  of 
f l u o r i n e  and oxygen o r  oxygen d i f l u o r i d e ,  with t h e  l i g h t  hydrocarbons lor 
d iborane se rv ing  as f u e l s ,  w i l l  i nc lude  e f f o r t s  i n  space ambient i g n i t i o n ,  
i n j e c t o r  design f o r  performance, chamber cool ing,  and nozzle  a1til:ude performance 
and ana lys i s . 

The programs examining t h e  u s e  of l i q u i d  hydrogen i n  r o c k e t s  w i l l  augment 
work with sukcocled and s l u s h  hydrogen, i t s  hand l ing  and i n s t r u m e n t a t i o n  
applicab1.e t c  i t .  These techniques w i l l  extend t h e  t i m e  t h a t  hydrogen can 
be s t o r e d  i n  space,  o r  reduce i n s u l a t i o n  weight and s p a c e c r a f t  coinplexity. 

Work w i l l  ctls80 a s s e s s  t h e  performance a v a i l a b l e  from t r i p r o p e l  l a n t  com- 
b i n a t i o n s  us ing  l i q u i d  hydrogen, f l u o r i n e  and l i thium. Such t r i p r o p e l l a n t  
systems have demonstrated s p e c i f i c  impulse performance i n  excess  # o f  500 
pound-seconds pe r  pound. The con t inu ing  e f f o r t  w i l l  be d i r e c t e d  toward 
combus t o r  simp1j.f i c a t  ion. 

Work re1at::lng; t o  launch v e h i c l e s  w i l l  d i r e c t  e f f o r t  toward des ign  and 
o p e r a t i n g  s i m p l i f i c a t i o n  of such equipment with a view to lowering f u t u r e  
development and product ion cos t s .  New reduced-cost methods of fabtrica t i n g  
components WJ. 11 be examined. The t r a n s i e n t  thermal requirements  of ttirbo- 
pump opeiration f o r  s t a r t i n g  engine systems t h a t  u se  cryogenic  f l u i d s  b i i l l  

be determined arid system design concepts w i l l  be developed t o  a l l e v i a t e  t h e  
o p e r a t i o n a l  and p re -cond i t ion ing  c o n s t r a i n t s  i n h e r e n t  i n  p r e s e n t  e q u i p e n t  . 

S o l i d  Rocket P ropu l s ion  Research and Technology 

The S o l i d  .Propel lant  Research and Technology program develops a ba:,e of 
d a t a  p e r t i n e n t  to t h e  g e n e r a l  a p p l i c a t i o n  o f  s o l i d  p r o p e l l a n t  motors. 
exp lo res  prop~al!;ion a l t e r n a t i v e s ,  tes ts  performance and des ign ,  and rcmsolves 
d i f f i c u l t i e s  Eoic s o l i d  p ropu l s ion  systems. 

It 

The progrian :in s o l i d  p ropu l s ion  technology c o n s i s t s  o f  75 tasks. I’orty 
p e r  cen t  of Ithe funds are c o n t r a c t e d  wi th  i n d u s t r y ,  13 p e r  c e n t  with iiniver- 
s i t i e s  and non-p ro f i t  i n s t i t u t i o n s ,  and 47 p e r  cen t  i s  used w i t h i n  NA!IA. 

The s o l i d  p r o p e l l a n t  r e s e a r c h  and technology e f f o r t  has  been st:rucl ured 
t o  provide needed information on high performance s o l i d  p r o p e l l a n t  sy::tems. 
This  infmmatioi:! covers  k i n e t i c s  of decomposition, chemical e r o s i v i t y  
combust i o n  i n s t a b i l i t y  c h a r a c t e r i s t i c s  , p h y s i c a l  p r o p e r t i e s  o f  propel’l.ant s 
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and motor materials, s e n s i t i v i t y  and haza rds  o f  p r o p e l l a n t s  and t h e i r  
manufacture,  p rocess ing  procedures  and c h a r a c t e r i s t i c s .  These d a t a  w i l l  
permit e v a l u a t i o n  of s o l i d  p r o p e l l a n t  systems f o r  f u t u r e  mission develqnnent. 
S p e c i f i c  a r e a s  of concen t r a t ed  e f f o r t  are i d e n t i f i e d  i n  t h e  fol lowing 
paragraph s. 

Control lab ].e s o l i d  r o c k e t s  now being t e s t e d  under t h e  experimental  eng inee r -  
i n g  program r e q u i r e  e x t i n g u i s h a b l e  p r o p e l l a n t s ,  refinement i n  t h e  knowledge 
of burning c h a r a c t e r i s t i c s  o f  such p r o p e l l a n t s ,  and improvement i n  hardware 
r e l i a b i l i t y ,  p a r t i c u l a r l y  f o r  h o t  gas  flow r e g u l a t o r y  dev ices  and i .gni t ion 
systems. The hybrid promises e x c e p t i o n a l l y  high performance, r e s t a r t a b i l i t y ,  
and good space s t o r a b i l i t y .  Research on both t h e s e  space rocke t  systems w i l l  
be conducted. 

Polymers are being developed t o  y i e l d  p r o p e l l a n t s  w i th  improved mechanic:al 
p r o p e r t i e s .  The mechanical behavior  i n v e s t i g a t i o n  program is h e l p i n g  a s s u r e  
t h e  struc:tura:l i n t e g r i t y  o f  s o l i d  r o c k e t  motors. 
i n v e s t i g a t e d  for. use i n  n o n d e s t r u c t i v e  i n s p e c t i o n  o f  cast motors. Better 
knowledge of combustion p rocesses  and i g n i t i o n  t r a n s i e n t s  i n  s o l i d  rocke t  
motors w i l l  ptmuit  more r e l i a b l e  i g n i t e r  design and c o n t r o l  o f  coinbustion- 
induced j.nstal)il.ity. 

Microwave technology w i l l .  be 

Liquid Rocket:. Experimental Engineering 

The Liquid Rocket Experiment a1 Engineering work i s  l a r g e l y  sys t em crient:ed. 
Improved components de f ined  by t h e  r e s e a r c h  and technology programs a r e  
designed,,  bu i  Lt, and assembled i n t o  working systems, u s u a l l y  "breadboard" 
models, so thil t  component i n t e r a c t i o n s  may be s t u d i e d  under s imulated o p e r a t i n g  
condi t ions.  New o r  u n a n t i c i p a t e d  problems are o f t e n  observed du r ing  t h e s e  
t e s t s .  'Chest! may r e q u i r e  a d d i t i o n a l  r e s e a r c h  e f f o r t  a t  t h e  component l e v e l .  
It i s  t h e  pui-pose of such system tests t o  i d e n t i f y  real  performance pc i t en t i a l ,  
t o  d e f i n e  ope:ral:ing l i m i t s ,  t o  p o i n t  up areas o f  technology which neecl f u r t h e r  
a t t e n t i o n ,  and to assess t h e  design methods, t h e  f a b r i c a t i o n  procease: , t h e  
t e s t  proc~eduiies:, and t h e  probahle  schedule ,  c o s t ,  and f a c i l i t y  requirement 2; 
of a p o t e n t i a  1 hardware development p r o j e c t .  

---- Launch Veh ic:Le Systems - The need f o r  reduced-cost p ropu l s ion  c a p a t l i l i t y  
i s  apparent .  NASA and t h e  DOD have been engaged i n  a coordinated prog,ram 
aimed a t  improved hydrogen peroxide rocke t  engines.  DOD w i l l  proceed wi th  a 
breadboa.rd s y ; t t n  demonstration o f  a h igh  chamber p r e s s u r e  conventions 1 nozzle  
engine conf iga ra t ion .  NASA w i l l  support  work on t h e  combustion chimbthr of t h e  
ae rosp ike  engine with both small  scale segments and a t  a nominal t1irut.t l e v e l  
o f  250,OOO podnds t o  e s t a b l i s h  t h e  performance t o  be expected o f  t h i s  con- 
f i g u r a t i o n  and 110 work o u t  problems o f  combustion-induced i n s t a b i  1 i t i t s .  
Additiona I work e f f o r t  w i l l  be aimed s p e c i f i c a l l y  a t  encouraging n42w c:oncepts 
f o r  f a b r i c a t i n g  low c o s t  propuls ion equipment us ing  t h e  ae rosp ike  iioz::le. 
Seve ra l  new I cxxep t s  i n  advanced turbomachinery w i l l  be invest igat ied :i.n model 
s c a l e .  
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Space Propuls ion Sys tems - Ln r e c e n t  y e a r s  emphasis i n  our  spacecr i i f t  
program n a s  followed two p r i n c i p l e  t r a c k s :  1) improvement i n  t h e  tectinologie:; 
o f  thermal p r o t e c t i o n  to  extend t h e  c a p a b i l i t i e s  o f  hydrogen f u e l e d  rocke t  
systems t o  perform deep space mis s ions ,  and 2) development o f  a new C-ass o f  
high d e n s i t y  hi3h performance "space s t o r a b l e "  p r o p e l l a n t s  f o r  use on long 
d u r a t i o n  space missions where low d e n s i t y  hydrogen u s e  i s  i m p r a c t i c a l ,  

Oxygen-hydrogen systems a re  a l r e a d y  o p e r a t i o n a l  as launch v e h j c l e s  such 
as Atlas-Centaur and t h e  Sa tu rn  veh ic l e s .  Technology needed t o  clevelop t h e  
c a p a b i l i t y  f o r  s t o r i n g  l i q u i d  hydrogen i n  space f o r  extended durat ion: ;  i s  
p rogres s ing  rapidly.  This  work w i l l  g r e a t l y  extend t h e  use fu lness  of 
hydrogen-fueled p ropu l s ion  s t ages .  S i g n i f i c a n t  p rogres s  has  been madc? i n  
demonstrating t'ne o p e r a t i o n  and performance c a p a b i l i t y  o f  fluorine-hycirogen 
engine sys t ems ,  and i n  developing des ign  c r i t e r i a  f o r  l i q u i d  f l u o r i n e  
p r o p e l l a n t  s y s  t ern component s. 

The space s t o r a b l e  p r o p e l l a n t  combinations o f f e r  a unique combinati-on of 
a t t r a c t i v e  c h a r a c t e r i s t i c s  p a r t i c u l a r l y  s u i t a b l e  f o r  deep space end p l a n e t a r y  
mis s ions ,  both manned and unmanned. High performance, h igh  bu lk  densLty, and 
s u i t a b l e  physical  p r o p e r t i e s  combine t o  r ende r  space s t o r a b l e  prclpuls Lon 
systems s t r o n g  contenders f'or p l a n e t a r y  o r b i t e r s ,  l ande r s ,  ascent  vehLcles 
and ear th  r e t u r n  s t ages .  The p r i n c i p a l  p r o p e l l a n t  combinations cif in1:erest 
a r e  oxygen-dif luoride o r  mi.xtures o f  f l u o r i n e  and oxygen with e i t h e r  l iquif iecl  
hydrocarbon gases or diborane as t h e  f u e l .  E f f i c i e n t  combustion has  lleen 
ob ta ined  and coo l ing  limits have been e s t a b l i s h e d  f o r  t r a n s p i r a t i o n ,  .i-egenera-- 
t i v e  and a b l a t i v e  coo l ing  t echmiques, De l ive rab le  engine perforniance inc lud ing  
expected k i n e t i c  l o s s e s  du r ing  nozz le  expansion of t h e  exhaust under .;pace 
cond i t ions  w i l l  be determined s h o r t l y .  Pump technology f o r  t h i s  clas ; of  
p r o p e l l a n t s  has a l s o  been i n i t i a t e d .  I n  f i s c a l  yea r  1969, e f f o r t s  w i l l  be 
i n i t i a t e d  t o  design,  f a b r i c a t e  and tes t  t y p i c a l  s p a c e c r a f t  engine sysl:ems, 
both p r e s s u r e  f ed  and pump fed. These engine systems w i l l  be "breadboarded" 
t o  provide t h e  f l e x i b i l i t y  f o r  making mod i f i ca t ions ,  r e p l a c i n g  ccmipon~mts 
and e v a l u a t i n g  a l t e r n a t e  engine o p e r a t i o n a l  c y c l e s ,  as improved clesigiis 
are conceived, 

Another c r i t i c a l  area r e q u i r i n g  a t t e n t i o n  i s  t h e  a c t u a l  s t o r a b i . l i t : r  
p o t e n t i a l  of t h e  space p r o p e l l a n t s .  Simulated space environment c:haml)er 
t e s t i n g  i s  planned t o  e v a l u a t e  s u p e r - i n s u l a t i o n s ,  t ank  support  ancl peiietratiort  
design,  shadow s h i e l d  e f f e c t i v e n e s s ,  tank p r e s s u r i z a t i o n  techniques,  <? tc .  
The f i s c a l  year  1969 work w i l l  determine those  areas o f  i n s u l a t i o n  te:hnology 
p e c u l i a r  t o  t h e  space s t o r a b l e s  and w i l l  l e ad  t o  t h e  even tua l  eval.uation of 
complete p r o p e l l a n t  systems i n  s imulated space chamber t e s t i n g .  

A u x i l i a r y  Propuls ion - S o p h i s t i c a t e d  s p a c e c r a f t  r e q u i r e  a t t i t u d e  sl:abil i-  
z a t i o n ;  some a l s o  r e q u i r e  s m a l l  v e l o c i t y  changes f o r  changing o r b i t  or t r a j e c , .  
t o ry .  Thrust  requirements  f o r  a u x i l i a r y  systems used t o  accomplish tliese 
purposes range from a f r a c t i o n  o f  a pound t o  s e v e r a l  hundred pounds. 
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I n  t h e  low t h r u s t  area, monopropellant hydraz ine  has  seen widened ti.pplica- 
t i on .  The s : h p  L ic i ty  of t h e  s i n g l e  p r o p e l l a n t  system, wi th  performanc e s e v e r a l  
t i m e s  t h a t  oE a s t o r e d  high p r e s s u r e  gas  system, h a s  l ed  t o  i t s  se l ec t  i o n  on a 
number of NASA and DOD s t a g e s  and s a t e l l i t e s .  
p e l l a n t  s t a t e  oE t h e  a r t  through b e t t e r  understanding of  t h e  c a t a l y t i c  
decomposition and improvement of c a t a l y s t  materials w i l l  con t inue .  

Work t o  improve t h e  morlopro- 

The low dens:ity, amonia-hydrogen mixture  r e s u l t i n g  from hydraz ine  decompo-. 
s i t i o n  w . i l 1  b e  examined f o r  u se  i n  p r e s s u r i z i n g  p r o p e l l a n t  tanks ,  dri lr ing 
a u x i l i a r y  power tu rbogene ra to r s ,  o r  f o r  s t o r a g e  and later use  t o  siippl y u l t r a -  
low- t h r u s t  a t  t i r x d e  c o n t r o l  nozz les .  

Future  laic,ge s p a c e c r a f t  and launch v e h i c l e  s t a g e s  w i l l  u t i l i z e  higki er 
energy prope Llaiits f o r  t h e i r  main p ropu l s ion  systems. Demonstration of 
auxi1iar:y systems u t i l i z i n g  t h e  h i g h e r  energy p r o p e l l a n t s  i s  underway. M a t e r i a l s  
t o  a l low zero-g  p o s i t i v e  expuls ion  of  cryogenic  l i q u i d  oxygen and 'liqiiid hydrogen 
have been t e s t e d  and work on s m a l l  t h r u s t  chambers f o r  t h e s e  prope ' l lar , ts  con- 
t i n u e s .  A breadboard system demonstrat ion i s  planned. Inves t iga t ions ;  of srnal.1 
t h r u s t  chambers u t i l i z i n g  t h e  "space s t o r a b l e "  p r o p e l l a n t s  a r e  be ing  Illanned. 

S o l i d  Rocket Experimental  Engineer ing 

The s o l i d  rocket exper imenta l  motor program suppor t s  tests of new nlotor 
c o n f i g u r a t i o n s  :Eor launch v e h i c l e ,  space ,  and a u x i l i a r y  propuls ion.  1 t s  
goa l s  and o p e r a t i o n s  p a r a l l e l  t h e  l i q u i d  rocke t  engine experimental  pi ogram. 

---- Launch Ve1iic:Le Propuls ion  - Large s o l i d  motors can g r e a t l y  extend t h e  capa-* 
b i l i t y  oE ex:ist:ing l i q u i d  s t a g e s  and v e h i c l e s  and can r e s u l t  i n  l a r g e  r educ t ion  
i n  e f f e c t i v e  cost  of launch v e h i c l e  systems. 

The s o l i d  inotor launch v e h i c l e  engineer ing  p r o j e c t  w i l l  i n v e s t i g a t c  low 
c o s t  methods for apply ing  m a t e r i a l s  o r  making motor p a r t s .  
a r e  a trowel-on i n s u l a t i o n  f o r  p r o t e c t i n g  l a r g e  motor cases  and ro l l - l  orgirig 
f o r  making thiclc-wall, complex m e t a l  p a r t s .  Tough s t e e l  a l l o y s ,  such as HY140, 
a r e  being eva lua ted  t o  i n c r e a s e  r e l i a b i l i t y  and reduce c o s t s  of l a r g e  motor 
cases .  These s t e e l s  a r e  tough enough t o  accommodate weld f laws and mi smatches 
which norma1 Ly would cause f a i l u r e ;  hence c o s t  of i n s p e c t i o n  and manul a c t u r e  
can be reduced, and t e s t  programs can be s h o r t e r .  

S p e c i f i c  txamples 

Space P ropJ l s ion  - The major advancements r equ i r ed  f o r  extending t h e  use  
of s o l i d  motors f o r  space propuls ion  a r e  inc reased  p r o p e l l a n t  energy conten t  
( s p e c i f i c  imp~1:;e) and c a p a b i l i t y  t o  be s topped and r e s t a r t e d .  
high energy s o l i d  motor has  s e v e r a l  c o s t  a t t r a c t i v e  a p p l i c a t i o n s  i n  unmanned 
miss ions  based on small launch v e h i c l e s  such as Scout,  Delta, o r  A t l a s .  
Experimental  t e s t s  i n  f i s c a l  yea r s  1967 and 1968 e s t a b l i s h e d  nozz le  m a t e r i a l s  
and i n s u l a t i o n  requirements  f o r  motors wi th  r e s t a r t a b l e  propel lan t . ,  I h e  
program w i l l  (continue i n t o  d e t a i l e d  des ign  and i n i t i a l  p ro to type  rnotox f i r i n g s  
i n  f i s c a  1 yea'r 'L969. 

A rest a r t a b l e  
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A hybr id  system based on a l i q u i d  o x i d i z e r  and a s o l i d  f u e l  ( f l u o r h e -  
oxygen and l i t h ium hydr ide )  h a s  been analyzed f o r  a p p l i c a b i l i t y  i n  deep 
space mis s ions  such as p l a n e t a r y  probes o r  p l a n e t a r y  landingee The f i n d i n g s  
w e r e  t h a t  t he  c o n t r o l l a b i l i t y ,  high performance and space s t o r a b i l i t y  Rould 
make t h e  hybr id  motor a s t r o n g  competi tor  f o r  t h e s e  missions.  Accordingly 
t h e  technology program w a s  extended i n  f i s c a l  yea r  1968 t o  des ign  a p r3 to type  
hybr id  system. I n  f i s c a l  year  1969 t h e  work w i l l  t e s t  t h e  n o z z l e ,  s o l i d  f u e l  
charge arid l i q u i d  o x i d i z e r  i n j e c t o r s .  A heavy duty mock-up o f  t h e  l i q u i d  
tankage, va lv ing ,  and o t h e r  plumbing w i l l  be used i n i t i a l l y .  Following 
s u c c e s s f u l  ccnipletion of t h e s e  t es t  combined f l i g h t  weight elemeni-s w i l l  be 
designed and t e s t e d .  

A u x i l i a r y  I’rcpulsion - Sol id  a u x i l i a r y  motors are widely used €or  r e t r o p r o -  
pu l s ion  t o  s e p a r a t e  s t a g e s  o f  v e h i c l e s ,  f o r  a s t r o n a u t  escape systems, and 
f o r  t h r u s t  t o  s e t t l e  l i q u i d  p r o p e l l a n t s .  Also included i n  t h i s  ca t egory  are 
squ ibs ,  i n i t i a t o r s  and i n c e n d i a r i e s ,  used f o r  many s t a r t i n g  anu s e p a r a t i n g  
devices  i.n v&ic  les and payload, 
of t h e s e  p ropu l s ion  devices .  

Support of t h i s  p r o j e c t  enhances r e l i a b i l i t y  

One low level.  t h r u s t e r  t h a t  appears  u s e f u l  i s  a s o l i d  wafer motor, which. 

T e s t i n g  
provides  t h r u s t  on command i n  p r e s e r  increments.  It can provide in:i.dcourse 
c o r r e c t i o n  of t r a j e c t o r y  i n  a p l a n e t a r y  probe mission a t  low c o s t .  
of a prot:otype motor w i l l  be  supported i n  f i s c a l  yea r  1969. 

Larpe S o l i d  Motor P r o i e c t  

1967 1.969 1968 --- 
Large s o l i d  motor p r o j e c t .  . . $2 , 950,000 $3,5OO,OOO $3 , 100, ClOO 

Three t e s t  f i r i n g s  o f  t h e  260 inch diameter ,  75  f o o t  long l a r g e  motor 
were success f i i l l y  completed by FY 1967, w i th  peak t h r u s t  o f  5.9 mi’tlicln 
pounds p:roduced i n  t h e  last  test .  I n  FY 1968 and FY 1969, t h e  l a r g e  niotor 
p r o j e c t  enteired a s u s t a i n i n g  phase t o  p re se rve  a competi t ive o p t i o n  bc tween 
s o l i d  and l i q u i d  r o c k e t s  f o r  t h e  boost  s t a g e  of an  i n t e r m e d i a t e  v e h i c l e  of 
about 100,000 pounds payload in t h e  event  t h e r e  i s  e s t a b l i s h e d  a requj  r e m e r i t  
f o r  such a payload. 
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RE SEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF' ADVANNCED RESEARCH AND TECHNOLOGY AERONAUTICAL VEHICLES PROGRAM 

PROGRAM 0BJEC:TWES AND JUSTIFICATION : 

The r o l e  of t he  Aeronaut ical  Veh ic l e s  program i s  t o  provide through 
r e s e a r c h  i n  t:he d i s c i p l i n a r y  a r e a s  of aerodynamics, l o a d s  and s t r u c t u r e s ,  
propuls ion,  o p e r a t i n g  environment and f l i g h t  dynamics cont inued improce- 
ments i n  the s a f e t y ,  e f f i c i e n c y  and u t i l i t y  of a l l  c l a s s e s  of m i l i t a r j  and 
commercial aj.ircx*aft. I n  o r d e r  t o  supply i n d u s t r y  w i t h  advanced d a t a  f o r  
t h e  design of' new a i r c r a f t ,  t o  seek the  t echno log ica l  advances needed t o  
develop s a f e r  arid s u p e r i o r  commercial and m i l i t a r y  a i r c r a f t  and t o  p rcv ide  
t h e  l e a d e r s h i p  1.n t h e  gene ra t ion  of advanced a i r c r a f t  concepts ,  t h e  
Aeronau t i ca l  Veh ic l e s  program i s  organized wi th  emphasis on the  d i s c i €  l i n e s  
i n  t h e  advanced r e s e a r c h  and technology ca t egory  and suppor t ing  r e s e a t  ch i n  
a p p r o p r i a t e  ti i s c i p l i n e s  and proof-of-concept  a c t i v i t i e s  f o r  gene ra l  a i ' i a t i o n ,  
V/STOL, :;ubsonic:, supersonic  arid hypersonic  a i r c r a f t .  Proof o f  conceylt 
a c t i v i t y  i s  :system i n t e g r a t i o n  r e s e a r c h  whereby f u l l  s c a l e  o p e r a t i n g  :;ysterns 
are used t o  extend l a b o r a t o r y  r e s e a r c h  i n  system elements. The Frogriims i n  
a l l  t h e s e  a r e 3 s  encompass work i n  m a t e r i a l s ,  n o i s e  and son ic  boor,  o p c ~ a t i o n a l t  
a s p e c t s ,  propuls ion system and a i r f r ame  i n t e g r a t i o n  and the  r e l a t i o n s l i i p s  
which exist bztween the  p i l o t  and the  t o t a l  a i r c r a f t  system, 

A s  has  been noted i n  p rev ious  program j u s t i f i c a t i o n s ,  t h e  X V - 5 A  fail- in- 
wing a i r c r a f  t ,  the t i l t - w i n g  XC-142A V/STOL t r a n s p o r t  and the  variablt!-  
sweep wing f o r  the F-111 a l l  appeared s e v e r a l  y e a r s  ago a s  promising IIASA 
r e s e a r c h  concepts.  Now, t h e s e  a i r c r a f t ,  developed by the  m i l i t a r y ,  ai-e p a r t  
of t h e  N,4SA's con t inu ing  f l i g h t  r e s e a r c h  programs aimed a t  f u r t h e r  ex1)lora.- 
t i o n  of the c h a r a c t e r i s t i c s  of such v e h i c l e s  and f o r  c o r r e l a t i o n  wi th  e a r l i e r  
NASA test  r e s u l t s .  

The NASA also conducts  e x t e n s i v e  wind t u n n e l  tests, s imula to r  s t u d t e s ,  
ana lyses  and f l i g h t  i n v e s t i g a t i o n s  t o  a i d  i n  t h e  s o l u t i o n s  of problems of 
a developmental n a t u r e  i n  support  of m i l i t a r y  and c i v i l  a i r c r a f t  procixementp 
T h i s  work i s  performed i n  coope ra t ion  w i t h  t h e  Department of Defense end 
o t h e r  governrlent agenc ie s  and wi th  government- sponsored c o n t r a c t o r s  a t  t he  
r e q u e s t  o f  cognizant  government agencies.  

Research i n  the  Aeronau t i ca l  Veh ic l e s  program i n  FY 1969 w i l l  i n c h d e  
s t u d i e s  d i r e c t e d  t o  improved s a f e t y  of g e n e r a l  a v i a t i o n  a i r c r a f t . ,  s t u l i e s  of 
l i gh twe igh t  p ropu l s ion  systems €or  both g e n e r a l  a v i a t i o n  and V/STOL a L r c r a f t ;  
s t u d i e s  of advanced r o t o r  and STOL concepts  t o  i n c r e a s e  t h e  u t i l t t y  oE h e l i -  
c o p t e r  and shor t -  f i e l d  a i r c r a f t ;  p ro to type  developmental r e s e a r c h  d i r l x t e d  
toward rrinimizing fan- j e t  n o i s e  r a d i a t i o n  and f o r  q u i e t e r  engine:;, s t u d i e s  
of a i r - b r e a t h i n g  p ropu l s ion  c y c l e s  and engine components f o r  advixnced super- 
son ic  and hypersonic  a i r c r a f t ;  and s t u d i e s  d i r e c t e d  toward t h e  o v e r a l l  
improvement clf f l i g h t  s a f e t y  through i n c r e a s i n g  o p e r a t i o n a l  f l e x i b i l i t y  
i nc lud ing  adverse o r  a l l - w e a t h e r  cond i t ions .  
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ExFerimental  r e s e a r c h  and development a i r c r a f t  and engineer ing  t e s t -  
p i l o t  prof ic ie 'ncy a i r c r a f t  necessary  t o  c a r r y  o u t  and support  t he  a e r o n a u t i c s  
e f f o r t  a r e  included under t h i s  program. 

SUMMARY OF RESOURCES REQUIREMENTS : 

Advanced r e sea rch  and technology... . . .  $3,730,000 $13,440,000 $16,080,000 
General  a v i a t i o n  a i r c r a f t  technology 

suppor t ing  research... . . . . . . . . . . . . . .  200,000 450,000 5 20,000 
v / STOL a i.r c ra  f . t  techno logy 

suppor t ing  r e c e a r c h . . . . . . . . . . . . . . . . .  5,550,000 7,417,000 9,600,000 
Subsonic a i r c r a f t  technology 

support . ing r e sea rch .  ................ 6,100,000 6,780,000 1.5,100,000 
Supers0ni.c a i r c r a f t  technology 

Hyper sonic  a ixc r  a f  t technology 
supporr ing research . .  ............... 14,040,000 24,175,000 24,220,000 

support:ing r e sea rch . .  ............... 6,280,000 14,538,000 J ~ 8 0 , O O ~  

Tota l . .  ............................. $35,900,000 $66,800,000 --- Sjf6,900,oO0 - .-- - 
D i s t r i b u t i o n  of Program Arnoun t by I n s  t a  1 l a  t ion:  

--- Marshal l  Space F l i g h t  Center . .  ...... 
Jet Prc)puls!iort Laboratory.  .......... $52,000 

E l e c t r o n i c s  Research Cen te r , .  ....... 94,000 

Langley Research Center.. . . . , . . . . . . .  12,873,000 

A m e s  Research Center. .  .............. 6,230,000 

F l i g h t  Resaarc:h Center. .  ............ 5,191,000 

L e w i s  Research Center. .  ............. 10,109,000 
NASA Haadquar t:er s ,  .................. 1,351,000 

$380,000 $4 50,000 

8,202,000 1.0,5 20,000 

18,428,000 1.3,2 50,000 
23,747,000 ;!5,175,000 
13,269,000 23,435,000 

2,774,000 4,Cl70,000 

--- e-.. 

--- --.. 

BASIS OF FUNI) REQUIREMENTS: 

Advanced Research and Technology 

A i r c r a f t  a~!~roclynamics.. ............. $700,000 $1,390,000 $2,2185,000 
A i r c r a f t  load:; and s t r u c t u r e s . .  ..... 600,000 1,070,000 2,C~OO,OOO 
A i r  b r ea th tng  propuls ion.  ........... 1,000,000 450,000 1, C165,OOO 
A i r c r a f t  ope ra t ing  environment. o . .  , . 1,430,OOW 3,600,000 3, t100,000 
A i r c r a f t  f1:ight dynamics.. .......... - - -* 1,860,000 1,€i60,000 
A i r c r a f t  support . .  .................. - - -* 5,070.000 5 ,170,0(0  

Tota l .  ..... (I ...................... $3,730.000 $13,440,000 $16,(180,000 ---- 
* P r i o r  t o  FJ! 1968 A i r c r a f t  ope ra t ing  environment, A i r c r a f t  f l i g h t  dyr.amica 

and Airc:raf t :;upport were c a l l e d  A i r c r a f t  Operat ing Problems. 
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A i r c r a f t  Aerodynamics 

Much of t h e  r c sea rch  i n  a i r c r a f t  aerodynamics i s  c o n f i g u r a t i o n  - deljendent 
and o r i e n t e d  toward a s p e c i f i c  c l a s s  of v e h i c l e s  and i s  t h e r e f o r e  prog-r-ammed 
under t h e  a p p r o p r i a t e  a i r c r a f t  technology suppor t ing  r e s e a r c h  a rea .  Tlle 
ba lance ,  of a more fundamental n a t u r e  o r  a p p l i c a b l e  t o  s e v e r a l  a i r c ra f i :  
c l a s s e s ,  i s  c a r r i e d  o u t  w i t h  a i r c r a f t  aerodynamics funding under advant:ed 
r e s e a r c h  and technology. T h i s  r e s e a r c h  i s  a cont inuing  e f f o r t  on a i r c . - a f t  
compone2ts and flow f i e l d s  and a s s o c i a t e d  boundary- l a y e r  phenomena throughout 
t h e  a i r c r a f t  speced range. It involves  the  formula t ion  and ref inement  of 
a p p l i c a b l e  thleories and c a l c u l a t i v e  methods, t he  improvement of wind-  tlrnnel 
c a p a b i l i t i e s  and o t h e r  experimental  t echniques  and the  a p p l i c a t i o n  of 1:hese 
t o o l s  t o  advanced a i r c r a f t  technology. 

The funds requi red  a r e  f o r  both small  and l a r g e -  s c a l e  models, wind- 1:unnel 
and model i n s t rumen ta t ion  and c o n t r a c t s  f o r  t he  ope ra t ion  of s e v e r a l  wind 
tunne l s  and inc lude  the  c o s t s  of NASA support  of wind-tunnel  test:; f o r  t he  
Department o f  Defense and t h e  Department of T ranspor t a t ion .  

A i r c r a f t  'Loads and. S t r u c t u r e s  

The loads  and s t r u c t u r e s  program a r e a  i s  aimed a t  a broad spectrum of 
problems common t o  s e v e r a l  o r  a l l  t ypes  of a i r c r a f t  s i n c e  t h e r e  i s  a common 
des ign  goa l  of l i gh twe igh t  e f f i c i e n t  a i r f r a m e s  which w i l l  withstaricl thl? 
ope ra t ing  environment wi th  r e l i a b i l i t y  and s a f e t y .  Gust and maneuver Loads, 
a c o u s t i c  response,  wing and t a i l ,  and panel  f l u t t e r ,  f a t i g u e ,  composi t~? 
m a t e r i a l s ,  thermal stresses a r e  a l l  s p e c i f i c  problem a r e a s  i n  which r e  search 
w i l l  be conducted. 

Atmospheric tu rbulence  e f f e c t s  on s t r u c t u r a l  l oads  us ing  dynamically 
sca l ed  models f o r  comparison wi th  a n a l y t i c a l  r e s u l t s  w i l l  be detei-mine,i t o  
e v a l u a t e  means of suppress ing  dynamic s t r u c t u r a l  response t o  t h i s  turbii lence.  

The f a i l u r e  of a i r c r a f t  s t r u c t u r e s  due t o  f a t i g u e  i s  a problem of 
inc reas ing  magnitude wi th  the  use  of h igher  s t r e n g t h  a i r c r a f t  m a t e r i a l  3 

without  a corresponding i n c r e a s e  i n  f a t i g u e  r e s i s t a n c e .  The so1ut:ion i f  
f a t i g u e  problems i s  compounded by the  need f o r  r e a l  t i m e  t e s t i n g  of' a i r c r a f t .  
m a t e r i a l s  and components. With t h e  r e c e n t  occupancy of t he  new Fatigui? 
Laboratory a t  Langley, r e a l  t i m e  f a t i g u e  r e sea rch  may be conducted on 
s t r u c t u r a l  components such a s  box beams of s u f f i c i e n t  s i z e  t o  r ea l i s t i 1 : a l ly  
r e p r e s e n t  t h e  complexi t ies  of a c t u a l  a i r c r a f t  s t r u c t u r e s ,  funding i s  t l i u s  
r equ i r ed  f o r  t e s t i n g  equipment, i n s t rumen ta t ion  and s t r u c t u r a l  cornponeiits. 

A i r  Brea th ing  Propuls ion  

The primary g o a l s  of t h i s  program a r e a  a r e  t o  i n i t i a t e  and conduct inves- 
t i g a t i o n s  of propuls ion  components and system concepts ,  e i t h e r  n o t  r ea l j i l y  
i d e n t i f i e d  wi th  a s p e c i f i c  f l i g h t  spectrum o r  e l s e  i d e n t i f i e d  over a broad 
f l i g h t  spectrum, Bas ic  s t u d i e s  a r e  conducted on i n l e t s ,  compressors,  
combustors, t u r b i n e s ,  nozz le s  and m a t e r i a l s  t o  provide h igher  r a t . i o s  oE 
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, 

t h r u s t -  t o - e n ~ ; i n e  weight ,  h ighe r  r a t i o s  of t h r u s t -  to-engine volume, ancl 
lower spcxific: f u e l  consumption a long  w i t h  minimizat ion of a i r  p o l l u t j  on 
due t o  engine ope ra t ion .  Since s u b s t a n t i a l  g a i n s  i n  s p e c i f i c  f u e l  consumption 
and j e t  n o i s e  r e d u c t i o n  are  p o s s i b l e  w i t h  v e r y  h igh  bypass r a t i o  engines ,  
t h e  appl j -cat ion of methane fuel., which h a s  a h i g h e r  h e a t i n g  va lue  and h ighe r  
h e a t  s i n k  c a p a b i l i t y  p e r m i t t i n g  h igh  t u r b i n e  i n l e t  temperatures ,  t o  tflis 
c l a s s  of engFnes w i l l  be s tud ied .  

Basic  stuc1:ie:; w i l l  be cont inued on l i g h t w e i g h t ,  h igh  speed shaf t i n €  and 
gea r ing ,  techniques f o r  reducing r o t a t i n g  machinery v i b r a t i o n s ,  a i r c r e f  t /  
p ropu l s ion  system i n t e g r a t i o n  and h igh  frequency response instrumentat  i on  f o r  
t h e  mea suremc!n t of engine dynamic c h a r a c t e r  i s  t i c  s . 

Airc ra  fi t Operat ing Environment 

The r e s e a r c h  i n  t h i s  program area i s  aimed a t  s o l v i n g  g e n e r a l  problems 
a s s o c i a t e d  w i t h  f l i g h t  environment, f l i g h t  s a f e t y ,  n o i s e ,  f l i g h t  iiistx umenta- 
t i o n  and son ic  boom. It invo lves  t h e o r e t i c a l  a n a l y s e s  and l a b o r a t o r y  and 
f l i g h t  test experiments t o  v a l i d a t e  c u r r e n t  eng inee r ing  procedures  anti t o  
exp lo re  solul: ions t o  a i r c r a f t  o p e r a t i o n a l  problems. The r e s u l t s  p r o d  de t h e  
technological1 know how f o r  s a f e r  and q u i e t e r  a i r c r a f t  o p e r a t i o n s  aiid i.he 
b a s i c  envirornnental d a t a  f o r  a p p l i c a t i o n  t o  s p e c i f i c  classes of a i r c r :  f t  
( f o r  example; V/STOL, subsonic,  etc.)  . 

F l i g h t  envLronmenta1 r e s e a r c h  i n c l u d e s  s t u d i e s  of w a r m  a i r  fog inodj.fica-. 
t i o n  concep t s ,  i n v e s t i g a t i o n s  of new means f o r  d e t e c t i n g  c l e a r  a i r  t u 1 . b ~ -  
l ence ,  t h e  ancalysis of t u rbu lence  d a t a  c o l l e c t e d  on test  a i r c r a f t  € l m m  
p r i m a r i l y  f o r  o t h e r  program o b j e c t i v e s ,  and support  of Na t iona l  Severe! Storms 
Laboratory prqyrams r e l a t e d  t o  e l ec t romagne t i c  c h a r a c t e r i s t i c s  of ,seve!re 
storms, turbulence i n t e n s i t y / r a d a r  r e f l e c t i v i t y  c o r r e l a t i o n .  

I n  t h e  f l i g h t  s a f e t y  a r e a ,  t h e  s t u d i e s  of t u r b i n e  d i s k  b u r s t  rriechaxiisms 
being conducted a t  t h e  Navy ' s Aeronau t i ca l  Engineer ing Laboratory a t  
P h i l a d e l p h i a  s i n g  f a c i l i t i e s  assembled w i t h  p r i o r  f i s c a l  yea r  funds t r i l l  be 
extended t o  iw ' lude  component p a r t  t es t s  of l a r g e  engines.  Fuel  igni i : ion 
r e s e a r c h  a s  ~:lzliated t o  t h e  problem of l i g h t n i n g  s t r i k e s ,  t h e  e f f e c t s  of 
l i g h t n i n g  s t r i k e s  on aluminum, s t a i n l e s s  s teel  and t i t a n i u m  a i r c r a E t  
s t r u c t u r a l  coinponents and on a i r c r a f t  e lec t r ica l  systems, t h e  posslbi:l i t i e s  
of new i i ier t i .?g systems and f i r e p r o o f i n g  m a t e r i a l s ,  c o n t r o l  of a i r c r a j ' t  on 
w e t  runways .iw'luding t i r e  t r e a d  design,  wheel braking,  e tc . ,  w i l l  be s tud ied , ,  

NASA ziircitsfi: n o i s e  a l l e v i a t i o n  r e s e a r c h  i s  a con t inu ing  e f f o r t  d i ~ ~ e c t e i l  
p r i m a r i l y  a t  means of minimizing engine n o i s e  a t  i t s  source. A bet te i -  under- 
s t and ing  of ):?e fundamentals of compressor and f a n  n o i s e  gene ra t ion  w x l l  be  
sought. Fundamental information on t h e  g e n e r a t i o n  and propagat icn of n o i s e  
from the  exhadst  j e t s  of t u rbo fan  eng ines  having h igh  r a t i o s  of bypas:; t o  
primary inass €lows w i l l  be obtained.  P a r t i c u l a r  emphasis w i l l  be 1plac.ed 011 

t h e  low exhaust  v e l o c i t y  range where t h e  tu rbu lence  level of exhaust  .lets 
may be a dom:t?aiit f a c t o r  i n  n o i s e  gene ra t ion ,  t h u s  t h e  experimental  s1:udies 
w i l l  be condu:tad under c a r e f u l l y  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o r  s wi1:h j e t  
v e l o c i t y  and j e t  turbulence level a s  t h e  main v a r i a b l e s .  
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A i r c r a f t  F l i g h t  Dynamics 

Research i n  t h i s  a r e a  i s  d i r e c t e d  toward o b t a i n i n g  a b e t t e r  understanding 
of t he  i n t e r r e l a t i o n s h i p  between t h e  p i l o t  and t h e  v e h i c l e  he c o n t r o l  5.  

T h i s  i n c l u d e s  improving methods f o r  a i r c r a f t  c o n t r o l ,  hand l ing  c h a r a c t e r -  
i s t i c s  and t h e  improvement i n  t h e  c a p a b i l i t y  of ground and f l i g h t  p i l o t e d  
s i m u l a t o r s  f o r  handling q u a l i t i e s  i n v e s t i g a t i o n s  of a l l  classes of a i r c r a f t .  

Among t h e  s t u d i e s  planned a r e  i n v e s t i g a t i o n s  to  determine t h e  t e c h n i c a l  
f e a s i b i l i t y  of modifying a i r p l a n e  o p e r a t i o n a l  procedures  t o  a l l e v i a t e  n o i s e  
du r ing  t a k e  off  and landing,  t o  determine a i r p l a n e  c o n t r o l  and guidan:e 
requirements  which could l e a d  t o  improved o p e r a t i o n a l  procedures  r e l a t e d  t o  
t h e  e f f e c t s  of reduced c e i l i n g s  i n  approach arid landing,  and t h e  s tudy and 
i n t e g r a t i o n  of d i s p l a y  requirements  and c o n t r o l  system c r i t e r i a  f o r  t l?rminal 
a r e a  ope ra t ions .  

Ai,rcraf t Support  

The N.ASA Research Cen te r s  use v a r i o u s  a i r c r a f t  i n  d i r e c t  support  OI? 

advanced researtzh and technology programs. The maintenance, spa re  p a r t s  
and ground support  equipment f o r  t h e s e  R&D a i r c r a f t  and chase and prolIiciency 
a i r c r a f t  whilzh a r e  used f o r  v a r i o u s  mis s ions  a r e  included i n  t h i s  funliing 
category.  

-- General Av ia t ion  Technology Support inv Research 

1967 1968 '1969 _--- 

D i  s c i p  l i n a r  y :re search.  . . . . . . . . . . . . . $200,000 $450,000 - 2 j 2 0 , O O O  

Total . . .  ... , .............. ...... $200,000 $450,000 $1; 20 000 -- 
General a v i a  Eion a i r c r a f t  are r a p i d l y  assuming a p o s i t i o n  of I: ncreiising 

importance t o  the  economy and are no longer  r e s t r i c t e d  t o  hobby type f l y i n g  
b u t  i nc lude  expmding  a i r  t a x i  and c h a r t e r  services which even f l y  U.!;. mail.  
FAA p r o j e c t i o n s  a r e  f o r  a c o n t h u i n g  r a p i d  i n c r e a s e  i n  t h i s  c l a s s  of ::lying 
i n  t h e  f o r e s w a b l e  f u t u r e .  The p r i n c i p a l  f a c t o r s  of concern i n  generii l  
a v i a t i o n  a r e  f i r s t ,  s a f e t y  and second, u t i l i t y .  

The p:coblein of s a f e t y  i s  being aggravated by t h e  f a c t  t h a t ,  as  the:;e 
a i r c r a f t  become more a key mode of t r a n s p o r t  and less a hobby, the tylbical 
o p e r a t o r  i s  (ne  who i s  i n c l i n e d  t o  spend less t i m e  f l y i n g  j u s t  t c  mairitain 
p ro f i c i ency .  A,; performance i n c r e a s e s ,  t h e  o p e r a t o r  f i n d s  himself mo1.e 
o f t e n  i n  unfimi:Liar o p e r a t i o n a l  c i rcumstances.  The consequences of t l i i s  
a r e  seen i n  t h e  i n c r e a s i n g  number of a c c i d e n t s  i nvo lv ing  a i r c r a f t  f a r  from 
home i n  poor weather and a l s o  t h e  number of c a s e s  where t h e  p i l o t  canriot 
d e a l  w i th  power l o s s .  
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NASA h a s  examined t h e s e  problems wi th  i n d u s t r y  and w i t h  t h e  FAA and 
agreement has  been reached t h a t  most of  t h e  R&D e f f o r t  should be  d i r e c t e d  
a t  examining t h e  f l i g h t  dynamic c h a r a c t e r i s t i c s  b e s t  s u i t e d  t o  t h e  c l a s s  of 
p i l o t s  who a r e  becoming i n c r e a s i n g l y  involved i n  t h i s  type  of f l y i n g .  
A t t e n t i o n  w i l l  be  given t o  wind tunne l  and sp in  tunne l  s t u d i e s  i n  t h e  s t a l l ,  
p o s t - s t a l l  g y r a t i o n  and s p i n  modes a s  w e l l  a s  improved l i f t  systems t o  e a s e  
the  approach and landing  t a s k  i n  t h e  h igh  performance ( execu t ive  je t )  s i r -  
c r a f t  c l a s s  and methods of achiev ing  cons t an t  a t t i t u d e  landing  f l a r e s .  The 
c o r r e l a t i o n  of f l i g h t  d a t a  wi th  wind tunne l  d a t a  w i l l  provide t h e  s t a r t i n g  
p o i n t  f o r  p r e d i c t i o n  of t h e  handl ing  q u a l i t i e s  r equ i r ed  f o r  improved s 3fety.  
Various s t a b i l i t y  and c o n t r o l  parameters  w i l l  be i n v e s t i g a t e d  inclludin; 
Dutch- ro l l  damping, adverse  yaw and t r i m  compensation. 

--- 'V/STOL A i r c r a f t  Technology Suppor t inz  Research 

1'369 ---__.- 1967 1968 

D i s c i p l i n a r y  research... . . . . . . . . . . .  $5,550,000 $6,917,000 $9,1'50,000 
Proof of co,ncept: 

500,000 4 '50,000 Ro ta t ing  cy l inde r  f l a p  ........... ---  

Total............................ $5,550,000 $7,417,000 $9,6OO,OOO _--- 

V/STOL a i r c r a E t  have a great p o t e n t i a l  i n  an i n c r e a s i n g l y  crowded aiid 
t r a n s p o r t a t i o n  dependent soc ie ty .  The i r  success ,  however, w i l l  depend on 
t h e  a b i l i t y  t o  land  and t a k e  o f €  quick ly ,  q u i e t l y  and p r e c i s e l y  from sinall 
a r e a s  w i t h  g r e a t  r e g u l a r i t y .  The problem i s  one of  f l i g h t  dynamics of t h e  
a i r c r a f t ,  of matching t h e  machine and t h e  p i l o t  and i n  provid ing  propel- 
i n t e g r a t i o n  oE p.copulsion systems which are f o r  t h i s  c l a s s  of vehi.cle ' i l so  
a primary means of c o n t r o l .  To be  success fu l ,  a V/STOL machine must e l i f ic-  
i e n t l y  conver t  i t s  t h r u s t  producing power i n t o  l i f t  producing power; pi-o- 
pu l s ion  and aerodynamics i n t e r a c t  s t r o n g l y  and must be accomplished proper ly  
t o  achieve  t h i s .  
def ined  wi th  these problems as  a primary focus.  Three l i n e s  of endeavor are  
be ing  followed. F i r s t ,  a ve ry  s u b s t a n t i a l  e f f o r t ,  through a n a l y s i s ,  s:i.mula- 
t i o n  and € l i g h t  test, i s  being d i r e c t e d  a t  d e f i n i n g  those  a i r c r a f t  chai 'acter-  
i s t i c s  which w i l l  enab le  the  requi rements  t o  be m e t .  Second, those V/!;TOL 
types  which have been t r i e d  a r e  be ing  c a r e f u l l y  reexamined i n  t h e  l igh l :  of 
t h e  requirements  t o  i d e n t i f y  those  having t h e  p o t e n t i a l  of meeting them 
through f u r t h e r  inodif i c a t i o n  o r  development. Those concepts  which s h a r  
p o t e n t i a l  w i l l  be subjec ted  t o  f u r t h e r  wind tunne l  and f l i g h t  tests t o  
determine the  p e n a l t i e s  i n  complexity and performance which might be ixicurred. 
Thi rd ,  a number of prev ious ly  u n t r i e d  concepts  a r e  t o  be reexamined i n  t h i s  
l i g h t .  

The NASA V/STOL suppor t ing  r e s e a r c h  program i s  therei 'ore  

Discip'1inait:g r e s e a r c h  i n  V/STOL aerodynamics w i l l  be aimed a t  provic.ing 
informat ion  p r i m a r i l y  through wind tunne l  model s t u d i e s  of new o r  improved 
V/STOL concept ;  of i n t e r e s t  t o  t h e  m i l i t a r y  o r  f o r  p o t e n t i a l  c o m e r c i a 1  use. 
S t u d i e s  w i l l  conlrinue t o  g a i n  a b e t t e r  understanding of V/STOL je t  i n t e r -  
fe rence  e f f e c t  3 ,  tunnel  w a l l  c o r r e c t i o n  and of ground e f f e c t s  on V/!jTOI, 



a i r c r a f t .  I n  the  loads  and s t r u c t u r e s  a r e a ,  s t u d i e s  of tilt r o t o r s ,  non- 
a r t i c u l a t e d  rotoirs and matched s t i f f n e s s  r o t o r s  w i l l  be cont inued o r  
i n i t i a t e d .  The primary g o a l s  of t h e  propuls ion  o r i e n t e d  r e s e a r c h  a r e  1:o 
provide 1 ightweight ,  h igh  performance, qu ick  response  engines  having siltis- 

f a c t o r y  r e l i a b i l  i t y ,  s a f e t y ,  l o w  n o i s e  and economics of o p e r a t i o n  whicli can 
be proper ly  matched t o  t h e  a i r f rame.  Extens ive  s t u d i e s  w i l l  cont inue  1:o 
d e f i n e  more adeqiiately t h e  c r i t e r i a  f o r  handl ing  q u a l i t i e s  requirement!;  f o r  
V/STOL a i rc ra-Et  in t h e  ve ry  low speed f l i g h t  regime where t h e  i n h e r e n t  
aerodynamic s t a b  i l i t y  and c o n t r o l  i s  g r e a t l y  decreased.  These s t u d i e s  w i l l  
use s imulator , ;  and f l i g h t  tes t  v e h i c l e s  as a v a i l a b l e  and appropr i a t e .  

F u l l  s c a l e  wind tunne l  t e s t s  have been completed of a model a i r c r a f l :  
us ing  a f u l l  span r o t a t i n g  c y l i n d e r  f l a p  a s  an  e f f i c i e n t  means of prov:i.ding 
t h e  powered l i f t  r equ i r ed  f o r  improving p r o p e l l o r  d r iven  STOL a i r c r a f t .  
r o t a t i n g  1cy1inde:r f l a p  concept w i l l  be t e s t e d  by mod i f i ca t ion  of  an OV-1OA 
a i r c r a f t  being provided by t h e  Navy. 

The 

Subsonic A i r c r a f t  Support ing Research 

1!169 ----- 1967 1968 

D i s c i p l i n a r y  r e s e a r c h o o o o . o . o u o . o ~ o o  $1,700,000 $580,000 $1,8110,000 
Proof o E conlnept: 

A i r c r a f t  iwise. . . . o .  . 4,400,000 4 , 2 ~ ~ , ~ ~ ~  5,7!10,000 
Quie t  r e sea rch  e n g i n e 4 4 e o . . ~ o . o o . 4  - - -  2,000,oob 7,5OO,OOO 

Tota l . . .  O ~ , . . , . . 0 . . . 0 . 0 . 0 . 0 ~ ~ o o 4 Q . Q  $6,780,000 

Research 011 subsonic  a i r c r a f t  i s  o r i e n t e d  toward s a f e t y  of  f l i g h t  arid 
t h e  r educ t ion  IDf noise .  The c l a s s  i nc ludes  a l l  of t h e  c o m e r c i a l  j e t  
t r a n s p o r t s  and miany m i l i t a r y  types.  

I n  t h e  d i s c i p l i n a r y  a r e a s  aerodynamics r e s e a r c h  w i l l  be aimed a t  stttdy- 
i n g  t h e  l i f t ,  driag and s t a b i l i t y  c h a r a c t e r i s t i c s  of a i r c r a f t  configura1:ions 
most s u i t a b l e  f o r  improved subson ic / t r anson ic  ope ra t ion .  Loads and 
s t r u c t u r e s  r e s e a r c h  w i l l  examine t h e  s p e c i f i c  a p p l i c a t i o n  of f a t i g u e ,  l lu f fe t -  
i n g  and a e r o e ' l a s t i c  s t u d i e s  t o  advanced commercial a i r c r a f t .  Propuls ion  
r e sea rch  w i l l  inc lude  an  i n c r e a s e  i n  suppor t  of long neg lec t ed  a r e a s  f o r  
f u e l ,  combustor ;and engine  component e f f i c i e n c y  s t u d i e s  t o  suppress  tht! 
tendency of je t  engines  t o  smoke. The s a f e  c l imbout  and landing  techn:i.ques 
f o r  no i se  m i n h i ; t a t i o n ,  t he  ref inement  of f l i g h t  i n s t rumen ta t ion  f o r  more 
a c c u r a t e  ineasnrernent of a i r speed  a t  t r a n s o n i c  speeds and t h e  me tea ro1o~ ; i ca l  
environment o E p a r t i c u l a r  concern t o  o p e r a t i o n s  a t  h igh  t r a n s o n i c  speetls 
w i l l  be studic.3. F l i g h t  dynamics r e s e a r c h  w i l l  be concent ra ted  on conl.inu- 
i n g  s t u d i e s  oE a i r c r a f t  c o n t r o l  f o r  f l i g h t  through turbulence  and w i l l  
i nc lude  both :simulator and f l i g h t  tests. 
under t h e  Government ' s Na t iona l  C lea r  A i r  Turbulence program t o  coordiriate 
s t u d i e s  oE p i l D t  a i r c r a f t  response  and t o  d e f i n e  means of a l l e v i a t i o n  of 
t h i s  c r i t i c a l  f l i g h t  s a f e t y  problem a rea .  

The NASA h a s  t h e  r e s p o n s i b i l x t y  

RI) 1 8 - 7  



A s  its part: clf t h e  Inter-Agency A i r c r a f t  Noise Abatement program, t h e  
NASA has  t h e  primary r e s p o n s i b i l i t y  f o r  t h e  r e s e a r c h  and development l ead ing  
t o  t h e  reduct ion  of a i r c r a f t  n o i s e  a t  i t s  source.  T h i s  has  involved NASA 
i n  proof of concept a c t i v i t i e s  i n  a i r c r a f t  n o i s e  and t h e  q u i e t  r e s e a r c h  
engine.  

The a i r c r a f t  n o i s e  proof of concept suppor t ing  r e sea rch  cove r s  t h e  work 
necessary t o  provide means f o r  minimizing t h e  n o i s e  r a d i a t e d  from t h e  i n l e t  
and the  f an  d ischarge  d u c t s  of tu rbofan  engines  such a s  a r e  now i n s t a l l e d  
i n  p r e s e n t l y  ope ra t ing  commercial j e t  a i r c r a f t  and r e s e a r c h  d i r e c  ttrd toward 
developing a more p o s i t i v e  means f o r  a c c u r a t e  f l i g h t  pa th  c o n t r o l  which 
would be  r equ i r ed  t o  modify c u r r e n t  o p e r a t i o n a l  landing  procedures  i n  order  
t o  minimize n o i s e  on t h e  ground below the  approaching a i r c r a f t .  The f a n  
compressor no i se  minimizat ion program was i n i t i a t e d  i n  FY 1967 and i n  
FY 1968 has  involved wind tunnel  t e s t i n g  des ign  and t e s t i n g  of b o i l e r p l a t e  
n a c e l l e  modi f ica t ions .  I n  IT 1969 the  f i n a l  n a c e l l e  conf igura t ion : ;  w i l l  be 
cons t ruc t ed  f c r  f l i g h t  proof tests on a 707 type  a i r c r a f t  and on ,I D C - 5  
type  a i r c r a f t  t o  provide a p o s s i b l e  means f o r  minimizing t h e i r  n o t s e  ou tpu t .  
The programs a l s o  inc lude  d e t a i l e d  a n a l y s e s  of t h e  impact of such p o t e n t i a l  
mod i f i ca t ions  on ope ra t ing  c o s t s  and e f f i c i e n c y .  
s t u d i e s  w i l l  b e  cont inued u t i l i z i n g  t h e  707 pro to type  a i r c r a f t  i n  F l i g i t  
t e s t s  t o  study t h e  concept of d i r e c t  l i f t  c o n t r o l .  

F l i g h t  pa th  corm-ol 

I n  FY 1968 pre l iminary  work w i l l  be c a r r i e d  out  t o  d e f i n e  the  scope and 
some of t h e  hardware components of a q u i e t  r e sea rch  engine.  The second phase 
of t h i s  prosf-of-concept ,  t o  be implemented i n  FY 1969, w i l l  i nc lude  d12tailed 
des ign  work on the  engine components and n a c e l l e ,  small s c a l e  and Largl? s c a l e  
engine component f a b r i c a t i o n  and f u l l  scale tests of compressors and f Ins 
designed f o r  minimum noise .  The component r e sea rch  w i l l  exp lo re  t h e  
p o t e n t i a l  no i se  improvements o f f e r e d  by compressor b l ade  vane spac:j ng and 
number of b l ades ,  t a i l o r e d  suppress ion  nozz le s ,  i n t e r n a l  mixing d w i c e  3 and 
v a r i o u s  techniques  of achiev ing  low f a n  compressor t i p  speeds;  such a s ,  
s l o t t e d  fan/compressor b l ades ,  v a r i a b l e  geometry s t a t o r a ,  r o t o r  speed c:ontrol 
techniques  and such secondary f a c t o r s  a s  bea r ing  no i se  all d i r e c t e d  tcrgard 
a p p l i c a t i o n  t o  a high bypass (up t o  8 t o  1) 20,000 pound t h r u s t  e n g i n e ,  

-- Supersonic  Aircraft_Technology Support ing Research 

D i s c i p l i n a r y  research... . . . . . . . . . . .  $12,040,000 $14,175,000 ,C19,2:!0,000 
Proof of concept :  

5 000,00~ XB-70............................ 2 , ~ ~ ~ , ~ 0 0  ~ ~ , o ~ ~ , o ~ ~  , 

$14,040,000 $24,175,000 
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I n  NASA's Aeronaut ical  Veh ic l e s  program i n  supersonic  a i r c r a f t  t:ech- 
nology, suppor t ing  r e s e a r c h  i s  condi t ioned  l a r g e l y  t o  meet t h e  needs o f  two 
n a t i o n a l  a c t i v i t i e s  a s s o c i a t e d  w i t h  c i v i l  (SST) and m i l i t a r y  (FX, VFAXI 
supersonic  a i r c r a f t .  I n  gene ra l ,  t h e  NASA program i s  designed t o  stud:r 
p o t e n t i a l  improvements n o t  i nco rpora t ed  i n  o r i g i n a l  des igns  because of h igh  
t e c h n i c a l  r i sks ,  t o  s tudy problem a r e a s  which might be expected t c )  becllme 
c r i t i c a l  i n  l a t e r  s t a g e s  of v e h i c l e  development o r  ope ra t ion  and t o  1a;T the  
groundwork f o r  new s t a t e - o f - t h e - a r t  advances such a s  t h e  SST o r  the  F- !11 
have turned o u t  t o  be. 

The program t o  suppor t  t h e  supersonic  t r a n s p o r t  c o n t a i n s  t h r e e  ma joi- 
elements.  The f i r s t ,  i n  d i r e c t  suppor t  of t h e  FAA and i t s  c o n t r a c t o r s  a s  
t h e  development proceeds, p rovides  NASA f a c i l i t i e s  and/or  technic2 1 su1)port 
a s  d e t a i l e d  t ech . i i ca l  problems arise a t  f r equen t  i n t e r v a l s .  The seconcl 
major ac t iv i t . y  i s  d i r e c t e d  a t  problem a r e a s  which can be a n t i c i p a t e d  f o r  
t h e  f u t u r e .  Among these  a r e  s t u d i e s  of t h e  f l i g h t  dynamics of the pro1)osed 
des ign  wi th  a v i e w  toward a i d i n g  FAA i n  d e f i n i n g  what t h e s e  charact ter ia j t ics  
must be i n  d e t a i l .  Management of an a i r c r a f t  of t h i s  s i z e  and speed w.i.lL 
r e p r e s e n t  a wliolly new problem except  f o r  l i m i t e d  XB- 70 exper ience .  NirSA 
cons ide r s  i t  of utmost importance t o  supply t h i s  in format ion  both t o  giiide 
development and to form a b a s i s  f o r  c e r t i f i c a t i o n  and acceptance.  Th i : ;  
r e sea rch  involves  a s u b s t a n t i a l  number of t e c h n i c a l  personnel ,  several. 
s o p h i s t i c s t e d  s i iuulators ,  i n  f l i g h t  and ground based, and forms tEe pr:i.nciple 
o b j e c t i v e  of t h e  X R - 7 0  program. The t h i r d  major a c t i v i t y  i s  representtbd by 
t h e  resea.rch d i r e c t e d  a t  advanced o r  "second gene ra t ion"  supersonic  tr:ins- 
po r t s .  The NASA program i s  designed t o  exp lo re  t h e  a r e a s  of techrologlr 
which c a r r y  t h e  p o t e n t i a l  of s i g n i f i c a n t  performance improvement b u t  pi.es- 
e n t l y  involve t echn ica l  u n c e r t a i n t i e s .  The p r i n c i p a l  a r e a  of r e sea rch  i s  
t h e r e f o r e  propul3ion.  A c t i v i t i e s  of a lesser magnitude are  found in 
aerodynamics w n e i r e ,  f o r  example, a s ea rch  con t inues  f o r  some means of 
a l l e v i a t i n g  sonic: boom e f f e c t s ,  i n  l oads  and s t r u c t u r e s  where exaniiinat:i.on 
of h igh  t emper3 t i i r e  composite m a t e r i a l s  i s  c a r r i e d  o u t  and i n  opera t in t ;  
environment wh?re w e  a r e  s tudying  h igh  a l t i t u d e  g u s t  and temperature  
d i s t r i b u t i o n s ,  

The sui3erso;lic: a i r c r a f t  suppor t ing  r e s e a r c h  program c o n t r i b u t e s  mucli t o  
r e sea rch  in  slipport of t h e  m i l i t a r y  a i r c r a f t  such a s  FX, VFAX, and AMSI,. 
These v e h i c l e s  a Lso pose problems p e c u l i a r  t o  t h e i r  expected modes of 
ope ra t ion .  R i 3 p i i l .  maneuvering a t  high  speeds imposes problems of i n l e t -  
engine i n t e r a c t i o n .  Demands f o r  b u f f e t  f r e e  h igh  a c c e l e r a t i o n  maneuver s 
pose new prob l e m s  i n  wing/conf i g u r a t i o n  aerodynamics, 
e f f i c i e n t  subsonic  l o i t e r  and e f f i c i e n t  supersonic  c r u i s e  a t  h igh  and ow 
a l t i t u d e s  create a d d i t i o n a l  problems i n  aerodynamics. 

The requirement!;  f o r  

I n  FY 1969 measurements of t h e  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c : ;  of 
t h e  XB-7014 and t h e  e v a l u a t i o n  o f  i t s  handl ing  q u a l i t i e s  throughout the 
complete Eligli t  test  envelope w i l l  be completed. Spec ia l  tests w i l l  b@! 
performed t o  Obtiain a d d i t i o n a l  in format ion  l ead ing  to  an exp lana t ion  oi' t h e  
major d i f  Eereii-e,s found between f l i g h t  measured c h a r a c t e r i s t i c s  and those  
obta ined  'by t h e o r e t i c a l  p r e d i c t i o n  and wind tunne l  techniques  i n  FY 19t18, 



Another a r e a  t o  be explored i n  FY 1969 is t he  ground e f f e c t  on t h e  aei-o- 
dynamic Eorces and moments i n  t h e  landing  c o n f i g u r a t i o n  when c l o s e  t o  t h e  
ground. T h i s  hias n o t  been accomplished on an a i r c r a f t  of t h i s  s i z e  bcfore .  
An important  s t r u c t u r a l  problem which h a s  been noted dur ing  t h e  f 11ght 
t e s t s  of t h e  XB70 i s  t h e  r e l a t i v e l y  l a r g e  response t o  turbulence .  A modal 
suppress  ion system w i l l  be i n s t a l l e d  and f l i g h t  t e s t e d  t o  determine pcls- 
s i b l e  means o E  Iyst a l l e v i a t i o n  a t  supersonic  speeds. 

With t h e  completion of t h e  handl ing q u a l i t i e s  program and the  g u s t  
a l l e v i a t i o n  i:esearch program t h e  XB- 70 f l i g h t  r e sea rch  program w i l l  be 
completed. The funding requirement  f o r  t h e  XB-70, i n  FY 1969, w i l l  be 
f o r  one-half  year .  The program i s  expected t o  be completed by .Januarj 
1969. 

Hyaeirsonic A i r c r a f t  Technology Support ing Research 

1969 .---I 1967 1968 

Discip'Linar-yr research . .  ............ $3,400,000 $4,090,000 ! ; 4 , ;  80,000 

X-15., .............................. 880,000 3,448,000 
Hypei:sonl:i: r e sea rch  engine.  ...... 2,000,000 - 7,000,000 .-6,600 , 000 -- 

Proof of concept:  - _. - 

Totall..., ........................ 96,280,000 $14,538,000 

The p o s s i b i l i t y  of achiev ing  sus t a ined ,  e f f i c i e n t  hypersonic  f l i g h t  has  
n o t  been proven, y e t  systems a n a l y s e s  of such v e h i c l e s  based upon best 
a v a i l a b l e  theory shows i t  t o  be a p o t e n t i a l l y  economically sound t r a n s p o r t  
mode. Verifi .cat . ion of t he  t h e o r i e s  i s  r equ i r ed  and t h e  NASA resea rch  
program is designed t o  provide informat ion  a g a i n s t  which t h e  adequacy of 
t he  t h e o r i e s  can be judged. The program is d i r e c t e d  f i r s t  a t  examining 
t h e  most funclamental f i r s t  o rde r  assumptions i n  aerodynamics, p ropuls ion  
and s t r u c t u r e s .  Ques t ions  regard ing  t h e  soundness of ana lyses  i n  o the r  
d i s c i p l i n e s  a r e  de fe r r ed  u n t i l  t hese  primary answers have been obta ined .  

The program c o n t a i n s  cont inued s t u d i e s  of t h e  aerodynamics of l?yperson;ic 
flow, r e sea rch  cn t h e  behavior  of s t r u c t u r e s  subjec ted  t o  extreme hea t ing  
r a t e s  and i n l e t ,  combustor, nozz le ,  supersonic  mixing, combustion and hea t  
t r a n s f e r  i n  t h e  propuls ion  a rea .  Funding i s  r equ i r ed  f o r  wind tunne l  
models, computer programs, s t r u c t u r a l  specimens and the  v a r i o u s  components 
of hypersonic  engine technology f o r  tes ts  i n  the  Propuls ion  Research 
Laboratory anc t h e  Plum Brook Hypersonic Test F a c i l i t y .  

The va r ious  experiments  c u r r e n t l y  be ing  c a r r i e d  on t h e  X - 1 5  r e s e a r c ?  
a i r c r a f t  w i l l  be completed by t h e  end of Fy 1968 or e a r l y  i n  FY 1069 and 
i t  is not  planned t o  ope ra t e  t h e  a i r c r a f t  fo l lowing  t h e  completion of 
t hese  t es t s .  Therefore  no funding i s  r equ i r ed  f o r  t h e  X-15 progran i n  
FY 1969. 
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The hypersonic  r e s e a r c h  engine  proof of concept  program was i n i t i a t e d  
i n  FY 1965 an t h e  r e s u l t  of an obvious need for in format ion  r e l a t i n g  t o  
propuls ion  systems o p e r a t i n g  a t  hypersonic  speed i n  a r ea l  environment. 
The G a r r e t t  Corpora t ion  i s  proceeding w i t h  t h e  des ign  and development and 
c o n s t r u c t i o n  of one f l i g h t  weight  r e g e n e r a t i v e l y  cooled r e sea rch  engine.  
A b o i l e r p l a t e  engine w i l l  be under t es t  i n  FY 1969 a t  t h e  Ordnance 
Aerophysiics 1,aboratory i n  c l e a n  a i r  up t o  Mach 5. 
engine w i l l  b t r  d e l i v e r e d  t o  the  L e w i s  Plum Brook Research F a c i l i t y  for  
r e sea rch  t e s t i n g  i n  FY 1970. 

The r e g e n e r a t i v e l y  cooled 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF TRACKING AND WTA ACQUISITION TRACKING A N D  CATA 
ACQUISIT ION PROGRAM 

PROGRAM OBJEC:TIV’ES AND JUSTIFICATION : 

The purpose o f  t h i s  program i s  t o  provide responsive and e f f i c i e n t  t r a c k i n g  
and data acqui .s i t ion support  t o  meet the  requirements  of a l l  NASA F l igh t  pro- 
j e c t s .  1:n a d d i t i o n ,  support  i s  provided, as mutual ly  agreed,  f o r  p r o j e c t s  
of t he  Dr!part.rient of Defense, o t h e r  Government agenc ie s ,  and o t h e r  c o u n t r i e s  
and i n t e r n a t i o n a l  o r g a n i z a t i o n s  engaged i n  space r e s e a r c h  endeavors.  

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  
sounding r o c k e t s ,  and r e s e a r c h  a i r c r a f t ;  and f o r  e a r t h  o r b i t a l  and s u b o r b i t a l  
missions ; l u n a r  and p l a n e t a r y  ni iss ions,  and space probes.  

Types of support  provided inc lude  : (a) t r a c k i n g  t o  determine the  p o s i t i o n  
and t r a j e c t o r y  of v e h i c l e s  i n  space,  (b) a c q u i s i t i o n  of d a t a  from s c i e n t i f i c  
experiments and on the  eng inee r ing  performance of s p a c e c r a f t  and launch 
v e h i c l e  systems !, ( c )  transmissi.on o f  commands from ground s t a t i o n s  t o  space- 
c r a f t ,  ((1) c o r m ~ m i c a t i o n  wi th  a s t r o n a u t s  and a c q u i s i t i o n  of medical d a t a  on 
t h e i r  physica.1 c o n d i t i o n ,  (e) communication o f  information between v a r i o u s  
ground f a c i l i l s i e s  and mission c o n t r o l  c e n t e r s ,  and ( f )  process ing  of data 
acqu i red  from t h e  space v e h i c l e s .  Such support  i s  e s s e n t i a l  f o r  the c r i t i c a l  
decision:; whnch must be made t o  assure t h e  success  of a l l  f l i g h t  mi s s ions ,  
and, i n  t h e  (:iaSc$ of manned missions,  t o  i n s u r e  t h e  s a f e t y  of t h e  astrcinauts .  

Tracking and d a t a  a c q u i s i t i o n  support  i s  provided by a worldwide network 
of NASA ground s t a t i o n s  supplemented by in s t rumen ta t ion  s h i p s ,  a i r c r a f  t ,  
and s e l e c t e d  ground s t a t i o n s  o f  t h e  Department of Defense. These f a c j  l i t i e s  
a r e  in t e rconnec ted  by a network of ground communications l i n e s ,  under&ea 
c a b l e s ,  high Erequency r a d i o  l i n k s ,  and communication s a t e l l i t e  c i r c u i t s ,  
which provide the  c a p a b i l i t y  f o r  i n s t an taneous  t r ansmiss ion  of d a t a  arid 
c r i t i c a l  comrltantls between s p a c e c r a f t  and the  c o n t r o l  c e n t e r s  i n  the  Ur:ited 
S t a t e s  from wliich the  f l i g h t s  are d i r e c t e d .  F a c i l i t i e s  a l s o  are provj ded 
t o  process  i n t o  meaningful form t h e  l a r g e  amounts of d a t a  which arc? ccl l lected 
from f l i g h t  pro-jects.  In a d d i t i o n ,  i n s t rumen ta t ion  f a c i l i t i e s  a r e  prcwided 
f o r  support  o f  sounding r o c k e t  launchings and f l i g h t  t e s t i n g  of resea1,ch a i r -  
c r a f t  . 

The Reseairih and Development a p p r o p r i a t i o n  provides  funds f o r :  (a:l t he  
ope ra t ion  and maintenance of t he  worldwide f a c i l i t i e s ,  (b)  t h e  procurcmment 
of equipment and mod i f i ca t ions  t o  adapt  t h e  f a c i l i t i e s  f o r  new a n d  chcmging 
f l i g h t  p r o j e c t  .requirements, and ( c )  t h e  i n v e s t i g a t i o n  and development. of 
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advanced track.1.n~; and da ta  a c q u i s i t i o n  equipment and techniques.  The 
subsequent: sec:i:ions descr ibe plans and r e l a t e d  funding requirements t o  
continue the  1li:ac:king and Data Acqu i s i t i on  program i n  each of 
during FY 19651 . 

SUMMARY OF RESOURCES REQUIREMENTS : 

1967 1968 

Operations ..................... $195,050,000 $213,600,000 
Equipment ..................... 62,000,000 49,450,000 

Technology,. ................ 13,800,000 12,800,000 
Supporti-ng Iksearch and 

To ta l  ......................... $270,850.000 $275.850,000 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Marshall  Space F l i g h t  

Goddaitd Space F l i g h t  
Center. ..................... 195,800,000 

J e t  Propul1:;ion Laboratory.. I 51,350,000 

Center.  ..................... $800,000 

Wallops S ta t ion . .  ........... 5,7 50,000 
Flighlt Re:;eai:ch Center. .  .... 1,900,000 
Langley Rtsearch Center.  .... 2,250,000 
NASA I-leadquarters.. ......... 13,000,000 

BASIS OF FUND UXlUIREMENTS: 

Operat ions 

Manned ,Space F l i g h t  Network.. I) $65,650,000 
S a t e l l i t e  Network.. ........... 37,700,000 
Deep Space Network.. .......... 35,500,000 

Communications. ............... 39,500,000 
Data Proces:;ing.. ............. 10,200,000 

Other Iinstriirneiitation.. ....... 6,500,000 

T o t a l . . .  .................... $195,050,000 

$400,000 

197,350,000 
57,200,000 

6,400,000 
2,100,000 
1,900,000 

10,500,000 

$70,200,000 
40,000,000 
38,600,000 

6,500,000 
45,800,000 
12,500,000 

$213,600,000 

Manned Space F l i g h t  Network Operations 

The primary func t ion  of t h e  Manned Space F l i g h t  Network i s  

these  areas 

1.9 69 

$239,8OCi ,000 
52 :, 2OC1,OOO 

- 12.80Cl.000 

$304.80CI ,000 

---- 

---- 

227,30(1,000 
55,30(1,000 

6,80(1,000 

1,60(1,000 
11,40(1,000 

2,10(~,000 

$9 1 , 50(1,000 
42,00(~,000 

6 , 7OO,OOO 
48,6OO,OOO 

-- 14 ,OO(l.OOO 

37,000,000 

t o  proviile 
t r ack ing ,  d a t a  a c q u i s i t i o n ,  communications , and command support  fo r  NA!;A's 
manned space € l i g h t  programs. The Network: (a) provides spacecra.f t t i-acking 
d a t a  which a r e  used f o r  o r b i t  and t r a j e c t o r y  determinat ion and to  init.i .ate 
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and v e r i f y  o rb i - t a l  maneuvers, (b) r e c e i v e s  te lemetered  informat ion  c:oncerning 
t h e  cond i t ion  of the  a s t r o n a u t s  and t h e  performance o f  t h e  s p a c e c r a f t ,  (c )  
communicates information t o  cont.ro1 c e n t e r s  i n  r e a l  time f o r  c r i t i c a l  clecisions,, 
(d) t ransra i t s  commands t o  t h e  s p a c e c r a f t ,  and (e) r eco rds  the  engineer ing  d a t a  
from t h e  spacecr i i f t .  

In a d d i t i o n  t o  support  provided f o r  manned miss ions ,  s e l e c t e d  s ta t ic ins  of 
the  Network pl:ovi.de support  t o  unmanned deep space and e a r t h  o r b i t a l  p I o j e c t s  
of NASA arid t h e  Department of k f e n s e .  Based upon requirements  f o r  each 
mission,  manntxl o r  unmanned, thti manned space f l i g h t  network (MSFN) anc o t h e r  
r e sources  of t h e  Of f i ce  of Tracking and Data Acqu i s i t i on ,  such as t h e  :pace 
Tracking ilnd I l a t i i  Acqu i s i t i on  Network (STADAN), the  NASA Communicat:ion: 
Network (IUSCOIVI), and the  Deep !;pace Network (DSN), are c a l l e d  upon t o  pro- 
v ide  suppor t .  A Lso provid ing  t r a c k i n g  suppor t ,  as r e q u i r e d ,  are the  R p a r t -  
ment of Dzfeniji? (DOD), and the  A u s t r a l i a n  Weapons Research Establishmerit 
( W E )  

The Manned Space F l i g h t  Network i s  a worldwide t r a c k i n g  and ground m- 
s t rumenta t ion  system which o r i g i n a t e d  wi th  t h e  Mercury program, w a s  moilified 
and expanded € o r  t h e  Gemini program and has  been f u r t h e r  modified and 
expanded f o r  t h e  Apollo program. Completed and f u l l y  checked o u t  durii ig 
FY 1968, the  MSFN by December 1967, has  a l r e a d y  s u c c e s s f u l l y  supported t h r e e  
unmanned Apollo inissions.  T e s t i n g  and t r a i n i n g  is con t inu ing  t o  E L S S U ~ ( !  

r ead iness  f o r  manned o r b i t a l  and lunar  f l i g h t s .  

The Network c o n s i s t s  o f :  (a) t e n  30-foot  diameter  antenna s ta t . ions  
l o c a t e d  a t  Cape Kennedy, F l o r i d a ;  Bermuda; Antigua ; Ascension; Canary 
I s l a n d ;  Carnarvon, A u s t r a l i a ;  Guam; Kauai, H a w a i i ;  Guaymas, Mexico; anij 
Corpus C h r i s t i ,  Texas; (b) t h r e e  85-foot  diameter  antenna s ta t ion : ;  
l oca t ed  a t  Madrid, Spa in ;  Canberra,  A u s t r a l i a ;  and Goldstone,  Cali-f 'ornia; 
and (c) one t r a n s p o r t a b l e  30-foot diameter  antenna s t a t i o n  presenl.1.y 
loca t ed  a t  Grand Bahama I s l a n d .  In  a d d i t i o n ,  f i v e  in s t rumen ta t ion  s h i l x  
and e i g h t  a i r c r a f t ,  ope ra t ed  by t h e  Department of Defense, and t h r e e  85- 
f o o t  diameter antenna s t a t i o n s  of t he  NASA Deep Space Network w i l .  p ro -  
v ide  suppor t  f o r  Apollo.  Secondary support  w i l l  be provided by our NASA 
s t a t i o n  a t  Tananarive,  Madagascar; and by t h e  Department of  Defense s t s t i o n s  
a t  Po in t  Arguel lo ,  C a l i f o r n i a ;  Eas t e rn  T e s t  Range F a c i l i t i e s ;  and V h i t ?  
Sands, New Mexico, u s ing  e x i s t i n g  equipment e 

The s t a t i o n  a t  Canton I s l and  has  been phased o u t  and M)D support  by two 
smaller sh ips  used dur ing  Mercury, Gemini, and e a r l y  Apollo fligh::; w i l l  
be terminatedL during FY 1968. 

The current.1). planned mission workload w i l l  r e q u i r e  a l i m i t e d  second 
s h i f t  of persc)nr.el a t  t h e  s t a t i o n s  f o r  Apollo suppor t  i n  FY 1969. Lead- 
times a s s o c i a t e d  wi th  programming, s imula t ions ,  and checkout r e s u l t  i n  
ove r l ap  betwetin a c t u a l  mission support  and the  p repa ra t ion  necessary  
f o r  subsequent: missions.  Th i s  i s  beyond t h e  c a p a c i t y  of  a s i n g l e  s h i f t  

RD 19-3 

http://pl:ovi.de


of personnel  a.nd d i c t a t e s  t h e  bui ldup  f o r  t h e  second s h i f t  which i s  being 
implemented i n  Fk' 1968. The FY 1969 budget i nc ludes  funds f o r  t hese  
addi t iona l .  personnel  and i s  r e f l e c t e d  i n  the  inc reased  r eques t  over  FY 
1968 f o r  Planned Space F l i g h t  Network Operat ions.  

The second area of  i nc rease  over  FY 1968 i s  f o r  DOD o p e r a t i o n a l  suppor t .  
The DOD estimates f o r  ope ra t ing  t h e  Apollo s h i p s  and t h e  Apollo/Range 
1nstrument:ation A i r c r a f t  i n  FY 1.969 r e f l e c t  t h e  f i r s t  f u l l  year  of  ope ra t ions  
f o r  t hese  ship:; and a i r c r a f t .  A l s o  inc luded  are funds t o  reimburse the A i r  
Force Eas t e rn  Test Range f o r  down-range in s t rumen ta t ion  s e r v i c e s  heretcifore  
provided 1:o NASA wi thout  charge .  Th i s  change i s  one p a r t  of  t h e  r e s u l t s  of 
a s tudy  which was made by t h e  Bureau of t h e  Budget of t h e  e n t i r e  A i l :  Fcrce 
Eas te rn  Tes t  Rmge ope ra t ion  t o  determine an a p p r o p r i a t e  b a s i s  f o r  NASl. 
reimbursement :o t h e  Eas te rn  T e s t  Range f o r  c o s t s  a t t r i b u t a b l e  t o  suppcsrt 
of N A S A ' s  requirements .  

S a t e l l i t e  Network Operat ions 

The primary func t ion  o f  t h e  S a t e l l i t e  Network i s  t o  support  N A S A ' s  iin- 
manned s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  programs. The Network 
inc ludes  the e l e c t r o n i c  s t a t  ions  o f  t h e  Space Tracking and Data Acquis:i.tion 
Network ( S T A M N )  opera ted  by the  Goddard Space F l i g h t  Center ,  supplemeiited 
by the  o p t i c a l  c m e r a  t r a c k i n g  s t a t i o n s  ope ra t ed  by t h e  SmithsonisLn 
Ast rophys ica l  Observatory.  The STAWN s t a t i o n s  provide a ground s,qsteri 
which: (a )  t r a c k s  each s a t e l l i t e ,  (b) determines t h e  s t a t u s  o f  onboartl 
s y s t e m s ,  (c) comnands t h e  s a t e l l i t e  func t ions ,  and (d)  a c q u i r e s  s t o r e d  
o r  real-time d a t a  from t h e  s a t e l l i t e .  The o p t i c a l  camera tracking; sta1:ions 
provide s p e c i a l i z e d  s e r v i c e s  i n  p r e c i s i o n  o r b i t a l  t r a c k i n g  as w e l l  as ')ackup 
support  t o  STAIYLN dur ing  launch and e a r l y  o r b i t  t r a c k i n g  of s a t e l 1 . i t e s .  

STAWN s t a t i o n s  are loca ted  a t  F o r t  Myers, F l o r i d a ;  Mojave, Cal- i for  i i a ;  
Qui to ,  Ecuador ; L i m a ,  Peru ; Sant iago ,  Ch i l e  ; Johannesburg, South A f r i c  1 ; 
Tananarive,  Madagascar; Canberra ,  A u s t r a l i a ;  Fa i rbanks ,  Alaska ;  Si:. Jol in 's ,  
Newfoundland; Winkfield,  England; Rosman, North Caro l ina ;  and Toowoomb3, 
A u s t r a l i a .  I n  a d d i t i o n  a range and range r a t e  t r a c k i n g  system is l oca t ed  
a t  Carnarvon, A u s t r a l i a ,  f o r  s p e c i a l i z e d  suppor t .  

F i s c a l  year 1968 marked t h e  beginning of a f u l l  year  of o p e r a t i n g  SrAWN 
s t a t i o n s  which had p rev ious ly  been modif ied o r  augmented t o  support  i n -  
c reased  Frogram requirements .  Modi f ica t ions  a t  Rosman, North C a r t i  1 i n a ,  
and Mojave, C & l i f o r n i a ,  p l u s  t h e  new s t a t i o n  a t  Toowoomba, Aust.raLia, 
provided excel l e n t  suppor t  €or  t h e  App l i ca t ions  Technology S a t e l l i t e  (ATS) 
program. A t  Fa i rbanks ,  t h e  s t a t i o n  capabi l i ty--which had been augmented 
by t h e  a d d i t i o n  of a 40-foot antenna and a Range and Range Rate sy;  - terr-- 
provided the  1.ncreased support  r e q u i r e d  f o r  t h e  obse rva to ry  s a t e l  1 i tes .  

In  FY 1967 ar,d FY 1968, fpnding c o n s t r a i n t s  r e q u i r e d  s e v e r a l  r educ t ions  
i n  the  l e v e l  of suppor t  provided t o  t h e  p r o j e c t s .  Opera t ions  a t  t'ae Yojave 



s t a t i o n  have been r e s t r i c t e d  t o  ATS support  on ly ,  on ly  one of t h r e e  t e l eme t ry  
l i n k s  a t  t he  ()iiil:o s t a t i o n  i s  being o p e r a t e d ,  and t h e  Winkfield s t a t i o n .  sup- 
p o r t  has been reduced to  one t e l e m e t r y  l i n k  and launch phase support  ol '  OGO. 
Operat ions have been reduced a t  all s t a t i o n s  i n  t h e  o p t i c a l  network ant1 t h e  
s t a t i o n  i n  F l o r i d a  has  been c losed .  Support o f  some o l d e r  sa te l l i t es  llas 
been terminated ;and o t h e r  s a t e l l i t e s  are being reviewed f o r  p o s s i b l e  ttbr- 
mination of support .  

For FY 1969, it i s  planned t o  o p e r a t e  t h e  network a t  e s s e n t i a l l y  thf! 
same l e v e l  of support  as FY 1948. Since s i x t e e n  new s a t e l l i t e s  a r e  
scheduled f o r  launch i n  FY 1949, t h e r e  w i l l  be a d d i t i o n a l  l i m i t a t i o n s  
imposed upon t h e  da ta  a c q u i s i t i o n  c a p a b i l i t y  of t h e  network even wi th  :he 
support  r educ t ions  which have been e f f e c t e d .  The inc reased  funding redpired 
i n  FY 1969 i s  r e l a t e d  t o  the  o p e r a t i o n  of s p e c i a l  OAO equipment at. sel1:cted 
s t a t i o n s ,  and a d d i t i o n a l  personnel  t o  o p e r a t e  t h e  c o n t r o l  c e n t e r  c:ompl~?x a t  
Goddard Space F l i g h t  Cen te r .  

Deep Space Network Operat ions 

The p r i m a r y  f u n c t i o n  of t he  Deep Space Network i s  t o  support  urimann1.d 
luna r  and p l a n e t a r y  space f l i g h t  missions.  The Network: (a) provides  
t r a c k i n g  d a t a  which a r e  used t o  determine and make mid-course c o r r e c t i o n s  
and t e rmina l  maneuvers t o  s p a c e c r a f t  t r a j e c t o r i e s ,  (b) a c q u i r e s  eng,ine'ering 
t e l eme t ry  dats. concerning performance of t he  s p a c e c r a f t ,  (c)  t r a n s m i t s  
commands t o  tt!e s p a c e c r a f t  t o  execu te  t h e  above f u n c t i o n s ,  and (d:) r e c e i v e s  
and r eco rds  t t ,e  s c i e n t i f i c  data  which are acqu i red  from t h e  s p a c e c r a f t .  
The network c o n s i s t s  of s t a t i o n s  l o c a t e d  a t  Goldstone, C a l i f o r n i a ;  Woornera 
and Canberra,  Au.stralia;  Madrid, Spain;  Johannesburg, South Afr ic .s ; ,  Ascension 
I s l a n d ;  and Cape Kennedy, FLordia.  The DSN Ascension I s l a n d  s t a t i o n  w i l l  
be c losed  ant! tke remaining elements phased i n t o  the  MSFN s t a t i o n  a t  Ascension 
I s l a n d  st:art i .ng J u l y  1 ,  1968. 

The contra:- c e n t e r  f o r  t he  Ikep Space Network i s  t h e  Space F l i g h t  C1peration.s 
F a c i l i t y  (SFOF) l o c a t e d  a t  t he  Je t  Propuls ion Laboratory i n  Pasadena, C a l i f o r n i a .  
The SFOF : ( a >  r e c e i v e s  informat ion  t r a n s m i t t e d  v i a  ground c o m u n i c a t i c n s  from 
s t a t i o n s  of the Deep Space Network; (b) p rocesses  the  d a t a ;  (c) d i s p l a y s  t h e  
r e s u l t i n g  in5orniation so t h a t  mission d i r e c t o r s  and a s s o c i a t e d  p ro jec t  personnel 
can analyze n i s s i o n  performance and make c r i t i c a l  d e c i s i o n s  i n  near rc a1 time 
concerning fui ic t ions t o  be executed by t h e  s p a c e c r a f t ;  and (d)  transmj t s  i n -  
s t r u c t i o n s  t o  the s t a t i o n s  f o r  commands t h a t  must be s e n t  t o  t h e  spacecraft:.  

The Deep !;>ace Network workload peaked i n  t h e  f i r s t  h a l f  o f  FY 196t; t o  
meet t he  suplmri: requirements of t he  Lunar O r b i t e r ,  Surveyor,  Mariner and 
Pioneer  pr0gl:sm:;. Completion of t he  Lunar O r b i t e r  and Surveyor FrogrJims 
i s  al lowing :jJmtz r educ t ions  i n  the  l a s t  h a l f  o f  FY 1968 which a r e  r e f : e c t e d  
i n  the  FY 1963 budget r e q u e s t ,  S t a f f i n g  i s  being reduced a t  t h e  s t a t x o n s ,  
t he  SFOF, and i n  the  network eng inee r ing  a r e a .  The computer capabili1.y 
a t  t h e  SFOF has  a l s o  been reduced i n  FY 1968 and w i l l  con t inue  a t  th i : ;  
reduced l e v e l  i n  FY 1969. 
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The f l i g h t  missions o f  the  P ioneer  program w i l l  cont inue  through FY 1969. 
The Mariner Mars  f l y b y  missions are scheduled f o r  launch i n  l a t e  FY 1969 and 
ground support  i s  r e q u i r e d  w e l l  i n t o  FY 1970 f o r  t h e s e  miss ions .  !;upport 
i s  a l s o  r equ i r ed  f o r  t he  Mariner V miss ion  e a r l y  i n  FY 1969 as i t  r e t u r n s  
t o  view i n  i t s  o r b i t  around the  sun. I n  a d d i t i o n ,  t h r e e  s t a t i o n s  i n  the  
Network, one Each i n  A u s t r a l i a ,  Spain and C a l i f o r n i a ,  w i l l  provide f u l l  
j o i n t  support  f o r  t h e  Apollo manned luna r  miss ions .  In summary, the Deep 
Space Network and t h e  SFOF must be s t a f f e d  and equipped t o  support  f i v e  
P ioneer ,  one Nariner  V ,  the  Mariner F and G miss ions ,  and Apollo ,during 
the  FY 1969 t i n e  per iod .  

Other Ins t rumenta t ion  Opera t ions  

1nstrument.atj.on systems are ope ra t ed  and maintained i n  support  of  sounding 
r o c k e t s  cind r e e n t r y  v e h i c l e s  launched from Wallops S t a t i o n ,  V i r g i n i a ,  and 
the  Churchill .  Research Range, Canada ; and f o r  f l i g h t  r e sea rch  programs of  t he  
F l i g h t  Research Cen te r ,  C a l i f o r n i a .  General  purpose t r a c k i n g ,  t e l eme t ry ,  
d a t a  hand l ing ,  r eco rd ing ,  t iming,  p l o t t i n g ,  and communication systems are 
provided as w e l l .  as s p e c i a l  purpose f i x e d  and mobile o p t i c a l  and souncl 
ranging i(acou:;t:kal) equipment 

The in s t rumen ta t ion  a t  Wallops S t a t i o n  i s  opera ted  by NASA c o n t r a c t o r s  
and by o t h e r  Government agencies  such as t h e  Environmental Science Sei v i c e s  
Administ:cation ICESSA), t h e  Nat iona l  Bureau of S tandards ,  t he  U. S.  Nai-y, 
t h e  U. S.  A i r  Force,  and t h e  M i l i t a r y  Sea Transpor t a t ion  Serv ice .  Furtds 
requeste 'd f o r  F"Z 1969 w i l l  main ta in  a r equ i r ed  l e v e l  of e f f o r t  which 
c l o s e l y  ,approKiinates t h a t  of p r i o r  yea r s .  

Mobile t e l e m e t r y  and o p t i c a l  equipment a r e  maintained and ope ra t ed  along 
t h e  easttern seaboard t o  suppor t  rocke t  f l i g h t s  from Wallops S t a t i o n .  This  
down-range suppor t  i s  funded b y  Langley Research Center .  

Ins t rumenta t ion  a t  the  C h u r c h i l l  Research Range c o n s i s t s  of general. 
purpose t r a c k i n g ,  t e l e m e t r y ,  command and c o n t r o l ,  and a s s o c i a t e d  sys t c?ms  
r equ i r ed  t o  conduct sounding rocke t  experiments  a t  t h i s  h igh  l a t i t u d e  
l o c a t i o n .  The Range i s  opera ted  under the  management of  t he  Nat iona l  
Research Council  of Canada which s h a r e s  t h e  c o s t s  w i th  NASA as a coopl!rative 
e f f o r t .  

The F l i g h t  Research Center  ope ra t e s  t h e  Aerodynamics Tes t  Range c o w i s t i n g  
of f a c i l i t i e s  a t  t h e  Edwards A i r  Force Base and two up-Range s i t e s  a t  Ely and 
Beat ty ,  Nevada. Programs supported by t h e s e  f a c i l i t i e s  inc lude  var ioi is  
research  a i r c r a f t  and l i f t i n g  body p r o j e c t s .  

Communications Opera t ions  

The g loba l  communications s y s t e m ,  which l i n k s  toge the r  NASA's t r a c k i n g  
s t a t i o n s  and c o n t r o l  c e n t e r s ,  i s  ope ra t ed  by t h e  Goddard Space F l i g h t  Center .  
Communicaticn swi tch ing  c e n t e r s  have been e s t a b l i s h e d  a t  major l o c a t i o n s  such 
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as Goddard, London, Honolulu, and Canberra ,  A u s t r a l i a ,  t o  maximize c i r c u i t  
shar ing .  Requirements i n  most cases a r e  being m e t  by providing a l t e r n a t e  
vo ice /da ta  c in :u i t s  i n s t e a d  o f  separate voice  and d a t a  c i r c u i t s ,  theretiy 
reducing the  tIlJtin1 number of c i r c u i t s  needed. 

In  the  Apollo program, t h e  inc reased  complexity o f  t he  missions and t h e  
number of v e h i c l e s  t o  be supported r e q u i r e  real-time c e n t r a l i z e d  rriissicin 
c o n t r o l ,  To achieve the  r e q u i r e d  c e n t r a l i z e d  c o n t r o l ,  it i s  e s s e n t i a l  t h a t  
t h e r e  be h ighly  r e l i a b l e  and l a r g e  c a p a c i t y  communications l i n k s  be twet!n 
a c e n t r a l  f a c i l i t y  and t h e  remote s t a t i o n s .  

These communications l i n k s  are be ing  provided by s a t e l l i t e  as we11 i iS 

convent iona l  means. Communications sa te l l i t es  w i l l  provide a l t e r n a t e  
v o i c e l d a t a  and t e l e t y p e  c i r c u i t s  t o  t h e  Apollo ground s t a t i o n s  a t  Canary 
I s l a n d ;  Ascension I s l a n d ;  and Carnarvon, A u s t r a l i a ,  and t o  t h e  t h r e e  A.,)ollo 
i n s e r t i o n / i n j e c t i o n  s h i p s  loca t ed  i n  the  A t l a n t i c ,  P a c i f i c ,  and Indian  Oceans. 

The FY 1969 budget r e f l e c t s  t he  c o s t  f o r  provid ing  real-time luna r  
t e l e v i s i o n  coverage from the  Apollo s p a c e c r a f t  v i a  t h e  85-foot ant;ennas a t  
Madrid and Goldstone t o  t h e  Mission Cont ro l  Center  a t  Houston, Texas. I n  
a d d i t i o n ,  new wideband s e r v i c e  w i l l  be provided t o  the  Madrid t r a c k i n g  
complex v i a  tk.e new communications s a t e l l i t e  e a r t h  s t a t i o n  j u s t  outsid12 
Madrid t o  r ep lace  convent iona l  s e r v i c e s  wi th  a more r e l i a b l e  d i r e c t  r o J t e .  
Most of the  remainder of  t h e  inc reased  budget r eques t  i s  f o r  provid ing  the  
increased  c a p a c i t y  r equ i r ed  f o r  t h e  heav ie r  Apollo f l i g h t  program in FY 
1969. 

Data Process ing  Opera t ions  

Inforniation xeceived i n  the  form of  t r a c k i n g  and telemetry da ta  from 
s a t e l l i t e s  arid space probes m u s t  be processed i n t o  a form t h a t  i s  u s e f u l  
t o  both those performing t h e  r ea l - t ime  c o n t r o l  of t he  space v e h i c l e  and 
those  re:;pons:ibl.e f o r  ana lyz ing  t h e  s c i e n t i f i c  d a t a  acqui red  by t h e  sFlace- 
c r a f t .  

Tracking tlatci a r e  processed t o  provide o r b i t a l  e lements  which are tlsed 
t o  supply s t a t i o n s  wi th  p r e d i c t i o n s  on f u t u r e  passes  of t h e  s p a c e c r a f t ,  
and t o  provide p o s i t i o n  informat ion  t h a t  can be used by t h e  s c i e n t i f i c  
experimenter:; t o  determine where i n  t h e  t r a j e c t o r y  t h e  s c i e n t i f i c  reas ure-  
ments were minde. 

T e l e m e t r y  data must be processed t o :  (a) s e p a r a t e  t h e  informat ion  
ob ta ined  from t h e  va r ious  s c i e n t i f i c  experiments aboard the  spacecraf t . ,  
(b) conso l ida t e  information from each experiment ,  (c )  apply  t h e  necestiary 
s c a l i n g  f a c t o r s  and c a l i b r a t i o n s  of t he  measuring ins t ruments ,  (Cl) det.er- 
mine s p a c e c r a f t  a t t i t u d e ,  and (e )  c o r r e l a t e  t h e s e  measurements w i th  tlie 
p o s i t i o n  d a t a  mentioned above. Processed d a t a  are t h e  primary producl: 
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of t h e  s p a c e c r a f t  miss ions ,  and it i s  through r educ t ion  and ana lyses  o f  
t hese  d a t a  by the  experimenters  t h a t  a b e t t e r  understanding of space is  
achieved . 

Severa l  p r o j e c t s ,  p a r t i c u l a r l y  those  i n  t h e  Observatory and Geodetic 
classes, r e q u i r e  ex tens ive  pre-mission o r b i t  s t u d i e s ,  i nc lud ing  spacecr  ,%f t 
p o s i t i o n  p r e d i c t i o n s  and mutual v i s i b i l i t y  ana lyses .  S tud ie s  a r e  a l s o  
r equ i r ed  t o  work o u t  o p e r a t i o n a l  methods and procedures  t o  be used duriiig 
the  a c t u a l  mission ope ra t ion .  

Support must be given t o  a wide v a r i e t y  of programs which vary  Erom 
the  small Un ive r s i ty  Explorer  s a t e l l i t e s  t o  t h e  l a r g e  S o l a r ,  Geophysical ,  
and Astronomical Obse rva to r i e s ,  and the  App l i ca t ions  s a t e l l i t e s  i n  %he 
f i e l d s  of c o m u n i c a t i o n s  and meteorology. 

The FY 1964 bu.dget r eques t  i s  based upon the  workload which w i l l  r e s u l t  
from previous1 launched s a t e l l i t e s  t h a t  w i l l  r e q u i r e  cont inued suppor t ,  
p lus  additions:. s a t e l l i t e s  t h a t  a r e  scheduled t o  be launched during the  
pe r iod ,  Th i s  wil.1 r e s u l t  i n  an inc rease  i n  the  o r b i t a l  computat ions,  
t e lemet ry  da t a  p rocess ing ,  and mission r e l a t e d  computer suppor t .  The 
p ro jec t ed  te lemet ry  d a t a  process ing  workload, f o r  i n s t a n c e ,  i n  FY 1969 
i s  e s t ima ted  to be about 20% above the  FY 1968 workload i n  terms of 
numbers of t apes  t o  be processed.  

Equipment 

1967 

Manned space F l i g h t  Network.. , . .  $27,700,000 
S a t e l l i t e  Network.. ............. 11,700,000 
Deep Space Network .............. 7,500,000 
Other I n s  t rume n t  a t  ion .  .......... 4,000,000 
Communications... ............... 6,000,000 
Data Process ing  ................. 5,100,000 

T o t a l . . . . . . . . . . . . . . . . . . , . . . . . .  $62,000,000 

1968 

$21,650,000 
9,600,000 

4 , 200,000 
3,200,000 
1,800,000 

9,000,000 

$49,450.000 

19t  9 

$17,50(1,000 
12,800,000 

4 ,300,000 

2 - L  ‘1 600,000 

----L_ 

12,000,000 

3 ,000,000 

~ 2 ~ 2 0 0 , 0 0 0  - 
e--- 

Manned Space F l i g h t  Network Equipment 

I n  ca lendar  year  1967, implementation of  t h e  Apollo support  c a p a b i l i t y  
w a s  completed a t  t he  Manned Space F l i g h t  Network land s t a t i o n s  a t  ( ;oldstone,  
Canberra ,  Madrid, Canary I s l a n d ,  Antigua,  and Grand Bahama I s l a n d .  C o i -  
c u r r e n t l y ,  moc i f  i c a t i o n s  of  e i g h t  ApollvlRange Ins t rumenta t ion  A i r c r a f t  
(A/RIA)  were corrlpleted by the  A i r  Force E l e c t r o n i c  Systems Divis ion ,  
and th ree  of the f i v e  Apollo in s t rumen ta t ion  s h i p s  were completed b y  t n e  
Instrumentaticin Ships  P r o j e c t  Of f i ce  of  t h e  Navy. Completion of  :lie 
remaining t w c  ! i nc lud ing  the  s a t e l l i t e  communication c a p a b i l i t y ,  .mid f i n a l  
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tests of t:he s h i p s '  sys t ems  w i l l  be accomplished before  the  end o f  FY 1968. 
With t h e  c:oncl.usj.on of  t h e s e  a c t . i v i t i e s ,  a l l  f a c i l i t i e s  o f  t he  Manned Space 
F l i g h t  Network w i l l  have been augmented wi th  t h e  b a s i c  c a p a b i l i t y  f o r  Apollo 
suppor t .  

During FY 1-968, a c t i v i t y  has  been i n c r e a s i n g l y  devoted t o  a s s u r i n g  P.anned 
Space F l i g h t  Network r ead iness  t:o provide e f f e c t i v e  and r e l i a b l e  suppoi t f o r  
Apollo.  'Chis ef:Eort w i l l  be cont inued i n  FY 1969. 

The capabi  L i t y  of t h e  Network t o  accomplish luna r  d i s t a n c e  t r a c k i n g  has  
been t e s t e d  by us ing  Lunar O r b i t e r  s p a c e c r a f t  as t r a c k i n g  t a r g e t s  a f t e l ,  
completion of t h e i r  primary s c i e n t i f i c  mission o b j e c t i v e s .  These test:; 
wi th  the  Lunar O r b i t e r  s p a c e c r a f t  have demonstrated t h a t  t h e  ope ra t  ionill 
accuracy  lo€ t he  Network's new Unif ied  S-Band (USB) sys t ems  i s  suff i c i e r t t  
f o r  t he  s t r i n g e n t  requirements  of  t h e  luna r  phases  of t he  Apollo n ~ i s s i o n .  
The success fu l  suppor t  of t h e  r e c e n t  Apollo 4 (AS-501) miss ion  vex i f i e l l  
t h e  c o m p a t i b i l i t y  of t h e  new network systems wi th  t h e  e q u a l l y  new Saturn  
V launch veh ic l e  and t h e  Apollo s p a c e c r a f t .  

I n  a d d i t i o n  t o  v a l i d a t i o n  of t h e  Network's b a s i c  c a p a b i l i t y ,  a primairy 
goa l  of  t h e  t e s t s  w i t h  Lunar. O r b i t e r  and t h e  e a r l y  Apollo miss ion  suppt)rt 
i s  t o  determine any subsystem o p e r a t i o n a l  shortcomings and t o  ident . i fy  any 
f a i lu re -p rone  subsystems. T h i s  type of  e f f o r t  w i l l  cont inue  throughou c 
ca lenda r  year  1968 as p a r t  of t h e  con t inu ing  suppor t  of t he  Apollo ea r -h -  
o r b i t a l  miss ions  and through t e s t s  w i th  t h e  T e s t  and Tra in ing  S a t e l - l i t ~ ?  
(TTS-1). The FY 1968 and FK 1969 budgets  inc lude  funds f o r  t he  necessary  
design a n d  implementation of  equipment mod i f i ca t ions  as a r e s u l t  0 2  t hcse  
tes ts  t o  assure s t a t i o n  and network r e a d i n e s s  f o r  e f f e c t i v e  and r e : i i ab le  
suppor t  of the Apollo luna r  miss ions .  

Replacement a f t h e  remaining Gemini pu l se  code modulation (PCM) systems 
i s  t h e  m c s t  s i g n i f i c a n t  s y s t e m  improvement i d e n t i f i e d  as necessary by 
a n a l y s i s  of t h e  r e s u l t s  of ca l enda r  year  1967 test  da ta .  These systems, 
which were designed t o  support  t h e  s impler  requirements  of t h e  G e m i n i  
program, can on1 y be reprogrammed by manual reconf  i g u r a t i o n  of  coinplex 
patchboards.  Manual r epa tch ing  i s  i n h e r e n t l y  mistake-prone; and, inore 
p a r t i c u l a r l y ,  t h e  t i m e  r e q u i r e d  f o r  changing the  patchboards s i g n i f i c a n t l y  
i n c r e a s e s  the  t i m e  r equ i r ed  t o  r econf igu re  the  s t a t i o n s '  d a t a  s y s t e m s  i n  
accordance wF1:h the  d i f f e r i n g  requirements  of each Apollo mission phase. 
The Apo1l.o PQ4 systems, i n s t a l l e d  as p a r t  of  t he  b a s i c  augmentation of 
t he  Network f o r  Apollo,  a r e  reprogrammed qu ick ly  and r e l i a b l y  b:y using 
a l i b r a r y  of  1nal;netic t a p e s  on which t h e  necessary  programs are s torec ' .  
Funds a r e  included i n  t h e  FY 1069 budget t o  r ep lace  t h e  remaining Gemjni 
PCM systems wi th  the new Apollo models, and t o  c o r r e c t  minor d e f i c i e n c i e s  
i n  equipment c a p a b i l i t i e s  a s  they  are i d e n t i f i e d  i n  t h e  forthcoming m j  s s i o n  
suppor t .  
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Tracking anc da ta  a c q u i s i t i o n  requirements  f o r  miss ions  i n  t h e  Apollo 
program va.ry from mission t o  mission depending upon miss ion  o b j e c t i v e s ,  
f l i g h t  plams, and t h e  requirement t o  i n v e s t i g a t e  s p e c i a l  problem a r e a s  i n  
the  spacec ra f t  as they are encountered on t h e  prev ious  f l i g h t s .  I n  g e n e r a l ,  
i t  i s  necessary  t o  make changes i n  o r  augment network equipment t o  enable  
support  of  t hese  varying requirements .  Such changes are anticipatlocl i n  a l l  
systems a r e a s  and funds a r e  reques ted  i n  FY 1969 f o r  procurement of equip-  
ment a t  the  s y s t e m  and module l e v e l s  t o  provide f o r  t h e s e  miss ion  t o  miss ion  
changes. 

During FY 1.969, t h e  Network w i l l  be h e a v i l y  engaged i n  mission suppclrt. 
I n  such an environment,  a con t inu ing  e f f o r t  w i l l  be necessary  t o  maintziin 
the  suppor t  c a p a b i l i t y  throughout t he  f l i g h t  program. Accordingly,  furids 
are reques ted  in FY 1969 f o r  equipment t o  be used i n  t h e  t r a i n i n g  o.E s t a t i o n  
personnel ,  f o r  minor f a c i l i t i e s  mod i f i ca t ions ,  and f o r  equipment and 
s e r v i c e s  nece:;,;a~:y f o r  o f f - l i n e  monitor ing and a n a l y s i s  of  s t a t i o n  ;and 
system pe:cformanc:e. 

The broad spectrum o f  medicaii, s c i e n c e ,  and technology experiments  itow 
contemplated E x  Apollo App l i ca t ions  program (AAP) missions i n  calendai.  
years 1970 and 1'371 w i l l  r e q u i r e  improvements i n  d a t a  handl ing  c a p a b i l  i.ty 
a t  t he  network s t a t i o n s .  Cur ren t ly ,  most o f  the  s t a t i o n s  a r e  equipped 
wi th  thre,e PC1.I systems t o  provide t h e  decommutation c a p a b i l i t y  necessa:-y 
f o r  Apollo mission c o n t r o l  o p e r a t i o n s .  The miss ion  c o n t r o l  o p e r a t i o n s  
f o r  c r u c i a l  pnases of AAP miss ions  w i l l  r e q u i r e  t h e  same l e v e l  of suppor t  
provided Apollo.  Thus, a d d i t i o n a l  PCM systems are r e q u i r e d  f o r  the in4:reasled 
experiment support  r equ i r ed  f o r  t hese  AAP missions.  Accordingly,  fund;  a r e  
included i n  the  FY 1969 budget to  provide one a d d i t i o n a l  PCM systc*m a t  each 
of t he  network s t a t i o n s .  

Funds a l s o  a r e  reques ted  f o r  network suppor t  to cover  t h e  engineer i i ig  
e f f o r t  r equ i r ed  f o r  system checkout ,  p rov i s ion  of  s t anda rd  t e s t  eqiiipmlmt, 
con t inua t ion  of t he  t es t  and t r a i n i n g  s a t e l l i t e  c a p a b i l i t y ,  and r educ t ion  
of network ADF l e a s i n g  c o s t s  by  purchase of  computer i n p u t l o u t p u t  compments 
used f o r  e v a l u a t i n g  network performance during mission o p e r a t i o n s .  
included a r e  funds f o r  procurement of module s p a r e s  needed t o  prec iude  long 
pe r iods  clf s t c t i o n  downtime dur ing  miss ions .  

Also 

Sa:te 11 i t e  Network Equipment 

The ecjuipm:nt program f o r  t h e  S a t e l l i t e  Network i n  both  FY 1.963 and FY 
1969 has  been. cons t r a ined  t o  a s u s t a i n i n g  type e f f o r t  w i th  emphasis on 
improved u t i 1  3.zation of  e x i s t i n g  equipment and replacement of o l d e r  equip- 
ment. Funding c o n s t r a i n t s  i n  F Y  1968 have r e s u l t e d  i n  the  defer ra l .  of 
s e v e r a l  i t e m s  i n t o  FY 1969. 
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The major i t e m  d e f e r r e d  from FY 1968 have been t h e  S t a t i o n  Technicill 
Operat ions Control  (STOC) conso le s  which are intended t o  c e n t r a l i z e  ma~iy 
of t h e  i n d i v i d u a l  r o u t i n e  o p e r a t i o n s  a t  t h e  s t a t i o n s .  These consc~les  
w i l l  provide botn a r e l a t e d  sav ings  i n  manpower and a more r a p i d  t.urna*. 
round time between s a t e l l i t e  passes .  With a reduced turnaround t h e ,  rnore 
s a t e l l i t e  passes can be supported wi th  e x i s t i n g  equipment. 

A s  p a r t  of t h e  replacemerit program, FY 1969 funds are needed t o  com?lete 
t h e  procurement of s o l i d  state command t r a n s m i t t e r s  and command encoders.  
The changeover to s o l i d  s t a t e  devices  from t h e  vacuum tube equiva ' tents  w i l l  
be completed with the  FY 1969 procurement. Other replacement i t e m  inz lude  
elements of t h e  i n i t i a l  VHF Range and Range R a t e  t r a c k i n g  antenna:; t o  :or- 
r e c t  d e f i c i e n c i e s ,  broadband f eeds  f o r  t h e  85-foot antenna s i t e s ,  and 
replacement of t he  e x i s t i n g  command antennas t h a t  have been i n  usis_ s i n c e  
1960. 

To meet s p e c i a l i z e d  o r  unique mission t o  mission changes,  equipment 
i s  needed a t  both t h e  s t a t i o n s  and t h e  c o n t r o l  c e n t e r s .  Typical  items i n  
t h i s  ca t egory  a r e  wideband r e c e i v e r s  f o r  Nimbus-D, s e q u e n t i a l  decoders 
f o r  IMP-I[, and d i s p l a y l c o n t r o l  equipment f o r  ATS-E and OGO-G. In addi- 
t i o n ,  compute]: p e r i p h e r a l s  a r e  needed t o  i n t e r f a c e  wi th  t h e  r e c e n t l y  
acqu i r ed  t h i r d  g e n e r a t i o n  computer system a t  Goddard Space F l i g h t  Center  
f o r  miss]-on c:ont:rol of t h e  complex OAO program, f o r  o r b i t  determinaticin 
of t h e  many rind v a r i e d  s a t e l l i t e  programs, and t o  provide back-up to t he  
Manned Space F l i g h t  Network computer complex. 

Funds a r e  a l s o  included i n  t h e  FY 1969 r e q u e s t  f o r  t he  more r o u t i n e  
types of e f f o r t  a s s o c i a t e d  w i t h  s u s t a i n i n g  a g l o b a l  network. 
i nc lude  rninoir r e p a i r s  and a l t e r a t i o n s ,  tes t  and c a l i b r a t i o n  equipment 
and s p e c i a 1 i : x d  non-expendable s p a r e  p a r t s  and components. 

These 

Deep Space Network Equipment 

The F'Y 1969 budget r e q u e s t  r e f l e c t s  an increase ove r  FY 1968 t o  pro- 
v ide  f o r  new c a p a b i l i t y  t o  meet t h e  more demanding support  requiremenlzs 
evolving f o r  t h e  p l a n e t a r y  programs i n  t h e  e a r l y  1970's.  To meet. the,;e 
requirements ,  e f f o r t  w i l l  he d i r e c t e d  toward t h e  development and t e s t i n g  
of v a r i o u s  p ro to type  systems which w i l l  have gene ra l  purpose appLicat ion 
t o  the  v a r i o u s  p l a n e t a r y  programs and minimize s p e c i a l i z e d  projec:t. 
e qu ipme n t r e q u i r e  m e  n t  s . 

The long l e a d  t i m e  implementation of a high power t r a n s m i t t e r  capa l3 i l i t y  
a t  t h e  Goldstone 210-foot antenna s i te  has  been i n i t i a t e d  i n  p r e p a r a t i o n  
f o r  missions i n  t he  e a r l y  L97O's. Procurement of p o r t i o n s  of this system 
w a s  s t a r t e d  with FY 1967 funds and w i l l  be completed i n  FY 1969. 

A sta.ndarclized t e l e m e t r y  demodulation system f o r  use by a l l  p Lanetary 
p r o j e c t s  i s  being introduced i n t o  the  Network commencing wi th  t h e  Mariner 
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'69 mission.  Th i s  s y s t e m  i s  being procured wi th  FY 1968 and FY 1969 funds.  

A prototype system combining t h e  t r a c k i n g  d a t a  hand l ing  and p l a n e t a r y  
ranging func t ions  w i l l  be developed t o  f u l f i l l  new p l a n e t a r y  f l i g h t  t r a -  
j e c t o r y  d a t a  requirements .  The FY 1969 budget i n c l u d e s  funds f o r  t h e  i n i t i a l  
procurement of o p e r a t i o n a l  u n i t s  f o r  t h e  ranging p o r t i o n  of t h e  s y s t e m  suc- 
cess f u l l  y demonstrated during t h e  Mariner V mission u s i n g  experiment a1 
hardware. The p r e s e n t  t r a c k i n g  d a t a  hand l ing  equipment which w a s  desip,ned 
some t e n  :year:; ago i s  r e q u i r e d  t:o be r ep laced  and w i l l  be i n t e g r a t e d  wj.th 
t h e  ranging system. 

I n  t h e  p a s t ,  equipment unique t o  a s i n g l e  p r o j e c t  has  been used i n  {.he 
DSN f o r  t he  gene:cation and v e r i f i c a t i o n  o f  commands s e n t  t o  t h e  spaceci 'af t .  
Prototype generaL purpose equipment f o r  t h i s  f u n c t i o n ,  a p p l i c a b l e  t o  f i t tu re  
missions,  w i l l  be used i n  support  of t h e  Mariner '69 mission. 
ment w i l l  a l s o  provide a d i r e c t ,  automatic  command c a p a b i l i t y  front t he  
Space F l i g h t  Operat ions F a c i l i t y  (SFOF) and allows prompt and more re1 Lable 
recovery a c t i o n  when unplanned f l i g h t  c o n d i t i o n s  occur .  This  capabi1ii:y 
i s  not a v a i l a b l e  wi th  t h e  p r e s e n t  systems. Funds are included i n  t h e  
FY 1969 budget f o r  t h e  procurement of t h i s  equipment. 

This  eqiiip- 

Other improvements planned f o r  FY 1969 funds i n  support  of t h e  Pionl?er 
and Mariner p r o j e c t s  i nc lude  t h e  i n s t a l l a t i o n  of advanced, more s e n s i t i v e ,  
r e c e i v i n g  equipment on t h e  85-fOOt antennas.  Temporary modif icataons of 
e x i s t i n g  equipment were implemented a t  two 85-foot antenna s i t e s  d u r i n z  
FY 1968. These improvements, a long w i t h  s p e c i a l  receiver innovatfions, 
i nc reased  t h e  support  p e r i o d  on Pioneer  from 6 t o  14 months by a1:lowing 
the  s p a c e c r a f t  t o  be t r acked  t o  cons ide rab ly  g r e a t e r  d i s t a n c e s .  C t  i s  
planned t o  augment t h e  85-foot antennas si tes wi th  permanent s i m i  t a r  
improvements w i th  FY 1969 funds t o  i n s u r e  cont inued o p e r a t i o n a l  r e l i a b i l i t y .  

Also  planned f o r  FY 1969 is  t h e  procurement of imprwed cooled cryogenic  
masers f o r  all .  s t a t i o n s  and o p e r a t i o n a l  p r e c i s i o n  t i m e  synchron iza t ion  equip-  
ment a t  t h r e e  prime l o c a t i o n s .  These improvements were o r i g i n a l l y  planned 
f o r  FY 1968; however, due t o  t h e  more u rgen t  need t o  support  t h e  new Mariner 
FY 1969 t:elenwtzy d a t a  processing requirements ,  t hey  were d e f e r r e d ,  

Estimates included in t h e  FY 1969 r e q u e s t  w i l l  provide f o r  s u s t a i n i n g  
the network equi.pment a t  t h e  necessa ry  l e v e l s  of r e l i a b i l i t y ;  p r i m a r i l y  
those systems t h a t  have been used e x t e n s i v e l y  f o r  t h e  p a s t  s e v e r a l  years .  
Examples incl.ude antenna and s e r v o  components, c a l i b r a t i o n  and test: equip- 
ment, rec:orde!i:s ,' microwave components , c a b l i n g  , and power gene ra t  i on  and 
d i s t r i b u t i o n  equipment which r e q u i r e s  r e p a i r  and replacement due t o  per- 
formance and i re I . iab i l i ty  c o n s i d e r a t i o n s .  I n  a d d i t i o n ,  funds are included 
t o  accomriodat:t: t h e  mission t o  mission changes , eng inee r ing  improvement s ,  
and the  necessa ry  module spares p rov i s ion ing  f o r  ensu r ing  r a p i d  c o r r e c t i o n  
o f  malfunct ioning equipment. 
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Other Ins t rumenta t ion  Equipment 

A wide v a r i e t y  of f i x e d  and mobile equipment i s  used t o  provide i n s t r u -  
mentat ion suppor t  f o r  sounding r o c k e t s  and r e e n t r y  v e h i c l e s  launched f i  om 
Wallops Statio3n and o t h e r  l o c a t i o n s ,  and f o r  f l i g h t  r e sea rch  p r o j e c t s  con- 
ducted a t  the  ? l i g h t  Research Center .  

A t  Wallops S t a t i o n ,  t hese  funds i n  FY 1969 w i l l  s u s t a i n  e x i s t i n g  c a l l a b i l i t y  
by the  p r o v i s i m  of  maintenance and spa re  p a r t s ,  t h e  procurement o f  nortre- 
coverable  f l i g h t  hardware (an tennas ,  t ransponders ,  command/destruct rec .e ivers ,  
and small t e s t  r o c k e t s  f o r  c a l i b r a t i n g  ground support  equipment) and ttie 
replacement of t he  s u r p l u s  World War I1 SPS-12 range s u r v e i l l a n c e  radai'  
by a new Federal  Avia t ion  Adminis t ra t ion  (FAA) developed s u r v e i l l a n c e  .i:adar. 
To improve u t i l i z a t i o n  of  e x i s t i n g  c a p a b i l i t i e s ,  t h e  mobile range f a c i - i t y  
w i l l  be augmented wi th  equipment t o  permit  r e l i a b i l i t y  checks i n  the  f i e l d  
when t h e  f a c i l i t y  i s  ope ra t ing  i n  remote areas. 

During FY 196'9, t he  F l i g h t  Research Center  w i l l  complete conversion of  
the  Aerodynamics T e s t  Range r a d a r  systems from S-band t o  C-band frequei ic ies .  
F i s c a l  year  1969 funds are r equ i r ed  f o r  i n t e g r a t i o n  of  t h e  system i n t o  
e x i s t i n g  instrum'entat ion,  and f o r  a s s o c i a t e d  ground suppor t  and t e s t  ecpip-  
ment. A t  Langley Research Center ,  FY 1969 funds a r e  r e q u i r e d  f o r  comp-et ing 
the  updat ing  o f  t e lemet ry  s y s t e m s  i n i t i a t e d  i n  FY 1968. 

Communications Equipment 

During FY 1968, a major mod i f i ca t ion  was undertaken t o  equip  t h e  swi tch ing  
c e n t e r s  t o  handle  h igh  speed d a t a  t r ansmiss ion  r equ i r ed  f o r  Apollo.  T ie  
major e f f o r t  i n  FY 1969 will be t o  add t h i s  equipment t o  t h e  Madri-d swi tch ing  
c e n t e r .  The a d d i t i o n  of Madrid t o  t h e  h igh  speed d a t a  network wi1.1. peirmit 
improved c i r c u i t  u t i l i z a t i o n  and a r e l a t i v e  sav ings  i n  c i r c u i t  c o s t s .  

A l s o  included i n  the  FY 1969 budget i s  equipment which w i l l  a 1 l . o ~  a i t o m a t i c  
measurement and r e p o r t i n g  of d a t a  c i r c u i t  c h a r a c t e r i s t i c s .  With mere nsed 
d a t a  speeds of up t o  7,200 b i t s  pe r  second, and the  need f o r  b e t t e r  q u 3 l i t y  
d a t a ,  t h e  au tcmat ic  equipment w i l l  be capable  of  encoding t h e  c i r c u i t  ineasure- 
ments i n t o  s tandard  d a t a  impulses s u i t a b l e  f o r  i npu t  i n t o  computers. , h a l y s i s  
of the  measurement and d i s p l a y  of the d a t a  by computer w i l l  a l l ow autoinatic 
r epor t ing  of  c i r c u i t s  whose measured c h a r a c t e r i s t i c s  f a l l  below t h e  s t snda rd  
f o r  d a t a  t ransmiss ion .  

The FY 196s r eques t  a l s o  inc ludes  funds f o r  replacement of equipments 
f o r  te lephone a n d  t e l e t y p e  systems a t  t h e  overseas  s t a t i o n s ,  f o r  : ;mal l  
p a r t s  used in t h e  f a b r i c a t i o n  of  pro to type  assemblies  such as monitor 
and d i s p l a y  consoles ,  and for t he  spa re  p a r t s  to s u s t a i n  the  network. 
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Data Process ing  Equipment 

The o p e r a t i o n a l  d a t a  process ing  equipment r e q u i r e s  a con t inu ing  pro1;ram 
of minor r edes ign ,  mod i f i ca t ion ,  and improvement, as w e l l  as normal mal-ntenance 
and r e p a i r .  While the  da t a  process ing  l i n e s  are designed t o  be as, f1e: t ible  
as p o s s i b l e ,  changes and updat ing  are necessary  t o  m e e t  t he  requirernen:s of 
new programs and t o  accommodate mission-to-mission changes w i t h i n  c x i s : i n g  
programs. Changes a r e  d i r e c t e d  toward a c c e l e r a t i n g  the  r educ t ion  o f  d , i t a  
and thus  prevent ing  t h e  a c q u i s i t i o n  of  new process ing  l i n e s .  The F Y  1069 
budget inc ludes  funds t o  provide the  components necessary  f o r  t hese  mo li- 
f i c a t i o n s  and improvements. 

The FY 1969 i nc rease  i s  r e q u i r e d  because of  t he  growing d a t a  pl 'oces'jing 
workload. The computers used f o r  process ing  of t he  t e l e m e t r y  t a p e s  r e ' i u i r e  
a d d i t i o n a l  memory u n i t s  and a s s o c i a t e d  equipment t o  inc rease  t h e  speed wi th  
which d a t a  can be processed.  The memory c a p a c i t y  of t h e s e  computer's i'; a t  
the  p re sen t  t i m e  t he  l i m i t i n g  f a c t o r  i n  the  d a t a  process ing  capab1-1.ity 
a t  Goddard Space F l i g h t  Center .  

Support inp Research and Technology 

1967 

New Systems ...................... $644,000 
I n t e g r a t e d  Sys tems  Ana lys i s ,  

Antenna Subsystems ............... 1,598,000 
Receiving and Transmi t t ing  

Subsystems ..................... 2,426,000 
Data Hand1iE.g and Con t ro l . . . . . . . .  1,822,000 
Data Process ing  and 

Reduct ion. . . . . . . . . . . . . . . . . . . . . . .  1,784,000 

Development, and Tes t .  ......... 3,622,000 

Spacecraf t  Subsystems. ........... 1,904,000 

T o t a l . . . . . . . . . . . . . . . . . . .  ....... $13.800.000 

1968 

$685,000 

2,916,000 
1,505,000 

2,481,000 
1,920,000 

1,660,000 
1,633,000 

$12,800,000 

19 139 ----- 

$1. ,3511,000 

3,320,000 
I. ,0811 ,000 

2,250,000 
I.. ,5813,000 

:! ,09~3,000 
I 1313.000 --"L 

&L 2 ,8OO,OOO 
-__.- 

The Support ing Research and Technology (SRT) program i s  aimed a t  a s s u r i n g  
the  e f f i c i e n t  and e f f e c t i v e  suppor t  of f u t u r e  manned and unmanned space f l i g h t  
miss ions .  The  program provides  the  developments necessary  f o r  t h e  o r d e r l y  
augmentation cif t r a c k i n g  and d a t a  a c q u i s i t i o n  suppor t  systems. 
emphasis w i l l  be placed on network performance and o p e r a t i o n s  techlxology. 
Techniques such as s t a t i o n  automation,  s p a c e c r a f t  on-board d a t a  handl ing  
and c o n t r o l ,  ;tnd a s s o c i a t e d  sof tware w i l l  be examined w i t h  the  o b j e c t i v e  
of  ident i fying;  methods t o  lower network o p e r a t i o n s  c o s t s  and improve network 
e f f e c t i v e n e s s  fclr suppor t  of f u t u r e  space f l i g h t  missions.  The program 
f o r  SRT c:ompri.ses e f f o r t  i n  seven t a s k  a r e a s  as fo l lows .  

111 FY 1969, 
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New S y s t e m s  

The primary e f f o r t  i n  t h i s  ca tegory  w i l l  cont inue  t o  be focused on 
the  Data F,elay S a t e l l i t e  System (DRSS). Systems d e f i n i t i o n  s t u d i e s  w i l l  
cont inue  i.n FY 1969, and an engineer ing  test  model of a phased-arra;q 
antenna w i . 1 1  b e  h i l t  and eva lua ted  f o r  a p p l i c a b i l i t y  t o  t h e  DRSS systen.  
I n  the  DRSS coricept, a synchronous o r b i t  s p a c e c r a f t  wi th  s t e e r a b l e  antenna 
beams i s  used to t r a n s f e r  d a t a  d i r e c t l y  t o  and from low o r b i t  s p a c e c r a f t  
and c o n t r o l  cen ters - -an  ope ra t ing  technique which could e l i m i n a t e  the need 
f o r  instrument.c!d a i r c r a f t  and apprec iab ly  reduce ground support  c:ost.s. 

I h t e g r a t e d  Systems Ana lys i s ,  Development , and Tes t  

I n  t h i s  t a s k  area, sof tware concepts  and hardware models a r e  p r w e n  i n  
r e a l  o r  simula1:ed ope ra t ing  environments before  being implemented i n  t h e  
network s t a t i o i i s  and c o n t r o l  c e n t e r s .  S t u d i e s  and tes t s  w i l l  cont inue  
on the  use of dig; i ta l  t echniques  t o  determine t h e  optimum l e v e l  of  
automation f o r  t he  s t a t i o n  monitor ing and c o n t r o l  func t ions .  S tud ie s  E Is0 
w i l l  contfinue on techniques  f o r  i n t e g r a t i n g  i n t o  the  networks advanced 
hardware :Eor d a t a  handl ing  and c o n t r o l  purposes.  Work w i l l  cont inue  ori, 
metric eviilua!: ion and c a l i b r a t i o n  of  t h e  Manned Space F l i g h t  Network 
while  Apo.110 o :?era t ions  are underway. Also ,  a similar "test-while-usiri.g" 
program i s  underway f o r  t h e  210-foot diameter  antenna a t  Goldstone t o  
determine oper,st:ing techniques  and t h e  l i m i t s  o f  performance c a p a b i l i t j  es. 

Antenna Subsystems 

E f f o r t  i n  L h i s  ca tegory  i s  aimed a t  t h r e e  primary o b j e c t i v e s :  decrc a s i n g  
t h e  time r equ i r ed  t o  change the  antenna mode from one mission t o  anothc'r ,  
improving the  re L i a b i l i t y  and reducing the  maintenance of  l a r g e  antenntis,  
and more e f f e c t i v e  u t i l i z a t i o n  of  e x i s t i n g  suppor t  c a p a b i l i t y  thrcugh 
automat i o n  anld component improvements . 

To provide r a p i d  changeover of t h e  antenna mode, concepts  involv ing  t h e  
u s e  of mul t ip l e  f requencies  and a wideband feed s y s t e m  are being evalui t ted.  
To improve the  s*Jpport  e f f e c t i v e n e s s  o f  l a r g e  s t e e r a b l e  an tennas ,  s tud  i.es 
w i l l  cont inue  on d i g i t a l  tec.hniques t o  au tomat i ca l ly  program opera t ion : ; ,  
and t o  monitor ,  t e s t ,  and analyze o v e r a l l  performance. 

Receiving and Transmi t t ing  Subsystems 

E f f o r t  i n  FY 1969 under t h i s  t a s k  a r e a  has  s e v e r a l  aims: assessmenl: 
of techniques  which a i d  i n  automating s t a t i o n  ope ra t ions ,  support  of nl?w 
modulation requirements ,  improvement of frequency c o n t r o l  and s t a b i l i t  7 
a t  t h e  s t a t i o n s ,  and eva1uat:ion of  new t r a n s m i t t i n g  and r ece iv ing  
techno logy . 

The advanced r e c e i v e r  e f f o r t  w i l l  eva lua te  c o n t r o l  techniques Cor 
automatic  r ecep t ion  of s p a c e c r a f t  t r a c k i n g  and t e l eme t ry  s i g n a l s .  



Work w i l l  a l s o  cont inue on modulation and demodulation technique:; and 
a low c o s t ,  hi,ghly s t a b l e  atomic frequency s t anda rd  f o r  support  of :Lnter- 
p l a n e t a r y  missions.  

Data Handling and Control  Subsystems 

I n  FY 1969, work i n  t h i s  ca t egory  w i l l  c o n s i s t  of two p r i m a r y  S I U  e f f o r t s :  
The S a t e l l i t e  E'etwork s t a t i o n  automation e f f o r t  aimed a t  providing rshi s n e t -  
work with a moderate r e d u c t i o n  i n  the  l e v e l  of manual o p e r a t i o n s  ailti th2 
&ep Space Network e f f o r t  on d a t a  handl ing and c o n t r o l  - :  ' t u r e  pl ' jnctary 
missions.  

Because the e a r t h  s a t e l l i t e  d a t a  handl ing workload i s  s t i l l  iric c t ! a s i n g ,  
more e f f e c t i v e  handl ing techniques w i l l  cont inue t o  be developed and 
eva lua ted .  Work on subsystems and sof tware inc ludes  language, conL.~:ol and 
d i s p l a y  t echn iques ,  equipment switching t echn iques ,  d a t a  ana lyses  m d  d i s p l a y s  
programming, and da ta  e r r o r  d e t e c t i o n  and c o r r e c t i o n .  

Data Processing and Reduction 

An inc rease  i n  t h e  a c t i v i t y  i n  t h i s  a r e a  i s  planned f o r  FY 1909 due t o  
t h e  advanced ckvelopments needed i n  the  Deep Space Network t o  support  
f u t u r e  planetel-y mission.  New techniques a r e  needed i n  the  cont.ro1 c e n t e r  
t o  a c c e p t ,  proc:es,s, reduce,  and d i s p l a y  t h e  inc reased  d a t a  flow. S t u d i e s ,  
modeling, and development of the advanced da ta  processing system awl the  
a s s o c i a t e d  sof:t:ware w i l l  cont inue i n  FY 1969. 

New innovat.:.oris f o r  t he  Sa te l  l i t e  Telemetry Automatic Reduction Systems 
(STARS) d a t a  pi:oc.essing l i n e s  wi 11 be a s ses sed .  Techniques w i l l  be developed 
f o r  fulfi l .1. ing d a t a  processing and r e d u c t i o n  requirements of  missi3ns using 
advanced coding schemes. 

Spacec ra f t  Subsystems 

The ma:tn ob-jective of t h i s  task a r e a  i s  t o  con t inue  e f f e c t i v e  support  
of the f 1;tght programs through development of common-usage s p a c e c r a f t  
e l e c t r o n i c  subsystems which correspond wi th  t r a c k i n g  and d a t a  a c q u i s i t i o n  
ground system:;. E f f o r t  w i l l  cont inue i n  FY 1969 wi th  t h e  o b j e c t i v e  of 
dec reas ing  wei.ght: and c o s t ,  and i n c r e a s i n g  the performance and r e l i a b i l i t y  
of on-board t c ?  Lecommunications subsystems. 

For p l a n e t a r y  s p a c e c r a f t  where extreme l i m i t a t i o n s  a r e  placed on weight 
and d i s t a n c e ,  ; pec i a l  techniques w i l l  be developed t o  provide on-board da ta  
compression, and a low d a t a  r a t e  t e l e m e t r y  l i n k .  Also,  s t u d i e s  w i l . 1  
cont inue on  techniques f o r  acquiring a s i g n a l  f o r  d i r e c t  r e c e p t i o n  :EronL a 
p l a n e t a r y  capsulc: during i t s  e n t r y  phase. 
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To improve spacecraft subsystems e f f ec t iveness  and to provide f l e x i b i l i t y  
in  the design of earth s a t e l l i t e  missions,  several on-board components w i l l  
be devel.oped, such as  a un i f i ed  radio frequency subsystem for S-band, and 
a spacecraft: data system, including processor, l og ic  system, and data 
storage modu:.es. 

2 8 8 - 2 7 5  0 - 6 9  - 2 5  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1969 ESTIMATES 

OFFICE OF TECHNOLOGY UTILIZATION TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

Th i s  program provides  f o r  NASA a necessa ry  follow-on t o  a l l  governrrient 
supported programs i n  l i n e  wi th  the  p r i n c i p l e  t h a t  t echn iques  and methods 
discovered and/or developed w i t h  p u b l i c  support  should be made a v a i l a b l e  
t o  the  pub l i c  e x p e d i t i o u s l y  f o r  t h e i r  b e n e f i t .  Those techniques and 
methods which a r e  of d i r e c t  b e n e f i t  t o  t h e  a e r o n a u t i c a l  and space conuriu- 
n i t i e s  almost a u t o m a t i c a l l y  are put t o  use throughout t h a t  c0nnnunit.y. 
However, there  a r e  i n e v i t a b l y  d i s c o v e r i e s  and developments i n  any 1.ine of 
r e s e a r c h  which a r e  of p o t e n t i a l  b e n e f i t  t o  u s e r s  o u t s i d e  of t he  developing 
communitj. I t  i s  the  purpose o f  t h e  program t o  uncover such use fu l  d i s -  
c o v e r i e s  and provide a mechanism f o r  making them known and availab1.e t o  the  
gene ra l  p u b l i c .  I n  a d d i t i o n ,  t h i s  program p rov ides  a similar s e r v i c e  i n  
connecticln wit.h management techniques f o r  l a r g e ,  complex r e s e a r c h  and 
development a c t i v i t i e s  by g i v i n g  wide d i s semina t ion  t o  new systems and 
concepts  i n  t t , i s  a r e a .  

The ob ' j ec t ives  of t h e  NASA Technology U t i l i z a t i o n  Program are: (1) t o  
i n c r e a s e  the  r e t u r n  on the  n a t i o n a l  investment i n  aerospace r e s e a r c h  and 
development b y  encouraging a d d i t i o n a l  u s e s  o f  t h e  knowledge gained i n  those 
programs; (2 )  t o  s h o r t e n  t h e  t i m e  gap between t h e  d i scove ry  of nev know- 
ledge and i t s  e f f e c t i v e  use  i n  t h e  marketplace;  (3) t o  a i d  t h e  movement 
of new knowledge a c r o s s  i n d u s t r y ,  d i s c i p l i n a r y ,  and r e g i o n a l  boundaries  ; 
and ( 4 )  t o  c o n t r i b u t e  t o  t h e  knowledge of b e t t e r  means of t r a n s f e r r i n g  
technology frclm i t s  p o i n t s  of o r i g i n  t o  i t s  p o i n t s  o f  p o t e n t i a l  u se .  

SUMMARY OF RESOURCES REQUIREMENTS: 

1969 --- 1967 19 68 

I d e n t i f i c a t i o n  and P u b l i c a t i o n . . . .  ... $1,265,000 $1,500,000 $1,600,000 
Eva lua t ion ;  .......................... 650,000 700,000 800,000 

Analys i s  ............................. 1,000,000 200,000 200,000 , 

Disserninaticsn ........................ 2,085,000 1,600,000 1,400,.000 

Tota l  .............................. $5.000,000 $4,000,000 ? ~ D ~  

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n :  

NASA Hea.dquarters ................ $5,000,000 $4,000,000 $4,000,000 
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BASIS OF FUNgBQUIREMENTS : 

I d e n t i f i c a t i o n  and P u b l i c a t i o n  

Technology U t i l i z a t i o n  O f f i c e s  a t  NASA f i e l d  i n s t a l l a t i o n s  and s p e c : i a l i s t s  
from u n i v e r s i t i e s ,  r e sea rch  i n s t i t u t e s  and p r i v a t e  i n d u s t r y  sea rch  thi-ough 
s e l e c t e d  area:; of s c i e n t i f i c  and t e c h n i c a l  endeavor ,and i d e n t i f y  and tlocument 
those i n v e n t i o n s ,  i nnova t ions ,  improvements, and d i s c o v e r i e s  t h a t  haw, 
p o t e n t i a l  u t i l i t y  t o  t h e  nonaerospace s e c t o r  o f  t h e  economy. Continuebd in -  
c r eased  emphasis i s  placed on the  i d e n t i f i c a t i o n  and r e p o r t i n g  of new tech-  
nology by NASA c o n t r a c t o r s .  

Evaluat ion 

Personnel  a t  NASA i n s t a l l a t i o n s  and r e s e a r c h  i n s t i t u t e s  e v a l u a t e  the new 
technology so i d e n t i f i e d ,  determine i t s  p o t e n t i a l  i n d u s t r i a l  u t i l i t y  and pre- 
pare  r e p o r t s  which are pub l i shed  and made a v a i l a b l e  t o  t h e  s c i e n t i f i c ,  i n -  
d u s t r i a l  and aca.demic communities. 

Dissemination 

This  program element i s  accomplished by t h e  employment o f  r e g i o n a l  d i s -  
semination c e n t e r s  thal. s t o r e ,  r e t r i e v e  and i n t e r p r e t ,  t h e  new technology 
developed by NASA f o r  l o c a l  i n d u s t r y .  Biomedical a p p l i c a t i o n  teams a r e  a l s o  
employed t o  a s s i s t  r e s e a r c h e r s  i n  d e f i n i n g  and s o l v i n g  medical problems by 
a d a p t a t i o n  of NASA technology. 
s e v e r a l  o t h e r  agenc ie s  such as t h e  Bureau o f  Reclamation, O f f i c e  o f  Law 
Enforcement A s s i s t a n c e ,  S o c i a l  R e h a b i l i t a t i o n  S e r v i c e  o f  HEW, SmaIL1 Business 
Admin i s t r a t ion ,  ,Atomic Energy Commission and o t h e r s  t o  disseminate  a p p l i c a b l e  
new technology developed by NASA. 

Cooperat ive programs are underway w i t h  

Ana lys i s  

Th i s  program element i s  concerned w i t h  t h e  g o a l  of unde r s t and ing  new 
and improved teclnniques f o r  managing complex r e s e a r c h  and development 
a c t i v i t i e s .  Methods used i n  ach iev ing  t h i s  g o a l  i nc lude  suppor t  of 
r e s e a r c h  covering the  o r g a n i z a t i o n  and management of l a r g e  r e s e a r c h  ant1 
development p r o j e c t s ,  and d e f i n i n g  t h e  v a r i o u s  r o l e s  of t h e  r e s e a r c h  
d i r e c t o r  in  both government and i n d u s t r y .  
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