
National Aeronamtics 
Spclce Administration 

BUDGET ESTIMATES 

Volume VI 

SPACE SCIENCE AND APPLICATICINS PROGRAMS 

RESEARCH AND DEVELOPMENT 

CONSTRUCTION OF FACILITIES 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

TABLE OF CONTENTS 

VOLUME VI 

Summary Tablefi 

Research and Development 

Research and . development summary by budget activity ....... SIR4 1 

Research s.nd . development summary of budget activities 
by progx.au1 .............................................. SUI4 2 

Summary of' research and development budget plan 
by progfa.1 .............................................. SUM 4 

Constructior . of Facilities 

Summary of construction of facilities budget plan 
by budget activity ...................................... SUM 6 

Summary of construction of facilities budget plan 
by location by program office ........................... SUN 7 

Research and gselopment 

GEOPHYSICS ASTRONO. .................................... RD 4-1 

Supporting research and technology ........................ RD 4-2 
Orbiting solar observatories .............................. RD 4-3 
Advanced orbiting solar observatories ..................... RD 4-4 
Orbiting astronomical observatories ....................... RD 4-5 

Sounding rockets .......................................... RD 4-11 

Orbiting geophysical observatories ........................ RD 4-7 
Explorers ................................................. RD 4-8 

LUNAR AND PLANETARY EWLORATION ............................. RD 5-1 

Suppor.tin,g research and technology ........................ RD 5-2 
Manned sp. ace science ...................................... RD 5-4 
Ranger .................................................... RD 5-5 



Page No . LUNAR AND PLAIGWJIRY EXPLORATION Cont ' d . 
Surveyor. .................................................. RD 5-6 
Lunar 0rbite.r  ............................................. RD 5-7 
Mariner ................................................... RD 5-8 
Pioneer .................................................... RD 5-9 

SUSTAINING UN:PJEIISITY PROGRAM ............................... RD 6-1 

Training grH1.t.. ........................................... RD 6-2 
F a c i l i t y  gri.1.t~ ........................................... RD 6-3 
Area researcl. ............................................. RD 6-4 

LAUh'CH VEHICLKEVELOP MENT .................................. RD 7-1 

Supporting iresearch and technology ........................ RD 7-2 
Centaur ..................................................... RD 7-3 
n O X  ........................................................ RD 7-4 
Operational support ....................................... RD 7-5 

BIOSCIENCE ................................................... RD 8-1 

Supporting research and technology ........................ RD 8-2 
F l igh t  program ( B i o s a t e l l i t e )  ............................. RD 8-4 

METEOROLOGICAI.SI.TELLITES ..................................... 9-1 

Supporting iresearch and technology ........................ RD 9-2 
Synchronous meteorological s a t e l l i t e s  experiments ......... RD 9-3 

Nimbus ..................................................... RD 9-6 
Meteorological sounding rocke t s  ........................... RD 9-7 

T.OS ...................................................... RD 9-4 

COMMUNICATION!...TELLITES ................................... RD 10-1 

Supporting .......... and technology ........................ RD 10-2 

Relay ...................................................... RD 10-4 
Echo ........................................................ RD 10-3 

Syncom ...................................................... RD 10-6 
Ear ly  g rav i ty  grad ien t  experiment ......................... RD 10-7 

ADVANCED TECHNOLOGICAL SATELLITES ........................... RD 11-1 

Supporting research  and technology ........................ RD 11-2 
Advanced teclinological s a t e l l i t e s  ......................... RD 11-3 



Construction !&Facilit ies Page No.., 

Goddard Space Flight Center (Greenbelt. Maryland) ........... CF 3 
Jet  Propulsion Laboratory (Pasadena. California) ............ CF 4 
John F . Kennedy Space Center. NASA (Cocoa Beach. Florida) ... CF 5 
Wallops Station (Wallops Island. Virginia) .................. CF 13 

S S U P  L i i  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

RESEARCH AND DEVELOPMENT 
SUMMARY BY BUDGET ACTIVITY 

F i s c a l  Year 
F i s c a l  Year 1964 Fiscal Year  

1964 Supplemental i  , 1965 _-- 
$2,649,800,000 $141,000,00(~ &3,0ll,900,000 

383,800,000 - -  - 308,400,O 30 
2,243,900,000 141,000,000 2,677,500,030 

22,100,000 - -  - 26,000,030 
- -  - I - -  - - -  

Budget A c t i v i t i e s  F i s c a l  Year 
and Progrs.mq 19 63 

MANNED SPACE FLIGHT.. $1,503,583,000 

Gemini.  ............ 
Apollo ............. 
Advanced miss i .ons .  . 
Completed m i s s i o n s .  

288,090,000 
1,183,965,000 

20,137,000 
11,391,000 

- - -  $86,100,000 

67,800,000 - - -  37,500,000 
13,500,000 - - -  12,600,000 
22,000 , 000 - - -  36 , 000 , 000 

$I03,3OO,POO - -  99 6,9 58,000 SPACE APPLICA.1:ICtNS. . . 
54,051,000 
32,075,000 
10,832,000 

Meteorology ........ 
Communicat i.ons . . . . . 
O t h e r  appli.c:at:ions. 

UNMANNED l.NVE!;T~- 
GATIONS . I N  SPACE. . . $649,800 , 000 $489 , 9 51,000 $602,700,000 

S p a c e c r a f t  d e v e l o p -  
ment and oper -  
a t  i o n  E; . . . . . .t . . . . . 
deve1opmc:nt I , . . . . Launch v e h i c l e  

384,222,000 

105 , 729,000 

477,600,000 - - -  521,60O,OOO 

125,100,000 - - -  128,200,000 

SPACE RESEAKCH AND 
TECHNOLOGY . . .  ...... $283,300 ,COO $298,100,000 $255,962,000 

Launch v e h i c l e s  and 
s p a c e c r a f t .  . . . . . . 

P r o p u l  s ion and 
s p a c e  power. .  . . . . 

111,900,000 - - -  104,400,COO 

186,200,000 - - -  1 78,900 , ClOO 

- - -  $3 7 ,000 ,000 s22 , 100,000 - 
$250,000,000 - - - -  $313,900,000 

88 , 51~7,000 

167,415,000 

$15,598,000 

$152,742,000 

AIRCRAFT TECIIIgOLOGY. . 
SUPPORTING 01?:2R4TIONS 

T r a c k i n g  and (data 

F a c i l i t y ,  t r a i n i n g  , 
a c q u i s i t i o n . .  . . . . 
and research 
g r a n t s .  .......... 

210,000,000 - -  - 267,900,000 122,142,000 

40,000,000 - -  - -  - 46,000,000 - 
$141,000 ,OC,O - -  k+, 382,000,000 -- ~3,926,000,000 

30,600,000 

TOTAL PLAN ........... $2,514,794,000 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

RESEARCH AND DEVELOPMENT SUMMARY 
OF BUDGET ACTIVITIES BY PROGRAM 

Fisca l  Year 
Budget Act iv i t ies  F isca l  Year F isca l  Year 19 64 I'isca 1 Year 

and P r o g E S  1963 19 64 Supplementa 1 1965 _. 

MANNED SPACE --- FLIGHT $1,503,583,000 $2,649,800,000 $141,000,000 . -  $3 ., 011,900 .,OClO - 
Gemini. .I . . I, . . . . . . 
Apollo.,.. .,, .. . . .. 
Advanced m:i ssions 
Completed i n  i s IS i ons 

SPACE APPLICATIONS ---- 
Meteorology,. , . . . 
Communic:atFons. . . 
Other a pp l j .  ca 1: ions 

Advanc: e d 
tectino:t ogica 1 
satel l j .  te:j.. . 
u t i l i za t ion .  . Technologica 1 

UNMANNED 1NVEIST:C- 
GATIONS I N  :%ZE --- 
S pac e c rii f t 

deve lopmcmt and 
operations. ,, . . . 
Geaphysic::; and 

astrancnny.. . . . 
Lunar ant1 

planetary 
expl.ora1:ion. . 

B i  osc i.enc:e . ,, . . . 
development ., . . . Launch \rehi.(: l e  

288,090,000 383,800,000 --- 308,400 ), OClO 
1,183,965,000 2,243,900,000 141,000,000 2 :, 677,5OO,,OClO 

2 6,000 !, OClO 11 , 39 1,000 22,100,000 --- 
20,137,000 --- --- -- - 

$96,958,000 $103,300,000 --- $86,100 (I OCiO - 
54,051,000 67,800,000 --- 3 7 ,500 ,, OC'O 
32,075,000 13,500,000 --- 12,600 ,, OC 0 
10,832,000 22,000,000 --- 36,000 1, -- OC 0 

(8,668,000) (18,500,000) --- (3  1,000, OC 0) 

(2,164,000) ( 3,500,000) - -- ( 5,000,OCO) 

$489,951,000 $602,700,000 --- $649,800, OCO 

384,222,000 477,600,000 --- 521,600,000 -- 
(147,689,000) (186,200,000) --- ( 190,200,000) 

(222,802,000) (270,800,000) --- (300,400,000) 
( 13,731,000) ( 20,600,000) --- ( 31,000,000) 

105,729,000 125,100,000 - - -  128,200,000 

SUM 2 



Budget Actiivi t ies  
and P r o p E s  

SPACE RESEARCH AND -- 
TECHNOLOGY 

Launch vehicles 
and spacecralf t. 
Space vehicle 

Electronic 

Human factor  

Basic research 

sy s t e m s  . . . . . . . 
sys tems . . . . . . . 
systems. . . . . . . 

Propulsion and 
space power.. . . . 
Nuc lear-electr ic  

systems ....... 
Nuclear rcckets. 
Chemica 1 

propulsion.. . . 
Space power.. . . . 

AIRCRAFT TECHKOLXXN --- 

Tracking and data 

Sustaining 
acquisitian.... . 
university 
program ........ 

Fisca l  Year 
Fiscal  Year F isca l  Year 19 64 Fiscal  Year 

1963 19 64 Supplementa 1 - 1965 - 
$255,962,000 $298,100,000 - - - - $283,30O,0013 -- 

88,547,000 111,900,000 --- I - 104,400.00~3 -- 

(17,071,000) (28,700,000) --- (28,400 ,iOOO) 

( 9,790,000) (13,200,000) --- ( 16,200,000) 
(17,696,000) ( 2  1,000,000) --- ( 2  1,000,000) 

167,415,000 186,200,000 --- 178,900,~OOO -- 
(39,893,000) (44,700,000) --- (48,100,1000) 
(69,465,000) (82,700,000) --- (58,000,~OOO) 

(49,722,000) (45,800,000) --- (59,800,000) 
( 8,335,000) (13,000,000) --- ( 13,000,000) 

$15,598,000 $22.100,000 - - -  $37,000 io00 I- 

$152,742,000 $250,000,000 --- - $313,900,1000 -- 

(122,142,000) (210,000,000) -e- ( 267,900,1000) 

( 30,600,000) ( 40,000,000) --- ( 46,000,1000) 

41 -000 -000 $4 ~ 382,000 ,OOr) -926-000.000 $1 --- TOTAL......... $2,514.794.00Q $3. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

- SZJMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM 

F i s c a l  Year 
19 64  

Supplementa 1 - 
F i s c a l  Year 

1963 

MANNED SPACE FLIGHT. . $1 , 503 , 583,000 --- 

F i s c a l  Year 
19 64 

F i s c a l  Year 
1965 

- $3,011,900,00 

308,400,030 
2,677,500,030 

26,000,030 

-- 

- -- 

$2,649,800,000 

383,800,000 
2,243,900,000 

22,100,000 --- 

$141,000,000 - 
Gemini.......... ... 
Apollo. ............ 
Advanced m i s , s i  ons . . 
Completed missions. 

288,090,000 
1,183,965,000 

11,39 1,000 
20,137,000 

- - .- 
141,000,000 

SPACE SCIENCE -- AND 
APPLICATIONS....... $615,345,000 $742,500,000 - $776,900,0*30 

Geophysics and 
astronomy.. ...... 

Lunar and planetary 
exp lo ra t ion  ...... 

Sustaining univer- 
sity program...,. 

Launch vehi c Le 
development.. . . . . 

Bioscience......... 
Meteorological 

sa te l l i tes . . . . . . .  
Comunicat i  ons 

sa t e 1 li t e s . . . . . . . 
Advanced techno- 

log i  ca 1 sa t e 1 li t e s 

147,689,000 186,200,000 190,200 , 000 

222,802,000 270,800,000 300,400 000 

30,600,000 40,000,000 46,000 0110 

105,729,000 
13,731,000 

125,100,000 
20,600,000 

128,200,000 
31,000,000 

54,051,000 67,800,000 37,500 !, 000 

32,075,000 13,500,000 12,600 ~ 000 

8,668,000 18,500,000 31,000,000 

ADVANCED RXSEARCH AND 
TECHNOLOGY......... 

--- 
$27 1,560,000 

17,696,000 

$320,200,000 

Basic research..  . . . 
Space vehic Le 

systems.. . ....... 
Electronic  sys terns. 
Human f a c  t 01: 

systems.. (-.. . . . . . 
NUC lear-elec t r i c  

systems.. ,- .  . . . . . . 
Nuclear rocket:;. . . . 
Chemic a 1 propu '1 si  on 
Space power,, ..,, .... 
Aeronaut i.c s ,, , . ,, . . . . 

21,000,000 2 1,000,000 

43,990,000 
17,071,000 

49,000 , 000 
28,700,000 

38,800 000 
28,400 000 

9,790,000 13,200,000 16,200 000 

39,893,000 
69,465,000 
49,722,000 

8,335,000 
15,598,000 

44,700,000 
82,700,000 
45,800,000 
13,000 ,000 
22,100,000 

48 ,100 :, OClO 
58,000 :, OClO 
59 ,800 !, OClO 
13 ,000 ,, OClO 

37,OOO,,OCO 

SUM 4 



Fiscal  Year 
Fiscal  Year Fiscal Year 19 64 Fiscal  Year 

1963 19 64 Supplemental 1965 

TRACKING AND DATA -- 
A C Q U I S I T I O N . .  - . . . . . , $122,142,000 $210,000,000 $141,000,000 - $267,900,000 

TECHNOLOGY 
I.-- $5,000,000 UTILIZATION. . . . . . . . $2,164,000 S3,500,000 - 
100 $k ~ 382 000 ~ 000 TOTAL PLAN.... ... $2.514,794,000 $3.9 26.000.000 $141.000 C - -  

SUM 5 



WrIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

--- SlJ?IlWtY OF CONSTRUCTION OF FACILITIES BUDGET PLAN 
BY BUDGET ACTIVITY 

Fiscal  Year 
Budget Activity 1963 

1. Manned Spiace Flight.......... $543,809,100 

2. Space App:Lic,ations. .......... 193,605 

3. Unmanned 'Investigations i n  
Space...................... 47,261,650 

4. Space Research and Technology 106,849,300 

5. Aircraf t  Technology.. ........ 1,697,000 

6. Supporting Operations........ 42,608,495 

Total Plan................. $742,419,150 

Fiscal  Year 
1964 

$495,179,000 

3,933,000 

18,574,200 

56,832,800 

100,000 

98,881,000 

$673,500,000 

Fiscal. Year 
1965 --- 

$234,3:10,000 

7,0:,.8,000 

26,6:!0,000 

4,001,000 

- 9,0:~1,000 

S.Sl,OOO ,000 --- 

718-880 0 - 6 4  - 2 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

-c SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY 
LOCATION BY PROGRAM OFFICE 

Fiscal  Year Fiscal Year Fiscal Year 
1965 1963 19 64 -I 

Office of MazE!d Space Flight.... 

John F. Kemnedy Space Center, 

Manned Spacecraft Center ....... 
Marshall Space Fl ight  Center. .. 
Michoud P1.ant:. ................. 
Mississipp:i Test Faci l i ty .  ..... 
Various Locations. ............. 

NASA. an 

Office of Spi ls :  Science and 
A p p l i c a t i o l ~ ,  ................... 
Ames Research Center. .......... 
Jet  Propul;;icin Laboratory. ..... 
John F, Kennedy Space Center, 

NASAI.0H.o .................... 
Lewis Research Center. ......... 
Various Locations.. ............ 
Wallops Stat:Lon.. .............. 

Goddaril SI)iace Flight Center. ... 

Office of AdEaced Research and 
Technology..................... 

Ames Reseinrcln Center. .......... 
Electronics Research Center.... 
Flight Research Center......... 

Langley Research Center........ 
Lewis  Research Center.......... 
Nuclear Rocket Development 

S t a t ~ o n . . . . . . . . . . . . . . . . . . . . . .  

J e t  Propulsion Laboratory.. .... 

$543,809,100 $488,315,000 $224,910,000 

296,479,100 279,236,000 89,520,000 
25,369,500 35,172,000 25,166,000 
41,740,500 28,980,000 15,288,000 
28,910,000 8,688,000 6,534,000 
78,407,000 93,656,000 61,991,000i 
72,903,000 42,583,000 26,411,000 

347,455,255 $21,710,700 359, OOC! 

--- --- 930,000 
18,902,355 17,032,500 500,OOCl 
10,208,050 2,998,200 2; ,314, OOCl 

8,659,000 1,680,000 3,741,OOO 
1,186,500 --- --- 
6,799,350 --- - - -I 

770,000 --- I . ,  804,000 

$110,378,650 $56,179,300 $2i', 591, OOC! 

O,081,000 13,711,000 11,044,000 --- --- 10,000,000 
1,757,000 1,157,000 - - .. 

--- --- 400,000 
10,094,300 8,204,300 4,454,000 
44,630,000 18,634,000 810,000 

14,835,000 3,240,000 - - .. 
25.351.350 13.900.000 li, 846,000 

I -  .- Various Locations.............. ~- 

SUM 7 



Fiscal  Year 
1963 

Office of TriIAcing and Data 
Acauisiticzl. .................... $40,776,145 

Goddard SI)iact? Fl ight  Center.. .. 2,915,000 

Various Locations. ............. 34,470,395 
Wallops Stxtion. ............... 3,390,750 

John F, Kcmnedy Space Center, --- NASA*..,,~.,~..............o... 

--- F a c i l i t y  P1:zging and Design... . .  

TOTAL ]?-LAN.. ................ 9742,419,150 

Fiscal  Year 
1964 

$96,805,000 

4,000,000 
92,300,000 

505,000 

10,490,000 

$673,500,000 

Fiscal  Year 
1965 - 

$& 140,000 

800,000 

~ , 0 0 0 , 0 0 0  

Q28l2,000,0O0 
I- 

SlM 8 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACgSCIENCE, AND APPLICATIONS GEOPHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The fundamental ob jec t ive  of t he  Geophysics and Astronomy Prof;rain is t o  
extend our knowledge and understanding of  t h e  space environment of the r$;arth, 
the  Sun and i t s  r e l a t i o n s h i p s  t o  the  Earth,  t he  geodet ic  properties; of Ithe 
Barth,  and the  fundamental physical  na tu re  of the  universe.  Much of the  
space research accomplished under t h i s  program has been devoted t o  under- 
s tanding the  environment of t he  Ea r th .  Sounding rockets ,  balloons,, a i r -  
c r a f t ,  and Explorer class sa te l l i t es  have been used f o r  explora t ion  of the 
E a r t h ' s  upper atmosphere and ionosphere, 
magnetosphere and the  g r e a t  r a d i a t i o n  b e l t  have been conducted with 
Explorer-class s a t e l l i t e s  and l a rge  sounding rockets .  These spacec ra f t  w i l l  
continue t o  be used together  with Geophysical Observatories i n  an e f f o r t  t o  
ob ta in  a comprehensive p i c t u r e  of t h e  Ea r th ' s  environment and t o  determine 
i t s  v a r i a t i o n s  with changes i n  s o l a r  a c t i v i t y .  This basic  understanding of 
the E a r t h ' s  environment i s  important t o  t h e  operat ion of manned and unmanned 
spacec ra f t  and con t r ibu te s  t o  our knowledge of meteorology and comnunica- 
t i ons .  We a l s o  ga in  knowledge which w i l l  h e l p  us understand what we measure 
i n  the  explorat ion of o the r  planets .  

Inves t iga t ion  of the  E a r t h ' s  

Studies  alf t he  Ea r th ' s  space environment have demonstrated the  con- 
t r o l l i n g  effect .  t h a t  t he  Sun has on t h i s  environment, and they provide many 
important c lues  t.o the  nature  of t he  6un. However, a comprehensive study of 
the  Sun requires  the  use of astronomical instruments pointed a t  the Sun. 
Since much of t h e  electromagnetic r a d i a t i o n  emitted by the  Sun is absorbed 
o r  d i s t o r t e d  by the Ea r th ' s  atmosphere, sounding rockets  and So la r  Observa- 
t o r i e s  are being used t o  place the  instrumentat ion above the  atmosphere. To 
complement these observations,  Explorer spacec ra f t  are being launclhed i n t o  
h ighly  elli.ptj.c:al. Earth o r b i t s  which take  them i n t o  i n t e r p l a n e t a r y  space t o  
monitor the a r r i v a l  of s o l a r  protons, measure the  s o l a r  wind, and explcre  the 
in t e rp l ane ta ry  magnetic f i e l d .  These observat ions,  together  with the  in fo r -  
mation on t.he ripace environment near Earth,,will con t r ibu te  t o  a v a s t l y  
improved undert;tanding of t he  Sun as a star, as a c o n t r o l l i n g  influence on 
l i f e  he re  on I h r t h ,  and as a hazard t o  man's su rv iva l  i n  space. 

Through accurate  t r ack ing  of sa te l l i tes ,  it is possible  t o  ob ta in  d a t a  
on the  f i g u r e  iznd s t r u c t u r e  of t he  Earth and t o  study the  nature  of the 
Earth 's  g r a v i t a t i o n a l  f i e l d  and i ts  i n t e r a c t i o n s  with the  g rav i t a t iona l  
f i e l d s  of nearby ce les t ia l  bodies. These d a t a  are needed t o  develop a 
reference bas i s  .€or a l l  measurements of pos i t i ons  and maps of the  h r tk .  
They a l s o  provide a b a s i s  f o r  c a l c u l a t i o n  of o r b i t s  and t r a j e c t o r i e s  of 
manned and unrnmiied spacec ra f t .  Data from various sa te l l i t es  and space 
probes have been used t o  give improved c a l c u l a t i o n  of t he  f i g u r e  and s t r u c -  
t u r e  of the Earth and i t s  g r a v i t a t i o n a l  p o t e n t i a l .  The accuracy of these 

RD 4-1 



data  i s  vas t ly  improved when s a t e l l i t e s  are s p e c i f i c a l l y  instrumented t o  
f a c i l i t a t e  accurarte t racking.  Explorers w i l l  be flown with such in s  t r u -  
mentation i n  a program which w i l l  continue t h e  work i n i t i a t e d  by the  
Department of Uefiense under Pro jec t  ANNA. 

While the preponderance of the  space program is concerned with our own 
s o l a r  system, sonle of t h e  most i n t e r e s t i n g  and p o t e n t i a l l y  most important 
discoveries  awitit: us i n  our inves t iga t ion  of the rest of the universe .  The 
Sun i s  the only star which is  c lose  enough so t h a t  i t  can be s tudied  i n  
g rea t  d e t a i l ,  hut: observat ion of o ther  stars and i n t e r s t e l l a r  mater ia l  can 
t e l l  us  much ahout the na ture ,  evolu t ion  and na tu ra l  l a w s  of the universe 
t h a t  we cannot. l e a r n  from the  s tudy of a s i n g l e  star, our Sun. Here again 
astronomical observations are hindered by the Earth 's  atmosphere; ,so 
sounding rockets ,  balloons,  a i r c r a f t ,  and s a t e l l i t e s  are used t o  ca r ry  
instrumentation up through the atmosphere. Astronomical Observatories 
represent  our nlajor e f f o r t  i n  t h i s  a rea ;  but work with sounding rockets ,  
balloons,  a i r c x a f t ,  and Explorers have a l ready  demonstrated tha t  observa- 
t i ons  i n  thle ~ i l . t r a v i o l e t ,  X-ray, gamma r a y ,  and rad io  regions of the e l ec -  
tromagnetic spt!ct:rum can give us much information t h a t  cannot be obtained 
from the  l a r g e s t  b r t h  based te lescopes.  

SUMMARY OF RESiwtCES REQUIREMENTS: 

1965 1963 1964 .- 
Supporting rt!search and 

technology#, .................... $13,581,000 $15,100,000 $14,800,000 
Solar  obs er tui tor ies  ............. 10,900,000 18,800,000 22,100,000 
Astronomi.ca1. observator ies . .  .... 39,250,000 47,700,000 51,000,000 
Geophysic.al observa tor ies .  ...... 39,634,000 53,300,000 55,400,000 
Explorers.. ........................ 32,811,000 34,200,000 31,900,000 
Sounding rockets  ................ 11,513,000 17,100,000 . 15,000,000 

Total  cos t s .  ................... $147,689,000 $186,200,000 $190,200,000 

BASIS OF FUND &EQUIREMENTS: 

Supporting Research and Technology 

1965 .- 1963 1964 

Solar  physics. a , .  ................ $1,633,000 $2,200,000 $2,200,000 

Geophysics.. ,, ................... 9,065,000 8,800,000 8,500,000 
Astronomy... q,.................... 2,087,000 2,600,000 2,600,000 

In t e rd i sc ip l ina ry  ............... 796,000 1,500,000 1,500,000 

Total  cost&.... . . . . . . . . . . . . . . .  $13,581,000 $15,100,000 ,$14,800,000 .- 
The suppolrtimg research and technology e f f o r t s  are conducted ;by un ivers i -  

t i e s ,  NASA inst :a l , la t ions,  and o the r  government and non-government research 

RD 4 - 2  



organizat ions under the  s c i e n t i f i c  and adminis t ra t ive coordinat ion of che 
Off ice  of Space Science and Applications.  The program includes t.heoretica1 
and laboratory research,  ground based observations,  a i r c r a f t  and balloon 
f l i g h t  experiments, and advanced work leading t o  the  development of s a l ze l l i t e  
and rocket  borne instrumentatiou. D a t a  which have been obtained from Jarious 
f l i g h t  p ro jec t s  and ground based observat ion a r e  c o r r e l a t e d  under t h i s  pro- 
gram t o  take advantage of a l l  a v a i l a b l e  information i n  a r r i v i n g  at: con-lu- 
s ions .  The ca.ta.loging and preserva t ion  of such da ta  are a l s o  funded under 
t h i s  program. 

I n  the  fie1.d of s o l a r  physics,  ground based monitoring is financed i n  
conjunction with the  work done by t h e  National Bureau of Standards t o  com- 
plement t h e  observations made with sounding rockets and So la r  Observatories.  
Development of advanced instrumentation €or f u t u r e  Orbi t ing So la r  Observa- 
t o r i e s  (OSO) and Advanced OS0 spacec ra f t  is a l s o  funded under t h i s  program, 
Laboratory ard (heore t i ca l  s t u d i e s  are conducted t o  i n t e r p r e t  the  d a t a  
obtained and t:o provide a b a s i s  f o r  s o l a r  f l a r e  p red ic t ions .  

Astronomical research and technology e f f o r t s  have consis ted mostly of 
work d i r ec t ed  ai: the  development of instruments f o r  f u t u r e  Explorer a rd  
Observatory f l i g h t s .  Observations from balloons and from the  X-15 a i r c r a f t  
have a l s o  beell h i d e d  i rorn  t h i s  program. The X-15 has beeri equipped r ~ i t h  a 
three  ax i s  gyroscopically s t a b i l i z e d  platforln capable of point ing inst ru- 
ments a t  a predetermined por t ion  of  the  s k y .  U l t r av io l e t  photogaphy experi-  
ments w i l l  be  flown on t h i s  platform. This program a l s o  supports theclretical  
s t u d i e s  i n  ge3desy, c e l e s t i a l  mechanics, and s te l lar  astrophqsics .  Some 
advanced work toward g r a v i t a t i o n a l  and r e l a t i v i t y  experiments i s  a l s o  funded. 

The geophysics po r t ion  of t he  program covers a range of sc ien t i f : . c  
d i s c i p l i n e s  supporting the  s tudy of the  p k r t h ' s  environment. 
t h e o r e t i c a l  #and laboratory s t u d i e s  and instrumentat ion development i n  
planetary atmospheres, space chemistry, meteoroids 'and micrometeoroids, 
ene rge t i c  p a r t i c l e s ,  magnetodynamics, and ionospheric and r a d i o  physics. The 
f l i g h t  program has produced a considerable amount of d a t a  i n  these f i e l d s .  
The u n i v e r s i t y  groups, NASA f i e l d  cen te r s ,  and o the r  research organizations'  
p a r t i c i p a t i n g  i n  t h i s  program are c o r r e l a t i n g  these da t a  and incorporat ing 
the  knowledge obtained i n  the  planning and development of f u t u r e  f l i g h t  
experiments. 

It prov:i.des f o r  

I n t e r d i s c i p l i n a r y  e f f o r t s  include support of t h e  Space Science Board, 
t he  National Data Center, and development of instrumentat ion useable i n  more 
than one of the s c i e n t i f i c  d i s c i p l i n e s .  The National Data Center w i l l  serve 
as a nat ional  r epos i to ry  f o r  da t a  r e s u l t i n g  from world wide atmospheric and 
space research.  

Solar  Observatories 

1965 1963 1964 - 
Orbit ing Sol.cir Observatory: 

Spacecraft.,, (I . . . . . . . . . . . . . . . . $3,824,000 $5,400,000 $4,700,000 
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Experiments, ..................... 
Ground operat ions.  .............. 
Delta launch vehicles . .  ......... 
Subtotal  c o s t s  (OSO). ........... 

Advanced Orbit ing Solar  Observa- 
t o ry  : 
Spacecraft  ...................... 
Experiments ..................... 
Subtotal  c o s t s  (AOSO). .......... 

1963 

$3,387,000 

2,289,000 

$9,500,000 

--- 

$1,400 , 000 - - -  

1964 

$5,300,000 
300,000 

3,700,000 

$14,700,000 

$4,100,000 
e - -  

$1,400,000 

~ 1 0 , 9 0 0 , 0 0 0  

$4,100,000 

$18,800,000 

1965 

$5,600,000 
100,000 

2 , 7  00,000 

$13,100,000 

.- 

$7,000,000 
G b O O ,  000 

$ U ) O O ,  000 

$22 ,llOO, 000 - 
OS0 I, launched i n  1962, w a s  the  f i r s t  of t h e  observatory c l a s s  oE 

sa t e l l i t e s .  
v i o l e t  and X-ray r a d i a t i o n  f o r  a per iod of s eve ra l  r o t a t i o n s  of the  SUTI. 
Seven s imilar  spacec ra f t  a r e  scheduled f o r  launch a t  approximately n i n ?  month 
i n t e r v a l s  beginning i n  e a r l y  1964 and extending through 1968. 

It  provided the  f i r s t  monitoring of the  Sun’s extreme u l t r a -  

The spacec ra f t  points  an experimental package a t  t he  Sun t o  m accuracy 
of one minute oi a r c .  Othcr experiments a r e  c a r r i e d  i n  the  spinning w-lee1 
which s t a b i l i z , e s  the  spacec ra i t .  Ttiese experiments look a t  the Sun once with 
each revolut  icln of the wheel. 

F i s c a l  year 1963 and p r i o r  year funds provided f o r  development of the  
f i r s t  spacecraft. and i t s  experiments, f o r  most of t he  development of the  
second spacecraf t  and i t s  experiments, and f o r  major development work on the  
t h i r d  spacecrtift: and i t s  experiments. 

F i s c a l  year 1964 funds provide f o r  f i n a l  a n a l y s i s  of da t a  fr’om t h e  f i r s t  
f l i g h t  and fcu: f i n a l  preparat ions t o  launch the  second spacec ra f t  and analyze 
the  da t a  from i t s  experiments. They provide f o r  cont inuat ion of the  cevelop- 
ment of the  t h i r d  observatory. Work is being i n i t i a t e d  on the  spacec ra f t  and 
experiments for the fou r th  and f i f t h  observator ies .  

F i s c a l  yeai: 1965 funds w i l l  complete the  ana lys i s  of da t a  from the  f i r s t  
two observato:ries and provide f o r  f i n a l  preparat ions f o r  launch of the! t h i r d  
and fou r th .  13ajor development work w i l l  be continued on the  f i f t h  observa- 
t o r y  and devtzlopment of the  s i x t h  observatory w i l l  be i n i t i a t e d .  Long; lead- 
time development of experiments f o r  t he  seventh observatory w i l l  a l s o  be 
funded. 

F i sca l  year 1963 and p r i o r  year funds provided f o r  procurement 0.: the  
Delta launch vehicles f o r  t he  f i r s t  t h ree  observator ies  except f o r  thc  f i n a l  
preparat ions f o r  launch of t he  second and t h i r d .  These preparat ions iind the  
funding o.E the  fourth veh ic l e  are provided i n  f i s c a l  year 1964. F i s c d  year 
1965 funds provide f o r  t he  f i f t h  launch veh ic l e .  
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The t o t a l  of e i g h t  obse rva to r i e s ,  including launch veh ic l e s ,  will c:ost 
about $76,000,0130 of which $10,705,000 w a s  funded p r i o r  t o  f i s c a l  year 1.963. 
These observator ies  w i l l  provide the  primary means of space f l i g h t  research 
i n  s o l a r  physics u n t i l  Advanced Orbi t ing Solar  Observatory (AOSO) becomes 
ope ra t iona l .  

AOSO is scheduled f o r  i t s  f i r s t  f l i g h t  i n  1968. This observatory lrhich 
i s  now i n  i t s  i n i t i a l  s t age  of development w i l l  be capable of much more 
d e t a i l e d  observation of the  sun than OSO. While OS0 looks a t  the  Sun a j  a 
whole with l imited c a p a b i l i t y  t o  i d e n t i f y  r a d i a t i o n  from s p e c i f i c  p a r t s  of 
i t s  atmosphere, AOSO w i l l  have a c a p a b i l i t y  f o r  d e t a i l e d  s tudy of s o l a r  
a c t i v i t y  pinpointed t o  s p e c i f i c  areas of the  Sun. It is being designed t o  
point on command t o  wi th in  f i v e  seconds of arc of any des i r ed  point: on the 
Sun and t o  t r ack  t h a t  p o s i t i o n  with a p rec i s ion  of one second of a r c .  f i e  
g r e a t e r  foca l  length of i t s  instruments w i l l  g r e a t l y  improve the r e s o l u t i o n  
of t he  c e l l u l a r  s t r u c t u r e  of the  Sun. It w i l l  point  a l l  of i t s  instruments 
a t  the Sun, anc. i t s  polar  o r b i t  w i l l  place it i n  continuous sun l igh t  f o r  
most of i t s  useful  l i f e .  

F i s c a l  year 1962 funds provided f o r  preliminary s t u d i e s  by th ree  f i rms ,  
leading t o  d e t a i l e d  proposals f o r  development of t he  AOSO spacecraEt. F i sca l  
year 1963 and f i s c a l  year 1964 funds finance the  con t r ac t  f o r  d e t a i l e d  
design, program d e f i n i t i o n ,  and cons t ruc t ion  of breadboard models ok' c r i t i c a l  
subsys t ea s  by Republic Aviation Corporation. F i s c a l  year 1965 funcds provide 
f o r  i n i t i a t i n g  hardware development of subsystems f o r  t he  spacec ra f t  and f o r  
i n i t i a t i n g  des i.gn and breadboard of f l i g h t  experiments. 

This absei:vatory is  expected t o  make a major con t r ibu t ion  t o  our under- 
s tanding of the  nature  of t he  Sun, t o  the  determination of i t s  e f f e c t s  on the  
environment; of t he  Ea r th ,  and t o  the  a b i l i t y  t o  make long range p red ic t ions  
of its hazard to man's su rv iva l  i n  space. 

Astronomical Observatories 

1965 - 1963 1964 

Spacecraft  ...................... $32,325,000 $30,400,000 $31,100,000 
Experiments,. ................... 5,569,000 9,400,000 6,1100,000 
A t l a s  Agena vehicles.. .......... 1,356,000 7,900,000 1 3 , t O O ,  000 

Total  cos1:.3.. ................. $39,250,000 $47,700,000 $5 1,000,000 
-I 

The Orbi t ing Astronomical Observatory (OAO) w a s  i n i t i a t e d  in 1960 
provide a s t a b i l i z e d  platform above t h e  Bar th ' s  atmosphere capable of 
point ing astronomical observing equipment a t  any s e l e c t e d  region of thc  sky 
with extreme accuracy and f o r  extended periods of t i m e .  Such a platform 
makes i t  possible  t o  view the stars, nebulae, i n t e r s t e l l a r  matter, and the  
planets  i n  regions of the  electromagnetic spectrum which are obscured I>y the  
Ea r th ' s  atmosphere. 
t o r t i o n  of l i g h t  by the  Ea r th ' s  atmosphere and the l i g h t  of the night  :sky 
caused by r e f l e c t i o n  of l i g h t  by p a r t i c l e s  i n  t h e  atmosphere. 

It also el iminates  the  in t e r f e rence  caused by the  d i s -  
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The f i r s t :  spacec ra f t ,  scheduled f o r  launch i n  1965, w i l l  c a r r y  two 
astronomical measurement assemblies. One w i l l  map the  sky i n  t he  ultret- 
v i o l e t  po r t ion  of the  spectrum, recording emissions from up t o  50,000 stars 
and l a rge  nebulae i n  four u l t r a v i o l e t  s p e c t r a l  bands. The o the r  assemtily 
w i l l  be used 110 deterniine the s te l la r  energy d i s t r i b u t i o n  2nd i i :+<*<: l \  -'i? !.,:e 
emission l i n e  i n t e n s i t i e s  o f  d i f f u s e  nebulae in about ti;e smie  S ! ) ~ ~ L . $ . . -  - i.. 
rezkoo. 

The second spacec ra f t  w i l l  c a r r y  a 36-inch t e l e scope  t o  make abso lu te  
spectrophotometric measurements of stars and nebulae in  t h e  ultraviolet: .  
can be used for  (a v a r i e t y  of astronomical problems and t o  observe any 
celestial o b j e c t  except t h e  Sun, Venus, Mercury, or ob j e c t e  f a i n t e r  thrm 11th 
magnitude. 

It 

The t h i r d  spacec ra f t  w i l l  c a r ry  a te lescope designed t o  iiiake s t u d i e s  of 
i n t e r s t e l l a r  gas and dust  clouds from which stars are believed t o  be formed. 
Since most of the i n t e r s t e l l a r  atoms absorb only i n  the  f a r  u l t r a v i o l e : ,  t h i s  
instrument w i l l  provide iaformation i n  a f i e l d  which cannot be s tud ied  
success fu l ly  by ground based observations.  

The t h i r d  spacec ra f t  w i l l  a l s o  c a r r y  a s m a l l  experiment designed io 
study X - r a y  emission of a wide assortment of celest ia l  ob jec t s  and t o  ob ta in  
information on i n t e r s t e l l a r  absorpt ion of helium and the  heavier  elemelits. 
This experiment i s  being developed through the University College,. London. 

Experiments f o r  t he  fourth and f i f t h  spacec ra f t  have not y e t  been 
se l ec t ed .  Consideration w i l l  be given t o  obse r t a t ions  i n  other  regions of 
t he  electromagnetic spectrum as w e l l  as adaptat ion of u l t r a v i o l e t  i n s t r u -  
mentation t o  the s o l u t i o n  of new astronomical problems. 

OAO spacecraf t  are scheduled f o r  launch a t  one year interval:; beginning 
i n  1965. 
the spacecraf t  components and i n i t i a t e d  assembly of t he  prototype spacec ra i t .  
They proiTideJ for the  major developmerit work on experiments f o r  the  first LWO 

spacec ra f t .  Also funded w a s  the  i n i t i a l  development e i foz ' t  on t h e  pziuiary 
experiment for  the  t h i r d  spacec ra f t .  

F i sca l  year 1963 and p r i o r  year funds provided f o r  development of 

F i s c a l  >Ear 1564 funds provide f o r  completing the  cons t ruc t ion  or' the 
i i rs t  two spacec ra f t  and €or i n t e g r a t i n g  the  f l i g h t  experiments and t e s t i n g  
the  complete systems. They a l s o  provide f o r  i n i t i a t i n g  the  procurement of 
the t h i r d  spacec ra f t  and f o r  major development work on i t s  primary expe r i -  
ment. I n  addi.ti.on, i n i t i a l  funding is  provided f o r  advance development of 
experiments f o r  f u t u r e  f l i g h t s .  

F i s c a l  year 1965 funds provide f o r  the  f i n a l  preparat ions t o  launch the  
f i r s t  Spacecraft: and f o r  i n t e g r a t i o n  and test  of t he  second spacecraf t  and 
its experiments. Work w i l l  be continued on the  cons t ruc t ion  of the  t h i r d  
spacecraf t  and i t s  experiments, and the  construct ion of a fourth spacec ra f t  
and i t s  experiments w i l l  be i n i t i a t e d .  
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Two Atlas Agena vehic les  with modif icat ions t o  accommodate the  s i z e  and 
Funding f o r  the  f i r s t  veh ic l e  w i l l  be 

Procurement of  t he  t h i r d  vehic:le w i l l  be 

weight of the  OAO a r e  being procured. 
completed i n  f i.ccail year  1965 while f i n a l  p repara t ion  of the  second vehic le  
w i l l  be funded i n  f i s c a l  year 1966. 
i n i t i a t e d  i n .  ficicatl year 1966. 

The development and opera t ion  of the  OAO including spacec ra f t ,  exper i -  
ments, and 1aunc:h vehic les  f o r  f i v e  f l i g h t s  is est imated t o  c o s t  about 
$282,000,000. 
$43,434,000. 
p o t e n t i a l  of providing da ta  which may completely change our present  s c i en -  
t i f i c  theory on the  na ture ,  evolu t ion ,  and processes of the  universe .  

The: cos t  of the  p ro jec t  p r i o r  t o  f i s c a l  year 1963 wars 
The experiments t o  be conducted under t h i s  p ro jec t  have the  

Geophysical Observator ies  

1965 
--I- 

1963 1964 

Spacecraf t . . .4  .................. $23,969,000 $35,000,000 $22,700,000 
Experiments,. ................... 6,987,000 9,100,000 19,900,000 
Ground ope r a t  ions ............... 1,422,000 1,400,000 1,900,000 
A t l a s  Agena vehic les . .  .......... 4,890,000 4,800,000 5,200,000 

2,366,000 3,000,000 . 5,700,000 Thor Agena vehic:les.. ........... 
Tota l  costs . . . . . . . . . . . . . . . . . . .  $39,634,000 $53,300,000 ~ 5 5 , 4 0 0 , 0 0 0  --- 
The Orbitixig Geophysical Observatory (OGO) pro jec t  w a s  i n i t i a t e d  i n  1960 

t o  develop and opera te  a s e r i e s  of sa te l l i tes  capable of support ing a l a rge  
number of diverciified but co r re l a t ed  s c i e n t i f i c  and technological  i aves t iga -  
t i ons  wi th in  the  Ear th ' s  upper atmosphere, t he  magnetosphere, and c i s l u n a r  
space.  These i .r ivestigations w i l l  provide a por t ion  of the  s c i e n t i f i c  base 
f o r  a b e t t e r  understanding of the Earth as a p lane t ,  Sun-Earth r e l a t i o n s h i p s ,  
hazards t o  manned and unmanned space f l i g h t ,  and the  complex phenomlena of our 
s o l a r  system. 

OGO spacecraf t  w i l l  be launched i n t o  two general  types of  o r b i t s :  one,  
h ighly  eccentric:  o r b i t  passing through the  magnetosphere, and t h e  o the r ,  a 
near c i r c u l a r  o r b i t  which w i l l  pass over the polar  regions a t  r e l a t i v e l y  low 
a l t i t u d e s  t o  0ht:aj.n da t a  on the  upper atmosphere and ionosphere. L<ater 
spacec ra f t  may €)e placed i n  h ighly  e c c e n t r i c  po lar  o r b i t s  t o  f a c i l i t a t e  
c o r r e l a t i o n  of t:he r a d i a t i o n  b e l t  and magnetic f i e l d  phenomena with condi- 
t i ons  i n  the  polla1 atmosphere and ionosphere. A t l a s  Agena launch vehic les  
are required folr t.he h ighly  e c c e n t r i c  o r b i t s .  Thor Agena launch velaicles 
V i 1 1  be used f o r  c i r c u l a r  o r b i t  missions.  

The f i r s t  spacec ra f t ,  which is scheduled to  be launched i n t o  a h ighly  
e c c e n t r i c  o r b i t  i n  mid 1964, w i l l  c a r ry  twenty s c i e n t i f i c  experiments. The 
l a r g e s t  port ion of t h i s  payload w i l l  ob t a in  da t a  a s soc ia t ed  with magnetic 
f i e l d s  and ene rge t i c  p a r t i c l e s .  There a r e  included, however, a numlber of 
experiments for  s tudying phenomena i n  the  d i s c i p l i n e s  of astronomy, s o l a r  
physics , the  atnios phere and the  ionosphere. 
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The second OW spacecraf t ,  scheduled f o r  launch i n  1965, w i l l  a l s o  ca r ry  
twenty experiments. 
toward obtaining da ta  r e l a t i n g  t o  the  Ear th ' s  atmosphere and ionosphere. 
Subsequent launchings are scheduled at an average rate of two per year 
throughout the decade, t o  provide coverage of  changing condi t ions throug,hout 
a s o l a r  cycle.  

This low a l t i t u d e  polar  mission is pr imari ly  or ien ted  

F isca l  year  l963 and p r i o r  year funds provided f o r  spacecraf t  and ground 
system development and cons t ruc t ion  of a prototype and three  f l i g h t  space- 
c r a f t ,  A through C. 
of experiments .€or the  f i r s t  four f l i g h t s .  

They a l s o  provided f o r  the development and cons t ruc t ion  

F i s c a l  y e w  '1964 funds provide f o r  completion of the  in t eg ra t ion  and 
t e s t i n g  of  spacecraf t  A and fo r  most of t h e  work t o  prepare B and C fo r  
launch. They picwide f o r  ana lys i s  of data from t h e  f i r s t  f l i g h t  and for 
continued preparat ion of experiments f o r  B ,  C, and D. F i s c a l  year 1964 
funds a l s o  prot7:tde for  i n i t i a t i o n  of  t he  procurement of  spacecraf t  D, E ,  and 
F and fo r  i n i t i r i l  development of  experiments fo r  E. 

F i s c a l  yeair I965 funds w i l l  continue t h e  prepara t ion  of  spacecraf t  
D, &and  F and continue t h e  prepara t ion  of experiments fo r  C, D, and E. 
They w i l l  i n i t i c i t s  development of  experiments f o r  F and G and provide fo r  
ana lys i s  of data from B and C .  

Procurement of the f i r s t  two A t l a s  Agena vehicles  was i n i t i a t e d  i n  
f i s c a l  year 1962 and w i l l  be completed i n  f i s c a l  year 1965. 
the f i r s t  Thor ,&gena vehic le  w a s  i n i t i a t e d  with f i s c a l  year 1963 funds. 
F i sca l  year 1965 funds provide f o r  completion of t h i s  procurement and iiiitia- 
t i o n  of the procurement of one more vehic le  of each type,  

Procurement: of 

The pro jec t ,  including launch vehic les ,  is  estimated t o  cos t  about 
$370,000,000. 
200 individual  experiments. 
through f i s c a l  year 1968. 

This w i l l  provide f o r  eleven f l i g h t s  and w i l l  conduct over 
Costs w i l l  average about $50,000,000 per ycar  

Expl o re r  s 

Atmosphere and ionosphere 
Explorers.. . . . . .  ................ 

Magnetosphere and in t e rp l ane ta ry  
Explorers.. .  ................... 

Astronomical and as t rophys ica l  
Explorers..  .................... 

Delta launch vehicles. . . . . . . . . . . .  
Scout launch vehicles. . . . . . . . . . . .  
Thor Agena 1.aunch vehicles . . . . . . .  

Total  costs. . . . . . . . . . . . . . . . . . . .  

1963 

$5,467,000 

5,190,000 

--- 
14,100,000 
4,954,000 
3,100,000 

$32,811,000 

1964 

$7,700,000 

5,600,000 

1,500,000 
11,700,000 
6,600,000 
1,100,000 

$34.200,000 

$5,300,000 

6,8OO,OOO 

7,000,000 

1,0~1)0,000 

7,5OO,OOO 
4,300,000 



Explorer:3 i3re small s a t e l l i t e s  designed t o  ca r ry  a s p e c i f i c  group of 
experiments i n t o  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  the  experiments involved. 
They have the  advantage of a comparatively s h o r t  leadtime and can be 
launched by Ik l t a  and Scout launch vehic les .  This c l a s s  of satellites: i s  
a l s o  employed i n  i n t e r n a t i o n a l  cooperat ive programs because t h e i r  r e l a t i v e l y  
simple design enables a cooperat ing country with l i t t l e  o r  no experience t o  
p a r t i c i p a t e  :in the  program. 

Exploreir c:lass s a t e l l i t e s  f a l l  i n t o  th ree  general  ca tegor ies  on the  
bas i s  of the  types of missions they perform. 

Atmosphere and Ionosphere Explorers.  These satel l i tes  are launched t o  
low a l t i t u d e  o r b i t s  t o  obta in  as much coverage as poss ib l e  of the  Ea r th ' s  
atmosphere $and ionosphere. Successful  satellites i n  t h i s  category have 
included Explorer VI11 which made d i r e c t  measurements of ion  and e l e c t r o n  
temperature and pressure i n  the  ionosphere, Explorer I X  and XIX. which were 
used t o  mecasure atmospheric dens i ty ,  A r i e l  I which c a r r i e d  experiments of 
the  United ]Kingdom t o  c o r r e l a t e  ionosphere measurements with measurements 
of s o l a r  rialiliation, the  Canadian Alouet te  I which made the  f i r s t  topside 
soundings o E  the ionosphere, and Explorer XVII which made the  f i r s t  com- 
prehensive measurements of atmospheric composition and a l s o  made conipre- 
hensive diirec t measurements of  atmospheric temperature,  p ressure ,  arid 
densi ty . .  

Presentl:y ready f o r  launch are (1) an ionosphere Explorer which w i l l  
perform tops ide  soundings of the  ionosphere using s i x  f ixed  frequencies ,  
(2) a beaco>n Explorer which w i l l  t ransmit  s i g n a l s  t o  be received by ground 
s t a t i o n s  i n  24 nat ions  t o  s tudy ionospheric  propagation, and (3) a second 
United Kingdom s a t e l l i t e  which w i l l  record g a l a c t i c  no ise ,  the  vertii.ca1 
d i s t r i b u t i o n  of ozone i n  the  atmosphere, and the  q u a n t i t a t i v e  p a r t i c l e  f l u x  
of  micrometeoroids. F i s c a l  years  1964 and 1965 funds provide f o r  preparing 
these spacecraf t  f o r  launch and f o r  ana lys i s  of da ta .  
each type have been b u i l t .  The launch schedules f o r  the  second spacecraf t  
i n  each cat311 w i l l  be dependent on the  r e s u l t s  of the  f i r s t .  

Two spacecralIt of 

A coopew,ative e f f o r t  with I t a l y  was i n i t i a t e d  with f i s c a l  year 1963 
funds t o  1irunl:h a s e r i e s  of s a t e l l i t e s  from a f l o a t i n g  platform i n  the  
Indian Ocean. These s a t e l l i t e s ,  launched i n t o  an equa to r i a l  o r b i t ,  w i l l  
explore  the equa to r i a l  regions of the  atmosphere and ionosphere. 

F i s c a l  year  1964 funds provide f o r  i n i t i a t i o n  of a cooperat ive e f f o r t  
with France t o  s tudy the  ionosphere i n  the  very low r a d i o  frequencies .  
They a l s o  provide f o r  cont inua t ion  of e f f o r t s  with Canada, the  United 
Kingdom,, and t t a l y  as w e l l  as add i t iona l  f l i g h t s  of the  Explorer I X  and 
Explorer XVII types of spacec ra f t .  

F i sca l  p a r  1965 funds do not provide f o r  any new and d i f f e r e n t  space- 
c r a f t  i n  t h i s  area of research ,  but they provide f o r  ana lys i s  of da1:a and 
for support  of the  cooperat ive launchings with the  United Kingdom, :l:taly, 
and France. 'l'hey a l s o  provide f o r  a cont inuing program with Canada t o  
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monitor the  ionosphere with launchings a t  the  rate of one f l i g h t  per j.ear 
throughout the  decade. Addit ional  Explorers are expected t o  be launched t o  
monitor the  atmosphere during the  l a t te r  p a r t  of the  decade. 

Magnetosphere and In t e rp l ane ta ry  Explorers.  Explorer s a t e l l i t e s  flown 
t o  da te  have provided a s u b s t a n t i a l  amount of information on cosmic raitdia- 
t i on ,  the  g r e a t  r a d i a t i o n  b e l t ,  the  q a r t h ' s  magnetic f i e l d ,  and the  e f f e c t s  
of s o l a r  events on the  environment of the  Earth.  Explorers X I 1  and XIV,  
which t raversed  the  Ea r th ' s  magnetosphere out  t o  about 11 and 15 Earth 
r a d i i , r e s p e c t l v e l y ,  provided information on the  g r e a t  r a d i a t i o n  b e l t  and 
the  Ea r th ' s  magnetic f i e l d .  Explorer XV w a s  launched t o  s tudy the  a r t i f i -  
c i a l  r a d i a t i o n  I b e l t s  c rea ted  by the  high a l t i t u d e  nuclear  explosions.  
Another s a t e l l i t e  of t h i s  type is  t o  be launched i n  1964, t o  continue t o  
follow the  deca:y of the  a r t i f i c i a l  b e l t .  The f i r s t  of a series of i n t e r -  
p lane tary  Explorers w a s  success fu l ly  launched on November 26, 1963. These 
s a t e l l i t e s  w i l l  monitor the  a r r i v a l  of s o l a r  protons i n  the  in t e rp l ane ta ry  
medium between the Garth and the  Moon's o r b i t ,  measure the s o l a r  wind, 
and explore  t h e  i n t e rp l ane ta ry  magnetic f i e l d ,  The series w i l l  plrovide 
da t a  needed € o r  Apollo and extend our knowledge of ene rge t i c  par t ic le r ;  and 
magnetic f i e l d s  i n  in t e rp l ane ta ry  space.  F i s c a l  year  1964 funds prov:i.ded 
f o r  the  deve'lopment of two In jun  Explorers by the  S t a t e  Universi ty  of Iowa 
t o  measure the  (downward f l u x  of s o l a r  corpuscular r a d i a t i o n  i n t o  the  Karth 's  
atmosphere. .Adlditional Explorers f o r  which funds are provided i n  f i s c a l  
year 1964 and f i s c a l  year 1965 a r e  planned t o  be designed by o the r  unxversi-  
t y  groups t o  study i n t e r a c t i o n s  of the  atmosphere with magnetic and rildia- 
t i o n  phenomena. About four  satel l i tes  per year  are planned f o r  these  areas 
of research through the  decade. 

Astronomical and Astrophysical  Explorers.  A r ad io  astronomy rece ive r  
flown on a sounding rocket  has demonstrated the  f e a s i b i l i t y  of obta in ing  
usefu l  da t a  on the  Sun, the  p l ane t s ,  the  stars, and i n t e r s t e l l a r  matter 
using r ad io  rece ivers  and r e l a t i v e l y  small antennae which can be deployed 
from small spacecraf t .  F i s c a l  year 1964 and f i s c a l  year 1965 funds provide 
f o r  the  development of a r a d i o  astronomy Explorer.  They a l s o  provide f o r  
instrumentat ion of Explorer spacec ra f t  f o r  geodet ic  missions t o  c:ontinue 
the  work i n i t i a t e d  by the  Department of Defense under P ro jec t  ANNA. 'Chis 
e f f o r t  is planned under a j o i n t  working group t o  meet the  requirements of 
the  Department of Defense and the  Department of Commerce as w e l l  as those 
of NASA. F i s c a l  year 1965 funds a l s o  provide f o r  work on the  ext:ensim of 
astronomical observat ions i n t o  the  X-ray region of t he  electromagnetil: 
spectrum using a small te lescope  on an Explorer.  About t h ree  Explorers per  
year are planned f o r  astronomical and as t rophys ica l  i nves t iga t ions  thtough- 
out  the  decade. 

Launch Vehicles. Scout and Delta launch vehic les  w i l l  be used i n  the 
foreseeable  f u t u r e  t o  launch Explorer satellites. The Del ta  vehic les  w i l l  
continue t o  b e  required f o r  spacec ra f t  i n  t he  500 pound c l a s s  and f o r  the  
more h ighly  e c c e n t r i c  o r b i t s .  Scout launch veh ic l e s  w i l l  be used f o r  the  
smaller spacec ra f t  and lower o r b i t s .  Between the  two vehic les ,  9 o r  10 
launchings per year are planned throughout t he  decade. The cos t  of tlne 
program beyond f i s c a l  year  1965 including spacec ra f t ,  support  and launch 
vehic les  w i l l  a.verage about $39,000,000 per  year.  RD li-10 



Soundinn Rockets 

1963 

Experiments. ....................... $4,348,000 
Rocket procurenlent. .............. 2,884,000 
At t i t ude  cont ro l  systems ......... 763,000 
Rocket devel opulent. .............. 300,000 
Engine e r ing EI uppor t .............. 480,000 
1nstrumentat.j.on.. ................ 2,738,000 

Total  c.ost.6;. ................... $11,513,000 

1964 

$9,000,000 
2,900,000 
1,600,000 

300,000 
600,000 

2,700,000 

$17,100,000 

Sounding 1:oc:kets are small unguided vehic les  which are used 

1965 .- 
$6,000,000 
3,400,000 
1,700,000 
400,000 
500,000 

3,000,000 

1$15,000, 000 .- 
t o  make 

v e r t i c a l  proii1.e measurement of t he  Harth 's  atmosphere, ionosphere and 
magnetosphere; t o  conduct chemical experiments i n  the  upper atmosphere; t o  
recover meteori te  samples f o r  labora tory  s tudy;  t o  make s h o r t  dura t ion  
observat ions of t:he Sun, stars, and p lane ts ;  and t o  t e s t  instrumentat ion and 
techniques i n  z i  space environment f o r  later use on s a t e l l i t e s .  Sounding 
rocket experiments can be prepared wi th  s h o r t  leadtime. They a l s o  provide a 
means of  explor ing t h a t  pa r t  of the  upper atmosphere which l i e s  between maxi 
mum balloon al1:it:ude and minimum sa te l l i t e  a l t i t u d e s .  Their v e r t i c a l  pro- 
f i l e s  complement the  o r b i t a l  paths of satellites i n  completing the  complex 
p i c t u r e  of the  erivironment of the  Earth.  
proved out  on sounding rockets  provide a test of f e a s i b i l i t y  f o r  s # a t e l l i t e  
experiments and g r e a t l y  improve the  chances of  ob ta in ing  usefu l  da ta .  

Instrumentat ion and techniques 

The f iscal .  years 1964 and 1965 budgets support  a l e v e l  of  about 115 
f l i g h t s  each ao c:ompared with 78 f l i g h t s  supported by the  f i s c a l  year 1963 
budget. I n  adt1it:ion t o  the  g r e a t e r  number of f l i g h t s ,  g r e a t e r  use w i l l  be 
made of l a r g e r  vehic les  as more emphasis is placed on f l i g h t s  with a s t r o -  
nomical ins  trunierits and geophysical experiments designed t o  correLate  two or 
more measurements. 

I n  studiec; of the atmosphere, f l i g h t s  are planned using spectrometers t o  
analyze the campposition of the  atmosphere and the  chemical r eac t ions  caused 
by the  i n t e r a c t i o n  of s o l a r  r a d i a t i o n  with the  atmosphere. Rocket payloads 
designed t o  col.lect cosmic dust  and upper atmospheric gases  are being 
developed. S tudies  of atmospheric s t r u c t u r e  w i l l  be continued, employing 
chemical r e l eases  and small spheres .  Chemical releases w i l l  a l s o  lbe used t o  
induce chemical. r eac t ions  as a bas i s  f o r  s tudying the  composition of the  
atmosphere and t o  s imulate  the  reac t ions  caused by n a t u r a l  phenomena. 

F l i g h t s  will. be made t o  s tudy  the  q u i e t  ionosphere during so1,ar minimum 
as a p a r t  of the  In t e rna t iona l  Quiet Sun Year. Rockets w i l l  be launched con- 
t a in ing  two capsules t o  demonstrate the  f e a s i b i l i t y  of ob ta in ing  ionospheric 
measurements by t:ransmissions between two c lose ly  spaced spacec ra f t .  

S tudies  of the sun w i l l  be made with spectrographs,  coronagraphs, and 
spectrohel iographs.  These f l i g h t s  are c lose ly  assoc ia ted  with the  develop- 
ment of instrumentat ion f o r  OS0 and AOSO. 
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Astronomical observations of the stars, planets, and interstellar matter 
will be made :Ln the ultraviolet, X-ray, and radio regions of the electromag- 
netic spectrum. 
for experimentas to be flown on planetary spacecraft, the OAO, and radio 
astronomy Expllmers . 

These flights will provide useful preliminary information 

Sounding rockets will continue to be used throughout the decade in con- 
junction with (satellite observation to obtain a comprehensive picture of the 
environment of the darth during the rise of the solar cycle and as an ztid in 
the development of astronomical Instrumentation. The cost of the program is 
expected to average about $17,000,000 per year. 



RESEARCH AND DEVELOPPiENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS LUNAR AND PLANETARY PROGRAM 

PROGRAM OBJECEVES AND JUSTIFICATION: 

The o b j e c t i v e  of lunar  and p lane tary  explora t ion  i s  t o  ob ta in  sig;nifi-  
can t  s c i e n t i f i c  data  from the  moon, o t h e r  bodies of  t h e  s o l a r  system and 
from in t e rp l ane ta ry  space. In  t h e  a rea  of  lunar  explora t ion ,  an immediate 
ob jec t ive  of  t he  program i s  t o  o b t a i n  s c i e n t i f i c  information and design data 
required f o r  manned lunar  landings.  
t he  program seeks to  expla in  t h e  o r i g i n ,  e a r l y  h i s t o r y ,  and mechainismi; of 
development of t he  s o l a r  system. Determination of  t h e  in t e rp l ane ta ry  and 
p lane tary  space environments and t h e  development of spacecraf t  capable  of  
car ry ing  s c i e n t i f i c  payloads are prime ob jec t ives  providing the  means t o  
accomplish t h e  s c i e n t i f i c  ob jec t ives  of t he  f l i g h t  program. 

By a c q u i s i t i o n  of  more general  knowledge, 

Lunar Program 

A p r i n c i p a l  s c i e n t i f i c  o b j e c t i v e  of  t h e  lunar  program i s  the  explora t ion  
of t he  moon and i t s  environs f o r  information on t h e  su r face  s t r u c t u r e ,  
physical  p rope r t i e s  of t h e  su r face ,  and mechanisms of  formation of thle s u r -  
f ace  f ea tu res .  Information pe r t a in ing  t o  t h e  h i s t o r y  of  t h e  earth-moon 
system and perhaps on t h e  o r i g i n  of o t h e r  p lane tary  bodies may be unclwered 
from t h e  s t u d y  of lunar  sur face .  The moon, lacking i n  atmosphere, has  not 
been subjected t o  t h e  e ros ions  of wind and water and may, t h e r e f o r e ,  pre- 
serve  a record of t h e  e a r l y  h i s t o r y  of t h e  s o l a r  system which may be l o s t  
forever  on e x t r a t e r r e s t r i a l  bodies which have apprec iab le  atmospheres. 

Ground-based observat ions and research are cont inuing i n  t h e  areas of lunar 
mapping, environmental data c o l l e c t i o n ,  and prepara t ion  of  S c i e n t i f i c  models 
pr imari ly  for. manned systems engineering and opera t ions  planning, Four 
Ranger f l i g h t s  planned f o r  t h e  present  calendar  year  w i l l  y i e l d  g rea t ly  
improved lunar  topographical  data  with t e l e v i s i o n  p i c t u r e s  from 1,000 miles  
d i s t ance  through t o  lunar  impact. Following Ranger, t h e  Surveyor s e r i e s  of  
lunar  landing spacecraf t  a r e  planned f o r  1965 and 1966 t o  ob ta in  a v a r i e t y  
of d e t a i l e d  I-nformation from t h e  su r face  of t h e  moon such a s  su r face  physical  
and chemical. p r o p e r t i e s ,  t e x t u r e  and hardness,  lunar  seismic a c t i v i t 3  and 
meteor i te  environment. The Lunar O r b i t e r  series of spacecraf t  i s  planned 
t o  y i e ld  high r e so lu t ion  photography of t h e  lunar  su r face  and t o  procide 
data on t.he inass d i s t r i b u t i o n  of t he  moon i n  1966. 
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Planetary Propram 

With t h e  success of  t h e  Mariner I1 mission t o  Venus i n  1962, t:he United 
S t a t e s  achieved an unqual i f ied  " f i r s t "  i n  space explorat ion.  
s c i e n t i f i c  data were obtained a s  t h e  Mariner I1 spacecraf t  flew by t h e  iplanet. 
A Mariner fly-by mission t o  Mars is planned f o r  1964 with a 500-pound sipace- 
c r a f t  t o  obtain t e l e v i s i o n  p i c t u r e s  of t h e  p l ane t  and attempt t o  dc r t ec t  
atomic oxygen and hydrogen i n  t h e  Martian atmosphere. Work is  c u r r e n t l y  
underway leading t o  an improved fly-by mission t o  Mars in 1966 using t h e  
Centaur launch vehic le .  
t o  measure in t e rp l ane ta ry  phenomena a t  g rea t  d i s tances  from t h e  ear th .  

Many use fu l  

Pioneer missions a r e  planned t o  commence :in 1965 

SUMMARY OF RESOUFCES REQUIREMENTS : 

1965 --- 1963 1964 

Supporting research and 
technology,, ................... $ 22,205,000 $ 19,000,000 $ 18,1OC~,OOO 

Manned space science ............ --- 4,200,000 11, OOCi ,000 
Ranger.. .... ,,. ................... 88,816,000 52,200,000 10,80C1,000 

Lunar o rh i t a r . .  ................. 4,000 20,000,000 49 3OO,OOO 
Mariner....,,.................... 42,777,000 59,100,000 54,10(1,000 

Surveyor lander.. ............... 66,386,000 98,600,000 136 . 000,000 

Pioneer. .......................... 2,614,000 17,700,000 21,100* 000 

Tota l  c:osi:,s.. ................. 9222,802,000 $270,800,000 $300~40~J,000 
v-7 

BASIS OF FUND RE(2UIREMENTS 

Supporting Research and Technology 

1963 1964 1965 --- 
Lunar and planetary science. .  ... $13,039,000 $12,300,000 $1.1,50~1,000 
Advanced technica 1 development.. 6,097,000 4,400,000 4,101'3,000 
Advanced studies................ 3,069,000 2,300,000 - 2,500,000 

Tota l  'costs................... $22,205,000 $19,000,000 ~H8,lOO.OOO --- 
Supporting zesearch and technology provides t h e  lunar  and p lane tary  

programs the  c a p a b i l i t y  t o  c a r r y  out  v i t a l  work not s p e c i f i c a l l y  ia p a r t  of 
cu r ren t ly  appr,oved f l i g h t  missions.  

Much of the! supporting s c i e n t i f i c  research involves exploring the  moon 
and p l ane t s  w i t h ,  equipment based on Earth.  
s o l a r  system can be gathered more r ead i ly  i n  t h i s  way than from f l i g h t  
missions. 
addi t iona l  data f o r  comparisons of experimental r e s u l t s .  The combined 
a t t a c k  on the! mystery of Venus by Mariner I1 and i n f r a r e d  measureiments a t  

I n  many a r e a s  information on t h e  

Earth-based research complements t h e  f l i g h t  programs b y  providing 
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Palomar i s  a g;ood example o f  how basic  s c i e n t i f i c  research complements f l i g h t  
experiments. 
f l i g h t  missioris a r e  necessary t o  ob ta in  data which cannot be obtained by 
ea r th  measurements. 

This work i s  of f u r t h e r  value i n  i s o l a t i n g  those a r e a s  where  

Supporting research provides t h e  background information around which 
f l i g h t  experiments a r e  designed. Promising experiments receive t h e i r  i n i t i a l  
funding under t h e  program and many eventual ly  become f l i g h t  experiments. The 
Mariner II magnetometer which discovered t h a t  Venus d i d  not  have an appreciab1.e 
magnetic f i e l d .  o r i g i n a t e d  i n  t h e  support ing research and technology pxogram, 
a s  d i d  t h e  p1.arnna probe and magnetometer f o r  t h e  calendar  year 1964 Mars f ly -  
by missions .and t h e  lunar seismometer and a lpha -pa r t i c l e  s c a t t e r i n g  experi-  
ments selected for sof t - landing missions on Surveyor. 

Recent ground-based i n v e s t i g a t i o n s  have l e d  t o  t h e  conclusion t h a t  t h e  
Martian atmosphere may be f a r  more tenuous than was previously expected. 
This  problem must be solved before  e n t r y  capsules  can be  designedl t o  en te r  
t h e  Martian atmosphere and success fu l ly  r epor t  condi t ions on t h e  surface.  

The advanced t echn ica l  development program focuses on t h r e e  areal; where 
improvements i n  t h e  engineering a r t s  w i l l  most inc rease  t h e  probebili 'cy of 
successful  p l ane ta ry  missions: communications, guidance and c o n t r o l ,  and 
s t e r i l i z a t i o n  of p l ane ta ry  spacec ra f t  and en t ry  capsules. 
communications over 100 m i l l i o n  m i l e  d i s t ance  r equ i r e s  very powerful trans- 
mi t te rs  and very s e n s i t i v e  r ece ive r s  on e a r t h ,  and a s e n s i t i v e  ye t  durable 
system aboard t h e  spacecraf t .  Communications can be maintained only i f  t h e  
guidance and c o n t r o l  s y s t e m  of an  i n t e r p l a n e t a r y  spacec ra f t  funccions prop- 
e r l y  t o  hold, t h e  spacec ra f t  i n  t h e  proper a t t i t u d e .  The system must operate  
without faiI.urt! and without r e p a i r  over per iods approaching nine months i n  
o rde r  t o  a s s u r e  success of missions t o  Mars. 

Maintaining 

One o f  t h e  major o b j e c t i v e s  of NASA i s  t h e  search f o r  e x t r a t e r r e s t r i a l  
l i f e .  Spacecraft  t o  b e  landed o r  impacted on t h e  p l a n e t s  must be more than 
s u r g i c a l l y  s t e r i l e  t o  prevent contaminating t h e  p l ane t s  with e a r t h l y  organisms. 
One o f  t h e  m o s t  d i f f i c u l t  problems encountered has  been s t e r i l i z i n g  c l ec t ron ic  
components without reducing t h e i r  r e l i a b i l i t y  and u s e f u l  l i f e t ime .  E ~ t e r i l i z a -  
t i o n  technology must improve s i g n i f i c a n t l y  before  p lane tary  1and.ing missions 
are attempted. 

The advanced s t u d i e s  e f f o r t  i s  e s s e n t i a l  t o  f u t u r e  lunar and planetary 
mission planning. Studies  of space f l i g h t  mechanics and planetary t r a  jec- 
t o r i e s  e s t a b l i s h  favorable  launch oppor tun i t i e s  and t h e  energies required.  
Comparing these  energy requirements with launch veh ic l e  performance y i e l d s  
con t ro l  weights f o r  spacec ra f t  planning. Missions s tud ied  i n  f i s c a l  year 
1963 included a spacecraf t  t o  examine t h e  Sun from i n s i d e  t h e  o r b i t  of 
Mercury, and Voyager, a spacecraf t  which would o r b i t  Mars o r  Venus and land 
a capsule  the re .  
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Under the  o v e r a l l  d i r e c t i o n  o f  t h e  Of f i ce  o f  Space Science and Applica- 
t i o n s  , t h i s  work i s  c a r r i e d  ou t  i n  u n i v e r s i t i e s  , i n d u s t r i a l  research 1.abora- 
tor ies ,  and NASA f i e l d  cen te r s .  Funds requested f o r  f i s c a l  year  1965 . d i l l  

support a continmation of about t h e  same l e v e l  of e f f o r t  being c a r r i e d  ou t  
i n  t h e  current. f i s c a l  year. 

Manned Space Science 

1965 --- 1963 1964 

Supporti.ng research and 

Manned s a t e  Llite science.  ....... --- 900,000 3,1C10,000 
Manned luna:: science.. .......... --- 2,100,000 - 5,8CiOI 000 

technology. .................... --- $1 , 200,000 $2 , , loo,  000 

To ta l  cos t s . .  ................. $4,200,000 

Manned space science supporting research and technology w i l l  pro\ride 
s c i e n t i f i c  dia ta  f o r  t h e  engineering and ope ra t iona l  development of manned 
spacecraf t  s:ystems, e s p e c i a l l y  Apo l lo .  This cont inues environmental data 
c o l l e c t i o n  a c t i v i t i e s  previously funded under t h e  manned spacecraf t  program 
and c e r t a i n  a c t i v i t i e s  previously funded a s  a p a r t  o f  t h e  unmanned l u n a r  
program. 
r a d i a t i o n ,  and micrometeoroids a s  they may e f f e c t  a s t ronau t s  and manned 
spacec ra f t  on lunar missions. E f f o r t s  leading t o  t h e  determination oE 
s u i t a b l e  lunar landing s i tes  f o r  Apollo f l i g h t s ,  including est imat ion o f  
lunar surface bear ing s t r eng th ,  w i l l  be continued. These supporting research 
a c t i v i t i e s  include t h e  conduct o f  ground-based research,  coordinat ion o f  data 
c o l l e c t i o n  e f f o r t s  on unmanned f l i g h t  p r o j e c t s ,  and t h e  prepara t i~on  of s c i -  
e n t i f i c  models, c h a r t s ,  and maps f o r  engineering and operat ions planning. 

Work w i l l  be  conducted t o  evaluate  t h e  hazards of s o l a r  f la - res ,  

Manned s a t . e l l i t e  science and nianned Lunar science p r o j e c t s  provide f o r  
planning an4 development o f  s c i e n t i f i c  i nves t iga t ions  t o  be performed by man 
i n  space. The experience o f  t h e  Of f i ce  o f  Space Science and Applications i n  
t h e  f i e l d  o f  s c i e n t i f i c  experiment development is  being u t i l i z e d  through t h e  
management of t h i s  p ro j ec t  t o  a s s u r e  t h a t  t h e  maximum s c i e n t i f i c  b e n e f i t  i s  
r e a l i z e d  from man's unique c a p a b i l i t i e s  a s  a s c i e n t i f i c  observer.  Specif ic  
experiments w i l l  be developed through t h e  var ious f i e l d  c e n t e r s  both in-  
house and by con t r ac t .  

F i s c a l  :year 1964 funds a r e  being used f o r  t h e  design, development and 
procurement o f  experiments and s c i e n t i f i c  equipment f o r  e a r l y  Gemini and 
Apollo f l i g h t s  and f o r  t he  s c i e n t i f i c  t r a i n i n g  of t h e  cu r ren t  a s t ronau t s .  
The Gemini eKperiments include i n v e s t i g a t i o n s  o f  t h e  Earth and i t s  upper 
atmosphere i n  which t h e  human observer  can make a unique contr ibut ion.  
increased Ciapa'bility o f  t h e  Gemini spacec ra f t  w i l l  permit expansion of t h e  
experimental work accomplished i n  p r o j e c t  Mercury. Experiments i n  t h e  f i e l d s  
of astronomy and biology a r e  a l s o  under development f o r  Gemini. By t h e  c l o s e  
of f i s c a l  year 1964 t h e  preliminary s e l e c t i o n  of promising s c i e n t i f  i d :  experi-  
ments f o r  p r o j e c t  Apollo w i l l  have been made and development w i l l  be underway 

The 
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on those investrigations t h a t  w i l l  r equ i r e  s e v e r a l  years  t o  prepare f o r  conduct 
i n  space. 

The f i s c a l  year 1965 funds a r e  required t o  continue development of Gemini 
s c i e n t i f i c  apparatus and t o  procure f l i g h t  hardware. 
be provided i n  the  var ious s c i e n t i f i c  d i s c i p l i n e s  w i l l  enhance t h e  e f f ec t ive -  
ness of t h e  a s t ronau t s  a s  s c i e n t i f i c  observers  on both Gemini and Apollo 
missions.  The procedures f o r  conducting inves t iga t ions  w i l l  be  ground 1:ested 
by the  a s t ronau t s  i n  mission simulation sequences. Design and development of 
Apollo s c i e n t i f i c  equipment w i l l  b e  w e l l  underway and procurement o f  proto- 
type and long lead t i m e  f l i g h t  equipment w i l l  b e  i n i t i a t e d .  Since a s t ronau t  
stay-time on t h e  lunar su r face  w i l l  be l imi t ed ,  a wide v a r i e t y  o f  l i gh t -we igh t ,  
po r t ab le ,  and highly r e f ined  equipment i s  planned t o  permit optimum obslzrvation 
o f  su r face  phenomena and t h e  c o l l e c t i o n  and preservat ion of samples of surface 
f ea t u r  e s  . Long,- 1 i f  e instruments , equipped f o r  Moon- to-Ear t h  data tiransinis s ion  , 
w i l l  be  developed f o r  emplacement by a s t ronau t s  a t  po in t s  of i n t e r e s t  near t he  
landing s i t e .  
the  National Acadlemy of Sciences,  NASA w i l l ,  through t h i s  p r o j e c t ,  develop 
c r i t e r i a  f o r  t h e  s e l e c t i o n  of s c i e n t i s t  a s t ronau t s  'for lunar missions. A 
very small  l e v e l  of e f f o r t  i s  planned t o  continue d e f i n i t i o n  of s c i e n t i f i c  
i nves t iga t ions  appropr i a t e  f o r  extended missions near Ear th  and on t h e  Won. 

Background t r a i n i n g  t o  

Consistent with recommendations o f  t he  Space Science Board of 

Ranger - 
1965 --- 1963 1964 

Spacecraft . ,  ...................... $32 . 100,000 $29,100,000 $ 7 . OOC~,OOO 
Experiments. ..................... 14,500,000 5,700 , 000 1 , 4OC1,OOO 
Ground operations. .  ............. 9 , 800,000 6 , 200,000 40C1 , 000 
Launch vehic: Le:;. ................ 32,416,000 11,200,000 - 2 , O O ( l ,  000 

T o t a l  c:osf:s. .................. $88,816,000 $52,200,000 $10,80O, 000 --- 
The speciEic o b j e c t i v e  of t h e  next four  Ranger f l i g h t s  (Rangers A-D) i s  

t o  o b t a i n  t e l e v i s i o n  p i c t u r e s  of t h e  lunar su r face  which w i l l  bene f i t  hoth 
t h e  S c i e n t i f i c  program and t h e  United S t a t e s  manned l u n a r  program. 
p i c t u r e s  should be a t  l e a s t  an o rde r  of magnitude b e t t e r  i n  r e so lu t ion  than 
any a v a i l a b l e  earth-based photography. 

These 

The f a i l u r e  of Ranger V ,  which was launched i n  October 1962, led  t o  an 
extensive redesign and r e t e s t  e f f o r t  i n  o rde r  t o  increase t h e  probabil:i.ty o f  
success on f u t u r e  f l i g h t s .  This e f f o r t ,  which caused t h e  launch schediile f o r  
Ranger A t o  s l i p  t o  t h e  f i r s t  qua r t e r  of 1964, has  now been completed ;and 
tes t  r e s u l t s  on t h e  c u r r e n t  spacec ra f t  have been very encouraging, i n d i c a t i n g  
t h a t  t h e  o b j e c t i v e s  of  t h e  redesign have been a t t a ined .  

Instead of t h e  hard-landing capsule  and bus experiments of t h e  ea cly 
Rangers, t he  payload f o r  t h e  next series w i l l  c o n s i s t  o f  s i x  te le i r is iol i  
cameras mounted i n  a "tower" on t h e  bus. 
i n t o  t h e  bus t o  a t t a i n  high r e l i a b i l i t y .  The t e l e v i s i o n  system w i l l  begin 

Improvements have been incorporated 
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opera t ion  a t  approximately 1,000 miles  above t h e  lunar su r face  and w i l l  con- 
t i nue  u n t i l  impact, with t h e  q u a l i t y  of t h e  l a s t  p i c t u r e s  s u f f i c i e n t  t o  
i d e n t i f y  an object a few f e e t  i n  diameter. 

Five add i t iona l  f l i g h t s  beyond t h e  n in th  were planned but  have been 
cance l led  i n  the  i n t e r e s t  of  economies i n  t h e  t o t a l  NASA program. 
s e r i e s  of  f l i g h t s  was planned t o  impact t h e  lunar  su r face  with surv ivable  
capsules.  

This 

The Office! o f  Space Science and Applicat ions,  NASA Headquarters, i s  
responsible  f o r  t h e  o v e r a l l  management of  t h e  Ranger program. 
f o r  p ro jec t  management is assigned t o  t h e  Jet Propulsion Laboratory. 
spacecraf t  was designed by t h e  J e t  Propulsion Laboratory and i s  being 
f ab r i ca t ed  by t h e  Laboratory a s  an in-house e f f o r t .  The t e l e v i s i o n  system 
i s  being pXocci~-eci from t h e  Astro-Electronics  Division of Radio Corporation 
of  America . 

Respons ib i l i ty  
T h e  

F i s c a l  year 1963 funds were used pr imar i ly  t o  conduct the  ex tens ive  
redesign and r e t e s t  e f f o r t  on t h e  Ranger A-D s e r i e s  and to  i n i t i a t e  prccure- 
ment of  long leati t i m e  f l i g h t  equipment. 
used t o  complete and launch Ranger V and to  develop a prototype hard-landing 
photographic capsule.  
t e s t  and launcliing o f  Rangers A-C and were used f o r  s ix  months of  e f f o r t  on 
f i v e  impacters p r i o r  t o  cance l l a t ion .  The f i s c a l  year 1965 funds w i l l  be 
used f o r  f i n a l  t e s t i n g  and launch of t h e  n in th  Ranger and f o r  pos t  launch 
da t a  eva lua t i o  n . 

I n  add i t ion ,  some of  t h e  funcls were 

F i s c a l  year 1964 funds a r e  being used f o r  t h e  assembly, 

Surveyor Lander 

1963 1964 1965 

Spacecraft . .  .................... $45,386,000 $57,200,000 $64,409,000 
Experiments..................... 4,02 1,000 4,700,000 1~1,601), 000 
Ground operations............... 3,079,000 4,700,000 6,0013,000 
Launch vehic l e s  ................. 13,900,000 32,000,000 fi4,0013,000 

Tota l  costs................... $66,386,000 $98,600,000 ~ 3 6 , 0 0 0 , 0 0 0  
_I-- 

The Surveyor spacecraf t  i s  being developed t o  accomplish t h e  f i r s t  s o f t  
landings on ttte Moon. On t h e  lunar su r face ,  it w i l l  survey var ious landing 
a reas  of i n t e r e s t  a s  poss ib l e  s i t e s  f o r  l a t e r  manned landings and make 
measurements t o  improve our understanding of the  na tu re  of t he  Moon. Landed 
Surveyors wi1.1, t ransmit  t o  Earth a v a r i e t y  of  da t a ,  such a s  h igh- reso lu t ion  
t e l e v i s i o n  p i c t u r e s  of t he  lunar  t e r r a i n  and su r face  t ex tu re ,  measurerrents 
of  t h e  su r face  hardness and o t h e r  physical  and chemical p r o p e r t i e s ,  lunar 
seismic a c t i v i t y ,  and t h e  meteor i te  environment near  t h e  surface.  

The Surveyor mission r equ i r e s  t h e  development of  a technology fair more 
advanced than t h a t  employed i n  t h e  Mariner I1 and Ranger spacecraf t .  
only must Suirveyor navigate  through the  space between the  Earth and the  Moon, 
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but  it must :tiand s o f t l y  on t h e  Moon, e s s e n t i a l l y  by backing down a multi-stage 
rocket t o  a Lmding 240,000 m i l e s  and 66 hours removed from t h e  launctiing s i t e .  

The Surveyor spacec ra f t  system i s  being developed f o r  NASA by thc: Hughes 
A i r c r a f t  Company under c o n t r a c t  t o  t h e  Je t  Propulsion Laboratory. Mailor con- 
t r a c t o r s  a r e  'Thiokol/Elkton for t h e  main r e t ro - rocke t ,  Thiokol Reaction 
Motors D i v i s i m  f o r  the  ve rn ie r  propulsion system, and Ryan E1ectronic.s f o r  
t h e  a t t i t u d e  and veloci ty-sensing radars .  

Current year funds have been pr imari ly  devoted t o  developmental 1:esting 
and refinement of components and subsystems, system t e s t i n g  o f  t h e  p roo f - t e s t  
spacec ra f t ,  and hovering and drop tests from a balloon which s imulate  the  
f i n a l  landing on t h e  Noon. 

F i s c a l  year 1965 funds w i l l  be used f o r  completion of system funct ional  
t e s t i n g ,  environmenta 1 t e s t i n g  (thermal-vacuum, shock, and vibrat:ion) , mission- 
simulation t e s t i n g ,  f i e l d  crew t r a i n i n g  by mock ope ra t ions ,  and t .es ts  of 
dynamic models on Centaur development f l i g h t s .  Development of t h e  ba s ic  
Surveyor spacecraf t  system is  expected to  be e s s e n t i a l l y  completed a n i  t e s t  
f l i g h t s  s t a r t e d  during f i s c a l  year 1965. 

Lunar Orb i t e r  

1963 1964 1965 

Spacecraft............,.....,... $4,000 $20,000,000 $3 1,600,000 

--- --- 15,500,000 Launch veh,j.cl.es.. ............... Ground operat ions ............... - -- --- 2,200,000 

Total  cos t s . .  ................. $4,000 $20,000,000 :$49,300,000 .- 
The primary mission of t h e  Lunar Orb i t e r  is t o  conduct photoreconnais- 

sance of the: Moon. From i t s  o r b i t ,  t h e  s a t e l l i t e  w i l l  make s c i e n t i f i c  
measurementsi of t h e  Noon and i t s  environs i n  add i t ion  t o  i t s  photographic 
mission. Analysis of t h e  Lunar O r b i t e r ' s  o r b i t  w i l l  h e lp  determine t h e  mass 
d is t r ibu t . ion  of t h e  Moon. Only a lunar s a t e l l i t e  can provide t h i s  information 
on mass clistitibution which i s  c e n t r a l  to  any discussion of the  o r i g i n  of  t h e  
Earth-Moon system, and i s  r e l even t  t o  r e c o n c i l i a t i o n  of t he  c o n f l i c t i n g  
theo r i e s  o f  t h e  o r i g i n  o f  t he  s o l a r  system. 
d i s t r i b u t i o n  are c l o s e l y  l inked with questions of t h e  seismic a c t i v i t y  of t h e  
Noon, i t s  r a d i o a c t i v i t y ,  and t h e  cha rac t e r  of t h e  lunar surface.  T h e  Orb i t e r  
data w i l l  b e  very valuable  i n  evaluat ing and c o r r e l a t i n g  t h e  s c i e n t i f i c  
observations made by t h e  Surveyor Lander. 
used t o  screen out  obviously undesirable  s i tes  i n  which t o  place t h e  Surveyor 
and then t o  team with the  landed Surveyor i n  t h e  v e r i f i c a t i o n  of s u i t a b l e  
s i tes  f o r  t iw ,4pollo landings. 

I r r e g u l a r i t i e s  i n  lunar mass 

The Orb i t e r  photography w i l l  be 

Early planning f o r  a lunar o r b i t e r  had considered an Atlas-Centaur 
launched spalzecraft. I n  1963, advances i n  spacec ra f t  technology and t h e  
growth i n  payload c a p a b i l i t y  of t h e  Atlas-Agena launch v e h i c l e  mlade ii lunar 
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o r b i t e r  i n  t h e  800 pound c l a s s  f eas ib l e .  Consequently, t h e  decis ion vas  made 
t o  design a spacecraf t  f o r  t h e  Atlas-Agena launch vehicle .  The f i r s t  o r b i t e r  
is  planned t o  be  launched ea r ly  i n  calendar  year 1966 with following f l i g h t s  
a t  t he  approximate r a t e  of  one each qua r t e r ,  

Pro jcxt management r e s p o n s i b i l i t y  has  been assigned t o  Langley Research 
Center and laiinch veh ic l e  systems management t o  L e w i s  Research C e n t e r .  Pro- 
posa ls  f o r  design and f a b r i c a t i o n  of t h e  Orb i t e r  spacecraf t  were requested 
from indus t ry  i n  October 1963, and the  Boeing Company was se l ec t ed  i n  
December 1963. 

Funds provided i n  f i s c a l  year 1964 a r e  being u t i l i z e d  t o  in i t i a t c :  the  
spacecraf t  development con t r ac t  and w i l l  c a r r y  t h e  spacecraf t  through design 
and prototype f ab r i ca t ion .  F i s c a l  year  1965 funding w i l l  provide fo r  f a b r i -  
ca t ion  of f l i g h t  hardware and t h e  i n i t i a l  payment on Atlas-Agena launch 
vehic les .  The t e n - f l i g h t  program is est imated t o  cos t  about $225 mi l l ion .  

Mariner 

1365 --- 1963 1964 

Spacecraft...........,.......... $29,802,000 $27,300,000 $25,100,000 
Experiments..................... 1,333,000 8,100,000 8,600,000 
Ground operations................ 6,830,000 10,000,000 9 ,5  00,000 
Launch Vehicles................. 4,812,000 13,700,000 -10,900,000 

Tota l  costs . .  ................. $42,777,000 $59,100,000 ~$54,1,00,000 .- 
Mariner is t h e  United States'program t o  explore  the  p lane ts .  F l i g h t s  

t o  the  pI.ane!t:s a r e  extremely d i f f i c u l t  space missions because e x i s t i n g  
launch vehic::Le systems a r e  s t r a i n e d  t o  the  utmost by energy requirements, 
and t h e  stat:(: of t h e  a r t  of spacecraf t  technology by f l i g h t  durat ion.  
System 1ifet::imes on the  order  of nine months must be a t t a ined ,  ye t  rcdun- 
dancy which is des i r ab le  f o r  r e l i a b i l i t y  must be minimized due t o  weight 
l imi t a t ions .  IIlanetary explora t ion  w i l l  proceed i n  th ree  phases: f l j - b y  
missions :, f I:y-by missions with landing capsules  or probes, and spacec r a f t  
which include both a landing module and an  o r b i t i n g  module. 

Launch veh ic l e  c a p a b i l i t y  has r e s t r i c t e d  t h e  e a r l y  Mariners t o  f ly-by 
missions,  The Atlas-Agena launch veh ic l e  which provided 447 pounds fo r  
t h e  highly si iccessful Mariner I1 i n  1962, has been improved so t h a t  mer 
500 pounds are a v a i l a b l e  fo r  t h e  1964 Mars mission. 
a t t i t u d e  s t a b i l i z e d ,  r e ly ing  on Earth,  Sun, and star sensors  fo r  or iemtat ion,  
and on s o l a r  panels  for  power. 
f i e l d s ,  and particle f luxes  i n  interp1anetar.y space enroute ,  
w i l l  t ake  t e l e v i s i o n  photographs of t h e  Martian sur face  as it f l i e s  hy and 
attempt t o  dcatect atomic oxygen and hydroger; i n  t he  atmosphere. 

Mariner Spacecraft  a r e  

The spacecraf t  measures micrometeorojd impact%, 
The 1904 Mariner 
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Development. o f  t h e  Centaur launch veh ic l e  t o  ope ra t iona l  s t a t u s  w i l l  
permit a g r e a t l y  i.mproved fly-by mission i n  1966, which w i l l  b u i l d  on data 
from t h e  e a r l i e r  f l i g h t s  through t h e  use o f  more soph i s t i ca t ed  instrumenta- 
t i on .  

The Jet  Propulsion Laboratory i s  responsible  f o r  management of t h e  
Mariner program arid w i l l  b u i l d  t h e  spacec ra f t  in-house. L e w i s  Research 
Center has  r e s p o n s i b i l i t y  f o r  procurement of both t h e  A t  las-Agena and 
Centaur launch veh ic l e s  used i n  t h e  Mariner program. 

There have been r e p o r t s  of t e n  at tempts  t o  f l y  spacec ra f t  t o  t h e  p l a n e t s  
by t h e  Soviet  Union and two by t h e  United S t a t e s .  The Russians succeeded i n  
e j e c t i n g  on1.y t.vo from Earth o r b i t  i n t o  i n t e r p l a n e t a r y  t r a j e c t o r y ,  and these  
both f a i l e d  before  they reached t h e i r  ob jec t ives .  The United S t a t e s  achieved 
the  world's only p l ane ta ry  success when Mariner 11's microwave radioimeters 
made t h e i r  measurements on Venus on December 14, 1962. The funds appropriated 
f o r  f i s c a l  year 1963 paid f o r  t he  f i n a l  t es t  and checkout of Mariners I and 
11, and s t a r t e d  work on t h e  two 1964 f l i g h t s  to  Mars. 

The f iscal .  year 1964 funds w i l l  complete p a r t s  procurement, func t i cna l  
and type approval tests,  f a b r i c a t i o n  of t he  spacec ra f t ,  and systems t e s t s  
f o r  t h e  1964 Mars launches, a s  w e l l  a s  preliminary design and long lead t i m e  
procurement f o r  t h e  1966 mission. 
t he  f i n a l  asseml>ly, t e s t ,  checkout, and launch o f  t he  two Mars spacecraf t  i n  
la te  calender gear 1964, 
u n t i l  encounter. The balance of t h e  f i s c a l  year 1965 resources  w i l l  be 
appl ied t o  t h e  design and development of t h e  spacec ra f t  for t h e  calender years 
1966 and 1968-1'36'3 missions . 

The f i s c a l  year 1965 requirement is f o r  

Tracking w i l l  continue after launch f o r  n i n e  months 

Pioneer 

196: --- 1963 1964 

Spacecraft . . , , .  .................. $1,839,000 $11,000,000 $ 7,900,000 
Experiments,........., .......... 7 25,000 2,300,000 4,200,000 
Ground operat: ions.. ............. 50,000 300,000 900: 000 
h u n c h  vehic : L I Z ~  ................. --- 4,100,000 - 8 ,  loo., 000 

Tota 1 cost:;. .................. $2,614.000 $17,700,000 $21,100 *,, 000 --- 
Pioneer missions w i l l  u s e  small spacec ra f t ,  with long l i f e t i m e s ,  designed 

t o  measure i n t e r p l a n e t a r y  phenomena. I n  conjunction with t h e  In t e rp l ane ta ry  
Monitoring Probe, which measures t h e  near-Earth environment and the  planned 
Mariner missions,  Pioneer w i l l  enable t h e  United S t a t e s  t o  o b t a i n  simultane- 
ous s c i e n t i f i c  data a t  widely separated po in t s  i n  space,  measuring magnetic 
f i e l d s ,  s o l a r  plasma, cosmic r a y s ,  r ad io  propagation, and i n t e r p l a n e t a r y  
dust during t h e  I n t e r n a t i o n a l  Quiet Sun Year and beyond. Corre la t ion  w:.th 
s imi l a r  measurenents made i n  near-Earth o r b i t  w i l l  enable u s  t o  understiind 
b e t t e r  t hese  phenomena and the  i r i n t e r r e l a t i o n .  



I n  add i t ion ,  Pioneer w i l l  monitor s o l a r  phenomena near t h e  lolw p o m t  of 
s o l a r  a c t i v i t y ,  ,and w i l l  make measurements during t h e  buildup o f  activ:i.ty, 
and a s  the  maximum approaches. These data w i l l  c o n t r i b u t e  t o  scicntif:i.c 
knowledge of t ' h e  o r i g i n  o f  t h e  sun;  i t s  dynamics, composition, andl e f f e c t  
on t h e  Ea r th ' s  environment. A n  immediate u s e  f o r  t h i s  knowledge w i l l  1)e 
research d i r ec t ed  toward developing a method f o r  p red ic t ing  s o l a r  f l a r e s  
which would be a hazard to  manned space f l i g h t .  

Pioneer takes advantage of recent  and planned improvements i n  t h e  
r e l i a b l e  Deltqa launch vehicle .  Thrust augmentation w i l l  add t o  t h e  ex:iLsting 
c a p a b i l i t y  o f  t he  Del ta ,  and it  i s  planned t h a t  a spacecraf t  o f  about 140 
pounds w i l l  ble injected i n t o  an i n t e r p l a n e t a r y  o r b i t .  The f i r s t  fou r  Pioneer 
s i s s i o n s  w i l l  a l t e r n a t e  between o r b i t s  which c l o s e  t o  wi th in  75,000,0013 
miles of the  Sun and o r b i t s  which go outs ide Earth 's  o r b i t  t o  110,000,000 
miles  from t h e  Sun. The expected l i f e t i m e  w i l l  be  a t  l e a s t  s i x  mclnths, so 
t h a t  a reasonable launch r a t e  w i l l  permit simultaneous measurements from two 
Pioneers , a s  well a s  comparison of Pioneer data with In t e rp l ane ta ry  Monitor- 
ing Probe, anfd occasional ly  with Mariner spacec ra f t .  Rela t ive ly  simpli: 
design w i l l  ensure high r e l i a b i l i t y  i n  t h e  Pioneer spacec ra f t ,  which w i l l  be 
l a rge ly  a refinement of e x i s t i n g  technology. 

Responsibi l i ty  f o r  p r o j e c t  management rests with Ames Research Center. 
Under the  t echn ica l  d i r e c t i o n  o f  Ames, Space Technology Laborator ies  w i l l  
bu i ld  t h e  spacecraf t  under a f ixed  p r i c e ,  i ncen t ive  f e e  con t r ac t .  The Je t  
Propulsion Laboratory w i l l  provide t r ack ing  and da ta  acqu i s i t i on  s e r v i c e s ,  
while Goddard Space F l i g h t  Center i s  responsible  f o r  systems managemen;: of 
t h e  launch veh ic l e  procured from the  Douglas A i r c r a f t  Company. 

F i s c a l  year 1963 funds were used f o r  spacec ra f t  design and system 
development. F i s c a l  year 1964 funds a r e  being used t o  i n i t i a t e  procurement 
of t h e  f i r s t  four spacec ra f t  and launch veh ic l e s .  During 1964 t h e  proxotype 
w i l l  be developed, t e s t e d ,  i n t eg ra t ed  with t h e  s c i e n t i f i c  experiments and 
q u a l i f i e d  f o r  f l i g h t .  

The f i s c a l  year 1965 request  completes purchase of t h e  f i r s t  four  launch 
veh ic l e s  and almost a l l  of t h e  spacecraf t .  
f l i g h t  spacecraf t  should be completed e a r l y  i n  1965 and the  i n i t i a l  launch 
should occur i n  t h e  second q u a r t e r  of calendar  year  1965. These funds w i l l  
a l s o  pay f o r  possible  design modif icat ions t o  t h e  Pioneer spacec ra f t  asid 
select'ion and development o f  new experiments t o  f l y  on the  second b locc  of 
t h r e e  spacec ra f t ,  t h e  l a s t  of which would f l y  i n  1967. The t o t a l  program of 
seven f l i g h t s  is estimated to c o s t  about $70 mi l l i on .  

F i n a l  q u a l i f i c a t i o n  of t h e  f i r s t  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATE3 

OFFICE OF SPACESCIENCE AND APPLICATIONS SUSTAINING UNIVERSITI! PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

With i ts  establishment,  NASA was charged with expanding human knowledge 
of phenomena i n  t h e  atmosphere and space and preserving t h e  r o l e  of the  United 
States as a leader i n  aeronaut ica l  and space-related science and technology. 
As would be expec:ted i n  any undertaking of t h i s  complexity and soph i s t i ca t ion ,  
t he  need fo r  knowledge of almost i n f i n i t e  v a r i e t y  was immediately recognized, 
and it soon becmie apparent t h a t  t h e  e x i s t i n g  sponsored research a c t i v i t i e s  
could not u t i l i z e  f u l l y  t h e  a b i l i t i e s  of  our u n i v e r s i t i e s .  
the  Sustaining, Universi ty  Program w a s  planned and i n i t i a t e d  i n  f i s c a l  year 
1962 t o  increase  un ive r s i ty  p a r t i c i p a t i o n  i n  aeronaut ica l  and space science 
and engineering endeavors and t o  broaden NASA's sponsored research act ivi t ies .  

Accordingly, 

Un ive r s i t i e s  are the t r a d i t i o n a l  source of both new knowledge and highly 
t r a ined  manpower. 
of s c i e n t i f i c  t a l e n t  and t h e  development of s i g n i f i c a n t  and re levant  research 
c a p a b i l i t i e s  keep pace with t h e  demands of t he  na t iona l  space e f f o r t .  
Program objec t ives  are to:  (1) increase the  fu tu re  supply of S c i e n t i s t s  
and engineers required i n  space-related science and technology; (2 )  bui ld  
l abora to r i e s  urgemtly needed fo r  space research  i n  se l ec t ed  un ive r s i t i e s ;  
and, (3) improve t h e  u n i v e r s i t i e s '  r o l e  i n  support of NASA by encouragement 
of c r ea t ive  mul.t idisciplinary inves t iga t ions ,  development of new c a p a b i l i t i e s ,  
and consol idat ion o f  space-oriented activit ies.  These th ree  aspec ts  of t he  
Sustaining Universi ty  Program a r e  complementary t o  p ro jec t  sponsorled research 
and t o  each other .  

Only through a c a r e f u l l y  designed program can the  supply 

The 

The tralniing aspect  produces s k i l l e d  manpower, research s c i e n t i s t s ,  
technicians and in s t ruc to r s .  By September 1964, about 2,000 futurle s c i e n t i s t s  
and engineers o r i l ~ l  be i n  t r a i n i n g  i n  t h e  NASA program a t  a cumulative cos t  
through f i sca l .  year 1964 of  near ly  $36 mi l l ion .  
e s s e n t i a l  i.f t h e  s c i e n t i s t s '  a l ready d i f f i c u l t  undertakings are not t o  be 
hampered fu r the r  by unsui tab le  environments. Acquis i t ions i n i t i a t e d  through 
t h i s  aspect. of t h e  piogram and funded i n  f i s c a l  year 1964 and p r i o r  yea r s  
are intended t o  tidd approximately 855 thousand square f e e t  of  l abora to r i e s  
a t  a cumulativta cos t ,  of about $29 mi l l ion .  
high qua l i t y  research a t  se lec ted  i n s t i t u t i o n s  not  cu r ren t ly  p a r t i c i p a t i n g  
i n  the  space program, the  number of u n i v e r s i t i e s  and s c i e n t i s t s  involved i n  
a t tack ing  some of t h e  fundamental problems facing NASA has grown s i g n i f i c a n t l y .  
Through t h i s  por t ion  of t he  program, some $18 mi l l i on  at 70 i n s t i t u t i o n s  w i l l  
have been inveeted by t h e  end of f i s c a l  year 1964 t o  obta in  research r e s u l t s  
which w i l l  help t o  determine the  long-range course of  space technology. 

Adequate f a c i l i t i e s  are 

Addit ional ly ,  by supporting 
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SUMMARY OF RESOUI.~S m u m s :  
1963 

Training.. ...................... $14,145,000 
F a c i l i t i e s . . . ,  .................. 10,249,000 
Research.....,... ............... 6.206.000 

Tota l  costs................... 5 3 0 . 6 0 m  

BASIS OF FUND RaUIReMeJT S: 

1963 

Training.,.,, .................... $14,145,000 

1964 

$20,000,000 
12,000,000 
8.000~000 

1965 

$25,000,000 

--- 
10,000,000 
11.000 000 

1964 

$20,000,000 

1965 

$25,000,000 

--- 

The rapid development of t he  space program continues t o  place: inci:easingly 
severe demands on the  supply of highly t r a ined  s c i e n t i s t s  and engineers.  
demand is i n  t:wt general  d i rec t ions :  
p a r t i c i p a t e  dkrnct ly  i n  t h e  so lu t ion  of immediate problems confromting current  
space ac t iv i t i ew  and those required t o  conduct fu tu re  research,  teach new 
s tudents  i n  order t o  rep len ish  the  manpower pool, and evaluate  and orp,anize 
the  vas t  amounts of s c i e n t i f i c  data acquired through increasing space 
experimentation. 

The 
those technica l  personnel requi red  t o  

The predoctoral  research t r a i n i n g  program is designed t o  produce 1,000 
Ph,D's annually. This type of program has been s t rongly  reconmended by the 
Pres ident ' s  !Science Advisory Comnittee as necessary and reasonable. 
Comnittee s t a t e d  t h a t  a special e f f o r t  must be made i f  t he  supply of highly 
t ra ined  scientists and engineers i s  t o  keep pace with t h e  demand. 
fu r the r  determined that t h e r e  are adequate numbers of qua l i f i ed  s tudants  
ava i l ab le  who would not  en ter  graduate research t r a i n i n g  unless  new opportu- 
n i t i e s  were made avai lab le .  The Comnittee recommended t h a t  t he  annual out-  
put of Ph.D,,'n should reach a t  least 7,500 by the  year 1970, an increase of 
4,000 Ph.D,"s over the present  annual rate. 

The 

It w a s  

NASA's pxedoctoral  t r a i n i n g  program was s t a r t e d  with gran ts  t o  t e n  
u n i v e r s i t i e s  
a per iod  of t h ree  years ,  and a t  a t o t a l  cos t  
I n  f i s c a l  year 1963, 786 t r a inees  a t  88 un ive r s i t i e s ,  which included second 
grants  t o  t:ha first t en  i n s t i t u t i o n s  and grants  t o  78 new i n s t i t u t i o n s ,  were 
added a t  a t o t a l  cos t  of about $14 mi l l ion .  
i n  t r a in ing ,  but approximately 1,100 more new s tudents  a r e  to 'be added at B 
coat  of about $20 m i l l i o n  from f i s c a l  year 1964 funds. 
of 1,250 s tudents  i n  1965, 1,300 t o  1,400 i n  1966 and again i n  196:' w i l l  be 
made t o  a t t a i n  a l e v e l  of near ly  4,000 s tudents  i n  t r a in ing .  I n  s p i t e  of t h i s  
emphasis am t r a in ing ,  the  first graduates w i l l  not become ava i l ab l@ u n t i l  1965. 
It should be noted t h a t  no amount of money in j ec t ed  a t  some later date w i l l  
produce s c i e n t i s t s  o r  engineers i n  six months t o  ease some suddenly recognized 

for  the  support of t e n  graduate s tudents  a t  each u n i v e r s i t y  for  
of approximately $2 mfll ion.  

Present ly ,  only 886 s tudents  a r e  

Subseq~ent1.y~ addi t ions  
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manpower cris is. 

The t r a i n i n g  program provides three-year predoctoral  oppor tuni t ies  t o  
se lec ted  graduate s tudents  a t  qua l i f i ed  u n i v e r s i t i e s  o f f e r ing  Ph.D. degrees 
i n  space-related areas. As r e c i p i e n t s  of these  t ra ineeships ,  young, high- 
c a l i b r e  S c i e n t i s t s  and engineers w i l l  conduct research  i n  space-relattrd 
f i e l d s  while acquir ing a high level of individual  competence. 
t h i s  t r a in ing ,  t h e  s tudent  may remain a t  a un ive r s i ty ,  carrying out  Icing- 
range research and teaching t h e  "next generation'' o r  he m y  p a r t i c i p a t e  
d i r e c t l y  i n  cur ren t  research a c t i v i t i e s  of m e d i a t e  importance t o  the! space 
program a t  t h e  un ive r s i ty ,  i n  industry,  or within NASA. 

A t  t he  end of 

Individual  t r a i n e e s  are se l ec t ed  a t  t h e  un ive r s i ty  by senior  f acu l ty  
members who may supervise  t h e  research t r a i n i n g  of t he  s tudents ,  and are thus 
i n  the  bes t  pos:ltion t o  evaluate  t h e  c a p a b i l i t i e s  of  t h e  candidates.  The 
s t ipends granted are comparable t o  those o f f e red  by o ther  sources,  and the  
gran ts  are made through t h e  un ive r s i ty  t o  minimize movement of t he  s tudent .  
The grant  a l s o  :Lncludes an allowance t o  t h e  un ive r s i ty  t o  s t rengthen fts 
program i n  spinca-related science and technology. It may include such items 
as small amouiiti~ for  minor spec ia l ized  equipment, a modest amount for  course- 
content improvement, an appropr ia te  share  of spec ia l  f acu l ty  augmentation, 
as w e l l  as similar items normally covered by income from t u i t i o n  and fees .  

Special ized t r a i n i n g  fo r  s e l ec t ed  s tudents  of f e r s  t h e  s tudents  i d e n t i f  i- 
ca t ion  with NASA's goals  and problems and involves them d i r e c t l y  i n  the new 
programs of t h e  space age. I n  many cases the  s tudents '  professors  a re  a l s o  
engaged i n  spcico research a c t i v i t i e s .  
with NASA through contact  with s c i e n t i s t s  and experiments generated by 
experienced senior  inves t iga tors .  Such c lose  t i es  w i l l  provide the  t r a i n e e  
with add i t iona l  motivation for  t h e  cont inuat ion of  s t u d i e s  and p a r t i c i p a t i o n  
i n  the  na t iona l  space e f f o r t .  
incent ive thwy provide t o  undergraduates who look forward t o  similar 
p a r t i c i p a t i o n ,  

The s tudents  thus have a r e l a t ionsh ip  

A by-product of these  t r a ineesh ips  is t h e  

The predoctoral  t r a i n i n g  g ran t s  are aimed d i r e c t l y  a t  a l l e v i a t i o n  of a 
most cr i t ical  manpower def ic iency.  The t r a i n i n g  program a l s o  includes r e l a t e d  
a c t i v i t i e s  such as pos tdoc tora l  conversion of s c i e n t i s t s  des i r ing  t o  en te r  
space-related f i e l d s ,  enhancement of t h e  u t i l i t y  of people possessing unique 
c a p a b i l i t i e s ,  arid summer seminars for  c a r e f u l l y  se l ec t ed  s tudents  w i t h  
ou ts  tanding p o t e n t i a l  . 

1965 --- 1963 1964 

Reeearch and t r a i n i n g  i n  space-related science and techno1og:y a t  non- 
p r o f i t  s c i e n t i f i c  and educat ional  i n s t i t u t i o n s  i n  support of NASA's mission 
are o f t en  impeded by inadequacy o r  complete lack of e x i s t i n g  laboratory 
space. A1 though eome research s c i e n t i s t s  need only l imi ted  f a c i l i t i e s  in 
order t o  pursue t h e i r  t h e o r e t i c a l  s tud ie s ,  it is an  increas ingly  frequent 
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requirement that first-line space research  of  t h e  type needed by NASA neces- 
sitates the  use of more e labora te  equipment, such as computers, ec1ect:i:onic 
t e s t i n g  devices,  and environmental s imulators .  
must be provided f o r  t h i s  equipment as w e l l  as fo r  t h e  f acu l ty ,  4:raduiite 
s tudents ,  o ther  research  personnel and supporting services. 

Suf f i c i en t  laboratory space 

Besides r e l i e v i n g  t h e  cr i t ical  shortage of  working space fox groups now 
heavi ly  involved i n  research  pe r t inen t  t o  the  NASA mission, these! new 
f a c i l i t i e s  w i l l  make poss ib le  the  development and asseakbly of new mult i -  
d i sc ip l ina ry  research  groups which can more e f f e c t i v e l y  respond t o  NASA's 
needs than can innumerable dispersed smaller groups. 
f i v e  years a t o t a l  of some 75 u n i v e r s i t i e s  heavi ly  engaged in NAIA's programs 
are expected t o  requi re  over t h ree  mi l l i on  square f e e t  of 1aborat:orierls t o  
accomodate research and t r a i n i n g  i n  space-related work. Acquisitionili i n i t i a t e1  
through f i s c a l  year 1964 fo r  t h i r  p ro j ec t  are adding approximate1.y 851'5 thousand 
square f e e t  of laboratory space a t  a cos t  of  near ly  $29 mi l l ion .  
o rde r ly  and de l ibe ra t e  acqu i s i t i on  rate t o  help f u l f i l l  p a r t  of t:he remaining 
needs requi res  $10 mi l l i on  f o r  construct ion of an  add i t iona l  275 thouaand 
square feet of laboratory space. Thus t h e  u n i v e r s i t i e s  w i l l  be i n  a pos i t i on  
t o  undertake t h e  work of  which they are capable and which is requi red  i f  
a l ready  es tab l i shed  na t iona l  goals  i n  space are t o  be r ea l i zed .  

During t h e  next 

A continued, 

1965 --- 1963 1964 

The support of broad programs of space and aeronaut ica l  research ,  
s p e c i f i c a l l y  t a i l o r e d  t o  the  ind iv idua l  c h a r a c t e r i s t i c s  of  each un ive t s i ty ,  
a f fo rds  the  maximwn opportunity fo r  balancing and s t rengthening e x i s t  Lng 
work, and for  s t imula t ing  the  development and growth of  new ideari and t a l e n t .  
I n  t h i s  manner, t h e  space program obta ins  the  most vigorous,  p roduct i re  and 
c rea t ive  cont r ibu t ions  a un ive r s i ty  can provide. 

Many of t h e  s c i e n t i f i c  and technological  problems facing NASA r equ i r e  an  
understanding of t he  behavior of l a rge  and complex systems t h a t  resist piece- 
meal a t t ack ,  and t h e i r  so lu t ion  demand8 t h e  concerted and cooperative e f f o r t  
t h a t  u n i v e r s i t i e s  can provide by br inging together  t h e i r  many spe!cialLsts 
from the var ied  technica l  and S c i e n t i f i c  d i sc ip l ines .  Additional.ly, by 
supporting qua l i t y  research a t  se l ec t ed  i n s t i t u t i o n s  not cur ren t  1.y pa;\: t i c  i p a t  inl: 
i n  t he  space program, the  number of u n i v e r s i t i e s  a t t ack ing  some of t h s  funda- 
mental problems facing NASA is permit ted t o  grow and thus broaden the  base 
of the  nat ion '  8 research capab i l i t y .  By providing new 0pportunit:ies TO these  
i n s t i t u t i o n s  t o  p a r t i c i p a t e ,  many exce l len t  research  programs have already 
emerged and new t a l e n t s  and s k i l l s  have been developed. Through t h i s  por t ion  
of t he  program, some $18 mi l l i on  a t  70 i n s t i t u t i o n s  w i l l  have beem invested 
through f i s c a l  year 1964 t o  ob ta in  research  r e s u l t s  which w i l l  help t o  de te r -  
m h e  t h e  long-rauge course of space technology. 

For t h e  cont inuat ion and o rde r ly  growth of t h i s  special-purpose :i:esearch 
i n  f i s c a l  year 1965, approximately s i x t y  p ro jec t s  w i l l  be supportxd a t  a cos t  
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of $11million. 
supported in Eiscal year 1964, and the remaining 20 w i l l  be t o  u n i v e r s ~ t i e s  
participating in  t h i s  research program for the f i r s t  time. 

Forty o f  these grants w i l l  be for the continuation of Iaojects  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPA(& SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVE&OPE.[ENT PROGRAM - 
PROGRAM OB JEC1TJES AND JUSTIFICATION : 

The purpctse! o f  t h e  launch v e h i c l e  development program i s  t o  provide 
r e l i a b l e  and economical launch veh ic l e s  f o r  NASA unmanned f l i g h t  p ro jec t s .  
This i s  accomplished by (1) an active research and technology e f f o r t  fo r  the  
systems, c:ompontznts and techniques t h a t  may be required f o r  f u t u r e  p ro jec t s ;  
(2) developing such launch veh ic l e s  as are required t o  support  t hese  p ro jec t s ;  
(3) procuring launch veh ic l e s  t o  meet t h e  requirements o f  approved p ro jec t s ;  
and (4) modifying and improving t h e  e x i s t i n g  stable of vehicles and ground 
systems t o  suppctrt t hese  p ro jec t s .  

The supporting research and technology area, :n,t%ated f o r  launch 
veh ic l e  development i n  f i s c a l  year  1963, is  progressing t o  f i l l  the need f o r  
advanced s t u d i e s  of veh ic l e  technology required f o r  unn:inmd missions I 
E f f o r t  i n  f i s c a l  year 1963 w a s  concentrated i n  s p e c i a l  veh ic l e  system:; 
s tud ie s .  
f o r  fu tu re  veh ic l e s ,  and on t h e  behavior of  l i q u i d  f u e l s  i n  zero g rav i ty  
condi t ion.  

F i s c a l  year  1964 funds provide f o r  s tud ie s  of t h e  use  of f lou r ine  

The Sc0u.t: and Delta veh ic l e s ,  developed by NASA, a re  now opera t iona l .  
Development of these  vehic les  w a s  completed i n  f i s c a l  year  1963. 

Development: o f  t h e  Centaur w i l l  continue i n  f i s c a l  year  1965, w i t h  the  
f i r s t  operaticmail mission t o  be accomplished e a r l y  i n  calendar  year 1965. 
The second att.enipted launching of  t he  Centaur veh ic l e  on November 27, 1963, 
w a s  e n t i r e l y  suc.cessfu1. 

The FLOX: development p r o j e c t ,  i n i t i a t e d  i n  f i s c a l  year  1964, w i l l  be 
completed i n  f i s c a l  year  1966. This p r o j e c t  w i l l  i n i t i a l l y  provide a l a rge  
increase  i n  pay1.oad capaci ty  f o r  t h e  Atlas-Centaur and Atlas-Agena vehic les .  
Later,  o the r  I.aunch veh ic l e s  which now use l i q u i d  oxygen should bene f i t  
s i g n i f i c a n t l y  

SUMMARY OF RESOJRCES REQUIREMENTS : 
1963 

Supporting research and 
technology. ............... $ 1,598,000 

Centaur devel.opment ........ 90,600,000 
Scout deve1.opment .......... 3 , 648 , 000 
Delta deve 1.opment .......... 2,183,000 
m,OX development ........... --- 
Operational vehic le  /upport. 7,700,000 

Tota l  costs.. . , . . . . . . . . . . .  $105,729,000 

1965 --- 1964 

$ 1,900,000 $ 4,500,000 
108,100,000 92,000,000 

--- --- 
1,900,000 1 7 , 5 O O , O O O  

13,200,000 14,200,000 
~125,100,000 ~L28.200.000 --- 
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BASIS OF FUNI)LEQUIREMENTS: 

Supporting Research and Technology 

1963 1964 

.. --- $ 500,000 Fluid behiwfor s tud ie s . .  $ 

research. ................ --- 200,000 
Vehicle system s tud ie s . . .  . 995,000 900,000 

Sol id  s t a t e  technology 

--- --- 1nstrumeni:ation. .......... 
Prop u 1.s i on  ti ys t e m s  technology 603,000 300,000 

To ta l  cmsts. ............ e $1,900,000 

1965 .- 

$ 5 C ~ 0 , O O O  

5CiO ,000 
1,5ClO,OOO 

. 1.8CiO.000 
200 , 000 

S4.5ClO ,000 
:-- 

Thepurpose of t h i s  supporting research and technology e f f o r t  is t o  
generate cu r ren t  information on launch veh ic l e  components , sub-systems , and 
systems t:o meet t h e  requirements o f  unmanned missions. This e f f o r t  a l so  
includes development of c e r t a i n  components, sub-systems, and techniqtes  
pecu l i a r  t o  'Launch veh ic l e s  used f o r  unmanned missions. 

The laimch v e h i c l e  supporting research and technology program u t i l i z e s  
da t a  avai.labLe from the  NASA Of f i ces  of Advanced Research and Technology and 
Manned Space F l i g h t  Programs, t h e  Department of Defense , t he  A t o m i c  Energy 
Commission, ilnd indus t ry  t o  determine t h e  na tu re  and d e s i r a b i l i t y  o f  changes 
t o  those launch veh ic l e  systems f o r  which t h i s  o f f i c e  has cognizance. 
S imi l a r ly ,  t h e  needs of planned o r  t e n t a t i v e  f l i g h t  p r o j e c t s  a r e  evaluated 
t o  determine the  ex ten t  t o  which e x i s t i n g  veh ic l e s  can be employed or show 
where modif%car:ions o r  a d d i t i o n a l  development may be required.  

Selected components and sub-systems are developed when a . c l e a r  need, 
based on tho, advanced s t u d i e s ,  i s  demonstrated. Design c r i t e r i a  f o r  launch 
veh ic l e s  are developed and updated, and s t u d i e s  are c a r r i e d  out  t o  achieve 
t h e  most economical use of vehicles .  

F i s c a l  year 1963 funds provided f o r  s t u d i e s  o f  launch operat ions 
ana lys i s ,  system opt imizat ion review techniques, high energy p rope l l an t s ,  
T i t an  II/Centaur c a p a b i l i t y ,  add i t ion  of f l u o r i n e  t o  t h e  ox id ize r  i n  the  
At las  booster  (nOX), and t h e  a d d i t i o n  o f  a t h i r d  s t a g e  t o  t h e  Saturn I B .  
These s t u d i e s  have been completed o r  are progressing s a t i s f a c t o r i l y .  
year  1964 f inds  are supporting cont inuat ion of t h e  launch operat ions ana lys i s  
and system opt imizat ion review technique s tud ie s .  Studies  f o r  launch veh ic l e  
planning,, zero g r a v i t y  f u e l  behavior, a kick s t a g e ,  cryogenic p rope l l an t s ,  
explosive weLd:ing, fluorine-hydrogen technology, sp in  motor technology, and 
s o l i d  s ta te  (devices have been o r  w i l l  be i n i t i a t e d .  

F i s c a l  

A major po r t ion  of t hese  s t u d i e s  w i l l  be continued i n  f i s c a l  year 1965.. 
New s t u d i e s  intended t o  be i n i t i a t e d  i n  f i s c a l  year  1965 include improved 
engine s t a r t i n g  techniques,  i n s u l a t i o n  technology, f l i g h t  instrumentation, 
sounding rocket systems , and f e a s i b i l i t y  of achieving high v e h i c l e  pwformanc:e. 
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Centaur DeveloDment 

1963 1964 1965 --- 
Vehicle development .... $71,652,000 $ 91,600,000 $86,400,000 
Engine deve:lDpinent.. . . . 4,340,000 2,000,000 300,000 
Support services... . . . .  12,295,000 10,400,000 2,600,000 
Propel lan ts  ............ 2,313,000 4,100,000 2,700,000 

Total  costs  .......... $90.600.000 $108.100.000 $92.000 .ocg --- 
The primary purpose of the  Centaur Development p r o j e c t  i s  t o  provide a 

high performance launch vehic le  f o r  t he  NASA unmanned 'Lunar and Plane tary  
dxplorat ion p r o j e c t s  which are beyond the  c a p a b i l i t i e s  of t he  Atlas-Agana 
launch vehicle ,  
Centaur s tage which is a high energy upper s tage u t i l i z i n g  l i q u i d  hydrDgen 
and l i q u i d  oxygen. The f i r s t  s tage  of t h i s  launch vehic le  i s  a modified 
Atlas. This projec t  a l so  includes the  development of a l i g h t  weight 
i n e r t i a l  guidance system and o ther  l i g h t  weight sub-systems f o r  the Centaur 
s tage  t o  permit maximum payload capacity.  
payload of over 2,100 pounds t o  the  moon. 

This p r o j e c t  i s  centered around the  development of tha  

The Atlas-Centaur can launch a 

The Off ice  of Space Science and Applications has  assigned management 
of the  Centaur p r o j e c t  t o  the  Lewis  Research Center. 
RL-10-A-3 engine i s  being d i rec ted  by the  Off ice  of Manned Space F l i g h t  and 
the  Marshall Space F l i g h t  Center. 
Centaur vehicle  i s  under the d i r e c t i o n  of the  Lewis Research Center. Atlas 
vehic les  which are modified t o  be the  f i r s t  s tage  of t he  Atlas-Ceintaur are 
purchased by the  L e w i s  Research Center through the  United S t a t e s  Air Force. 
Prime contract  o r  f o r  t h e  Centaur pro jec t  i s  General DynamicdAstronaut i c s  
of San Diego, Cal i fornia .  P r a t t  and Whitney A i r c r a f t  Corporation of East 
Hartford, Connecticut and West Pa lm Beach, F l o r i d a  a c t s  as an a s s o c i a t e  
cont rac tor  i n  t h e  development and f a b r i c a t i o n  of t he  l i q u i d  hydrogen- 
l i qu id  oxygen engine, These engines are a l so  used i n  the  Saturn s-IV 
stage.  Minneapolis-Honeywell of S t ,  Petersburg, F l o r i d a  i s  the  p r i n c i p a l  
subcontractor t o  General Dynamics f o r  t he  development of the  Centaur 
guidance syst.em,, 

Development of the  

I n t e g r a t i o n  of t h i s  engine with the 

The Centaur development pro jec t  was i n i t i a t e d  by the  Advanced Res@earch 
P r o j e c t s  Agency of the  Department of Defense i n  1958 as a r e l a t i v e l y  rimall 
s ca l e  development p r o j e c t  t o  i n v e s t i g a t e  l i q u i d  hydrogen technology. It 
was t ransfer red  t o  NASA i n  1959 and has been increased i n  scope u n t i l  it i s  
now a major launch vehic le  development program. 

After  t he  f i r s t  attempted launch of t he  Centaur on May 8, 1962, (in 
in tens ive  i n v e s t i g a t i o n  was made which r e s u l t e d  i n  a thorough ground t e s t i n g  
program along with changes t o  the  design and r e l i a b i l i t y  concepts. 
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This in t ens ive  review re su l t ed  in s i g n i f i c a n t  changes i n  the! s t r u c t u r a l  
design of t he  vehic le ;  changes i n  t h e  guidance and propuls ion systems were 
a l so  i n i t i a t e d .  

The second test  f l i g h t  of t h e  A t l a s c e n t a u r  vehic le  w a s  made on 
November 27, 1963 and w a s  a complete success. 

Funding i n  f i s c a l  year  1965 i s  intended t o  complete t h e  developmjent of 
t h e  s ing le  burn. c a p a b i l i t y  f o r  t h e  Centaur vehic le  and t o  c a r r y  on thle 
development of t h e  two burn c a p a b i l i t y  f o r  later missions. 
opera t iona l  Centaur i s  t o  be launched i n  f i s c a l  year 1965 as p a r t  of the 
Surveyor pro jec t .  
development c i f  a two burn capab i l i t y ,  and addi t iona l  Surveyor f l l g h t s .  

The f i r s t  

Other launches are scheduled i n  f i s c a l  year 1965 f o r  

The Centaur Development p ro jec t  i s  expected t o  be completed i n  f i s c a l  
year 1966. 

Scout and Delta DeVelODment 

1965 
--I 

1963 1964 

Scout deveQopment ....... $3,648,000 0-0 

Delta develtopment ....... 2,183,000 -0- 

--.. -.I- Tota l  cost:;. .......... $5,831,000 

The Scout and Delta development p ro jec t s  were completed i n  f i s c a l  year 
1963. 
using f i s c a l  year 1962 funds,  r eo r i en ta t ion  of t he  program required c' r e -  
programming ,ici:ion i n  f i s c a l  year 1963. Technical d i r e c t i o n  and management 
of the  Scout: vehic le  is  assigned t o  t h e  Langley Research Center ,  and of t he  
Del ta  veh ic l e  t o  t he  Goddard Space F l igh t  Center. 

Al.though the  Del ta  development p ro jec t  was expected t o  be comrleted 

FLOX Development 

1965 --- 1963 1964 

Engine and engine t e s t i n g  -0.. $1,000,000 $7,500,000 
Vehicles and vehic le  

Ground support equipment 
and services. . . . . . . . . . .  -9.. e-.. 1 ,, 500,000 

Propel lan ts  .............. --- --- 1 :, 500,1100 

testing......... --.. 900,000 7,000,1100 ....... 

Total  costs............ --.. $1,900.000 $17,500 ,;m - 
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NASA began inves t iga t ing  t h e  addi t ion  of  f l u o r i n e  t o  t h e  Atlas propel- 
l a n t  system in  e a r l y  calendar  year  1963. 
s tud ie s  ind ica ted  t h a t  t h e  addi t ion  of 30 percent  f l u o r i n e  by weight t o  t h e  
At las  ox id izer  would increase  Atlas performance markedly, and requi re  no 
major modif icat ions to  t h e  veh ic l e  o r  engine system. 

A t  t h a t  t i m e  very preliminctry 

The purpose of t h e  JXOX f e a s i b i l i t y  study w a s  t o  i n su re  tha.t n 0 X  w a s  
i n  f a c t  compatible with t h e  Atlas systems without committing the  lar(:e 
funding requiried f o r  a f l i g h t  program. 
demonstrated tlhe f e a s i b i l i t y  of t h e  concept. Resul ts  from se l ec t ed  engine 
components t e s t s  i nd ica t e  no major modif icat ions t o  the  vehic le  are required. 

This study has  s a t i s f a c t o r i l y  

Preliminary e f f o r t  conducted i n  1963 ind ica t e s  t h i s  propel lan t  rnixture 
w i l l  increase  payload c a p a b i l i t y  of t h e  Atlas-Centaur f o r  t h e  Surveyor 
mission approximately 30%. 
on t h e  Atlas-Agena missions, 
Technological S a t e l l i t e .  The Saturn and Thor boosters  may a l s o  beneEit 
from t h i s  technology. 

A similar increase  i s  expected t o  be r ea l i zed  
such as t h e  Lunar Orb i t e r  and t h e  Advanced 

Ef fo r t  i n i t i a t e d  i n  f i s c a l  year  1964 and sustained i n  f i s c a l  year 1965 
i s  expected t o  permit engine component tests t o  be completed i n  t h e  €ourth 
qua r t e r  of 1964, vehic le  component tests completion i n  t h e  f i r s t :  qua r t e r  of 
1965, engine tes ts  i n  t h e  t h i r d  qua r t e r  of 1965, and the  f i r s t  t:est launch 
i n  the  f i r s t  qua r t e r  of 1966. 

Operat ional  Vehicle Support 

19165 --- 1963 1964 

Product improvement and 
production tes t ing. . .  ... $6,458,000 $ 6,500,000 $ 7,8011,000 

Maintenance of ground 
support equipment....... 939,000 3,600,000 2,900,000 

System engineering...  ..... 303,000 3,100,000 3,50 3,000 

$13.200 .OOO 314.2013 .OOO --- Tota l  c o s t s  ............. $7.700.000 

Pro dus t Improv e r n e s  

Modifications t o  improve a launch vehic le  system have f requent ly  been 
required as a r e s u l t  of experience,  f a i l u r e s ,  development breakthroughs i n  
o the r  progriuno, and improved f ab r i ca t ion  techniques. The cor rec t ion  of t he  
system de f i c i enc ie s  f o r  otherwise ready veh ic l e s  i s  r e f l e c t e d  hereunder. 

Operational veh ic l e  support was  i n i t i a t e d  i n  f i s c a l  year  1963. S igni f -  
i can t ly ,  i n  f i s c a l  year 1963, changes were made i n  t h e  Atlas-Agena vehic le  
conf igura t ion  through t h e  development of a standard A t l a s  veh ic le  by Depart- 
ment of Defense f o r  use  both by t h e  NASA and t h e  Department of jDefense. 
NASA pa r t i c ipa t ed  i n  t h i s  improvement e f f o r t .  Improvements t o  the Agena 
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guidance system and the  Agena veh ic l e  i t s e l f  were made. 
and Space Administration's most r e l i a b l e  opera t iona l  vehic le , the  Del ta ,  was 
a l s o  improved :Ln f i s c a l  year 1963. 

National Aeronautics 

The f i s c a l  year 1964 estimates r e f l e c t  continued support of t he  s tand-  
ard Atlas deve ' lopent ,  improvements t o  the Agena, t he  Agena guidance qstem, 
and improvements i n  t h e  Scout system. To be able  t o  launch improved anid 
heavier  spacecraf t ,  National Aeronautics and Space Administration is ut i l i z -  
ing a Department of Defense Thrust Augmented Thor booster with the  Delta. 
Costs of develop:Lng the Thrust Augmented Thor booster were borne by the  
Department of !Defense, however, c e r t a i n  o ther  cos t s  necessary t o  adapt t h i s  
development t o  National Aeronautics and Space Administretion operationcitl 
vehic les  a re  ref ' lected i n  t h i s  operat ional  vehic le  support account. .. 

The product improvement es t imates  for f i s c a l  year 1965 a r e  intended t o  
provide a d d i t i o n h  modif i ca t ions  required in t he  Scout vehic le ,  t o  continue 
upper s tage  improvement f o r  t he  Delta and t o  provide the  National Aeronautics 
and Space Adminietration share  of t h e  cos t s  estimated for completion of the  
standard Atlas development. Other improvements f o r  guidance systems, ciolid 
propel lant  rnotDrB, I n e r t i a l  reference packages, and sensors w i l l  be funded. 

Maintenance OE Ground Support Equipment 

These funds w i l l  provide for  the  per iodic  rout ine  maintenance, motlifica- 
t i o n ,  and replacement of damaged o r  worn out  equipment at National Aeronautics 
and Space Administration launch complexes as required t o  maintain the  launch 
capab i l i t y  f o r  operat ional  vehicles .  
under t h i s  account is pecul ia r  t o  s p e c i f i c  launch vehic le  needs. 
ins tances  equipment present ly  in use was developed by the  prime colntractors 
a s  a pa r t  of t h e  respec t ive  development programs. 
equipment improve t h e  r e l i a b i l i t y  and assure  the  compatibi l i ty  of tha  
ground support systems with the  launch vehicle .  

The ground support equipment maintained 
I n  many 

Modifications t o  th:.s 

Funds i n  f i s c a l  year 1965 a r e  required f o r  support of t he  Sccrut limnch 
f a c i l i t i e s  a t  t he  Pac i f i c  Miss i l e  Range and at Wallops Is land.  
support requirements cons i s t  of replacement of umbilical  masts and uptii t ing 
the  instrumentation console at Cape Kennedy. 
ground support equipment a t  Pad 12 f o r  both Agena B and Agena D caipabi'ltity 
i s  t o  be funded t o  adequately support the  planned launch schedule. 
provided i a  t he  acqu i s i t i on  of spares  t o  insure  against  lengthy launch 
complex non-ava i lab i l i ty  i n  case of a ca tas t rophic  veh ic l e  f a i l u r e .  This 
insurance is necessary t o  avoid delays due t o  long lead time procurements 
f o r  ground support equipment. 

Delta ground 

Procurement and modif icat ion of 

A ~ J ~ o  

Each launch of an operat ional  veh ic l e  is monitored by a team coneLsting 
of the vehic le  cont rac tor  and National Aeronautics and Space Administration 
t o  a sce r t a in  the r e l i a b i l i t y  of veh ic l e  sub-systems and componentn. The 
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analys is  perfomad a f t e r  each launch i s  reviewed, toge ther  with similar 
ana lys i s  of prev:lws launches, f o r  erratic performance and f a i l u r e  modes. 

The engineering talent required f o r  these  r e l i a b i l i t y  s tud ie s  and system 
coo**dination, 'as w e l l  as t he  cos t  of  computer usage and such o ther  equipment 
as required,  a r e  contracted f o r  on an annual bas i s .  
necessary throughout t h e  opera t iona l  l i f e t i m e  of a veh ic l e  system t o  i ruu re  
s a t i s f a c t o r y  vehfc le  perfonnance. 

This capab i l i t y  is; 

Other e f f o r t s  i n i t i a t e d  i n  f i s c a l  year  1964 include s tandard iza t ion  of 
Scout equipment and procedures and s tud ie s  f o r  b e t t e r  pred ic t ion  of rocket 
performance. 
and analyses,  range s a f e t y  documentatim, addi t iona l  s tandard iza t ion  e:ifort ,  
preparat ion O E  handbooks and manuals f o r  inspec t ion  procedures, and o the r  
s t u d i e s  t o  improve vehic le  accuracy and r e l i a b i l i t y .  

Fiscal year  1965 plans include continued veh ic l e  da t a  reduct ion 

The system engineering e f f o r t  on Delta cons i s t s  of performing s t u d i e s  
of t he  t h i r d  s t age  veh ic l e  des t ruc t  system, ana lys i s  of t he  f i r s t  and second 
s t age  telemetry measurements, and e f f o r t  t o  maintain r e l i a b i l i t y .  The Agena 
e f f o r t  under t h i s  p ro jec t  i n  f i s c a l  years 1964 and 1965 provides for mission 
parameter s t u d i e s  and systems ana lys i s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SP&E SCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM 

PROGRAM 0BJECT:NES AND JUSTIFICATION: 

The priina'xy objec t ives  of t h e  Bioscience program a r e  (1) the  de tec t ion  
and study of extraterrestrial l i f e ,  (2) study of t h e  b io log ica l  e f f e c t s  of 
space environmental f ac to r s  on l i v i n g  organisms, and (3) bas i c  s tud ie s  
r e l a t e d  t o  ailpiport of manned space f l i g h t .  A program of bas ic  and ailplied 
research is being conducted i n  each of these  areas, proceeding from ground- 
based laboratory inves t iga t ions  t o  f l i g h t  experimentation i n  t h e  space 
environment (and on Mars and o the r  planetary bodies.  

Biological  s t u d i e s  are an e s s e n t i a l  pa r t  of the  na t iona l  space program. 
Experiments are conducted t o  increase  b io logica l  knowledge i l r t h e  unique 
environment (of space and the  r e s u l t s  are pe r t inen t  t o  the fu tu re  manned 
explorat ion 'of space. 
za t ion  of spacecraf t  t o  be landed on Mars o r  o the r  p lane ts  are also g,oals 
being purposefully pursued by the  b i o l o g i s t s  today. 

The search f o r  l i f e  on o the r  planets  and t h e  siterili- 

Experiments which a r e  being readied f o r  f l i g h t  in t he  B i o s a t e l l i t e  w i l l  
determine, f n  the  space environment, t he  e f f e c t s  of weightlessness arid 
r ad ia t ion  s ingly  and combined with each o the r ,  and t h e  e f f e c t  of the  lack 
of a day and night  cycle  upon animals and p lan ts .  
s o l i c i t e d  from the  s c i e n t i f i c  community through the  Biosciences Subcornit tee 
of t h e  Space Sciences Steer ing Comnittee. 

These experiments a r e  

The Supporting Research and Technology program provides the necessary 
background of t heo re t i ca l  and laboratory research t o  def ine  the  experiments 
t o  be ca r r i ed  out i n  space,  t o  devise  t h e  techniques and instruments ,  and 
t o  enable the  b io log i s t s  to  i n t e r p r e t  t he  space f l i g h t  data .  
Research and Technology program uses  t h e  f a c i l i t i e s  of NASA cen te r s ,  
u n i v e r s i t i e s ,  industry and o ther  government agencies.  Of the  research 
p ro jec t s  cu r ren t ly  sponsored outs ide  of t h e  NASA organizat ion about . iO per- 
cent are conducted ly u n i v e r s i t i e s ,  30 percent by indus t ry ,  and 20 percent 
by o ther  government agencies. 

Thie Supporting 

SUMMARY OF RESOURCES REQUIREMENTS: 

1963 

Supporting research and 
technology .................... $11,772,000 

F l igh t  program (Biosa t e l l i t e ) .  .. 1.959.000 

Total  costs.. . . . . . . . . . . . . . . . . .  $13.731.000 

1964 

$12,100,000 
8.500,OOO 

$20.600.000 

1965 - 
$1 1 ,1300 , 000 
19 , <200,000 
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BASIS OF FUND REQUIREMENTS: 

Supportinn Research and Techno loq  

1963 1964 

Exobiology ( i n c  luding 
s t e r i l i z a t i o n ) .  ............... $5,565,000 $5,200,000 

Environmental b io lo  gy........... 2,307,000 2,900,000 
Behavioral biology .............. 1 849,000 2,100 9 000 
Physical biology ................ 2,051 .OW 1,900,000 

Total  c o s t s  ................... $11~772,000 Q12,100,000 - 

1!165 
--I- 

$5,000,000 
2,8OO,OOO 
2 9 100,000 - 1 .goo ,000 

Exobiolou.  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  and l i f e - r e l a t e d  
organic  compounds is  considered t o  be one of t h e  prime objectives,  of t he  
space program. 
developed using a v a r i e t y  of concepts and methods. 
out  on t he  o r i g i n  and synthes is  of l i v i n g  systems and t h e  deve lopen t  of 
s i g n i f i c a n t  s teps  i n  e a r l y  evolution. With the  use  of a v a r i e t y  of energy 
sources,  most of t he  fundamental bu i ld ing  blocks of l i v i n g  s y s t e m  have been 
synthesized from simple non-living matter under condi t ions similar t o  those 
preva i l ing  on t h i s  planet  s eve ra l  b i l l i o n  years ago. This work i.s be.Lng 
c a r r i e d  out by the  Ames Research Center. 

Remote sample c o l l e c t o r s  and l i f e  de t ec to r s  are being 
Studies  a r e  tieing ca r r i ed  

Ind i r ec t  evidence of t h e  presence of water and carbon dioxide on Mars 
has been obtained at the  Jet Propulsion Laboratory by m e a n s  of spac ia l  
methods employing ground-based observa tor ies  and through t h e  use  of t h e  
National Aeronautics and Space Administration Stratoscope I1 f1ic:ht i n  
March 1963. Further s tud ie s  by in f r a red  spectroscopy during fly-by o E 
t he  p l ane t s  is planned to determine the  presence of l i f e - r e l a t e d  compimnds, 
and the  fu r the r  development of a high-resolut ion in f r a red  spectroscope 
necessary for such s t u d i e s  is  planned. 

Sampling, o'f t he  upper air f o r  microorganisms has  r e su l t ed  i n  t he  know- 
ledge t h a t  i t  is improbable t h a t  l i f e  " s p i l l s  out" i n t o  space. This jpper 
a i r  microbiological sampling i s  continuing and meteor fragments care a l s o  
being analyzed f o r  t h e  presence of l i f e  and organic materials. 

A spacecraf t  s t e r i l i z a t i o n  program is underway t o  develop methods and 
procedures f o r  reducing t h e  number of microorganisms t o  a minimurn on probes 
t o  the  moon andl Venus and f o r  s t e r i l i z i n g  capsules dest ined f o r  a Martian 
landing. The techniques developed must permit optimum performance of  t he  
instrument arid must produce no decrement t o  the  r e l i a b i l i t y  of the mission. 

Environniental Biolom. The b io log ica l  e f f e c t s  of space env:Lronmental 
f a c t o r s  on 1ivi.ng e a r t h  organisms are being s tudied.  
s tud ied  on eart.h except such unique f a c t o r s  as weightlessness 
r ad ia t ion ,  arid removal from t h e  e f f e c t s  of t he  e a r t h ' s  ro t a t ion .  A 
b io log ica l  s a t e l l i t e  (B iosa t e l l i t e )  program is designed t o  study the  e f f e c t s  

A l l  space f a c t o r s  are 
cosmic 
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of these  f a c t o r s  and t h e i r  r o l e  i n  e s t a b l i s h i n g  and maintaining normal 
organizat ion and b i o l o g i c a l  rhythms i n  l i v i n g  organisms. 

The l i m i t s ,  of existence of l i f e  i n  extreme environmental conditione are 
being s tudied 6tnd t h e  extreme parameters of environmental f a c t o r s  :Ln support- 
ing  l i f e  a r e  being defined. P lan ts  and animals are a l s o  being subjected t o  
simulated planetatry condi t ions t o  determine which organisms could grow on 
o ther  planets .  

Various b i o l o g i c a l  organisms are being s tudied  t o  develop the:Lr appl ica-  
t i o n  and use i n  apace: (1) i n  bioregenerat ive l i f e  support systems, (2) as 
t e s t  organisms on other  p lane ts ,  (3) f o r  modifying planetary atmospheres, 
and (4) f o r  inducing reduced metabolic a c t i v i t y  i n  var ious specimens. 

Behavioral. Biology. The e f f e c t  of t he  space environment on o r i e n t a t i o n ,  
behavior, and t i iological  rhythms o r  organisms i s  being s tudied.  Neuro- 
physiological ,  bi.ochemico1, and behavioral  analyses are being c a r r i e d  out 
t o  def ine  brain-behavior r e l a t i o n s h i p s  of importance t o  t h e  organism i n  
deal ing with stxess-producing environmental f ac to r s .  The molecular b a s i s  of 
a c q u i s i t i o n ,  processing, s torage ,  and r e t r i e v a l  of information on Living 
systems is  being s tudied  together  with inter-and in t ra -spec ies  comnunication 
of i n t e l l i g e n t  information. 
longed confinemerit i n  small spaces and o t h e r  types of environments which 
produce complex behavioral  problems. 

Research is  i n  progress on the effectro of pro- 

Physical Iiiolonv. This a rea  i s  concerned with basic s tud ie s  o f  mclec- 
u l a r  spec ies .  Inves t iga t ions  a r e  sponsored i n  such areas  as the  mechanism 
by which freee:Lng and drying a f f e c t s  l i v i n g  c e l l s ;  s t r u c t u r a l  and funct ional  
c e l l u l a r  physi.ology; physical  modeling; ma jor i n t e rna l  physiological  
systems; molecular organizat ion and d i f f e r e n t i a t i o n  of c e l l s ;  and behavior 
of b io1ogic:al systems under cont ro 1 led  space -environmental conditions . 
Physical bi.olol;y a l so  embraces s tud ie s  of energy exchange and nu t r i t i on  
including the development and s t a b i l i t y  of improved chemically-def ined 
s y n t h e t i c  diet::; for man, and a l s o  f o r  animals which might be u t i l i z e d  i n  
Biosatel1i t .e  experiments. In  t h i s  a r ea ,  18 volunteer  subjec ts  have rerrained 
on an all-c.hemi.ca1 sus ta in ing  d i e t  f o r  t h ree  months w i t h  no adverse e f f e c t s .  
I n  the  a rea  of bioinstrumentation, new and sophis t ica ted  instruments a r e  
being developed and re f ined  t o  measure b io log ica l ,  biochemical and biOFSy- 
chological processes. Research is a l s o  being conducted i n t o  new methods of 
b io logica l  dat:a processing, s torage ,  and ana lys i s  using standard computers, 
modifying port:ciblle d i g i t a l  computers and developing new concepts i n  coaputers 
such as the! use of photoconductor phenomena. General support i s  given t o  
t h e  o ther  Bioscience programs by the  sponsorship of conferences,  symposia 
and r e l a t e d  cormminications media. 

t o t a l  of $5,76;!,000 w a s  expended i n  t h e  years  p r i o r  t o  f i s c a l  year 1963. 
Most of t h e s e  funds were spent a t  Headquarters f o r  research i n  var ious 
b io logica l  areas. 
Jet  Propulsion Laboratory. 

I n  the  Supporting Research and Technology areas described above, a 

The balance was spent at the Ames Research Cent,er and the  
The f i s c a l  years 1964 and 1965 e f f o r t s  include 
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continuing research i n  t h e  four  bas i c  research a reas  described above, with 
spec ia l  emphasds on exobiology. 
required f o r  inves t iga t ions  i n t o  optimum procedures and methods f o r  t h e  
eEfect ive s t e r i l i z a t i o n  of spacecraf t .  
w i l l  be expendied through the  Headquarters o f f i c e ,  important work w i l l  b e  
performed a t  t h e  Ames Research Center and the  Jet  Propulsion Laboratory. 
I n  addi t ion ,  81 s m a l l  sum w i l l  be provided the  Goddard Space Flight: Center 
t o  i n i t i a t e  a feu se l ec t ed  t a sks  of importance t o  the  Bioscience program. 

A port ion of t h e  exobiology funds are 

While the  major por t ion  of the  funds 

F l inh t  Program (Biosatell i te) .  

1965 --- 1963 1964 

$300,000 --- --- Study contratcts.......,...,...... 
Spacecraft  ...................... --- $6,000,000 $:10,2O~D,OOO 
Experiments. .................... 1,659,000 2,500,000 2,3010,000 
Ground suppcm-t............. ..... --- --- 201D,000 
Launch vehicles................. --- --- e 6 .500.000 

$8,500,000 &19,200.000 --- Total  costs. . . . . . . . . . . . . . . . . . .  $1.959.000 

The B i o s a t e l l i t e  program is  designed t o  study t h e  unique envitronm~ental 
f a c t o r s  of space, which include t h e  b io logica l  e f f e c t s  of zero g rav i ty  o r  
weightlessness,  and t h e  e f f e c t s  on b io log ica l  rhythms of removal of l k r ing  
organisms from. t h e  ea r th ' s  ro t a t ion .  
with a known source of r ad ia t ion ,  w i l l  be s tud ied  t o  determine what efEects ,  
i f  any, r e s u l t  from t h i s  combination. 
po la te  t o  conditions i n  deeper regions of space from t h e  g rea t  amount of 
ground-based data on b io log ica l  e f f e c t s  of r ad ia t ion .  

The e f f e c t s  of weight lessness ,  c'lmbined 

It w i l l  then be poss ib le  t o  ex t ra -  

The B i o s a t e l l i t e  experiments include s tud ie s  at  the  ce l lu l a r : ,  t i s s u e ,  
organ, and org,an.isrn levels as w e l l  as s t u d i e s  on fundamental phenomena such 
as biochemical reac t ions ,  protoplasmic streaming, f e r t i l i z a t i o n ,  tmbrya3lo- 
g i c a l  development, and growth experiments at t h e  t i s s u e  l eve l .  The experi-  
ments involving organisms would include physiological  ( including f l u i d  
transport), behavioral ,  reproduct ive,  gene t ic  and o v e r a l l  performance 
s tud ie s .  They w i l l  include experiments with a wide v a r i e t y  of p l an t s  and 
animals from s i n g l e  c e l l u l a r  organisms t o  higher p l an t s  and anima1.s includ- 
ing primates. 

About 175 b io logica l  experiments have been submitted by s c i e n t i s t s  
from u n i v e r s i t i e s ,  government, and industry.  Panels of s c i e n t i s t s  havie 
reviewed these experiments, about 40 experiments have been r a t e d  as hi ,& 
p r i o r i t y ,  and many are now being readied f o r  f l i g h t .  The Bmes Research 
Center is cooperating with exper knenters t o  determine t h e  engineering, l i f e  
support and te lemetry requirements. 
i n t eg ra t ion  of experiments is being s tudied.  

Breadboard layouts  are being made and 
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The experiments are divided i n t o  six ca tegor ies ,  including (1) primates;  
(2) mamnalian (aton-primate); (3) animal, c e l l u l a r ,  and egg; (4) plant  mor- 
phogenesis, photosynthesis and growth; ( 5 )  biorhythm, and ( 6 )  rad ia t ion .  
The primate experiments include cardiovascular  s tud ie s  involving implant 3 ,  
neurological  s tud ie s  with deep b r a i n  probes, t he  measurement of s k e l e t a l  
calcium los s ,  and t h e  e f f e c t s  of weightlessness on ur inary  and gas t ro-  
i n t e s t i n a l  systems o r  performance. P i g t a i l ,  Rhesus, and s q u i r r e l  monkey3 
w i l l  be used i n  o r b i t a l  f l i g h t s  of from th ree  t o  t h i r t y  days durat ion.  

Six B i o s a t e l l i t e s  w i l l  be flown, with t h e  f i r s t  f l i g h t  i n  late 1965 and 
addi t iona l  f l i g h t s  a t  roughly three-month i n t e r v a l s .  
from the  Atlantic Missile b n g e  i n  a 250 s t a t u t e  mile c i r c u l a r  orbit:. 
spacecraf t  w i l l  weigh from 1,000 t o  1,300 pounds and w i l l  have a payload 
capaci ty  of 150 t o  200 pounds. 
b io log ica l  specimens w i l l  be a mean ea r th  atmosphere, t h a t  is, composed of 
20 percent oxygen and 80 percent n i t rogen  at 14.7 pounds per square inch t o  
prevent any e f f e c t s  of unusual atmosphere. 
suppl ied w i t h  spec ia l ized  temperature o r  o ther  environmental condi t ions.  

The launches w i l l  he 
Tie 

The i n t e r n a l  atmosphere supplied t o  the  

Cer ta in  experiments w i l l L  be 

The s a t e l l i t e  w i l l  be tracked while i n  o r b i t  by e x i s t i n g  networks. Both 
engineering and experimental d a t a  w i l l  be telemetered t o  t h e  ground s t a t i o n s  
f o r  the b i o l o g i s t s  t o  monitor, o r  t o  enable the  ground personnel t o  comnand 
recovery. The recovery operat ion is  cu r ren t ly  under inves t iga t ion .  The two 
p o s s i b i l i t i e s  axe air snatch recovery by t h e  Air Force aerial recovery group 
with back-up by ship-based he l i cop te r s ,  or  sur face  r e t r i e v a l  by sur face  
recovery sh ips .  
access t o  experimental specimens. 
primary r e spons ib i l i t y  f o r  t he  B i o s a t e l l i t e  p ro jec t ,  with support t o  be 
supplied by G0dd:ar.d Space F l igh t  Center f o r  t he  launch vehic les  and for the 
comaand and cont ro l .  

Aerial recovery is prefer red  because of t h e  need f o r  rap id  
The Ames Research Center has been assigned 

Expenditures i n  years p r i o r  t o  fiscal year 1963 f o r  work connected with 
t h e  B i o s a t e l l i t e  p ro jec t  t o t a l  $399,000. 
was expended f o r  t h e  BIOS (Biological Inves t iga t ion  of Space) f l i g h t  pro jec t  
whose object ives  were similar t o  those of t h e  present B i o s a t e l l i t e  p ro jec t .  
Funding f o r  f t s c a l  year 1963 provided f o r  t he  i n i t i a t i o n  of t h e  B i o s a t e l l i t e  
pro jec t  through study con t r ac t s  with th ree  i n d u s t r i a l  corporat ions t h a t  
subsequently r e su l t ed  i n  se l ec t ion  of t he  General E l e c t r i c  Company, Missile 
and Space Division as prime spacecraf t  cont rac tor .  Funding f o r  f i s c a l  year 
1964 w i l l  providie f o r  t he  i n i t i a t i o n  of design, f ab r i ca t ion  and t e s t i n g  of 
t h e  spacecraf t .  
t i o n  of t he  f ab r i ca t ion  and t e s t i n g  of t he  spacecraf t ,  incremental funding 
f o r  t he  development of t he  experiments t o  the f l igh t - ready  state,  and p a r t i a l  
funding of t h e  Delta launch vehic les .  Total  funds required f o r  completisn 
of t he  B i o s a t e l l i t e  pro jec t  i n  f i s c a l  year 1967 are estimated at $5'7.6 
m i l l  ion. 

The major por t ion  of these  funds 

F'unding f o r  f i s c a l  year  1965 w i l l  provide f o r  t he  continua- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS METEOROLOGICAL SATELLITES PILOGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Meteorlological Sa t e l l i t e s  program uses space science and technology 
t o  cont r ibu te  t o  both the  s c i e n t i f i c  and appl ica t ions  aspects  of meteorology. 
I n  the  s c i e n t i f i c  aspec t ,  NASA is providing the  da ta  required f o r  research 
which w i l l  improve the  understanding of t he  r e l a t i o n s h i p  between t h e  e a r t h ' s  
weather and events i n  and beyond the  upper atmosphere. NASA, i n  the  a p p l i -  
ca t ions  aspec t ,  i s  developing weather sa te l l i t e  systems, including space- 
c r a f t ,  and t h e  ground cont ro l  and d a t a  a c q u i s i t i o n  equipment t h a t  e f f e c t i v e l y  
cont r ibu te  t o  the  Weather Bureau's execution of i t s  na t iona l  weather s e r v i c e  
funct ion,  and Ithe weather dependent operat ions of t h e  Department of Defense. 
t hus ,  s p e c i f i c  ob jec t ives  of t h e  NASA Meteorological Program are : (1) t o  
develop and improve space technology, including sensors  and subsystems, which 
w i l l  provide da ta  f o r  use by meteorologists;  (2) t o  c a r r y  out f l i g h t  t e r 3 t s  as 
required t o  t e s t ,  c a l i b r a t e  and prove the  a p p l i c a b i l i t y  of t h e  instrumenta- 
t i o n ;  (3) t o  f u l f i l l  spec ia l  d a t a  requirements of t he  atmospheric science 
cornunity which can be provided uniquely by sa te l l i t e  instrumentation; m d  
(4) t o  p a r t i c i p s t e  i n  the  operat ional  meteorological sa te l l i t e  systems CIS 
required t o  a s s i s t  t he  Weather Bureau i n  the  conduct of t h e  operat ional  
system. 

The e ight  'PIROS satell i tes have provided almost continuous cloud ccwer 
surve i l lance  s ince  Apri l  1, 1960. The f i r s t  of t h e  advanced Nimbus space- 
c r a f t  is  being readied f o r  launch ea r ly  i n  calendar year 1964, and new 1'IROS 
configurat ions ,and experiments are being completed f o r  launch i n  mid-1964 
and t h e r e a f t e r .  

Data from meteorological sounding rockets have shown t h a t  i n  t h e  a l t i -  
tude region from twenty t o  s i x t y  m i l e s  temperatures and winds change i n  a 
manner i n d i c a t i n g  t h e  v i t a l  pa r t  t h a t  t h i s  region plays i n  l i n k i n g  ex t r a -  
terrestr ia l  events t o  the  e a r t h ' s  weather. 

The da ta  to be obtained from operat ional  satell i tes have known appl ica-  
t i o n ,  but work w i l l  continue by the  research community on determining addi- 
t i o n a l  s ign i f icance  f o r  t he  da t a ,  
d a t a  from an operat ional  weather sa te l l i t e  w i l l  be usefu l  i n  t h e  s c i e n t i f i c  
s tudy of t he  atmosphere. New areas of research have already been opened up 
i n  such areas o E  the  atmospheric sciences as t h e  de tec t ion  and t racking of 
t r o p i c a l  storms, t he  heat  budget of t he  e a r t h ,  i n f r a r e d  r a d i a t i o n  charac.ter- 
istics of cloud systems, e t c .  

It i s  expected t h a t  a l l  meteorologicctl 
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SUMMARY OF RESOURCES REQUIREMENTS: 

1963 1964 1965 - 
Supporting research and 

technology. ................... 
Synchronous m'et eoro log ic  a1 

s a t e l l i t e  experiments ......... 
TIROS.... ....................... 
Nimbus... . . . . . . . . . . . . . . . . . . . . . . .  
Meteorological sounding 

rockets . .  ..................... 

$4,877,000 $6,900,000 $6,000,000 

3,;!00,000 

18 ,!)OO,OOO 
5 ,1300,000 

--- 
19,176,000 
28,561,000 

--- 
16,800,000 
41,200,000 

1,437,000 2,900 .ooo 3 ,000.000 

Total  costs . . . . . . . . . . . . . . . . . . .  $54,051,000 $37 ,!i00.000 - 
BASIS OF FUNDREQUIREMENTS : 

Supportinp Research and Technology 

1964 1963 1965 - 
Synchronous meteorological 

Advanced meteorological system 
component development ......... 2,070,000 

Advanced meteorological sensor 
deve 1 o p e  n t  ................... 1,111,000 

Meteorological systems research.  1,396,000 

s a t e l l i t e . . . . . . . . . . . . . . . . . . . . .  $300,000 $300,000 

2,900,000 2,000,000 

1,500,000 
2.200 .ooo 

$6,900,000 $6,000,000 - Total  costs.. . . . . . . . . . . . . . . . .  $4,877,000 

The objec t ives  of the supporting research and technology e f f o r t  continue 
t o  be: (1) t o  develop sensors ,  cont ro ls ,  and d a t a  a c q u i s i t i o n  and. handling 
systems t o  implement and improve meteorological systems; (2) t o  study d a t a  
from previous s a t e l l i t e s  and sounding rockets  t o  provide broader baser, f o r  
system improvements; (3) t o  evaluate  f u r t h e r  experiments and uses f o r  a 
given system; and (4) t o  study new concepts o r  appl ica t ions  of meteorological 
systems f o r  f e a s i b i l i t y  and value t o  t h e  program. 

I n  past  years, supporting research and technology has supplied t h e  
i n i t i a l  work leading t o  the  improved sensors t o  be flown aboard t h e  TIROS 
and Nimbus spacecraf t .  The supporting research and technology e f f o r t  may 
be categorized as follows: 

Advanced Meteorolopical System Component Development. This e f f o r t  
developes the  supporting equipment f o r  recording and t ransmi t t ing  t h e  
information, f o r  providing s u i t a b l e  power, and f o r  s t a b i l i z i n g  or aiming, 
and geographically referencing the  pos i t ion  of the  sensors '  observations.  
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Advanced Meteorological Sensor Development. This e f f o r t  leads t c  sen- 
s o r s  which make the  physical measurements used t o  supply meteorological data .  

Meteorological Systems Research. This research has as i t s  goal  t h e  
determination of what physical  measurements w i l l  provide t h e  meteorological 
d a t a  needed by t he  research o r  opera t iona l  users ,  what t echn ica l  developments 
are necessary t o  make such measurements f e a s i b l e ,  and what d a t a  handling w i l l  
be  required p r i o r  t o  transmission t o  t h e  user .  

F i sca l  year  1963 funds were appl ied t o  continue t h e  developments 
i n i t i a t e d  i n  :Eiscal year  1962, and t o  i n i t i a t e  new s t u d i e s  and d e v e l o p e n t s  
i n  t h e  following major areas: synchronous meteorological s a t e l l i t e  s>stem 
s t u d i e s ,  s a t e l l i t e  r a d i a t i o n  s t u d i e s ,  day-night TV sensors ,  s t u d i e s  f o r  
s a t e l l i t e  system da ta  ana lys i s  and t ransmission,  and var ious component devel-  
opments such as a t t i t u d e  con t ro l s  and video recorder  systems. F i s c a l  year 
1964 funds a r e  being used t o  continue these  a c t i v i t i e s  and t o  s ta r t  work i n  
component and systems development f o r  t h e  synchronous meteorological ra te l -  
l i t e  experiment, f o r  rocket wind measurements, s f e r i c s  s t u d i e s ,  and f o r  
s t u d i e s  leading t o  an in t e r roga t ion  and recording subsystemrwhich wi l l  be 
use fu l  i n  c o l l e c t i n g  oceanographic and meteorological d a t a  from remote 
instrumented s t a t ions .  Also work has  s t a r t e d  with t h e  f i s c a l  year 1964 funds 
f o r  d i g i t a l  TB component development. The f i s c a l  year  1965 funds are planned 
t o  continue t h e  work i n  t h e  above areas. 

L Synchronous Meteorological S a t e l l i t e  Experiments 

1965 - 1963 1964 

$3 . ~ !OO,  000 --- --- Experiments ..................... 
Tota l  costs. . . . . . . . . . . . . . . . . . .  --- --- $3 G!OO. 000 - 

The TIROS and Nimbus e f f o r t s  are aimed at f u l f i l l i n g  t h e  requirements 
f o r  complete global  coverage by meteorological sa te l l i t e  d a t a  on a det:ailed, 
per iodic  b a s i s .  
provide continuous monitoring of shor t - l ived  storms such as squa l l  lilies, 
tornadoes,  e t c .  The f e a s i b i l i t y  of such a system w i l l  be  investi.gated as 
p a r t  of the  Advanced Technological Satel l i te  p ro jec t  which w i l l  p lace a 
sa te l l i t e  i n  a 22,300 m i l e  o r b i t  so t h a t  i t  appears t o  be s t a t i o n a r y  at a 
given loca t ion  over t h e  equator.  From such a pos i t i on ,  a s a t e l l i t e  can 
view t r o p i c a l  and temperate l a t i t u d e s .  
t o  ob ta in  meteorological da t a ,  continuous su rve i l l ance  can be undertaken of 
a p a r t i c u l a r  storm as it moves over t h e  sur face  of t h e  ea r th .  

However, t h e  requirement remains f o r  a system which can 

With such a s a t e l l i t e  instrumented 

Several  areas requi r ing  technological  development have been se l ec t ed  

Thereby test r e s u l t s  w i l l  con t r ibu te  t o  t h e  d e f i n i t i o n  of thlc 
f o r  f l i g h t s  o f  appl icable  experiments p r i o r  t o  proceeding t o  f l i g h t  pro jec t  
s t a t u s .  
f l i g h t  pro jec t .  Experiments are planned f o r  required opera t ing  modes of t h e  
o p t i c a l  system, i n  t h e  wide range of l i g h t  values  t o  be observed., and i n  t h e  
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other  o p t i c a l  p:coblems involved. 
s t a b i l i z a t i o n  and s t a t i o n  keeping w i l l  a l s o  be s tudied .  

The e f f e c t s  of sensor  motion on spacecraf t  

System s t u d i e s  were begun i n  f i s c a l  year  1963 and completed i n  f i s c a l  
year  1964 under t h e  supporting research and technology funding. 
and hardware development f o r  experiments are proposed f o r  f i s c a l  year 1965 
so t h a t  t hese  experiments w i l l  be ready f o r  f l i g h t  aboard spacecraf t  beg;in- 
ning i n  calendar  :year 1966. Tota l  cos t  t o  completion of these  experiments 
is  estimated at $16.5 mi l l ion .  Direct ion of t h i s  proposed work w i l l  be 
assumed by t h e  Office of Space Science and Applications of NASA Headquarters 
with Goddard Spacle F l igh t  Center implementing t h e  e f f o r t .  

Studies 

1965 --- 1963 1964 

Spacecraft .  ..................... $7,905,000 $9,800,000 500,000 
Ground support.................. 1,071,000 3,200,000 $2,000,000 
Launch vehicle . .  ................ 10.200.000 3.800.000, - 3.30O.000 

Total  costs . . . . . . . . . . . . . . . . . . .  $19,176,000 $16,800,000 

The engineering and s c i e n t i f i c  f e a s i b i l i t y  and t h e  d e s i r a b i l i t y  of 
meteorological s a t e l l i t e s  has been demonstrated repeatedly by TIROS. 1x1 
addi t ion ,  TIROS continues t o  provide da ta  toward the  accomplishment of t h e  
addi t iona l  pro jec t  ob jec t ives  which are: (1) t o  provide maximum in te r im 
opera t iona l  da ta  fo r  use i n  weather ana lys i s  and forecas t ing  p r i o r  t o  a v a i l -  
a b i l i t y  of da ta  from opera t iona l  systems, (2) t o  provide research and drivel- 
opment toward advanced meteorological s a t e l l i t e  systems, (3) t o  measure 
emitted in f r a red  and r e f l e c t e d  s o l a r  r a d i a t i o n  i n  se l ec t ed  s p e c t r a l  reg:.ons, 
and (4) t o  observe cloud cover and pa t t e rns ,  and measure t h e  earth-atmosphere 
heat  balance. 

The e ight  attempted launches have a l l  been successfu l .  Data f o r  opera- 
t i o n a l  use have been provided s ince  t h e  f i r s t  TIROS launch, Apri l  1, 19hO. 
TIROS has achieved a use fu l  l i f e t i m e  i n  o r b i t  more than t r i p l e  t h e  o r i g m a l  
design l i f e t i m e  of about four  months. These satellites have discovered 
seventeen hurr icanes and typhoons during pro jec t  operat ions s ince  Ju ly ,  1961. 

Research based on TIROS da ta  has  produced s i g n i f i c a n t  r e s u l t s  i n :  (1) 
determining general ly  t h e  r e l a t ionsh ips  of t h e  cloud pa t t e rns  t o  t h e  ficild 
of motion, (2) t h e  genesis  and l i f e  cycles  of t r o p i c a l  storms, (3) ident:ify- 
ing  areas associated with severe l o c a l  storms (such as tornadoes) from : ;a te l -  
l i t e  p i c tu re s ,  (4) i den t i fy ing  and c o r r e l a t i n g  c e l l u l a r  convective cloud 
pa t t e rns  with t h e  bas i c  atmospheric parameters, and (5) u t i l i z a t i o n  of satel- 
l i t e  p i c tu re s  i n  su rve i l l ance  of ice packs and snow f i e l d s  and cover. 
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The successfu l  launch of TIROS V I 1 1  on December 21, 1963, w i t ; h  the  
Automatic P i c t u r e  Transmission (APT) system aboard, i s  providing d i r e c t  l o c a l  
readout t o  re3.iatIvely inexpensive ground s t a t i o n s .  

During f i i ic ta l  year  1965, t h e  n in th  spacecraf t  i n  t h i s  series designated 
TIROS I, t h e  "wheel" conf igura t ion ,  w i l l  be  t e s t e d  f o r  providing e a r t h  
o r i en ted  p i c t u r e s  from t h e  sp in - s t ab i l i zed  TIROS spacec ra f t .  It i s  t h i s  
conf igura t ion  which when t e s t e d  is  expected t o  rep lace  t h e  earlier TIRCS 
conf igura t ion  :in t h e  In te r im Operational Meteorological S a t e l l i t e  (IOMS) 
being funded by t h e  Weather Bureau. 
S a t e l l i t e  1.aunc:hrss are planned t o  begin i n  f i s c a l  year  1965. 

These In te r im Operational Meteorological 

TIROS J w:il:L be launched i n t o  a l o w  eccen t r i c  o r b i t  i n  f i s c a l  year 1965 
t o  provide datii l i t  va r ious  a l t i t u d e s  and p i c t u r e  r e so lu t ions  which w i l l  
con t r ibu te  t o  t h e  technology required f o r  advanced meteorological systems. 
The last TIROS liaunch (TIROS K) planned f o r  f i s c a l  year  1965 w i l l  b e  placed 
i n t o  a h ighly  eccen t r i c  o r b i t  wi th  apogee a t  approximately synchronous 
a l t i t u d e s .  In f i s c a l  year  1966, TIROS L w i l l  inc lude  one s tandard TV camera 
and one aut:ornal:ic: p i c t u r e  t ransmission system f o r  d i r e c t  readout.  

The fisca:l year  1963 funds were used t o  purchase 4 Delta veh ic l e s  f o r  
TIROS V I ,  V I I ,  V I 1 1  and "I" and an incremental  payment f o r  t'J". Funds were 
a l s o  used t:o purchase spacecraf t  V I 1  and an incremental  payment was m a d e  on 
V I I I .  Also funds f o r  Ground Operations and Support were used f o r  TIR0,C8 V, 
V I ,  and V I T .  

The f i s c a l  year  1964 funds provide complete funding f o r  t he  "J" h u n c h  
v e h i c l e ,  an incremental  payment f o r  t h e  TIROS "K" and "L" launch veh ic l e s  and 
spacecraf t ,and w i l l  complete t h e  funding of TIROS VIII, "I" and 'I .J . Also, 
funds a r e  provided f o r  Ground Operations and Support of TIROS VI1 and iIII. 
F i s c a l  year  1965 funds a r e  planned t o  complete payment on spacecraf t  and the  
veh ic l e s  f o r  "K" and "L", and t o  complete funding of Ground Operations and 
Support f o r  TIRC'S V I I I ,  "I" and "J". 

The d i r e c t i o n  of t he  TIROS p ro jec t  is  t h e  r e s p o n s i b i l i t y  of t he  Off ice  
The p ro jec t  iniple- 

The major ccn- 
of Space Science and Applicat ions at NASA Headquarters. 
mentation is accomplished at Goddard Space F l i g h t  Center.  
t r a c t  or is t h e  RCA As t ro-El ect ronics  Division. 

I n  t h e  TXJZOS p r o j e c t ,  e spec ia l ly  as app l i cab le  t o  t h e  opera t iona l  

The p r o j e c t s  c o s t s  through f i s c a l  year  1963 were 
aspec ts  and development of opera t iona l  systems, NASA and t h e  Weather Bureau 
work c lose ly  toge ther .  
$36,778,000. 
ings is  est imated t o  b e  $60,193,000. 

IChe pro jec t  cos t  t o  completion including t h e  next  four  leiunch- 
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1963 1964 - L 965 
Spacecraf t  A, backup and B ....... $24,016,000 $30,800,000 $8,900,000 
Ground support  ................... 3,345,000 9,400,000 6,600,000 
Launch vehicle. . . . .  .............. 1.200.000 1,000,000 - 3,400,000 

Tota l  costs . . . . . . . . . . . . . . . . . . . .  $28,561.000 $41,200,000 s18,900,000 - 
The b a s i c  ob jec t ives  of t h e  Nimbus p ro jec t  are: (1) t o  develop ,I s i g n i f -  

i c a n t l y  improved meteorological  s a t e l l i t e  t o  provide da t a  f o r  use  by 
meteoro logis t s ;  (2) t o  ca r ry  out  f l i g h t  tests t o  prove t h e  a p p l i c a b i l i t y  of 
t h e  instrumentat ion;  (3) t o  f u l f i l l  s p e c i a l  da t a  requirements of the  atmos- 
pher ic  sc iences  research community which can be provided uniquely by t h i s  
instrumentat ion,  funct ioning as a space meteorological ebservatory;  ,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  technological  advances i n  
meteorological sa te l l i tes .  

The Nimbus spacecraf t  embodies major s t eps  forward, beyond the  bas i c  
TIROS, i n  four  a reas :  (1) Or ien ta t ion  - Nimbus i s  designed t o  poin t  down at 
t h e  e a r t h  a t  a l l  times; (2) Coverage - The sa te l l i t e  has the  c a p a b i l i t y  t o  
provide complete g loba l  cloud cover da t a  d a i l y ;  (3) Night Time Cloud Cover 
Data - Specia l ly  developed high r e s o l u t i o n  i n f r a r e d  radiometers w i l l  be used 
t o  ob ta in  experimental n ight  cloud cover;  and (4) Direct Local Readout - 
Users equipped with r e l a t i v e l y  simple,  inexpensive ground s t a t i o n s  c m  
rece ive  cloud cover p i c tu re s  of t h e i r  l o c a l  area d i r e c t l y  from t h e  s ( a t e 1 l i t e .  
(This system is being t e s t e d  i n  o r b i t  on TIROS VIII.) 

The Nimbus scheduled f o r  launch i n  t h e  f i r s t  q u a r t e r  of cal.enda~c year  
1964 weighs about 750 pounds, s tands  t e n  f e e t  high and is f i v e  f e e t  across  
t h e  sensory r i n g  a t  t h e  base.  The sensory system w i l l  include t:hree v id icon  
cameras, t h e  automatic p i c t u r e  t ransmission system f o r  d i r e c t  l o c a l  readout, 
and the  high r e s o l u t i o n  i n f r a r e d  radiometers (HRIR) f o r  providing nizhht t i m e  
cloud cover da ta .  Should it  be requi red ,  a backup (dupl icate)  spacecraf t  f o r  
t h e  f i r s t  Nimbus w i l l  be ava i l ab le  f o r  launch i n  f i s c a l  year  1965 ( t h i r d  
q u a r t e r  of calendar  year  1964). 

The Nimbus B w i l l  be ready f o r  launch i n  f i s c a l  year  1966 and w i l l  i n -  
corpora te  redundant advanced v id icon  cameras (two sets of these  cameras), 
a redundant automatic p i c t u r e  t ransmission system, a s i n g l e  high r e so lu t ion  
i n f r a r e d  system, and an advanced medium reso lu t ion  i n f r a r e d  radiometer 
(MRIR). The g r e a t e r  weight r e s u l t i n g  from these  add i t iona l  sensors  w i l l  
r equ i r e  the  use  of t h e  t h r u s t  augmented ve r s ion  of t h e  Thor-Ageria lalinch 
veh ic l e .  

It is expected t h a t  t h e  experience r e s u l t i n g  from t h e  Nimbus w i l l  play 
a v i t a l  r o l e  i n  t h e  development of opera t iona l  meteorological s a t e l l L t e  
systems. Of immediate use  will be t h e  broad coverage (near global)  Jay and 
n ight  cloud cover da t a  a v a i l a b l e  from Nimbus f l i g h t s .  
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F i s c a l  year  1963 funds were used t o  complete payment f o r  t h e  Thor-Agena 

An inc:remental payment w a s  made on 3 spacecraf t  and on the assoc i -  
"B" veh ic l e  f o r  Nimbus A and an incremental payment w a s  made on t lhe  second 
vehic le .  
a t ed  ground equipment, (command d a t a  acqu i s i t i on  s t a t i o n s  i n  Alaska and a t  
Goddard plus o ther  accesso r i a l  equipment). 

I n  f iscal .  year  1964 an incremental payment is provided f o r  t l h e  second 
The funding f o r  t he  Nimbus A spacecraf t  w i l l  be completed and an veh ic l e .  

incremental  payment on t h e  backup and "B" spacecraf t .  
and Support funds a r e  t o  complete t h e  funding of ground equipment, the 
t r a i n i n g  af opei:ating personnel and checkout of t h e  ground systems,and f o r  
operat ions and niaintenance subsequent t o  t h e  launch of Nimbus A. 

The Ground Operations 

I n  f i s c a l  year  1965 t h e  funding w i l l  be  completed f o r  t h e  second launch 
veh ic l e  and completion of t h e  backup spacecraf t .  Additional incremental 
payment w i l l  be  made f o r  t h e  Nimbus B spacecraf t .  
i ng  a l s o  provid'es €or  Ground Operations and Support f o r  Nimbus A and ])re-launch 
modif icat ion tmd checkout of t h e  ground equipment f o r  t h e  Nimbus B launch. 

The f i s c a l  year  1965 fund- 

The cos t  through f i s c a l  year  1963 has  t o t a l e d  $61,236,000. 
cos t  t o  compl.et:ion f o r  t h e  program through Nimbus B as out l ined  i s  
$130,000,000., 

The est imated 

Meteorological Soundinp. Rockets 

1963 

Development of small meteorolog- 

Large m e t  eo::o 1 og i ca 1 sounding 
ical  sounding rocket system.. . $147,000 

rocket: p ro jec t  ................ 1,290,000 

Tota l  coci1:s.. ................. $1,437,000 

For t h e  :Large meteorological sounding rocket 
t o  develop anti improve sensors  and techniques f o r  

1965 - 1964 

$1,100,000 $1 Y ~.00,000 

1,800,000 1 9  !'OO ,000 

$2,900,000 $3 .ooo ,000 

p ro jec t  t h e  ob jec t ives  a r e  
measuring t h e  bas i c  

meteorological parameters i n  t h e  region from 40 t o  60 mi le ; .  
s i tes f o r  these  l a rge  rocke ts  are loca ted  at seve ra l  d i f f e r e n t  l a t i t u d e s .  
This d i s t r i b u t i o n  con t r ibu te s  t o  determining t h e  magnitude and ex ten t  of t h e  
dynamic arid tlieirmodynamic v a r i a t i o n s  of t h e  atmospheric proper t ies  i n  t h e  
upper s t r a tosphe re  and mesosphere. 

The laur1,ch 

I n  f i s c a l  year 1963 f i f t e e n  l a r g e  sounding rockets  were launched using 
t h r e e  experimental techniques; accous t ica l  grenades, p i t o t  tubes,  and sodium 
vapor. These limnches showed t h e  a p p l i c a b i l i t y  of t h e  measurement tech-  
niques,  and revealed i n t e r e s t i n g  s c i e n t i f i c  f ea tu re s  found at these  a1 ti- 
tudes.  This included t h e  ex is tence  of l a rge  wind shears  i n  t h e  a r e a  tinder 
study. 
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During the  f i s c a l  year 1964 approximately t h i r t y - f i v e  of thkese :llaunches 
are cu r ren t ly  planned. 
measurement techniques,  and provide add i t iona l  s c i e n t i f i c  da ta .  These 
launches w i l l  be d i s t r i b u t e d  among Wallops I s land;  F t .  Churchill.; John F. 
Kennedy Space Center, NASA; Ascension Is land;  and, poss ib l e ,  an Alaslcan 
a r t ic  loca t ion .  The launches from these  loca t ions ,  when possibl.e, w i l l  be 
coordinated t o  provide measurements of geographical v a r i a t i o n  i n  add k t  ion 
t o  seasonal va r i a t ions .  I n  f i s c a l  year 1965 funds are planned t:o provide 
for  add i t iona l  ground equipment and to pay fo r  45 l a rge  sounding rockets ,  
of which 35 w i l l  be launched i n  f i s c a l  year 1965. 

The r e s u l t s  are expected t o  lead t o  the  refinement of 

Direction of the  l a rge  meteorological sounding rocket p ro jec t  i s  by 
t h e  Off ice  of Space Science and Applications a t  NASA Headquarters. Imple- 
mentation of t h e  p ro jec t  i s  the  r e s p o n s i b i l i t y  of the  Goddard Space ‘Flight 
Center. 

I n  the  p ro jec t  t o  develop a -11 meteorological sounding rocket system, 
t h e  ob jec t ive  is t o  develop a r e l i a b l e ,  s impl i f ied ,  s e l f - s u f f i c i e n t  sounding 
system (rocket vehic le ,  sensors ,  and da ta  acqu i s i t i on )  which would provide 
a c a p a b i l i t y  €or rou t ine  measurements of t he  bas i c  meteorological parameters 
fo r  research and an opera t iona l  system i n  the  20 t o  40 m i l e  reg:Lon of the  
atmosphere. 

Data wtdc:h have a l ready  been obtained i n  connection with previous 
developmental f l i g h t s  i nd ica t e  t h a t  t h i s  region serves  as an important 
l i n k  between the  higher regions dominated by so la r  e f f e c t s ,  and the  lower 
regions where convection and a i r  mass movement and mixing determine t h e  
sur face  weather. Thus, obtaining more data leading toward fu r the r  under - 
standing of t h e  atmospheric processes is a s t ep  toward the  so lu t ion  of 
s i g n i f i c a n t  problems i n  weather ana lys i s  and forecast ing.  

The f i s c a l  year 1963 funds paid for  seventy-five s m a l l  meteorological 
sounding rockets  and launch cos t s .  The f i s c a l  year 1964 funds provide for  
an  increment: toward development of t h e  small sounding rocket  system (motor, 
sensors ,  data acqu i s i t i on  equipment, etc.), purchase and f l i g h t  t e s t  of 100 
small sound:ing rocke ts  of var ious types.  The f i s c a l  year 1965 funds a r e  
planned fo r  t h e  f l i g h t  t e s t i n g  of 100 rockets ,  improvement of t he  rocket 
systems, and it start  on t h e  design and development of an advanced slstem. 

These :Launches are coordinated with those from the  o ther  na t iona l  
ranges as pciri: of t h e  meteorological rocket network. 

Direct:Lon of t h e  small meteorological sounding rocket  p ro jec t  is t he  
r c spons ib i l  Lty of t h e  Off i c e  of Space Science and Applications i n  NASA 
Headquarters. Langley Research Center is responsible  for  t he  p ro jec t  
implementat Lon. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SP&JE SCIENCE AND APPLICATIONS COMMUNICATIONS SATELLITES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

Comnunication s a t e l l i t e s  make it possible t o  es tab l i sh  microwavr: 
cormrmnicatioas over long distances by providing relay s t a t ions  a t  alt . i tudes 
where they are simultaneously i n  line-of-sight of many points on the Earth's 
surface. With t h e i r  use a l l  types of telecomunications can be extended t o  
the e n t i r e  Earth. 
improvement> 
systems through research, development, and f l i g h t  tests. 

This program w i l l  support the continuing d e v e l o p m t ,  
and expansion of the pract ical  uses of comrmnication s a t e l l i t e  

Launches of comwnication s a t e l l i t e s  through the f i r s t  half  of :iiscal 
year 1964 have (1) proved the f e a s i b i l i t y  of erect ing passive sate1l:lLtes i n  
space and of placing ac t ive  s a t e l l i t e s  i n  intermediate and synchrronorrs 
o r b i t ,  and (2) permitted successful conduct of coamunications experiments 
with Echo I, Relay I, Tels tar  I and 11, and Syncom 11, l inking the United 
States  with Europe, United S ta tes  with Africa, United S ta tes  wit:h South 
America, and United S ta tes  with Japan. As t h e  year 1964 begins,, Echo I is 
s t i l l  i n  o r b i t  a f t e r  34 years,  Relay I has completed one year of successful 
operations, and Syncam I1 has operated successfully f o r  six months slnce i ts  
launch i n  July 1963. 
i n  the l a s t  half  of f i s c a l  year 1964, w i l l  be of greater  r e l i a b i l i t y  than 
the i r  predecessors and w i l l  furnish addi t ional  l i fe t ime data. 
Syncom I11 w i l l  be placed i n  a synchronous equator ia l  o r b i t  over the Pac i f ic  
Ocean whereas Syncom I1 is  i n  a synchronous o r b i t  included 33' t o  the  
equator over the Atlant ic .  

Echo 111, Relay 11, and Syncom 111, t o  be launched 

3Cn ad3ition, 

This program u t i l i z e s  and advances the pract ical  application of space 
comrmnicat ion, seeks the f u l l  exploi ta t ion of the  communication s a t e l l i t e  
potent ia l ,  tmd assists i n  a t ta in ing  the national goal of the  ear ly  es tabl ish-  
ment of an operational global comrmnications s a t e l l i t e  system. 

SUMMARY OF I=;OURCES REQUIREMENTS : 

1963 

Supporting research and 

Echo 11. .......................... 2,299,000 
technology. .................... $3,012,000 

Relayl.. , .  ....................... 13,751,000 
Syncom................... ........ 13,013,000 
Early gravity gradient experiment --- 

Total costs.................... $32.075.000 

1964 

$1,700,000 
2,600,000 
2,900,000 
6,300,000 

-e- 

$13.500,000 

1965 - 
$3,500,000 

300,000 
1,800,000 
2,000,000 
5 a,, 000 ,000 

512,600,000 
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BASIS OF FUND I W Z U I ~ S :  

Supporting Research and Technolow 

1963 1964 

Advanced passiwe s a t e l l i t e  

Research, experimentation, and 
studies....................... $700,000 $500,000 

development.. ................. 2,312,000 1.200 .ooo 

Total costs... . . . . . . . . . . . . . . . .  $3.012.000 $1,700.000 

1905 

$1,000,000 

2,500,000 

J3.500.000 --- 
I n  the Co~nmi~nications S a t e l l i t e s  program there is a continuing need f o r  

a c t i v i t y  i n  supporting research and technology which w i l l  ident i fy  and solve 
cri t ical  technical problems, advance the s ta te -of -ar t ,  and provide a 
technical foundation fo r  future  improved eomaunications and navigation 
s a t e l l i t e s .  

Research on overal l  comrmnication system problems over the past  
several years has been concentrated i n  three areas: 
cations s a t e l l i t e  systems with conventional terrestrial systems; economic 
fac tors ;  and technical aspects of frequency al locat ion and sharing. The 
l a t t e r  e f fo r t  contributed importantly t o  the International Telecomaunications 
Union Conference on Space Comamunications. Additional s tudies  w i l l  be con- 
ducted in f i s ca l  year 1965 on integrat ion of s a t e l l i t e  and terrestrial 
systems, t o  determine the influence on design of future  comwnication 
s a t e l l i t e  systems of present and planned routing, s igna l l ing ,  switchin!!, 
and multiplexing schemes fo r  terrestrial systems. These s tudies  w i l l  
provide a bas i s  f o r  upcoming internat ional  negotiations r e l a t ing  t o  the 
integrat ion of satell i te and terrestrial systems. 

integrat ion olf c m m n i -  

Economic s tudies  i n  the  p a s t  have begun t o  provide valuable infonnation 
on t radeoffs  between various comrmnication satell i te systems and hetwellxt 
design parameters. These s tudies  w i l l  be pursued i n  f i s c a l  year 3.965 as 
an a i d  i n  se lec t ing  the  best  course fo r  researchand development. 

In f i s c a l  year 1963, three navigat ion-traff ic  coordination sri tellLte 
system f e a s i b i l i t y  study contracts were i n i t i a t e d  and are scheduled for 
completion i n  f i s c a l  year 1964. 
then be made w i t h  cooperation from potent ia l  user agencies. It i n  an t i c i -  
pated t h a t ,  through the j o i n t  e f f o r t s  of National Aeronautics and Space 
Administration and the  various government departments o r  agencies (Fedr2ral 
Aviation Agency, Deparlmente of Commerce, In t e r io r ,  Treasury, and Defense) 
having an i n t e r e s t ,  a recananended national program plan w i l l  be developed 
which w i l l  set for th  the required future  e f fo r t .  

An in-house comparison of the  recmlts w i l l  
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I n  fiscal. year 1965, investigation e f fo r t  w i l l  continue on s a t e l l i t e  
systems capable of l inking terminals of great ly  reduced s i z e  and cost  making 
possible cornminications with a i r c r a f t ,  ships at sea, and s m a l l  portable 
emergency land s ta t ions ,  
navigation and air traffic control systems, and w i l l  require the  use of 
e i t h e r  a high--pcrwered, f u l l y  s tab i l ized  satellite o r  a satell i te with 
moderate power trnd high-gain, narrow-beam, s teerable  antennas. 

A capabi l i ty  of t h i s  s o r t  w i l l  be necessary f o r  

A modest laboratory e f f o r t  on materials, s t ruc tures ,  and erectioo- 
system development i n  advanced passive satell i te research has been conducted 
i n  the past  aid w i l l  continue during f i s c a l  year 1965. 
Structures development e f f o r t s  a r e  directed toward providing fo r  great ly  
reduced weight nnd adequate s t i f f n e s s  of space s t ruc tures  t o  reduce t h e  
perturbing anti deforming e f f ec t s  of so l a r  pressure and aerodyncrmic drag, 
Erection systems w i l l  be developed having charac te r i s t ics  required for 
r e l i ab ly  depl.oy:Lng and erect ing these lightweight s t ruc tures  i n  the srace 
environment . 

Materials and 

n e  f i s c a l  year 1965 program t o  improve subsystems w i l l  provide for  
continuation of studies  on modulation techniques , with emphasis on techniques 
which improve nni l t ip le  access capabi l i t i es ;  on ra i s ing  the conversion 
eff ic iency between the  satellfte's primary p e r  source and transmitter 
power output;  and on improving the charac te r i s t ics  of both satell i te and 
ground receiver13 . 

Echo XI 

1965 --- 1963 1964 

Spacecraft,.  ................... $1,5@,000 $300 , 000 
Ground operations and support.. 255,000 1,000,000 $3(H),OOO 
Thor-Agena Launch vehicle...... 500.000 1.300 .OOO 

$2.600 .OOO $300,000 --- Total costs.................. $2.299 .ooo 

The objectives of Project Echo I1 are t o  design, develop, launch, and 
evaluate 8 135-foot diameter spherical  passive satell i te (Echo IX), which 
w i l l  be r i g i d  enough t o  maintain i t s  s u i t a b i l i t y  as a reliable ref1ect:or of 
radio waves throughout i ts  o r b i t a l  l i f e  of several years, even a f t e r  t:he 
pressurizing gas has escaped. The passive commnication s a t e l l i t e  wC.1 be 
launched into a 800 s t a t u t e  mile near-polar o rb i t .  A t e s t  program inirolv- 
ing two b a l l f s t i c  launches from the Atlant ic  Missile Range t o  test thi? 
satel l i te  deployment and in f l a t ion  sequence has been completed. The .Eirst 
b a l l i s t i c  f l i g h t ,  which was conducted on January 15, 1962, w a s  unsuccessful. 
A redesigned payload w a s  launched i n  the second b a l l i s t i c  test OKL July 18, 
1962. In f l a t ion  was successful but the sphere was not a good refilector of 
radio waves because of insuf f ic ien t  pressure. 
i n f l a t ion  system has been redesigned t o  provide suf f ic ien t  pressure i n  the 
sphere. Flight spacecraft are being prepared f o r  the o r b i t a l  launch sched- 
uled for  the f i r s t  quarter of calendar year 1964, using a Thor-Agena vehicle. 

Accordingly, the Eiatellite 
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The launch veh ic l e  w i l l  c a r ry  a t e l e v i s i o n  system of the  type used OIL t h e  
b a l l i s t i c  launches t o  permit observation of sa te l l i t e  separation. and 
i n f l a t i o n  during i n j e c t i o n  i n t o  o r b i t .  

The Off ice  of Space Science and Applications,  National Aeromaut:i.cs and 
Space Administration Headquarters, is responsible  f o r  t h e  ove ra l l  management 
of Pro jec t  Echo 11. Responsibi l i ty  f o r  pro jec t  management is  assigned t o  
Goddard Space F l ight  Center. Vehicle systems management f o r  t he  Thoir-Agena 
vehic le  is assigned t o  Lewis  Research Center. Major contractors;  are G. T. 
Schjeldahl Company f o r  t he  i n f l a t a b l e  spheres ,  Grumman Ai rc ra f t  Corporation 
f o r  the  c a n i s t e r s  and launch support ,  Douglas Ai rc ra f t  Corporati-on f o r  t he  
b a l l i s t i c  launch vehic les  and t h e  Thor booster  f o r  t he  o r b i t a l  l.aunch, and 
Lockheed for t h e  Agena s t age  and in t eg ra t ion  of the  launch vehic le .  
is a l s o  provided by pa r t i c ipa t ion  of var ious Department of Defense t racking 
f a c i l i t i e s .  

Support 

Fiscal year 1963 and p r i o r  years  funds amounting t o  $14.7 mi l l i on  have 
provided f o r  design, development, f ab r i ca t ion ,  and evaluat ion of t h e  
sphe r i ca l  sa te l l i te ;  i t s  assoc ia ted  t racking beacons and canisttzr ; and 
p a r t i a l  funding of t he  o r b i t a l  launch vehic le .  They have a l s o  supported 
a l l  c o s t s  f o r  t h e  two b a l l i s t i c  f l i g h t s .  F i s c a l  year 1964 funds cover 
spacecraf t  c o s t s ,  q u a l i f i c a t i o n  tests, launch operat ions of Echo 111 ~ remain- 
ing launch veh ic l e  c o s t s ,  and i n i t i a l  operat ion of the  radar  and o p t i c a l  
s t a t i o n s  w h j d  w i l l  be used t o  obta in  da t a  from which t h e  performance of 
t h e  satel l i te  i n  o r b i t  w i l l  be assessed. 
required t o  continue the  radar  and o p t i c a l  coverage of t h e  s a t e l l i t e  as 
w e l l  as f o r  da t a  ana lys i s ,  c o r r e l a t i o n  of t h a t  da t a  with b a l l i s t i c  launch, 
and ground 1:ecit results. It is  estimated t h a t  an addi t iona l  $2100,000 w i l l  
be required a f t e r  f i s c a l  year  1965 f o r  continued da ta  acqu i s i t i on ,  reduct ion,  
and analysici . 

F i s c a l  year 1965 funds a re  

1965 - 1963 1964 

Spacecraft.. . . . . .  --- .............. $6,616,000 $ 500,000 

Delta vehicle... . . . . . . . . .  ...... 1,000,000 300,000 - --- Ground operat ions and support . .  6,135,000 2,100,000 $1,800,000 

Total  cxwts .................. $13.7- &800,000 

The mission of Pro jec t  Relay is t o  perform experimental na.rrow band 
(telephone, etc.) and wide band ( te lev is ion)  cotanmications t e s t e  between 
widely separated ground s t a t i o n s  by means of intermediate  a l t i t u d e  rictive 
communications satel l i tes ;  t o  measure t h e  e f f e c t s  of t h e  space environment 
on these  s a t e l l i t e s ;  and t o  determine t h e  usefu l  l i f e t i m e  of t h i e  satell i tes.  

Pro jec t  Relay provides for t h e  design, development, launch, opera t ion ,  
and evaluat ion of two intermediate a l t i t u d e  wide band a c t i v e  ccmrnunlcations 
satellites. These satell i tes include c i r c u i t s  and components t:o monitor t h e  
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important parameters of t h e  satell i te while  funct ioning i n  t h e  sipace environ- 
ment. 
t e lemet ry  equipment, two (dupl ica te ,  but  not simultaneously operat ing)  
communication transponders each providing a s i n g l e  t e l e v i s i o n  channel o r  
twelve two-way telephone o r  d a t a  channels;  and experiment packages t c  
monitor both t h e  r a d i a t i o n  environment encountered and t h e  damaging e f f e c t s  
of  t h a t  emriicoiment on components designed f o r  s a t e l l i t e s .  

The strtellites conta in ,  i n  add i t ion  t o  power supp l i e s  and coaanand and 

Relay Y was launched i n t o  o r b i t  on December 13, 1962. An e a r l y  f a i l u r e  
occurred which prevented opera t ion  of t h e  transponders f o r  t h e  f i r s t  t h r e e  
weeks a f t e r  laiinch. Since t h a t  time the  s a t e l l i t e  has been operating, 
succesafu l ly  f o r  more than  a year  performing more than 1,800 technica l  
experiments and 125 demonstrations involving ground s t a t i o n s  i n  the  Irnited 
S t a t e s ,  Great :Britain,  France,  Germany, I t a l y ,  and Japan. During t h i s  
per iod more than 550 hours of r a d i a t i o n  da ta  have been recorded. 
s a t e l l i t e  has 'been prepared f o r  launch i n t o  o r b i t  i n  t h e  f i r s t  qua r t ex  of 
calendar year  1964 t o  ga ther  f u r t h e r  experimental d a t a ,  evaluate  the  space- 
c r a f t  improvements , continue r a d i a t i o n  measurements, and provide a measure- 
ment of use fu l  s a t e l l i t e  l i f e t i m e .  

An improved 

The Office of Space Science and Applicat ions,  National Aeronaut:l~cs and 

Respons ib i l i ty  f o r  p ro jec t  management is assigned t o  t h e  
Space Administration Headquarters, is respons ib le  f o r  t h e  o v e r a l l  management 
of P ro jec t  Relay. 
Goddard Space F l igh t  Center. Vehicle systems management f o r  t h e  Delxa 
veh ic l e  is a l s o  a Goddard r e s p o n s i b i l i t y .  Major con t r ac to r s  a r e  RadLo 
Corporation of America f o r  t h e  satellites; Space Technology Laborator ies  fo r  
s a t e l l i t e  preliminary design,  systems coordinat ion and planning,, t e s ~ :  s t a t i o n  
opera t ion ,  and experiment review and ana lys i s ;  Phi lco  Corporation f o r  the  
West Coast s t a t i o n  antenna; American Telephone and Telegraph and Intc?rnation- 
a1 Telephone and Telegraph f o r  ground s t a t i o n  operat ions;  and Douglas 
A i r c r a f t  Corporation fo r  the  launch vehic les .  

F i s c a l  year 1963 and p r i o r  year funds amounting t o  $39.8 mltllioia have 
provided for  spacec ra f t  design, f ab r i ca t ion ,  test, a major p a r t  of tlie 
procurement of launch veh ic l e s ,  launch operat ions support ,  ground s t a t i o n  
opera t iona l  s e rv i ces ,  and performance of experiments f o r  Relay I. Fiscal 
year 1964 funds provide f o r  t he  f i n a l  experiments and data handling cos t s  
f o r  Relay I,, f i n a l  assembly, test, launch, ground s t a t i o n  opera t ion  fo r  the  
f i r s t  six mc)nt:hs of the  Relay 11, and f i n a l  incremental  funding of launch 
vehic les .  F i s c a l  year  1965 funds are requi red  t o  maintain and opera te  t h e  
communications ground s t a t i o n s ,  to perform communications experiments, t o  
coordinate  the  overall experimental program, and t o  ga ther ,  reduce, corre-  
late, and arlal.yze the  data obtained through the  Relay I and I1 , expe rhen ta l  
programs. This a n a l y s i s  w i l l  r e s u l t  i n  improved design c r i t e r i a  and 
techniques for f u t u r e  satell i tes,  both communication and s c i e n t i f i c ,  and in 
more r e l i a b l e  da t a  as  t o  s a t e l l i t e  l i f e t i m e s  and opera t iona l  systems design. 
It is  estimated t h a t  an add i t iona l  $500 thousand w i l l  be requi red  a f t e r  f i s ca l  
year 1965 fo r  opera t ion  of ground s t a t i o n s ,  da t a  c o l l e c t i o n ,  reduct ion ,  and 
ana lys i s .  
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1965 --- 1963 1964 

Spacecraft . .  .................... $5,092,000 $2,700,000 $300,000 

Thrust-augmented Delta (TAD). ... 4.000.000 3 . I00 .OOO 
Ground operat ions and support .  . 3,921,000 500,000 :l ,700,000 --- 

Total  Cost€;.. . . . . . . . . . . . . . . . . .  ~ . 0 1 3 , 0 0 0  

The 0bject:ives of Projec t  Syncom are t o  provide experience i n  using 
communication s a t e l l i t e s  i n  a synchronous o r b i t  t o  f l i g h t  test  a new 
and simple approach to satel l i te  a t t i t u d e  and per iod control ;  t o  develcp 
t ranspor tab le  ground f a c i l i t i e s  which can be deployed i n  usefu l  areas; 
t o  develop the c a p a b i l i t y  of launching satellites i n t o  the synchronous 
o r b i t  using ex:Lsting launch v e h i c l e s  p lus  apogee kick rockets ;  and t o  t e s t  
the l i f e  of cormmications satellites components a t  t h e  synchronous o r f i t a l  
a1 ti tude. 

Pro jec t  S1rnc:om provides f o r  t he  design,  development, t e s t i n g ,  and 
launching of four a c t i v e  comunica t ion  satel l i tes  i n t o  synchronous o r b i t s .  

Syncom I tias launched on February 14, 1963, but a l l  e l ec t ron ic  systems 
f a i l e d  duri.ng the  f i r i n g  of t he  apogee kick motor although subsequlent 
o p t i c a l  sightingti  showed t h a t  t he  spacecraf t  d id  achieve a near-synchronous 
o r b i t .  

Syncom I1 wtis launched successfu l ly  on J u l y  26, 1963, i n t o  a synchronous 
o r b i t .  As planned, t h i s  o r b i t  has a 33 degree i n c l i n a t i o n  t o  t h e  equator ia l  
plane which resultts i n  the  sa te l l i t e  descr ibing a s lender  f igu re  e ight  path 
along a prese lec ted  longitude on t h e  Earth 's  sur face  with excursions of 
33 degrees of l a t i t u d e  t o  t h e  north and south.  

The a v a i l a b i l i t y  of a Thrust-Augmented Delta (TAD) launch veh ic l e  now 
malces it possil l le t o  launch Syncom 111 and IV i n t o  synchronous o r b i t s  c f  
low inc l ina t ion  t o  t h e  equator ia l  plane. 
poss ib le  f o r  the  f i r s t  time for a satel l i te  t o  remain v i r t u a l l y  s t a t iona ry  
with respect  to a point  on t h e  Ea r th ' s  equator. The Syncom IV spacecraf t  
would serve as a means of f l i g h t  t e s t i n g  new design advances i n  transpclnders 
and range and range-rate equipment f o r  o r b i t a l  determination while making 
maximum use of o ther  ex i s t ing  hardware. 

This capab i l i t y  w i l l  make it 

The Off i c e  of Space Science and Applicat ions,  National Aeronauticr: and 
Space Administration Headquarters, is responsible  for t h e  ove ra l l  management 
of Pro jec t  Syncom. Responsibi l i ty  fo r  p ro jec t  management i s  assigned to  
Goddard Space F l i g h t  Center, Vehicle systems management fo r  the  TAD i s  a l s o  
a Goddard r e spons ib i l i t y .  
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The major con t r ac to r s  a r e  the  Hughes A i r c r a f t  Company f o r  spacecriif t  , 
te lemetry and command equipment, and the  Space Technology Laborator ies  f o r  
range and range-rate  equipment. The Department of Defense through t h e  
United S t a t e s  Army S a t e l l i t e  Communications Agency has furnished the  g:iround 
s t a t i o n s  with the  exception of ground equipment required f o r  telemetr:r, 
command, and range and range-rate .  

F i s c a l  year 1963 and p r i o r  year  funds amounting t o  $26.1 mill.ion 
provided f o r  spacecraf t  design and development, a major por t ion  of veh ic l e  
c o s t s ,  communication experiments,  and ground and launch support  f o r  t he  f i r s t  
two launches. F i s c a l  year  1964 funds provided f o r  f l i g h t  hardware, 
communication experiments, ground and launch support ,  opera t ion  of Syn':om 
and the  balance due f o r  launch vehic les .  F i s c a l  year  1965 funds isre r e -  
quired f o r  f l i g h t  hardware, communication experiments, ground and 1aun:h 
support f o r  Syncom I V  and cont inua t ion  of opera t ion  of the  o t h e r s .  It i s  
estimated t h a t  an add i t iona l  $2.0 mi l l i on  w i l l  be required a f t e r  f i s c a l  
year  1965 t o  complete the  communication experiments, opera t iona l  support ,  
and d a t a  reduct ion and ana lys i s .  

Ear ly  Gravi ty  Gradient Experiment 

1965 --- 1963 19 64 

Spacecraf t  .................. --- $5,000,000 

This p ro jec t  includes research ,  development, and t e s t  of  g r a v i t y  
grad ien t  s t a b i l i z e d  spacec ra f t ,  which d i r e c t l y  supports  the  Department of 
Defense co~nmunications s a t e l l i t e  program. The spacecraf t  design w i l l  be 
compatible with the  requirements provided t o  NASA by the  Department of 
Defense; s t a b i l i z a t i o n  components w i l l  be designed f o r  o r b i t a l  t e s t  inzo a 
6,500 mile c i r c u l a r  o r b i t ;  and r e s p o n s i b i l i t y  f o r  f l i g h t  demonstration of 
the  spacecraf t  w i l l  r e s t  with the  Department of Defense. 

The f i s c a l  year 1965 funding es t imate  covers  the  design and develop- 
ment of spacec ra f t ,  but  does not include launch veh ic l e  and ground sup,?ort 
s e rv i ces  a s  these  w i l l  be provided by the  Department of Defense. 
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RESEARCH AM, DEVELOPMENT 

FISCAL YEAR 1965 ESTWTES 

OFFICE OF SPACESIENCE BND APPLICATIONS ADVANCED TECHNOLOGIEAL 
SATELLITES PFtOGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objec t ives  of the  program are (1) t o  develop Spacecraft  techno:.ogy 
p a r t i c u l a r l y  s u i t e d  f o r  space appl ica t ions ,  (2) t o  provide capab i l i t y  for 
experimental t e s t i n g  of t he  techniques and devices from various engineering 
and technological d i sc ip l ines  i n  t h e  space environment, p a r t i c u l a r l y  i n  t h e  
higher a l t i t u d e  o r b i t s ,  and (3) t o  provide bas ic  technological  and s c i e n t i f i c  
d a t a  on gravi ty  gradient  s t a b i l i z a t i o n  i n  the 6,500 m i l e  o r b i t  whic:h m a y  be 
extrapolated t o  t h e  mre d i f f i c u l t  synchronous o r b i t s .  
and growing need i n  the  Department of Defense and i n  National Aeronautics 
and Space Administration f o r  improved spacecraf t  technology i n  the  area:3 of 
s t a b i l i z a t i o n ,  o r i e n t a t i o n ,  and s t a t i o n  keeping i n  t h e  24 hour o r b i t .  ' h e r e  
is  a requirement f o r  obtaining engineering d a t a  on t h e  24 hour o r b i t  f o r  u s e  
i n  designing systems f o r  t h a t  d i s c r e t e  o r b i t  with i t s  unique fea tures .  ' h e r e  
i s  a l s o  a requirement of g rea t  importance t o  both t h e  Department of Deflmse 
and National Aeronautics and Space Administration f o r  bas i c  information t o  
v a l i d a t e  t h e o r e t i c a l  concepts of grav i ty  grad ien t  s t a b i l i z a t i o n .  This 
information should be amenable t o  ex t rapola t ion  t o  o ther  a l t i t u d e s  and )e 
conver t ib le  t o  engineering handbook type da ta  f o r  use i n  systems design. 
i s  t h e  purpose of t h e  Advanced Technological S a t e l l i t e s  program t o  meet 
these  requirements. 

There is arb ex i s t ing  

It 

SUMMAElY OF RESClBCES REQUIREMENTS: 

1965 --- 1963 1964 

Supporting research and 

Advanced t e c h c i  1 og i c  a1 
technology, ................... $8,668,000 $2 . 100,000 $'l ,100,000 

satel l i tes .  ................... --- 16.400.000 2'9,900,000 

Total  c.oste.  ................... $8.668.000 $18,500.000 Q31.000.000 
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BBSIS OF FUND RIKJUIREMENTS: 

Supportinp Research and Technology 

1963 1964 

Advanced syncl.irunous 
s a t e l l i t e s  studies.. .......... $8,668,000 --. ........ $1,500,000 Stab i l iza t ion  techniques .-- 

Propagation studies............. --- 300,000 ......... 300.000 Components development. --- 
Total costs  ................... S 8 . 6 6 8 . B  S2.100,000 

196:- 

--- 
$500,000 
300 :, 000 - 300 ,m 

In  the Advanced Technological S a t e l l i t e s  program there  is a contintling 
need fo r  a c t i v i t y  i n  supporting research and technology t o  ident i fy  c r i t i c a l  
problems and long lead-time development items; t o  advance the  state-of-the- 
a r t ;  and t o  provide a technical foundation f o r  advanced technological 
s a t e l l i t e s .  

Spacecraft components and materials investigation and development w i l l  
It is anticipated tha t  newly i n i t i a t e d  work i n  microwave and be continued. 

millimeter-wave components fo r  spacecraft  w i l l  advance the s ta te-of- the-ar t ,  
and tha t  investigations of ex is t ing  components w i l l  improve r e l i a b i l i t y  
The program t o  develop high-gain, s teerable  spacecraft  antenna i n i t i a t e d  
i n  f i s c a l  year 1963 has begun t o  yield promising results and w i l l  be 
continued i n  f i s c a l  year 1965. 

Design of radio propagation experiments at  frequencies above ten g:i.ga- 
cycles was begun i n  f i s c a l  year 1964, and development of components neces- 
s a r y  t o  perform t'he experiments w i l l  be carr ied out i n  f i s c a l  year 1965 I 
This invest igat ion may extend the useful areas of the  radio frequency 
spectrum. 

In  fiscal year 1963 and pr ior  years, parametric s tud ies  were j.niti,%ted 
on passively damped gravity gradient a t t i t u d e  control systems. 
mathematical models have been established and camputer analyses have been 
completed on several  three-axis or ien ta t ion  systems. 
provided the basis  from which conceptual designs for  use with sateI . l i te~3 i n  
intermediate a l t i t ude  and synchronous o r b i t s  have evolved. 
1964, a major advanced technical development e f fo r t  w i l l  be i n i t i a t e d  for  
s t ab i l i za t ion  components, such as magnetic hysteresis  and eddy current 
l i b r a t i o n  dampers, extendable gravity gradient booms and associated control 
mechanisms, and sensors. 
1965. 
and demonstration. 

Rigorouii 

These s tudies  have 

In f i s c a l  y@ar 

These e f f o r t s  w i l l  be continued i n  fiscal-  year 
This program e f fo r t  is i n  d i r ec t  support of planned f l i g h t  t:est 
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Advanced Technological S a t e l l i t e s  

1965 --- 1963 1964 

Spacecraf t  ...................... --- $12,700,000 $18,40C ,000 
Ground opera t ions  and support  (I . --- 3,700,000 5,60C ,000 
A t  las-Agena vehic le .  --- --- 5,90c ,000 - ........... 

Total  c o s t s  .................. $16,400,000 g 9  9OCl 000 -.-L-- 

The ob jec t ives  of the  Advanced Technological S a t e l l i t e s  p r o j e c t  are: 
(1) t o  provide a c a p a b i l i t y  f o r  performing va r i ed  s c i e n t i f i c  and techncilog- 
i c a l  experiments i n  the  synchronous o r b i t  with a s i n g l e  spacec ra f t ;  (2)  t o  
conduct a c a r e f u l l y  instrumented g rav i ty  grad ien t  experiment i n  a 6,500 mile  
o r b i t ;  (3) t o  develop the  technology f o r  an Earth-or iented s a t e l l i t e  i n  the  
synchronous o r b i t ;  (4) t o  i n v e s t i g a t e  i n  space a d i r ec t ed  antenna from a 
sp in - s t ab i l i zed  s a t e l l i t e ;  and ( 5 )  t o  i n v e s t i g a t e  aecess  t o  a comluniccition 
s a t e l l i t e  by inore than one p a i r  of ground s t a t i o n s  a t  a t i m e .  This program 
represents  a r eo r i en ta t ion  of  Advanced Syncom, r e f l e c t i n g  r e s u l t s  of s tud ie s  
which have ind ica ted  t h a t  the  o r i g i n a l  spacecraf t  has t h e  p o t e n t i a l  of being 
used  fo r  more than j u s t  communications experiments. It  can, i n  fa.ct, he used 
f o r  many s c i e n t i f i c  and space technology inves t iga t ions .  It i s  plannecl t h a t  
t h e  technology accruing from t h i s  program w i l l  form an important input  t o  
fu tu re  spacecraf t  design and development i n  the  f i e l d s  of s t a b i l i z a t i o n ,  
o r i e n t a t i o n  (both g r a v i t y  g rad ien t  and a c t i v e  systems),  station-keepinl:, 
communications, meteorology, r a d i a t i o n  damage, and poss ib ly  navigat ion 

The advanced technological  sa te l l i tes  spacecraf t  w i l l  be l a rge  
s t r u c t u r e s  of the 650 pound class. It is planned t o  launch a t o t a l  of 
f i v e  spacecraf t  with f i v e  Atlas-Agena launch veh ic l e s  over a period of 
t h ree  years .  One spacecraf t  w i l l  be launched i n t o  a 6,500 m i l e  o r b i t  
without the  use of an apogee-kick motor. This spacecraf t  will be g r a v i t y  
grad ien t  s t a b i l i z e d  and w i l l  be h ighly  instrumented as a g r a v i t y  grad ien t  
technology expterlment. The next two spacecraf t  will be sp in - s t ab i l i zed ,  
launched i n  a synchronous equa to r i a l  o r b i t ,  and w i l l  c a r r y  communications, 
meteorological,  r ad ia t ion  damage, and o t h e r  technological  and scient i f : .c  
experiments su i t ed  f o r  a spinning spacecraf t .  The las t  two launches 
w i l l  be devoted t o  developing technology f o r  an Earth-or iented s a t e l l i t e  
i n  a synchronous equa to r i a l  o r b i t .  These satel l i tes  will a l s o  c a r r y  
technological  anld s c i e n t i f i c  experiments s u i t e d  t o  the  ,Earth-oriented 
spacec ra f t .  

The Of f i ce  of Space Science and Applicat ions,  Nat ional  Aeronautics and 
Space Administration Headquarters, i s  respons ib le  f o r  t he  o v e r a l l  manage- 
ment of t h e  Aclvanced Technological S a t e l l i t e s  p r o j e c t .  
p r o j e c t  management i s  assigned t o  Goddard Space F l igh t  Center. Vehicle 
systems management f o r  the  Atlas-Agena veh ic l e  is  assigned t o  Lewis Research 
Center. Major c.ontractors f o r  t he  spacecraf t  have not  as ye t  been se l ec t ed .  

Respons ib i l i ty  f o r  
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Funding on t h i s  p ro j ec t  s t a r t e d  i n  f i s c a l  year  1964 under the  Advanced 
Syncom l i n e  i t e m  of t he  f i s c a l  year  1964 budget, and a s u b s t a n t i a l  study 
e f f o r t  preceetieci t h a t  i n  fiscal years  1962 and 1963 under supporting research 
and technology. F i sca l  year  1964 funds pay f o r  t he  r eo r i en ta t ion  of t h e  
pro jec t ,  f o r  i n i t i a l  funding of t h e  6,500 m i l e  o r b i t  g rav i ty  grad ien t  space- 
c r a f t ,  t h e  synchronous o r b i t  spinning spacec ra f t ,  and f o r  procurement of 
ground s t a t i o n  equipment. F i sca l  year  1965 funds w i l l  be required fox 
incremental funding of t h e  launch vehic les  f o r  t he  6,500 m i l e  and the  24 
hour spinning spacec ra f t ,  t o  continue funding the  6,500 nau t i ca l  imile and 
synchronous spacecraf t  procurements, and t o  complete procurement of ground 
stat ion equipment. 

It is estimated tha t  approximately $77,000,000 i n  addi t iona l  funding 
will be requireti a f t e r  f i s c a l  year  1965 t o  complete the  e n t i r e  prograai 
described, t o  provide f o r  spacecraf t  design, development, t es t ,  launck; 
launch vehic les  ; operat ional  support ,  and da ta  acqu i s i t i on ,  reduct ion,  and 
ana lys i s .  
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

EARTH ALBEDO AND INFRA-RED SIMULATION SYSTEM 
FOR THE SPACE ENVIRONMENT SIMULATOR 

PROGRAM OFFICEFOR THE INSTALLATION: Off ice  of Space  Science and  A p p l i c a t i o n s  

PROGRAM OFFICEFOR THE PROJECT: O f f i c e  of Space S c i e n c e  a n d  App l j . ca t i3ns  

AUTHORIZATION LINE ITEM: Goddard Space  F l i g h t  Center 

LOCATION OF PR.OJECT: Greenbelt, P r i n c e  Georges  County ,  Maryland 

COGNIZANT NASAINSTALLATION: Goddard Space F l i g h t  Center 

TYPE OF CONSTRUCTION PROJECT: A l t e r a t i o n  

FUNDING : 

FY 1963 and P r i o r  Years --- 
FY 1964 E s t i m a t e  --- 
FY 1965 E s t i m a t e  $500,000 

T o t a l  Funding  Thru  FY 1965 $500,000 

PROJECT COST ESTIMATE : 
Unit  of U n i t  T o t a l  

cost -- cost Q u a n t i t y  - Mea s u r  e 

Equipment $ i O O , O O  

Lamp units and cooling 

Power c o n t r o l s  
In s t rumen  tat ion 
160 framework 
E l e c t r i c a l  system 
Modify cryogenic system 

systems 

Design 

F a l l o u t  S h e l t e r  

LS 
LS 
LS 
LS 
LS 
LS 

--- $230,000 230,030 --- 60,000 60,030 --- 35,000 35,030 --- 25,000 25,030 --- 80,000 80,030 --- 70,000 70,030 

- I- --- --- 
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PROJECT DESCRI PTION : 

This p ro jec t  provides a system wi th in  the  Space Environment Simulator 
fo r  producing Earth Albedo and Infra-Red Radiation. The system w i l l  cons i s t  
of  high i n t e n s i t y  lamp u n i t s  mounted wi th in  the  chamber and t h e i r  assot:iated 
con t ro l s  and instrumentat ion.  A s  envisioned, t he  lamp u n i t s  would be tlis- 
t r i bu ted  over sn approximate 160°, 14' rad ius  sphe r i ca l  cap i n  the  lower 
sec t ion  of the  chamber. The coverage would represent  the  r ad ia t ion  p a t t e r n  
encountered by spacecraf t  a t  low o r b i t a l  a l t i t u d e s  as they e n t e r  t he  Al.bedo 
and rece ive  maximum Infra-Red Radiation during passage between the e a r t h  and 
the  sun. I?rirnary con t ro l s  f o r  the system would be located adjacent  t o  the 
master con t ro l  s t a t i o n  f o r  t he  Space Environment Simulator on the  f i r s t :  f l o o r  
of Building 10, .with power suppl ies  and a u x i l i a r y  equipment i n s t a l l e d  1.n t he  
basement. The s y s t e m  i s  t o  provide cont ro l led  i n t e n s i t y  up t o  a maximiim of  
75 w a t t s  per square foot  with c lose  spec tu ra l  match of t he  real  erviroriment. 

PROJECT JUSTIF1C.ATION : 

Earth Albedo and Infra-Red s imulat ion,  as an adjunct  t o  simulatioii of 
d i r e c t  s o l a r  inso la t ion  i s  required during tests o f  spacecraf t  t o  e s t a b l i s h  
both performance and the  thermal balance c h a r a c t e r i s t i c s  of spacecraf t  
Simulation of  t h i s  environment would improve eva lua t ion  and techniques 
p a r t i c u l a r l y  i n  t he  area of providing a r e a l - i s t i c  environment t o  sensol-s 
(experiments, guidance de tec to r s  and horizon scanners) and spacecraf t  : ;ur-  
faces  of the  s t a b i l i z e d  observa tor ies  where o r i e n t a t i o n  with respec t  t o  
e a r t h  i s  f ixed.  So f a r  as thermal balance i s  concerned the  necess i ty  Eor 
Albedo and Infra-Red s imulat ion i s  s t rongly  dependent on t h e  case  a t  hiind. 
The thermal exposures of s a t e l l i t e s  are funct ions o f  t h e i r  o r b i t a l  per.od 
and plane and t h e i r  r e l a t i v e  o r i e n t a t i o n  i n  t h a t  plane.  With s a t e l l i t c s  
i n  those o r b i t s  ?where they rece ive  100% s o l a r  exposure, t h e  inputs  from 
Albedo and Infra-Red can remain near ly  constant  during t h e i r  l i f e .  I f  the  
Albedo and InEra-Red inputs  are neglected during t e s t ,  thermal grad ienm 
across  opposi te  s ides  of such spacecraf t  can become s u f f i c i e n t l y  exagger- 
a ted  t o  cause considerable  d i f f i c u l t y  i n  analyzing the  e f f e c t s  of t he  real 
environment upon spacecraf t  r e l i a b i l i t y .  I n  the  case of  t he  o r b i t i n g  
observa tor ies , the  alignment of o p t i c a l  systems and o the r  sensors  i s  a 
major cons idera t ion  and proof of system funct ion i s  s t rongly  dependent 
upon a r e a l i s t i c  thermal t e s t  environment. 

To s u m a r i z e :  Simulation of  Albedo and Earth emitted Infra-Red i s  
required fo r  t h e  t e s t  and eva lua t ion  of near-ear th  o r b i t i n g  spacecraf t  to:  

1, Verify performance of  e a r t h  o r i en ted  sensors  and experiments. 

2, Verify the  adequacy of t he  thermal design from the  s tandpoint  of 
providing a r e a l i s t i c  r ad ia t ion  environment (simulated f l u x  and 
d i s t r i b u t i o n )  t o  determine the  proper funct ioning of elec tron.:cs 
under simulated o r b i t a l  condi t ions.  



3 .  Verify proper temperature distribution to determine whether 
thermal distortion effects, which could be harmful to optical 
experiments, have been accounted for by the design. 

ESTIMATED FUl'lJRE YEAR FUNDING: None 
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G O D D A R D  S P A C E  F L I G H T  C E N T E R  

F I S C A L  Y E A R  1965 E S T I M A T E S  

EARTH ALBEDO A N D  INFRA-RED SIMULATION S Y S T E M  

FOR THE SPACE ENVIRONMENT SIMULATOR 

SOLAR SIMULATOR 1 COOLING SYSTEM 1 

DOME SEAL, 1 A w 
COLD WALL ELBOWS, le" 

&SOLAR SIMULATOR 

LIQUID NITROGEN 
HEAT SINK 

20°K HELIUM CRY0 
PUMPING ARRAY 

DIFFUSION PUMPS 

MECHANICAL PUMPS 

LOUVERED REFLECTOR & ' 
I R  RADIATOR AT 260'K 

.c 

.I 

PAYLOAD SUPPORT STRUCTURE G R A P H I C  S C A L F  U..J I I I 
F E E T  



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

-L ADDITIOK 'IO SPACECRAFT DEVELOPMENT ENGINEERING BUILDING NO.& 

PROGRAM OFFICEFOR THE INSTALLATION: 

PROGRAM OFFIC4EFOR T H E  PROJECT: 

Off ice  o f  Space Science and Applications 

Off ice  of Space Science and App'lications 

AUTHORIZATIONJJNE ITEM: Jet Propulsion Laboratory 

LOCATION OF E'ROJECT: Pasadena, Los Angeles County, C a l i f o r n i a  

COGNIZANT NASAINSTALLATION: Jet Propulsion Laboratory 

TYPE OF CONS'J~ICTION PROJECT: Extension 

FUNDING : 

FY 1963 arid P r i o r  Years $595,000 

FY 1964 E s t i m a t e  36,000 

FY 1965 E::;tj-mate 564.000 

Tota l  Funding Thru FY 1965 $1.195.000 

PROJECT COST ESTIMATE: 

Construct ic,n 

Laboratory bui Id ing 
U t i l i t i e s  

Equipment 

Class I c l ean  room 
Class I V  c l ean  room 

Design 

For construct ion 

Unit of 
M e  a su r e Quantity 

LS 
LS 

-0- LS 

Unit 
c o s t  

...-. 

$27.00 
33,000 

50,000 
30 , 000 

19,000 

Tota l  
c o s t  

-0-  

$36 5.000 

lr32,OOO 
33 000 

1;80,000 

50 000 
30,000 

;;19.000 

19 , 000 
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Fa l lou t  She:lt.er 

Unit of Unit 
Measure Quant i t v  - cos t  

T o t a l  
Cost -- 

_-- 

TOTAL $564.000 
_L- 

PROJECT DESCRIPTION : 

This p ro jec t  proposes t h e  expansion of an e x i s t i n g  f a c i l i t y ,  Spacecraft  
Development Engineering Building 233, i n  order  t o  provide adequate c lean  
labora tory  space f o r  t h e  Engineering Mechanics Division. 
in tegra ted  f a c i l i t y  combining shops, l abo ra to r i e s ,  stockrooms, and assembly 
areas.  Of the  gross  f l o o r  area of approximately 35,000 sq. f t .  ( including 
t h e  ex i s t ing  Spacecraft  Development Engineering Building 233), approximately 
14,200 sq. E t .  w i l l  be devoted t o  NASA Type I c lean  room labora tor ie : ;  
approximately 2,700 sq. f t .  t o  NASA Type I V  clean rooms; and t h e  b a l m c e  t o  
high bay assembly areas and conventional labora tory  space. The shopz, 
l abo ra to r i e s  and assembly areas w i l l  provide space i n  which work wil l  be 
performed by approximately 65 engineers,  test engineers,  and technic j  ans. 

It w i l l  be an 

The pre,sent Spacecraft  Development Engineering Building 233 cont.ains 
approximate1.y :L9,000 sq. f t . ,  including 7,000 sq. f t .  of high bay assembly 
area,  an e l ec t ron ic  cable  and po t t ing  laboratory,  a small machine shop, a 
mechanical l a b ,  and a stockroom. This  bui lding w i l l  be expanded t o  t h e  
proposed 35,000 sq. f t .  by t h e  addi t ion  of two s t o r i e s  on t h e  present: w e s t  
l abora tory  wing. 

PROJECT JUSTIFICATION : 

The Enginleering Mechanics Divis ion i s  responsible  f o r  t h e  development 
of t h e  configurat ion,  s t r u c t u r e ,  mechanisms, temperature cont ro l ,  cabl ing 
and e l e c t r o n i c  packaging f o r  a l l  JPL spacecraf t  p ro jec ts .  The d l e l i c x y  and 
prec is ion  of  c'omponents i n  cur ren t  and f u t u r e  spacecraf t  make i t  mandatory 
t h a t  i f  t h e  desired high r e l i a b i l i t y  i s  t o  be obtained, work a reas  i n  which 
development and manufacturing occur must be much c leaner  and b e t t e r  con- 
t r o l l e d  than heretofore .  
de l inea ted  i n  NASA Procedure Document 200 Y, which spec i fy  much c leaner  and 
b e t t e r  cont ro l led  work a reas  than are p resen t ly  ava i l ab le  f o r  t h e  accom- 
plishment of many of t h e  t a s k s  f o r  which t h e  Engineering Mechanics DLvision 
i s  responsible.  A t  t he  present  time, t he  Divis ion i s  housed i n  some 11 
d i f f e r e n t  bui ldings,  including 33% of t h e  a c t i v i t i e s  a t  an of f4 ,ab  s i t e  and 
i n  10 d i f f e r e n t  trailers. 
are widely sca t t e red  and cannot provide t h e  environment de l inea ted  by NASA 
f o r  achievement of des i red  high r e l i a b i l i t y .  

The NASA has  developed requirements which are 

The bui lding and trailers including o f f - l ab  space 

ESTIMATED FUTURE YEAR FUNDING: None 
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JET PROPULSION LABORATORY 

FISCAL YEAR 1965 ESTIMATES 
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C K i S  TRUCTION OF FACILITIES 

FISCAL YZAK 1965 ESTIMATES 

25 -FOOT SIL.lULATOR MODIFICATION 

P1tOGRL.I OZ'FICE FOR Tf!S INSTALLATIOTi: Off ice  of Space Science and App..ications 

PXGGRW OFFICE FOR THE PROJECT: Off ice  of Space Science and ApF1ical:ions 

AUTMC1:IZATION -- LINE ITEM: J e t  Propulsion Laboratory 

LOCATION OF PROJECT: Pasadena, L O ~  Angeles County, Ca l i fo rn ia  

COGNIZANT NASAINSTALLATION: J e t  Propulsion Laboratory 

TYPE OF CONSTgCTION PEOJECT: A l t e ra t ion  

FUNDING : 

FY 1963 and P r i o r  Years $4,266,000 

PY 1964 Estimate 150,000 

FY 196'5 E;sti.mate 2,350.000 

Tota l  Funding Through FY 1965 $6,766,000 

PROJECT (COST - ESTIMATE : 
Unit of Un i 1: Total  
Mea sur e Quant i ty  cost: c o s t  -- 

Land Acquisi t ion --- - - _. --- 
Construct ion. 260,600 

Labora t c ry  bui ld ing  Sq. Ft.  625 $55.52 34,700 
S i t e  preparat ion LS 3,300 3,300 
Roads and parking LS --- 500 500 
Ut il i t  i E!S LS --- 22,100 22,100 

Equipment. $2.25 1,400 

Lamp area  temperature con t ro l  LS --- 20,000 20,000 
Tank modi fi i c a  t ions LS --- 350,000 350,000 
Cryogenfc system modif icat ions LS --- 310,000 310,000 
Opti.ca1. system modif icat ions LS --- 1,571,400 1,571,400 
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Des ign. 

For Construction 
For  Equipment 

Fa 1 1 out She I! t er 

Unit of Unit  
Measure Quant i ty  c o s t  

LS 
LS 

--- $8,000 
30,000 

Total 
cos t  

$38,000 

8,000 
30.000 

PROJECT DESCIIU?TION: 

This p ro jec t  proposes major modifications t o  t h e  JPL 25 -foot ,s inulator  
f a c i l i t y  i n  order  t o  ob ta in  a l a r g e r  and higher  performance s o l a r  siniulation 
c a p a b i l i t y  required f o r  t e s t i n g  f u l l - s c a l e  s c i e n t i f i c  spacec ra f t  of the 
Centaur boosted class such as Mariner-B and Surveyor. The 25-foot d j  ameter 
by 25-foot high clear t e s t  volume and i n t e r n a l  cold s i n k  walls w i l l  remain the 
same s i z e  wh?n the l a r g e r  s o l a r  beam i s  produced. The new s o l a r  sirnitlation 
system w i l l  provide a v e r t i c a l l y  downward beam 15 f e e t  i n  diameter having an 
i n t e n s i t y  o.E 135 wat ts lsquare f o o t  ( k r t h  o r b i t  i n t e n s i t y )  with f 5% 
uniformity,  and 2 2 O  col l imat ion.  
watts/square foo t  (Venus o r b i t  i n t e n s i t y )  w i l l  a l s o  be ava i l ab le .  I n  com- 
par ison,  the  preqent system is  l imited t o  a 6 foo t  diameter,  135 wati:s/square 
f o o t  bean, Tiqith - 5% uniformity and 'rsO col l imat ion.  

A smaller diameter 10 f o o t  beam w:.th 270 

The new s o l a r  s imulat ion system w i l l  be composed of a multi-lam]) a r r a y  
i n  which the  energy from each lamp w i l l  be d i r ec t ed  upward through a t r a n s f e r  
lens  i n  the wall of the vacuum vesse l  t o  a la rge  primary col l imat ing mirror  in 
the top lctf the s imulator .  The uniform beam of l i g h t  leaving the prirnary 
col l imator  i s  or iented v e r t i c a l l y  downward t o  the tes t  area. Each Lunp 
i l luminates  the  e n t i r e  test  area. 

The i n s t a l l a t  ion of the advanced s o l a r  s imulat ion sys tern w i l l  r equ i r e  the 
fol1owin.g p r i n c i p a l  tasks:  

a .  Removal of the ' e x i s t i n g  s o l a r  s imulat ion equipment, including th ,?  28 foot: 
high s o l a r  lamp and mirror  enclosure.  

b. Construction of a basement t o  the  no r th  of the chamber t o  house the new 
lamp a r r ay .  

c. Extensicln of the  vacuum vesse l  upward approximately 28 f e e t  t o  accommodate 
the o p t i c a l  path and o f f - ax i s  col l imat ing r e f l e c t o r .  The o v e r a l l  f a c i l i t y  
he igh t  w i l l  be e s s e n t i a l l y  unchanged. 
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d.  Installat.i.ori of a vacuum tank penet ra t ion  f o r  the t r a n s f e r  l e n s  a r r ay ,  
r e loca t ion  of s eve ra l  d i f f u s i o n  pumps , and modif icat ion and extension of 
the 1i.qui.d n i t rogen  cooled cold walls. 

Per  Eomance Present  
1 Capabil i t y  

Beam s i z e ,  hexagonal 
measured alcross f l a t s ,  

6 
135 

(Earth o r b i t )  

Uniformity percent +5 --- t---- 

e. Ins  tal.lat::ion of advanced o p t i c a l  sys t e m  components including lamp a r r a y ,  
power s u p p l i e s ,  lens system, and primary col l imator .  

Proposed Sys tern 
Earth t o  
dars Orbi t  

I 

15 
135 t o  50 

t 5  

This work, although r e l a t i v e l y  ex tens ive ,  i s  a t  t he  same time s t r a i g h t  
forward. No d i f f i c u l t y  i s  foreseen i n  accomplishing i t  with a minimum of 
f a c i l i t y  clowri.-t:ime. 

t i on ,  degrees 

Spec t ra l  match with sun 
--- 

PROJECT JUSTI171CATION : 

Good 

25 +2 

F a i r  Good 

The s o l ; ~ : ~  s imulat ion performance l eve l s  of the proposed system ar'e 
compared helow isith the capab i l i t y  o f  the present  system. 

The maximin ,ierfoi-riance a t t a i n a b l e  b7ith the present  syste? 1 s es t inated 
t o  be a s ix- foot  5% uniforri beam o r  a seven-foot 10% uniform bean. i: corlipre- 
hensive ana lys i s  of the e x i s t i n g  solar-s i rnulatoy c l e a r l y  ind ica t e s  t h 3 t  i t  
i s  not poss ib le  t o  g r e a t l y  improve i t s  capab i l i t y  because of bas]-c o p t i c a l  
geometry r e s t r a i n t s .  Advances i n  the s t a t e -o f - the -a r t  s ince  the  o r ig ina l  
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design enables f i t t i n g  the  f a c i l i t y  with a l a r g e r  s o l a r  s imulat ion unit which 
will be conrmensurate with the o v e r a l l  chamber s i z e  and t e s t i n g  potent i ;  1. 

ESTIMATED FUTUIEYEAR FUNDING: None 

718-880 0 - 6 4  - 11 



J E T  PROPULSION LABORATORY 

FISCAL YEAR 1965 E S T I M A T E S  
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CONSTRUCTION 0 F FAC ILITI E S 

FISCAL YEAR 1965 ESTIMATES 

UTILITIES INSTALLATIONS 

PROGRAM OFFICEFOR THE INSTALLATION: Of f i ce  of Space Science and 
Applications 

PROGRAM OFFICE FOR THE PROJECT: 

AUTHORIZATION LINE I T E M :  

LOCATION OF PROJECT: Pasadena, Los Angeles County, Cal i forn ia  

COGNIZANT NASAINSTALLATION: Jet Propulsion Laboratory 

TYPE OF CONSTRUCTION PROJECT: Extension 

FUNDING: 

Office of  Space Science and Appl-icat ions 

Jet Propulsion Laboratory 

FY 1963 and P r i o r  Years $2,452,000 

FY 1964.,15stimate 420,000 

FY 1965 IZsItimate 400,000 

Total Funding Thru FY 1965 $3,272,000 

PROJECT COST E:STIMATE : 

Land Acquisi t ion 

Construction_ 

S i t e  preparati  on 
Roads and ,parking 
U t i l i .  t i e ii 

Equipment 

E lec t r i c:ii 1 sui t c hg ear 

Unit of Unit  To ta l  
c o s t  
_I_- 

c o s t  - Measur e Quant i  t Y  

$34c,ooo 

$20,000 2c ,000 
10,000 IC ,000 
310,000 31C ,000 

$2!i. 000 -- 
25,000 25,000 
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Unit of 
Measure 

De sign 

For constr'uc:tion 

Fa 1 l o u t  S h e l g z  

LS 

- - -  

Unit To ta l  
c o s t  c o s t  -- - Quantity 

- - -  $35,000 

$35 000 

35,000 

$400 000 -- TOTAL 

PROJECT DE SCRIPTION : -- 
This  projec:t proposes the  extension of u t i l i t i e s  and the  up-dating of 

obsolete  u t i l i t i e s  on the  laboratory.  The scope of work i s  shown on the 
JPL s i t e  plan on t he  following page-. The following i s  a s p e c i f i c  desc r ip t ion  
of the  proposed items: 

1.5 m i l l j E i  ga l lon  s torage tank: Provide a 1.5 mi l l i on  ga l lon  
underground water s torage tank on the  w e s t  end of t he  labora tory  
wi th  a supply l i n e  t o  the  e x i s t i n g  tank on the  e a s t  end of the  
laboratory.  
ing d i s t r i b u t i o n  system. Some of t he  old water l i n e s  w i l l  be 
replaced wi.th l a r g e r  ones t o  provide a more adequate water supply 
f o r  f i r e -  f igh t ing .  

Provide a t i e  l i n e  from the  new tank t o  the  ex is t -  

Ex tens ionof  u t i l i t i e s :  
of u t i l i t i e s  t o  some of the  new bui ld ings  i n  t h i s  program. 

This  p ro jec t  provides f o r  the  extension 

Landscaping and eros ion  cont ro l :  Landscaping i s  needed i n  a reas  
near the new bui ld ings  and roads i n  accordance wi th  the  Master 
S i t e  Plan. Erosion con t ro l  i s  required on a number of bare ,  
s teep  slopes.  This  work w i l l  include t e r r ac ing  and p lan t ing  
t o  avoid undue erosion.  

Electr ica .1  d i s t r i b u t i o n :  Addition of a t i ebreaker  t o  the  main 
JPL subs tZ ion .  This  w i l l  r equ i r e  foundations and paving i n  
connecticln wi th  the  i n s t a l l a t i o n  of a main switch. 

PROJECT JUSTIFICATION: 

The j u s t i f i c a t i o n  f o r  the ind iv idua l  items i n  t h i s  p ro jec t  i:; a s  follows: 

1.5 m i l l i o n  ga l lon  s torage tank: The present  water s torage 
f a c i l i t i e s  do not  have the  capac i ty  t o  handle labora tory  require-  
ments and f i r e - f i g h t i n g  c a p a b i l i t y  on the  mesa. Under the  f - i sca l  
year 1963 u t i l i t i e s  program, the a rch i tec t -engineer  made a study 
of the  present  water d i s t r i b u t i o n  system and s t a t e d  t h a t  the  
new re se rvo i r  and l a r g e r  water d i s t r i b u t i o n  l i n e s  a r e  required.  



Extension of u t i l i t i e s :  To o b t a i n  a complete operable  f a c i l i t y  
i t  i s  necessary t o  extend u t i l i t i e s  
i ngs  under t h i s  program. U t i l i t i e s  a r e  i n s t a l l e d  under roads  
and t h e  s e r v i c e  i s  extended t o  the  edge of t he  road t o  e l i m i n a t e  
the  n e c e s s i t y  of t e a r i n g  up the  road t o  connect t o  the  supply 
l i n e s .  

t o  some of t h e  new bu i ld -  

Landscapi% and e ros ion  c o n t r o l :  
and roads a r e  a t  f i n i s h e d  grade; however, t he  a r e a s  a r e  not  
pro tec ted  from s o i l  e ros ion  and w i l l  n e c e s s i t a t e  landscaping.  

The a r e a s  around new bu i ld ings  

E l e c t r i c a l  d i s t r i b u t i o n :  The expansion of t he  main subs t a t ion  
i s  r equ i r ed  t o  broaden the  c a p a b i l i t i e s  of t he  16.5 KV d i s t r i -  
bu t ion  due t o  the  inc rease  i n  demand f o r  e l e c t r i c a l  power. 

ESTIMATED FUTURE - YEAR FUNDING: $1,000,000 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

ADDITIOPIIO UNMANNED SPACECRAFT EXPLOSIVE SAFE ASSEMBLY COMPLEX 
(SOLID PROPELLANT LABORATORY) 

PROGRAM OFFICEFOR THE INSTALLATION: 

PROGRAM OFFIC_EJOR THE PROJECT: 

AUTHORIZATION-LJNE ITEM: John F. Kennedy Space Center ,  NASA 

LOCATION OF PROJECT: Cape Kennedy, Brevard County, F l o r i d a  

COGNIZANT NAS1A:NSTALLATION: John F. Kennedy Space Center ,  NASA 

O f f i c e  of  Manned Space F l i g h t  

O f f i c e  o f  Space Science & Appl ica t ions  

TYPE OF CONST€X(:TION PROJECT: New 

FUNDING : 

J?Y 1963 and P r i o r  Years $1,181,000 

FY 1964 Estimate 30,000 

FY 1965 Estimate 570.000 

T o t a l  Funding Through FY 1965 $1.781.000 

PROJECT COST ESTIMATE : 
Unit of 
Measure 

Land Acquis i t ion  --- 
Construct  i o n  

P rope l l an t  l a b o r a t o r y  Sq. Ft.  
S i t e  p r e p a r a t i o n  LS 
Roads and Park ing  LS 
U t i l i t i e s  LS 

Equipment 

Crane LS 

.-a Design 

Unit  
cost 

..-- 

$105.00 
50,000 
35,000 

100 , 000 

70 , 000 
.-.. 

T o t a l  
Cost -- 

-a- 

$500 .ooo 

5 , )  , 000 
103,000 

315,000 

35,000 

$zO.OOO 

70,000 

-.a 
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Unit To ta l  
c o s t  c o s t  -- - 

Fa 1 l o u t  Shell. t e r  

Unit of 
Measure Quan t i ty  

TOTAL $57C, 000 -- 
PROJECT DESCRIPTION: 

This  pro.ject provides f o r  the  add i t ion  of an approximately 3,000 square- 
foo t  gross  a rea  s o l i d  propel lan t  labora tory  t o  the  e x i s t i n g  Explosive Safe 
Assembly Comp'Lex cons i s t ing  of a l i q u i d  propel lan t  labora tory ,  assembly 
f a c i l i t y  and Lnstrumentation laboratory.  The method of cons t ruc t ion  k c i l l  

be re inforced  concrete  and r eve t t ed  a s  required t o  provide b l a s t  p ro tcc t ion  
t o  the  other  bu i ld ings  i n  the  complex. Frangible  type roof and w a l l s  w i l l  
be used where poss ib le  t o  improve the  sa fe ty  condi t ions  e x i s t i n g  i n  the  
complex. The bui ld ing  w i l l  be dus t - f ree ,  a i r  conditioned, and designed and 
constructed 1c3 insure minimum contamination of the  spacecraf t  while i r t  the  
laboratory.  

PROJECT JUSTIFICATION: 

This  f a c i l i t y  i s  required f o r  assembly, checkout, and s t a t i c  and 
dynamic balancing o r  o p t i c a l  alignment of s o l i d  p rope l l an t  motors; used on 
unmanned spacecraf t  such a s  Surveyor, Mariner, and Lunar Orbi te r .  The 
bui ld ing  p resen t ly  being used a s  a s o l i d  p rope l l an t  labora tory  w a s  i n i -  
t i a l l y  constructed i n  1955 as an instrumentat ion labora tory  and is ba'rely 
adequate f o r  use i n  the  prepara t ion  of t he  cu r ren t  Ranger spacecraf t .  The 
f a c i l i t y  is not adequate> f o r  follow-on spacecraf t  as it conta ins  esseii- 
t i a l l y  no provis ion  f o r  c lean  room environment, i s  too  s m a l l  from t h e  
s tandpoint  of both f l o o r  a rea  and hook h e i g h t ,  is loca ted  about 2 miles  
from t h e  o t h e r  bu i ld ings  i n  t h e  explosive s a f e  complex and i s  a l s o  located 
c lose  t o  severa l  m i l i t a r y  weapon system launch complexes requi r ing  evac- 
ua t ion  of t h i s  f a c i l i t y  during per iods  of hazardous opera t ions  on t hese  
launch complexes. 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

MODIFICATIONS TO CENTAUR LAUNCH COMPLEX NO. 36 

PROGRAM OFFICI~I?OR THJZ INSTALLATION: Of f i ce  of Manned Space F l i g h t  

PROGRAM OFFIClfPOR THE PROJECT: Of f i ce  of Space Science & Appl ica t ions  

AUTHORIZATION S K N E  ITEM: John F. Kennedy Space Center  , NASA 

LOCATION OF PZO.JECT: Cape Kennedy, Brevard County, F l o r i d a  

COGNIZANT NASAINSTALLATION: John F. Kennedy Space Center ,  NASA 

TYPE OF CONSTEKJTION PROJECT: A l t e r a t i o n  

FUNDING : 

FY 1963 and P r i o r  Years $25,009,000 

FY 1964 E s t i m a t e  49,000 

FY 1965 E s t i m a t e  451,000 

T o t a l  Funding Thru FY 1965 $25.509,000 

PROJECT COST ESTIMATES: 
Unit  of Unit To ta l  

c o s t  c o s t  Measure @ant  i t y  - 
--- -e- --- --- Land Acqu i s i t i on  

TV camera p la t forms  LS --- $6,000 6,000 
Laboratory and engineer ing  

o f f i c e  in the  launch and 
s e r v i c e  bu i ld ing  Sq. F t .  1,000 25.00 25 , 000 

Modify ellect r ical  f a c i l i t y  
power flor LO2 t r a n s f e r  
system LS --- 7,000 7,000 

p e d e s t a l s ,  and foundat ion 
I n s  t a1 l a t  ion  of  pad, 

--- 13,40O 13,400 

i n  launch c o n t r o l  c e n t e r  Sq. F t .  300 12.00 3,600 

f o r  f l o x  c a p a b i l i t y  LS 
V i s i t o r ' s  obse rva t ion  room 

CF 5-42 



Unit of 
Measure Quant i ty  

Launch con t ro l  modif icat ion 

I n s t a l l  s l i d i n g  doors on 
--- cen te r  LS 

se rv ice  s t r u c t u r e  LS --- 
Equipment 

Rep 1 aceme n t  of high 
pressur'e gas l i n e s  

I n s t a l l  new l i n e  and 
modify LO2 system f o r  
f lox c a p a b i l i t y  

Modernize and r e h a b i l i t a t e  
LO2 system 

Launch cc1nt:rol cen te r  
equipment: 

Desim 

Fa1 lou t  S h e l t e r  

LS 

LS 

LS 

LS 

--- 

t-- - - -  
TOTAL 

Unit 
c o s t  
7 

$20,000 

50 , 000 

92,000 

60,000 

172,000 

2 , 000 
- - -  

~ - -  

Tota l  
Cost -- 

$20 , 000 
50 , 000 

$326,000 

32,000 

60,000 

172,000 

2 , 000 

--- 

--- 
- G 5 1 , O O O  

PROJECT DESCRIPTION: 

This p ro jec t  provides f o r  t h e  following necessary modif icat ions and 
addi t ions  t o  Centaur Launch Complex 36 t o  support  a more rap id  launch 
schedule which , r e su l t s  as the  v e h i c l e  progresses  from R&D t o  operatiorial  
s t a t u s :  

Addition& TV Camera Platforms; 
and execution of two TV camera platforms with t h e  i n s t a l l a t i o n  
of t he  necessary power c o n t r o l ,  and da ta  t ransmission cables .  

This t a sk  includes f a b r i c a t i o n  

Modification to  LC-36B Launch Service Building: 
1000 square f e e t  underneath the  ramp and the  launch pad i n  t:he 
Launch Service Building w i l l  be properly sound-proof pa r t i t i oned  
with l i g h t i n g  and a i r  condi t ioning t o  provide add i t iona l  o f f i c e  
and labora tory  space. 

Areas t o t a l i n g  

Launch Control Center Modifications:  This t a sk  c o n s i s t s  of bu i ld-  
ing  an adequate 15'x20' observat ion room i n  the  f i r s t  f l o o r  of t a e  
blockhouse f o r  required v i s i t o r s ,  i n spec to r s ,  and observers .  
Adequate air condi t ioning and communication equipment, f u r n i t u r e ,  
e t c . ,  w i l l  be provided. 
type t o i l e t  with ou t s ide  s e p t i c  tank t o  t h e  LCC, t i l i n g  the  base- 

It also c o n s i s t s  of providing a f l u s h  
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ment f l o o r ,  and adding an add i t iona l  coa t  of t i n t e d  asbes tos  limpct 
acous t ic  inaterial t o  the  c e i l i n g  of the  f i r s t  and second f l o o r .  

Additions of S l id inp  Doors on LC-36A Service Tower: This t a s k  
c o n s i s t s  of i n s t a l l i n g  seven s e t s  of aluminum s l i d i n g  doors on 
the  south s i d e  of t h e  s e r v i c e  tower s t a r t i n g  a t  TS-109 and pro- 
gress ing  downward. 

P r o p e l l a n t S e r v i c e s  & Hiph Pressure  Gas: This t a s k  c o n s i s t s  of 
rep lac ing  the  major i ty  of high pressure  gas l i n e s  from the  GM2 
tanks t o  t h e  cryogenic propel lan t  (L02, LH2, & LN2) s to rage  tanks 
and t o  the  veh ic l e  disconnects .  It a l s o  provides add i t ion  of 
f l o x  c a p a b i l i t y  which r equ i r e s  add i t iona l  pad area, pedes t a l s ,  
s torage  tank ,  propel lan t  and water  p ip ing ,  e l e c t r i c a l  instrunienta- 
t i o n  and power, t o  provide c a p a b i l i t y  of tanking both f l u o r i n e  
and oxygen i n t o  t h e  v e h i c l e  as t h e  f u e l  ox id iz ing  agent.  Moclificn- 
t i o n s  t o  the  Liquid Oxygen System on LC-36A c o n s i s t s  of rep lac ing  the  
10,000 and 28,000 ga l lon  LO2 s to rage  tank wi th  one 38,000 ga l lon  
tank and the  i n s t a l l a t i o n  of a new pressur ized  pumping systern w i d 1  

c o n t r o l s ,  va lves ,  and e l e c t r i c  power i n  place of t h e  present  ou t -  
dated mechanical pumping system. 

PROJECT JUSTIFICATION : 

A s  t he  Centaur veh ic l e  i s  f l i g h t  t e s t e d  during t h e  R&D development, the  
o lde r  f a c i l i t i e s .  become obsole te  due t o  wear, cor ros ion ,  new developments, 
e t c .  In order- t.o launch the  veh ic l e s  with the  g r e a t e s t  r e l i a b i l i t y ,  Complex 
36A must  be updated t o  the  Complex 36B conf igura t ion ,  and modif icat ions 
added t o  commcm use a reas  so they more adequately se rv ice  both launch pads 
The modif icat ion and addi t ions  here  l i s t e d  w i l l  h e l p  accomplish the  o v e r a l l  
launch of the Centaur veh ic l e  and a r e  needed f o r  t he  following reasons: 

AdditionzkTV Camera Platforms: 
both launch veh ic l e  and launch s tand as wel l  as add i t ion  of pay- 
loads have r e su l t ed  i n  increased requirements f o r  closed-loop TV 
coverage of c r i t i c a l  a reas  during pre-launch and launch opera t iocs .  

Changes i n  conf igura t ions  oE 

Modifications t o  LC-36B Launch Service Building: 
engineering o f f  i c e  and labora tory  space i s  required f o r  personnel 

Additional 

assigned t o  work on Complex 36B. A t  t he  present  t i m e  s u f f i c i e n t  
space does not exist i n  t h e  36A o r  36B Launch Service Buildings.  
Those area:; which can be occupied must be prepared t o  provide 
t h i s  ext::ca space. 

Launch ConJrol Center Modifications:  Design personnel ,  program 
managers, v i s i t o r s ,  observers ,  e t c . ,  f i nd  it necessary t o  watch L I  
launch opera t ion  so they can more adequately understand the  
problem:; involved i n  veh ic l e  launches. This room is constructed 
on the  f i r s t  f l o o r  of t h e  blockhouse i n  t h e  l e a s t  used space and 
w i l l  be used t o  cont ro l  movement of t he  requi red  observers  so 
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they w i l l  not i n t e r f e r e  with opera t ions .  (1) With t h e  increase  
of personnel i n  t h e  blockhouse during c r i t i c a l  t e s t s ,  t he  preseni: 
por tab le  s a n i t a t i o n  system i s  no longer adequate and i t  must. be 
replaced with a f l u s h  type t o i l e t .  (2) The f i r s t  f l o o r  of t he  
blockhouse i s  bare  concrete ,  the  sur face  of which i s  d i f f i c u l t  t o  
keep clean.  Since t h e  add i t ion  of LC-36B cont ro l  equipment t o  
t h e  'Launch Control Center ,  a g r e a t  dea l  of e l e c t r o n i c  equipment Iias 
been moved t o  the  f i r s t  f l o o r .  The add i t ion  of f l o o r  t i l e  will 
g r e a t l y  improve the  c l ean l ines s  of t h i s  a r ea  reducing the  r i s k  
of shor t ing  out  equipment by dust  hazard.  
of more equipment f o r  LC-36B and an increase  i n  opera t iona l  
personnel t he  noise  l e v e l  i n  t h e  blockhouse w i l l  be g r e a t l y  
increased.  The add i t iona l  acous t i ca l  material w i l l  he lp  reduce 
t h i s  excessive noise  l e v e l .  

(3) With t h e  adclitioii 

A d d i t i o n o f  S l id ing  Doors on LC-36A Service Tower. 
of t h e  present  weather c u r t a i n s ,  with s l i d i n g  doors on LC-36A 
s e r v i c e  tower w i l l  follow the  present  design of LC-36B se rv ice  
tower and provide g r e a t e r  p ro tec t ion  and b e t t e r  environmental 
con t ro l  of t he  A t l a s  Centaur boos te r  and i t s  payload. 

Replacement 

P r o p e l l a s  Services  and High Pressure G a s .  S t r e s s  cor ros ion  of  
these  high pressure l i n e s  has r e su l t ed  i n  cont inua l  replacement 3f 
s m a l l  s ec t ions  of GN2 Oubing with cor ros ion  r e s i s t e n t  tubing.  
This t a s k  w i l l  r ep lace  a l l  the  remaining o ld  tubing a t  one t ime, 
r e s u l t i n g  i n  lower o v e r a l l  c o s t s ,  providing g r e a t e r  s a f e t y ,  and 
more r e l i a b i l i t y  t o  the  high pressure  gaseous n i t rogen  system. 
The add i t ion  of f l o u r i n e  with t h e  l i q u i d  oxygen w i l l  r e s u l t  i n  
increased I.S.P. and t h r u s t  l e v e l  of the  Atlas Centaur boos te r  
and consequently put heavier  payloads i n  o r b i t .  Many opera t iona l  
and t echn ica l  problems have been encountered i n  p rec i se  tanking 
opera t ions  on LC-36A because of t h e  o lde r  pump driven l i q u i d  
oxygen propel lan t  system. There i s  a l s o  a need t o  tank the  
Centaur upper s t age  with LO2. 
system designed f o r  LC-36B and used on A t l a s  opera t iona l  s i t e s  
w i l l  r e s u l t  i n  g r e a t e r  r e l i a b i l i t y  and provide f o r  simultaneous 
topping of both s t ages  decreasing propel lan t  tanking time during 
launch operat ions.  

The i n s t a l l a t i o n  of a pressur ized  

ESTIMATED FUTURE YEAR FUNDING: $1 , ~ , ~ o  
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

MODIFICATIONS TO LAUNCH C W L E X  NO, 17 

PROGRAM OFFICE FOR THE INSTALLATION: 

PROGRAM OFFICEFOR THE PROJECT: 

AIJTHORIZATION LINE ITEM: 

LOCATION OF PROJECT: 

COGNIZANT NASA, WSTALLATION: 

TYPE OF CONSTELLTION PROJECT: Alteration 

FUNDING : 

Office of Manned Space P l i g h t  

Office of Space Science 6 Applicartionrr 

John P .  Kennedy Space Center, NASA 

Cape Kennedy, Brevard County, Florida 

John F. Kennedy Space Center, NASA 

- -- FY 1963 and Prior Years 

N 1964 Estimate $35,000 

Fy 1965 Ealiimnate 465,000 

Total FundLng Through FY 1965 $500.000 

PROJECT COST ILSTIMATE: 

Land Acquisition 

Construction 

Elevator 
Electrical modifications 
S i t e  preparation 
Support building 

Equipment, 

Masts 

Design. 

Fa1 lout She 1. t er 

Unit of 
Measure 

--- 

LS 
LS 
LS 

sq. Pt. 

LS 

--- 
--- 

Unit Iota1 
Cost c o s t  -- - 

@I5 .ooo 

$145,000 l ' ~ ~ , O O O  
70,000 'YO ,000 

5 -000 
13 .oo 

5,000 
25,000 

$220,000 
220,000 2 20,000 
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PROJECT DESCRII?TLON : 

This pro jec t  provides f o r  t he  following modifications t o  Launch Cclmplexes 
1 7 8  and B: 
both pads 1 7 A  cmd B t h a t  operate  between ground l eve l  and t h e  e igh t  level of 
t h e  gantrys  will1 be increased i n  s i z e  from 4 '5 'k5 '6"  t o  6'0"x6'0" and f n  
capac i ty  from 2000 pounds t o  3500 pounds. 
increased from SO'/min. t o  75-100'/min. Modifications t o  t h e  e l eva to r  s h a f t  
and associated equipment a l s o  w i l l  be provided; two s t r u c t u r a l  s t e e l  f ixed  
umbil ical  m a s t s ,  one each at  Pads 17A and 17B w i l l  be constructed.  T h e  
masts w i l l  be L l O  f e e t  t a l l  with 8'x8' base,  of constant  s ize  through mid- 
point ,  t aper ing  to 4'x4'  at  the  top. Four umbilical  reach arms w i l l  be 
provided a t  var ious l e v e l s  and w i l l  be automatical ly  r e t r a c t a b l e  by spr ing  
loading and counter-balance methods. Each umbil ical  ann s t a t i o n  w i l l  he 
provided with an emergency ladder  and se rv ice  platform and a personnel and 
equipment e leva tor  w i l l  be i n s t a l l e d  t o  serve  each s t a t i o n .  
be equipped with supports f o r  f l i g h t  veh ic l e  f u e l  and oxid izer  lines, high 
pressure gas Lines, electrical cont ro l  cab les ,  and air  conditionin,g ducts  
t o  t he  s tages  of t he  Thor Delta booster  and t o  t h e  spacecraf t ;  the ganlxy 
d r ive  power w i l l  be increased by rep lac ing  the  e x i s t i n g  31 H.P. mator 
generator (MG) s e t  supplying electric power t o  t h e  dr ive  motors with a 60 
H.P. MG set (speed v a r i a t o r )  on each of t h e  gantrys  a t  Complex 17. Four 
addi t iona l  t r a c t o r  d r ive  motors w i l l  be provided t o  each gantry.  
e l e c t r i c  dr ive  motor w i l l  be a minimum of 10 H.P., d i r e c t  cur ren t  operated 
with gear reduction dr ive ;  a s i n g l e  s to ry  32'x60' opera t iona l  support 1)uild- 
ing  w i l l  be constructed of concrete  block with slab f l o o r  and bui1.t-up roof. 
The bui lding w i l l  include shops, o f f i c e  and u t i l i t y  space and wi l l  be 
equipped with locker ,  shower and t o i l e t  accommdations. The bui ld ing  id11 
be air  conditioned and heated and the  shops por t ion  w i l l  be equipped w k h  a 
1.5 ton  monorail h o i s t ;  movable steel platforms w i l l  be i n s t a l l e d  a t  lwe l s  
8X, 8B, and 9A. of se rv ice  tower 17A. The platforms w i l l  be approximatzly 
15'x14'; t h e  e x i s t i n g  &-ton air conditioning system located at the  base of 
each launcher w i l l  be replaced with a 100-ton system. 

The imtomatic s e rv i ce  and opera t iona l  personnel e l eva to r s  f o r  

The operat ing speed w i l l  be 

The masts w i l l  

Each 

PROJECT JUSTIFICATION: 

Proposed increase  i n  launching schedule of unmanned spacecraf t  u t i l i z -  
ing  the  Thor Delta booster and the  increased in t r i cacy  of the spacecraf t  
n e c e s s i t a t e  t he  projected modifications.  
operat ion for over five years .  
and i n  some csise!~ presents  a s a f e t y  hazard. Long exposure t o  t h e  elements 
has deteriorat:eil most of t h e  equipment beyond economical r e p a i r ,  t he re fo re  
replacement will- be necessary. 

Complexes 17A and 1 7 B  have been i n  
The present equipment is o ld  and outdated 

ESTIMATED FuTIsI  YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

- SPIN BALANCE FACILITIES FOR UNMANNED SPACECRAFT 

PROGRAM OFFICEFOR THE INSTALLATION: 

PROGRAM OFFICEFOR THE PROJECT: 

AUTHORIZATION L I N E  ITEM: John F. Kennedy Space Center ,  NASA 

LOCATION O F  PROJECT: Cape Kennedy, Brevard County, F lo r ida  

COGNIZANT NASAINSTALLATION: John F. Kennedy Space Cen te r ,  NASA 

TYPE OF CONSTRETION PROJECT: New 

FUNDING : 

O f f i c e  o f  Manned Space F l i g h t  

O f f i c e  o f  Space Sc ience  and Appl ica t ions  

FY 1963 and P r i o r  Years --- 
FY 1964 Est imate  $12,000 

FY 1965 Est imate  255.000 

T o t a l  Funding Through FY 1965 $267,000 

PROJECT COST E:STIMATE: 
Unit  o f  Unit Tota 1 
Mea s u r  e Q u a n t i t y  c o s t  c o s t  - 

Land Ac qu i t ;  it: i on  

Cons t ruc t  ice 

Spin tist h u i l d i n g  
Contro 1 b u i l d i n g  
S i t  e ,p repara  t ion  

Equipment 

Crane 

Design 

%79,400 

Sq. Ft. 1,500 $100.00 150,000 
6 00 45.00 27,000 Sq. F t .  

LS --- 2,400 2,400 

LS 

--- 

$75,600 

75,600 

--- 
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Unit of Unit To ta l  
Measure @an t i  t y cos t  -- c o s t  - 

TOTAL 
PROJECT DESCRI PT'ION : 

$25~5,000 -- 
This p ro jec t  provides two bui ld ings  (spin test  bu i ld ing  and contrcil 

Ju i ld ing)  f o r  support o f  .unmanned spacecraf t  s p i n  balance tests.  Construc- 
t i o n  w i l l  cons i s t  of  re inforced  concrete  frame wi th  masonry c u r t a i n  wa:.ls. 
The s p i n  test  bui lding w i l l  be  approximately 2,300 square f e e t  i n  a rea  and 
w i l l  be equipped with a f ive- ton  crane with a hook he ight  o f  35 f e e t .  Ad- 
vanced handling and balance opera t ion  w i l l  t ake  p lace  i n  t h i s  bu i ld ing  
The second bui ld ing  w i l l  be approximately 1,000 square f e e t  i n  area and 
w i l l  house t h e  con t ro l  equipment f o r  t h e  balancing f i x t u r e s ,  work shop:;, 
o f f i c e s  and s torage  a reas .  A pro tec t ive  wal l  w i l l  be cons t ruc ted  between 
t h e  two bui ldings a s  a s a f e t y  measure. U t i l i t i e s  w i l l  inc lude  power, #:om- 
munications, water ,  sewerage, roads,  and parking. 

PRO J ECT JUST I F I CAT ION : 

The e x i s t i n g  Spin 
Centaur launch complex 

Test  F a c i l i t y  i s  wi th in  t h e  danger area of t h e  
36. Increased Centaur prelaunch prepara t ion  ac ' t iv i -  

t i e s  such a s  fue l ing  tes ts ,  combined systems tests and simulated ltaunclies 
l i m i t  t h e  allowable working hours i n  t h e  sp in - t e s t  f a c i l i t y .  The new 
f a c i l i t y  w i l l  be used f o r  programs such a s  FIRE, Orbi t ing  Astrononnical 
Observatory, and. Orbi t ing  Geophysical Observatory. FIRE and advanced 
spacecraf t  are t o  be flown on Atlas/Agena, which will rey i re  more working area 
and bui ld ing  he ight  than a r e  p re sen t ly  ava i l ab le  i n  t h e  e x i s t i n g  f a c i l i t y .  
Limited work space i n  t h e  e x i s t i n g  f a c i l i t y  increases  t h e  p o s s i b i l i t y  Df 
schedule s l ippages due t o  t h e  i n a b i l i t y  to complete spacecraf t  and upper 
s t age  alignment and balancing opera t ions  on schedule. 
o f  spacecraf t  performance may r e s u l t  because of de lays  caused by Centaur 
Launch Vehicle ac t iv i t ies  on Launch Complex #36 which r equ i r e  t h e  c l e a r i n g  
o f  people front the ex is t ing  s p i n  balance bui ld ing  f o r  extended per iods.  

Probable degradation 

ESTIMATED FUTlg:  YEAR FUNDING: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

LAUNCH AREA MODIFICATION 

PROGRAM OFFICE FOR THE INSTALLATION: Of f i ce  of Space Science and 
Appl ica t ions  

Of f i ce  of Space Science and PROGRAM OFFICEFOR THE PROJECT: 
Appl ica t ions  

AUTHORIZATION LINE ITEM: Wallops S t a t i o n  

LOCATION OF PR.OJECT : 

COGNIZANT NASA lNSTALLATION : 

TYPE OF CONSTF.E:TION PROJECT : 

Wallops I s l and ,  Accomack County , V i r g i n i a  

Wallops S t a t i o n  

A l t e r a t i o n  

FUNDING : 

FY 1963 and P r i o r  Years 

FY 1964 E s t i m a t e  

FY 19'65; Estimate 

To ta l  Func1:ing Through FY 1965 

PROJECT COST ESTIMATE : 

Land Acquis i t ion  

Cons t r u c t  ion 

Area two environmental  

Area t w o  power sub - s t a t ion  
Area two u t i l i t y  bu i ld ing  
Area two replacement of 

I-beam launcher  foun- 
da t ion  and i n s t a l l a t i o n  
of new launcher 

e ,IC l o  s u r  e 

--- 
9684,000 

9 684,000 

Unit of Unit  T o t a l  
c o s t  C c r s t  Measure Quant i ty  - 

Q260,OOO 

LS --- $85,000 85,000 
LS --- 15,000 15,000 

Sq. F t .  800 $12.50 10,000 

LS --- 33,000 33 , 000 
Area four  environmental  en- 

85,000 85,000 --- c losu re  f o r  t ubu la r  launcher  LS 
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Unit of 
Measure 

Area four  u t i l i t y  bu i ld ing  Sq. Ft .  

Excavation of de t e r io ra t ed  
Grading LS 

concrete  - Area Two LS 

Equipment 

Checkout and f i r i n g  c i r c u i t s  
Cabling and t r a y s  
Launcher 
Heat and a i r  condi t ioning 

Design 

Design 

Fa l lou t  She l t e r  

LS 
LS 
LS 
LS 

--- 

Unit 
cost - Quantity 

1,200 $12.50 
--- 2,000 

15,000 --- 

85,000 
120,000 
100,000 
64,000 

--- 
--- 
--- 

TOTAL 

To1:al 
c0:i t 

$15,000 

-- 
2,f)OO 

15,000 

$369 ,r)OO 

85,000 
120 ,000 
LOO ,1300 
64,300 

$55,300 

55,300 

--- -- 
$684.000 

PROJECT DESCR1:P"ION : 

This  p ro jec t  w i l l  modify equipment and s t r u c t u r e s  i n  Launch Areas 1, 2 ,  
and 4. The p ro jec t  c o n s i s t s  of rep lac ing  an obsole te  I-beam launcher i n  
Area 2 with a new remotely con t ro l l ed  and ind ica ted  universa l  launcher,  
including environmental s h e l t e r ,  u t i l i t y  enclosure,  and power sub-s ta t ion .  
The launcher foundation and surrounding concrete  w i l l  be replaced. T h i s  
new launcher vil.1 be designed and constructed t o  handle mult i -s tage veh ic l e s  
using up to the  Honest John booster  (85,000-pound t h r u s t ,  2,000-pound pro- 
p e l l a n t )  as t he  f i r s t - s t a g e  boos te r ,  and up t o  a t o t a l  veh ic l e  weight of 
10,000 pounds, The launcher c o n t r o l s  and i n d i c a t o r s  w i l l  be located r e -  
motely i n  the  blockhouse. 
order  t o  c:ori:cxl: f o r  changes i n  wind condi t ions.  An environmental she l t e r  
and u t i l i t y  enc:Losure w i l l  be provided f o r  the  e x i s t i n g  tubular  launcher 
i n  Area 4. This  environmental s h e l t e r  w i l l  be temperature and hurnidit.y 
con t ro l l ed  which w i l l  enable  keeping the  veh ic l e  p rope l l an t s  wi th in  t h e i r  
manufacturer:;' t o l e rances ,  and the  s c i e n t i f i c  payloads wi th in  design 1.irnits. 

This w i l l  enable rap id  poin t ing  of the  vehic le  i n  

Some modif icat ions t o  the  veh ic l e  and payload checkout c i r c u i t s ,  f:.ring 
c i r c u i t s ,  cabl ing and duct work, w i l l  be made i n  Launch Areas 1, 2 ,  and 4. 
RAM type un ive r sa l  veh ic l e  and payload checkout consoles and the  necessary 
cabl ing w i l l  be provided i n  the  blockhouses a t  these  launch l o c a t i o n s ,  This  
type of console has  been used a t  o t h e r  launch areas a t  t h i s  S t a t i o n  and w i l l  
provide f l e x i b l e  means of t a i l o r i n g  t o  the  var ied  experiments and veh ic l e s  
being launched from those areas. 
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PROJECT JUST IF ]:CAT ION : 

These l?unc:h a rea  modif icat ions are necessary i n  order  t o  update the 
f a c i l i t i e s  t o  accommodate the  requirements of increas ingly  more comp1e:c 
and sophis t ica ted  payloads, veh ic l e s ,  launch condi t ions ,  and increas ing  
launch schedule. Launch Areas 1, 2 ,  and 4 are un ive r sa l ,  general-purpose 
f a c i l i t i e s  t h a t  provide launching support  t o  Off ice  of Space Sciences 
and Off ice  of Advanced Research and Technology s c i e n t i f i c  research programs. 
These general-purpose f a c i l i t i e s  have the  c a p a b i l i t y  of launching mult i -  
s t age ,  unguided, aerodynamically s t a b i l i z e d  veh ic l e s  from the  Nikr: s e r i e s  
up t o  the  50 - 70 f e e t  long vehic les  u t i l i z e d  i n  the  Sounding Rocket 
Programs and t h e  Small Vehicle Research Programs. Representat ive expe riments 
launched from these  areas are r ad io  a t t enua t ion  measurements, sodium v3por, 
meteorological sounders, ionospheric s t u d i e s ,  atmospheric s t r u c t u r e s  aild 
development experiments f o r  ECHO o r  SNAP payloads. The launching r a t e  f o r  
these  areas has  reached approximately 200 veh ic l e s  each year ,  exc Ludin3 
numerous meteorological synopt ic  measurements. The f i r i n g  r a t e ,  paylocad and 
vehic le  launch s o p h i s t i c a t i o n ,  and environmental requirements make i t  z s sen t i a l  
t h a t  these f a c i l i t i e s  be updated. 

Replacement: of the  I-beam launcher i n  Area 2 i s  necessary s ince  t h i s  i s  
a manually con t ro l l ed  obsole te  launcher which can only be approxiinately 
pointed and has a very slow adjustment rate. Therefore,  on ly  those vehic les  
which are inse!naitive t o  winds o r  are p re - se t  at a very low e l eva t ion  angle 
can be launched from t h i s  pad. In  order  t o  launch sounding rockets  a t  
e l eva t ion  ang1.e:; t o  83 degrees ,  and be ab le  t o  c o r r e c t  f o r  wind c’hanges, 
e s p e c i a l l y  during sunr i se  o r  sunset  per iods ,  a new launcher s imi l a r  t o  t h a t  
which i s  now 1.oc:ated i n  Area 4 i s  required.  This w i l l  a l s o  he lp  accorrmodate 
the  increas ing  1-aunch schedule. 

Since t.he f a c i l i t i e s  of  t h i s  S t a t i o n  are t a i l o r e d  t o  provide se rv ices  
f o r  many var ied  types of rocket  experiments,  un ive r sa l  checkout consoles  
and associ.atet1 cabl ing w i l l  enable rap id  switching from one experiment 
t o  the  next.  This concept has  been used a t  o the r  launch loca t ions  on 
Wallops and hias provided very successfu l  se rv ices .  

The environmental s h e l t e r s  are necessary t o  provide temperature anc 
humidity cont:roI f o r  the  veh ic l e s  and payloads during t h e i r  build-up tnd 
awaiting 1.aunc:h window condi t ions.  P resen t ly ,  i t  i s  o f t e n  necessary 
t o  remove the  payload and rocket  s t ages  whenever the re  i s  a cance l la t ion .  
These removal.:j ixnd repeated build-ups r equ i r e  many valuable  man-hours 
and range t ime, and reduce the  o v e r a l l  r e l i a b i l i t y  of the  experiment. 
This  need is increasing s ince  recent  high-energy p rope l l an t s  have s t r i n g e n t  
temperature 1 - i m i t s ;  add i t iona l ly ,  t he  payloads are increas ingly  more c.omplex 
and o f t e n  r equ i r e  environmental coqt ro l .  

ESTIMATED FUTlJRI3 YEAR FUNDING : $5,500,000 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1965 ESTIMATES 

SUPPORT FACILITIES 

PROGRAM OFFICE FOR THE INSTALLATION: O f f i c e  of Space Science anc! 
App l i ca t ions  

PROGRAM OFFIGEFOR THE PROJECT: O f f i c e  of Space Science & Appl i ca t ion ;  

AUTHORIZA'IIONLINE ITEM: Wallops S t a t i o n  

LOCATION OF PROJECT: Wallops I s l a n d ,  Accmack 

COGNIZANT NASAINSTALLATION: Wallops S ta t ion  

TYPE OF CONSTUtJCTION PROJECT: New 

FUNDING : 

--- FY 1963 and P r i o r  Years 

FY 1964 Es t imate  50,000 

FT 1965 Es,timate $1,120,000 

T o t a l  FunC.irig Through FY 1965 $1,170,000 

PROJECT COST' ESTIMATE: - Uni t  of 
Measure 

--- Land Acqu i s i t i on  

Cons t r u c  tie! 

Bypass road 
Sewerage system (10 MGD 

capacf ty)  
S i t e  p r e p a r a t i o n  ( c l e a r i n g  

and grubbing) 

E q u i  pmen ti 

m i l e s  

LS 

LS 

"-- 

County, V i r g i n i a  

Unit  T o t a l  
c o s t  c o s t  Quant i ty  - 

s1,C70,000 

2.5 $290,000 7 32,000 

--- 385,000 2185, OUU 

--- 3,000 3,000 

D e  s ig?  
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Unit of Unit  Total  
Measure Quan t i ty  c o s t  c o s t  - 

Fa 1 1 out She 1 2 ~  

TOTAL *$1,12 0,000 .-- 
PROJECT DESCRIPTION: 

This  p r o j t x t  w i l l  provide a launch area  bypass road and sewerage system. 
The bypass road w i l l  begin a t  the  end of t he  e x i s t i n g  dike south of the  
causeway and extend i n  a no r the r ly  d i r e c t i o n  approximately 400 f e e t  w c s t  of 
and roughly p a r a l l e l  t o  the  e x i s t i n g  road, terminat ing one and one-fourth 
(1%) miles  no-cth of the  causeway. The t o t a l  l ength  w i l l  be approximately 
2.5 miles,, The bypass road w i l l  be 22 f e e t  wide and constructed by placing 
a double bitwninous sur face  t reatment  upon a clay-sand dike.  This  di1:e w i l l  
be 40 f e e t  wide across  the  crown, wi th  the  crown 1 2  f e e t  above meal l o w  
water. The s’noulders and s lopes  w i l l  be pro tec ted  from eros ion  b y  setbding 
and shrub plant ing.  Where necessary,  the  base f o r  the d ike  w i l l  be excavated 
down t o  the sand s t ra tum and f i l l e d  with c l ay  and sand. The bypalss road with 
i t s  d ike  base w i l l  complete the  present  d ike  system, r e s u l t i n g  i n  high water 
pro tec t ion  a-round the  e n t i r e  per iphery of a l l  launch areas .  Pumping s ta t ions  
w i l l  be provided t o  remove excess  water w i th in  the  d ike  system caused by 
heavy r a i n s  o r  severe storm t i d e s .  

A sewage c o l l e c t i o n  and t reatment  system, cons i s t ing  of two main 3ar t s ,  
w i l l  be provided f o r  Wallops I s land ,  s e rv i c ing  the  f a c i l i t i e s  south oE the  
causeway and t o  Launch Area No. 5 on the  nor th ,  respec t ive ly .  Each oE the  
p a r t s  w i l l  cons i s t  of an aerobic  sewage t reatment  p l an t  wi th  comrninutx, 
chlorinators,pump s t a t i o n s ,  and a l l  t runk l i n e  and main sewer pipe ne-essary 
t o  serv ice  t h e  r e spec t ive  areas .  

PROJECT JUSTIFICATION: 

The bypass road i s  requi red  t o  p e r m i t  con t ro l l ed  access  t o  f a c i l i t i e s  
between road blocks e s t ab l i shed  on the  main road during countdown and 
launch opera t ions  while  allowing u n r e s t r i c t e d  access  t o  o the r  work areas .  
By design and s i t i n g ,  the  road w i l l  se rve  a s  a dike t o  p ro tec t  I s land  f a c i l -  
i t i e s  from water damage r e s u l t i n g  from high t i d e s  and wave ac t ion  accompany- 
ing hur r icanes  and c o a s t a l  storms such a s  occurred i n  March 1962. A t  present ,  
c los ing  off t he  main road prevents  t r a f f i c  flow i n  e i t h e r  d i r e c t i o n  through 
the  a c t i v e  launch area  o r  a r eas  and a c t s  t o  i s o l a t e  one end of t he  I s land  
from the  o ther .  This  hampers and de lays  the  performance of work not d i rec t ly ,  
concerned wi.i:h the  impending launch, a s  w e l l  a s  r e s t r i c t i n g  launch orera t ions .  

The exisi:irig mul t i - s ep t i c  tank sewage system on Wallops I s land  i s ,  inade- 
quate t o  meel: present  requirements.  
increased from 150 i n  1960 t o  425 i n  1963 and i s  expected t o  reach 530 by 
1965. Heavy r a i n s  r a i s e  the  ground water t a b l e  on the  I s land  t o  the  l e v e l  
of t he  d ra in  f i e l d s  and when t h i s  occurs,  the  e f f l u e n t  i s  t ranspor ted  by the  

The work fo rce  on the  I s land  has  
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ground water above ground l e v e l  i n  many areas .  This  condi t ion  cons t i tu t .es  a 
severe h e a l t h  ha3Zi3rd which has  been discussed a t  length wi th  the  b c a l  repre- 
sen ta t ives  of the  Virg in ia  S t a t e  Board of Health. They concur emphatically 
with Wallops S ta t ion  personnel on t h e  immediate need of rep lac ing  the  
present  inadequate sewage system with a c o l l e c t i o n  and treatment system 
capable of propzr Ly serving the  population increase  and e l imina t ing  thi:; 
hea l th  hazard. 

E STIMATED FUTUIl E Y E A R  FUNDING : $ 1 , ~ 0 ~ , ~ ~ 0  
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