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NATIONAL AEIRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration, established October 1, 
1958, conduct,; space and aeronautical activities for peaceful purposes for 
the benefit o E  a l l  mankind. In maintaining United States leadership in 
research, teclinology, and utilization in these fields, NASA's program: 

--extend oii'c knowledge of the Earth, its environment, the solar 
system, ia.nd the universe; 

--expand p:c,sc.cical applications of space technology; 

--develop, 3perate, and improve manned and unmanned space vehicles; 

--improve the civil and military usefulness of aeronautical vehicles, 
while minimizing their environmental effects and energy consumption. 

--disseminate pertinent findings to potential users; and 

--promote international cooperation in peaceful activities in space. 

The industrial community, under contracts with NASA, will continue to 
carry forward the prime design, development, and fabrication effort of 
the major hardware elements involved in the NASA programs. Other elements 
of the programs will be pursued within NASA installations, other govern- 
ment agencies, universitieLs, and research contractors. 

Appropriations totaling $3,539,000,000 are requested for FY 1976 and 
$958,900,000 for the tramition period to support the program described 
in these justifications. 

BUDGET P I A N  SUMMARY 

(Thousands of Dollars) 
FY 1974 FY 1975 FY 1976 

Obligational Authority 
5 

Research and development:. . . $2,310,882 $2,323,315 $2,678,& 
Constructim of facilities. 101,100 142,655 84,620 
Research arid program 

776,000 ma nag m e r  t t . . . . . . . . . . . ., . . . 743,968 765,175 

TOTAL, BUDG ET PLAN. , . ,, . . . $3.155.950 $3.231.145 $3.539 .OOO 

TOTAL, OUTLAYS. , . . , , . ,, . , . $3.256.216 $3.207.200 $3.498.000 

Transition 
Period 

$730,600 
14,500 

213,800 

$9 58.900 

$905.200 

AS 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 
(Thousands of  Dol la rs )  

Budget Plan 

Research and 1)evelopment FY 1974 FY 1975 FY 1976 

MANNED SPACE FLIGHT. ........... 999,900 1,110,300 1,414,600 

Space s;hutt:l.e.. .............. 475,000 797 , 500 1,206,000 

Advanced mi.ssi.ons. ........... 1,500 1,500 1 , 500 
Space filigh t: opera t ions .  ..... 523,400 311,300 287,100 

SPACE SC1:ENCE;. ................. 664,482 542,815 582,600 

Physics: and. astronomy.. ...... 94,000 136,315 155,800 
Lunar and p1.an.etary 

explorati.cln.. .............. 392,482 266 , 000 259,900 
Launch v e h i c l e  

procurement.. .............. 178,000 140,500 166,900 

APPLICATIONS., ............ ., ... 159,000 174,500 175,030 - 
Space a.pplic:ations.. ......... 159,000 174,500 175,030 

AERONAUTICS A N D  SPACE 
TECHNOLEY.. ................. 234,307 237,765 250,250 

Aeronautica 1 research  and 

Space and nc . c l ea r  research  
technology ................ 168,000 166,400 175,350 

and t echnc logy.. ........... 66,307 71,365 74,900 

ENERGY PROGRAMS. . . 4,693 4,435 5 , 900 

Energy technology a p p l i c a t i o n s  4,693 4,435 5 , 900 

TRACKING N D  DATA 
ACQUISITIOPJ..  ................. 244,000 248 , 000 243,000 

TECHNOLOGY U’I?CLI:ZATION. ....... 4,500 5,500 7,000 

TOTAL RESISIXH AND 
DJWELQI’fEllT.. ........... 2,310,882 2,323,315 2,678,380 

Construct ion --- of  F a c i l i t i e s , .  .. 101,100 142,655 84,620 

Research and Program 
Management.................. 743,968 765,175 776,000 

TOTAL.. . . . . . . . . . . . . . . . . . . . . .  3,155.950 3.231.145 3.539.000 

TOTAL OU’TLAYS................. 3.256.216 3,207.200 3.498.000 

T r a n s i t  i o n  
Period 

376,600 

321,000 
55,100 

500 

160,300 

46,600 

73,300 

40,400 

54,700 

54,700 

69 , 100 

46 , 800 

22,300 

1,500 

1,500 

66,400 

2,000 

730,600 

14 , 500 

213,800 

958.900 

905.200 

AS 2 



National Aeronautics and Space Administration 

MANNED SPACE FLIGHT 

c Prnmnte international cooperation in space 

--Apollo/Soyuz 9ocking Mission with USSR 
--Spacelab Development by European Space Research Organization 

e Develop Space Shuttle Transportation System 

--“noiitlne Access t~ sad from Space 
--Economical Transportation Costs 
--Economical Payload Costs 

MAJOR FLIGHT ACTIVITY 

1974 1975 1976 1977 1978 1979 1980 - - _ _ - - - -  
Apollo Soyuz Test Project. ....................... A 
Shuttle 
Rollout of  First Orbiter .............................. 
Development Flights 

A 
First Approach and Landing Test................................ A 

Operational Flights ’IC 
First Manned Orbital Flight .............................................. A 
Subsequent Orbital Flights ............................................... a ................................................................ 

Spacelab Initial Delivery ..................................................... 
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National Aeronautics and Space Administration 

SPACE APPLICATIONS 

0 Develop and demonstrate practical uses of space and space technology. 

MAJOR FLIGJlT ACTIVITY 

Pollution Monitoring: 
NIMBUS-G.............................................................. A 
Applications Explorers (Stratospheric 
Aerosols and Gas Experiment) .................................................. 

Earth Resources Survey: 
.LIA~SAT ..................................... 0.A . . . . . . . . . . . . . . . A  
Applications Explorer (Heat Capacity ........................................... Mapping ~ssion). A 

Earth and Ocean Physics: 
GEOS...... ................................... A 
.LIAGEOS...............................................o. A 
SEASAT.. ............................................................. .A 

Communications: 

A ATS................................... A 
P CAS...... ..................................... CA 

bl 
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National Aeronautics and Space Administration 

0 To assist in insuring the attainment (and maintenance) of National energy self-sufficiency 

--Provides support to federal, state and local governmental agencies in implementing 
energy programs which requires or can benefit from NASA's aerospace systems 
technology and management techniques. 

--Evaluates the potentiai of various eiemencs of aerospace technulogy iur energy 



National Aeronautics and Space Administration 

TRACKING AND DATA ACQUISITION 

0 Worldwide networks of ground stations, an instrumentation ship, and instrumented 

aircraft interconnected with highly reliable communications to provide support to: 

--Manned Missions - Apollo/Soyuz Test Project 
--Automated Earth Orbiting Missions - Covers approximately 40 Active Satellites 

including upcoming Synchronous Meteorological Satellite (SMS)B, 
NIMBUS F, Geodynamic Experimental Ocean Satellite (GEOS)C, 
Earth Resources Technology Satellite (U"DSAT)2 and Orbiting 
Solar Observatory (0SO)I  missions 

--Planetary Missions - In addition to continuing Pioneer, Helios I, and Mariner 
support, Viking 75 A&B and Helios B missions will be covered 

--Sounding Rockets 

--Research Aircraft 

TECHNOLOGY UTILIZATION 

0 Accelerate the dissemination of scientific and technical information generated 
by the conduct of the space and aeronautics programs. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

SUMMARY OF APPROPRIATIONS 

i974 1975 1976 

Appropriations PL 93-1376; PL 93-414* Request 

Resenrch 2nd Development.. ................... $2 , ?94,000 $2,331 ,015 a 678,380 

Appropriation Act, 1975 (PL 93-322) ...... - - -  4,435 -- - 
Basic Appropriation ........................ 2 , 194,000 2 , 326 , 580 2,678,380 
Special Energy Research and Deveiopment 

Construction of Facilities................... 101 , 100 140,155 84,620 

Research and Program Management.... .......... 744,600 759,975 776,000 
Basic Appropriation. ....................... (707,000) (740,000) (77 6,000) 
Supplemental Appropriation for civilian 

Proposed supplemental for civilian pay 
.................. - -- --- pay raises (PL 93-305). (37 , 600) 

raises...............................,... --- (19,975) - -- 
Total.................................... $3,039.700 $3.231.145 $3.539.000 

Transitio:: 
Period 

Request 

$733,630 
730,600 

--- 
14,500 

213,800 
(2 13,800) 

$958,900 

Except as noted 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PUNS 
(Thousands of Dollars) 

Fiscal Year 1974 Total 

Bas ic  Appropriation, PI! 97-13?,,,,,,,,,,,, $3,002,100 
Supplemental Appropriation PL 93-305...... 37 , 600 

Total Appropriation (Budget Authority). 3,039,700 

1973 & prior funds applied to 1974 
program plan........ .................... +116,882 

Unobligated balance lapsing ............... -632 

Total Budget Plan...................... $3.155.950 

Fisca l  Year 1975 

Appropriation: PL 93-414...............e. $3,206,735 
*PL 93-322..............*.* 4,435 

Subtotal............................... 3,211,170 

Proposed supplemental for civilian pay 
raises.................................. 19 , 975 

- - -  Transfers between appropriations .......... 
Total Adjusted Appropriation (Budget 
Authority)/Budget Plan.................. $3.231.145 

% 

Research and 
Development 

$2 194 000 --- 
2,194,000 

+116,882 

$2.310.882 

$2,326,580 
4,435 

2,331,015 

--- 
-7 , 700 

$2.323.315 

Construction 
of Fac il i t ies 

$101,100 - -- 

$101.100 

$140 , 155 

140,155 

+2 , 500 

$142,655 

Research and 
Program 

Manag emen t 

$707 , 000 
37 , 600 
744,600 

--- 
-632 

$743.968 

$740,000 -- - 
740,000 

19 , 975 
+5 , 200 

$765.175 

* Special Energy ?.esearch and Development Appropriation Act, 1975. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS (CONTINUED) 
(Thousands or' ijoiiarsj 

Fiscal Year 1976 

Research and 
Research and Construction Program 

Total Development of Facilities Management 

Appropriation request/Budget Plan....,..... $3,539,000 $2.678. -380 $84,620 $776,000 

Transit ion Period 
$213.800 Appropriation request/Budget Plan.......... $958.900 $730.600 $14,500 



- 

Installation 

Johnson Space Center............ 
John F. Kennedy Space 
Center, N A S A . . . . . . . . . . . . . . . . . .  

Marshall Space Flight Center.... 
National Space Technology 
Laboratories .................. 

Goddard Space Flight Center..... 
Wallops Flight Center........... 
Jet Propulsion Laboratory. ...... 
Ames Research Center............ 
Flight Research Center.......... 
Langley Research Center......... 
Lewis Research Center........... 

NASA Headquarters ............... 
Construction of Facilities 
Programs 
Various Locations ............. 
Facility Planning and Design.. 
Balance of the following 
programs undistributed by 
installation 
Space Shuttle Facilities .... 
Rehabilitation and 
Modification.... .......... 

Ninor Construction .......... 
Total Budget Plan ...... 

Research and Development 
Transition 

1974 1975 1976 Period - - -  
614.1 797.9 1014.5 

110.9 113.8 106.6 
297.6 285.8 409.3 

1.5 8.2 9-l 
403.0 385.2 354.0 
14.2 16.3 17.6 
127.1 169.8 186.2 

85.3 114.5 138.9 
15.6 16.3 20.8 
355.9 192.0 154.5 
185.6 132.6 170.0 

100.1 90.9 96.9 

267.5 

34.5 
105.7 

2.4 
104.1 
4.2 
55.1 

37.8 
5.2 
45.9 
43.5 

24.7 

Construction of Facilities 

9 1975 1976 Period 
Transition 

- -  11.1 3.1 

18.9 
18.6 

11.8 
2.5 
3.1 
2.0 

2.1 
.3 

7.2 
2.2 

-- 

4.0 
13.6 

- -  
1.9 
1.8 

66.2 
11.6 

.1 
3.7 
3.5 
11.1 

5.3 
5.1 
5.4 
5.6 

-* 

7.5 
10.9 

-- 

1.6 
2.0 

1.2 

37.0 
1.4 

.1 
1.3 
1.0 
1.9 

4.8 
5.8 
4.2 
1.4 

-- 

-- 
9.3 

3.0 

3.8 
2.4 

.5 

.7 
1.1 

.2 
1.4 
.2 

1.6 

1.3 

1.3 
.8 

-- 

_ -  

-- 
2.8 

-- 
1.8 

.8 - 
__ 

Iesearch and Program Management 
Transition 

E 1975 1976 Period 

29.8 ii8*o lil.6 .^- n 
L L 2 . L  

93.6 95.9 95.0 
136.6 131.3 130.5 

1.6 1.7 1.7 
97.5 104.8 105.8 
11.5 12.1 12.7 

46.4 48.4 49.3 
12.2 13.2 13.7 
83.8 88.1 90.7 
79.8 79.9 81.9 

63.0 68.2 69.5 

35.0 
34.4 

.4 
27.7 
3.5 - -  
12.8 
4.9 
23.4 
21.9 

20.0 

- 
213.8 - 

Total 
Transition 

E 1975 1976 Period 

'L3.2 922.6 1146.9 

!23.4 275.9 238.6 
~52.8 428.i 541.2 

14.9 10.0 10.9 
503.0 493.7 461.1 
28.8 31.9 31.3 
129.1 180.9 188.1 

133.8 168.2 193.0 
28.1 34.6 40.3 
L46.9 285.5 249.4 
167.6 218.1 253.3 

163.1 159.1 166.4 

4.0 7.5 -- 
13.6 10.9 9.3 

- -  3.0 

1.9 1.6 3.8 
1.8 2.0 2.4 

3231.2 3538,o 

- -  

- - 

297.8 

70.2 
141.2 

3.0 
133.2 
7.9 
56.7 

51.9 
10.1 
70.6 
66.2 

44.7 

-- 
2.8 

-- 
1.8 
.8 - 

w 



NATIONAL AERONAUTICS AND SPACE ADMINI  S TRATION 

RESIWCH AND PROGRAM MANAGEMENT 

TOTAL NUMBER OF PERMANENT POSITIONS 

END OF YEAR 

I N S  TALLATIOIJ 

John F . Kennedy Space Center. NASA ...... 
Johnson Space Center ..................... 
Marshall  Spacx? F l i g h t  Center ............ 
National  Space Technology 

Laborator ies . ,  ........................ 
Goddard Space F l i g h t  Center ............. 
Wallops F l i g h t  Center ..... ,. ............. 
A m e s  Research Center. ..... ,. ............. 
F l i g h t  Research Center .... ,. ............. 
Langley I:eses.i:cl-. Center ... ,. ............. 
L e w i s  Researc3i Center ..... ,. ............. 
NASA Headquarters ......... ,. ............. 

TOTAL ...... , .......................... 

EY 1974 FY 1975 EY 1976 

2 . 309 2. 259 2 . 259 

3. 652 3 . 613 3. 613 

4 . 500 4. 113 4 . 113 

65 70 70 

3. 808 3 . 751 3 . 751 

420 41 5 415 

1 . 701 1 . 679 1. 679 

484 489 489 

3. 375 3 . 332 3. 332 

3 . 115 3 . 025 3. 025 

1. 591 1 . 570 1. 570 

25.020 24.316 24.316 

AS 14 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

1 OFFICE Of I 

DEPUTY 
ADMINISTRATOR 

ASSOCIATE 
DEPUTY ADMINISTRATOR 

EXECUTIVE OFFICER 

ASSOCIATE 
ADMINISTRATOR 1 FOR 

j,, 
ORGANIZATION 

I I CENTER OPERATIONS 

I . -I ' O i l l C l  OF I I ' Orllcr or i NASA j 
COMPTROLLER 

N A S A  COMVTIOLUP GtNElLil LOYNSll 

1 GENERAL 1 
COUNSEL 

AEROSPACE 
SAFETY 

A D V I S O R Y  
PANEL 

(-*PUBLIC bD!iNA 

OFFICE OF 

ASSOCIATE 
ADMINISTRATOR 

l N E R G Y  
CROGRAMS 

APPLICATIONS AERONAUTICS 
AND SPACE 

TECHNOLOGY 
AIIOOATf ADMINISTRATOR ASSOOAiC AOMlNll l lAlW 

OFFICE Of 

ASSOCIATE 
ADMINISTRATOR 

FOR 
CENTER OPERATIONS 

L 

OFFICE OF OFrlCr OF 

PERSONNEL I P R O G R A M S  I lNSl l lUTlONAL I MANAGEMENT I 
PASADENA 

OFFICE 

PbIADENA. CbLlF 

HE A D O U A R T E S  

I 

RESEARCH 
KENNEDY 

SPICE CENTER 

OFFlClOF 

SYSTEMS 

SPACE 
1 I C H N O L O C Y  
L A ~ O R A l O R I U  

PROPULSION 
L A I O R A l O R Y  

ICONIIACIOR 
OVIRATED) 

PlSADfNb LUlF 

SPACE f l lGHT 

XUNTSVIIU *LA 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

GENERAL STATEMENT 

The Nat ional  Aeronautics and Space Adminis t ra t ion  program of r e sea rch  and 
development i s  d i r e c t e d  toward advancing our  knowledge of e a r t h  and i t s  
space  environment, and toward developing and u t i l i z i n g  ae ronau t i c s  and space 
technology t o  accomplish Nat ional  goa ls .  The program i s  conducted through 
the  following (elements: 

---- MANNED SPACE FLIGHT: 
of manned space f l i g h t ,  including an i n t e r n a t i o n a l  coopera t ive  space 
docking mission, bu i ld ing  on the  success  o f  Apollo and Skylab, and 
development of t he  Space S h u t t l e  as an economical, v e r s a t i l e  space 
t r a n s p o r t a t i o n  system t o  provide a wide v a r i e t y  of u s e r s  wi th  r o u t i n e ,  
round t r i p  access  t o  space.  

A program t o  develop and u t i l i z e  t h e  c a p a b i l i t i e s  

----- SPACE SCIENCE: A space f l i g h t  program, supported by ex tens ive  ground- 
based and a i rborne  i n v e s t i g a t i o n s  , t o  f u r t h e r  our  knowledge of the  
e a r t h ,  the  atmosphere, t he  moon, the  sun, the  p l a n e t s ,  i n t e r p l a n e t a r y  
space,  and the  s tars .  

APPLICATIONS: --- A r e sea rch  and development program using space ,  a i r c r a f t ,  
and ground systems t o  i d e n t i f y  and demonstrate t he  u s e f u l  a p p l i c a t i o n s  
of space techniques i n  such areas as weather and c l ima te ,  p o l l u t i o n  
monitoring, e a r t h  resources  survey,  e a r t h  and ocean phys ics ,  communi- 
c a t i o n s ,  and space processing.  

---- AERONAUTICS AND SPACE; TECHNOLOGY: A program t o  acqu i r e  fundamental 
knowledge and develop the  technology needed t o  maintain Unit:ed S ta tes  
l eade r sh ip  i n  ae ronau t i c s  and space programs. 

TRACKING AND DATA ACQUISITION:  
and unmanned programs, of t he  agency. 

A worldwide program t o  support  the  manned ---- 

---- ENERGY TECHNOLOGY APPLICATIONS: A program t o  assist  i n  in su r ing  the  
a t ta inment  and maintenance of n a t i o n a l  energy s e l f - s u f f i c i e n c y ,  de- 
signed t o  i d e n t i f y  ae ronau t i c s  and space technologies  of importance 
t o  t h e  energy communi. t y  . 
---- TECHNOLOGY UTILZATIOb!: ,4 program t o  a c c e l e r a t e  t he  d isseminat ion  t o  
government, i ndus t ry  and o the r  u s e r s  of t h e  technologica l  and engineer-  
ing information gained during NASA missions.  
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MANNED SPACE FLIGHT 

The f i n a l  p repa ra t ions  are  now i n  progress  f o r  t h e  launch of  t he  Apollo 
Soyuz T e s t  P r o j e c t  (ASTP) :, t he  f i r s t  i n t e r n a t i o n a l  coopera t ive  manned f l i g h t .  
During FY 1976,  t h e  ASTP f l i g h t  w i l l  occur  and ac t iv i t i e s  on t h e  development 
of t h e  Space Sh.ut t le  and t h e  NASA support  t o  t h e  European development of t h e  
Spacelab will .  cont inue  t o  i n t e n s i f y  as w e  move forward t o  a new era i n  ex- 
panding t h e  beneficial r e t u r n s  from space opera t ions .  

The Apollo Sclyuz Test P ro jec t ,  a j o i n t  US/USSR e f f o r t  t o  develop and tes t  
systems f o r  rendezvous and docking of manned spacec ra f t ,  i s  planned f o r  launch 
i n  J u l y  1975. During t h i s  mission, United S t a t e s  a s t r o n a u t s  u s ing  a modified 
Apollo Commarid and Serv ice  Module and a newly developed Docking Module w i l l  
rendezvous arid dock i n  e a r t h  o r b i t  w i th  a Soyuz spacec ra f t  manned by Sovie t  
cosmonauts. During t h e  mission, j o i n t  a c t iv i t i e s  w i l l  be  conducted by the  
two crews, inc luding  crew t r a n s f e r s  between t h e  two spacec ra f t .  

The Space S h u t t l e  i s  t h e  key element of  an  economical v e r s a t i l e  space 
t r a n s p o r t a t i o n  system f o r  r o u t i n e  access  t o  and from low e a r t h  o r b i t .  The 
S h u t t l e  w i l l  cclnsist  of a r eusab le  del ta-wing o r b i t e r  v e h i c l e  wi th  t h r e e  
main engines ,  a l a r g e  expendable p r o p e l l a n t  tank, and r eusab le  twin s o l i d  
rocke t  boos te rs .  The S h u t t l e  w i l l  provide f o r  placement and re t r ieval  of  
s a t e l l i t e s ,  i n - o r b i t  s e r v i c i n g  of sa te l l i t es ,  sho r t -du ra t ion  manned o r b i t a l  
missions,  and d e l i v e r y  t o  e a r t h  o r b i t  of payloads and p ropu l s ive  s t a g e s  
f o r  high energy and escape rnissions.The advent o f  r o u t i n e ,  r ap id  t r anspor -  
t a t i o n  t o  and f rom low e a r t h  o r b i t  f o r  both unmanned payloads and f o r  s c i e n -  
t i s t s  and o t h e r  personnel  wi thout  s p e c i a l  f l i g h t  t r a i n i n g ,  w i l l  r e v o l u t i o n i z e  
our  conc:eptE of u s ing  space.  I n  a d d i t i o n  t o  t h e  sav ings  r e s u l t i n g  from re- 
duced t r a n s p o r t a t i o n  c o s t s ,  major sav ings  are a n t i c i p a t e d  i n  pay Load c o s t s ,  
r e s u l t i n g  from r e p a i r  and r euse  of payloads and from r e l a x a t i o n  of t h e  
s t r i n g e n t  payload weight,  s i z e ,  and r e l i a b i l i t y  requirements  c u r r e n t l y  
imp0 s ed .) 

A l l  t h e  marin elements of t h e  Space S h u t t l e  are now under c o n t r a c t  and t h e  
design and c:omponent f a b r i c a t i o n  and t e s t i n g  ac t iv i t i e s  are progress ing  w e l l  
toward t h e  first approach and landing t e s t  i n  1977 and t h e  f i r s t  manned o r -  
b i t a l  f l i gh t :  of t h e  Space S h u t t l e  i n  1979. 

The Spacel.ab w i l l  be  a mult ipurpose payload c a r r i e r  t o  be used i n  conjunc- 
t i o n  wi th  t h e  Space Shutt'Le. The Spacelab w i l l  a l low re sea rche r s  and sc i en -  
t i s t s  t o  conc1uc:t t h e i r  experiments pe r sona l ly  i n  a space environment. It i s  
being designed and b u i l t  :for NASA by t h e  European Space Research Organizat ion 
(ESRO), w i th  t e n  European n a t i o n s  p a r t i c i p a t i n g  i n  t h e  Spacelab development. 

SPACE SCIENCE 

The Space Science program i s  a broad-based program of s c i e n t i f i c  exp lo ra t ion  
us ing  d a t a  f rom manned and automated spacec ra f t ,  sounding rockets ,  ba l loons ,  
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a i r c r a f t ,  and ground-based research.  I n v e s t i g a t i o n s  a r e  d i r e c t e d  toward 
observing and understanding t h e  c h a r a c t e r i s t i c s  and i n t e r a c t i o n s  of  t h e  
e a r t h  and i t s  atmosphere, t h e  moon, t n e  Sun, t h e  p l a n e t s ,  t h e  Stal:s, and 
in t e rp l ane ta r> .  and i n t e r s t e l l a r  space.  

The Skylab program provided a weal th  of  new information about t h e  sun ,  
complementing and adding t o  d a t a  rece ived  from the  s e r i e s  of automated 
Orb i t ing  So1a.r. Observator ies .  These s o l a r  observa t ions  w i l l  be continued 
through t h e  quiescent  per iod  of t he  s o l a r  c y c l e  us ing  another  Orb i t ing  
Solar  Observa.t:ory, OSO-I ,  110 be launched i n  1975.  P r o j e c t  d e f i n i t i o n  and 
advanced tech.no1.ogy development i s  cont inuing  f o r  t he  So la r  Maximum mission, 
which would .gather d a t a  dur ing  t h e  next  per iod  of  peak s o l a r  a c t i v i t y .  The 
Orb i t ing  Astronomical Ob s eiwa t o r y  - 3,  Copernicu s , cont inues  t o  traiismi t d a t a  
on t h e  stars and. t h e  i n t e r s t e l l a r  mat te r .  The High Energy Astronomy Obser- 
va to ry  pr0gra.m i.s moving forward wi th  t h e  development of f l i g h t  hardware f o r  
launch i n  1977,  1.978, and :L979, t o  explore  t h e  high energy universe  i n  t h e  
x-ray,  gamma r a y  and cosmic r ay  spectrum. Planning and technologica l  a c t i -  
v i t y  i s  undersray on concepts f o r  a Large Space Telescope, a f a c i l i t y  which 
could provide a r evo lu t iona ry  c a p a b i l i t y  i n  t h e  1 9 8 0 ' s  f o r  s t u d i e s  of our 
universe  by t:he i n t e r n a t i o n a l  s c i e n t i f i c  community. 

Analysis  cont inues  on t h e  d a t a  r e tu rned  by t h e  Apollo missions and on 
t h a t  being rec:ei.ved from t h e  Apollo Lunar Surface  Experiment Packages l e f t  
on t h e  luna r  su r face  by t h e  a s t r o n a u t s ,  as w e l l  as t h e  d a t a  r e tu rned  from 
c u r r e n t  and p ~ - e \ ~ i o u s  p l ane ta ry  missions.  Pioneers  10 and 11 comp Leted 
t h e i r  f l ybys  of J u p i t e r ,  r e t u r n i n g  close-up imagery and demonstrat ing 
t h e  a b i l i t y  of spacec ra f t  tto su rv ive  t h e  hazards  of both t h e  a s t e r o i d  b e l t  
and Jupi te r"  3 i n t e n s e  r a d i a t i o n .  Pioneer 11 i s  proceeding on toward t h e  
f i r s t  encounter of  Sa turn  in  1979.  Meanwhile, Mariner 10 i s  proceeding 
toward a t h i r d  encounter oE Mercury, fol lowing two success fu l  v i s i t s  t o  
t h a t  innermost p l ane t  l a s t  year ,  and an  ear l ie r  swing-by of Venus which 
provided a dernonstration oE t h e  f i r s t  g r a v i t y - a s s i s t e d  maneuver t o  go from 
one p l ane t  t o  another .  I n t e r n a t i o n a l  coopera t ive  missions t o  exp Lore the  
i n t e r p l a n e t a r y  reg ion  near  the  sun a r e  underway by t h e  United S t a t e s  and 
West Germany, These missions a re  Hel ios  1, launched i n  December, 1974,  
and Hel ios  B, t o  be launched i n  1976.  Two Viking missions,  each of which 
w i l l  con ta in  both an O r b i t e r  and a Lander, w i l l  be launched i n  1975 with 
a planned Mar:; landing i n  ,July 1976.  The primary purpose of t h e s e  missions 
i s  t o  search  for t h e  ex i s t ence  of l i f e  o r  t h e  p o s s i b i l i t y  of p a s t  cir f u t u r e  
l i f e  on Mars. I:n 1977,  two Mariner spacec ra f t  w i l l  be launched t o  f l y  by 
J u p i t e r  and, u t i l i z i n g  a g r a v i t y  assist  from t h a t  p l a n e t ,  w i l l  t r a v e l  on t o  
i n v e s t i g a t e  Saturn.  I n  1978,  two Pioneer  s p a c e c r a f t  w i l l  be launched, one 
t o  o r b i t  Venus and another  t o  probe i t s  dense atmosphere. These space-  
c r a f t  w i l l  r e i x r n  a weal th  of d a t a  on Venus and he lp  t o  answer ques t ions  
about e a r t h '  5; atmosphere and dynamics. 
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The Space Science program. a l s o  provides  launch v e h i c l e s  f o r  t h e  sc i ence  
and a p p l i c a t i o n s  missions of t h e  agency, as w e l l  as provid ing  launches on a 
reimbursable  'basis t o  o t h e r  government u s e r s  and a growing number of i n t e r -  
n a t i o n a l  and domestic commercial customers. 

APPLICATIONS 

Demonstrations of t h e  use: of space and space - re l a t ed  technology f o r  p rac -  
t i c a l  b e n e f i t s  a r e  t h e  primary o b j e c t i v e  of t h e  Appl ica t ions  program. 
f i c  a r e a s  of such demonstrations inc lude  weather and climate, p o l l u t i o n  mon- 
i t o r i n g ,  earth resources  su.rvey, e a r t h  and ocean phys ics ,  space process ing ,  
and communication. 

Speci- 

Work cont inues  on development of a n  ocean dynamics sa te l l i t e ,  SEASAT A ,  
t o  demonstrate a wide range of  phys i ca l  ocean phenomena, i nc lud ing  sea s t a t e ,  
the l o c a t i o n  and motion of c u r r e n t s ,  g loba l  c i r c u l a t i o n  p a t t e r n s ,  ocean t i d e s ,  
wind s t r e s s  and geoid udula t ions .  This sa te l l i t e ,  scheduled f o r  launch i n  
1978, should provide global. in format ion  on t h e  dynamics of  t h e  i n t e r a c t i o n s  
of t h e  a i r  and t h e  sea ,  whi.ch i s  impor tan t  to  understanding g loba l  weather 
and c l ima te  p a t t e r n s .  

The second Earth Resources Technology Satel l i te ,  Landsat B ,  was launched i n  
January 1975 t o  cont inue t h e  space-based e a r t h  resources  survey begun 
so s u c c e s s f u l l y  by Landsat 1. The t h i r d  sa te l l i t e  i n  t h e  series, Landsat C ,  
w i l l  f l y  i n  1977 wi th  improved ins t rumenta t ion ,  t o  provide  t h e  c o n t i n u i t y  o f  
d a t a  a n a l y s i s  e f f o r t  necessary  to  long-range u s e r  community requirements .  
Add i t iona l ly ,  the  prac t ica l .  c a p a b i l i t y  of  Landsat in format ion  systems t o  
make s u b s t a n t i a l  c o n t r i b u t i o n s  i n  t h e  most promising a r e a s  of  r e sea rch  i s  
be ing  documented through t h e  concerted e f f o r t  o f  u s e r  agencies  and resources  
managers. 

Understanding o f  ear thquake mechanisms w i l l  be  enhanced by both ground- 
based experiments and deveLopment work on LAGEOS, a h igh  d e n s i t y ,  laser 
r e f l e c t o r  sa te l l i te .  The IAGEOS, when launched i n  1976, w i l l  p rovide  a 
s t a b l e ,  long t:erm r e f e r e n c e  p o i n t  f o r  e a r t h  c r u s t a l  motion s t u d i e s .  

Communicati.cms sa  te l l i tea  inc lude  an experimental  Appl ica t ions  Technology 
S a t e l l i t e  (AI'S-6) , launched i n  1974: t o  begin a n a t i o n a l  and i n t e r n a t i o n a l  
experimental  c:onmunicationc; program i n  sa te l l i t e  broadcas t ing ;  and a j o i n t  
US/Canadi.an pro j ect--Cooperat ive App l i ca t ions  Satell i te (CAS-C) , scheduled 
f o r  1aunc:h i n  1575. 

Among o t h e r  missions under development i n  t h e  Appl ica t ions  program are 
TIROS-N, t o  b e  flown i n  1978 a s  t h e  p ro to type  f o r  a t h i r d  gene ra t ion  opera-  
t i o n a l  weather s a t e l l i t e  system, and Nimbus-G, a 1978 experimental  sa te l l i t e  
t o  demonstratx: t h e  use  of  a space p l a t fo rm t o  monitor a i r  p o l l u t i o n  and t o  
measure ocean dynamics. Two a p p l i c a t i o n s  Explorer p r o j e c t s  are a l s o  included: 
a h e a t  capaci.1:y mapping mission i n  1977 t o  l o c a t e  and map geothermal sources  
i n  t h e  e a r t h ' s  c r u s t  and t o  i d e n t i f y  materials conta ined  i n  s u r f a c e  rocks ;  
and a sirtgle-4.nstrument sa te l l i t e  mission t o  be  launched i n  1979 to  d e t e c t  
and map E: trat:c)spheric a e r o s o l s  and gas  concen t r a t ions  
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E f f o r t  will.  cont inue  i n  d a t a  management t o  improve t h e  d e f i n i t i o n  and i n t e -  
g r a t i o n  of ground and s p a c e c r a f t  da ta .  
s t u d i e s  w i l l  be  pursued t o  t e s t  t h e  e f f e c t i v e n e s s  of  space a p p l i c a t i o n s .  

Systems ana lyses  and c o s t / b e n e f i t  

AERONAUTICS AND SPACE TECHNOLOGY 

The Aeronau i i c s  program w i l l  cont inue  t o  advance a e r o n a u t i c a l  technology t o  
make p o s s i b l e  s a f e r ,  more economical and environmental ly  accep tab le  a i r  t r a n s -  
p o r t a t i o n  systems which are responsive t o  c u r r e n t  and f u t u r e  n a t i o n a l  needs. 
This technology w i l l  he lp  t o  maintain t h e  s t r o n g  compet i t ive  p o s i t i o n  of t he  
United State:; i n  the  i n t e r n a t i o n a l  a v i a t i o n  market p l ace  and support  t h e  
m i l i t a r y  i n  tnsintaining t h e  s u p e r i o r i t y  of t h e  Nat ion ' s  m i l i t a r y  a i r c r a f t .  

The program con ta ins  a s t r o n g  fundamental research  e f f o r t  i n  t he  d i s c i p l i n a r y  
areas of m a t e r i . a l s ,  s t r u c t u r e s ,  av ionics ,  propuls ion,  aerodynamics and man- 
v e h i c l e  i n t e r a c t i o n s  t o  provide advanced technology t o  meet t h e  f u t u r e  needs 
of c i v i l  a v i a t i o n .  The program w i l l  focus on reducing a i r c r a f t  energy con- 
sumption and the  undes i r ab le  environmental  e f f e c t s  of no i se  and p o l l u t i o n  by 
providing thz  technology f o r  q u i e t ,  c l e a n  and e f f i c i e n t  propuls ion  systems; 
the  r educ t ion  of  aerodynamic drag;  t h e  r educ t ion  of a i r c r a f t  s t r u c t u r a l  
weight through the a p p l i c a t i o n  of act ive c o n t r o l  concepts ,  advanced materials,, 
and S t r u c t u r a l  concepts;  and by t h e  c h a r a c t e r i z a t i o n  of candida te  nonpetroleum- 
based f u e l s  f o r  a i r c r a f t .  Improvement of  te rmina l  area opera t ions  and s a f e t y  
w i l l  be  pursued through t h e  development of technology i n  areas such as av ion ic s  
systems, ope ra t ing  procedures,  crashworthy a i r c r a f t  s t r u c t u r e s  and f i r e -  
r e s i s t a n t  a i r c r a f t  i n t e r i o r  materials. 

The technology f o r  advanced long hau l  and s h o r t  hau l  a i r  t r a n s p o r t a t i o n  
systems w i l l  be advanced by a focused technology e f f o r t  i n  t he  areas of 
Short  Takeoff and Landing @TOL) systems, V e r t i c a l  Takeoff and Landing (VTOL) 
systems, r o t o r c r a f t  systems, Conventional Takeoff and Landing (CTOL) subsonic 
systems, and a modest e f f o r t  aimed a t  developing supersonic  and hypersonic  
technolomgy tc i  p rovide  op t ions  f o r  a i r c r a f t  o f  t h e  fu tu re .  

The Space a n d  Nuclear program w i l l  cont inue  t o  advance technology t o  pro-  
v ide  a t.echncilogy base t h a t  w i l l  adequately support  c u r r e n t  and f u t u r e  space 
ac t iv i t i e s  involved i n  t h e  exp lo ra t ion  and e x p l o i t a t i o n  of  space,  and provide 
s tandard ized ,  low c o s t  coriponents and systems f o r  t h e  fu tu re .  Much of t h e  
b a s i c  technology developed i n  t h e  program i s  a p p l i c a b l e  t o  a broad range of 
terrestr ia l  problems i n  ff-elds such as energy and communications. 

The program w i l l  advance technology i n  t h e  areas o f  materials and s t r u c t u r e s  
f o r  use  i n  s ,pacecraf t ;  chemical and e l e c t r i c  propuls ion  systems t o  expand 
cnission capa.hil.it  ies ;  h igh ly  r e l i a b l e  and e f f i c i e n t  e l e c t r o n i c  components; 
guidance, c o n t r o l  and informat ion-handl ing sys  t e m s  ; aerothermodynamics of 
s p a c e c r a f t  e n t r y  i n t o  p l a n e t a r y  atmospheres; and power systems t u  meet t h e  
more s t r i n g e n t  requirements of  f u t u r e  space miss ions .  
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- TRACKING AND DATA ACQUISITION 

This  program provides  f o r  con t inua t ion  of t r ack ing  and d a t a  a c q u i s i t i o n  
support  f o r  msnned and unmanned e a r t h  o r b i t i n g  spacec ra f t ,  p l ane ta ry  
missions,  sounding rocke t s ,  and r e sea rch  a i r c r a f t .  This  support  i s  pro- 
vided by a worldwide network of NASA ground s t a t i o n s ,  an ins t rumenta t ion  
sh ip ,  and in:; Zrumented a i r c ra f t ,  in te rconnec ted  by a h igh ly  r e l i a b l e  commun- 
i c a t i o n s  system which provides  t h e  c a p a b i l i t y  f o r  ins tan taneous  t r a n s -  
mission o f  dai-a and c r i t i c a l  commands between spacec ra f t  and t h e  f l i g h t  
c o n t r o l  cen te r s , ,  F a c i l i t i e s  a l so  are provided t o  process  i n t o  meaningful 
form the  l a r g e  amounts of  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and engineer ing d a t a  
which a r e  co:LLected from f l i g h t  p r o j e c t s .  

The support  workload w i l l  remain high wi th  t h e  Space f l igh t  Tracking and 
Data Network (STDN) suppor t ing  a n  average of approximately 40 unmanned 
s c i e n t i f i c  and a p p l i c a t i o n s  s p a c e c r a f t  and t h e  Deep Space Network (DSN) 
suppor t ing  a fu:L1 complement of p l a n e t a r y  missions.  Upcoming missions t o  
be supported 'oy STDN inc lude  t h e  Synchronous Meteorological  S a t e l l i t e  B, 
Nimbus F, Geo~dynamic Experimental Ocean S a t e l l i t e  C ,  t h e  second Earth 
Resources Tetnnology S a t e l l i t e ,  Orb i t ing  So la r  Observatory I and t h e  Apollo 
Soyuz Tes t  P:c13ject. Addit ions t o  support  now provided by DSN w i l l  inc lude  
t h e  two 'Viking missions and Hel ios  B. 

ENERGY PROGRAMS 

To assist  fin i n su r ing  t h e  a t ta inment  and maintenance of n a t i o n a l  energy 
s e l f  s u f f i c i e n c y ,  t h e  Energy Technology Appl ica t ions  Program has been e s t ab -  
l i s h e d  t o  proTride support  t o  o t h e r  agencies  i n  advanced r e sea rch ,  technology 
and deveLopment; d e f i n e  and, i f  app ropr i a t e ,  implement programs which r e q u i r e  
broad a p p l i c a t i o n  of aerospace technology and management techniques;  and 
provide :;uppoct of  t h e  a p p l i c a t i o n  of aerospace technology t o  immediate 
energy problerns ,, 

TECHNOLOGY UTILIZATION 

This  program provides f o r  wide and r ap id  d isseminat ion  of s c i e n t i f i c  and 
t echn ica l  information acqui red  as a r e s u l t  of t he  agency programs. 
p i e n t s  i nc lude  (other government agencies  , t h e  u n i v e r s i t y  and nonpro f i t  
r e sea rch  community, and indus t ry .  
pub l i c  s e c t o r  problems capable  of  s o l u t i o n  by t h e  a p p l i c a t i o n  of aerospace 
technology. rh s se  e f f o r t s  a r e  accomplished through a series of pub l i ca t ions  
and through I n d i s t r i a l  Appl ica t ions  Centers .  

Reci- 

Also included i s  a program t o  i d e n t i f y  

FUNDING 

The FY 1976 Research and Development budget p l an  t o t a l s  $2,678,380,000 an  
inc rease  of $355,065,000 from FY 1975. 

SUM 6 



Research and Development lmt lays  i n  FY 1976 a r e  es t imated a t  $2,613,900,000 
up $271,000,000 From the  $2,342,900,000 es t ima te  f o r  FY 1975. 

The Budget ]?‘La11 and Outlay e s t ima tes  f o r  t he  t r a n s i t i o n  per iod f o r  Research 
and Developmen: a r e  $730,6OO,OOO and $659,900,000 r e spec t ive ly .  

SUI1 7 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

RESEARCH AND DEVELOPMENT 

For necessary expenses, not otherwise provided for, induding 
mearch ,  development. operations, servlccs, minor construction, 
xnuintenuncr, repair, rehabilitation and modific;ititin of real and per- 
sonal rmqwrty; trarking and da ta  relay satellite w v i c e s  as nu- 
thorizrd by [section 7 of the Nationnl Aeronautics .and Space Ad- 
niinistration Authorization Act, 197.53 law and purchaqe, hire 
meintenance, and operation o f  other than ndniinistrative aircraft 
neceksary for the conduct and *upI)ort of  wronautical and opacc’ 
research and development wtivit ies o f  the Natiamal Aeronautic* 
and  Space Administration, [$2,326,580,000] $6,878,.180,000, to re- 
main available until expended. 

[For necessary expenses of the National Aeronautics and  Space 
Adminilstratinn r u i n g  to pr6grams asd other activities in re- 
search and  deveIo ment, i d u d i n g  services as authorized by 5 
U.S.C. 3109. $4,4!h,OOO, to remain available until efrpended.] 

For “Re.qearch and o’evdopmmt,” lo be available July 1, 197R, 
@7S0,600,000, lo remain available until czpcndcd. (41 U.S.C. t 4 5 t .  
d seq.; Deparlment o Hawing and Urban Development; Spscc, 

pridion Acl, 1976; S cial Bnergy Research and Deveflop men1 Appro- 
pridion A d ,  1976; a&&onel authorizing legislation lo be proposedjor 
Pcol year 1976, and for lhe period beginning July 2 ,  2976.) 

Science, Veterans, a n i  Certain Olher Independent A eneies Appro- 

SUM ‘3 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

W 

RESEABCE AND DEVELOPMEN?' 

104. Mo 
456.282 
89.700 

173.200 
66.307 

168.000 
4.693 

157.215 
285. OW 
93. wo 

182; loo 
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166.400 
4.435 
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Total direct program costs. funded. - ~. -. - -. . - -. - 2.3 10. 882 2,323,315 2.678.380 2,298.558 2.526.700 2.670. OOfJ 

2. Supporting activities: 
244.000 248.000 243,ddtl 246.173 257,000 (a) Tradtingand data acquisition-- -. - _ _  - - - - - - - - - - - - _ _ _  

(b) Sustaining university program- - -. - - - - - - - ~ - .  . ~ - 1 ~ - -. 
(c) Technology utilization.. - - ~. ~. - - - - - - - _ _  . -. . -. - - - - - _ _  

- - - - -. . . . - - - _ _  - - -. -. - - - - . ~ - - . - - - - - 
- --__ __---- 1-1---- 

-___ -~ - - ___- _-- ___- - --- -- 
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14.878 9,751 12.375 14. a78 8.897 14.830 
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647 437 1.030 
17,502 34,527 19.170 
35. loo 868 12,496 

24 612 426 
I .  740 277 2.243 

220. m 314.890 Total reimbursable program cost.. . . -. -. . . - -. 231.909 

Total programcats. funded- -. _ _ _ _ _  -. . _ _  __.  . . _ _  2,542,791 2.546.015 2.898. 580 2 12 2,841.590 2,89o*zQo 
-2,100 34.995 80.380 

1.4 Total. ~ -. . - - _ _ _  -. . ~ . - - _ _  - _ _  - ~ -. ~ - .  ~ -. -. - ~. . 9.542.791 2,546,015 ,-$8%. 58tl 1.46j.. 812 29876.585 2*?KJ* S8Q 

1. Manned apace flight: 
(a) Space shuttle. __. . ~. -. , . . . .-. ~ ~. - ~ __. . . - - .- - - - -. . . . . 
(b) Space flight operations. . . . . . - ~. -. - - - ~ -. - - ~ - -. . -. . ~ -. 
(d) Apotlo __._ __. .- _ _ _ .  -. . . -. . --. _ _ _  ___________. . ~. _ _ _  
(a) Physk and utronomy. -. ~. -. -. - - _ _  _ _  _ _  _ _ _  _ _  ~ - __. - -. 
(b) Lunar and planetary ezptorqtb- - - 

3. Space applications.. . . . . . . . -. . ~. ~ -. - -. - .  . . . ~ - -. - 
4. Space research and technology.. . . . . . - 
5. Aeronautical racuch and t echnob .  -. . . . . - ~ - -. ~ - - ~ - ~. - - _ _  - 
6. Energy progwm- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  - _ _  _ _ _  _ _  _ _  - _ _ _  _ _ _  _ _ _  
7. Supporting activities: 

- ~ ~ _ _ _  _ _  
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_ _ _ _  _ _ _ _ _ _ _ _  
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3.946 IO. 120 35. 100 

426 394 525 
435 2,027 1,740 

222.700 220.200 
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(a) Tracking and data acquiaition.. . . . . 
(E) Technology utilization. -. 

~. . . -. -. . 
___-- ----- -- 

- . . ~- 
169,354 

. ~ _ .  -~ ~~. ~ - ~~ 
.. . ._ ~. .~~ 

Change in selected resources (undelivered orders and rtorea) . . . . -. . . . . 
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P.ESEARCH AS" T ? ~ r ~ r . o p ~ ! ~ u . r - r ~ ! r ~ ~ ~ ~ ~ ~ ~ !  

R a g a m  and Fuuncing (in thousandr of dollars) -Contiwed 
.- 

Rudvet Dlan (amounts for research and Costs and obligations 
deveiooment acriom vrocraniedi - - - ~  ---__ 

1971 actual 1975 estimate 1978 ertiniate 1974 artual 1973 cstiniafr 1976 estiniatr 

- I04.645 -83,836 
-127,264 -138.870 

-1lQ.845 -104,645 -83.830 -110.845 
-109.355 -127.264 -138.870 -109,355 

Budget authority: 
40 Appropriation _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _  ______.._______.__._ 2.194.000 2,331,015 2.678.330 2,194,039 2.331.015 2,678.333 
41 Tranaferred to other accountr _ _ _ _  -. . -. - -. - - . . . _ _ _  -. ___. - -. - _ _  _ _ _ _ _  -?.700 - - . - . . . . . . -7.700 . . - - . . . ____ 
43 Appmpiati.n(dpit.d) .____._____________ ~ ____.______ _.__ 2,194,- 2,323,315 2.678.W 2,194,000 2,323,315 2,678,339 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 
(Thousands of Dol la rs )  

Budget Plan - 
Research anrd Development FY 1974 FY 1975 FY 1976 

MANNED SPACE FLIGHT........... 999,900 1,110,300 1,414,600 

Space s h u t t l e , .  ............. 475,000 797,500 1,206,000 
Space f l i g h t  operat ions. . . .  . 523,400 311,300 207 , 100 
Advanced missions........... 1,500 1,500 1,500 

SPACE SCIENCE........,........ 664,482 542,815 582,600 

Physics and astronomy....... 94 , 000 136,315 155,800 
Lunar and p h n e t a r y  

exploration... . . . . . .  ...... 392,482 266,000 259,900 
Launch ve’hicle 

procureinen t.. ............. 178 . 000 140,500 166,900 

APPLICATIONS.................. 159,000 174,500 175,030 

Space applications. . . . . . . . . .  159,000 174,500 175,030 

-- 

AERONAUTICS-AND SPACE 
TECHNOLOGY...o........o...a. 234,307 237,765 250,250 --- 

Aeronaut ical  research  and 

Space and nuc lear  research  
technology......0......... 168,000 166,400 175,350 

and tec’hnology. ........... 66,307 71,365 74,900 

ENERGY PROGRAMS............... 4,693 4,435 5,900 

TRACKING AND D.ATA 
ACQUISITION.. ............... 244,000 248,000 243,000 

TECHNOLOGY UTILIZATION. . . . . . , .  4,500 5,500 7,000 

TOTAL.......,,............. 2.310.882 2.323.315 2,678.380 

--- 

T r a n s i t  ion  
Period 

376,600 

321,000 
55,100 

500 

160,300 

46,600 

73,300 

40 , 400 

54,700 

54,700 

69,100 

46,800 

22 , 300 

1,500 

66,400 

2,000 

730.600 

SUM 11 



National  Aeronaut ics  and Space Adminis t ra t ion  

FY 1975 BUDGET AUTHORITY DEFERRED 

The FY 19751 estimates contained i n  t h e  Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion EY 1976 Budget Estimates inc lude  $72 m i l l i o n  of t h e  1975 
Research and Ilevelopment appropr i a t ion  i d e n t i f i e d  f o r  d e f e r r a l  i n t o  
FY 1976 as p a r t  of t h e  P re . s iden t ' s  budget r e s t r a i n t  message of November 26, 
1974. These Eunds, which a r e  planned for o b l i g a t i o n  e a r l y  i n  FY 1976, are 
d i s t r i b u t e d  a s  fol lows : 

Space F l i g h t  9 e r a t i o n s  
Apollo Soyuz T e s t  P r o j e c t  

Physics and Astronomy 
Orb i t i.ng A.E tr onomi c a l  Observa tor ies  
So 1 ar Maxi.nium MXs s ion-Advanc e d  Techno l o g i c a l  Deve 1 o pmen t 
Airborne F.c!saarch 
Sounding F.ock;ets 
Support ing Research and Technology/Advanced S tud ie s  

Lunar and Plane tary  -I Explora t ion  
Pioneer-Venus 
Lunar Samp Le Analysis  
Lunar Da t i a  Analysis  
Lunar Science Support ing Research and Development 

Space Appl ica t ions  --- 
TIROS -N 
Global Atmospheric Reserarch Program 
Weather a n d  Climate: Advanced techniques i n  

observ ing  and f o r e c a s t i n g  

Nimbus -G 
Pol lu t ion  Monitoring: Sensor d e f i n i t i o n  and 

f e a s i b i l i t y  eva lua t ions  

SEASAT-A 
Tectonic  I?late Motion 
Ea r th  Resources Survey: Data i n t e r p r e t a t i o n  tech-  

n iques ,  s p e c i a l  i n v e s t i g a t i o n  
and d a t a  a n a l y s i s  

Ear th  an.d Ocean Physics  Data Analysis  
Ear th  and Ocean Physics  Measurement Sys tems , 

Data Management 
Shut t 1 e Pay 1 oad s Dev e 11 o pmen t 
Advanced Appl ica t ions  F l i g h t  Experiments 
Heat: Capacj.ty Mapping Mission 

Foreca.:; timg Techniques , and Modeling 

20 , 000,000 
20,000,000 

3 , 000,000 
300 , 000 
550 , 000 
200,000 

I , 050,000 
900 000 

8,000 , 000 
5,000,000 
1,200,000 
1,300,000 

500 , 000 

16,000,000 
2 , 800 , 000 

500 , 000 
100 , 000 

7,200,000 
200 , 000 

500 , 000 
500 , 000 

1 , 000 y 000 

200 , 000 

200 , 000 

900 , 000 
900 , 000 

500 , 000 

500,000 
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FY 1975 D e f e r r a l  Budget Author i ty  - , r  mtinued 

Ae r onau t ical  l i  B s e ar ch and Techno 1 o gy 
Sys t e m s  T e c l ~ ~ l o g y  Programs 
Quiet  , Clean, Short-Haul Experimental Engine 
T i l t  Rotor IXesearch A i r c r a f t  
Quiet  Propuls ive L i f t  

Space and Nuclear Research and Technology 
Research and Technology Base 
Systems Technology Programs 

Tracking and Data Acquis i t ion  - 
Systems Implementation 
Supporting Research and Technology 
Tracking and Data Relay S a t e l l i t e  S tudies  

T o t a l  Defer ra l s  

13,500,000 
4,000,000 
2,000 , 000 
2,000 , 000 
5,500,000 

1 , 500,000 
1 , 200 , 000 

300,000 

10,000,000 
6 , 200 , 000 

200 , 000 
3 , 600,000 

72.000.000 

SUM 13 



SATIONAL AEROSA"T1CS AND SPACE ADHINISTFATIOS 

FISCAL YE4R 1976 ESTIXtTES 

UISTRIBrTIO~i OF RtSMiiCH A X U  UeVLLOPMENi BL0Lt.l  PLAN BY I N S I A L L 4 T l O N  ANI> FISCAL YWR 
(Thousands of Dollars) 

PROGKAY 

OFFICI: OF XAX<ED STACE 
FLIGHTL TOTAL 

Space F l i g h t  o p e r a t i o n s  

Advanced m i s s i o n s  

C-FFJC'E OF SPACF S T I F P C F ,  
TOTAL __ 

Phys ics  and astronomy 

Lunar and p l a n e t a r y  
e x p l o r a t i o n  

Launch v e h i c l e  procurement 

OFFICt OF APPLICATIOSS 
(Space a p p l i c a t i o n s )  

( I t F I C F  O F  AEKONh1'TII:S ,AND 
SPACE TECIINOLOCY, TOTAL 

,apncr  anJ n i ~ l e a r  r e s e a r c h  
and technology 

OFFICE OF TRACKING AND 
~~ IJATh hCQVISITlON 

TOTAL BUDGET P E  

197: 
1975 
1976 _ _  

l r  

1 0 1 '  -,. 
1975 
I??' 

TP 

1974 
1975 
1976 
TP 

197$ 
1975 
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TP 

1974 
1975 
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1974 
1975 
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1974 
1975 
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1974 
1975 
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1974 
1975 
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1974 
1975 
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Tr 
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1974 
1 9 7 5  
1976 

T P  

,,._., 
I,,* 

1975 
lY76 

r p  

1974 

1976 
rP 

.--- 
l,,, 

1974 
1975 
1976 

T P  

1974 
1975 
1976 
TP 

TOTAL 

999.90C 
1,110,300 
1,414,600 

376,600 

1 I n <  nnn 

321,000 

52 3,400 
311,300 
207.100 

1;500 
1,500 
500 
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542,615 
582,600 
160,300 

94,000 
136,315 
155,800 

46.600 

392.482 
266; 000 
259,900 

73,300 

178,000 
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166,900 
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175,030 
54,700 

234,307 
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250,250 
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166; 400 
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66,307 
71 ,365  
74,900 
22,300 
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244,000 
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4,500 

7,000 
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28 
-.- _ _ _  
_ _ -  

57,686 
60,985 
64,740 
17,000 

13,154 
1'1,667 
18,320 

5 ,900  

116 
90 
7 5  
25 

57,925 
41,754 
43,990 
12,000 

19,859 

20,380 
6,000 

1,036 

? 9 , L 9 ?  

bin 
i 5n 
200 

2,323 
2,4RR 
2,740 

7  80 

3 ,285  
2,766 
2,560 

700 

_._ 
-. . _ _ _  
--. 

_ _ -  _ _ _  _ _ _  _.- 175,113 46,833 5,544 - - -  1,978 200 _ _  - 14,332 - - -  2,600 - - -  _ _ _  14,600 

.-- .-_ _ _ _  _ _ _  112, juu 15,3on 1,400 _ _ _  600 ... ... 3,800 

- - -  176,200 48,400 6,200 _ _ -  _ _ _  _ _ _  
..- -.- .-- - - -  169,100 51.500 5.100 .-- 2,400 _ _ _  .__ i ~ , q n n  

~~ ~~ 

127,131 14,201 85,345 15,570 355,942 185,579 100,085 614,056 110,894 297,596 1 ,450  $03,033 
797,876 113,795 2 R 5 , R 2 2  8 ,200  385,195 169,85'1 16,315 114,494 16,293 192,032 132,550 90,889 

1,014,517 106,560 409,330 9 ,100  354,008 186,167 17,565 138,920 20,825 154 ,463 170,038 96,887 
267,449 34,475 105,750 2 ,350  104,115 55,068 4,235 37,807 5,200 45,886 43,500 24,765 

Note: 
TP: T r a n s i t i o n  Per iod  

Amounts shown f o r  NSTL exc lude  funding f o r  Ear th  Resources Labora tory ,  which i s  s u b a l l o c a t e d  from JSC. - 
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NATIONAL AEFLONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

- MANNED SPACE FLIGHT PROGRAMS 

Budget Plan 
1975 

Budget Current  T r a n s i t i o n  
1976 Period Programs -- 11974 E s t i m a t e  Est imate  - 

(Thousands of  Do l l a r s )  

Space s h u t t l e . ,  . . . . . . . . . $475,000 $800,000 $797 500 $1,206,000 $321,000 

Space f l i g h t  ciperations. 523,400 323,300 311,300 207,100 55 100 

Advanced m i s s  i.ons . . . . . . . - 1,500 1,500 1,500 1,500 500 

Total . . . . . . ,  ,,.,....... = ! i Q  $1,124.800 $1.110-3 00 $1.414.600 $376.600 
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FLESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MANNED SPACE F L I Z  SPACE SHUTTLE PROGRAM 

S UMMA€tY OF RESOURCES REQUIREMENTS 

1975 
Budget Current  Trans i t i  on 

1974 E s t i m a t e  E s t i m a t e  1976 Period __ 
(Thousands of D o l l a r s )  

O r b i t e r . .  ............ $363,125 $647,500 $634,600 $877,300 $230,900 
Main eng in€:. ......... 82 , 307 92 , 300 92 , 300 135,500 36 , 000 
S o l i d  rock:et 

18 , 000 
66 , 100 15,100 

boos t er I: ,  .......... 8,567 22,600 22,600 76 , 200 
E x  t errla1 t:anE: ........ 18,100 26,000 34,000 
Launch and l and ing . .  . 2,901 11,600 14,000 50,900 21,000 

T o t a l . . .  ........... $475.000 $800.000 $797.500 $1.206.000 - $321.000 

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

Johnson Spacx Center . .  . 
Kennedy Spacx Center .  .. 
Marshall- Space F l i g h t  

Center. .  . .  ,,. ......... 
National  Spixce Tech- 

nology L a b x a t o r i e s .  . 
Goddard Space F l i g h t  

Center.. . . . . . . . . . . . . .  
Ames  Research Center. .  . 
Langley Research Center 
Headquarter ,s ........... 

$357,102 $630,200 $622,113 $864,948 
2,901 11,600 14,000 50 , 900 

11.0,311 147,700 149,687 278,400 

700 1 , 000 1 , 000 1 , 900 

--- --- 68 100 
175 
174 --- 28 52 

--- - - -  - - -  

- 3,637 9,500 10,604 9,700 

$227,265 
21,000 

69,200 

500 

Total . . . . . . . . . . . . . . . .  . $475.000 $800.000 $797.500 $1.206.000 $321.00C! 

RD 1-1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHJ SPACE SHUTTLE PROGRAM 

SCHEDULE 

PROJECT 

S ,pace S h u t t l e  

MISSION 
CALENDAR 

YEAR 

Ro l lou t  of Orbiter  No. 1 3rd  Qtr 1976 
Approach and Landing T e s t s  4th Qtr 1977 
F i r s t  Manned Orbi ta l  F l i g h t  2nd Qtr 1979 
Deve 1 opmen t a l  F1 i g h  t s 3rd  Qtr 1979- 

Mid 1980 
Opera t iona l  S h u t t l e  Mid- 1980 

RD 1 - 2  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF MANNED SPACE FLI(;HT SPACE SHUTELE PROGRAM 

PROGRAM OBJECT'IVES --- AND JUS'IIIFICATION: 

The Space S h u t t l e  is  the  key element of a n  economical space t r a n s p o r t a t i o n  
system t h a t  will- provide a wide v a r i e t y  of  n a t i o n a l  and i n t e r n a t i o n a l  u s e r s  
wi th  r o u t i n e  i.ic(:ess t o  space beginning i n  the  1980's. The S h u t t l e  w i l l  
be the  f i r s t  :reusable space v e h i c l e  and w i l l  be configured t o  c a r r y  many 
d i f f e r e n t  types o f  payloads -- a p p l i c a t i o n s ,  s c i e n t i f i c ,  m i l i t a r y ,  and 
technologica l  -.- t o  and from low e a r t h  o r b i t .  By o f f e r i n g  v e r s a t i l i t y ,  
economy, and tease of access t o  space,  t h e  S h u t t l e  w i l l  open up new avenues 
of oppor tuni ty  Eor expanding t h e  down-to-earth r e t u r n s  from space and 
advancing t h e  f r o n t i e r s  of s c i ence  and technology. It w i l l  provide an 
economical t r a n s p o r t a t i o n  system f o r  payload developers  and u s e r s  from 
United States  Government agencies ,  p r i v a t e  i n d u s t r i e s ,  u n i v e r s i t i e s ,  re- 
search  o rgan tza t ions ,  and n a t i o n a l  and i n t e r n a t i o n a l  organiza t ions .  

The Space S h u t t l e ' s  des ign  Eeatures and ope ra t iona l  f l e x i b i l i t y  are t h e  
key t o  d r i v i n g   down t h e  c o s t  and complexity of payloads as w e l l  as space 
opera t ions .  
t o  r e p a i r  and redeploy them, t o  service o r  update  them and t o  r e t u r n  them t o  
e a r t h  f o r  refurbishment  and r euse .  
rescue  poss ib l e .  I n  some ins t ances ,  i t  may e l i m i n a t e  t h e  need f o r  space 
rescue  by providing a means f o r  t imely d e l i v e r y  t o  o r b i t  of replacement 
components . 

Th'e S h u t t l e  w i l l  be  a b l e  t o  re t r ieve as w e l l  as deploy s a t e l l i t e s ,  

The S h u t t l e  w i l l  a l s o  make r a p i d  space 

The S h u t t l e  s y s t e m  has  four  b a s i c  elements:  t h e  o r b i t e r ,  t he  nlain engines ,  
an e x t e r n a l  p rope l l an t  tan.k and twin s o l i d  rocke t  boos te rs .  

The S h u t t l e  o r b i t e r ,  wit:h i t s  l a r g e  payload volume of  285 cubic  meters 
(370 cubic  yards)  and cargo ca r ry ing  capac i ty  of up t o  29,500 kilograms 
(65,000 pounds), w i l l  permit  payloads t o  be b u i l t  t o  less s t r i n g e n t  
design c o n s t r a i n t s .  Standard l abora to ry  equipment, much of i t  o f f - t h e - s h e l f  
and r e l a t i v e l y  inexpensive,  may be used i n  the  cons t ruc t ion  of a payload. 
This  key f a c t o r ,  r educ t ion  of payload complexity,  w i l l  be a s i g n i f i c a n t  s t e p  
i n  decreasing cos t s .  The v a r i e d  types of payloads t h a t  t h e  o r b i t e r  can 
l i f t  i n t o  o r k i t  range from automated f r e e  f l y i n g  satel l i tes  and space 
te lescopes  to f u l l y  equipped space l a b o r a t o r i e s  wi th  f a c i l i t i e s  f o r  s c i e n t i s  t r ;  
and t e c h n i c i m s  t o  c a r r y  ou t  o r b i t a l  experiments and manufacturing processes  
i n  a comforti.ble s h i r t - s l e e v e  environment. 
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Mission P r o f i l e  --- 
The Space S h u t t l e  w i l l  be boosted i n t o  o r b i t  by t h e  t h r u s t  of i t s  t h r e e  

l i q u i d  oxygenl l iquid hydrogen main engines  burning i n  p a r a l l e l  with the  twin 
s o l i d  rocke t  boosters .  Two minutes i n t o  t h e  f l i g h t ,  a t  an a l t i t u d e  of about 
40 k i lometers  (kin) (22 n a u t i c a l  m i l e s ) ,  t h e  s o l i d  rocke t  boos t e r s  burn o u t ,  
are separa ted  and descend by parachute  t o  a s o f t  splashdown i n  the ocean 
about 240 km (133 n a u t i c a l  m i l e s )  down range. They w i l l  then be recovered 
f o r  refurbishment  and reuse .  The o r b i t e r ,  powered by i t s  t h r e e  main engines ,  
w i l l  cont inue  on i n t o  space f o r  another  s i x  minutes.  A t  t h e  end of t h a t  t i m e ,  
t h e  engines  w i l l  be shu t  down. A t  t h i s  p o i n t ,  j u s t  p r i o r  t o  o r b i t a l  i n -  
s e r t i o n ,  t he  ex te rna l  tank w i l l  be j e t t i s o n e d .  Following a b a l l i s t i c  t ra -  
j e c t o r y ,  t he  empty tank w i l l  f a l l  i n  a remote ocean area about 18,500 km 
(10,000 n a u t i c a l  mi les )  down range. The o r b i t e r ,  f i r i n g  i t s  o r b i t a l  
maneuvering engines ,  w i l l  then e n t e r  e a r t h  o r b i t  t o  perform i t s  mission. 
A f t e r  completing i t s  m i s s i o n ,  the  o r b i t e r  w i l l  aga in  f i r e  i t s  o r b i t a l  
maneuvering engines t o  d e o r b i t  and r e e n t e r  t he  atmosphere a t  a high angle  
(about  34O) i n  a shal low f l i g h t  pa th  t o  minimize f r i c t i o n a l  hea t ing .  
km (about 70,000 f e e t )  a l t i t u d e ,  t h e  o r b i t e r  w i l l  begin the  f i n a l  maneuvering, 
a l i g n  i t s  approach and land.  

A t  2 1  

The Space S h u t t l e  w i l l  ha.ve a f l i g h t  crew of three :  t he  commander, t he  
p i l o t ,  and a mission s p e c i a l i s t .  On some missions a payload s p e c i a l i s t  w i l l  
be added t o  check out  complete payloads and deploy them i n  space.  I n  normal 
ope ra t ions  t h e ' S h u t t l e  can c a r r y  up t o  seven people,  inc luding  the  crew, 
f o r  per iods  up t o  seven days. They w i l l  experience f o r c e s  no more than 
t h r e e  times t h a t  of g r a v i t y  (3-g fo rces )  during launch and landing and can 
perform t h e i r  work i n  sh i r t : - s leeve  comfort. 

S t a t u s  

A l l  S h u t t l e  system elements are under c o n t r a c t  and t h e  development i s  
proceeding as planned. Many components of t he  S h u t t l e  system have a l r eady  
been completed i n  Fy 1975 a.nd t e s t i n g  has  been i n i t i a t e d .  Funding f o r  FY 
1976 w i l l  permit  t h e  S h u t t l e  prime c o n t r a c t o r s ,  t h e  f i r s t  and second t ier  
subcont rac tors  and t h e i r  s u p p l i e r s  t o  cont inue  manufacturing and t e s t i n g  
components f o r  t h e  four  b a s i c  elements of the  Space S h u t t l e  system. 
Fabr i ca t ion  of t he  major test a r t ic les ,  des ign  of t he  launch processing 
system, and design of t he  s o l i d  rocke t  boos te r  components and t h e  recovery 
system are planned f o r  FY 1.976. Twenty-one subcon t rac t s ,  valued a t  more 
than $10 m i l l i o n  each, are now i n  e f f e c t  and s i x t y  subcont rac ts  between 
$1 and $10 m i l l i o n  each have been d e f i n i t i z e d .  Even l a r g e r  numbers of 
s u p p l i e r s  and small subcont:ractors w i l l  be  p a r t  of t h e  o v e r a l l  e f f o r t  
f o r  FY 1976. The S h u t t l e  i.s w e l l  i n t o  t h e  hardware development and t e s t i n g  
phase and s e v e r a l  major mil.estones have been accomplished. 
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The Space S'iuittle development i s  proceeding on schedule  t o  m e e t  the  major 
mi les tones  of f f i r s t  approach and landing test  i n  1977 and f i r s t  manned o r b i t a l .  
f l i g h t  i n  19W. 

BASIS OF FUN11 REQUIREMENTS: --- 
O r b i t e r  

1975 
Budget Current  T r a n s i t i o n  

E s t  h a t e  E s t i m a t e  1976 Period -- I. '3 7 4 ---- 
('Thousands of  Do l l a r s )  

$36:3,1.25 $647 , 500 $634,600 $877,300 $230,900 - 
OBJECTIVIlS ANI) STATUS ---- 

The o r b i t e r  w i l l  be a r eusab le  a i r p l a n e - l i k e  v e h i c l e  wi th  a v e r s a t i l e  
c a p a b i l i t y  f o r  mult ipurpose low e a r t h  o r b i t a l  opera t ions .  It w i l l  have a 
payload bay measuring about 18 meters (60 f e e t )  i n  length  wi th  a diameter  
of 4.5 m e t e r s  (1.5 f e e t ) .  With the  two s o l i d  rocke t  b o o s t e r s ,  t h e  o r b i t e r  
w i l l  be a b l e  110 p lace  up t o  29,500 kilograms (65,000 l b s . )  i n t o  a 185 
k i lometer  (100 n a u t i c a l  m i l e )  c i r c u l a r  o r b i t  , due east  launch azimuth. 

Orbiter: No. 1 c r e w  module f a b r i c a t i o n  w a s  completed by t h e  prime con- 
t r a c t o r  , Rock:wel.l In t e rna t lona l lSpace  Div is ion ,  i n  FY 1975 and manufacture 
of t he  a f t  and mid-fuselage s t r u c t u r e s  i s  near ing  completion. Fabr i ca t ion  
of t he  main propuls ion  test a r t i c l e  w a s  begun i n  early FY 1975 and should 
be completed on schedule  i n  FY 1977. O r b i t e r  No. 2 w i l l  have i t s  Prel iminary 
Design Review i.r! l a t e  FY 1975 t o  v e r i  fy the  des ign  approach and t o  e s t a b l i s h  
t h e  b a s i s  f o r  proceeding wi th  d e t a i l  des ign  and f a b r i c a t i o n  of ground 
tes t  and f l i g h t  hardware f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t .  The P r e -  
l iminary  Desi.gn Review f o r  t he  carr ier  a i r c r a f t  modi f ica t ion  w a s  completed 
i n  FY 1975. The thermal p r o t e c t i o n  system development, during t h e  f i s c a l  
yea r ,  has  concentrated on ob ta in ing  high q u a l i t y  r a w  materials, such as  
carbon, f o r  t:he lead ing  edges and nose cap, sand f o r  t h e  s i l i c a  t i l e s  and 
f r i t  f o r  t h e  p r o t e c t i v e  o u t e r  coa t ing .  Methods of  product ion and manu- 
f a c t u r i n g  promc:ed.ures were also developed f o r  t h e  thermal p r o t e c t i o n  system. 
The environmental c o n t r o l  and l i f e  support  system pre l iminary  design has  
been completed and some development work and t e s t i n g  has  been done on t h e  
component:s of  t h i s  system, i . e . ,  f reon  coolan t  loops,  h e a t  exchanges, 
co ld  p1at:es , r a d i a t o r  panells, ammonia b o l i e r s ,  and p res su re  con t ro l s .  
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CHANGES FROM --- FY 1975 BUDGET ESTIMATE: 

The d i f f e r e n c e  between t h e  1975 budget estimate and t h e  c u r r e n t  estimate 
r e s u l t e d  from a c t i o n s  taken i n  1974 t o  accelerate procurement of pacing 
equipment, supp l i e s  and ma te r i a l s .  These a c t i o n s  were taken t o  maximize 
assurance of meeting key schedule  mi les tones  and t o  l e s s e n  the  impact of  
i n f l a t i o n  on t h e  funding p l ans  f o r  FY 1975. I n  a d d i t i o n ,  $2.5 m i l l i o n  
w a s  t r a n s f e r r e d  t o  Construct ion of F a c i l i t i e s  t o  provide f o r  t h e  inc rease  
i n  the  amount requi red  f o r  t he  o r b i t e r  approach and landing test  f a c i l i t i e s ,  
and i n i t i a t i o n  of t h e  Shu t t . l e / ca r r i e r  a i r c r a f t  mating f a c i l i t i e s .  

BASIS OF --- FY 1.9721 AND TRANSITION PERIOD ESTIMATES: 

During FY 1.9721 t h e  prime con t r ac to r  w i l l  cont inue  des ign ,  f a b r i c a t i o n  
and assembly of O r b i t e r  No. 1 and begin t o  manufacture O r b i t e r  No. 2 .  
O r b i t e r  No. I. i s  being configured f o r  t he  f i r s t  approach and landing 
t e s t  t o  be conducted i n  1977 a t  t h e  F l i g h t  Research Center ,  Edwards 
AFB, C a l i f o r m a .  O r b i t e r  No. 2 w i l l  be configured f o r  t h e  f i r s t  manned 
o r b i t a l  f l i g h t ,  which i s  t o  be launched from the  Kennedy Space Center 
i n  1979. The ma:,or subcon t rac to r s  for the  mid-sect ion,  wings, v e r t i c a l  
s t a b i l i z e r  , c:argo doors , landing gear  , nose s e c t i o n ,  lead ing  edges 
f o r  wing and v e r t i c a l  s t a b i l i z e r ,  and t a i l  f a i r i n g  w i l l  complete 
f a b r i c a t i o n  arid sh ip  these  components f o r  O r b i t e r  No. 1 t o  the  assembly 
p l a n t  a t  Palnidal.e, C a l i f o r n i a .  

The Cr i t ica : l  Design Review which i s  h e l d  when d e t a i l  des ign  i s  e s s e n t i a l l y  
completed to  v e r i f y  compliance wi th  the  system and t e c h n i c a l  requirements  
fo r  those sysisenis r equ i r ed  f o r  t h e  S h u t t l e  approach and landing tests w i l l  
be he ld  i n  FE' 1976. Ground support  equipment and t h e  tes t  s t a t i o n  a t  
Palmdale, Cal.:ifornia, w i l l  be completed by the  las t  q u a r t e r  of  FY 1976 
and ready f o r  u se  i n  the  checkout of O r b i t e r  No. 1. Assembly of Orb i t e r  
No. 1 w i l l  be n e a r l y  complete by t h e  end of  FY 1976. The one-quarter  
s c a l e  model o . E  t h e  S h u t t l e  w i l l  be completed i n  FY 1976 and subjec ted  t o  
ground v i b r a t i o n  tests.  

F i n a l  assenihly of t he  c r e w  module and b a s i c  a i r f r ame  of t he  s t r u c t u r a l  
tes t  a r t i c l e  w i l . 1  be completed t o  a l low test se t -up  ac t iv i t i e s  and i n -  
s t rumenta t ion  i n s t a l l a t i o n  t o  begin i n  FY 19-76. I n  a d d i t i o n ,  f a b r i c a t i o n  
and assembly w i l . 1  begin on t h e  a f t  fu se l age  test a r t i c l e  which w i l l  be 
u t i l i z e d  fo r  v ib ro -acous t i c  t e s t i n g .  

The thermal. p r o t e c t i o n  system (TPS) f o r  t h e  o r b i t e r  i s  a major subsystem 
and a key devt:lopment a c t i v i t y .  This  system i s  designed t o  a t t e n u a t e  the  
aerothermal  kwat:ing on the  e x t e r n a l  s u r f a c e  of t h e  o r b i t e r  during a scen t  
and r een t ry .  During FY 1976, material  c h a r a c t e r i z a t i o n  of both the  low 
and h igh  temperature r eusab le  s u r f a c e  i n s u l a t i o n  w i l l  be completed. 
Developmcmt t:es t:ing of  r e p r e s e n t a t i v e  p i eces  o f  t he  h igh  temperature  
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r eusab le  su r face  i n s u l a t i o n  from c r i t i c a l  areas, and r eusab le  carbon-carbon 
from t h e  .Leading edges and t h e  nose w i l l  be subjec ted  t o  repea ted  r e e n t r y  
hea t ing  and e~wi ronmen ta l  t e s t i n g  i n  FY 1976. The thermal p r o t e c t i o n  
system product ion f a c i l i t y  f o r  r eusab le  t i l e s  w i l l  become ope ra t iona l  i n  
e a r l y  1976 and product ion runs of  t hese  materials w i l l  be de l ive red  during 
t h a t  f i s c a l  yc:(sr. 

Avionics provides  t h e  e l e c t r i c a l  power and e l e c t r o n i c s  t o  guide and c o n t r o l  
t he  Space S h u t t l e  and i s  b a s i c  t o  i t s  success .  During ET 1976 the  av ion ic s  
hardware syst i~ms €or the  approach and landing tes t  w i l l  be  completed and 
i n s t a l l a t i o n  w i l l  begin on O r b i t e r  No .  1. These systems are: guidance and 
nav iga t ion ,  f l i g h t  c o n t r o l ,  communications, d i s p l a y  and c o n t r o l ,  i n -  
s t rumenta t ion ,  d a t a  process ing  and e l e c t r i c a l  power d i s t r i b u t i o n .  Engineering 
i n t e g r a t i o n  oE preproduct ion hardware (bread board/prototype)  and sof tware  
w i l l  be performed i n  E'Y 1976 a t  Rockwell In t e rna t iona l /Space  Divis ion.  
ware w i l l  cont inue  t o  be developed and t e s t e d  a t  Johnson Space Center and 
i n t e g r a t e d  w i t n  the  av ion ic s  hardware systems f o r  v a l i d a t i o n  i n  the  Cen te r ' s  
S h u t t l e  av ion ic s  i n t e g r a t i o n  l abora to ry .  

S o f t -  

I n  add i t ion ,  Ff 1976 requirements  provide f o r  developing sof tware  programs, 
modifying two S h u t t l e  t r a i n i n g  a i r c r a f t  and the  S h u t t l e  carrier a i r c r a f t ,  
and updating automatic checkout equipment. Technical  design support  w i l l  
cont inue  t o  be provided fo r  t he  av ion ic s  systems and t h e  ground t e s t i n g  of  
subsystems and components w i l l  be cont inued a t  Government f a c i l i t i e s  i n  
those cases  where the t es t s  cannot be performed c o s t  e f f e c t i v e l y  a t  t he  
c o n t r a c t o r ' s  f ac i l i t i e s .  
furn ished  equipment, which inc ludes  t h e  a s t r o n a u t  l i f e  support  assembly 
and s p a c e s u i t s  f o r  ex t r aveh icu la r  a c t i v i t y ,  t h e  o r b i t e r  a e r o f l i g h t  s imula to r ,  
t he  S h u t t l e  mission s imula to r ,  and the  S h u t t l e  procedures s imula to r ,  as w e l l  
as t e s t i n g  of the  o r b i t a l  maneuvering system engine a t  the  White Sands T e s t  
F a c i l i t y  i n  New Mexico; t he  accomplishment of systems management t a s k s  and 
environmental  e f f e c t s  s t u d i e s ;  and c o n t r a c t  admin i s t r a t ion  t o  be performed 
by the  Defense Cont rac t  Audit  Serv ice .  

Funding i n  Fk 1976 w i l l  a l s o  be used f o r  Government- 

During t h e  t r a n s i t i o n  per iod ,  i n s t a l l a t i o n  and checkout o f  O r b i t e r  No. 1 
subsystems wfl:L1 b e  continuled, l ead ing  t o  t h e  r o l l o u t  o f  t h e  v e h i c l e ,  which 
i s  c u r r e n t l y  t a r g e t e d  f o r  t h e  t h i r d  q u a r t e r  of 1976. 
o r b i t e r  main propuls ion  t e s t  a r t i c l e  w i l l  b e  cont inued,  as w i l l  t h e  s t r u c -  
t u r a l  f a b r i c a t i o n  and subassembly of  O r b i t e r  No.  2. Del ivery of  the  S h u t t l e  
t r a i n i n g  a i r c r a f t  i s  a l s o  expected t o  t ake  p l a c e  dur ing  t h i s  per iod.  

Fabr i ca t ion  of  t h e  
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Main Engine 

1975 - 
Budget Current  Trans i t  ion  

E s t i m a t e  E s t i m a t e  1976 Period - -- 19 74 -- 
(Thousands of Do l l a r s )  

-- <#82 , 307 $92 !, 300 $92,300 $135,500 $36,000 

OBJECTIVES P.ND STATUS : --- 

A c l u s t e r  of t h r e e  h igh  chamber p re s su re  hydrogen/oxygen engines ,  each 
wi th  a 470,000 pound vacuum t h r u s t  l e v e l ,  w i l l  be used on the  o r b i t e r .  
The high chamber p re s su re  a t  which these  engines  ope ra t e s  i s  a major 
technologica l  advancement:. This  h igh  chamber p re s su re  al lows the  use of a 
h igher  exparsion r a t i o  nozz le  and r e s u l t s  i n  a more e f f i c i e n t  ope ra t ing  
engine withcut  i nc reas ing  s i z e .  Another new dimension has  been added t o  
the  Spa.ce S l -u t t le  main engine,  t h a t  of long l i f e .  It  w i l l  be the  f i r s t  
l a r g e  l i q u i c  rocke t  engine s p e c i f i c a l l y  designed t o  be reusable .  

I n  FY 1975 t h e  main engine f u e l  and o x i d i z e r  preburners  were success fu l ly  
t e s t e d  a t  Sznta  Susana, Ca l i fo rn ia .  Component t e s t i n g  of t he  turbopumps 
and t h r u s t  chamber are  scheduled f o r  t he  la t ter  h a l f  o f  FY 1975. The i n -  
t e g r a t e d  subsystem test a c t i v i t i e s  t o  be performed a t  the  Nat iona l  Space 
Technology Labora tor ies  (NSTL) , formerly t h e  M i s s i s s i p p i  T e s t  F a c i l i t y ,  
w i l l  begin nea r  t he  end of FY 1975 and w i l l  cont inue  i n  FY 1976. The 
rack-mounted engine c o n t r o l l e r  w i l l  be u t i l i z e d  f o r  t h e  i n t e g r a t i o n  tes ts  
a t  NSTL,. Fsb r i ca t ion  work on major components of t h e  main engine i s  t h e  
primary con t r ac to r  effor t :  i n  FY 1975. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

During FY 1976 the  prime c o n t r a c t o r ,  Rocketdyne, w i l l  cont inue  t e s t i n g  
and f a b r i c a t i o n  of  the  mzjor subsystems of the  Space S h u t t l e  main engine.  
Subsystems kleing t e s t e d  a t  Santa  Susana inc lude  the  i g n i t i o n  system, 
t h r u s t  chambers, f u e l  and ox id ize r  turbopumps and t h e  preburners .  The 
f i r s t  engine f i r i n g  a t  r a t e d  power l e v e l  (RPL) w i l l  t ake  p l ace  a t  NSTL 
i n  mid-N 14176 and w i l l  be followed by the  f i r s t  t h r o t t l i n g  test: over 
t h e  r a t e d  power l e v e l  range. The main propuls ion  test a r t i c l e  w i l l  be 
i n  f a b r i c a t i o n  during FY 1976 t o  support  t h e  i n t e g r a t e d  tes t  a c t i v i t y  
scheduled f o r  FY 1977. Long lead  t i m e  procurement of material and hardware 
f o r  the f l i g h t  engines  w i l l  a l s o  be i n i t i a t e d  i n  FY 1976 t o  a l low manu- 
f a c t u r e  t o  Eegin i n  FY 1977. 

I n  additicln,  l o g i s t i c s  suppor t  w i l l  be provided f o r  t he  main engine e f for t s ; .  
This support  w i l l  inc lude  procurement of p r o p e l l a n t s  f o r  test f i r i n g  t h e  
engine and i t s  va r ious  components, such as preburners  and turbopumps. 
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I n  t h e  t r a n s i t i o n  period1 t h e  f a b r i c a t i o n  of f l i g h t  engine components i s  
scheduled t o  begin followi.ng t h e  main engine Cr i t ica l  Design Rev iew.  

- S o l i d  Rocket Boosters  

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t s  Estimate 1976 Period --- 
(Thousands of Do l l a r s )  

-2-- $8  567 $22,600 $22,600 $76,200 $18,000 

OBJECTIVES AND -- STATUS 

The booster- element of t h e  Space S h u t t l e  system c o n s i s t s  of two r eusab le  
s o l i d  rocket  boos t e r s  approximately 3.6 meters (12.2 f e e t )  i n  diameter and 
45.5 met:ers (14.9 f e e t )  long, a t t ached  t o  t h e  e x t e r n a l  tank. The s o l i d  
rocke t  boos t e r s ,  burning i n  p a r a l l e l  wi th  t h e  o r b i t e r ' s  main engines ,  
w i l l  provide t h e  combined t h r u s t  necessary  from l i f t - o f f  t o  boos t e r  s t ag ing .  
A t  s t ag ing ,  t h e  s o l i d  rocke t  boos t e r s  w i l l  be r e l e a s e d  t o  descend by para-  
chute  i n t o  t:he ocean some 240 km (130 n a u t i c a l  mi les )  from the li3unch s i te .  
They w i l l  be recovered and r e tu rned  t o  land f o r  refurbishment  and reuse .  

Thiokol,  Flasatch Div is ion ,  i s  t h e  c o n t r a c t o r  f o r  t h e  s o l i d  rocke t  motors. 
The boos ter  system elements,  such as t h e  recovery system, t h e  t h r u s t  vec to r  
con t ro l  system and t h e  a f t  s k i r t  w i l l  be procured sepa ra t e ly .  The Marshal l  
Space Flight: Center w i l l  perform des igna ted  systems i n t e g r a t i o n  t a sks  and 
has t h e  r e s p ' m s i b i l i t y  f o r  t o t a l  systems i n t e g r a t i o n  of t he  s o l i d  rocke t  
boos te r  e f f o r t  . 

I n  FY 1975 t h e  incremental  Pre l iminary  Design R e v i e w  of s t r u c t u r a l  
drawings f o r  t he  nose cap, f rus t rum,  forward s k i r t  and a f t  s k i r t  w a s  
completed as w a s  t h e  s o l i d  rocke t  boos te r  Prel iminary Design Review. 
A t echn ica l  problem of plume impingement on t he  o r b i t e r  thermal pro- 
t e c t i o n  system dur ing  t h e  f i r i n g  of  t h e  s o l i d  rocke t  s epa ra t ion  motors 
was co r rec t ed  by moving t h e  s e p a r a t i o n  motors up on t h e  frustrum, thus  
inc reas ing  t h e i r  t h r u s t  and decreas ing  t h e i r  f i r i n g  t i m e .  Most of t h e  
too l ing  f o r  f a b r i c a t i o n  of t h e  s o l i d  rocke t  motor cases has  been def ined  
and procurernent i s  underway. A proto type  case segment w a s  completed 
i n  mid-%Y 1075 and has been used t o  demonstrate f a b r i c a t i o n ,  h e a t  treat- 
ment and macnining processes  f o r  t h e  product ion run. S e l e c t i o n  of the  
subcont rac tors  €or the  manufacturing of remaining components of t h e  s o l i d  
rocke t  boos te r  w i l l  be  completed i n  FY 1975 wi th  t h e  except ion of t h e  
recovery sy.stem. 
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BASIS O F  FY -- 1976 AND TRANSITION PERIOD ESTIMATES: 

The p r i m e  c o n t r a c t o r  w i l l  begin f a b r i c a t i o n  of development motors i n  FY 
1976 t o  suppclrt f i r s t  f i r i n g s  i n  FY 1977. Subcontractor  e f f o r t  w i l l  proceed 
wi th  manufacture, h e a t  t rea tment  and machining of  t he  s o l i d  rocke t  motor 
cases .  A p ro to type  f l e x i b l e  bear ing  f o r  t h e  t h r u s t  vec to r  c o n t r o l  (TVC) 
system w i l l  'tie f a b r i c a t e d  and t e s t e d  i n  E'Y 1976. The design of t h e  TVC 
a c t u a t o r s  w i l l  a l s o  be completed. Fabr i ca t ion  of a c t u a t o r  development 
hardware and development t les t ing w i l l  be  i n i t i a t e d .  Hardware f a b r i c a t i o n  
f o r  t he  sepa ra t ion  motors w i l l  begin i n  FY 1976. Fabr i ca t ion  of major 
s t r u c t u r a l  components, inc luding  t h e  nose cap,  forward s k i r t ,  a f t  s k i r t  
and atta.ch system w i l l  begin in FY 1976. Separa t ion  motor t e s t i n g  w i l l  be 
conducted near  t he  end of FY 1976. 

Funding during t h e  t r a n s i t i o n  pe r iod  w i l l  provide f o r  cont inuing work on 
the  s o l i d  ro8c:ke t motor cases , inc luding  p r o p e l l a n t  processing,  bonding 
s t u d i e s ,  g r a i n  shaping and f a b r i c a t i o n  of s t r u c t u r a l  components f o r  t h e  
s o l i d  rocket  boos te r .  

Externa l  Tank 

1975 
Budget Current  

1976 ---. 19 74. -- E s t i m a t e  Estimate - 
(Thousands of Do l l a r s )  

.$g;,100 $26,000 - $34 000 366 100 

Trans i t  i on 
Period 

$15 LOO 

OBJECTIVES AND STATUS : --- 
The e x t e r n a l  tank i s  a s i n g l e  assembly approximately 8.5 meters 

(27.5 f e e t )  i n  d iameter ,  and 47 meters (154 f e e t )  long. It con ta ins  
l i q u i d  oxygen and l i q u i d  hydrogen tanks and i s  mounted below t h e  o r b i t e r  
and between the s o l i d  roclcet boos te rs .  Other major elements inc lude  
p r o p e l l a n t  p r e s s u r i z a t i o n ,  e x t e r n a l  thermal p r o t e c t i o n  and at tachment  
hardware. The e x t e r n a l  tank w i l l  con ta in  a l l  t h e  l i q u i d  oxygen and 
l i q u i d  hydrogen p r o p e l l a n t s  consumed by t h e  main engines  of t h e  o r b i t e r  
from l i f t - o f f  t o  main engine cu t -o f f  j u s t  p r i o r  t o  o r b i t a l  i n s e r t i o n .  
Following main engine c u t  - o f f ,  t h e  e x t e r n a l  tank w i l l  be sepa ra t ed  from 
the o r b i t e r  and w i l l  c o a s t  through a b a l l i s t i c  t r a j e c t o r y  t o  impact 
w i th in  si desFgr.ated remote ocean area. 

The design and development c o n t r a c t o r  f o r  t h e  e x t e r n a l  tank i s  t h e  
Martin M a r i e t t a !  Corporation/Denver Divis ion.  
ac t iv i t i e s  are proceeding i n  t h e  Government-owned Michoud Assemb'ly F a c i l i t y ,  
New Orleans,  Louisiana.  

The design and development 
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Since t h e  ex te rna l  tank r e p r e s e n t s  t he  only expendable element i n  the  
S h u t t l e  ope ra t iona l  system, every e f f o r t  i s  being made t o  reduce t h e  u n i t  
c o s t  t o  a minimum. The prime c o n t r a c t o r  w i l l  u s e  t h e  l a t e s t  product ion 
techniques and the  lowest c o s t  materials c o n s i s t e n t  w i th  s a f e t y  and 
r e l i a b i l i t y  , 

Ear ly  i n  :Ff 1975, NASA conducted t h e  e x t e r n a l  tank Prel iminary Design 
Review and t h e  thermal p r o t e c t i o n  system w a s  changed t o  m e e t  t he  h ighe r  
a scen t  temperatures p red ic t ed  f o r  t he  la tes t  launch envelope. Several 
tests of t he  s:?ray-on foam i n s u l a t i o n  appl ied  t o  a 10-foot diameter 
test  ta-nk w e r e  completed t o  v e r i f y  the  a p p l i c a t i o n  process .  Procurement 
of t oo l ing  €o r  the  major t es t  a r t i c l e  w a s  i n i t i a t e d  and i n s t a l l a t i o n  a t  
t he  Michoud Assembly F a c i l i t y  i s  t o  begin near  t he  end of  FY 1975. 

CHANGES FROM Ff 1975 BUDGET ESTIMATES: 

The o r i g i n a l  Fy 1975 budget estimate d i f f e r s  from t h e  c u r r e n t  estimate 
i n  t h a t  NASA and the  externaL tank con t r ac to r  have now nego t i a t ed  a 
d e f i n i t i z e d  c o n t r a c t ,  wi th  ear l ie r  funding r equ i r ed  t o  i n t e g r a t e  t h e  tank 
i n t o  the  ov(2ra l l  schedule.  The des ign ,  development, test  and eva lua t ion  
c o s t  i s  c o n s i s t e n t  wi th  NASA's o v e r a l l  estimate. 

BASIS O F  --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

The C r i t i c a l  Design Review f o r  t he  e x t e r n a l  tank w i l l  be he ld  i n  
micl-FY 1976. Fabr ica t ion  and assembly of t he  s t r u c t u r a l  test ar t ic les  
( t h e  i n t e r t a n k  and t h e  l i q u i d  oxygen and l i q u i d  hydrogen tanks)  w i l l  
begin i n  FY 1976, lead ing  t o  d e l i v e r y  of t he  t es t  a r t i c l e  t o  the Marshal l  
Space F l i g h t  Clenter t e s t i n g  f a c i l i t i e s  i n  mid-FY 1977. Fabr i ca t ion  of 
t he  m a i n  propuls ion  tes t  a r t i c l e  tank w i l l  begin during FY 1976. The 
main propuls ion test  a r t i c l e  w i l l  be  i n t e g r a t e d  and t e s t e d  wi th  the  
o r b i t e r  a f t  fuse lage  and t h e  t h r e e  propuls ion  test  engines  a t  t he  
Nat ional  Space Technology Labora tor ies .  Welding f a c i l i t i e s  and equip- 
ment w i l l  b'e completed and i n s t a l l e d  a t  Michoud i n  t h e  f i r s t  h a l f  of 
FY 1976. Long lead t i m e  procurement of  s e l e c t e d  materials f o r  t he  
f i r s t  increment of  f l i g h t  tanks w i l l  be cont inued during FY 1976. Tooling 
r equ i r ed  f o r  t h e  f a b r i c a t i o n  and assembly of t he  f l i g h t  tanks w i l l  be  
completed and c e r t i f i e d  be fo re  the  beginning of f a b r i c a t i o n  i n  FY 1977.  
P r o j e c t  support  a c t i v i t i e s  dur ing  FY 1976 w i l l  provide f o r  t he  r e s t o r a t i o n  
and modif ic ,a t ion of e x i s t i n g  f a b r i c a t i o n  equipment a t  t he  Michoud Assembly 
F a c i l i t y  and a c t i v a t i o n  of s t r u c t u r a l  tes t  f a c i l i t i e s  a t  the  Marshal l  Space 
F l i g h t  Gentler. 

I n  the  t r a n s i t i o n  per iod ,  t he  c o n t r a c t o r  w i l l  complete the  assembly of 
t h e  i n t e r t a n k  and t h e  l i q u i d  oxygen tank f o r  s t r u c t u r a l  a r t i c l e  tests. 
Fabr i ca t ion  an'd assembly of  the main propuls ion  test  a r t i c l e  w i l l  a l s o  
be continued. 
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Launch and Landing 

1975 
Budglet Current 

E s t i m s t e  E s t i m a t e  1976 -- I-!) 74 ---- 
(Thousands of Do l l a r s )  

s:? 001 $11,6100 $14,000 $50,900 --L-- - 

T r a n s i t i o n  
Period 

$21,000 

OBJECTIVES AND STATUS : --- 
New launch processing equipment and ope ra t iona l  techniques are  r equ i r ed  

t o  a s su re  t h a t  t he  S h u t t l e  ground opera t ions  are compatible with v e h i c l e  
opera t ion  r q u i r e m e n t s ,  inc luding  turnaround t i m e s ,  launch rates and launch 
cos t  ob jec t ives .  The launch processing system (LPS) w i l l  c o n s i s t  of two 
major subsystem!;, t he  checkout,  c o n t r o l  and minor subsystem (CCMS) , and the  
c e n t r a l  d a t a  subsystem (CDS) ,, The CCMS w i l l  u t i l i z e  a d i s t r i b u t e d  processing 
scheme where c m s o l e s ,  each conta in ing  a s m a l l  computer, w i l l  perform i n  
p a r a l l e l  w i t i i n  t h e i r  ass igned func t ion .  The CDS w i l l  provide suppor t  t o  
t h e  CCMS and w i l l  c o n s i s t  o f  two l a r g e  scale computers (primary and secondary) 
with shared access  s to rage  devices  and r e l a t e d  communications p rocesso r s ,  
i n t e r f a c e  and p e r i p h e r a l  devices .  

A t  Kennedy S?ace Center ,  Phase I of  t he  o r b i t e r  landing f a c i l i t y  i s  n e a r l y  
complete. This  phase,  us ing  Construct ion of F a c i l i t i e s  funds,  inc ludes  land 
c l e a r i n g ,  digging the  runway ou t  t o  e s t a b l i s h  a s o l i d  base and i n s t a l l i n g  
dra inage  systeins and runway l i g h t i n g  system condui t .  De ta i l ed  design f o r  
f a c i l i t y  modi f ica t ions  t o  Launch Complex 39 and f o r  the  cons t ruc t ion  of  
a new o r b i t e r  processing f a c i l i t y  i s  a l s o  nea r ly  complete. Software a n a l y s i s  
has  been praceeding f o r  most of t he  p a s t  year  t o  v e r i f y  t h e  procedures  f o r  
an automated launch checkout system u t i l i z e d  i n  the  LPS. 

CHANGES FROY Ff 1975 BUDGET ESTIMATE: --- 
The a d d i t i o n a l  FY 1975 funding requirements  r e s u l t e d  from a dec i s ion  t o  

u t i l i z e  launch processing, system checkout equipment i n  the  S o l i d  Rocket 
Booster e l e c t r i c a l  and ins t rumenta t ion  v e r i f i c a t i o n  test  and bench maintenance 
equipment t e s t s .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

Design e f f o r t  on the  launch process ing  system t h a t  began i n  FY 1975 w i l l  
be continued i n  FY 1976. The Pre l iminary  Design Review w i l l  be conducted 
e a r l y  i n  FY 1976 and wil l .  be followed later i n  the  f i s c a l  yea r  by t h e  
C r i t i c a l  Design Review. 



System engineer ing and i n t e g r a t i o n  '.or the  launch processing system w i l l  be 
a major effor:: a t  t he  Kennred.: Space (,@iter during FY 1976. Programing of 
computer:; and program v a l i d a t i o n  w i l l  be conducted i n  t h e  last  h a l f  of t he  
f i s c a l  year .  Procurement of sof tware ,  mini-computers f o r  t h e  CCMS, 
p e r i p h e r a l  devices  such as c a r t r i d g e  d i s c  systems, process  d a t a  d i s c  systems, 
l i n e  p r i n t e r s  and r eade r s ,  and consoles  f o r  t h i s  equipment i s  scheduled f o r  
FY 1976. A l s o  111-anned is  t h e  i n i t i a l  procurement of major components of t h e  
CDS l a r g e  sczi le computers. 

Major engineer ing support  services t a s k s  t o  be performed o r  completed 
i n  FY 19'76 inc lude  des ign ,  procurement and i n s t a l l a t i o n  of unique ground 
support  equipinent (GSE) f o r  t h e  approach and landing tests; design and 
procurement of unique GSE f o r  support  of t he  f i r s t  manned o r b i t a l  f l i g h t ;  
p repa ra t ion  of  !Space S h u t t l e  launch and landing engineer ing s p e c i f i c a t i o n s  
and s tandards ;  Eield surveys and f i e l d  l i a i s o n  engineer ing a t  t he  launch 
and landing si te;  p repa ra t ion  of  pre l iminary  engineer ing r e p o r t s  and 
conceptual  engineer ing r e p o r t s  and o the r  engineer ing d a t a ;  systems engineering, 
and i n t e g r a t i o n  support  between ground support  systems and o t h e r  i d e n t i f i e d  
Space S h u t t l e  ope ra t iona l  requirements;  and es tab l i shment  of  an engineer ing 
documentation c e n t e r  where t echn ica l  documentation w i l l  be prepared,  s t o r e d ,  
and d i s t r i b u t e d .  

During the  t r a n s i t i o n  pe r iod ,  work w i l l  be  cont inued on t h e  launch 
processing s : y s t e m ,  t h e  i n s t a l l a t i o n  of  unique ground support  equipment and 
opera t ions  of t ' h e  engineer ing documentation cen te r .  
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RESEARCH AND DEVELOPMENT 

F1:SCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MA!ED SPACE FLIGHT - SPACE FLIGHT OPERATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current  

- 1974 E s t i m a t e  E s t i m a t e  1976 
(Thousands of Do l l a r s )  

Development, t e s t  and 
mission ope ra t ions . .  . $220,200 $175,200 $170,200 $166,100 

i n  t egr a t  ion .......... 15,500 15,500 13,500 22,000 

Space l i f e  s c i ences . .  .. 21,000 18,000 18,000 19,000 
Mission systems and 

Apollo Soyuz Test  
P r o j e c t  .............. 90,000 114,600 109,600 --- 

--- --- - - -  Skylab ................. 176,700 

To ta l  ................ $523.400 $323.300 $311.300 $207.100 

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

Johnson Space Center. . .  
Kennedy Space Center . . .  
Marshall  Space F l i g h t  

Center ............... 
National  Space Tech- 

nology Labcra tor ies . .  
Goddard Space F l i g h t  

Center. .............. 
J e t  Propuls  i c n  

Laboratory ........... 
Wallops F l i g h t  Center. .  
Ames  Research Center . . .  
F l i g h t  Research Center.  
Langley Research Center 
L e w i s  Research Center . .  
Headquarters ........... 

$228,574 
103,700 

167 , 006 

750 

848 

645 
48 

9 , 720 
100 
998 
250 

- 10,761 

$135,709 
89,800 

79 , 430 

6 , 000 

250 

7 75 

7,536 
100 
550 
250 

2,900 

--- 

$130,600 
86,725 

75 , 300 

7 , 000 

376 

500 

8,065 
106 
69 

200 
2,359 

--- 

$101 , 750 
38,950 

48,550 

7,000 

340 

6 00 

8,450 
75 

185 
250 
950 

--- 

Total . .  .............. ii523.400 $323.300 $311.300 $207.100- - 

Trans i t i on  
Period 

$43 , 200 
5,500 

6,400 

$55.100 

$27,000 
10 , 200 

12 , 750 

1,800 

100 

200 

2 , 525 

75 
200 
250 

$55.100 

--- 
--- 
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FUSEARCH AND DEVELOPMENT 

FISCAL, YEAR 1976 ESTIMATES 

OFFICE OF MPJUED SPACE F L ' K :  SPACE FLIGHT OPERATIONS PROGRAM --- 
FLIGHT SCHEDULE 

MISSION 

A p o l l o  Soyus: 
T e s t  I l r o j e c t  Internat ional  Docking T e s t  

CALENDAR 
YEAR 

J u l y  1975 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF WJISJEI) SPACE FLI'GHT --- SPACE FLIGHT OPEUTIONS PROGRAM 

PROGRAM OBJEC'rIVES AND JUSTIFICATION: --- 
The Space F l i g h t  Operat ions program inc ludes  t h e  developmental and sup- 

po r t ing  ac t iv i t : i e s  conducted under development, t e s t  and mission ope ra t ions ;  
space l i f e  s c i ences ;  mission systems and i n t e g r a t i o n ;  and the  Apollo Soyuz 
T e s t  P r o j e c t .  The h ighly  success fu l  Skylab program, which w a s  completed 
i n  1974, w a s  Euncled under the  Space F l i g h t  Operat ions program. 

Development:, t es t  and mission ope ra t ions  encompasses the  b a s i c  engineer ing ,  
research  and 1:est ope ra t ions  conducted a t  t he  Johnson Space Center ,  the  
Kennedy Space Center ,  t he  Marshal l  Space F l i g h t  Center ,  and the  Nat iona l  
Space Techno1 ogy Labora tor ies  i n  suppor t  o f  manned space f l i g h t  programs, 
toge ther  wit?  t h e  provisioris f o r  crew t r a i n i n g ,  and launch, f l i g h t ,  and 
o p e r a t i o n a l  support  requi red  f o r  space f l i g h t  missions.  

Space l i f e  s c i ences  complements ongoing and planned space ac t iv i t i e s  through 
ground-based and. f l i g h t  r e sea rch  p r o j e c t s  involv ing  s t u d i e s  of mail as an 
ope ra to r  and c:on.troller of hardware i n  space. Space l i f e  s c i ences  provides  
f o r  the  r equ i s , i t e  advanced technology development of  systems designed t o  
support  and p r o t e c t  t he  l i f e  of man o r  t o  extend h i s  c a p a b i l i t i e s  i n  space.  

Mission s y s t e m  and i n t e g r a t i o n  encompasses work e s s e n t i a l  t o  t he  planning 
and p repa ra t ion  f o r  f u t u r e  manned space f l i g h t s .  The p r i n c i p a l  areas of 
a c t i v i t y  are: payload i n t e g r a t i o n  and mission a n a l y s i s ,  Spacelab s t u d i e s  
and concept v e r i f i c a t i o n  t e s t i n g ,  advanced development, and the  d e f i n i t i o n  
s t u d i e s  f o r  i.11 i n t e r i m  upper s t a g e  and Space Tug t o  meet NASA requirements.  

The U.S. and the  USSR agreed i n  May 1972 t o  j o i n t l y  implement t h e  Apollo 
Soyuz Test P r o j e c t  (ASTP) t o  develop and test a compatible system f o r  
rendezvous and docking of f 'uture manned s p a c e c r a f t  and s t a t i o n s  t h a t  would 
be s u i t a b l e  f o r  u s e  as a s tandard  i n t e r n a t i o n a l  system. The ASTP i s  a 
f l i g h t  experiment involving, t h e  rendezvous and docking of a manned Apollo 
s p a c e c r a f t  wi th  a manned Soyuz spacec ra f t .  The Soyuz s p a c e c r a f t  w i l l  be 
launched from t h e  USSR. The Apollo s p a c e c r a f t  w i l l  then be launched from 
the  U.S. and w i l l  rendezvous wi th  t h e  Soyuz s p a c e c r a f t  i n  o r b i t  where j o i n t  
docked ope ra t ions ,  inc luding  crew t r a n s f e r  and i n - f l i g h t  experiments w i l l  
be accomplished. 'fie Apollo Soyuz T e s t  P r o j e c t  r e q u i r e s  no FY 1976 new 
ob 1 i ga  t ions a 1 t ho r  i t y  
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A l l  t h e  plann 
accomplished. 
f o r  t h e  !;kyl:il> 

ed objectivles f o r  t h e  Skylab program were s u c c e s s f u l l y  
F i s c a l  Year 1974 w a s  t h e  las t  yea r  of funding requirements 
f 1. i g h t program. 

BASIS OF FUND RElQUIREMENTS : --- 
Development, T e s t  and Mission Opera t ions  

1975 
Budget Current T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Per iod  
(Thousands of Do l l a r s )  

Research and t:es t 
ope ra t ions . .  . . . . . . . . . $61,024 $57,100 $54,500 $55,400 $14,500 

Data systems and 
f l i g h t  ope ra t ions . .  . . 65 , 356 40 , 900 40 , 900 40 , 000 10,400 

Operations suppor t . .  . . . 42 , 906 43,100 43,100 44,300 11,500 
Launch systems 

ope ra t ions  .........., - 50,914 34,100 31,700 26,400 6,800 

T o t a l  ................ $!20.200 $175.200 ,$17o.200 $166.100 $43.200 - 

OBJECTIVES ANLl STATUS: ---___ 

Development, t es t  and mission ope ra t ions  (DTMO) provides  t h e  equipment, 
s u p p l i e s  and c o n t r a c t o r  suppor t  t o  main ta in  t h e  b a s i c  c a p a b i l i t i e s  necessary  
t o  conduct manned space f l i g h t  r e sea rch  and development a t  t h e  Johnson 
Space Center,  t h e  Kennedy Space Center, the Marsha l l  Space F l i g h t  Center ,  
and the  Nat iona l  Space Technology Labora to r i e s .  The nucleus  of a l l  Manned 
Space F l i g h t  a c t i v i t i e s  rests i n  t h e  Centers w i th  t h e i r  complement: of c i v i l  
s e r v i c e  personnel.  
t o  provide e s s e n t i a l  t e c h n i c a l  and management e x p e r t i s e .  These c a p a b i l i t i e s  
are augmented through t h e  use  of more than 30 r e sea rch  and development sup- 
p o r t  c o n t r a c t o r s  t o  provide c r i t i c a l  s k i l l s  n o t  o therwise  a v a i l a b l e .  

This complement has  been h e l d  t o  t h e  minimum requ i r ed  

In-house r e sea rch  and development c a p a b i l i t i e s  are  those  common t o  a l l  
Manned Space F l i g h t  p r o g r a m  being conducted o r  proposed. These in-house 
c a p a b i l i t i e s  must  e x i s t  t o  provide  e a r l y  p r o j e c t  d e f i n i t i o n ,  inc luding  
conceptual d e s i g i ,  p r o j e c t  s p e c i f i c a t i o n s ,  advanced development, and re- 
search  and technDlogy. 
suppor t  f o r  in-depth t e c h n i c a l  examination of t h e  work performed by t h e  
prime and major subcont rac tors  on major programs, such as t h e  Space S h u t t l e ,  
and t o  provide backup des ign ,  t e s t i n g  and a n a l y s i s  i n  high technology areas 
of des ign  and development. I n  a d d i t i o n  t o  t h e s e  b a s i c  o v e r a l l  c a p a b i l i t i e s ,  
in-house Ieffo:rts a r e  a l s o  performed t o  suppor t  s p e c i f i c  programs. Examples 

These s k i l l s  are a l s o  r equ i r ed  t o  provide  engineer ing  
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are  s p e c i f i c  program tasks. r e s u l t i n g  i n  r equ i r ed  end i t e m s  t h a t  have no t  been 
placed under prime c o n t r a c t  bu t  are e s s e n t i a l  t o  t he  success fu l  completion 
of t he  program. 

CHANGES FROM FY 1975 BUDGE:T ESTIMATE: --- 

The decrease  i s  the  r e s u l t  of Congressional a c t i o n  on the  FY 1975 
Author iza t ion .  The amount: au thor ized  w a s  $5 m i l l i o n  below the  FY 1975 
funding requirements f o r  d:evelopment, tes t ,  and mission ope ra t ions .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

The F i s c a l  '[ear 1976 and t r a n s i t i o n  per iod  funding w i l l  cont inue  t o  support  
manned programs,, inc luding  Shu t t l e ,  as w e l l  as a c t i v i t i e s  conducted under 
space l i f e  sc iences ,  mission systems and i n t e g r a t i o n ,  and advanced missions.  
The FY 1976 cliwelopment, tlsst and mission ope ra t ions  funding requirements 
w i l l  a l s o  be sued f o r  approximately 6,000 support  c o n t r a c t o r  personnel.  
These people arc! an e s s e n t i a l  p a r t  of NASA' in-house c a p a b i l i t y  requi red  t o  
pursue ongoing and planned manned space f l i g h t  e f f o r t s .  

- Research and T e s t  Operations 

1975 
Budget Cur r en t 

1974 Estimate Estimate 1976 -- 
(Thousands of Do l l a r s )  

Engineering and t e s t  $56,099 $52,900 $50,300 $50,900 
R e l i a b i l i t y  , q u a l i t y  

and s a f e t y  ........ - 4.,925 4,200 4,200 4,500 

Tota l  ............. $61.024 $57.100 $54,500 $55.400 -- 

T r a n s i t i o n  
Period 

$13,300 

1 , 200 

$14,500 

OBJECTIVES ANI) STATUS : ---- 

Research and tes t  opera t ions  support  a broad spectrum of t echn ica l  engineer-  
i ng ,  s c i e n t i f i c : ,  medical,  r e l i a b i l i t y  and q u a l i t y  assurance and s a f e t y  support  
opera t ions .  
c o n t r a c t o r s  1.iicatted i n  contractor-owned p l a n t s  and Government f a c i l i t i e s  
ac ross  the  nati:ion. 

'fic!se ac t iv i t i e s  complement the  work of t h e  major development 

CHANGES FROM IT 1.975 BUDGET ESTIMATE: ---- 

The cu r ren t  FY 1975 e s t ima te  f o r  t h e  r e sea rch  and t e s t  ope ra t ions  a c t i v i t i e s  
r e f l e c t s  an  adjustment requi red  t o  absorb p a r t  of t h e  $5 m i l l i o n  Congressional 
Author iza t ion  r educ t ion  i n  DTMO, A s  a r e s u l t  of t h i s  Congressional ac t ion ,  
t he  FY 1975 funding f o r  engineer ing  and t e s t  e f f o r t s  i s  $2.6 m i l l i o n  below 
the  amount requested.  
lev-el of en-gineering and . t e s t  support .  

The r educ t ion  requi red  a cutback of o r i g i n a l l y  planned 

RD 2-5  



BASIS OF --- FY 15176 AND TRANSITION PERIOD ESTIMATES: 

The FY 1976 funding requirements f o r  research  and test  opera t ions  w i l l  pro- 
v ide  f o r  suppcrt  of the  r a p i d l y  inc reas ing  Space S h u t t l e  development a c t i v i t i e s  
and the  e f f o r t s  complementing the  European Spacelab development. I n  add i t ion ,  
the  requiremer.ts w i l l  support  continued Space S h u t t l e  and Spacelab u t i l i z a t i o n  
planning. Research and t e s t  opera t ions  support  w i l l  a l s o  be provided t o  the  
space l i f e  sc i ences ,  concept v e r i f i c a t i o n  t e s t i n g ,  and advanced development 
a c t i v i t i e s ,  as w e l l  as the  advanced missions s t u d i e s .  

S p e c i f i c  examples of  FY 1.976 Space S h u t t l e  support  t o  be provided a t  t he  
Johnson Space Center inc lude :  (1) the  cont inua t ion  of S h u t t l e  o r h i t e r  
technology and d e f i n i t i o n  t :esting f o r  propuls ion  systems , a t t i t u d e  c o n t r o l  
and t r a n s l a t i c n  systems, thermal p r o t e c t i o n  systems, s t r u c t u r a l  systems 
and materials, and S h u t t l e  av ion ic s  i n t e g r a t i o n ;  (2)  in-house support  t o  
the  Space S h u t t l e  c o n t r a c t o r  by providing o r b i t e r  antenna t e s t  and eva lua t ion ,  
communications and t r ack ing  system ground t e s t i n g ,  s e l e c t e d  components t es t  
and eva lua t ion ,  sensor  s t u d i e s  and eva lua t ion ,  and development of o r b i t e r  
d i sp l ays  and c o n t r o l s ,  o rb i . te r  d a t a  processing system hardware, and o r b i t e r  
performance monitoring syst:ems. 

A t  t he  Marshall Space F l i g h t  Center ,  FY 1976 funding provides  f o r  (1) 
a n a l y s i s  of t h e  dynamics of r e - e n t r y  of t he  s o l i d  rocke t  boos t e r ,  s tudying 
recovery parachute  aerodynamics, performing s t r u c t u r a l  ana lyses / t r ade -o f f  
s t u d i e s  f o r  design opt imiza t ion ,  e s t a b l i s h i n g  procedures  f o r  s o l i d  rocke t  
motor f a i l u r e  mode and e f f e c t s  a n a l y s i s ,  and suppor t ing  the  development 
of  s o l i d  rocke t  motor design requirements;  (2)  support  t o  t he  S h u t t l e  main 
engine development through p repa ra t ion  and t e s t i n g  of materials, eva lua t ion  
of ground handl ing and opera t ion  procedures ,  and es tab l i shment  of a hybrid 
s imula t ion  of t h e  engine c o n t r o l l e r l a c t u a t o r  system; and ( 3 )  support  of 
t he  e x t e r n a l  tank inc luding  performing stress a n a l y s i s  of s t r u c t u r e s ,  
conducting t r ade -o f f  s t u d i e s  t o  opt imize s t r u c t u r a l  des ign ,  and performing 
cos t  opt imizat ioi i  t rade-of f  s t u d i e s  of t he  propuls ion  systems. 

I n  add i t ion ,  t’ie FY 1976 r e sea rch  and test opera t ions  funds which are t o  
be provided t o  the  Johnson Space Center and the  Marshal l  Space F l i g h t  Center 
w i l l  support  (1) in-house e f f o r t s  t o  demonstrate and v e r i f y  va r ious  manned 
and automated s h u t t l e  payload des igns  and ope ra t iona l  concepts ,  inc luding  
Spacelab o r i en ted  t r ade -o f f  s t u d i e s ,  and performing man/systems i n t e g r a t i o n  
and opera t ions  systems ana lyses ;  (2)  biomedical a c t i v i t i e s  r e l a t e d  t o  s h u t t l e  
spacec ra f t  des ign ,  ope ra t iona l  support  t o  manned space f l i g h t  opera t ions  
such as f l i g h t  crew h e a l t h  care, developing and implementing space f l i g h t  
medical s t u d i e s ,  and conducting primary and b a s i c  r e sea rch  i n  space l i f e  
sc iences .  
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During the  t r a n s i t i o n  pe r iod ,  r e sea rch  and test opera t ions  funding w i l l  
provide continued engineer ing and t echn ica l  support  t o  S h u t t l e  development 
a n a l y s i s  and rest:ing, as w e l l  as support  t o  in-house Spacelab and payload 
development and u t i l i z a t i o n  a c t i v i t i e s .  

Data :Syst:ems and F l i g h t  Operations 

1975 
Budget Current 

1974 E s t i m a t e  E s t i m a t e  1976 --. 
(Thousands of Do l l a r s )  

Ground -bas ed .El i g  h t 
d a t a  system:;. . . . . . . $20,905 $18,300 $18,300 

F1 i g h t  s i-mul.ation 
and deve 1 oprien t: 
d a t a  system:;. . . . . . . 3:3,458 16,300 16,300 

a i r c r a f t  opera t: i ons  - 15 , 993 6 , 300 6,300 
Spacecraf t  and 

Tota l .  .....,....... a S . 3 5 6  $40.900 $40.900 

$15,500 

18 , 100 

6,400 

$40.000 

T r a n s i t  ion  
Period - - 

$4,000 

4,700 

1,700 

$10.400 

OBJECTIVES ANI) STATUS : ---- 
This  projec:t ,  formerly t - i t l e d  C r e w  and F l i g h t  Operat ions,  has  been recon- 

f igu red  t o  support  t he  requirements of  t he  Space S h u t t l e  a t  the  Johnson 
Space Center.  

Data system:; and f l i g h t  ope ra t ions  inc ludes  t h e  requirements  d e f i n i t i o n ,  
des ign ,  implerientation, and checkout of hardware and sof tware  modi f ica t ions  
t o  t h e  Johnson Space C e n t e r ' s  Mission Control  Center (MCC) and the  Real 
T i m e  Computer Complex (RTCC), and f o r  t h e  opera t ion  and maintenance of t hese  
f a c i l i t i e s  durirtg p repa ra t ions  f o r  mission support  and during the  f l i g h t  
missions.  

F l i g h t  sim~i1.ation e f for t : ;  w i l l  r e q u i r e  ope ra t ion  and maintenance of f u l l -  
mission and par t  - t a s k  s imula t ions  f o r  f l i g h t  procedures development, as w e l l  
as operat:ion of t he  Johnson Space Cen te r ' s  Cent ra l  Data Computation F a c i l i t y  
which i s  r equ i r ed  t o  support  center-wide a c t i v i t i e s  i n  mission a n a l y s i s ,  
systems engir.eer.ing, development and tes t  func t ions  f o r  t he  S h u t t l e  program. 

Data systems and f l i g h t  ope ra t ions  a l s o  provides  f o r  t h e  development of 
S h u t t l e  f l igh t .  con t ro l  and recovery p lans  and procedures ,  product ion of 
f l i g h t  p l ans ,  f l i g h t  d a t a  Eiles, crew procedures ,  and o t h e r  elements of 
t he  d a t a  base requi red  f o r  crew a c t i v i t i e s  i n  space f l i g h t ;  opera t ion  and 
maintenance of space flighi: r ead iness  t r a i n i n g  a i r c r a f t ;  and r e l a t e d  
f l i g h t  d a t a  management. 
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BASIS OF FY 197'5 AND TRANSITION PERIOD ESTIMATES: --- 
I n  FY 1976 major e f f o r t s  w i l l  involve  t h e  pre l iminary  d e f i n i t i o n  of 

ope ra t iona l  concepts and r e l a t e d  MCC and RTCC requirements  f o r  t h e  f l i g h t  
support  and f l i g h t  d a t a  management func t ions  during t h e  ope ra t iona l  f l i g h t  
tes t  per iod  (of the Space S h u t t l e  program. During N 1976, t h i s  e f f o r t  
w i l l  a l s o  inc lude  t h e  ope ra t ion  of the  Software Development Laboratory,  
which i s  comprised p r imar i ly  of e x i s t i n g  RTCC systems and i s  used t o  
develop and v a l i d a t e  t h e  S h u t t l e  o r b i t e r  f l i g h t  sof tware.  

I n  FY 1976 efEor ts  w i l l  emphasize f l i g h t  d a t a  process ing  support  and 
mission and : s y s t e m s  design,  and performance s t u d i e s  f o r  t h e  S h u t t l e .  

Other (operat ions a c t i v i t i e s  which w i l l  be supported i n  FY 1976 are 
maintenance, modi f ica t ion ,  and engineer ing  support  s e r v i c e s  r e l a t i n g  t o  
t h e  T-38 space El ight  r ead iness  t r a i n i n g  a i r c r a f t  and the  KC-135 zero-G 
a i r c r a f t .  

During t h e  t r a n s i t i o n  pe r iod ,  t h e  funding w i l l  cover requirements  f o r  
Space  S h u t t l e  suppor t ,  inc luding  d a t a  processing p l ans ,  mission and systems 
design and performance s t u d i e s ,  sof tware  modi f ica t ions ,  and f l i g h t  simu- 
l a t i o n  a c t i v i t i e s .  

Operat ions Support  

1975 - 
Budget Cur r en t T r a n s i t i o n  

-- 1.974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

$4:2 , 906 $43 , 100 $43 , 100 $44,300 $11,500 

OBJECTIVES ANI) STATUS : ---- 

Operations support  provildes c o n t r a c t o r  e f f o r t  and r e l a t e d  supp l i e s  and 
equipment: t o  ope ra t e  and m*aintain o n - s i t e  t echn ica l  s e r v i c e s  a t  t he  
Johnson Space Center ,  t h e  I!larshall Space F l i g h t  Center , t h e  Kennedy Space 
Center , and t h e  Nat iona l  Space Technology Labora tor ies .  These suppor t ing  
t echn ica l  s e r v i c e s  are a l s o  provided f o r  t h e  Johnson Space Center ' s o f f  - 
s i t e  opera t ions  a t  the  White Sands T e s t  F a c i l i t y  i n  New Mexico and f o r  
t he  Marshall  Space F l i g h t  (Center ' s  o f f - s i t e  ope ra t ions  a t  t h e  Michoud 
Assembly Faci.:lit:y and t h e  S l i d e l l  Computer Complex i n  Louis iana.  

BASIS OF --- FY 1.976 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Year 1976 funding w i l l  provide f o r  t he  maintenance of h igh ly  
technical.  fac:Lli.ties and equipment , 
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chemical c leaning ,  engineer ing  des ign ,  t echn ica l  documentation, p repa ra t ion  
of t echn ica l  r e p o r t s ,  telecommunications, component f a b r i c a t i o n ,  photo- 
g raph ic  support  and l o g i s t i c s  support .  

A c ros s - sec t ion  of s p e c i f i c  s e r v i c e s  r equ i r ed  i n  FY 1976 inc ludes :  (1) 
prepar ing  f o r  f i n a l  pub l i ca t ion  of t h e  miss ion- re la ted  documents f o r  ASTP 
f l i g h t  con t ro l  opera t iona l  requirements;  (2)  opera t ion  of shops t.o do 
m e t a l  f u r b i s h i n s ,  anodizing,  p l a t i n g ,  s t r i p p i n g ,  and e tch ing  o f  s e l e c t e d  
i tems of in-house f a b r i c a t e d  hardware; ( 3 )  engineer ing ,  i n s t a l l a t i o n ,  
ope ra t ion  and maintenance of c losed  c i r c u i t  f i xed  and mobile t e l e v i s i o n  
r equ i r ed  fo r  support  and s u r v e i l l a n c e  of tests; ( 4 )  photographic s e r v i c e s  
inc luding  f i l m  processing and photographic mission suppor t ;  (5) f a b r i c a t i o n  
of breadboards,  s ca l ed  r e p l i c a s  of  f l i g h t  i t e m s  and s e l e c t e d  hardware f o r  
S h u t t l e  t echn ica l  e f f o r t s ;  (6 )  t e c h n i c a l  documentation services, t e le -  
communications, and g raph ics ;  (7) t echn ica l  s e r v i c e s  i n  support  of c e n t e r  
opera t ions  , inc luding  r e c e i p t  , s to rage ,  i s s u e  of r e sea rch  and development 
supp l i e s  and eqiipment,  and t r a n s p o r t a t i o n  s e r v i c e s ;  and (8) management 
s e r v i c e s  i n  support  of Center ope ra t ions ,  inc luding  d a t a  management, 
microf i lming,  a i d  d i s t r i b u t i o n  of t e c h n i c a l  documentation. 

F i s c a l  Year 1976 funds w i l l  a l s o  provide a b a s i c  level of maintenance, 
ope ra t ion ,  and support  services r equ i r ed  a t  t h e  White Sands T e s t  F a c i l i t y  
t o  support  program requirements ,  inc luding  materials and components t e s t i n g ,  
and o r b i t a l  maneuvering systems test suppor t  f o r  t he  S h u t t l e  program; 
opera t ion  and msintenance of  the  computer systems a t  t h e  S l i d e l l  Computer 
Complex; and a 3asic l e v e l  of ope ra t ion  and maintenance of t h e  Michoud 
Assembly F a c i l i t y  where t h e  e x t e r n a l  tanks of t he  S h u t t l e  are t o  be 
f abr  i ca ted  and (9s s emb 1 ed . 

I n  a d d i t i o n ,  the FY 1976 ope ra t ions  support  funds w i l l  provide t h e  
b a s i c  l e v e l  o f  :;upport t o  t he  Nat iona l  Space Technology Labora tor ies ,  
which i s  engi3,ged i n  t h e  i n t e g r a t e d  component t e s t i n g  of the Space 
S h u t t l e  main mgine ,  s t a t i c  test  f i r i n g  of t h e  main engine,  and q u a l i -  
f i c a t i o n  of !lie main propuls ion  test  a r t i c l e .  

Trans i - t ion  -?er iod funds w i l l  p rovide  a con t inua t ion  of  e f f o r t  needed 
t o  ope ra t e  and rnaintain t e c h n i c a l  support  s e r v i c e s  r equ i r ed  f o r  a l l  
manned space Elfight programs and ac t iv i t i e s .  

RI) 2 -9  



- Launch Sys terns Operat ions 

1975 
Budget Current 

1974 E s t i m a t e  E s t i m a t e  1976 
(Thousands of Do l l a r s )  

Mechanical ground 

E lec t r i ca l / i n s t rumen-  
systems. .  ............ $25,893 $19,900 $19,000 $15,700 

t a t i o n  systems - 

T o t a l . . . .  ............ $850.914 $34,100 $31.700 $26.400 

....... 25 , 021 14 , 200 12 , 700 10 , 700 

- 

OBJECTIVES AND STATUS: ---- 

Launch systems opera t ions  a t  t he  Kennedy Space Center provides  

Trans i t ion  
Period - 

$4 , 000 

2,800 

$6.800 

f o r  the  
opera t ion  of t he  checkout and launch f a c i l i t i e s ,  complexes and a s soc ia t ed  
ground support  equipment as; w e l l  as the  h ighly  t echn ica l  s e r v i c e s  r equ i r ed  
t o  support  the tes t ,  checkout and launch of space v e h i c l e s  and payloads.  

CHANGES FROM --- FY 1975 BUDGET ESTIMATE: 

The current:  estimate f o r  FY 1975 launch systems ope ra t ions  r e f l e c t s  a 
decrease  of B:!.Lt mil l ion .  This  adjustment  w a s  necessary  t o  absorb p a r t  
of t h e  $5 mil.~Lion Congressional a u t h o r i z a t i o n  r educ t ion  i n  development, 
t es t ,  and mission ope ra t ions  funding. 
e f f o r t  i:; $900,000 below the  level o r i g i n a l l y  planned and t h e  e l e c t r i c a l /  
ins t rumenta t ion  systems effort:s  are programmed a t  $1.5 m i l l i o n  below t h e  
o r i g i n a l  p l an ,  

BASIS OF -_- 15176 AND TuNS]:TION PERIOD ESTIMATES: 

The FY 1975 mechnaical ground systems 

The beginning of FY 1976 w i l l  wi tness  the  f i n a l  checkout a c t i v i t i e s  and 
launch of the Apollo Soyuz T e s t  P r o j e c t  mission which w i l l  have u t i l i z e d  
KSC's launch processing c a p a b i l i t i e s  f o r  assembly and i n t e g r a t i o n  
of t he  f l i g h t  hardware f o r  the  Apollo Soyuz T e s t  P r o j e c t .  

F i s c a l  Year 1976 funding provides  f o r  mechanical ground system a c t i v i t i e s  
involving maintenance and modi f ica t ion  of launch complex f a c i l i t i e s  and re- 
l a t e d  equipment such a s  mobile t r a n s p o r t e r s ,  mobile launchers  , conver te r  
compressor f r c i l  i t y  , mobile s e r v i c e  s t r u c t u r e ,  a l t i t u d e  chambers , p r o p e l l a n t  
loading syster is ,  pneumatics, and Vehicle  Assembly Building mechanical 
sys  terns. I n  adcli t i o n ,  launch r e l a t e d  s e r v i c e s ,  such as p r o p e l l a n t  handl ing ,  
l i f e  suppor t ,  t echn ica l  shops,  and chemical c leaning  l a b s ,  w i l l  cont inue t o  
be maintained i n  an appropr i a t e  mode of  r ead iness  t o  support  r econf igu ra t ion  
a c t i v i t i e s  t o  m e e t  the  Space S h u t t l e  requirements .  
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F i s c a l  Year 1976 funding a l s o  provides  f o r  the  maintenance and modi f ica t ion  
of e l e c t r i c : a l / e l e c t r o n i c  and launch ins t rumenta t ion  systems such as automatic  
checkout equipment, ope ra t iona l  vo ice  and TV communications, computation, 
measur'ement.s, t e l e m e t r i c s ,  and o the r  e l e c t r i c a l / e l e c t r o n i c  systems. 

Duri.ng the  t r a n s i t i o n  per iod ,  the funds reques ted  w i l l  be devoted t o  
main ta in ing ,  r econf igu r ing ,  and prepar ing  KSC's launch f a c i 1 i t . i e s  
and systems t o  accommodate the  Space S h u t t l e  f l i g h t  hardware arid payload 
systenis, inc luding  the  
sy s t ems . 

Space l i f e  research . .  . 
L i f e  support  and pro- 

t ec t  i v e  equipment.. . 
B i o  i n  E; trumtm t a t  ion  

and man-machine 
technology. . . . . . . . . . 
dedi catecl !;pace- 
l a b  missi.or common 
ope ra t ing  r e sea rch  
equi pment: (CORE) .  . . . 

L i f e  scienc:es 

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

i n s t a l l a t i o n  of newly designed ground support  

Space L i f e  Sciences 

1974 

$1 0,500 

7,000 

3,500 

- - -  

1975 
Budget Current  Trans i t  ion  

E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

$8,900 $8,900 $8,900 $2,400 

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

3,100 3,100 3,100 1,150 

- - -  - - - -  1,000 45 0 

$18.000 $18'.000 $19.000 $5.500 

OBJECTIVESS AND STATUS: ---- 

The Space L i f e  Sciences program provides  t h e  understanding and technology 
necessary t o  determine human c a p a b i l i t i e s  and l i m i t a t i o n s  i n  the  space en- 
vironment ancl t o  develop a technology base f o r  t he  var ious  types of 
systenis wti:-ch w i l l  permit  people t o  l i v e  and perform e f f e c t i v e l y  i n  a space 
environment:. With the  advent of Space S h u t t l e  opera t ions  and the inc lus ion  
of s c i e n t i s t  passengers  i n  the  Shut t le /Space lab  program, new s e l e c t i o n  
c r i t e r i a  are necessary.  Biomedical d a t a  t o  support  these  c r i t e r i a  must 
be obt.ainet1, as w e l l  as methods f o r  t he  p r e d i c t i o n  of p o t e n t i a l  medical 
changes dui-irig f l i g h t .  
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The primary areas of a c t i v i t y  i n  t h e  Space L i f e  Sciences program are: 
space l i f e  research,  l i f e  support  and p r o t e c t i v e  equipment, b io ins t rumenta t ion  
and man-machine technology, and t h e  Common Operating Research Equipment (CORE:) 
concept t o  ‘De used i n  the  l i f e  s c i ences  dedica ted  Spacelab missions.  This 
mul t i - sc ience  and engineer ing  technology program i s  a continuum which s tar ts  
from ground-based r e sea rch  and i s  c a r r i e d  i n t o  f l i g h t  experiments and v e r i -  
f i c a t i o n s .  Biomedical problems are  s tud ied  i n  those  organisms appropr i a t e  
f o r  each t a s k  vhich  range from t i s s u e  c u l t u r e s  t o  t h e  human body. Spec ia l i zed  
ins t rumenta t ion  and unique accommodations necessary  t o  conduct t h i s  work are 
developed and t e s t ed .  

L i f e  sc iences  a l s o  provides  advanced technology and development r e l a t e d  
t o  l i f e  suppor t ,  p r o t e c t i v e ,  and o the r  systems r equ i r ed  t o  support  men and 
women and t o  extend t h e i r  c a p a b i l i t i e s  i n  space.  Major program emphasis i s  
d i r e c t e d  toward the  development of information which can be t r a n s l a t e d  i n t o  
design d a t a  and c r i t e r i a  f o r  advanced space systems and mission opera t ions .  
These d a t a  a r e  t o  provide t h e  c r i t e r i a  f o r  choosing S h u t t l e  crew members 
and s c i e n t i s t  passengers.  

BASIS OF FY -- 1976 AND TRANSITION PERIOD ESTIMATES: 

I n  F i s c a l  Year 1976, emphasis w i l l  be placed on the  d e f i n i t i o n  and 
eva lua t ion  of experiments f o r  t h e  Spacelab; spacesu i t  development f o r  t h e  
Space S h u t t l e ;  and bioins , t rumentat ion r e sea rch .  S tud ie s  w i l l  a l s o  be under- 
taken on design and development of common ope ra t ing  r e sea rch  equipment, which 
w i l l  be u t i l i z e d  i n  Spacelab missions dedica ted  t o  l i f e  s c i ences .  

The t r a n s i t i o n  per iod  funding provides  f o r  con t inua t ion  of r e sea rch ,  t es t ,  
and eva lua t ion  e f f o r t s  and completion of engineer ing and s tudy e f f o r t s  
necessary t o  develop the  common ope ra t ing  r e sea rch  eq’cipment design.  

Space L i f e  Research 

Budget Current  T r a n s i t i o n  
1974 E s t i m a t e  Estimate 1976 Per iod  
.__ 

(Thousands of Do l l a r s )  

$10,500 $8,900 $8,900 $8,900 $2,400 

OBJECTIVES A N D  STATUS : --- 
Space l i f e  r e sea rch  ac t iv i t i e s  focus on ground-based and space f l i g h t  

research  designed t o  enhance t h e  a b i l i t y  t o  func t ion  e f f e c t i v e l y  and 
s a f e l y  durir.g space f l i g h t  and t o  conduct r e sea rch  us ing  t h e  unique environ-  
ment of space t o  support  and advance ear th-based  sc ience .  This mul t i -  
d i s c i p l i n a r y  r e sea rch  program encompasses medical,  behaviora l  arid b i o l o g i c a l  
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r e sea rch ,  a:; well as d e f i n i t i o n  of space f l i g h t  biomedical experiments.  
The primary o b j e c t i v e  i s  t o  maintain a r e sea rch  base i n v e s t i g a t i n g  a l l  
p e r t i n e n t  a.spects of known and a n t i c i p a t e d  problems of human response t o  
space flligh.1: 2nd t o  provide r ap id  response t o  new problems as they ar ise .  

Carefu l ly  cclntrol led biomedical experiments w e r e  performed during the  
Skylab m i s s  ions  , which w e r e  e s s e n t i a l l y  completed i n  1974. This  docu- 
mentation was analyzed and r e s u l t e d  i n  a FY 1975 program which emphasizes 
s p e c i f i c  a reas  r equ i r ing  f u r t h e r  s tudy ,  such as motion s i c k n e s s ,  c a r d i -  
ovascular  decclnditioning, mineral  l o s s ,  muscle m a s s  loss ,  and r e d  blood 
c e l l  l o s s .  I n .  a d d i t i o n ,  phys io log ica l  and psychological  c r i t e r i a  are  being 
developed f o r  use  i n  s e l e c t i n g  c r e w  members and s c i e n t i s t  passengers  f o r  
Space S h u t t l e  missions.  

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: --- 
During FY 1976, emphasis w i l l  be placed on ground-based, l i f e  sc iences  

research  r e l a t e d  t o  t h e  Space S h u t t l e .  S tud ie s  of human beings and 
small animals w i l l  be conducted under va r ious  stress environments, i n -  
c luding pa rabo l i c  a i r c r a f t  f l i g h t s  and c e n t r i f u g a t i o n .  These s t u d i e s  
w i l l  include i n v e s t i g a t i o n  of s emic i r cu la r  cana l  and o t o l i t h  organ 
i n t e r a c t i o n s  and t h e i r  r e l a t i o n  t o  v e r t i g o  and motion s i ckness ;  body 
f l u i d  s h i f t s  i n  response t o  d i f f e r e n t  g r a v i t y  fo rces ;  and l o s s  of calcium 
and the s t r t c t u r a l  i n t e g r i t y  of bone under condi t ions  of d i s u s e  o r  l o s s  
of g r a v i t a t i o n a l  force .  F i s c a l  Year 1976 funding w i l l  a l s o  provide f o r  
t he  d e f i n i t i o n  and eva lua t ion  of  animal and p l a n t  experiments f o r  f l i g h t  
i n  the  Space lab .  

The t r a n s i t i o n  pe r iod  funds w i l l  support  continued i n v e s t i g a t i o n s  i n  
these  key l i f e  sc iences  research  areas. 

L i f e  Support  and P r o t e c t i v e  Equipment 

- 1975 
~~~~ ~~~~ 

Eludget Current  Trans i t i  on 
1974 E s t i m a t e  E s t i m a t e  1976 Per iod  ~ - - 

(Thousands of Do l l a r s )  

$7 , 000 $6 , 000 $6,000 $6,000 $1 , 500 

OBJECTIVES .AND STATUS: --- 

The ob jec t ives  of t he  l i f e  support  and p r o t e c t i v e  equipment e f f o r t s  i s  

Major areas of emphasis range from 
t o  enhance the  s a f e t y  and performance of  t he  crew and s c i e n t i s t  passengers  
during Shut t le /Space lab  missions.  
development and t e s t i n g  of  improved l i f e  suppor t  and s a f e t y  systems t o  
development of more e f t e c t i v e  l i f e  support  equipment. Improved r e l i a b i l i t y ,  
m a i n t a i n a b i l i t y ,  and -opera t iona l  c h a r a c t e r i s t i c s  are- key goals  i n  t h e s e  
e f f o r t s .  
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I n  FY 1975, advanced techniques are  being developed t o  improve t h e  e x t r a -  
veh icu la r  spacesu i t  design concepts.  Advanced manufacturing techniques 
and modular "un ive r sa l  fit" spacesu i t  con f igu ra t ions  a r e  being developed t o  
reduce s u i t  c o s t s  and t o  s impl i fy  s u i t  design f o r  t he  Space S h u t t l e .  
S i g n i f i c a n t  advances a r e  being made i n  t h e  cool ing  garment used under t h e  
spacesu i t  t o  keep t h e  body temperature wi th in  acceptab le  phys io log ica l  
l i m i t s .  Inproved waste management systems a re  a l s o  being developed 
f o r  use  i n  space. These systems are  compatible with e i t h e r  m a l e  o r  
female use.  In  a d d i t i o n ,  a s i l v e r  ion  s t e r i l i z a t i o n  system, designed 
t o  p u r i f y  t h e  dr inking  water generated by the  f u e l  cel ls  on the  S h u t t l e ,  
has  been completed. 
r e l i a b l e  h e a t  r e j e c t i o n  i n  space i s  a l s o  being developed. 

A new "Flash Evaporator' '  concept f o r  simple and 

BASIS OF --- Ff 1976 AND TRANSITION PERIOD ESTIMATES: 

The FY 1976 l i f e  support  and p r o t e c t i v e  equipment e f f o r t s  w i l l  focus on 
several c r i t i c a l  areas: improved spacesu i t  j o i n t s  and bear ings  t o  provide 
more mobi l i ty  and comfort;  new materials and f a b r i c a t i o n  techniques t o  
provide i n c r e i s e d  s t r e n g t h  and l i f e  a t  decreased c o s t s ;  d e f i n i t i o n  of a 
low-cost l i f e  support  and w a s t e  management system f o r  animal and specimen- 
holding f a c i l i t i e s  i n  the  Spacelab;  i n t e g r a t i o n  and t e s t i n g  of components 
of a Spacelab atmospheric contaminant s enso r ;  and completion of t e s t i n g  
of advanced concept breadboards of water reclamation and oxygen gene ra t ion  
subsystems. Based on t h e  r e s u l t s  of t h i s  work, f l i g h t  experiments w i l l  be 
prepared f o r  f u t u r e  S h u t t l e  payloads t o  demonstrate t h a t  t hese  concepts 
w i l l  ope ra t e  s f f i c i e n t l y  and r e l i a b l y  i n  space.  

Funding (during t h e  t r a n s i t i o n  per iod  w i l l  be  used f o r  maintenance of 
research ,  t e s t  and eva lua t ion  e f f o r t s  f o r  those  necessary l i f e  support  
subsys t e m s  and components approaching the  des ign  phase. 

Bioinstrumentat ion and Man-Machine Technology 

1975 
Budget Current  T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Period 

OBJECTIVES ANI) STATUS : --- 
Bioinstrumentat ion and man-machine technology provides  f o r  t he  develop- 

ment of technology and procedures f o r  t h e  measurement o f  phys io log ica l ,  
medical and performance responses of  human beings and o t h e r  s e l e c t e d  l i f e  
spec ie s  i n  t h e  space environment. It a l s o  inc ludes  s t u d i e s  f o r  advance- 
ment of technology i n  t h e  use  of  people  i n  man-machine systems; and f o r  
augmentaticm of human c a p a b i l i t i e s ,  through t h e  u s e  of  devices  such as  
t e l e o p e r a t o r s  t:o s e r v i c e  o r b i t i n g  space veh ic l e s ,  and t o  support  
exper irien t s: arid s pac e exp l o r a  t i  on. 
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Bioinstrurnentation teclnnology advancements i n  FY 1975 w i l l  r e s u l t  i n  a pro-  
to type  blood a n a l y s i s  sy:stem t o  provide i n f l i g h t ,  real t i m e  measurements 
o f blood cons 1: i. t:uen t s , a one - dimens iona 1 u 1 tr as on i  c - b one dens i tome t e r 
u t i l i z i n g  ;i dual. photon :source f o r  measurement of bone width and mineral  
conten t .  The assembly, i n s t a l l a t i o n ,  checkout and acceptance t e s t i n g  
of  a remote hea1.th c a r e  deli.very system, analogue of a space heal.th ca re  
system,, were completed, ,and r o u t i n e  opera t ions  have been i n i t i a t e d .  

I n  the  ma1-Inachine technology area, an ex t r aveh icu la r  a c t i v i t y  (EVA) 

c o s t  model was completed. This model w i l l  be used t o  s tudy equipment i n t e r -  
face  requiremt!nt:s and sy:;tem t r a d e - o f f s  i n  the  performance of ope ra t iona l  
or  emei:genc:y t:asks. EVA work s t a t i o n  conceptual  des igns  , which are needed 
i n  s t u d i e s  of s e rv i c ing  !Shut:tle payloads and in spec t ion  o f  the  S h u t t l e  
veh ic l e ,  w e r e  a l .so generated.  Te leopera tor  achievements produced new 
fo rce  sensing devices  f o r  t he  tongs of t he  manipulator and e f f e c t o r s  and 
have opened a new area o f  st:udy concerning fo rce  feedback. This advancement 
w i l l  provicle fi.rmer c o n t r o l  over remote-servicing opera t ions  an,d handl ing 
of pay]-oads.. PI v i s u a l  system, producing a 3-D d i sp lay  e f f e c t ,  was developed 
us ing  ].ow-c:ost:, non-stereo c.ameras and a s p e c i a l l y  cons t ruc ted  Lens. The 
system i s  undergoing human f a c t o r  eva lua t ion  under labora tory  condi t ions .  
A c o n t r o l  s y s  t:em designed t o  p r e c i s e l y  maneuver remote manipularors 
has a l s o  been developed and i n s t a l l e d  i n  a l abora to ry  engineer ing model. 

BASIS OF ---- FEI 1976 AND TRANSITION PERIOD ESTIMATES: 

I n  FJ' 1976,  t he  b io ins t rumenta t ion  program w i l l  emphasize the  development 
of a u r i n e  vol.ume measurlzment and sampling sys t e m ,  equipment f o r  emergency 
intravenous i n j e c t i o n  of f l u i d s  and microminiatur ized equipment t.o measure 
h e a r t  dynani:-ca. Instrument  design concepts w i l l  be  s tud ied  and pro-  
to types  w i l l  b e  produced t o  measure card iovascular ,  c i r c u l a t o r y ,  metabol ic ,  
r e s p i r a t o r y ,  nntsculoskeletal  and o the r  phys io log ica l  func t ions  where the  
da t a  a r e  inipor.t:ant t o  the  understanding of t h e  body's adap ta t ion  t o  the  
weight 1.es s c?nvi.ronmen t . 

, 

I n  FY 1976 , t he  man-machine technology a c t i v i t i e s  w i l l  inc lude  the  
d e f i n i t i o n  ant1 enhancement of t he  human's r o l e  i n  payload suppo'rt r e l a t e d  space 
a c t i v i t i e s .  Conceptual desi.gns of mob i l i t y  and r e s t r a i n t  systems w i l l  be 
i n i t i a t e d  f o r  a c t i v i t i e s  i n  t h e  S h u t t l e  payload bay and Spacelab. Tech- 
nology e f f o r t s  w i l l  cont inue  on the  remote c o n t r o l  of  manipulators .  Also 
included w i l l  be the  development of  image enhancement, and touch and 
proximity sensi.ng device:s e s s e n t i a l  i n  t he  i n t e r f a c e  between ' t h z  human and t h e  
remotely co~itr .ol . led machine. System s imula t ion  of a conceptual  t e l eope ra to r  
mission wi1 . I  foeus on r e s o l u t i o n  of man-machine problems associ .a ted wi th  
se rv ic ing  tasks, 
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I n  the  t r a n s i t i o n  pe r iod ,  funds are i d e n t i f i e d  t o  provide f o r  t he  
cont inua t ion  of t he  eva lua t ion  of b; iboard b io ins t rumenta t ion  technology 
f o r  a p p l i c a t i o n  to  biomec;cal s t i i d i a s  and f l i g h t  experiments t o  be 
considered f o r  Spacelab. 

L i f e  Sciences Dedicated Spacelab Mission 
Common Operat ing Research Equipment (CORE) 

1975 
Budget Current  Trans i t ion  

-- 1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of  Dol la rs )  

- - -  - - -  --- $1,000 $450 

OBJECTIVES AYD STATUS : --- 

The Common Operat ing Research Equipment p r o j e c t  w i l l  provide the  l abora to ry  
equipment needed t o  o u t f i t  t h e  ESRO-developed Spacelab f o r  l i f e  s c i ences  
experimenters.  I n  t h i s  manner t h e i r  experimental  requirements  w i l l  be 
s a t i s f i e d  except  f o r  research  specimens and any unique, s p e c i a l i z e d  equip- 
ment. 'Che :Laboratory w i l l  be o u t f i t t e d  and i n t e g r a t e d  i n  modular fash ion  
on rack:; with e s s e n t i a l l y  o f f - t h e - s h e l f  equipment. It w i l l  c o n s i s t  of 
equipment coimnonly used by a l l  l i f e  sc iences  r e s e a r c h e r s ,  a long wi th  o the r  
l abora to ry  support  c a p a b i l i t i e s  , such a s  specimen-holding f a c i l i t i e s ,  
s t o r a g e ,  power., and s u r g i c a l  ope ra t ing  c a p a b i l i t y .  The design provides  
f o r  easy and rapi.d change of r e sea rch  equipment, r o u t i n e  refurbishment ,  
and easy t r a n s  f e r  from one Spacelab t o  another .  

The proposed experiments w i l l  u t i l i z e  s u b j e c t s  which range from t i s s u e  
c u l t u r e s  t o  human beings.  These experiments are r equ i r ed  t o  ga in  i n f o r -  
mation on 1i.:ie s c i ences  qiies t i o n s  a s s o c i a t e d  wi th  manned space missions.  
I n  a d d i t i o n ,  b a s i c  r e s e a r c h  w i l l  be conducted us ing  ze ro  g r a v i t y  as a 
too l  f o r  i d e n t i f y i n g  l i f e  systems func t ions  which are a l t e r e d  as a r e s u l t  
of the  normal. i n f luence  oE t he  e a r t h ' s  g r a v i t y .  The s c i e n t i s t s  onboard 
the  Shut:tle wi1.1 be a b l e  !to perform and adapt  t h e i r  experiments while  i n  0rb i . t  
and t o  consu l t  wi th  t h e i r  co l legues  on t h e  ground. 

BASIS OF --- FY 1.976 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1 9 7 6 ,  two paral1e:t c o n t r a c t o r  d e f i n i t i o n  (Phase B) s t u d i e s  w i l l  be 
undertaken t o  provide more indepth engineer ing d a t a  and r e f i n e d  c o s t  d a t a  
as the  b a s i s  f o r  management dec i s ions  on f i n a l  design and development 
(Phase C, /D) .  
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During t h e  t r a n s i t i o n  per iod ,  funds w i l l  be used t o  maintain an o rde r ly  
completion of s e q u e n t i a l  engineer ing and s tudy e f f o r t s .  These a c t i v i t i e s  
are necessary t c  develop a common ope ra t ing  research  equipment de:; ign 
t h a t  i s  both c o s t - e f f e c t i v e  and responsive t o  the requirements  of biomedical 
f l i g h t  e2:peri.nentation. 

- Mission Systems and I n t e g r a t i o n  

19 75 
Budget Current Trans i ti  on 

1976 Period 
_I_ 

1974 Est imate  E s t i m a t e  -- 
(Thou s and s o f Do 11 ar s ) 

Pay 1 oad i n  t egir a t: ion  
and m i  :; s ion  
a n a l y s i s . .  I . I . . . . . $5,500 $5,500 $5 , 000 $6,000 $1,800 

Space l a b  / concep 1: 
v e r i f i c a t i o n  
t e s t i n g  ... , ..,,..... 2,500 2,500 2 , 000 6 , 100 1,900 

Advanced devzlopment 7,500 6,000 5,500 6,500 2,000 
I n t e r i m  upper si:age/ 

- - -  1 , 500 1,000 3,400 700 -- Space 'Tug., . . , . . . . . 
Tota l  .............. $15.500 $15.500 $13.500 $22.000 $6.400 -- 

OBJECTIVES AND STATUS : --- 

Mission Systems and I n t e g r a t i o n  program a c t i v i t y  i s  c l a s s i f i e d  i n t o  four  
major a reas  of ' e f fo r t :  Payload I n t e g r a t i o n  and Mission Analys is ,  Spacelab/ 
Concept V e r i f i c a t i o n  Tes t ing ,  Advanced Development, and I n t e r i m  Upper 
Stage/Space 'rug. 

The s tudy and a n a l y t i c a l  e f f o r t  under Payload I n t e g r a t i o n  and Mission 
Analysis  assures hardware and o p e r a t i o n a l  compa t ib i l i t y  between the  payloads 
and the  payload c a r r i e r s ,  such as t h e  Space S h u t t l e ,  t h e  Spacelab,  and the  
In te r im Upper Stage/Space Tug. I t  a l s o  provides  low c o s t ,  s tandard ized ,  
r eusab le  equipment t o  accommodate a wide range of payloads. 

Spacelab a c t i v i t i e s  support  t h e  European Space Research Organizat ion 
(ESRO) Spacelab development e f f o r t  w i th  engineer ing and ope ra t ions  s t u d i e s  
i n  such areas  a s  payload :;afety, accomodati-ons,  ope ra t ions  and l o g i s t i c s .  
In  add i t ion ,  development of a crew t r a n s f e r  tunnel  and procurement of 
var ious  mock.ups and o the r  ground support  equipment a r e  being i n i t i a t e d .  
The concept % e r i f i c a t i o n  t e s t i n g  e f f o r t  d e a l s  wi th  i n t e r f a c e  t e s t i n g  and 
v e r i f i c a t i o n  of ope ra t iona l  concepts r e s u l t i n g  from the  Spacelab s t u d i e s .  
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Advanced development i s  d i r e c t e d  toward development of c r i t i c a l  and long- 
l ead  i t e m s ,  experimental  systems and ope ra t iona l  techniques,  as w e l l  as 
the  es tab l i shment  of desi.gn and technology requirements f o r  p o t e n t i a l  
f u t u r e  development progra.ms. 

The In t e r im  Upper Stage (IUS)/Space Tug e f f o r t  i s  twofold. The IUS w i l l  
be used t o  t r a n s p o r t  payloads during the  e a r l y  S h u t t l e  missions t o  h igh  
energy and escape o r b i t s .  The IUS i s  being developed by t h e  U.S. A i r  Force. 
NASA suppor ts  t h i s  development through s t u d i e s  which w i l l  de f ine  NASA and 
o ther  non-DDD requirements.  The Space Tug i s  designed wi th  an increased  
performance t o  be used wi th  l a te r  S h u t t l e  missions.  A c t i v i t i e s  i n  t h i s  
area concent ra te  on t e s t i n g  of components and conducting systems ana lyses  
of subsysteins <and ope ra t iona l  procedures.  

CHANGES FROM FI 1975 BUDGET ESTIMATE: --- 
The $2 m<iLl?-on d i f f e n e r c e  between t h e  FY 1975 budget estimate from mission 

sys  tern:; and i n t e g r a t i o n  .and t h e  c u r r e n t  estimate s t e m s  from Congressional 
appropr i a t ion  a c t i o n  reducing NASA's 1975 budget reques ted  R&D spp ropr i a t ion .  

BASIS O F  --- N L9?6 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1976 the  Payload I n t e g r a t i o n  and Mission Analysis  program w i l l  
emphasize s t i rdies  and ana lyses  involv ing  d e f i n i t i o n  of payload and 
ope ra t iona l  irequirements f o r  use as design d a t a  f o r  t he  S h u t t l e ,  IUS/ 
Space Tug, and Spacelab; hardware and support  svstems i n t e r f a c e  
compatibi1it:y; low c o s t  concepts f o r  payload design and ope ra t ions ;  
new payload development approaches ; new payload a p p l i c a t i o n s ;  t he  
developrient of low c o s t ,  r eusab le  mul t iuse  mission support  equipment 
t o  acconunodate d i f f e r e n t  payloads; and t h e  formulat ion of procediires 
and systems for o r b i t a l  and ground handl ing opera t ions .  

Funding i r  Fk 1976 f o r  Spacelab/Concept V e r i f i c a t i o n  Tes t ing  will 
provide f o r  continued support  of development and opera t ions-or ien ted  
s t u d i e s ;  design , f a b r i c a t i o n  and use of engineer ing mockups and w i l l  
i n i t i a t e  develclpment of p e r i p h e r a l  f l i g h t  hardware. F i s c a l  Year 1976 
funds will a 1  s o  provide f o r  a c q u i s i t i o n  of subsystems and a s soc ia t ed  
computer sof tware f o r  concept v e r i f i c a t i o n  t e s t i n g  of the  Spacelab 
exp er imen t s . 

Advanced 1)evvelopment funding i n  FY 1976 w i l l  provide f o r  t h e  development 
and t e s t  of new technology concepts ,  components and systems, and advanced 
ope ra t iona l  sof tware  techniques f o r  f u t u r e  program a p p l i c a t i o n s  to reduce 
f u t u r e  program c o s t s  and t echn ica l  r i s k s ;  i n i t i a t i o n  of long-lead component 
and subsystem development. FY 1976 funds w i l l  a l s o  provide a b a s i s  f o r  
t echn ica l  dcxis ions  through program planning and i n t e g r a t i o n  wi th  t h e  ad-  
vanced riissi.ons s t u d i e s  , c o n t r a c t o r s  , independent research  and development 
e f f o r t s  and o t h e r  technology r e l a t e d  a c t i v i t y .  
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The I n t e r i m  Upper Stage/Space Tug FY 1976 funding w i l l  provide f o r  de f in ing  
NASA unique IVS requirements;  performing systems ana lyses  and pre l iminary  
subsystem deva1.opment f o r  t h e  Space Tug; support  USAF's eva lua t ion  and 
s e l e c t i o n  of art I n t e r i m  Upper S tage  ( I U S ) ;  p repar ing  a Tug Phase B Statement 
of Work; and suppor t ing  t h e  S h u t t l e  Cr i t i ca l  Design R e v i e w  (CDR). 

The t r a n s i t i o n  per iod funding w i l l  provide f o r  cont inua t ion  of the  
Payload 1ntegrati .on and Mission Analysis  t a s k s ;  cont inua t ion  of s t u d i e s  and 
the  development of Spacelab support  hardware and sof tware ;  completion of t he  
a c q u i s i t i o n  of t he  equipment and sof tware  f o r  CVT, a l lowing the  f u l l  system 
t o  be brought :-nt:o ope ra t iona l  c a p a b i l i t y  i n  FY 1977; and con t inua t ion  of t he  
Advanced 1)evel.opnient a c t i v i t i e s .  D e f i n i t i o n  of NASA-unique LUS sof tware 
and ground f a c i l i t i e s  requirements  w i l l  be  continued as w e l l  as i n i t i a t i o n  of 
a s tudy t o  de f ine  crew t r a i n i n g  requirements .  

Payload I n t e g r a t i o n  and Mission Analysis  

1975 
Bud:pet Current  

-- 1974 Estimate E s t i m a t e  
( T h o u s a n d s  of 

:$5 ~, 500 $5,500 $5,000 

Trans i t ion  
1976 Period - 

Dol lar  s ) 

$6 , 000 $1 , 800 

OBJECTIVES ANI) STATUS : ---- 

Objec t ives  are (1) t o  assure hardware and ope ra t iona l  compa t ib i l i t y  between 
payloads and 131e Space Transpor ta t ion  System (STS), which inco rpora t e s  t h e  
Space S h u t t l e ,  t h e  Spacelab and t h e  IUS/Space Tug, (2)  t o  o b t a i n  t h e  most 
e f f e c t i v e  ut i :Lizat ion and economical opera t ion  of t he  STS; and ( 3 )  t o  provide 
low c o s t ,  starildasdized and r eusab le  equipment t o  i n t e r f a c e  wi th  t h e  wide range 
of payloads t o  be t r anspor t ed ,  deployed and se rv iced  by t h e  STS. 

To achieve tnese o b j e c t i v e s ,  t he  following p r i n c i p a l  t a s k  areas have 
been i d e n t i f i e d ;  de f in ing  and p r o j e c t i n g  u s e r  payloads t o  determine the  
requirements inposed on pay load /ca r r i e r  v e h i c l e  i n t e r f a c e s  and on t h e  
manner i n  which the STS accommodates the  payloads; coord ina t ing  with 
u s e r s  t o  inco-cporate new payload des ign  and opera t ions  concepts ;  formu- 
l a t i n g  procedures and systems f o r  handl ing  payloads both i n  o r b i t  and on 
t h e  ground; examining hardware des ign  v a r i a t i o n s  and schedul ing combinations 
t o  achieve the  most economical mission p l ans ;  and de f in ing  and developing 
mul t iuse  mission support  equipment f o r  u se  wi th  d i v e r s e  payloads during a l l  
phases of STS opera t ions .  

RD 2-19 

5136-537 0 - I5 - Ei 



I n  N 1975, STS planning a c t i v i t i e s  have been focused on e a r l y  S h u t t l e  
missions planning,  and a pre l iminary  p l an  has  been developed. Payload 
opera t ions  and handl ing s t u d i e s  have helped t o  i d e n t i f y  opera t ions  
procedures,  i n t e r f a c e s  and hardware systems. Study e f f o r t  i s  c u r r e n t l y  
underway t o  i d e n t i f y  STSlpayload ground and f l i g h t  i n t e r f a c e / a n c i l l a r y  
support  hardware which would be more e a s i l y  furn ished  from a s tandard  
inventory of equipment r a t h e r  than by ind iv idua l  payloads.  

This c l a s s  of hardware has  been i d e n t i f i e d  as "mult iuse mission support  
equipment. Triit i a l  i d e n t i  Eicat ion of t h i s  equipment w i l l  be comp Leted 
during FY 19751., l ead ing  t o  the  p repa ra t ion  of an o v e r a l l  development p l an  
de f in ing  equipnent need d a t e s  , development lead  t i m e s  and funding r e q u i r e -  
ments. During; F'Y 1975, payload d e s c r i p t i o n s  are  being updated and r e f ined .  
I n  add i t ion ,  p-el . iminary des ign  reviews of t h e  Space S h u t t l e  have been 
conducted and a r e  planned f o r  t he  Spacelab and t h e  launch and recovery 
f a c i l i t i e s  t o  analyze the  compa t ib i l i t y  of payload and STS i n t e r f a c e s .  
Planning activ:i t j .es f o r  t he  f i r s t  Spacelab mission were supported,  and 
pre l iminary  de Eiri i t ions of the  f i r s t  two y e a r s  of S h u t t l e  opera t ions  
w e r e  developed. Contact i s  being maintained wi th  the  u s e r  community t o  
determine new requirements f o r  STS c a p a b i l i t i e s .  
e f f e c t i v e n e s s  of var ious  a l t e r n a t i v e s  f o r  o r b i t a l  s e r v i c i n g  of automated space- 
c r a f t  are being s tudied .  
procudures f o r  t ne  Space Transpor ta t ion  System are being continued. 

The f e a s i b i l i t y  and c o s t  

Analyses t o  development re imbursable  p o l i c i e s  and 

CHANGES FIXOM --- ]?I It975 BUDGET ESTIMATE: 

The c u r r e n t  mzstimate r e fLec t s  an adjustment  made t o  accommodate Congressional. 
app ropr i a t ion  ,sc;rion reducing NASA's FY 1975 budget reques t .  
the  scope of e f f o r t  has been reduced through across- the-board d e f e r r a l  of 
pro j ec t con t en t . 

As a r e s u l t ,  

BASIS OF FY --- 1'376 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1976, s t i d y  e f f o r t s  w i l l  be  concent ra ted  on de f in ing  payload 
opera t ions  and handl ing procedures t o  support  S h u t t l e  missions.  E f f o r t  
w i l l  be devoted t o  formal iz ing  the  e a r l y  S h u t t l e  missions p lan ,  develop- 
ing agency mission models and conducting c o s t  t r adeof f  ana lyses  t o  
support  t he  planning e f f o r t s .  New approaches f o r  mission planning w i l l  
be developed, mission planning computer c a p a b i l i t i e s  expanded and 
payload c o s t  e s t ima t ion  c a p a b i l i t i e s  extended. I n  t h e  mul t iuse  mi.ssion 
support  equiprrent area, FY 1976 a c t i v i t i e s  w i l l  i nc lude  conducting 
c o s t  t r adeof f  ana lyses  and s t a r t i n g  d e f i n i t i o n  and design of  s e l e c t e d  
items. A por t ion  of the  FY' 1976 e f f o r t  w i l l  be used t o  analyze t h e  
compa t ib i l i t y  of payloads and t h e  STS launch and recovery f a c i l i t i e s  
r e s u l t i n g  frorr. f u r t h e r  d e t a i l i n g  of  payload requirements  and proposed 
changes t o  the design and ope ra t ion  of t he  launch and recovery f a c i l i t i e s .  
By the  end of FY 1976, t h e  S h u t t l e  re imbursable  po l i cy  w i l l  be def ined  
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t o  a point: where i t  w i l l  a i d  the  e a r l y  STS u s e r s  i n  e s t ima t ing  t h e i r  STS 
f l i g h t  cos t s .  Concepts f o r  reducing t h e  c o s t  of space missions by s e r v i c i n g  
spacecraft:  i n  o r b i t  w i l l  be r e f i n e d ,  bu i ld ing  on the  ope ra t ions  and c o s t  
t radeoff  E;tudj.es performed dur ing  FY 1975. The FY 1976 e f f o r t  w i l l  focus 
on the  choice  of a design approach f o r  t he  va r ious  mechanisms and devices  
t h a t  comprise the  s e r v i c i n g  system and t h e  development of p lans  and 
procedures f o r  t h e i r  use.  

During the  t r a n s i t i o n  per iod ,  t he  fo l lowing  t a sk  areas w i l l  cont inue  t o  be 
supported: (1: L e f i n i t i o n  of payload process ing  and ope ra t iona l  concept pro- 
cedures ,  i n t e r  Eaces and harldware systems; ( 2 )  d e f i n i t i o n  and design of 
s e l e c t e d  mul t iuse  mission suppor t  equipment; (3)  s t u d i e s  t o  reduce the  
c o s t  of space missions by s e r v i c i n g  s p a c e c r a f t  i n  o r b i t ;  ( 4 )  ref inement  
of STS mission model planning;  and (5) d e f i n i t i o n  of t h e  reimbursable  
pol icy .  

SpacelabIConcept V e r i f i c a t i o n  Tes t ing  

1975 
Budget Current  T r a n s i t i o n  

1'374 E s t i m a t e  E s t i m a t e  1976 Period -- -- 
(Thousands of Do l l a r s )  

$2,500 $2,500 $2 , 000 $6 , 100 $1,900 

OBJECTIVES AND STATUS : ---- 
The Spacelab w i l l  be a v e r s a t i l e  payload c a r r i e r  t o  be flown t o  and from 

space i n  the  cargo bay of t h e  Space S h u t t l e .  Spacelab w i l l  a l low re sea rche r s  
and sc ien t i s t s  t o  conduct t h e i r  experiments personal ly  i n  a space environ-  
ment, and, i n  some cases, t o  use t h e i r  ground-based l abora to ry  equipment 
i n  space t o  save a d d i t i o n a l  c o s t .  A s  p a r t  of t he  P r e s i d e n t ' s  program of 
promoting g r e a t e r  in te rna t i .ona1  p a r t i c i p a t i o n  i n  t h e  U.S. space e f f o r t ,  
Spacelab i s  being designed and b u i l t  f o r  NASA by t h e  European Space 
Research Organizat ion (ESRO). Ten European na t ions  (of  which n ine  are 
members of  ESRO) have agreed t o  fund Spacelab hardware development: and t o  
d e l i v e r  f l i g h t  hardware and a s soc ia t ed  ground support  equipment and sof tware  
t o  NASA. 

F i s c a l  Year 1975 funds are being used t o  conduct s t u d i e s  a t  NASA's Marshal l  
Space F l i g h t  Center i n  support  of t h e  European Spacelab development e f f o r t  
and NASA u t i l i z a t i o n  p lans .  S tud ie s  inc lude  engineer ing c o s t  t r a d e s ,  pay- 
load s a f e t y ,  payload accommodations, sof tware  development and payload 
opera t ions .  I n  add i t ion ,  Spacelab funding i s  suppor t ing  s imulated Space- 
l ab  missions us ing  the  Convair 990 a i r c r a f t  t o  assess l o w  c o s t  payload 
i n t e g r a t i o n  and mission ope ra t ions  concepts .  Fiscal Year 1975 funds 
are a l s o  being; used t o  d e f i n e  t h e  crew t r a n s f e r  tunnel  t o  be used i n  
conjunct ion wj t h  t h e  ESRO-developed Spacelab , and t o  develop c e r t a i n  mock- 
ups and i.nter.face s imulatoi :~.  
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Spacelab Con.c:ept V e r i f i c a t i o n  Tes t ing  (CVT) i s  a ground s imula t ion  a c t i v i t y  
suppor t ing  the  planning f o r  e f f e c t i v e  u t i l i z a t i o n  and ope ra t ion  of t h e  Space- 
lab .  Through breadboards arid s imula to r s ,  CVT provides  t h e  means f o r  develop- 
ment of effect::-ve i n t e r f a c e s ,  t e s t i n g  of experiment payloads,  and conducting 
t o t a l  systems s iniulat ions,  including sof tware ,  so  t h a t  f i n a l  f l i g h t  experiment 
hardware can be designed fo r  e f f e c t i v e  r e sea rch  and a p p l i c a t i o n s  a t  low c o s t .  

Fiscal  Year .L9?5 funding i s  being used f o r  completion of a c q u i s i t i o n  of t h e  
CVT Data 14anagement Subsystlem Simulator  and development of a s soc ia t ed  suppor t  
sof tware.  I n  add i t ion ,  demonstrat ion experiment a c t i v i t i e s  and t e s t i n g  of 
commerciaZ equipment f o r  u se  i n  Spacelab are being c a r r i e d  out  i n  FY 1975. 

CHANGES FROM I?[ :L975 BUDGET ESTIMATE: --- 
The cu r ren t  estimate r e f l e c t s  an  adjustment t o  accommodate Congressional 

Appropriat ions a c t i o n  reducing NASA's FY 1975 budget reques t .  The ope ra t iona l  
d a t e  of t h e  CVT systems f o r  Spacelab s imula t ion  w i l l  be  delayed from June 1976 
t o  March 1977. 

BASIS OF FY --- 1976 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Year 1976 funding w i l l  be  used t o  cont inue  ongoing engineer ing 
s t u d i e s  i n  support  of Spacelab development and t o  d e f i n e  new approaches t o  
ope ra t ing  t h e  Spacelab system wi th  i t s  v a r i e t y  of experimental  payloads.  
E f f i c i e n t  and loG-cost techniques f o r  computerized approaches t o  experiment 
i n t e g r a t i o n ,  mission planning,  payload s p e c i a l i s t  t r a i n i n g ,  and payload 
opera t ions  w i l l  b e  included.  
t o  determine t h e  b e s t  l o g i s t i c s  and ground ope ra t ions  procedures and t o  
minimize on-board contaminattion which could be de t r imen ta l  t o  t h e  
achievement of t he  s c i e n t i f i c  o b j e c t i v e s  of some experiments.  F isca l  Year 
1976 funds w i l l  a l s o  be used t o  i n i t i a t e  development of  t he  c r e w  t - ransfer  
tunnel  and prccurement of a Spacelab high f i d e l i t y  mockup. 

In  a d d i t i o n ,  new s t u d i e s  w i l l  be in i . t i a t ed  

I n  t h e  FY 1976 t r a n s i t i o n  per iod ,  funds w i l l  b e  used t o  cont inue  engineer ing 
and l o g i s t i c s  s t u d i e s ,  and t o  cont inue  t h e  development o f  Spacelab support  
hardware and sof tware.  
d e f i n i t i o n  of  t h e  sof tware  and hardware necessary  t o  o p e r a t e  t h e  Spacelab 
wi th  i t s  planned payloads w i l l  b e  completed. 

It i s  a l s o  expected t h a t  dur ing  t h i s  quarter t h e  

F i s c a l  Year 1976 funds wi.11 be  used f o r  s imula t ion  ac t iv i t i e s  i n  t h e  CVT 
Data Management Subsystem Simulator,  and f o r  p a r t i a l l y  equipping t:he CVT 
Spacelab Simulator and the  CVT S h u t t l e  I n t e r f a c e  Simulator.  F i s c a l  Year 
1976 funding w i l l  a l s o  be  used f o r  t e s t i n g  key experiments i n  support  o f  
Spacelab ope ra t ions  development and f o r  t e s t i n g  a d d i t i o n a l  commercial equip-  
ment f o r  Spacelab use.  
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The t r a n s i t i o n  per iod funds w i l l  complete t h e  a c q u i s i t i o n  of t h e  equipment 
and sof tware  for  CVT, a l lowing  the  f u l l  system t o  be  brought i n t o  ope ra t iona l  
c a p a b i l i t y  i n  FY 1977. 

Advanced Development 

1975 
Budget Current  T r a n s i t  ion  

-- 1'374 -- E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Dol la rs )  

$7,500 $6,000 $5 , 500 $6,500 $2 , 000 

OBJECTIVES A N D  STATUS : ---- 
The ob jec t ives  of t he  Advanced Development program are t o  develop and 

test  new teclinology concepts ,  components and systems, and advanced opera- 
t i o n a l  sof tware techniques f o r  f u t u r e  program a p p l i c a t i o n s  t o  reduce 
program cost:; and t echn ica l  r i s k s ;  and t o  i n i t i a t e  c r i t i c a l  long-lead 
component and siibsys t e m  developments. 

Development a c t i v i t i e s  a r e  d i r e c t e d  mainly toward f u t u r e  systems having 
mul t ip l e  program a p p l i c a t i o n  and a p o t e n t i a l  f o r  high c o s t  sav ings  through 
increased  r e l i a b i l i t y ,  longer  l i f e ,  and improved performance. S u b s t a n t i a l  
savings or  c o s t  avoidance are achieved by e a r l y  r e s o l u t i o n  of t e c h n i c a l  
problems o r  s u b s t i t u t i o n  of a l t e r n a t i v e  systems i n  c r i t i c a l  areas before  
the  program development phase. 

Advanced Development t a s k s  normally t ake  from t h r e e  t o  four  y e a r s  t o  
complete s i n c e  they involve  the  u s e  of small numbers of  h igh  technology 
s p e c i a l i s t s  who are pushing the  s t a t e - o f - t h e - a r t .  I n  FY 1975, approxi-  
mately 100 advanced development t a sks  a re  under c o n t r a c t  t o  i n d u s t r i a l  
f i rms ,  u n i v e r s i t i e s ,  r e sea rch  i n s t i t u t i o n s ,  and o the r  Government agencies .  
These t a s k s  are fo r  i n i t i a t i o n  o r  con t inua t ion  o f  development a c t i v i t i e s  
on communication and information management systems ; opera t ions  , maintenance , 
and s a f e t y  requirements;  advanced propuls ion  components; rendezvous and 
docking systems; new sof tware  systems; l igh tweight  s t r u c t u r e s  and materials; 
thermal con t ro l  systems; space power systems; guidance and c o n t r o l  hardware; 
and computer aided design c a p a b i l i t y .  

CHANGES FROM FY 1975 BUDGET ESTIMATE: 

The current: estimate r e E l e c t s  an  adjustment t o  accommodate Congressional 
Appropri-ation z c t i o n  reducing NASA's FY 1975 budget r eques t .  S ince  most of t h e  
availab1.e fundi.ng i s  committed t o  t h e  con t inua t ion  of e f f o r t s  i n  progress ,  
most of t he  new a c t i v i t i e s  planned f o r  FY 1975 have been de le t ed  o r  defer red .  
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BASIS OF E'Y 1976 AND TRANSITION PERIOD ESTIMATES: --- 

F i s c a l  Year 1976 e f f o r t s  w i l l  cont inue t h e  ongoing ac t iv i t i e s  descr ibed 
and w i l l  be di . rected toward the  fol lowing areas: 

1. Tug r e l a t e d  design c r i t e r i a ;  d e f i n i t i o n  of c o s t  and performance 
e f f e c t i v e  su l~sys  tems; breadboard t e s t i n g  t o  demonstrate h igh  r i s k  tech-  
nology areas ; ar.d t e s t i n g  of components f o r  advanced l i q u i d  oxygen-liquid 
hydrogen and s: tcirable engine propuls ion  sys  t e m s .  

2 .  Long lead  subsystem developments fo r  u se  wi th  the  Space Transpor t a t ion  
System, inclt iding improved on-board contamination eva lua t ion  and c o n t r o l  
techniques,  t:€iermal c o n t r o l  of s e n s i t i v e  equipment and s t r u c t u r e s ,  and pay- 
load support  :;uk)sys t e m s  . 

3 .  Advanced computer sof tware  t o  handle  t h e  increased  number and 
complexity of missions i n  the 1980 ' s ;  sof tware  development work on high 
speed d a t a  base handl ing;  (computer a ided mission planning and payload 
i n t e g r a t i o n ;  :;iripI.ified l o g i s t i c s  support  and automatic  ground and f l i g h t  
checkout ,  

4 .  Technicial requirements of f u t u r e  mission opt ions ,  such as manned 
o r b i t a l  :;ys t e i n s : ,  assembly of l a r g e  s t r u c t u r e s  i n  space and geosynchronous 
s t a t i o n s  of the fu tu re .  

Speci f -ic ta.;k a c t i v i t i e s  w i l l  i nc lude  : 

O r b i t a l  Operat ions - Development and eva lua t ion  of t he  use  of a laser 
radar  f o r  automiltic rendezvous and docking; development of advanced laser 
gyro concept:;; imd development of a l i g h t  weight h igh ly  r e l i a b l e  modular 
computer f o r  long du ra t ion  mul t i -use ,  Tug type upper s t a g e  guidance and 
c o n t r o l  a p p l i c a t i o n s .  

Thermal Control --- - Design of i n f l a t a b l e ,  deployable  r a d i a t o r  systems 
t o  impro.ve the  Space Transpor ta t ion  System f u t u r e  mission c a p a b i l i t i e s ;  
s i m p l i f i c a t i o n  3 f  thermal c o n t r o l  compor,ents f o r  use by the  Tug and o the r  
f u t u r e ,  l o n g - l i f e ,  r eusab le  s p a c e c r a f t .  

Propuls ion and Power - Design and test of components t o  inc rease  l i f e  and 
thereby reduce c o s t s ;  i n i t i a t i o n  of t e s t i n g  of S h u t t l e  f u e l  c e l l  elements 
t o  determine t h e i r  a p p l i c a b i l i t y  t o  low power use a s soc ia t ed  wi th  p o t e n t i a l  
Tug app l i ca t ion .  

Communications --- and Information Systems - Development of S-band and Ku-band 
communication s y s t e m s  w i t h  emphasis on f l u s h  mounted e l e c t r o n i c a l l y  s t e e r a b l e  
antennas t o  e l imina te  larg,e mechanically s t e e r e d  antennas;  development of 
wide-band h igh  da ta  r a t e  information process ing  systems t o  handle the l a r g e  
volume of d a t a  expected from Spacelab and IUS/Tug deployed payloads.  
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These a c t i v i t i e s  w i l l  be continued dur ing  t h e  t r a n s i t i o n  per iod  wi th  p a r t i -  
c u l a r  emphasis on t h e  des ign  and t e s t i n g  of low c o s t ,  low power output  f u e l  
c e l l s ;  l i g h t  weight s t r u c t u r e s  f o r  s t a g e s  t h a t  w i l l  handle h igh  energy o r b i t a l  
placement s e r v i c i n g ,  and retri.eva1 of payloads; advanced l i q u i d  oxygen- 
l i q u i d  hydrogen engine components and improved r a d i a t o r  sys  t e m s  ; i n e r t i a l  
measuring unit: inc:orporating laser gyros ;  e l e c t r o n i c a l l y  s t e e r a b l e  antenna 
systems; 1-endwvous and docking systems; non-flammable m a t e r i a l s ;  non- 
d e s t r u c t i v e  te:;ti.ng techniques ;  d a t a  management systems and computer' a ided  
des ign  . 

-- I n t e r i m  IJpper Stage/Space Tug 

1975 - 
Budget Curren t  Trans i t  i on 

---- L9?h E s t i m a t e  E s t i m a t e  1976 Per iod  
(Thousands o f Do 1 1 ar s ) 

- ._ .- $1,500 $1 , 000 $3,400 $700 

OBJECTIVES ANI) STATUS : ------ 

The Space S1iit:le upper s t a g e  i s  an i n t e g r a l  p a r t  of t h e  Space  T ranspor t a t ion  
System. T t  i s  r equ i r ed  t o  provide t h e  c a p a b i l i t y  t o  deploy S h u t t l e  launched 
payloads t o  h i5h  -energy, and escape o r b i t s  n o t  a t t a i n a b l e  by t h e  S h u t t l e  a lone .  
The NASA .and DoD have agreed on a two-phased upper s t a g e  development program. 
I n  the  i n i t i a l  phase, t h e  U.S.  A i r  Force w i l l  develop t h e  I n t e r i m  Upper 
S tage  (IUS), *a modif ica t ion  of an e x i s t i n g  expendable s t a g e ,  i n  time t o  f l y  
during the  e a r l y  ! ;hut t le  miss ions .  I t  w i l l  be a b l e  t o  deploy, but n o t  
r e t r i e v e ,  payload:; and may o r  rnay n o t  be r eusab le ,  depending on the  r e s u l t s  
of IUS d e f i n i t i o n  s t u d i e s  which t h e  U.S. A i r  Force c u r r e n t l y  has  under 
c o n t r a c t .  I n  the  second phase,  NASA w i l l  d e f i n e  and prepare  f o r  t h e  develop- 
ment of a Spa-e Tug, wi th  increased  performance, which w i l l  be f u l l y  r e -  
u sab le  and w i l l  have the  c a p a b i l i t y  of deploying, r e t r i e v i n g  and poss ib ly  
s e r v i c i n g ,  o n - o r 3 i t  payloads. N A S A ' s  c u r r e n t  e f f o r t s  c o n s i s t  of d e f i n i n g  
NASA and o the r  nni-DoD requirements f o r  i n p u t  t o  t h e  IUS system d e f i n i t i o n  
s t u d i e s  being cowlucted by t h e  U.S.  A i r  Force; conducting an engine v e r i -  
f i c a t i o n  program fo r  t h e  Space Tug; i d e n t i f y i n g  t h e  IUS NASA-unique hard-  
ware and sof tware  requirements for  e a r t h  o r b i t a l  missions and autcmated 
p l ane ta ry  m i s s i o i s ;  and d e f i n i n g  t h e  NASA ground systems i n t e r f a c e .  

CHANGES FROM FY 1975 BUDGE? ESTIMATE: --- -- 
The c u r r e n t  e s t ima te  r e f l e c t s  an adjustment t o  accommodate Congressional. 

Appropriations a c t i o n  reducing  NASA's FY 1975 budget r eques t .  
Tug s imula t ion  and demonstration e f f o r t  w i l l  be  defered  t o  FY 1976. 

The i n i t i a t i o n  of 
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BASIS OF --- FY 1916 AND TRANSITION PERIOD ESTIMATES: 

NASA actj.vii:y i n  FY 19'76 w i l l  support  t h e  U.S. A i r  Force ' s  eva lua t ion  of 
t he  current: Ills system s t u d i e s  f o r  t h e  s e l e c t i o n  of a concept f o r  t h e  
v a l i d a t i o n  ant1 development phases. S tudies  t o  d e f i n e  NASA-unique IUS/Tug 
sof tware  requirements w i l l  b e  based on t h e  ope ra t ions  s t u d i e s  c u r r e n t l y  i n  
progress .  NASA ground f a c i l i t y  requirements  and ope ra t ion  p l ans  f o r  u se  o f  
t h e  IUS wil.'L be determined. For some o u t e r  p l ane ta ry  missions,  a d d i t i o n a l  
propuls ion  unfits -- c a l l e d  a u x i l i a r y  o r  "kick" s t ages  -- may be  necessary.  
Spec i f i c  c l i i l r ac t e r i s t i c s  o f  NASA's automated p l ane ta ry  missions w i l l  be  i n -  
v e s t i g a t e d  to determine t h e  requirements f o r  a u x i l i a r y  s t ages .  Space Tug 
a c t i v i t i e s  wi'll  concen t r a t e  on p o t e n t i a l  long-lead t i m e  problem areas i d e n t i  - 
f i e d  i n  previous s t u d i e s ,  such as s p a c e c r a f t  rendezvous and docking, i n t e r -  
f a c e  at tacl inei i ts ,  engine two-posi t ion nozzle ,  and checkout procedures.  These 
problem a r e a s  w i l l  be  pursued i n  a s imula t ion  and demonstrat ion program which 
w i l l  conduct :andidate component t e s t i n g  and systems ana lyses  of  c r i t i c a l  
subsystems and ope ra t iona l  procedures.  Sof m a r e  and a u x i l i a r y  s t a g e  s tudies;  
f o r  t h e  IUS w i l l  a l so  cons ider  Tug requirements t o  i n s u r e  an o r d e r l y  t r a n s i - -  
t i o n  from t h e  IUS t o  the  Tug. 

I n  the t r a n s i t i o n  per iod ,  d e f i n i t i o n  of NASA-unique IUS sof tware  and gr0un.d 
f a c i l i t i e s  requirements w i l l  be  cont inued and a study t o  d e f i n e  crew t r a i n i n g  
requirements w i l l  be i n i t i a t e d .  P repa ra t ions  f o r  t he  Tug Phase B e f f o r t  
w i l l  a l s o  13s imderway. Development of support  documentation and v e r i f i c a t i o n  
of IUS and 'Tug I n t e r f a c e s  wi th  the  S h u t t l e  O r b i t e r  w i l l  commence i n  support  
of t he  S h u t t l e  C r i t i c a l  Design Review. 

Apollo Soyuz T e s t  P r o j e c t  

1975 
Budget Current  Trans i t i t  on 

Period 1974 E s t i m a t e  E s t i m a t e  1974 -- 
(Thousands of Do l l a r s )  

Command and service 

Docking module and docking 

Experiments .................. 12,000 5 , 000 4 , 000 
Launch v e h i c l e . .  - - -  - - -  

module.. - - -  - - -  ................... $18,300 $8,000 $6,000 

system ..................... 16,000 3 , 400 4,400 

.............. 13,000 32,500 32,500 
Launch opera t ions  ............ 14,200 45,000 45,000 - - -  - - -  
Fl igh t  support  and opera t ions  16,500 20,700 17,700 - - -  --- 

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

Tota l  - - -  --- ...................... $90.000 $114,600 $109.600 -- 
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OBJECTIVES PiIJD STATUS : --- 
The Apollo Soyuz T e s t  P r o j e c t  (ASTP) i s  a j o i n t  endeavor of t he  United 

States  and the  Sovie t  Union a s  p a r t  of t he  agreement on coopera t ion  i n  
space which :he P res iden t  s igned in  Moscow i n  May of 1972. Both c o u n t r i e s  
have agreed to develop compatible rendezvous and docking systems and t o  
tes t  these  systems i n  o r b i t  wi th  a j o i n t  experimental  mission i n  mid-1975 
t o  rendezvous and dock a manned Apollo s p a c e c r a f t  wi th  a manned Soyuz-type 
spacec ra f t .  These compatible rendezvous and docking systems w i l l  provide 
a b a s i s  f o r  .?o:;sible f u t u r e  j o i n t  manned space a c t i v i t y  a s  w e l l  as space 
rescue.  Eac'i n a t i o n  has  s e p a r a t e l y  developed docking systems based on a 
mutually agl??eable s i n g l e  s e t  of i n t e r f a c e  design s p e c i f i c a t i o n s .  

The major 'iew U.S. program elements are a docking module and docking 
system necessaicy t o  achieve compa t ib i l i t y  of rendezvous and docking systems 
with the  USSR developed hardware on a Soyuz spacec ra f t .  The docking module 
and system together  wi th  an Apollo command and s e r v i c e  module (CSM) w i l l  
be launched on a Sa turn  I B  launch veh ic l e .  The docking module and the  
docking system w i l l  be  stowed i n  the  s p a c e c r a f t  launch v e h i c l e  adapter  
and extractled 'by the  CSM whi le  i n  e a r t h  o r b i t  i n  a manner similar t o  t h a t  
used with t'ne lunar  module on an Apollo lunar  mission. 

The primary ob jec t ive  o f  t he  mission i s  t o  conduct space experiments 
t o  t e s t  t he  t echn ica l  requirements  and s o l u t i o n s  f o r  compa t ib i l i t y  of 
systems f o r  rendezvous an.d docking i n  o r b i t .  More s p e c i f i c a l l y ,  t h i s  i n -  
c ludes  the  t e s t i n g  of  a compatible rendezvous system i n  o r b i t ,  v e r i f y i n g  
techniques of crew t r a n s f e r s  and i n t e r - c o n t r o l  cen te r  a c t i v i t i e s  as w e l l  
as t e s t i n g  of t he  u n i v e r s a l  docking assemblies .  During both t h e  docked 
and undocked phases  of th le  mission,  i nd iv idua l  experiments covering the  
f i e l d s  of e a r t h  resources ,  s c i ence ,  space processing and manufacturing, 
and l i f e  s c i ences  w i l l  be conducted. 

J o i n t  US/USSR working groups have been meeting on a scheduled b a s i s  
t o  review and agree  on the  t echn ica l  and ope ra t iona l  a s p e c t s  of t he  j o i n t  
p r o j e c t .  

CHANGES FR0F.Y 1975 BUDGET ESTIMATE: 

The FY 1975 Congressional Author iza t ion  f o r  t h e  Apollo Soyuz Test P r o j e c t  
I t  was necessary  t o  reba lance  t h e  w a s  $5 mill i .on below t h e  budget r eques t .  

funding p1ar.s f o r  t h e  va r ious  ASTP p r o j e c t  elements t o  absorb t h e  Con- 
g r e s s i o n a l  reduct ion  and t o  cover increased  requirements f o r  t h e  docking 
module and clocking s y s  tern a c t i v i t i e s .  
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BASIS OF --- FI! 1976 AND TRA3SITION PERIOD ESTIMATES: 

F i s c a l  Y e a r  1976 new o b l i g a t i o n a l  a u t h o r i t y  i s  not  requi red .  

Command and Serv ice  Module 

1975 
Budget Current  

E s t i m a t e  E s t i m a t e  
(Thousands of 

1974 - 
T r a n s i t i o n  

1976 Period 
Do l l a r s )  

!j18,300 $8,000 $6,000 

OBJECTIVES ANI) STATUS : --- 
The Apo1:Lo s p a c e c r a f t  i s  a modified ve r s ion  of t h e  command and s e r v i c e  

module (CSM) flown during the  f i r s t  s e v e r a l  l una r  landing missions.  Major 
CSM modi f ica t ions  inc lude  a d d i t i o n a l  p r o p e l l a n t  tanks f o r  t he  r e a c t i o n  
con t ro l  system and the  a d d i t i o n  of c o n t r o l s  and d i sp lays  requi red  f o r  t he  
proper opei:at<ion of  t h e  docking module and docking sys  t e m .  

F i s c a l  Y e c a r  1975 funding provides  f o r  completion of modi f ica t ions  and 
checkout and .€or d e l i v e r y  of t he  f l i g h t  s p a c e c r a f t  and launch v e h i c l e  
adapters  t o  the  Kennedy Space Center ;  modi f ica t ion  of t h e  backup space-  
c r a f t ;  and 'development of compatible rendezvous and docked conf igu ra t ion  
guidance ant3 naviga t ion  programs f o r  t he  mission,  inc luding  p r e f l i g h t  
checkout amd ire r i f i ca t i on . 

F i s c a l  Y a s r  1975 funding a l s o  provides  f o r  i n p l a n t  engineer ing suppor t  
f o r  the  flighi: spacec ra f t  during the  space v e h i c l e  assembly and checkout,  
t h e  p repa ra t ions  f o r  launch and the  f l i g h t  mission. Cont rac t  admin i s t r a t ion  
s e r v i c e s  provided by the  Department of Defense on a reimbursable  b a s i s  are 
a l s o  i n c l u t l ~ ~ d .  

Funding wil:L a l s o  provide f o r  suppor t  of t h e  launch,  f l i g h t ,  and 
mission operat:ions i n  J u l y  of 1976. 
w i l l  i n c l u t h  deac t iva t ion  of t h e  r e tu rned  s p a c e c r a f t  and c loseou t  of the  
s p a c e c r a f t  zon t r ac t s ,  inc luding  d i s p o s i t i o n  of proper ty .  

P o s t - f l i g h t  a c t i v i t i e s  i n  FY 1976 

CHANGES FROIVI F?Y 1,975 BUDGET ESTIMATE: --- 
The cu r ren t  estimate f o r  t h e  command and s e r v i c e  module e f f o r t  r e f l e c t s  a 

$2 mi1:tion downward adjustment as p a r t  of t h e  a c t i o n s  necessary  t o  absorb t h e  
$5 rni1:Lion Congressional a u t h o r i z a t i o n  r educ t ion  i n  ASTP. 

BASIS OF --- FI 1976 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Y e * s r  1976 new o b l i g a t i o n a l  a u t h o r i t y  i s  no t  requi red .  
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Docking Module and Docking System 

1975 
Budn e t Current  T r  an s i t ion  - 

1974 Estimate E s t i m a t e  1976 Per iod  -- 
(Thousands of Do l l a r s )  

$1.6,000 $3,400 $4,400 

OBJECTIVES AID STATUS : 

The dockin,% module i s  c y l i n d r i c a l  i n  shape and i s  approximately 1.5 meters 
(about 5 f e e t )  i n  diameter and 3 meters (about 10 f e e t )  i n  length .  It  w i l l  
serve as an ai::lock f o r  t he  i n t e r n a l  t r a n s f e r  of crewmen between the  d i f -  
f e r e n t  atmospheres of t he  Apollo and Soyuz spacec ra f t .  The docking module 
w i l l  be equipped wi th  r a d i o  and TV communications, antennas,  s t o r e d  gases ,  
h e a t e r s ,  and t’ne d i sp lays  and c o n t r o l s  necessary f o r  t r a n s f e r  opera t ions .  

The docking ,module i s  d.esigned t o  handle  two crewmen simultaneously.  
Hatches w i t h  c o n t r o l s  on both s i d e s  w i l l  be i n s t a l l e d  a t  each end of t he  
module. 
module and w i l l  be capable  of func t ion ing  wi th  s imilar  component:s on the  
Soyuz-type spacec ra f t .  

A un ive r sa l  docking system w i l l  be loca t ed  a t  t h e  Soyuz end of t he  

Fisca.1 Ye2.r 1975 funding provides  f o r  f i n a l  manufacturing checkout of 
t he  doc.king module t e s t  and f l i g h t  a r t i c l e s ;  r equ i r ed  ground t e s t i n g ;  and 
engineer ing support  invollved i n  such a c t i v i t i e s  as t h e  docking module 
thermal vacuum q u a l i f i c a t i o n  tes ts ,  t he  j o i n t  docking system q u a l i f i c a t i o n  
tests, and the  US/USSR f i n a l  j o i n t  docking system equipment acceptance 
review. 

F i s c a l  Y e a r  1975 funding a l s o  provides  f o r  development c e n t e r  engineer ing 
support  f o r  the  f l i g h t  docking module a t  t h e  Kennedy Space Center dur ing  
space vehic’te assembly, f i n a l  j o i n t  US/USSR docking system p r e f l i g h t  
compa t ib i l i t y  tes ts  of t‘he f l i g h t  hardware, and suppor t  of t h e  docking 
hardware i n  p repa ra t ion  f o r  launch, inc luding  the  f i n a l  f l i g h t  r ead iness  
review and the f l i g h t  mission. 

Funding w i l ’ L  a l s o  provide f o r  support  of t h e  mission i n  J u l y  of 1975 
and subsequent c loseout  of t h e  docking module and docking system c o n t r a c t  
inc luding  d i s p o s i t i o n  of property.  

CHANGES FROM FY 1975 BUDGET ESTIMATE: 

The cu r ren t  estimate r e f l e c t s  an inc rease  of $1 m i l l i o n ,  which w a s  t r a n s -  
f e r r e d  from experiments t o  cover a d d i t i o n a l  requirements  i n  t h e  c r i t i c a l  
area of  docking module and docking system development hardware. 
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BASIS O F  FY 19-76 AND TRANSITXON -----_ ~ - - "  ESTIMATES: ---- 

Exper imen t s 

1975 -- 
Budget Cur ren t Trans i t i  on 

.I974 E s t i m a t e  E s t i m a t e  1976 Per iod  
(Thousands of Do l l a r s )  

--- -~ 

$ L:2 , 000 $5 , 000 $4 , 000 - - -  - - -  

OBJECTIVES AND STATUS : ----- 
During t h e  ASTP miss ion ,  important new experiments covering t h e  f i e l d s  of 

e a r t h  r e sources ,  s c i ence ,  space process ing  and manufacturing and l i f e  s c i ences  
w i l l  be Conducted. 

In the  a r e a  of e a r t h  resources ,  experiments covering e a r t h  observa t ions  , 
doppler t r ack ing ,  geodynamics and s t r a t o s p h e r i c  a e r o s o l  measurements w i l l  
b e  conducted. 

I n  t h e  f i e l d  of s c i e n t i . f i c  experiments,  s i x  experiments w i l l  he c a r r i e d ,  
covering extreme u l t r a - v i . o l e t  astronomy, helium glow measurement:s, u l t r a -  
v i o l e t  absorp t ion ,  sky-ear th  x-ray obse rva t ions ,  a r t i f i c i a l  s o l a r  e c l i p s e  
and cry s t a1 ac  t i v a  t ion  measur emen t s . 

Eleven spEce process ing  and manufacturing and s ix  l i f e  s c i ences  exper iment ;  
are planned t o  be conducted. Eight  of t h e  space process ing  and manufacturin,: 
experiments involve  t h e  ope ra t ion  of a multipurpose furnace  and inc lude  
seven separz t e  experimental  samples which are t o  be processed i n  t h e  furnace .  
A l so  i r c luded  i s  t h e  experimentation i n  e l e c t r o p h o r e s i s  p rocessmg ,  a process 
where zn e l e c t r i c  f i e l d  w i l l  be used t o  s e p a r a t e  l i v i n g  c e l l s  arid o t h e r  b io-  
l o g i c a l  m a t e r i a l s  from a flowing medium wi thout  decreas ing  t h e i r  a c t i v i t y ,  
t o  determine whether t he  nea r  z e r o  g r a v i t y  cond i t ions  enhance a s i m i l a r  
p rocess  now involved i n  work by t h e  Max Planck I n s t i t u t e  i n  Germany on t rea t -  
ment of. cancer by c e l l  t r a n s f u s i o n s  and t r a n s p l a n t s .  

The l i f e  s c i ences  experiments i nc lude  ex tens ion  of work done i n  t h e  
Apollo and Skylab programs, such as a d d i t i o n a l  s tudy  of t h e  phenomena of 
t h e  cosmic l i g h t  f l a s h e s  observed by Apollo f l i g h t  crews and s t u d i e s  of t h e  
e f f e c t s  of ze ro  g r a v i t y  and r a d i a t i o n  on organisms. S tud ie s  w i l l  a l s o  be 
conduct:ed cm pre- and p o s t - f l i g h t  a s t r o n a u t  blood samples t o  determine, 
among o t h e r  t h ings ,  i m u i i i t y  r e t e n t i o n .  
s c i ence  experiments planned, such as an experiment designed t o  determine 

There are a l s o  j o i n t  US/USSR l i f e  
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t h e  degree of t r a n s f e r  of micro-organism and mic ro f lo ra  between crew members 
and t h e  two spacec ra f t  involved i n  t h i s  mission.  
t o  t ake  advantage of a mis,sion involv ing  two s p a c e c r a f t  launched from widely 
separa ted  ground environments. 

This experiment: i s  designed 

F i s c a l  Year 1975 funding; provides  f o r  t h e  cont inued development, t e s t i n g ,  
q u a l i f i c a t i o n  and integrat : ion of t hese  experiments i n t o  t h e  command and 
s e r v i c e  module and the  doc:king module. The funding a l s o  suppor ts  p a r t i -  
c ipa t ion  of t he  experiment: p r i n c i p a l  and co - inves t iga to r s  i n  premission 
planning,  crew t r a i n i n g  arid f l i g h t  r ead iness  reviews. Requirements f o r  
d a t a  r e t r i e v a l ,  reduct ion  and a n a l y s i s  f o r  one year  a f t e r  t he  mission 
are a l s o  included.  

CHANGES FROM FY 1975 BUDGE:T ESTIMATE: -- 
Early deve1.opment problems i n  experiment hardware r equ i r ed  t h e  a p p l i c a t i o n  

of  more FY 15174. funds than a n t i c i p a t e d .  These problems were success fu l ly  
solved i n  FY 1974 ,  a l lowing t h e  completion of t h e  experiment program wi th  
$1 milli.on less i n  FY 1975 funds than planned. This amount w a s  re-  
a l l o c a t e d  t o  meet t he  Docking Module and Docking System requirements .  

BASIS OF --- FY 1.97'6 AND TRANSITION PERIOD ESTIMATES: 

Fiscal.  Y e a r  1.976 new o b l i g a t i o n a l  a u t h o r i t y  i s  n o t  requi red .  

Launch Vehicle  

1975 - 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

-- 

$1.3,000 $32,500 $32,500 --- - - -  

OBJECTIVES I U D  STATUS : --- 
ASTP u t i l i ze : ;  r e s i d u a l  Apollo-Skylab Sa turn  I B  launch v e h i c l e  hardware. 

The Sa turn  I13, c o n s i s t i n g  of an S-IB s t a g e ,  an S-IVB s t a g e ,  and an instrument 
u n i t ,  w i l l  :Launch t h e  s p a c e c r a f t  from the  Kennedy Space Center i n t o  e a r t h  
o r b i t  f o r  rtndt?zvous and docking wi th  t h e  Soyuz spacec ra f t .  

F i s c a l  Y e a r  '1975 funding provides  f o r  launch v e h i c l e  s t a g e  s u s t a i n i n g  
engineer ing ,  and systems engineer ing and i n t e g r a t i o n  a c t i v i t i e s .  The 
s t a g e  e~iginc?~er:ing c a p a b i l i t y  w i l l  provide those engineer ing s k i l l s  necessary 
t o  c a r r y  out  con t r ac to r  s t a g e  des ign  r e s p o n s i b i l i t i e s .  These inc lude  
cont inuing development of checkout c r i te r ia  and requirements;  checkout d a t a  
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ana1ysi.s and eva lua t ion ;  r e q u i r e d  "make-it-work" changes, f a i l u r e  a n a l y s i s ,  
l o g i s t f c s  nEma.gement and o t h e r  engineer ing  a c t i v i t i e s  r equ i r ed  KO suppor t  
t h e  f i r ia l  ASTF f l i g h t  r ead iness  review. 

Systems Engineering and i n t e g r a t i o n  a c t i v i t i e s  i nc lude  launch v e h i c l e  
f l i g h t  mechanics and t r a j e c t o r y  s t u d i e s  f o r  des ign  and development of t h e  
launch v e h i c l e  f l i g h t  program, f l i g h t  and propuls ion  performance p r e d i c t i o n s  
and s t r u c t ~ r a l  assessmeni: of t h e  s tacked  launch v e h i c l e .  

Funding wi l l  a l so  provide f o r  suppor t  of t h e  launch i n  J u l y  1'375 and c l o s e -  
out of launch v e h i c l e  c o n t r a c t s ,  i nc lud ing  d i s p o s i t i o n  of p rope r ty .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Y e a r  1.976 new o b l i g a t i o n a l -  a u t h o r i t y  i s  n o t  r equ i r ed .  

Launch Operations 

1975 
:Budget Curren t  Trans i t  ion  

1.974 - Est imate  E s t i m a t e  1976 Per iod  
(Thousands of Do l l a r s )  

!;14,200 $45,000 $45,000 - - -  - -  

OBJECTIVES ANI) STATUS : --- 
Test and checkout ope ra t ions  of t h e  U.S.  space v e h i c l e  w i l l  be conducted 

a t  t he  Kennedy Space Center,  w i th  launch t o  be accomplished from Launch 
Complex 3913. 

F i s c a l  Y e a r  1975 funding w i l l  provide f o r  t h e  con t inua t ion  of t h i s  con- 
t r a c t o r  s u p ~ o r t ,  i nc lud ing  f i n a l  assembly of t h e  space v e h i c l e ,  movement 
of t h e  v e h i c l e  t o  t h e  launch pad, f i n a l  checkout a t  t h e  launch pad, and 
launch. Fuid:; are  a l s o  provided f o r  f u e l s  and p r e s s u r a n t s  t o  suppor t  t h e  
space v e h i c l e  checkout a t  t h e  Kennedy Space Center ,  and the  f l i g h t  mission, 
and f o r  t h e  systems engineer ing  e f f o r t  t o  provide  s t a g e  and command s e r v i c e  
module s u p p w t  necessary  t o  m e e t  a l l  t es t ,  checkout and f l i g h t  r ead iness  
a c t i v i t i e s  requi red  f o r  t h e  f i n a l  r ead iness  review and t h e  launch. Funding 
w i l l  a l s o  provide f o r  suppor t  of  t h e  launch i n  J u l y  1975 and c loseou t  of 
che launch support  c o n t r a c t s ,  i nc lud ing  d i s p o s i t i o n  of proper ty .  

BASIS OF --- F'I! 1'376 AND TRANSITION - PERIOD ESTIMATES: 

F i s c a l  y13.ar 1976 new o b l i g a t i o n a l  a u t h o r i t y  i s  no t  requi red .  
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F l i g h t  Support  and Operat ions 

1975 
Budget Cur ren t T r a n s i t i o n  

Period 1'374 E s t i m a t e  Estimate 1976 
(Thousands of Do l l a r s )  

-- 

$16,500 $20,700 $17,700 --- --- 

OBJECTIVES A N D  S'TATUS : 

F l i g h t  support  and operat . ions provides  f o r  a broad range of e s semt ia l  
a c t i v i t i e s  which d i r e c t l y  support  t h e  ASTP mission. 

Fiscal Year 1975 funding covers  continued maintenance of camera systems; 
food and waste systems; b io ins t rumenta t ion ;  and t r a n s p o r t a t i o n .  1.n 
add i t ion ,  t h i s  funding provides  f o r  t he  cont inued procurement of Government- 
furnished equipment, inc luding  space s u i t s ,  crew provis ioning  and t e l e v i s i o n ;  
communication and docking system tests and eva lua t ions ;  and t h e  use  of automatic  
checkout equirment u t i l i z e d  previous ly  on Apollo and Skylab. 

F i s c a l  Year 1975 funding a l s o  provides  f o r  t r a i n i n g  of crew and f l i g h t  
c o n t r o l l e r s  on ASTP equipml2nt; maintenance of  t h e  docking module t r a i n e r ;  
CSM f u e l s  and p res su ran t s  to  support  test  and checkout of  t he  CSM and 
docking rnodul.~~; module and hardware t r a n s p o r t a t i o n ;  car tography,  and pro-  
grammatic eng:ineering support  f o r  t h e  CSM, docking module, and docking 
system. I n  a d d t t i o n ,  FY 1975 funding a l s o  provides  mission a n a l y s i s  and 
recovery plarinirig; language t r a n s l a t i o n  c a p a b i l i t y ,  inc luding  i n t e r p r e t e r s ;  
and a po r t ion  o f  t h e  ope ra t ions  modi f ica t ions  t o  t h e  mission c o n t r o l  c e n t e r  
i n  support  o f  t h e  mission. 

F i s c a l  Year 19'75 funds a l s o  provide f o r  t h e  c o s t  of recovery of t h e  crew 
and s p a c e c r a f t ;  ,and t h e  subsequent c loseou t  of c o n t r a c t s ,  p rope r ty  d i s p o s i t i o n ,  
t r a n s p o r t a t i o n  of t h e  hardware re turned  from t h e  mission and t h e  p repa ra t ion  
of  f i n a l  repo-r ts .  

CHANGES FROM FY 1975 BUDGET ESTIMATE: 

The decreas?  r e f l e c t s  a $3 m i l l i o n  adjustment  as p a r t  of t he  a c t i o n s  
taken t o  accolnmodate t h e  $5 m i l l i o n  r educ t ion  i n  FY 1975 Congressional 
au tho r i za  tiori. 

BASIS OF FY 19715 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Year 1'376 funds a r e  n o t  r equ i r ed .  

RD 2-35 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MAZJNED SPACE FLIGHT - ---- ADVANCED MISSIONS PROGRAM 

-- SUMMAR.Y O F  RESOURCES REQUIREMENTS 

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  Estimate 1976 Period 
(Thousands of D o l l a r s )  

Advanced mission s t u d i e s  .... $1,500 $1,500 $1,500 $1,500 $500 

T o t a l  ..................... $1.500 $1.500 $1.500 $1.500 $500 

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

Johnson Space Cen te r . . .  ..... $576 $500 $450 $600 $200 
Kennedy Space Cen te r . . .  ..... 130 200 150 150 50 
Marshall  Space F l i g h t  Center 575 6 00 500 600 200 
Arnes Research Center ........ 1 2  
Headquarters ................ 207 200 400 150 50 

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

T o t a l  ..................... $1,500 $1.500 $1.500 $1,500 $500 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF MANNED SPACE F L I E  ADVANCED MISSIONS PROGRAM - 
PROGRAM OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e  of the  Advanced Missions program i s  t o  conduct s tudy e f f o r t s  
t h a t  examine t h e  f u t u r e  d i r e c t i o n  of t h e  n a t i o n ' s  manned space f l i g h t  pro- 
gram. New space systems, new ope ra t iona l  concepts and advanced uses  of 
e x i s t i n g  systems evolve from these  s t u d i e s .  
u t i l i z a t i o n  c f  e x i s t i n g  systems t h a t  can be used t o  advance the  n a t i o n ' s  
space c a p a b i l i t i e s  a t  a minimum c o s t .  
inc ludes  independent s t u d i e s  of p o t e n t i a l  new systems and ope ra t iona l  concept!;. 

Emphasis i s  given t o  t h e  

The Advanced Missions program a l s o  

BASIS OF --- FUNLI REQUIREMENTS 

1975 
Budge t Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of  Do l l a r s )  

$500 Advanced m i s :  i cn  s t u d i e s .  ., . $1,500 $1,500 $1,500 $1,500 - 
OBJECTIVES A.ND STATUS --- 

The advanced mission s t u d i e s  are the  bu i ld ing  blocks f o r  new manned space 
f l i g h t  programs. 
o r ig ina t ed  and c a r r i e d  through Phase A l e v e l  s t u d i e s  as a p a r t  oE the  advanced 
mission s tud ie s  program. During FY 1971 through FY 1973, t he  advanced m i s -  
s i ons  st .udies were devoted almost exc lus ive ly  t o  the  Space S h u t t l e  and the  
Space Tug coricepts. These programs are  now an i n t e g r a l  p a r t  of t he  Space 
Transpor ta t ion  System. Wfith the  FY 1974 program, a t r a n s i t i o n  from 
Space Transpor ta t ion  System s t u d i e s  t o  exp lo ra t ion  of new mission Options 
w a s  i n i t i a t e d .  

The Skyllab, Apollo Soyuz Test P r o j e c t  and t h e  S h u t t l e  were 

The FY 1975 s tudy program i s  examining the  requirements f o r  ex tens ions  and 
improvements of t he  Space Transpor ta t ion  S y s t e m ,  and pursuing p r i o r  year  
s t u d i e s  of manned o r b i t a l  systems concepts and r e l a t e d  ground support  and 
f l i g h t  requirements .  
i s  continuing by the  use  of con t r ac t ed  s t u d i e s  t o  develop new procedures 
and t o  expand t h e  d a t a  base.  Independent s t u d i e s  are being conducted 
t o  assess the s a f e t y  a spec t s  of  new systems and ope ra t iona l  concepts.  
I n t e g r a t e d  launch s i t e  ope ra t ions  f o r  a l l  elements of t h e  Space Ilrans- 
p o r t a t i o n  System are  a l s o  being s tud ied .  

The e f f o r t  t o  improve c o s t  e s t ima t ing  techniques 
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BASIS OF ---- FY 1976 AND TRANSITION - PERIOD ESTIMATES 

The FY 1976 study program w i l l  i nc lude  t h e  exp lo ra t ion  of new techniques 
f o r  geosynchronous and low e a r t h  o r b i t  a p p l i c a t i o n s  wi th  emphasis cont inuing  
on s t u d i e s  of manned o r b i t a l  sys t ems  concepts ,  and on -o rb i t  maintenance 
and assembly of l a r g e  f r e e - f l y i n g  s t r u c t u r e s ,  such as s o l a r  power a r r a y s ,  
l a r g e  r a d i o  t e l e scopes  and mi r ro r s ,  and antennas.  The f e a s i b i l i t y  of adding 
a crew module t o  the  Tug f o r  geosynchronous ope ra t ions  w i l l  be s t u d i e d  a s  
w e l l  as i n i t i a t i o n  of a study of  s h u t t l e  hardware u t i l i z a t i o n  and growth 
opt ions  f o r  advanced mission (concepts. 

During FY 1976 ,  study e f f o r t s  w i l l  a l s o  inc lude  eva lua t ion  of concepts 
evolving f ron  N4SA's  long-range planning s t u d i e s .  An i n t e g r a t e d  approach 
t o  launch s i t e  opera t ions  w i l l  a l s o  be reviewed t o  i d e n t i f y  problems and 
s o l u t i o n s  a s soc ia t ed  wi th  process ing  d i v e r s e  k inds  of modules and payloads. 

During t h e  t r a n s i t i o n  pe r iod ,  payloads and launch s i t e  ana lyses  w i l l .  be 
continued so  t h a t  an optimum set  of c a p a b i l i t y  and o p e r a t i o n a l  requirements 
can be cons t ruc t ed .  S tud ie s  of o r b i t a l  maintenance, module i n t e g r a t i o n ,  
and geosynchronlm:; ope ra t ion  w i l l  a l s o  be continued. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1976 ESTIMATES 

RESEARCH &DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE PROGRAMS 

B u d g e t  Plan 
1975 

B u d g e t  C u r r e n t  T r a n s i t i o n  
1.974 E s t i m a t e  E s t i m a t e  1976 P e r i o d  -- Pro g r a m s  

(Thousands of  D o l l a r s )  
Phys ics  and A s t r o n o m y . .  .... $94,000 $140,515 $136,315 $155,800 $46,600 

Lunar and P l a n 2 t a r y  
E x p l o r a t i o n .  ............. 392,482 266,000 266,000 259,900 73,300 

Launch Vehicle P r o c u r e m e n t .  178 , 000 140 , 500 140,500 166,900 40,400 

Total....... ,,..,.......... 3664,482 $547.015 $542.815 $582.600 - $160.300 

ss 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Curpent 

1974 E s  t i m a  t e E s  t i m a  te  1976 
( I n  Thousands of Dol la rs )  

Large o b s e r v a t o r i e s  $19,939 $50,410 $50,770 
Orbi t ing  explorers .  32,787 33 , 000 33,000 
Suborbi ta l  programs 23, l13 25,000 24 , 500 
Supporting ac t i v i t i e s  17,661 28,605 24,715 
Space l a b  sc i enc e 

program.......... -- SO0 3,500 3,330 

Total..  .......... $94,000 $140.515 $136,315 -- 
D i s t r i b u t i o n  --- of Program Amount by I n s t a l l a t i o n  

Johnson Spac:e 
Center.  ........... 

Marshall- Space 
Flight: Center'. ... 

Goddard Space 
F l i g h t  Cen%:elr.. .. 

Je t  Propuls ion 
Labor a t  o r  IT .  ....... 

Wallops F l i g h t  
Center. .. ,, ........ 

Ames Research Center 
Langley Resesrch 

Center.. .  ........ 
Headquarters ....... 

$180 

8 , '927 

56,'755 

650 

2,150 
6 , 435 

2,708 
A- 16 195 

Total . . . . . . . . . . . .  $94.000 

$975 

50 , 280 

55,875 

6 50 

2 , 850 
6,905 

1 , 705 
21,275 

$140.515 

$850 

49 , 505 

55,419 

62 8 

2 , 404 
6,927 

1,358 
19,224 

$136,315 

$62 , 000 
33,000 
24,800 
31,400 

4,600 

$155.800 

$1,000 

71,400 

53 , 038 

700 

2,800 
7,400 

862 
18,600 

$155.800 

T r a n s i t i o n  
- Period 

$13,500 
11 , 000 
7,500 

11,100 

3 , 500 

$46.600 

$200 

20,550 

17 , 075 

400 

800 
1,950 

925 
4,700 

$46,600 
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OFFICE OF SPACE SCIENCE --- 

- PRO JEC 6 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

FLIGHT SCHEDULE 

m 

PHYSICS AND ASTRONOMY PR&UI"f 

Large Observator ies :  

So lar  Observator ies  oso- I 

High Energ:y A,s tronomy 
Ob s e rva t t3 r ies HEAO-A 

-B 
-C 

Explorer:; : 

Space Physics Explorers  Dual A i r  Densi ty  
Atmosphere Explorer-D 

-E 
I n t e r n a t i o n a l  

Sun- Ear th  Exp lorer-A 
-B 
-C 

Astronomy an% Astrophysics  
Exp 1 o r  er s 

S u b o r b i t a l  Prcgrams: 

Sounding Rockets 

Balloon F l i g h t s  

Small Astronomy 
S a t e l l i t e -  C 

I n t e r n a t i o n a l  
U l t r a v i o l e t  Explorer 

.CALENDAR 
YEBB 

197 5 

1977 
1978 
1979 

1975 
1975 
1975 

1977 
1977 
1978 

1975 

1976 

About 65 launches p e r  year  

About 40-50 launches p e r  year 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGFUM - 
PROGRAM OBJECTIVES AND JUSTIFICATION 

The major o b j e c t i v e  of t h e  Physics and Astronomy program i s  t o  i n c r e a s e  
our  knowledge an.d understanding of t h e  E a r t h ' s  space environment , t he  sun,  
s t a r s ,  and ct:her ce1estia:L bodies .  Under t h i s  program, research  i s  being 
conducted t o  i .nvest igate  the  E a r t h ' s  upper atmosphere and ionosphere , t h e  
magnetosphere a.nd the  i n t e r p l a n e t a r y  medium. Space-based i n v e s t i g a t i o n s  of 
cosmic r a y ,  X:-ra.y, gamma r a y ,  u l t r a v i o l e t ,  i n f r a r e d ,  and r a d i o  emissions , 
n o t  p o s s i b l e  from ground-based o b s e r v a t o r i e s  because of t h e  obscuring e f f e c t  
of t h e  E a r t h ' s  z.t.mosphere, give us a unique oppor tuni ty  t o  s tudy  t h e  sun and 
o t h e r  c e l e s  ti.al bodies.  These i n v e s t i g a t i o n s  are t h e  b a s i s  f o r  i n c r e a s i n g  
our knowledge of' t h e  fundarnent.al l a w s  of n a t u r e ,  e s p e c i a l l y  those which 
c o n t r o l  t:he erivi.ronment of t he  Earth.  

To achieve the  o b j e c t i v e s  of t h e  Physics and Astronomy program, NASA uses 
techniques ranging from t h e o r e t i c a l  and l a b o r a t o r y  r e s e a r c h  through a i r c r a f t ,  
ba l loon ,  and sounding r o c k e t  f l i g h t s  t o  small Explorer  s p a c e c r a f t ,  l a r g e  
automated o b s e r v a t o r i e s ,  arid manned s p a c e c r a f t .  Research teams irwolved i n  
t h i s  program :.re loca ted  at: NASA f i e l d  c e n t e r s ,  o t h e r  Government l a b o r a t o r i e s ,  
u n i v e r s i t i e s ,  and indus t r i a l .  l a b o r a t o r i e s .  Foreign p a r t i c i p a t i o n  i s  en- 
couraged w i t h  t h e  p a r t i c i p a t i n g  count ry  providing i t s  s h a r e  of t h e  c o s t s .  

The informaticn obtained and t h e  technology developed i n  t h e  program are 
made a v a i l a b l e  t o  t h e  s c i e n t i f i c  and t e c h n i c a l  community f o r  a p p l i c a t i o n s  
and advancement of s c i e n t i f i c  r e s e a r c h ,  educat ion,  and technology. Major 
advances i n  s p e c i a l  purpose microe lec t ronic  devices  and photoe lecer ic  sensors  
have been m a d e  Lnder t h i s  program s i n c e  1965; t h e s e  have s i g n i f i c a n t l y  
enhanced t h e  c o s t  e f f e c t i v e n e s s  of s p a c e c r a f t  and have found broad-based 
appl icat i .ons out s i d e  t h e  space program. 

The Physics and Astronomy missions undertaken t o  date have been h i g h l y  
s u c c e s s f u l  and  inc lude  the  r e l a t i v e l y  low c o s t  Explorer  ser ies  of s a t e l l i t e s  
commencing i n  1959, which have made a number of very  b a s i c  d i s c o v e r i e s  
including, t he  discovery of  t h e  E a r t h ' s  r a d i a t i o n  b e l t s .  
inc lude  t h e  Orbi t ing  S o l a r  Observatory (OSO) se r ies ,  and t h e  High Energy 
Astronomy Observator ies  (HISAO) t o  be launched i n  1977-79. The A p ( ~ l 1 0  
Telescope Mount (ATM), launched on Skylab i n  1973, w a s  t h e  f i r s t  o f  a new 

manned o h s e r \ e r  enhanced t h e  c a p a b i l i t y  of t he  l a r g e s t  observatory y e t  
placed i n  0rbi.t.  
Hawkeye , a M q p e  t o s p h e r i c  ?hysics  Explorer  launched i n  June, and th ree  

The Observator ies  

second generat ion1 '  of space o b s e r v a t o r i e s  , where the  s k i l l  o f  an  on-board I 1  

During 1974, t h e r e  were fou r  missions,  a l l  s u c c e s s f u l :  
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i n t e r n a t i o n a l  coopera t ive  astronomy Explorer -c lass  s p a c e c r a f t  San Marco C - 2  
( I t a l y )  launched i n  February--the Netherlands Astronomical S a t e l l i t e  (ANS) 
launched i n  , Z u ; q ~ s t ,  and United Kingdom 5 (UK 5) launched i n  October. 

The year  1975 w i l l  be a p a r t i c u l a r l y  a c t i v e  one wi th  f i v e  launches 
scheduled. The OSO-I r e p r e s e n t s  a cons iderable  advance over i t s  p rede -  
c e s s o r s ,  by a f a c t o r  of 900 in  r e so lvab le  f i e l d  of view and a f a c t o r  of 100 
i n  s p e c t r a l  r e s o l u t i o n ,  which should g r e a t l y  expand our  knowledge of the  
Sun. The t h i r d  Small Astronomy S a t e l l i t e  (SAS-C) w i l l  expand on the 
d i scove r i e s  and observa t ions  of SAS-A (UKURU) . Two Atmosphere E:xplorer 
missions (AE-D and E) w i l l  i n v e s t i g a t e  the  d e t a i l e d  processes  which occur 
as a r e s u l t  of s o l a r  energy absorp t ion  i n  the  lower reg ions  of the  E a r t h ' s  
atmosphere. The Dual Air. Density (DAD) Explorer  w i l l  i n v e s t i g a t e  the  upper- 
most l a y e r s  of the E a r t h ' s  atmosphere. 

Work i s  ccnt inuing  on the  HEAO s e r i e s  designed t o  explore  the prev ious ly  
inaccess ib l e  reg ions  of c e l e s t i a l  X-ray, gamma r a y ,  and cosmic r ay  sources .  
These i n v e s t i g a t i o n s  w i l l 1  be c a r r i e d  ou t  wi th  t h r e e  launches of HEAO i n  
1977, 1978, a r d  1979. Advanced technologica l  development and mission 
planning ha.ve commenced on a So la r  Maximum Mission (SMM) t o  take advantage 
of the next. peak of the s o l a r  cyc le .  Work i s  a l s o  underway on Physics and 
Astronomy pi-ojects designed t o  c a p i t a l i z e  on the  c a p a b i l i t i e s  oE the  Space 
Shu t t l e .  I.nii.ia1 d e f i n i t i o n  s t u d i e s  are underway t o  de f ine  a v a r i e t y  of 
Astronomy and Space physics  payloads f o r  t he  S h u t t l e .  One of these  
Atmospheres, lfagnetospheres and Plasmas-in-Space (AMPS) , would provide a 
l a r g e  "labo-catory i n  space" t o  conduct experiments u t i l i z i n g  the  l a r g e  
volume and wei-ght-carrying c a p a b i l i t i e s  of the  S h u t t l e .  Advanced technolo-  
g i c a l  development i s  underway f o r  a Shut t le- launched Large Space Telescope 
(LST) , a mul t ip l e  purpose te lescope  between two and th ree  meters i n  diameter 
which w i l l  be ab le  t o  observe ga l ax ie s  a t  d i s t a n c e s  up t o  t en  t i m e s  f a r t h e r  
than those 'dhich can be observed from the  b e s t  ground-based observatory.  

The funding requested f o r  FY 1976 and the  t r a n s i t i o n  period provides f o r  
con t inua t ion  (of  the  on-going program. 

BASIS OF FZJNLl REQUIREMENTS - ____--- 
- Large Observator ies  - Summary 

1975 
Budget Current  T rans i t i on  

1974 E s t i m a t e  E g t i m a t e  197 6 Per iod - -  -- 
(In Thousands of Do l l a r s )  

Orb i t ing  solar- 

Orb i t ing  
observa tcx ies .  . . . $ 1 2  763 $7 630 $5 , 400 $ 2  , 600 $500 

as t iconorn ica l  
o b s e r v a t m i e s .  . . 2 , 3 2 6  2 380 2 ,470 2 800 1 , 000 



1975 
Budget Current  Trans i t ion  

( I n  Thousands of D s l l a r s )  
E s t i m a t e  E s t i m a t e  1976 . Period 

40 , 400 42,900 56,600 12  , 000 

$50,410 $50.770 $62,000 $13,500 

(---I  (300) (---I  ( - - -> 

( $ 8 , 9 0 0 )  ( $ 7 , 0 0 0 )  ($19,500)  ($5,100) 

1974 -- 
High energy 

a s  tr VI rvmy 
observatorie!; .  . . . 2- 4 850 

Tot a1 , .Large 
observato:rie:;. . . . $19.939 

(Launch v e h i c l e  procurement) 
Delta [OSO). . . . . . ( $ 3 , 5 0 0 )  
Atlas /  Gen t.ac.r 

(HEAO) . . . . . . . . . ( - - - )  

Orb i t ing  S o l a r  Observator ies  (OS01 

$1 154 - - -  OS0 spacec ra f t  ..... $8,689 $4 , 687 $2 , 308 
O S 0  experiments .... - 4 0 7 4  2,943 3,092 1 446 $500 - 

32.600 T o t a l ,  OSO..  ..... $12.763 $7.630 $5.400 -- 
OBJECTIVES AND STATUS 

The Sun p l a y s  a dominant r o l e  i n  the  c r e a t i o n  and maintenance of an environ-  
ment necessary t o  s u s t a i n  l i f e  on Earth.  The o b j e c t i v e  of the  O S 0  program 
i s  t o  inc rease  our  understanding of the  bas i c  phys ica l  processes  of t h e  Sun 
and of t h e i r  i n t e r a c t i o n  wi th  the  E a r t h ' s  environment. 

The O S 0  series of missions has  provided f o r  a sys temat ic  s tudy  of t h e  Sun 
both i n  terms of i t s  c y c l i c  v a r i a t i o n s  and of a more d i r e c t e d  s tudy  of 
s p a c i f i c  phenomena i n  response t o  t h e  knowledge gained on previous missions.  

The OSO':: h.avs provided s i g n i f i c a n t  d i scove r i e s  about t h e  Sun and t h e  

OSO-7, 
Earth,  and. ha.ve provided a foundat ion f o r  des ign  of t h e  ATM flown on Skylab 
and f o r  t he  Solar  Maximum Mission proposed f o r  t h e  l a te  1 9 7 0 ' s .  
launched i.n 1.971, took da ta .  on t h e  s o l a r  corona and t h e  spectrum of s o l a r  
and cosmic: X-rays u n t i l  opera t ions  were terminated i n  June 1974. 

O S O - I ,  t o  be launched i n  1975 near  s o l a r  minimum, w i l l  a t t a c k  the  puzzle  
of t h e  very  l a r g e  temperature  d i f f e r e n c e  between t h e  o u t e r  atmosphere of t h e  
Sun (one riLl:-ion degrees)  and t h e  lower atmosphere ( t e n  thousand degrees) .  
OSO-I w i l l  provide a s u b s t a n t i a l  i n c r e a s e  i n  spacec ra f t  c a p a b i l i t i e s  over 
previous :;alar missions,  i .e . ,  by a f a c t o r  of 900 i n  r e so lvab le  f i e l d  of 
view and a f a c t o r  of 100 i n  s p e c t r a l  r e so lu t ion .  A comprehensive Guest 
Inves t i g a - s r  Program has been i n i t i a t e d  f o r  OSO-I  wi th  about 50 i n v e s t i g a t o r s  
from s i x  cxmtries inc lud ing  t h e  USSR. 
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F i s c a l  Year. 1975 funds are  being used f o r  a n a l y s i s  of d a t a  from t h e  OSO-7 
mission and f o r  t h e  completion, launch, and mission opera t ion  o f  OSO-I. 

CHANGES FFXIM FY 1975 BUIXE?' - ESTIMATE ---- 

The reduct ion  i n  t h e  FY 1.975 estimate f o r  OS0 r e f l e c t s  a rephasing of 
requii:ements; 
decrease  in I"I? 1975, t o  mai.ntain assembly and test schedules  lead ing  t o  t h e  
planned 1aiinc:h of OSO-I i n  1975. 

an  i n c r e a s e  w a s  r e q u i r e d  i n  FY 1974, w i th  a corresponding 

---- BASIS OF I?'< 1-976 AND TFWTSITION PERIOD ESTIMATES 

F i s c a l  !!ear 1976 and t r a n s i t i o n  per iod  funds are requi red  f o r  support  of  
t h e  o r b i t a ' t  opera t ions  'of OSO-I, and f o r  t h e  reduct ion  and a n a l y s i s  of t h e  
scienirif  i c  d a t a  returnecd from t h e  experiments.  

O r b i t i n g  Astronomical Observator ies  (OAO) 

1975 
Budget Current T r a n s i t i o n  ._ 

-- 1974 Est imate  E s t i m a t e  197 6 Program- 
(Thousands of  Dol la rs )  

OAO o r b i t a l  
o p e r a t i o x  , 
Data ana lys i s . .  . . $2,326 $2,380 $2,470 $2,800 $1,000 

OBJECTIVES AND STATUS ---- 

Since 1968, t h e  OAO program has provided astronomers w i t h  a c c u r a t e l y  
s t a b i  l i z e d ,  automated s p a c e c r a f t  o b s e r v a t o r i e s  f o r  t e l e s c o p i c  observa t ions  
of c e l e s t i a l  o b j e c t s  p r i m a r i l y  i n  t h e  u l t r a v i o l e t  reg ion  of t h e  e l e c t r o -  
magnetic :;':,ectrum. The l a s t  of t h i s  series of o b s e r v a t o r i e s ,  OAO-3 
(Copemicii;) , w a s  launched i n  August 1972. 

One of ssveral t o t a l l y  unexpected r e s u l t s  o f  t h e s e  missions w a s  t h e  
discovery 3f a high temperature component of t h e  i n t e r s t e l l a r  gas whose 
tempe-ratuirs i s  i n  t h e  v i c i n i t y  of one m i l l i o n  degrees.  This component may 
occupy up to  90 percent  of i n t e r s t e l l a r  space.  The d iscovery  w i l l  have a 
s i g n i E i c a n t  :impact on t h e  theory  of star formation from i n t e r s t e l l a r  clouds.  

F i s c a l  Year 1975 funds a re  be ing  used f o r  completion of t h e  OAO-2 d a t a  
a n a l y s i s  i2id f o r  t h e  opera t ion  and a n a l y s i s  of d a t a  obtained from t h e  OAO-3. 
We a r e  al:;,3 :supporting a Guest Observer Program which enables  a broad segment 
of t h e  astronomical  community t o  use  OAO t o  s tudy  ce l e s t i a l  o b j e c t s .  

CHANGES FIWM FY 1975 BUDGET ESTIMATE ---- 
The FY 197.5 funding has been increased  t o  provide a d d i t i o n a l  support  f o r  

t h e  G u e s t  I n v e s t i g a t o r  Program. 
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BASIS OF F'I 1'376 AND TRANSITION PERIOD ESTIMATE --- 

F i s c a l  Ye,sr 1976 and t r a n s i t i o n  per iod  funds w i l l  be  requi red  f o r  OAO-3 
i n - o r b i t  opera t ions  and t o  provide  f o r  d a t a  process ing  and a n a l y s i s  of d a t a  
obtained b:y t h e  Pr ince ton  experiment. Support t o  t h e  Guest Observer Program 
w i l l  b'e con t iiiued . 

High Enerpy Astronomy Observa tor ies  (HEAO) 

1975 
Budget Current  T rans i t  ion  

-- 1974 Estimate E s t i m a t e  1976 - Period 
( In  Thousands of Do l l a r s )  

HEAO spacecraEt . .  . . -- -  $22,024 $23,497 $34,009 $7,000 
HEAO e:Kp er Linen t s . . . --- 18,376 19,403 22,591 5,000 
Redef in i t i on  of --- - - -  - -- - - -  HEAO program.. . . . $4,850 

To ta l ,  HE40 ...... $4,850 -- $40,400 $42,900 $56,600 

OBJECTIVES AN3 STATUS --- 
According t 2  t h e  b e s t  c u r r e n t  t h e o r i e s ,  n e a r l y  one- th i rd  of t h e  observable  

energy e x i s t i n g  i n  t h e  universe  i s  i n  t h a t  po r t ion  of t h e  spectrum which 
conta ins  X - r a y s ,  gamma rays ,  and cosmic rays .  The b a s i c  s c i e n t i f i c  o b j e c t i v e  
of t h e  HEAiO program i s  t o  explore  t h e s e  reg ions  of t h e  un ivs r se  which cannot 
be observed from the  ground. This program has t h e  p o t e n t i a l  t o  enhance 
our understanding of newly discovered energy processes  and of t h e  c r e a t i o n  
of matter, and thus lead t o  p r a c t i c a l  a p p l i c a t i o n s  of t hese  processes .  

Also, i t  w i l l  g r e a t l y  improve our understanding of observed phenomena such 
as quasars ,  p u l s a r s ,  novae, and supernovae. Various advisory  hoards,  
inc luding  t h e  P res iden t ' s  S c i e n t i f i c  Advisory Council  and t h e  Nat ional  
Academy of Sciences (Woods Hole Summer Study) ,  have given t h i s  program a very  
high p r i o r i t y .  

The program c o n s i s t s  of two segments o r  "Blocks". Block I c o n s i s t s  of 
t h r e e  s a t e l l i t e s ,  c u r r e n t l y  under development, t o  be launched on At las /  
Centaur rocke ts  from t h e  Eas te rn  T e s t  Range (ETR). Block I1 w i l l  be  con- 
s ide red  as a f u t u r e  new s ta r t  t o  be launched by t h e  Space Shutt:le and w i l l  
c a r r y  those heavier  and l a r g e r  types of instruments  which Block I cannot 
accommodate. 

About 80 percent  of t h e  HEAO subsystem components use  e x i s t i n g  f l i g h t  
hardware designs from ongoing programs such as OSO, ATM, SAS, and F l e e t  
S a t e l l i t e  Communications (FLTSATCOM). The f i r s t  launch i n  1977, HEAO-A, 
w i l l  be  an X-ray survey mission. The second mission,  HEAO-By w i l l  c a r r y  a 
graz ing  incidence X-ray t e l e scope  and w i l l  make d e t a i l e d  s t u d i e s  of s p e c i f i c  
sources  i n d e n t i f i e d  by IIEAO-A. The t h i r d ,  HEAO-Cy w i l l  c a r r y  a combination 
of garruna r a y  and cosmic r a y  instruments .  
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The FY 1975 funds provide  f o r  t h e  d e t a i l e d  des ign  and s tar t  of development 
of t h e  s p a c e c r a f t  and t h e  HEAO-A s c i e n t i f i c  instruments.  
ins t ruments  and mir ror  has a l s o  begun and d e f i n i t i o n  of t h e  HEAO-C payload 
i s  cont inuing .  Long l ead  t i m e  i t e m s ,  such as t e l e scope  mi r ro r  b lanks ,  large 
sodium iod ide  c r y s t a l s ,  s tar senso r s ,  and t a p e  r eco rde r s  are be ing  procured. 
Subcont rac ts  f o r  vendor i t e m s  have been nego t i a t ed  and procurements are  
under way. 

Design of t h e  HEAO-13 

CHANGES --- FROM FY 1975 BUDGE:T ESTIMATE 

The FY 1975 requirements have inc reased  by $2.5 m i l l i o n  because of longer  
lead  times f o r  procurement, of c r i t i c a l  p a r t s  and h igher  l abor  ra tes  than  
p rev ious ly  es t imated .  

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATE 

The FY 1976 and t r ans i t i . on  pe r iod  funds are r equ i r ed  t o  comp1et:e t h e  
f a b r i c a t i o n  o f  t h e  HEAO-A experiments and spacec ra f t .  Subsystems t e s t i n g  
w i l l  t ake  p l a c e  and t h e  o v e r a l l  systems v e r t i f i c a t i o n  w i l l  beg in  a f t e r  
i n t e g r a t i o n  o f  t h e  observaitory. Design of t h e  HEAO-B observa tory  w i l l  be  
completed and f a b r i c a t i o n  w i l l  begin.  The graz ing  inc idence  t e l e scope  mi r ro r s  
w i l l  b e  pol i shed .  
1976. 
w e l l  as p r e p a r a t i o n  of t h e  mission c o n t r o l  c e n t e r .  

The HEAO-C des ign  e f f o r t  w i l l  be  completed du r ing  FY 
Mission ope ra t ion  e f f o r t s  w i l l  i nc lude  p r e p a r a t i o n  of soft:ware as 

- Orb i t ing  Explorers - Summary 

197 5 

1974 -- 

Space physics 

As  tron0rn.y and 
explorers. . .  ..... $19,2!83 

a s t rophys ic s  
exp lo re r s  ........ 13 . 504 -- 
Tota l  Explorers. .  $32,787 -- 

(Launch v e h i c l e  procurement) 
Delta.  ........... ($6,800) 
scout  ............ ( -,--I 

Budget Current T r a n s i t i o n  

( I n  Thousands of Do l l a r s )  
197 6 Per iod  - -  E s t i m a t e  E s t i m a t e  

$18,420 $18,289 $22,547 $6,600 

($6,200) ($9,500) ($5,800) ($1,000) 
( 4,450) ( 2,800) ( 1,000) (1 500) 

The Explorer program provides  t h e  c a p a b i l i t y  t o  conduct r e l a t i v e l y  low c o s t  
quick response inves t iga t i .ons  from Ear th  o r b i t .  
s a t e l l i t e s  are  exp lo ra to ry  i n  n a t u r e  and have made a number of b a s i c  
cont rubut ions  beginning wi th  t h e  d iscovery  of t h e  E a r t h ' s  r a d i a t i o n  b e l t s .  

A s  t h e  name impl i e s ,  t h e s e  

The Ex.plorer s a t e l l i t e s  normally focus on a s p e c i f i c  problem o r  d i s c i p l i n e  
area. Problems i n  X-ray, gamma r a y  and r a d i o  astronomy, atmospheric and 
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ionospheric  pnysics  , r a d i a t i o n  b e l t s  magnetospheric 
p l a n e t a r y  space are being i n v e s t i g a t e d  i n  t h i s  way. 
provides  a mean; f o r  coopera t ive  missions w i t h  o t h e r  
o t h e r  c o u n t r i e s ,  where mutual program o b j e c t i v e s  can 
cooperat ing 3 a r t y  paying i t s   WE c o s t s .  

boundaries , and i n t e r  - 
This program a l s o  
government agencies  and 
b e  m e t  w i th  t h e  

Explorer s p a c e c r a f t  have been launched a t  a r a t e  of about two t o  four  
missions per  year ,  us ing  both  Delta and Scout launch v e h i c l e s .  

Space Physics Explorers  

1975 
Budget Current  

-_ 1974. Estimate E s t i m a t e  1976 
(€n Thousands of Dol la rs )  

Atmosphere 

I n t e r n a t i o n a l  Sun- 
Earth e x p l c r e r s  
(ISEE) ........... --.- 6 800 6,957 15,000 

Other space physics  

explorers  (AE). .. $12,71-1 $7,480 $7 480 $5 500 

explorers  ........ 6,572- 4 ,140  3,852 2,047 

Total. . . . . . . . .  ... $ 1 9 , 2 t u  $18.420 $18.289 $22,547 -- 

OBJECTIVES AND STATUS 

These Explorers provide the  means f o r  conducting s t u d i e s  of 

Trans i t  ion  
Period - 

$1,200 

4 , 000 

1 400 

$6,600 

t h e  E a r t h ’ s  
near-space environment. ‘fie program r e q u i r e s  a wide v a r i e t y  of s a t e l l i t e s  
extending from t h e  v e r y  lowest reaches of t h e  upper atmosphere, being 
i n v e s t i g a t e d  by t h e  Atmosphere Explorers ,  t o  t h e  i n t e r p l a n e t a r y  medium 
beyond t.he E:art h ‘ s  magnetosphere, being i n v e s t i g a t e d  by t h e  I n t e r p l a n e t a r y  
Monitoring E’:.at form (IMP) series.  

The progran is i n  a t r a n s i t i o n  between t h e  e a r l y  d iscovery  and mapping 
phase conducted over t h e  past  decade t o  a phase i n  which t h e  cause and 
e f f e c t s  of t:he s o l a r  wind on t h e  E a r t h ’ s  environment w i l l  be  s t u d i e d  by 
means of siniii1t:aneous measurements a t  d i f f e r e n t  l o c a t i o n s  by p r o j e c t s  such 
a s  t h e  1internat:ional Sun- Earth Explorers  (ISEE) . 

The year  1.974 was very successfu l  and included t h e  launch i n  February of a 
s a t e l l i t e  w i - h  I t a l y  (San Mar-co C-2) , as w e l l  as a Neut ra l  Poin t  Explorer  
mission (Haw1ce;re) which was s u c c e s s f u l l y  launched i n  June 1974.  I n  1975, i t  
i s  planned 1x0 :launch t h e  Dual A i r  Densi ty  (DAD) Explorer.  

The Atmospheire Explorers  (AE) ser ies  c o n s i s t s  of t h r e e  missions.  The 
f i r s t  (1%-C) w a s  s u c c e s s f u l l y  launched i n  December 1973.  The second and 
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t h i r d ,  AE-D and E, w i l l  be  launched dur ing  1975. 
equipped wi th  an onboard propuls ion  system which w i l l  p e r m i t  t h e  AE:'s t o  d ip  
lower i n t o  the  Ea r th ' s  atmosphere than any previous s a t e l l i t e .  This reg ion  
has  prev ious ly  been inves t iga t ed  only  by sounding rocke t s  and i s  an area of 
increas ing  concern r e l a t i v e  t o  t h e  s t a b i l i t y  of t h e  E a r t h ' s  environment. 
Data from AE-C have demonstrated t h a t  l a r g e  scale dynamic motions have an 
important d i r e c t  bear ing  on the d i s t r i b u t i o n  of p a l l u t a n t s .  

Each s p a c e c r a f t  i s  

During 1974 we i n i t i a t e d  a coope ra t ive  program wi th  t h e  European Space 
Research Organizat ion (ESRO), which has  been designated t h e  I n t e r n a t i o n a l  
Sun-Earth Explorer (ISEE). This program c o n s i s t s  of two launches i n  1977 and 
1978, invcilving t h r e e  s p a c e c r a f t  which w i l l  usher  i n  a new phase of i n v e s t i -  
ga t ion ,  t h a t  of r ea l  t i m e  cause and e f f e c t  r e l a t i o n s h i p s  between the  incoming 
s o l a r  wind ana' i t s  i n f luence  on t h e  E a r t h ' s  environment. 

I n  response to two Announcements of Oppor tuni t ies  i s sued  i n  t h e  Ea11 of 
1974, a l a r g e  riuniber of proposa ls  have been rece ived  from t h e  s c i e n t i f i c  
community f o r  1)ot:h experiments and complete Scout .class s p a c e c r a f t .  W e  have 
s e l e c t e d  a nunher of candida te  experiments f o r  i n c l u s i o n  i n  conceptual  s t u d i e s  
of spacec ra f t  to be conducted dur ing  1975 under the  Support ing Research and 
Technology program. These inc lude  the  Electrodynamic Explorer designed t o  
sys t ema t i ca l ly  i n v e s t i g a t e  the  E a r t h ' s  e lectr ic  f i e l d  f o r  t h e  f i r s t  t i m e .  
A Mesospheric IZxplorer i s  a l s o  be ing  considered t o  i n v e s t i g a t e  t h i s  very  
c r i t i c a l  reg ion  of t h e  E a r t ' h ' s  environment as i t  a f f e c t s  t h e  t r a n s p o r t  of 
p o l l u t a n t s  and t h e  c r e a t i o n  and s t a b i l i t y  of t h e  ozone l aye r .  

CHANGES FROM --- I?Y :L975 BUDGET ESTIMATE 

The red1ictio.i i n  t h e  FY 1975 estimate r e f l e c t s  savings achieved through t h e  
launch of Hawkeye ear l ier  than o r i g i n a l l y  planned. 

BASIS OF 'FY --- 1'376 ANTI TRANSITION PERIOD ESTIMATES 

F i s c a l  Year 19'76 and t r a n s i t i o n  per iod  funds are requi red  f o r  i n - o r b i t  
ope ra t ion  of AE-C and D, a n a l y s i s  of d a t a  from AE-C and D experiments,  and 
completion and launch of AE-E. I n  t h e  ISEE p r o j e c t ,  funds w i l l  p rovide  f o r  
procurement of hardware, subsystem f a b r i c a t i o n ,  assembly, and t e s t  of t h e  
ISEE spacec ra f t .  I n  a d d i t i o n ,  funds w i l l  be  r equ i r ed  f o r  i n t e g r a t i o n  and 
launch of DAD, i n - o r b i t  ope ra t ion  of Hawkeye and a n a l y s i s  of d a t a  from 
Hawkeye experiments,  t h e  cont inued ope ra t ion  and reduct ion  of da ta  from the  
IMP-J and H launched i n  
o t h e r  missions prev ious ly  launched, and d e f i n i t i o n  s t u d i e s  of proposed 
m i s s  ions .  

1972 and 1973 resPeGtivelY,the a n a l y s i s  of d a t a  from 

.RD 4-12 

566-537 0 - 75 - 1.3 



Astronomy and Astrophysics Explorers  

S m a l l  as tronorrq. 
s a t e l l i t e s  (SAS) . 

I n t e r n a t  iclnal 
u 1 t r a v i  o 1 e t  
exp lo re r s  (IL'E). . 

Other as tz-ononiy 
and as tl-ophysic s 
exp 1 o r  el- s . . , ,, . , . . 
Tota l . .  #,. . . ,, . , 

1975 
Budget Current - 

197 6 1974 E s t i m a t e  E s t i m a t e  - 
( I n  Thousands of Do l l a r s )  

$6 , 500 $4 130 $4 230 $1,638 

5,608 10 > 000 10 y 000 6,500 

1,3915 450 48 1 2,315 

$13.50& $14.580 $14.711 $10.453 -- 

T r a n s i t i o n  
Period - 

$500 

'I, 600 

OBJECTIVES ANI) STATUS ---- 

These E : < p l o ~ ~ r : ;  p rovide  t h e  means f o r  c a r r y i n g  ou t  as t ronomica l  s t u d i e s  
r e l a t i n g  to  t h 3  :sun, s t a r s ,  g a l a x i e s ,  and p l a n e t s  which do no t  r e q u i r e  l a r g e ,  
complex as t ron3mica l  obse rva to r i e s .  
S a t e l l i t e ;  (SA:) ; t he  Radio Astronomy Explorers  (RAE); t h e  I n t e r n a t i o n a l  
U l t r a v i o l e t  Explorer (IUE), which i s  an i n t e r n a t i o n a l  coope ra t ive  e f f o r t  
w i th  t h e  United Kingdom (UK) aiid ESRO; and coope ra t ive  astronomy missions 
wi th  the  UK aiid t he  Netherlands (UK-5 and A N S ,  r e s p e c t i v e l y ) .  The most 
r e c e n t  missio'i,  IJK-5 and ANS, were s u c c e s s f u l l y  launched i n  October and 
August 1974, r e s ? e c t i v e l y ,  
of 1975. 

Included h e r e  are t h e  Small Astronomy 

The SAS-C i s  scheduled f o r  launch i n  t h e  s p r i n g  

The Astronomy and Astrophysics Explorers  p e r m i t  t h e  s tudy  of va r ious  
s p e c t r a l  reg ions  of t h e  e lec t romagnet ic  spectrum. SAS-A, launched i n  
December 1970, was t h e  f i r s s t  s a t e l l i t e  devoted t o  X-rayastronomyand has 
r a i s e d  X-ray astronomy t o  an importance equ iva len t  t o  t r a d i t i o n a l  opLica1 
astronomy. SAS-B, launched i n  1972, w a s  t h e  f i r s t  e f f e c t i v e  gamma r a y  
s a t e l l i t e  and has  y i e lded  t h e  most comprehensive d a t a  on gamma r a y  d i s -  
t r i b u t i o n  i n  IOUI: galaxy. 

occu r r ing  w i t h i n  and near  t h e  v i c i n i t y  of many d i f f e r e n t  u l t r a v i o l . e t  e m i t t i n g  
o b j e c t s  ranging  from t h e  pl .anets t o  t h e  puzz l ing  quasars .  This p r o j e c t  has 
many unique f e a t u r e s ,  i nc lud ing  i n t e r n a t i o n a l  agreements under which UK and 
ESRO w i l l  prciiric.e, r e s p e c t i v e l y ,  t h e  imaging system and t h e  s o l a r  panels f o r  
a NASA s p a c e c r a f t .  This equipment, p l u s  a planned ESRO ground s t a t i o n ,  
r e p r e s e n t s  a European commi.tment of more than  $18 m i l l i o n  t o  t h e  1.UE p r o j e c t .  

The I U E  i s  designed t o  s tudy ,  w i th  high r e s o l u t i o n ,  va r ious  processes  

A s  i n  t h e  case  of Space Physics Explorers ,  a number of proposed experiments 
have been i d e n t i f i e d  as cand ida te  payloads f o r  i n c l u s i o n  i n  conceptual s t u d i e s  
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of several. proposed Exploreics du r ing  1975 under the  Supporting Research and 
Technology Program. During FY 1976, i t  i s  planned t o  proceed wi th  d e t a i l e d  
des ign  of t he  Energe t ic  Gamma Ray Explorer  Telescope (EGRET). This  mission 
i s  planned f o r  f l i g h t  on an e a r l y  S h u t t l e  mission. 
a l a r g e  s t e p  forward i n  the  f i e l d  of gamma r a y  astronomy, inc lud ing  t h e  
a b i l i t y  t o  s tudy  the  s t r u c t u r e  of our galaxy wi th  a h igh  s t a t i s t i c a l  
accuracy and s t r u c t u r a l  r e s o l u t i o n .  
completed du r ing  FY 1975. 

The s p a c e c r a f t  w i l l  be 

The d e f i n i t i o n  phase of EGRET w i l l  be 

CHANGES FROM IzL1.975 BUDGET ESTIMATES 

The i n c r e a s e  i n  the  FY 1975 e s t i m a t e  r e f l e c t s  a d d i t i o n a l  work requi red  t o  
remedy deficienc:-es d i sc losed  du r ing  t h e  f i n a l  t e s t i n g  of  the  U. S. 
experiment on the ANS mission. 

BASIS OF PY --- 11376 AND TRANSITION PERIOD ESTIMATES 

F i s c a l  Year 19'76 and t r a n s i t i o n  period funds w i l l  suppor t  t h e  a n a l y s i s  of 
d a t a  from SAS-12 experiments;  t h e  c o n t i n u a t i o n  of a c q u i s i t i o n ,  p rocess ing ,  
and a n a l y s i s  o f  data from o p e r a t i o n a l  s a t e l l i t e s  p rev ious ly  launched (SAS-A 
and B y  RAE-B, ANS, and U K - 5 ) ;  t he  i n t e g r a t i o n  and tes t  of t he  I U E  
prepara tory  t o  a mid-FY 1977 launch;  t he  d e t a i l e d  des ign  of EGRET; and the  
conduct of d e f i n i t i o n  s t u d i e s  of proposed missions.  

-- Suborb i t a l  Programs - Summary 

1975 
Budget Curren t  

1974. Estimate E s t i m a t e  197 6 
( I n  Thousands of Do l l a r s )  

-- 

Sounding rocke t s . .  . $18,11.3 $20,000 $19,600 $20,000 
Airborne research . .  4,000 4,000 3,900 3,800 
Balloon program.... -- 1,000 1,000 1,000 1,000 

To ta l ,  S u b o r i b i t a l  
Program.. . . . . . . $23,112 $25,000 $24.500 $24,800 -- 

(Launch v e h i c l e  procurement:) 

scout............. (--.-) ($1,350), ($1,300) (-- - I  

Sounding Rockets 

I975 
Budget Curren t  T r a n s i t  ion  

(In Thtksands of Do l l a r s )  
1974 E s t i m a t e  Estimate 1976 Per iod  ---. 

T r a n s i t i o n  
- Per iod  

$6, 200 

300 
1,000 

rj7.500 

( - - - I  

$ l e 8 ,  11.3 $20,000 $19,600 $20,000 $6,200 
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OBJECTIVES AND STATUS 

The sounding rocke t  program provides  a low c o s t  and versa t i le  t o o l  f o r  
s c i e n t i f i c  r e sea rch  i n  t h e  s u b o r b i t a l  space  environment. This program pro- 

v i d e s  broad-ba:;'?d suppor t  of a l l  of t h e  s c i e n t i f i c  d i s c i p l i n e s ,  inc luding  
t h e  s tudy  of cosm:ic d u s t  and i n t e r p l a n e t a r y  matter, magetospheric Phys ics ,  
s t e l l a r  as tronoiny, s o l a r  astronomy, and h igh  energy a s t rophys ic s .  The 
c u r r e n t  l e v e l  o f  a c t i v i t y  i s  approximately 65 rocke t  f l i g h t s  per  year.  

The s p e c i f i c  o b j e c t i v e s  of t h e  Sounding Rocket program are  as follows: 

1. To conduct 3 coordinated r e sea rch  program u t i l i z i n g  experiments w i t h  
f l i g h t  r e q u i r e a e n t s  which ca.nnot be m e t  by l e s s e r  performance v e h i c l e s  and 
do no t  r e q u i r e  long duration. s a t e l l i t e  observa t ion .  S p e c i f i c  a reas  of 
s tudy  inc lude :  

a. t h e  na ture ,  c h a r a c : t e r i s t i c s ,  and composition of t h e  upper 
atmosphere, magnetosphere, and near space; 

b. t h e  E f f e c t s  of incoming e n e r g e t i c  p a r t i c l e s  and s o l a r  and s t e l l a r  
r a d i a t i o n  on t h e  upper atmosphere and magnetosphere; 

c. t h e  na tu re ,  c h a r a c t e r i s t i c s ,  and s p e c t r a  of r a d i a t i o n  of t h e  Sun, 
stars,  and o t b e r  c e l e s t i a l  o b j e c t s .  

2. To suppor t  t h e  b a s i c  o b j e c t i v e s  of t h e  Physics and Astronomy programs 
by provid ing  t h e  means f o r  obtainingmeasurements a t  a l t i t u d e s  too low f o r  
s a t e l l i t e s  but too  h igh  f o r  ba l loons  o r  a i r p l a n e s ;  f l i g h t  t e s t i n g  instruments 
and exper>-ment :; being developed f o r  f l i g h t  on sa te l l i t es ,  o b s e r v a t o r i e s ,  and 
space probes; and f o r  c a l i b r a t i n g  o r  ob ta in ing  v e r t i c a l  p r o f i l e s  i l l  co r -  
r e l a t i o n  w i t h  c u r r e n t l y  o r b i t i n g  s p a c e c r a f t .  

3 .  TO suppor t  personnel i n  space  s c i e n c e  experimentation, both on  a 
domestic and an  i n t e r n a t i o n a l  coope ra t ive  b a s i s  a t  minimum expense. 

I n  t h e  niagne1:ospheric phys ics  area, continued emphasis has been placed on 
lower i o n o s p h c ~ i c  measurements (low a l t i t u d e  measurements which can only  be  
done w i t h  sounding rocke t s )  and v e r t i c a l  scans c o r r e l a t e d  wi th  Atmosphere 
Explorer rneasiiiierients. C o r r e l a t i v e  measurements of a u r o r a l  phenomena are  
a l s o  bein;: made wi th  ATS-6 s a t e l l i t e .  
coord ina t  ion o E near-simultaneous lauching  of several rocke t  payloads. 
F i f  ty - four  sowiding r o c k e t s  were launched dur ing  t h e  summer of 1974-dt 
Wallops F l i g h t  Center i n  a coope ra t ive  ven tu re  w i t h  t h e  A i r  Force Cambridge 
Research 'Labor,atory (AFCRL) c a l l e d  ALADDIN (Atmospheric Layering and Density 
D i s t r i b u t i o n  o f  'Cons and Neut ra l s ) .  Luminescent clouds r e l e a s e d  by f i v e  
rocke t s  were observed from t h e  NASA Lear Jets. A major a c t i v i t y  du r ing  FY 
1975 i s  a n  exped i t ion  t o  Peru € o r  e q u a t o r i a l  aeronomical observa t ions .  

I n c r e a s i n g  emphasis i s  being placed on t h e  

In  t h e  s t e l l a r  astronomy area, con t inu ing  emphasis i s  being placed on 
measurement of s ta rs  and ex,tended sources  i n  both  t h e  W and X-ray reg ions .  
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Many o b s e r v a t i o x  w i l l  fo l low up t h e  ear l ie r  measurements on 
such as UHURU, OAO-A2, and OAO-3. 
cont inue  t 3  be  f lown i n  o rde r  t o  make measurements which cannot be  made 
wi th  e x i s t i n g  s a t z l l i t e s .  

sa te l l i t es  
Spec ia l  types of ins t rumenta t ion  w i l l  

The So la r  Physics  Sounding Rocket program w i l l  cont inue  t o  form an impor- 
t a n t  p a r t  of t h e  research  i n  t h i s  area of Physics  and Astronomy. Af t e r  t h e  
i n t e n s i v e  a c t i v i t y  r e l a t e d  t o  ATM c a l i b r a t i o n  and c o l l a b o r a t i v e  imres t iga-  
t i o n s , t h e  emphasis dur ing  FY 1975 w i l l  now s h i f t  t o  s imi l a r  a c t i v i t i e s  i n  
support  of t h e  O S O - I  mission. 
of bo th  q u i e t  and a c t i v e  s o l a r  f e a t u r e s  i s  being developed and t e s t e d .  
Seven Solar  Physics Sounding Rockets are planned f o r  t h i s  per iod .  

I n  a d d i t i o n ,  new ins t rumenta t ion  f o r  s t u d i e s  

The Gravi ty  I’robe-A p r o j e c t ,  which w a s  i n i t a t e d  i n  FY 1972 t o  confirm wi th  
improved a.ccurz.cy t h e  g r a v i t a t i o n a l  r e d s h i f t  ( r e l a t i v i s t i c  frequency s h i f t )  
p red ic t ed  by E:j.nstein’s Theory of R e l a t i v i t y ,  has proceeded through t h e  
des ign  s t a g e ,  and. hardware -is now under development and tes t .  

CWNGE FROM FJ: 1975 BUDGET IBTIMATE --- 
The decrease  i n  FY 1975 funding r e s u l t s  from a postponement i n  t h e  pro- 

cur  ement of r tq) lacemen t v e h i c l e s  . 
BASIS OF I’Y --- 1976 AND TRANSITION PERIOD ESTIMATES 

During FY 19‘76 and t h e  t r a n s i t i o n  per iod ,  t h e r e  w i l l  be  a con t inua t ion  of 
most of t he  a c t i v i t i e s  d i s c r i b e d  above, wi th  emphasis on t h e  coord ina t ion  of 
rocke t  launches iind on c o r r e l a t i o n  wi th  s a t e l l i t e  observa t ions .  Environmental 
t e s t  f o r  t he  Gravi ty  Probe-A w i l l  be  completed, t h e  f l i g h t  performed, and 
d a t a  analysis  i n i t i a t e d .  

Airborne Research 

19175 
Budget Current  T rans i t i on  

( I n  Thousands of Do l l a r s )  
1974 E s t i m a t e  E s t i m a t e  197 6 Period --- 

$4,000 $4,000 $3 , 900 $3,800 $1,000 

OBJECTIVES mrh STATUS ---- 
Research wit.h instrumented j e t  a i r c r a f t  has been an  i n t e g r a l  p a r t  of t h e  

o v e r a l l  NASA program i n  phys ics  and astronomy s i n c e  1965. The a i r c r a f t  
p la t form prcwides a l a r g e  payload c a p a c i t y  and f a c i l i t i e s  f o r  extended 
observa t ions  over t h e  ent i i re  Earth.  It a l s o  may be  t r anspor t ed  r e a d i l y  t o  
high operat ional .  a l t i t u d e s ,  near  15 Kilometer (Km) (50,000 f e e t )  i n  o rde r  t o  
provide  a c loud-  f r e e  s i t e  €or  geophysics experiments and astronomical  
observa t ions .  The p o s s i b i l i t y  of conducting experiments a t  t h i s  c loud- f r ee  
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a l t i t u d e  has  been e s s e n t i a l  i n  opening t o  astronomy t h e  i n f r a r e d  reg ion  of 
t h e  e lec t romagnet ic  spectrum from 10,000 Angstroms t o  one m i l l i m e t e r .  The 
a i r b o r n e  p la t form has t h e  f u r t h e r  advantage of enabl ing  s c i e n t i s t s  t o  
p a r t i c i p a t e  d i r e c t l y  i n  the  space experiment. 

E f f o r t s  have been concent ra ted  i n  t h e  i n f r a r e d  astronomy program, a l though 
geophysical i n v e s t i g a t i o n s  such as a u r o r a l  s t u d i e s  and measurement.s of 
motions and f i e l d s  i n  t h e  upper atmosphere us ing  photographs of chemicals 
r e l eased  from rocke t s  have been included. 

The 91 cent imeter  (cm) IF: t e l e scope  on t h e  C-141A a i r c r a f t  began o p e r a t i o n a l  
f l i g h t s  i n  1974. This Airborne Observatory i s  a f u l l  scale, manned f a c i l i t y .  
The 91-cm., f/13.5 t e l e scope  ope ra t e s  through an  open p o r t ,  w i th  a p r e s s u r e  
bulkhead g iv ing  t h e  astronomers a comfortable,  s h i r t s l e e v e  environment i n  
which t o  work. The t e l e scope  f l o a t s  on a l a r g e  a i r - b e a r i n g  t h a t  p e r m i t s  
hours of a c c u r a t e  s t a b i l i z a t i o n  w i t h i n  a few arc  seconds. The weight of 
t h i s  observa tory  is  about 1-6 tons (14.5 m e t r i c  t ons ) .  

I n f r a r e d  astronomers have a c t i v e l y  p a r t i c i p a t e d  i n  t h e  Airborne Research 
program f o r  ave r  t h r e e  yea r s  u t i l i z i n g  a 30-cm t e l e scope  c a r r i e d  on a Lear 
Jet .  This L e x  Je t  program invo lves ,  a t  p r e s e n t ,  about t e n  as t ronomica l  
groups . 

The FY 1975 Ai.rborne Research program funds have been used t o  complete t h e  
o p e r a t i o n a l  t e s t . i ng  and i n i t i a t e  ope ra t ions  of t h e  Airborne I R  Observatory 
on t h e  C-.14lP,, I%e Lear Jet as t ronomica l  program cont inues  t o  suppor t  
i n f r a r e d  astronomy o b j e c t i v e s .  

CHANGES FROM I"Y 1975 BUDGET ESTIMATE --- 

The r educ t ion  i n  t h e  level of funding w a s  made p o s s i b l e  by t h e  purchase,  
i n  1974, of it L e a r  Jet ,  which e l imina ted  t h e  need f o r  budgeting l e a s e  c o s t s  
formerly a s s o c i a t e d  w i t h  t l n e  Lear Jet  a c t i v i t y .  

BASIS OF --- FY 1'376 AND TRANSITION PERIOD ESTIMATES 

The FY 1976 arid t r a n s i t i o n  pe r iod  a i r b o r n e  r e s e a r c h  budget w i l l  be used 
mainly t o  con t inue  ope ra t ions  of t h e  Airborne Observatory. Requirements 
cover suppor t  f o r  t h e  as t ronomica l  groups, a c q u i s i t i o n  of subsystems, and 
ope ra t ion  of the C-141A. The Lear Jet program will a l s o  be  continued. 

Balloon Program 

Budget Curren t  T r a n s i t i o n  

( I n  Thousands of Do l l a r s )  
197 6 Per iod  --- 1'374 Estimate Estimate - 

$1,000 $1,000 $1,000 $1,000 $300 
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OBJECTIVISS ANI> STATUS 

I n  t h e  devetopment of s c i e n t i f i c  experiments f o r  space  f l i g h t  and o t h e r  
independent s c i e n t i f i c  miss ions ,  i t  i s  necessary  t o  test  t h e  in s t rumen ta t ion  
i n  t h e  space environment and t o  make obse rva t ions  a t  a l t i t u d e s  which are  no t  
a c c e s s i b l e  t o  r o c k e t s  and spacec ra f t .  I n  many i n s t a n c e s ,  i t  i s  less expensive 
and more e f f i c i e n t  t o  f l y  t h e s e  payloads on ba l loons .  The new "superpressure"' 
b a l l o o n s ,  i n  p a r t i c u l a r ,  o f f e r  unique o p p o r t u n i t i e s  f o r  long d u r a t i o n  
mis s ions ,  Approximately one m i l l i o n  d o l l a r s  has  been expended annual ly  t o  
suppor t  about 40-50 ba l loon  f l i g h t s  a year.  
helium and spec:-a1 s e r v i c e s .  Funding f o r  t h e  experiments i s  provided from 
Supporting Research and Technology (SR&T) . 

These funds provide  f o r  ba l loons ,  

BASIS OF --- FY I976 AND TRANSITION PERIOD ESTIMATES 

The FY 1976 arid t r a n s i t i o n  per iod  r eques t  w i l l  suppor t  a level of e f f o r t  
approximi te ly  equal  t o  FY 1975, a l though a dec rease  i n  t o t a l  number of f l i g h t s  
i s  p o s s i b l e  due t o  t h e  inc reased  emphasis on more complex payloads,  h igher  
a l t i t u d e  requirements,  and cor respondingly  l a r g e r  ba l loons  and, perhaps most 
important,  t h e  combined e f f e c t s  of i n f l a t i o n  and h ighe r  c o s t s  of petroleum- 
based product::; such as ba l loons .  

S uppor t i n g  Ac t i v i  t i es 

1975 
Budget Current T r a n s i t i o n  

Supporting rc!:;earch 
and t echnol. ogy 

Data analysis:,,  . , . . . 
Large space t: e 1 e s c op e 

(SR&T) I.. . ,.. . . . $12,780 
4,881 

Skylab d a t a  anal.ysis - - -  
(LS T) -- advanc ed 
techno Io  g ica 1 
development: I ,  . . . . . 

Sola r  maximurn mission 
(SMM) -. adwnc:ed 
techno I. o gic: a 1 

- -- 

development. a . . . . . -._- 

Tota l ,  Support:ing 
A c t i v i t i e s . .  . . . $17,66J -- 

Js t i m a t  e E s t i m a t e  1976 - Period 
( I n  Thousands of Do l l a r s )  

$14,390 $13,800 $14,400 
5,000 5 , 000 5,000' 
1,500 1,400 6,000 ' 

6,200 3 , 000 5,000 

1,515 1,515 1,000 

$28.605 $24.715 $31.400 

$4,000 
1,300'\ . 
1,500 . 

I /  

3 , 000 

1,300 
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Supporting Research and Technology (SR&T) 

1975 
Budget Current T r a n s i t i o n  - 

1976 Period - 197L. Estimate Estimate --- 
( In  Thousands of Dol la rs )  

OBJECTIVES AND STATUS 

This e f f o r t  enhances t h e  o v e r a l l  s c i e n t i f i c  and technologica l  r e t u r n  from 
NASA f l i g h r  p r o j e c t s  and h e l p s  a s s u r e  t h e  cont inued v i a b i l i t y  of t h e  f u t u r e  
research  program fin space sc i ence .  The o b j e c t i v e s  can b e  s t a t e d  i n  t h e  
fol lowing th ree  broad c a t e g o r i e s :  (1) enhancement of t h e  v a l u e  o f  c u r r e n t  
space missions 'y supplementary simultaneous ground-based observa t ions ;  ( 2 )  
development of  t h e o r i e s  t o  expla in  observed phenomena and p r e d i c t  new ones;and 
(3 )  opt imiza t ion  O E  t h e  r e t u r n  expected from f u t u r e  missions by problem 
d e f i n i t i o n ,  degelopment of advanced experiments and concepts ,  and c a r e f u l  
d e f i n i t i o n  of ,pro.?osed new missions.  

The work i n  space physics  i s  l a r g e l y  devoted t o  support  of r e s e a r c h  r e l a t e d  
t o  physics  of t h e  Ear th ' s  environment. I t  inc ludes  s t u d y  of t h e  Sun-Earth 
environment f a c t o r s ,  as well  as e x t r a s o l a r  f a c t o r s  such as cosmic r ays .  
Research supported i n  t h e  f i e l d  o f  astronomy involves  t h e  s tudy  of t h e  Sun 
and o b j e c t s  o u t s i d e  t h e  s o l a r  system. S p e c i f i c  t a s k s  inc lude  s t u d i e s  of t h e  
s o l a r  atmosphere and t h e  inf-luence of t h e  Sun on i n t e r p l a n e t r a y  and p l a n e t a r y  
environments, work instrument  development, and l a b o r a t o r y  and t h e o r e t i c a l  
s t u d i e s  of b a s i c  p h y s i c a l  processes  p e c u l i a r  t o  t h e  Sun. Al so  included are  
s o l a r  r a d i o  astrcnomy p r o j e c t s  and r e s e a r c h  t a s k s  r e l a t e d  t o  o b j e c t s  o u t s i d e  
of t h e  so la r  s y s t e m ,  inc luding  observa t ion  by ground-based and balloon-borne 
te lescopes .  T h e o r e t i c a l  s t u d i e s  of s t a r s ,  g a l a x i e s ,  i n t e r s t e l l a r  and i n t e r -  
g a l a c t i c  matter, and advanced development work on experimental  tes ts  of t h e  
v a l i d i t y  of E i n s t e i n ' s  Theory of R e l a t i v i t y  a re  a l s o  supported i n  t h i s  area. 

About 225 t a s k s  are be ing  supported a t  u n i v e r s i t i e s ,  n o n p r o f i t  and i n d u s t r i a l  
r e s e a r c h  instj.tuf:ions, NASA c e n t e r s ,  and o t h e r  Government agencies  i n  26 
states and t h e  Distr ic t  of  Columbia. These t a s k s  i n c l u d e  cont inuing  s t u d i e s  
of advanced ml-ssions and Advanced Technological Development (ATD) of s o l i d  
s t a t e  d e t e c t o r  dczvices, s u p e r f l u i d  helium research ,  development of improved 
photometeirs arid support  of t h e o r e t i c a l  i n v e s t i g a t i o n s ,  

CHANGES FROM I?Y 'I975 BUDGET ESTIMATES --- 
SR&T funding i n  FY 1975 has been reduced s l i g h t l y  from t h e  planned level by 

postponing c e r t a i n  ATD t a s k s ,  and mission planning a c t i v i t y ,  such as t h a t  f o r  
a follow-on Gravi ty  Probe Miss ion. 
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BASIS OF --- FY 1976 AND mNSITION PERIOD ESTIMATES 

During F'I 1976 and t h e  t r a n s i t i o n  per iod ,  cont inued support  w i l l  be  given 
t o  those  t m k s  which are c r i t i c a l  t o  maintaining a f i r m  b a s e  f o r  a v i a b l e  
Physics and Astronomy program. Of s p e c i a l  s i g n i f i c a n c e  i s  t h e  c o n t i n u a t i o n  
of s t u d i e s  for  advanced ins t rumenta t ion  involv ing  image tubes and s o l i d  
s t a t e  tlevic1.s which w i l l  i n c r e a s e  s e n s i t i v i t y  and r e s o l u t i o n  o f d e t e c t o r s .  
Superf Luid 11e:Lium r e s e a r c h  w i l l  b e  cont inued f o r  cryogenic systems f o r  f u t u r e  
a p p l i c a t i o n  i n  cosmic r ay ,  r e l a t i v i t y ,  and i n f r a r e d  astronomy. Other 
technologicai l  problems concerning p o i n t i n g  and s t a b i l i z a t i o n ,  onboard pro- 
cess ing ,  onboard d a t a  s t o r a g e ,  and d e t e c t o r  background w i l l  be  s t u d i e d .  In 
a d d i t i o n ,  s t u d i e s  w i l l  be  made of advanced techniques f o r  r e l e a s i n g  tracers 
i n t o  t h e  upper atmosphere and of such instruments  f o r  in t roducing  c o n t r o l l e d  
pe r tu rba t io . i s  i n t o  t h e  space environment as spaceborne r a d i o  t r a n s m i t t e r s ,  
e l e c t r o n  and /ion a c c e l e r a t o r s  and lasers. Basic s t u d i e s  w i l l  be  cont inued 
t o  d e f i n e  Ei ture  s c i e n t i f i c  o b j e c t i v e s  i n  astronomy and physics  t h a t  w i l l  
u t i l i z e  t h e  c a p a b i l i t i e s  of e a r l y  s h u t t l e  missions.  

Data Analysis  

1975 
Budget Current  T r a n s i t i o n  

(€a Thousands of D o l l a r s )  
197 6 Period - 1974 E s t i m a t e  E s t i m a t e  --- 

$4,1381 $5 , 000 $5 , 000 $5,000 $1,300 

OBJECTLVES AN11 STATUS 

The purpo3e of t h i s  e f f o r t  i s  t o  o b t a i n  t h e  maximum r e t u r n  on t h e  i n v e s t -  
ment represen'zed by t h e  d a t a  gathered i n  t h e  Space Science program, inc luding  
t h a t  from a number of s p a c e c r a f t  which are o p e r a t i n g  w e l l  beyond t h e i r  
planned l i E e t  i m e s .  

Limited o ? e r a t i o n  of s p a c e c r a f t ,  beyond t h e  t i m e s  o r i g i n a l l y  planned, has 
made a d d i t i o n a l  d a t a  a v a . i l a b l e  f o r  s p e c i f i c  i n v e s t i g a t i o n s  wi th  preference  
being ,given t o  c o r r e l a t i v e  opera t ions  designed t o  i l l u m i n a t e  phys ica l  
p r o b l e m  , i33d t o  t h e  e x p l o i t a t i o n  of unusual o p p o r t u n i t i e s  such as unexpected 
encounters  *si:h comets. Fur ther  work us ing  e x i s t i n g  d a t a  i s  a l s o  supported,  
w i t h  emphasis on c o r r e l a t i v e  s t u d i e s .  Under t h i s  p r o j e c t ,  i n v e s t i g a t o r s  are  
expect'ed t o  p-repare d a t a ,  complete wi th  c a l i b r a t i o n s ,  i n  a form s u i t a b l e  for. 
d e p o s i t  i n  t h e  Nat ional  Space Science Data Center.  

The ioperi3tion of t h e  Nat ional  Space Scinece Data Center i s  a l s o  supported 
under t h i s  ?rc>ject. 
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BASIS OF --- FY :L97'6 AND "SITION PERIOD ESTIMATES 

F i s c a l  Y e a r  1976 and t r , a n s i t i o n  pe r iod  funds w i l l  p rovide  suppor t  f o r  
about 100 pr:incipal i n v e s t i g a t o r s  a t  approximately 46 i n s t i t u t i o n s ,  i nc lud ing  
NASA f i d d  c e n t e r s .  

Skylab Data Analys is  

1975 
Budget Curren t  T r a n s i t  ion  

1974 E s t i m a t e  E s t i m a t e  1976 Period _--- 
(In Thousands of Do l l a r s )  

- - -  $1,500 $1,400 $6,000 $1,500 

OBJECTIVES AND STATUS --- 

The Skylab Data Analys is  p r o j e c t  w i l l  suppor t  t h e  i n t e g r a t i o n  of d a t a  from 
ATM and o t h e r  Skylab experiments,  t h e  ATM Guest I n v e s t i g a t i o n  Program, a n d  
symposia and workshops on ATM r e s u l t s .  

The d a t a  acqui red  by t h e  s ix  major ATM ins t ruments ,  t oge the r  w i t h  t h a t  
ob ta ined  by t h e  worldwide program of complementary ground-based and rocke t -  
borne observa t ions  from t:he most comprehensive se t  of simultaneous h igh  
r e s o l u t i o n  s o l a r  d a t a  ever c o l l e c t e d .  An a n a l y s i s  of t h e s e  d a t a  promises t o  
advance m a n ' s  knowledge of t h e  s t r u c t u r e  and dynamics of t h e  s o l a r  atmosphere, 
and of t h e  coupl ing  between t h e  s o l a r  atmosphere, t h e  s o l a r  wind and t h e  
t e r r e s t r i a l  atmosphere, f a r  beyond i t s  p r e s e n t  state.  S tud ie s  o f  t r a n s i e n t  
events such as  f l a r e s  are proving p a r t i c u l a r l y  f r u i t f u l .  Not on ly  i s  t h e r e  
evidence of p o s s i b l e  p recu r so r s  t o  t h e s e  events  b u t ,  f o r  t h e  f i r s t  t i m e ,  t h e  
i n t e r a c t i o r  between a c t i v i t y  and s o l a r  wind s t r u c t u r e  can be  s tud ied .  These 
r e s u l t s  w i l l .  prove inva luab le  i n  t h e  des ign  of f u t u r e  space  e f f o r t s  o r i e n t e d  
s p e c i f i c a l l y  toward t h e  understanding of f l a r e s .  

The Skylab FY 1975 ac t iv i t i e s  are p r i m a r i l y  d i r e c t e d  toward t h e  r educ t ion  
and cat:alog:-ng; of t h e  vast  q u a n t i t y  of photographic and p h o t o e l e c t r i c  d a t a  
obta ined  (over 171,000 photographic images from ATM a l o n e ) .  I n  a d d i t i o n ,  t h e  
p repa ra t ion  of a t lases  and h igh  q u a l i t y  f i l m  copies  f o r  t h e  National Space 
Science Data Center,  t h e  de te rmina t ion  and a p p l i c a t i o n  of instrument c a l i b r a -  
t i o n s  and the p repa ra t ion  ofi s p e c i a l i z e d  computer sof tware  are important 
a c t i v i t i e s  in  t h i s  t i m e  frame. P re l imina ry  ana lyses  of t h e  d a t a  obta ined  
are a l s o  undei:way. 

CHANGES FROM FY 1975 BUDGET ESTIMATES 

The $100 thousand r educ t ion  i n  t h e  F Y  1975 estimate r e f l e c t s  a change i n  
t h e  scope o f  a c t i v i t i e s  f o r  ATM p r i n c i p a l  i n v e s t i g a t o r s  and gues t  inves t iga t :ors .  
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BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES 

F i s c a l  Yea-:  I976 and t h e  t r a n s i t i o n  per iod  w i l l  see t h e  emphasis i n  t h e  
Skylab Data Analysis  Program s h i f t  from t h e  b a s i c  r educ t ion  and prepara tory  
t a sk  t o  d a t a  a n a l y s i s ,  and t h e  primary support  f o r  t h e s e  a c t i v i t i e s  w i l l  
s h i f t  from the  Of f i ce  of ganned Space F l i g h t  t o  t h e  Of f i ce  of Space Science.  
The q u a n t i t y  of d a t a  and t h e  complexity of i t s  process ing  w i l l  n e c e s s a r i l y  
r e s u l t  -in an ex tens ion  of t h i s  phase over several years .  However, t h e  combined 
e f f o r t s  of t h e  Skylab s c i e n t i s t s  and t h e i r  c o l l a b o r a t o r s  i n  t h e  d e f i n i t i o n  of 
many s c i e n t i E i c  ob jec t ives  w i l l  he lp  make t h i s  per iod  one of t h e  most pro- 
duc t ive  and e x c i t i n g  ever known i n  s o l a r  physics .  

Large Space Telescope (LST)- 
Advanc ed Techno l o  g i ca  1 Development (ATD) 

197 5 
Budget Currec t  Trans i t  ion  

( In  Thousands of Do l l a r s )  
L91'4 E s t i m a t e  Estimate 197 6 Period --- 

- .. - $6,200 $3,000 $5 , 000 $3,000 

OB JEC TI.VES ANND S TAWS 

The LST, i s  under s tudy  as a p o s s i b l e  f u t u r e  p r o j e c t  f o r  a s h u t t l e  
launched mu1 t i p l e  purpose te lescope ,  between two and t h r e e  meters i n  
diameter ,  t c ,  provide t h e  c a p a b i l i t y  f o r  making unique major advances i n  
as t rophys ics .  

The LST w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s tudy  of l i t t l e -known energy 
processes  i n  heavenly bodies ,  e s p e c i a l l y  t h e  e a r l y  s t a g e s  of star and s o l a r  
system f o r m t i o n ;  t o  t h e  observa t ion  of such h ighly  evolved o b j e c t s  as 
supernova rmmants  and whi te  dwarf stars;  and t o  o the r  s t u d i e s  r e l a t e d  t o  t h e  
o r i g i n  and phys ica l  ex ten t  of t h e  universe .  The LST w i l l  ass is t  i n  t h e  
determi.naticin of whether o r  no t  our s o l a r  system i s  unique, whether t h e r e  are 
o the r  e a r t h -  l i k e  p l a n e t s  o r b i t i n g  "suns" s i m i l a r  t o  ours  and many o t h e r  
questicins istvclving t h e  n a t u r e  and s t r u c t u r e  of t h e  universe .  
gained from t h e  s c i e n t i f i c  i n v e s t i g a t i o n s  may w e l l  c o n t r i b u t e  t o  our cont inued 
pre-eminence a s  a high technology soc ie ty .  

Knowledge 

I n  the  p r i o r i t y  s tudy  -just completed by t h e  Space Science Board of t h e  
Nat ional  Academy of Sciences,  t h e  LST w a s  considered t o  be  t h e  h ighes t  p r i o r i t y  
new program i n .  astronomy and w a s  recommended f o r  implementation s t a r t i n g  i n  
FY 1976. S'ince t h e  d e f i n i t i o n  s t u d i e s  are  no t  y e t  completed, NASA w i l l  no t  
be  i n  x p o s i t i o n  t o  s ta r t  t h e  hardware phase u n t i l  FY 1977. 

During t h e  F Y  1975 Congressional  hear ings ,  NASA w a s  asked t o  look a t  lower 
c o s t  option.s f o r  t h e  LST and t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of i n t e r n a t i o n a l  
partici .paticin.  I n  response t o  t h i s  r eques t ,  t h e  c o n t r a c t o r s  which have been 
s tudying th.e  O'ptical  Telescope Assembly/Scientif  i c  Implementation have been 
d i r e c t e d  t o  i n v e s t i g a t e  and t o  recommend methods of reduc,ing t h e  t o t a l  c o s t  
of t h e  LST p r c j e c t .  
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I n  November 1974, t h r e e  aerospace companies-- Boeing Aerospace Company, 
Lockheed Missiles and Space Company, Inc . ,  and Mart in-Mariet ta  C,orporation-- 
were se l ec t ed  t o  provide t h e  d e f i n i t i o n  s t u d i e s  necessary  f o r  a more d e t a i l e d  
d e f i n i t i o n  (of t h e  Support Systems Module, t h e  s p a c e c r a f t  por t ion  of t h e  te le -  
scope, prev ious ly  s t u d i e d  in-house by t h e  Marshall  Space F l i g h t  Center.  
These three coinpanies w i l l  examine LST primary o p t i c s  ranging i n  s i z e f r o m  1.8 
meters (5.91 f e e t )  t o  3 meters (9.85 f e e t ) .  

I n i t i a l  r e s u l t s  from our in-house t rade-of f  s t u d i e s  i n d i c a t e  t h a t  a tele- 
scope i n  t h e  middle of t h i s  range appears t o  r e p r e s e n t  an  a p p r o p r i a t e  
compromise betdeen performance and c o s t .  The o p t i c a l  technology i s  w e l l  i n  
hand and no nesJ f a c i l i t i e s  are  r e q u i r e d  t o  handle  t h e  primary mi r ro r .  The 
smaller o v e r a l l  s p a c e c r a f t  and t h e  r e l a x a t i o n  i n  performance means t h a t  lower 
c o s t  subsystems can be  used. While a smaller mir ror  would mean some reduct ion  
i n  performance, an i n t e r m e d i a t e  system on the order  of 2.4 meters (7.9 f e e t )  
would c l e a r l y  represent  a s i g n i f i c a n t  advance over any e x i s t i n g  o r  planned 
space te lescope .  

For t h e  p a s t  two year:;, a t e a m  of approximately t h i r t y  astronomers has  
worked with NASA t o  determine t h e  requirements f o r  t h e  s c i e n t j  f i c  
instrumentaticin t o  be  used i n  conjunct ion  w i t h  t h e  LST. One of t h e  ways t o  
approach a :-ewer c o s t  LS'II i s  t o  reduce t h e  number of instruments .  
us examine t h i s  op t ion  t h e  ixstrument  d e f i n i t i o n  teams have e s t a b l i s h e d  a 
p r i o r i t y  l i s t  of candida te  instruments  which could accomplish t 'he s c i e n t i f i c  
o b j e c t i v e s  out.l.ined f o r  t he  LST p r o j e c t .  This l i s t  inc ludes  such instruments  
as t h e  High Resolut ion C a m e r a  ( f /24)  and t h e  F a i n t  Object Spectograph. 

To h e l p  

4s a part: of t h e  NASA -response t o  t h e  d e s i r e s  of t h e  Congress f o r  lower c o s t  
op t ions  , ESRO and ind iv idua l  European c o u n t r i e s  were contac ted  t o  explore  t h e  
p o s s i b i l i t y  of t h e i r  c o n t r i b u t i n g  p a r t s  of t h e  LST . P r a t i c a l  areas i d e n t i f i e d  
f o r  t h e i r  pa r t : i c ipa t ion  were t h e  s c i e n t i f i c  instruments  and s o l a r  panels.  
D e f i n i t i o n  s t u d i e s  a r e  uiderway a t  both ESRO and t h e  United Kingdom f o r  
s c i e n t  if i c  ins trument s they cou Id c o n t r i b u t e .  

CHANGES --- FRCEI F Y  1975 BUDGET ESTIMATE 

The F'Y 1975 Budget E s t i m a t e  has  been reduced by $3.2 m i l l i o n  in  accordance 
wi th  Congressional d i r e c t i o n .  This r e d u c t i o n  r e s u l t e d  i n  t h e  d e f e r r a l  of an 
instrumenta.t:ion technology t a s k ,  primary and secondary mir ror  s t u d i e s ,  and 
several .  ATD t s s k s  such as f i n e  p o i n t i n g  c o n t r o l s  , thermal c o n t r o l s  , and 
a n a l y t i c a l  s t u d i e s  of t h e  t e l e s c o p e  assembly. 

BASIS FOR E'!! 1.976 AND TRANSITION PERIOD EXTIMATES --- 
During FY 1976 and t h e  t r a . n s i t i o n  per iod ,  NASA w i l l  c o n c e n t r a t e  on a s p e c i f i c  

s i z e  and preli.minary design f o r  t h e  LST. Carefu l  planning and c o s t  e s t i m a t i n g  
w i l l  b e  performed t o  i n s u r e  t h a t  t h e  LST can be developed, b u i l t  and put  i n t o  
opera t ion  wj-thin t h e  resources  and t h e  t i m e  schedule  pro jec ted .  Long-term 
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development such as t h e  senso r sand  s e l e c t e d  ATD w i l l  be  continued t o  avoid 
c o s t l y  problems la te r .  A l l  of t h e  imformation necessary  t o  provide  a sound 
t echn ica l  and f i n a n c i a l  b a s i s  on which t o  proceed wi th  t h e  implementation 
phase of t h e  program w i l l  b e  a v a i l a b l e  by t h e  end of t h i s  per iod .  

S o l a r  Maximum Mission (SMM)- 
Advanced Technological Development (ATD) 

1975 
Budget Curren t  T r a n s i t i o n  

( I n  Thousands of Do l l a r s )  
197 6 Period --- 19;74 E s t i m a t e  E s t i m a t e  - 

- .- - $1,515 $1,515 $1,000 $1,300 

OBJECTIVES AND STATUS 

The So la r  Maximum Mission (SMM) i s  planned t o  conduct s p e c i f i c  problem- 
o r i e n t e d  s o l a r  s c i e n t i f i c  r e sea rch  dur ing  t h e  next  per iod  o f  maximum s o l a r  
a c t i v i t y ,  p ro j ec t ed  t o  occur a t  t h e  end of t h i s  decade. The major s c i e n t i f i c :  
o b j e c t i v e s  o f  SMM w i l l  be t o  i n v e s t i g a t e  s o l a r  f l a r e s  and r e l a t e d  phenomena 
over a broad s p e c t r a l  ran.ge wi th  h igh  t i m e ,  s p e c t r a l  and s p a t i a l  r e s o l u t i o n .  

The s o l a r  f l a r e s  are perhaps t h e  most dramatic and e l u s i v e  of t h e  observable  
s o l a r  phenorena. They have a profound impact on t h e  s o l a r - t e r r e s t r i a l  system, 
but  a r e  d i f f i c u l t  t o  s tudy  because they  are  t r a n s i e n t  i n  n a t u r e .  

The SMM w i  11 provide  t h e  c a p a b i l i t y  t o  make simultaneous measurements 
ac ross  t h e  e lec t romagnet ic  spectrum f o r  t h e  f i r s t  t i m e .  The informat ion  t o  
be  developec. w i l l  p rovide  t h e  p o t e n t i a l  f o r  f o r e c a s t i n g  f l a r e s  and t h e i r  
e f f e c t s  on E:arth. 

The SMM w i l l  p l ay  a p i v o t a l  r o l e  i n  a coord ina ted  n a t i o n a l  program of 
s a t e l l i t e ,  sounding rocke t ,  and ground-based obse rva t ions  of f l a r e s  and  t h e i r  
e f f e c t s  and is,  t h e  most important s o l a r  mission proposed f o r  t h i s  decade. 
The SMN w i l l .  p rovide  o p p o r t u n i t i e s  f o r  i n t e r n a t i o n a l  coopera t ion  on t h e  
b a s i s  of mutual i n t e r e s t  and b e n e f i t .  

Mission d e f i n i t i o n  s t u d i e s  were i n i t i a t e d  i n  t h e  s p r i n g  of 19'73. I n  1974 
w e  comp1etc:tl t h e  conceptual des ign  s t u d i e s  of t h e  suppor t ing  s p a c e c r a f t  
sys t e m s  and a s s o c i a t e d  g-round ope ra t ions  f a c i l i t i e s .  The des ign  concept 
provides  fo:: ;L s p a c e c r a f t  which c a p i t a l i z e s  on common component:; arid 
s t anda rd ized  subsystems t o  achieve  a lower c o s t  s p a c e c r a f t  system capable  of 
meeting t h e  r equ i r ed  p o i n t i n g  accu rac i e s  f o r  t h i s  mission. The s p a c e c r a f t  
w i l l  be  shutt:Le-compatible, capable  of rendezvous, r e t r i eva l ,  re furb ishment ,  
and r e t u r n  to o r b i t .  

A pre l imi . ia ry  s c i e n c e  payload has been s e l e c t e d  based on proposa ls  from t h e  
s o l a r  physi:s community. This payload inc ludes  ins t ruments  f o r  t h e  
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observa t ion  (and s tudy  of iiuc imr res ions  i n  f l a r e s  through gammx-ray 
emission; t h2  acce le ra t io i -  r ( l i n m i  - $  charged p a r t i c l e s  t o  high (sometimes 
r e l a t i v i s t i c )  e2erg ies  Lhrough hard and s o f t  X-rays; t h e  temperature and 
d e n s i t y  i n  f l a r i n g  reg ions  through s o f t  X-rays and u l t r a v i o l e t  l i n e  emissions;  
and t h e  e j e c t i o n  of material from t h e  sun through X-rays. It i s  planned 
t h a t  t h e  f i n a l  s e l e c t i o n  o f  t h e  s c i e n t i f i c  payload w i l l  be  made i n  mid-1975. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES 

During F i s c a l  Year 1976 and t h e  t r a n s i t i o n  per iod ,  i t  i s  planned t o  complete 
d e f i n i t i o n  and pre l iminary  des ign  s t u d i e s  of t h e  s c i e n t i f i c  experiments and 
of t h e  suppor t ing  s p a c e c r a f t  systems i n  p r e p a r a t i o n  f o r  t h e  implementation 
phase of t h e  program. 

Spacelab Science Program 

1975 
Budget Current  R a n s  i t  i o n  

1974 -- 
- 

E s t i m a t e  E s t i m a t e  1976 - 
( I n  Thousands of Dol la rs )  

Per iod 

Space science pay- 
load d e f i n i t i o n . .  $500 $3 500 $3 330 $3,500 $900 

Spacelab sc ience  
payload de\.elopment -.-- --.. ---  1,100 2 600 
Total, Spacelab 

$3,500 $3,330 $4,600 $3,500 -- Science Program 

The Sl-iuttle-launched Spacelab w i l l  o f f e r  unique space f l i g h t  o p p o r t u n i t i e s  
t o  conduct Fhysics and Astronomy r e s e a r c h  w i t h  ins t rumenta t ion  arid opera t ions  
s imilar  t o  t.hose used i n  ground-based observa tor ies .  This program i s  b u i l d i n g  
upon t h e  experi.ence and accomplishments of bo th  previous and ongoing f l i g h t  
p r o j e c t s  in.c:Itiding t h e  extremely s u c c e s s f u l  Skylab mission. 

Spacelab Science Payload D e f i n i t i o n  

1975 
Budge 1: Current  T r a n s i t i o n  

( I n  Thousands of Dol la rs )  
'1.5174. Estimate Est imate  1976 Period ---_ 

$!io0 $3 500 $3 330 $3,500 $900 

OBJECTIVES AND STATUS --- 

To prepare  f o r  t h e  o p p o r t u n i t i e s  f o r  s c i e n t i f i c  i n v e s t i g a t i o n s  i n  t h e  
S h u t t l e  era ,  Spacelab Science Payload s t u d i e s  are underway Which W I L L  
genera te  dat:a on which t o  base  p r i o r i t y  d e c i s i o n s  f o r  i n i t i a t i v e s  and t o  
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examine the: ex:tent t o  which c o s t s  may be  reduced f o r  payloads developed f o r  
Space Shutt1.e f l i g h t .  I n i t i a l  s t u d i e s  concern f a . c i l i t y - c l a s s  payloads t h a t  
would be  fl.owrt froin one to several times p e r  year and wouTd have an  ope ra t iona l  
l i f e  comparab1.e t o  t r a d i t i o n a l  ground-based f a c i l i t i e s .  

I n  Atmospheric and Space Physics,  a p re l imina ry  payload des ign  f o r  t h e  
Atmospheres, Magnetospheres, and Plasmas-in-Space Spacelab (AMPS) i s  i n  
progress .  This f a c i l i t y  w i l l  c a p i t a l i z e  on t h e  commonality of instrumenta- 
t i o n  requi red  f o r  inves t i .ga t ions  of t h e  dynamics of t h e  n e a r - e a r t h  
environment i n  t h e  several d i s c i p l i n e s  r ep resen ted .  An AMPS Work Group i s  
t o  provide  s c i e n t i f i c  d e f i n t i o n  of t h i s  f a c i l i t y .  

I n  Astronomy, s i m i l a r  d e f i n i t i o n  s t u d i e s  have begun f o r  a me te r - c l a s s ,  
c ryogen ica l ly  cooled, i n f r a r e d  t e l e scope  f a c i l i t y ;  a meter -c lass ,  h igh  
r e s o l u t i o n  o p t i c a l / u l t r a v i o l e t  t e l e s c o p e  f a c i l i t y ;  and a s o l a r  phys ics  
t e l e scope  c l u s t e r  f a c i l i t y .  For each of t h e s e  s t u d i e s ,  a s c i e n t i f i c  
working grolip has been formed t o  provide  t h e  s tudy  w i t h  s c i e n t i f i c  d e f i n i t i o n  
appropr i a t e  t o  t h e  o b j e c t i v e s  of t h e  f a c i l i t y .  To c a p i t a l i z e  on t h e  economy 
of common usage i n  t h e  astronomy f i e l d s ,  a s tudy  t o  d e f i n e  t h e  systems and 
subsystems r equ i r ed  f o r  astronomy-type payloads i s  i n  progress .  

CHANGES FRO14 FY 1975 BUDGET ESTIMATE --- 

A reduc t ion  i n  t h e  FY 1975 estimate r e f l e c t s  a change i n  t h e  l e v e l  of AM?S 
s tudy  a c t i v i : y  planned f o r  FY 1975. 

BASIS OF FY :L9;'6 AND TRANSIITON PERIOD EXTIMATES --- 
F i s c a l  Y e a r  1.976 and t r a n s i t i o n  pe r iod  funding w i l l  be  used t o  complete 

t h e  de f in i t imn  of t h e  t o t a l  AMPS Space Laboratory and r e l a t e d  f a c i l i t y  
instrumentat:j.on; f o r  d e f i n i t i o n  of a complement of High Energy Ast rophys ica l  
ins t ruments  for. t h e  second Spacelab; f o r  p re l imina ry  d e f i n i t i o n  and des ign  
of a nat:iona.l. I n f r a r e d  Astronomical Spacelab Observatory and a n a t i o n a l  
S o l a r  Physics Spacelab i n  accordance w i t h  recommendations by t h e  Nat iona l  
Academy of Sc iences ;  and f o r  t h e  con t inu ing  s tudy  of t h e  s c i e n t i f i c  o b j e c t i v e s  
and s p e c i f i c c t i o n s  of a one-meter-class h igh - re so lu t ion  u l t r a v i o l e t  telescope,,  

Spacelab Science Payload Development 

1975 
Budget: Current Trans i t  ion  

(.In Th!ousnads of Do l l a r s )  
-- 1974 Es t ima t s  Estimate 1976 Per iod  - 

$1,100 $2,600 
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OB JECTIXES AND STATUS --- 

The fl irst .  Spacelab f l i g h t ,  which w i l l  be  a j o i n t  e f f o r t  w i t h  t h e  European 
Space F,esea.i-ch Organizat ion,  w i l l  c a r r y  a m u l t i - d i s c i p l i n a r y  payload. The 
s p e c i f i c  i.nstruments t o  be  flown w i l l  be  s e l e c t e d  from those  i d e n t i f i e d  
i n  t h e  Space1a.b Science I?ayload D e f i n i t i o n  a c t i v i t y  which has  been funded 
under t:he E'tiys i c s  and Astronomy Program s i n c e  FY 1973. 

While Astronomy, High Energy Astrophysics  and S o l a r  Physics a re  included 
as major Frogram d i s i c p t i n e  elements of t h e  o v e r a l l  Spacelab Science Pay- 
load Develcpment Program, t h e  emphasis i n  t h e  i n t i a l  f l i g h t  i s  on Atmospheric: 
and Space Fhysics.  Severa l  prime candida te  instruments  are  incremental  
b u i l d i n g  blclcks of instruments  c u r r e n t l y  planned f o r  t h e  Atmospheres , 
Magnetospheres and Plasmas- in-Space (AMPS) mission which i s  being s t u d i e d  
f o r  f l i g h t  c m  a l a te r  Spacelab mission. The incremental  development of 
t h e s e  instruments ,  such a s  t h e  Elec t ron  Accelera tor ,  used f o r  c o n t r o l l e d  
e x c i t a t i o n  of ionospheric: and magnetospheric phenomena, and a laser r a d a r  
(LIDAR) systerr f o r  e x c i t a t i o n  and observa t ion  of t h e  n e u t r a l  atmosphere, w i l l .  
be  i n i t i a t e c  during FY 1976. S e l e c t i o n  of t h e s e  instruments  i s  c o n s i s t a n t  
with t h e  philosophy of provid ing  f o r  an e a r l y  s c i e n t i f i c  r e t u r n  whi le  
b u i l d i n g  t o  t h e  more comprehensive AMPs f l i g h t .  This al lows s i g n i f i c a n t  
science t o  Ee accomplished w i t h  hardware which can then be  f u r t h e r  upgraded 
and used as p a r t  of more s p e c i a l i z e d  payloads a t  cons iderable  c o s t  savings.  

BASIS OF FY 1976 AND TFWISITION PERIOD ESTIMATES --- 

The s e l e c t i o n  and devel.opment of s c i e n t i f i c  instruments  f o r  t h e  f i r s t  
Spacelab mission w i l l  begin i n  FY 1976 and extend through t h e  t r a n s i t i o n  
per iod.  A f l i g h t  r e a d i n e s s  d a t e  of e a r l y  FY 1980 i s  planned. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current  Trans i t i  on 

1974 E s t i m a t e  E s t i m a t e  1976 Period - 
(Thousands of Do l l a r s )  

Mariner Venus/Mercury.. 

Outer p l a n e t s  missions.  
Pioneer/Hel ios  ......... 
Support ing r e sea rch  and 

technology/ advanced 
s tudies . . . . . . . . . . . . . .  

P l ane ta ry  astronomy.... 
Data a n a l y s i s  .......... 
Plane tary  quarant ine . .  . 
Plane tary  f l i g h t  

suppor t . .  ............ 
Lunar research program. 

Viking ................. 

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

$11,135 $4,119 $5,377 --- --- 
290,437 89,016 89,016 $39,500 $14,000 

27,390 69 ,761 69,761 82,400 22 , 600 
7 , 005 33,500 33,642 62,600 16 , 300 

11,195 14,300 14,300 14,300 3,600 

1 , 400 1,400 1,400 1 , 400 400 
1,500 1,500 1,500 1,500 400 

3 , 800 4 , 200 4,200 4 , 200 1,100 

21,170 25,500 24,900 29,300 8,800 
- 17,450 22,704 21,904 24,700 6 , 100 

$392.482 $266.000 $266 .OOO $259.900 $73,300 

Distr ibut ion-of  Program Amount by I n s t a l l a t i o n :  

Kennedy Space C.enter..  . 
Johnson Space Center.  .. 
Marshall. Spa.c:e F l i g h t  

Center . . . . . . . . . . . . . . .  
Goddard Space F l i g h t  

Center.. . . . . . . . . . . . . .  
J e t  Pr  opu 1 s ion  

Labor a t o r y  ............ 
Wallops F l i g h t  Center. .  
Ames  Research Center.  .. 
Langley Research Center 
Headquarters ............ 

--- 
$8 , 102 

25 

6 , 380 

57 , 371 
55 

9 , 266 
274,273 

37 , 010 

--- 
$12,726 

8 , 090 

91,700 
50 

35 , 722 
94,110 
23 , 602 

$22 
10 , 908 

20 

8,558 

90,937 
55 

37,831 
94,476 
23 , 193 

--- 
$10,884 

7 ,553 

99 , 397 
55 

6 4  , 825 
48,914 
28,272 

--- 
$2,839 

1 , 640 

28 , 603 
25 

17,057 
16,151 
6,985 

Total. .  ................. $392.482 $266,000 $266.000 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1976 ESTIMATES 

O F F I C E  OF SPACE SCIENCE --- 

PROJECT 

Pioneer / H e  1 io s 

V i k i n g  

O u t e r  Planets Missions 

FLIGHT SCHEDULE 

M I S S I O N  

H e l i o s  A 
H e l i o s  B 
P i o n e e r  V e n u s - P r o b e  M i s s i o n  
P i o n e e r  V e n u s - O r b i t e r  

LUNAR AND PLANETARY 
EXPLORATION PROGRAM 

:Mars 1975 (2)  

. J u p i t e r  -Saturn (2)  

CALENDAR 
YEAR -- 
1974 
1976 
1978 
1-978 

1.975 

1977 

RD 5-2 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF SP& SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The o b j e c t i v e  of  t h e  Lunar and P lane ta ry  Explora t ion  program i s  the  
s c i e n t i f i c  exp lo ra t ion  of t h e  moon, t h e  p l a n e t s  and t h e i r  sa te l l i tes ,  
a s t e r o i d s ,  comets, and the p a r t i c l e s  and f i e l d s  of i n t e r p l a n e t a r y  space. 
The goa l  of  t h i s  exp lo ra t ion  i s  t o  understand t h e  o r i g i n  and evo lu t ion  
of t he  s o l a r  system, the  o r i g i n  and evo lu t ion  of l i f e ,  and the  dynamic 
processes  t h a t  shape man’s terrestr ia l  environment. The planning Program 
employs automated s p a c e c r a f t  which f l y  by, o r b i t ,  e n t e r  t he  atmosphere o f ,  
and/or land on other  bodies ,  as w e l l  as ground-based observa t ions  t o  
i n v e s t i g a t e  lour s o l a r  system. The luna r  program u t i l i z e s  ground-based 
observa t ions ,  l abo ra to ry  s t u d i e s  and d a t a  from the  Apollo,  Ranger, Lunar 
Orb i t e r ,  and Surveyor missions t o  i n v e s t i g a t e  the  composition and n a t u r e  
of  lunar  materials and phenomena. 

The p l ane ta ry  and i n t e r p l a n e t a r y  f l i g h t  missions undertaken t o  d a t e  have 
been h ighly  success fu l ,  beginning wi th  the  f i r s t  v i s i t  t o  another  p l ane t - -  
t he  Mariner 2 f lyby of Venus i n  1962--and cont inuing  wi th  t h e  f i r s t  successful.  
o r b i t i n g  of Mars i n  November 1971 by t h e  Mariner 9. Pioneer  10, launched i n  
March 1972, h a s  now success fu l ly  t r ave r sed  t h e  Astero id  B e l t  and surv ived  t h e  
r a d i a t i o n  b e l t s  of J u p i t e r .  Pioneer  11, launched i n  A p r i l  1973, has now 
completed it:; mission t o  J u p i t e r  and i s  a t  p re sen t  on i t s  way t o  Saturn.  
Both of these  missions have provided va luab le  d a t a  on these  f i r s t  t r i p s  t o  
J u p i t e r .  Mariner 10, launched i n  November 1973, s u c c e s s f u l l y  gained s c i e n t i f i c  
measurements 3f Venus and Mercury and was the  f i r s t  s p a c e c r a f t  t o  use  an i n -  
termediate  p’lannat f o r  t h e  g r a v i t y  assist r equ i r ed  t o  reach  i t s  u l t i m a t e  
ob jec t ive .  Two coopera t ive  US/German s p a c e c r a f t ,  Hel ios  A,  launched i n  1974, 
and Hel ios  B ,  t o  be launched i n  1976, w i l l  i n v e s t i g a t e  t h e  p r o p e r t i e s  i n  
in t e rp l a i i e t a ry  space i n  c l o s e  proximity t o  t h e  sun. Knowledge of Mars and 
i t s  environment,  inc luding  the  p o s s i b i l i t y  of l i f e  t h e r e ,  w i l l  be  g r e a t l y  
advanced by the  two Viking s p a c e c r a f t ,  t o  be launched i n  1975, which w i l l  
o r b i t  and land on t h e  Martian s u r f a c e  i n  1976. I n  1977, two Mariner space- 
c r a f t  w i l l  be launched t o  f l y  by J u p i t e r  and Sa turn  and t h e i r  sa te l l i tes ,  
thereby extentiing man’s f r o n t i e r  of knowledge about t h e  s o l a r  system f a r t h e r  
i n t o  t h e  oute;: p l ane t s .  T h e  heavy v e i l  of  t h e  p l a n e t  Venus w i l l  be  pene t ra ted  
by instrument::; c a r r i e d  on two Pioneer  s p a c e c r a f t  scheduled t o  be launched i n  
1978. The probe and o r b i t l e r  missions w i l l  i n v e s t i g a t e  t h e  n a t u r e ,  dynamics 
and evo lu t ion  of the  Venusian atmosphere and w i l l  p rovide  u s e f u l  d a t a  t o  
Ea r th  meteoro’togists.  
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BASIS OF --- FUND REQUIREMENTS: 

- Mariner Venus/Mercury 1973 

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period -- 
(Thousands of  Do l l a r s )  

--- - - -  Spacecraf t .  .............. $5 . 265 $1 . 332 $1,332 
Science... . . . . . . . . . . . . . . .  2,303 2,134 2,134 - - -  --- 
Mission ope ra t ions  ....... 3,567 653 653 
Third encounter support . .  --- --- 1,258 --- - - -  

--- --- 

$5.377 --- - - -  Tota l  .................. $11.135 $4.119 

OBJECTIVES ANC' STATUS : ---- 

This  s i n g l e  Mariner s p a c e c r a f t  w a s  success fu l ly  launched i n  November 1973. 
I t  has  now success fu l ly  completed i t s  swingby of  Venus and two encounters  
wi th  Mercury. The sc i ence  d a t a  ga thered  t o  d a t e  by t h i s  mission has  provided 
va luab le  i n s i g h t  i n t o  the  c i r c u l a t i o n  p a t t e r n s  of t he  upper Venustan atmos- 
phere,  y ie lded  important experience i n  g r a v i t y  a s s i s t e d ,  mu l t ip l ane t  tra- 
j e c t o r i e s ,  and revea led  t h e  moon-like topography of Mercury. 

CHANGES FROM -- FY 1975 BUDGET ESTIMATE: 

Following t h e  success fu l  completion of t h e  b a s i c  Mariner Venus/P[ercury 
(MVM) o b j e c t i v e s ,  a n a l y s i s  i nd ica t ed  t h a t  through jud ic ious  gas  management 
and u t i l i z a t i o n  of " s o l a r  s a i l i n g "  techniques,  s p a c e c r a f t  s t a b i l i z a t i o n  
could be maintained and enough gas  made a v a i l a b l e  f o r  a f u r t h e r  t r a j e c t o r y  
co r rec t ion .  'With t h i s  small maneuver a t h i r d  Mercury encounter  became 
poss ib l e .  The t r a j e c t o r y  c o r r e c t i o n  w a s  success fu l ly  accomplished, and 
funds w e r e  app l i ed  t o  cont inue  sc i ence  and mission opera t ions  suppor t  
through t h e  t h i r d  encounter  i n  March 1975. 

BASIS OF FY --- 1976 AND TRANSITION PERIOD ESTIMATES: 

No a d d i t i o n a l  funds are requ i r ed  t o  complete t h i s  mission. 
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Viking 

1975 
Budget Current T r a n s i t i o n  

1974 - 

O r b i t e r  spacec ra f t .  . $55 , 450 
O r b i t e r  sc:ienc:c!. . . . . 8 , 320 
Lander spacecraft: .  . . 142 , 8'32 
Lander sc i ence  . . . . . 69 , 500 
Pro j ec t managemen t 

and p r o j e c t  
i n t e g r a  t i o n ,  , . , . . . 14,275 

Total.. . . . . .  ...... ,$290,437 - 

T i  t an /  Centaur 
(Launch Vehicle  
Procurement 
Program) . . . . . . . . . . ($23 , 000)  

Period - E s t i m a t e  E s t i m a t e  1976 
(Thousands of Dol la rs )  

$26,000 $26,000 $9,200 $7,000 

17 , 700 400 
4,000 4 , 000 2 , 100 'L , 200 

14 , 808 14 , 808 4,600 1,900 
27,008 27,008 

3 , 500 

$89,016 $89,016 $39,500 $14,000 

- 17,200 17,200 5 , 900 

OBJECTIVES ANI) STATUS : 

The ob jec t ive  of t he  Viking program i s  t o  s i g n i f i c a n t l y  advance our  know- 
ledge of the  p l a n e t  Mars by means of observa t ions  from Mart ian o r b i t  and 
d i r e c t  measurammts i n  t h e  atmosphere and on the  su r face .  The Viking 
1975 mission iai:Ll g r e a t l y  expand t h e  exp lo ra t ion  of Mars i n i t i a t e d  by 
the  e a r l i e r  E4sr:iners. 
chemical,  and environmental  d a t a  r e l e v a n t  t o  ques t ions  about t he  e x i s t e n c e  
of l i f e  on the  .? lanet .  

Emphasis w i l l  be  p laced  on ob ta in ing  b i o l o g i c a l ,  

Two Viking s p a c e c r a f t  w i l l  be  launched i n  mid-1975 by T i t a d c e n t a u r  launch 
Each spacecraf t .  w i l l  c o n s i s t  of an O r b i t e r  and a Lander. veh ic l e s .  

the  s p a c e c r a f t  arrive a t  Mars i n  t h e  s u m e r  of 1976, each Orbiter-  w i l l  
p l a c e  i t s e l f  and the  a t t ached  Lander i n t o  an o r b i t  around Mars. 
Lander w i l l  separate from i t s  O r b i t e r  s h o r t l y  a f t e r  a r r iva l  a t  Mars 
and desc:end through t h e  atmosphere t o  the  su r face .  
t he  Lander will t ake  panoramic co lo r  p i c t u r e s  and w i _ l l  conduct b i o l o g i c a l ,  
geo - cheni  ca I. , E; e i smo 1 og i c  ;11, m e t  eoro l o  g i c a  1 and o t h e r  s c i e n t  i f i (3 inve s t i  - 
g a t i o n s ,  
p rocesses ,  view the  s u r f a c e  i n  h igh  r e s o l u t i o n ,  and act  as communications 
r e l a y  s t a t i o n s  f o r  both O r b i t e r  and Lander s c i e n t i f i c  da t a .  

When 

Each 

Af te r  s o f t  l anding ,  

Instruments  on the O r b i t e r s  w i l l  ob t a in  d a t a  on dynamic p l ane ta ry  

During FY 19'75, funds a re  be ing  used t o  complete the  q u a l i f i c a t i o n  t e s t i n g  
of  the  Lander; t o  complete t h e  assembly and t e s t i n g  of two f l i g h t  O r b i t e r s  
and two f l i g h t  Landers; and t o  proceed wi th  sof tware  development, t r a i n i n g ,  
and the  s p a c e c r a f t  f i n a l  p repa ra t ions  necessary  f o r  two launches i n  t h e  
f i r s t  q u a r t e r  of FY 1976. 
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CHANGES FROM --- IY 1975 BUDGElCTIMATE: 

Although the re  w a s  no change i n  t h e  use  of funds appropr ia ted  f o r  t h e  
Viking project .  i n  FY 1975, funding t o  support  FY 1975 a c t i v i t i e s  was made 
a v a i l a b l e  through reprogramming funds appropr ia ted  pursuant  t o  t h e  1974 
Author iza t ion  Act. The Congress was  appr i sed  of t h i s  a c t i o n  i n  October 
1974. 
encountered i.n the  guidance computer, biology instrument ,  and the  proof 
t es t  Lander cxipsule q u a l i f i c a t i o n  program. 

The reprogrammed funds were requi red  t o  so lve  t h e  t e c h n i c a l  problems 

BASIS OF --- FY 1107tj AND TRANSITION PERIOD ESTIMATES: 

I n  June 1975, four  s p a c e c r a f t  (two Landers and two Orb i t e r s )  w i l l  b e  i n  
f i n a l  assembl,y and tes t  ope ra t ions  a t  t h e  Kennedy Space Center. Then, i n  
J u l y  1975, a t  t h e  s t a r t  of  FY 1976, t h e  two Landers w i l l  b e  s t e r i l i z e d  by 
h e a t  i n  l a r g e  ovens. Afterwards,  t h e  Landers and O r b i t e r s  w i l l  b e  mated 
and then each combined s p a c e c r a f t  w i l l  b e  encapsulated,  t ranspor ted  t o  
Launch Complex 4 2 ,  and i n s t a l l e d  on i t s  T i t a n  I I IE/Centaur  launch veh ic l e .  

The launch per iod begins  on August 11, 1975, and extends f o r  roughly 40 
days. During t h i s  per iod ,  both t h e  Viking A and B s p a c e c r a f t  w i l l  be  launched 
from t h e  s i n g l e  pad t o  begin  the  f l i g h t  ope ra t ions  p o r t i o n  of  t h e  mission t o  
Mars. 

After launch, t h e  mission w i l l  b e  d i r e c t e d  by t h e  f l i g h t  team from t h e  
Space F l i g h t  Operat ions F a c i l i t y  (SFOF) a t  JPL. One p a r t  of t h e  f l i g h t  
team w i l l  be  involved i n  w r i t i n g  and t e s t i n g  sof tware  f o r  t h e  p l ane ta ry  
phase of t h e  f l i g h t .  Another p a r t  o f  t h e  f l i g h t  team w i l l  b e  monitoring 
and c o n t r o l l i n g  t h e  two s p a c e c r a f t  dur ing  t h e i r  11-month journey t o  Mars. 
During t h i s  c r u i s e  phase, several mid-course p ropu l s ive  maneuvers are 
planned t o  cc ' r rec t  any e r r o r s  i n  t h e  s p a c e c r a f t  t r a j e c t o r i e s  . # 

Late i.n June 1976, t h e  f i r s t  spacec ra f t  w i l l  arrive a t  Mars and be  placed 
i n  orbi t :  by a commanded p ropu l s ive  maneuver. 
by t h e  O r b i t e r ' s  ins t ruments  which w i l l  r e t u r n  t h e  f i r s t  Viking sc i ence  d a t a  
t o  t h e  wa i t ing  sc i ence  a n a l y s i s  teams a t  t h e  SFOF. The p rese l ec t ed  landing  
s i tes  w i l l  be reviewed and t h e  h e a l t h  of  t h e  a t t a c h e d  Lander determined. I f  
a l l  appears  orel . l . ,  a f t e r  t h e  s p a c e c r a f t  o r b i t  i s  proper ly  ad jus t ed ,  t h e  
command w i l l .  be  send from e a r t h  f o r  t h e  f i r s t  Lander t o  make i t s  automatic  
landing  on Pfirs: around Ju'Ly 4 ,  1976. 
September 4 .  The nominal mission w i l l  end November 8, bu t  an extended 
l i f e t i m e  i s  l i k e l y .  

The p l a n e t  w i l l  then b e  surveyed 

The second landing  w i l l  occur  about  

Viking wil!'L r e q u i r e  a 1,arge f l i g h t  team of  more than  700 persons because 
of  t h e  mission complexity. There w i l l  b e  four  s e p a r a t e  s p a c e c r a f t  t o  monitor, 
command, anti receive science d a t a  from around t h e  clock.  Science d a t a  w i l l  
b e  analyzed a s  r a p i d l y  as p o s s i b l e  so t h a t  t h e  mission sequences can b e  
modi E i e d  t o  ~ c h  ieve maximum s c i e n t  i f i c  information.  
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Funds reques ted  f o r  FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  be used f o r  t h e  
fo llowimg ax: ti v i  t i e s  : 

-- 0rbi t :er  Sl iacecraf t  - - These funds w i l l  support  t he  f i n a l  assembly and test of 
s p a c e c r a f t  hardware, and launch and f l i g h t  opera t ions .  

--__- 0rbi t :er  Science - These funds w i l l  be  u t i l i z e d  f o r  f i n a l  s c i ence  tests and 
in tegra t ion . ,  sc ience  launch and f l i g h t  ope ra t ions ,  s c i ence  t e a m  suppor t ,  and 
sc ience  i m a g e  processing and ground d a t a  handl ing.  

Lande rSpacec ra f t  - Th'e a c t i v i t i e s  funded w i l l  be f i n a l  test  and i n t e -  
gra t ior i ,  laimch p repa ra t ion  and ope ra t ions  , f l i g h t  opera t ions  , and prime 
c o n t r a c t o r  p e r i o d i c  awar 'd  and mission success  f ees .  

--- 

Lander Science - Funds requested are t o  support  s c i ence  launch and f l i g h t  ----- 
o p e r a t i o n s ,  l ander  i n v e s t i g a t i o n  sc i ence  teams and f i n a l  assembly, integraticon, 
and tes t i n g  of i n s  trumen t s . 

P r o j e c t  Management - Requested funds w i l l  be u t i l i z e d  t o  make f i n a l  
Radioisotope Ilhermo-Elec t r i c  Generator  payments t o  the  Atomic Energy 
Commission, t o  provide t r a j e c t o r y  and sof tware  v e r i f i c a t i o n  a n a l y s i s  , 
t o  provide :?or support  s e r v i c e  c o n t r a c t s ,  and t o  provide p r o j e c t  r e s e r v e  
funds f o r  FiroBlem resolut ion. .  

Outer P l a n e t s  Missions 
(Mariner J u p i t e r / S a t u r n  1977)  

1975 
Budget Current  Trans i t ion  

1974 Estimate Estimate 1976 Period 
(Thousands of Do l l a r s )  

Project:  man.agement.. ........ $2,497 $4,144 
Spacecraf t  design and 

development ............... 13,116 47,503 
Science 11,372 17 , 141 .................... ....... Mission. opera t ions . .  405 9 73 

Tota l  .................... ,S27.390 $69.761 

T i t  an/C en t au.r (Launch 
Vehicle  Procurement 
Program) .................($ 19,200)  ( $ 9 , 1 0 0 )  

$3,806 $4,200 $1,600 

14 , 800 47 , 782 58  , 800 
16,916 15,200 3 , 300 

1,257 4,20(! 2 ,900 

$69.761 $82.400 $22.600 

( $ 9  , 100) ( $ 3 3  , 6 0 0 )  ( $ 4  , 500) 
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OBJECTIVES STATUS : 

I n  1977, two Mariner-class  s p a c e c r a f t  w i l l  be launched on a t r a j e c t o r y  t o  
J u p i t e r ,  and from J u p i t e r  w i l l  cont inue  on t o  Sa turn  on a space f l i g h t  made 
poss ib  Le onLy by a s p e c i a l  alignment of  J u p i t e r  and Sa turn .  This alignment 
permits  a s p a c e c r a f t  launched t o  J u p i t e r  t o  reach Sa turn  i n  l e s s  than four  
yea r s  and cwentually escape from the  s o l a r  sys  t e m  through the  a c c e l e r a t i o n  
provided by J u p i t e r ' s  g r a v i t y .  
g r a v i t y  asc;:-st:ed swingby mission occurs  approximately every 20 yea r s .  The 
spacec ra f t  w i l l  encounter J u p i t e r  i n  1979 and Sa turn  i n  1981. 
mission a f f o r d s  t h e  chant-e t o  conduct comparative s t u d i e s  of t he  J u p i t e r  
and Sat:urn systems, inc luding  t h e i r  sa te l l i tes  and t h e  r i n g s  of Sa turn ,  as 
w e l l  as t o  perform i n v e s t i g a t i o n s  i n  the  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  
media. 
comparable i n  s i z e  t o  the  p l a n e t  Mercury and i s  known t o  possess  an 
atmosphere. 

The oppor tuni ty  t o  c a r r y  out  such a f a s t  

This  important 

One prime t a r g e t  w i l l  be  t h e  Sa turn  satel l i te  T i t a n ,  which i s  

The Jse of '3 Mariner-class  s p a c e c r a f t  wi th  i t s  ample power and p r e c i s e  
poin t ing  c a p a b i l i t y  w i l l  permit  t he  use  of s c i ence  ins t rumenta t ion  which 
i s  more s o p h i s t i c a t e d  than t h a t  of Pioneer  10 and 11. 
w i l l  weight about 750 kg (1,652 l b s . ) ,  w i l l  u se  the  Atomic Energy Commis- 
s i o n ' s  Mull: i-IIundred-Watt Radioisotope Thermoelectr ic  Generators  f o r  power, 
and w i l l  ciixry approximately 95 kg (209 lb s . )  of instruments .  f i e  space-  
c r a f t  -is being designed t o  make maximum use  of r e s i d u a l  Viking O r b i t e r  
hardware. ':he launch v e h i c l e  w i l l  be the  T i t a n  IIIE/Centaur  D - I T ,  and the  
spacec ra f t  w i l l  c a r r y  a propuls ion  module t o  provide the  f i n a l  required 
increment of i n j e c t i o n  veloc i ty  . 

The s p a c e c r a f t  

I n  Fk' 197'5, Mariner J u p i t e r / S a t u r n  (MJS '77)  a c t i v i t i e s  c o n s i s t  of t he  
comp1et:ion of the  mission and systems level des ign ,  completion of t he  space- 
c r a f t  d e t a i l e d  system and subsystem des igns ,  and completion of t h e  mission 
opera t ions  planning.  Hardware f a b r i c a t i o n  w i l l  be completed f o r  those i t e m s  
being obtair;.ed from add-on c o n t r a c t s  t o  the  Viking Orb i t e r  procurements. 
By the  end c f  FY 1975, p a r t s  w i l l  have been acquired and p repa ra t ion  f o r  
f a b r i c a t i o n  of t h e  f l igh t :  hardware w i l l  be  underway. 
systems pro to types  w i l l  be i n  p rocess  t o  provide t h e  b a s i s  f o r  t:he c r i t i c a l  
design reviews. 

The t e s t i n g  of sub- 

The Pioneer 10 encounter of J u p i t e r  i n  December 1973 revea led  i n t e n s e  
f luxes  of high-energy e l e c t r o n s  wi th in  J u p i t e r ' s  magnetosphere s e v e r a l  
o rde r s  of magnitude g r e a t e r  than had been p red ic t ed .  
l e d  t o  s i g n i f i c a n t  changes t o  the  MJS '77 s p a c e c r a f t  des ign ,  w i t h  increased  
sh ie ld ing  and p a r t s  s u b s t i t u t i o n  undertaken t o  decrease  s e n s i t i v i t y  t o  
r a d i a t i o n .  Because of t h e  increased  s c i e n t i f i c  i n t e r e s t  i n  t he  e l e c t r o -  
magnetic pro-esses  occuring wi th in  J u p i t e r ' s  magnetosphere, a plasma-wave 
i n v e s t i g a t i o n  was added t o  t h e  MJS '77 sc i ence  complement i n  p l ace  of an  
u 1 tr av io  l e  t photometer . 

This  discovery has 
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CHANGES FROM IY 1975 BUDGET ESTIMATE: -- 
Changes wit.hin. t h e  elements of t h i s  p r o j e c t  i n  FY 1975 were due l a r g e l y  t o  

t h e  subst:itut:ion o f  t h e  plasma-wave i n v e s t i g a t i o n  f o r  the  u l t r a - v i o l e t  photo- 
m e t e r  , a change i n  the  propuls ion  module t h r u s t e r  conf igu ra t ion ,  and changes 
requi red  t o  xcompl i sh  r a d i a t i o n  hardening of t he  s p a c e c r a f t  t o  enable  i t  t o  
w i  t h s  tanti Jupl. ter ' s environment. 

BASIS OF --- FY 1.1976 AND TRANSITION PERIOD ESTIMATES: 

Funds requt::;tt:d f o r  FY 1976 and the  t r a n s i t i o n  per iod  w i l l  be used as 
follows: 

P r o j e c t  Maik~?ment  and Mission Design - A c t i v i t i e s  w i l l  c o n s i s t  of t h e  
d e t a i l e d  t r a j e c t o r y  naviga t ion  and maneuver design,  p r e c i s i o n  ephemeris 
development, and development of mission p r o f i l e  a l t e r n a t i v e s ,  i n  prepara-  
t i o n  f o r  f i n a l  s e l e c t i o n  of  t h e  f l i g h t  t r a j e c t o r i e s  i n  FY 1977. 

Spacecraft-Design and Development - Cri t ica l  design reviews of a l l  sub- 
systems, which vi11 begin i n  the l a s t  q u a r t e r  of FY 1975, w i l l  be completed 
i n  the  f i r s t  q u a r t e r  of  FY 1976. Pro to type  f a b r i c a t i o n  and t e s t i n g  a t  the  
subsystem level w i l l  be completed co inc iden t  w i th  the  c r i t i c a l  design reviews,, 
Subsystem f l i g h t  hardware w i l l  be  f a b r i c a t e d  and func t iona l ly  t e s t ed .  Type 
approval t e s t i n g  a t  t he  subsystem level w i l l  be  accomplished during t h e  l a s t  
h a l f  of FY 1976, with some f l i g h t  acceptance t e s t i n g  being s t a r t e d  during 
the  c los ing  months. All engineer ing  subsystems f o r  assembly of t h e  Proof 
T e s t  Model (Em) w i l l  be  de l ive red  t o  t h e  J P L  Spacecraf t  Assembly F a c i l i t y  
and assembly w i l l  begin during t h e  l a s t  two months of FY 1976. Assembly 
and t e s t i n g  w i l l  cont inue  through t h e  t r a n s i t i o n  per iod .  Computer sof tware  
f o r  the  ConnrEmd Control  Computer, A t t i t u d e  and A r t i c u l a t i o n  Control  Sub- 
system and the  F l i g h t  Data Subsystem w i l l  be  reviewed and accepted i n  
mid-FY 1976. 
w i l l  be asseribl.ed and t e s t e d  during the  yea r  wi th  r e s u l t s  f ed  i n t o  f i n a l  
designs p r i o r  t:o PTM d e l i v e r i e s .  

A. Development T e s t  Model and a Temperature Control  Model 

-- Science - Cri t ica l  des ign  reviews of a l l  sc ience  instruments  w i l l  be corn- 
p l e t ed .  
p r imar i ly  of t he  f a b r i c a t i o n  and t e s t i n g  of t h e  sc i ence  instruments .  

The sc i ence  ac t iv i t i e s  f o r  FY 1976 and the  t r a n s i t i o n  per iod  c o n s i s t  

Mission Operat ions - FY 1976 w i l l  be  devoted t o  f i n a l  work on t h e  func t iona l  
design of t he  mission opera t ions  complex and t o  i n i t i a t i o n  of t h e  implementat.ion 
of t h a t  d e s i p .  
e a r l y  i n  FY 19'76 so t h a t  sof tware implementation can be i n i t i a t e d .  
and Ea r th - Jup i t e r  c r u i s e  requirements  on the  Tracking and Data System and 
MCS w i l l  be  completed. 

Mission Computing System (MCS) computers w i l l  be i n  p l ace  
A l l  launch 
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Pioneer/Hel ios  -- Summary 

1975 
Budget Current  Trans i t  ion  

1974 E s t i m a t e  E s t i m a t e  1976 Period __ 
(Thousands of Do l l a r s )  

- 

Pioneer  Venus. . . . . . . . . . . .  --- $27,100 $26,916 $57,600 $15,300 
Pioneer 6-11 ............. $5,680 5 , 000 5,326 3 , 900 900 

. 1,100 100 Hel ios  At iB. . . . . . . . . . . . . . .  1 , 325 1 , 400 1 , 400 - 
Tota l  ................... $7.005 $33.500 $33.642 $62.600 $16,300 -- 

Centaur (Launch Vehicle  
Procurement Program) 

(---. Helios  ................. ($21,600) ($7,100) ($7,100) ($400) ,l 
Pioneer  Venus .......... ( - - - I  (---) (400) (6,400) (1,000:) 

Pioneer  Venus 

Spacec ra f t  ............... --- --- $16,816 $31,400 $8 , 000 
Science. . . . . . . . . . . . . . . . . .  --- --- 8,900 17,000 4 , 100 
Operat ions ............... --- --- 140 2,400 1,200 ....... - - -  --- 1,060 6,800 2 , 000 P r o j e c t  management - 

Total. . . . . . . . . . . . . . . . . .  -- -- -  $27.100 $26.916 $57.600 $15.300 

OBJECTIVES AND STATUS: ---- 

The o b j e c t i v e  of t h e  Pioneer  Venus program i s  t o  conduct s c i e n t i f i c  i n -  
ves t iga t i0n .s  of t h e  p l a n e t  Venus, i t s  atmosphere and i t s  environment. There 
are two missions i n  the  program: a mult iprobe atmospheric mission and an 
o r b i t e r  mission. The mult iprobe mission w i l l  i n v e s t i g a t e :  t h e  n a t u r e  and 
compositior. of t he  clouds;  t he  composition and s t r u c t u r e  of  t he  atmosphere, 
includ.ing t.he minor c o n s t i t u e n t s ;  the  gene ra l  atmospheric c i r c u l a t i o n  p a t t e r n ;  
and t h . e  s t r , uc tu re  of  t he  ionosphere.  The o r b i t e r  mission w i l l :  determine 
the  d e t a i l e d  s t r u c t u r e  of t he  upper atmosphere; i n v e s t i g a t e  t h e  s o l a r  wind/ 
ionosphere i n t e r a c t i o n  reg ion;  determine atmosphere and s u r f a c e  c h a r a c t e r i s t i c s  
on a F)lane.t:ary scale by remote sens ing;  and measure the  g r a v i t a t i o n a l  f i e l d  
harmon.ics. The primary t h r u s t  of t hese  missions i s  t o  determine the  na ture , ,  
dynamics, 2nd evo lu t ion  of  t he  Venusian atmosphere. This  goa l  has profound 
s ignif icanc:e  wi th  r e s p e c t  t o  one of t he  o b j e c t i v e s  of t h e  NASA Plane tary  
progra.m, n.amely , t h a t  of  "determining the  dynamic processes  t h a t  shape 
e a r t h ' s  en.\rironment by i n v e s t i g a t i o n  o f  o t h e r  bodies of t he  s o l a r  system." 
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Dynamic model.ing of earth's atmosphere for prediction of weather, 
climatic changes and pollution effects should be materially aided by the 
Pioneer Venus program. A second objective of this mission is to provide 
data to help understand the origin and evolution of the solar system by 
determining the relative abundances of the constituents of the Venus 
atmosphere and the mass properties of the planet. 

The program I-s structured to achieve its science objectives at the lowest 
Ample weight margins are being allowed to minimize the need possible cos:. 

for new deveLopment. The basic spacecraft will employ many existing sub- 
systems, and will be "standardized" for easy adaptation to either a probe 
carrier or at1 orbiter configuration. This commonality concept will serve 
to minimize rshe total development cost for the two missions. 

The orbiter mission will be launched with an Atlas/Centaur launch vehicle 
in May 1978. The orbiting spacecraft will weigh 320 kg (706 lbs.) in orbit 
and will carry 37 kg (81 lbs.) of scientific instruments. The multiprobe 
mission will be launched with an Atlas/Centaur in August 1978. A probe bus 
carrying 12 kg (26 lbs.) of scientific instruments will deliver one large 
probe with 28 kg (62 lbs.) of scientific instruments and three small probes 
with 2.1 kg (4.6 lbs.) of scientific instruments into the Venus atmosphere. 
Both missions will encounter Venus in December 1978 to provide synergistic 
study of the planet. 

During FY 1975 funds are being used for spacecraft design, development 
and start of fabrication of test models. 

CHANGES FROM -- FY 1975 BUDGET ESTIMATE: 

Refinements in the estimates for FY 1975 have resulted in a slight 
overall reduction. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

Spacecraft - FY 1976 and transition period funds will support testing 
and start of f.abrication of flight subsystems. 

-- Science - Funds requested are for fabrication of design verification 
units, science support, and initiation of flight instruments fabrication. 

Operations - Funds requested are for navigation and trajectory analysis 
and initiation of flight operations software tasks. 

Project Wnagement - Funds requested are to support mission design and 
definition and special mission parameter studies. 
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Pioneers  6-11 

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period -- 
(Thousands of  Do l l a r s )  

- - -  - - -  Spacecraf t . .  ........... $1 . 015 $180 $210 
Sc ience . . . . . ,  .......... 1 , 735 2,275 2,503 $2,585 $600 
Operat ions. .  ........... 2,930 2 , 545 2 , 613 1,315 300 

Tota l . . . . . . . . .  ....... $5.326 $3.900 

ONECTIVES AND STATUS : --- 
The Pioneer  6 ,  7, 8, and 9 s p a c e c r a f t ,  launched 1965-1968, are cont inuing  

t o  o b t a i n  val.uatble d a t a  on t h e  n a t u r e  of t h e  i n t e r p l a n e t a r y  environment 
i n  t h e  reg ion  0.75 and l .I A.U.  from t h e  sun. (One Astronomical Unit ,  o r  
A.U. ,  i s  93 ciiI.lion m i l e s ,  t h e  mean d i s t a n c e  between e a r t h  and t h e  sun.)  
These d a t a  r ep resen t  t h e  information necessary  t o  cont inue the  s tudy of t h e  
n a t u r e  of t h e  i n t e r p l a n e t a r y  environment nea r  e a r t h  as w e l l  as t o  provide 
a corre1.ation wi th  s i m i l a r  information obtained from the  Pioneer  10 and 11 
s p a c e c r a f t ,  f a r t h e r  ou t  i n  t h e  s o l a r  system. 

0bject:ivesi of t h e  Pioneer  10 and 11 missions are t o  conduct explora tory  
i n v e s t i g a t i o n s  of t he  i n t e r p l a n e t a r y  medium beyond t h e  o r b i t  o f  Mars, t o  
determine the  n a t u r e  ( d i s t r i b u t i o n ,  s i z e ,  and v e l o c i t y  of a s t e r o i d s )  of 
t he  Astero id  B e l t  , and measure t h e  environment and atmospheric c h a r a c t e r i s -  
t ics  of t he  p l ane t  J u p i t e r .  A s  t he  Pioneer  s p a c e c r a f t  passed near  J u p i t e r ,  
inst ruments  meeisured the  magnetic f i e l d s ,  e lec t romagnet ic  emissions , charged 
p a r t i c l e s ,  arid thermal balance a s soc ia t ed  wi th  t h i s  l a r g e s t  p l a n e t  of t h e  
s o l a r  sys  tern. 

Pioneer  10 w a s  launched i n  March 1972 and has  now s u c c e s s f u l l y  t r ave r sed  
the  Astero id  Belt  and survived t h e  r a d i a t i o n  b e l t s  a t  J u p i t e r .  Pioneer  11 
w a s  launched. in.  A p r i l  1973, and has  a l s o  completed i t s  mission t o  J u p i t e r ,  
measuring a new reg ion  of t h a t  p l ane t .  Exce l len t  d a t a  have been obtained,  
both during t:he t r i p  t o  J u p i t e r  and i n  the  v i c i n i t y  of  t h e  p l a n e t .  Resu l t s  
have revea led  new information about J u p i t e r ' s  magnetic f i e l d  and i n t e n s e  
r a d i a t i o n  be.1.t~. which are much d i f f e r e n t  from those of e a r t h .  Helium has 
been det:ectecl i.n J u p i t e r ' s  atmosphere f o r  t h e  f i r s t  t i m e ,  and va luab le  new 
d a t a  on th i s .  p l . ane t ' s  mass and shape c h a r a c t e r i s t i c s  and i t s  energy balance 
have been obt:ai.ned. New information concerning J u p i t e r ' s  moons has  a l s o  
been gat:herecl, cons iderably  changing previous concept ions of  t h e i r  mass, 
d e n s i t y ,  and s i z e .  
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Tracking of' Pioneer 10 w i l l  cont inue  as i t  moves i n t o  i n t e r p l a n e t a r y  space 
beyond J u p i t e r .  
on low energy cosmic r a y s  t h a t  t r ansmi t  g r e a t  amounts of energy from the  
stars bu t  are, too  weak t o  reach e a r t h .  Using t h e  inc rease  i n  v e l o c i t y  
obtained during i t s  J u p i t e r  f lyby ,  Pioneer  11 w i l l  extend i t s  i n v e s t i g a t i o n  
of t he  outer  p l a n e t s  by cont inuing  i t s  f l i g h t  t o  t h e  f i r s t  encouriter of 
Sa turn  i n  197'9. 

It i s  ret:urning new information on t h e  he l io sphe re  and 

CHANGES --- FROM FY 1975 BUDGET ESTIMATE: 

The FY 19751 inc rease  i n  sc i ence  and mission ope ra t ions  w a s  t h e  r e s u l t  of 
t he  addi.tion.al a n a l y s i s  arid o p e r a t i o n a l  support  requi red  t o  r e t a r g e t  t he  
Pioneer  11 s p a c e c r a f t  i n  i t s  approach t o  J u p i t e r  so  t h a t  i t  could cont inue  
i t s  f l i g h t  t o  Saturn.  

BASIS OF FY 1.976 AND TWSITION PERIOD ESTIMATE: --- 

Science - I'Y 1976 and t r a n s i t i o n  per iod  funds are requ i r ed  t o  support  t h e  
a n a l y s i s  of the: s c i e n t i f i c  d a t a  from Pioneers  10 and 11. 

Operations- - FY 1976 and t r a n s i t i o n  pe r iod  funds suppor t  f l i g h t  opera t ions ,  
d a t a  processi-ng, and mission a n a l y s i s .  

Hel ios  A & B 

1975 
Budget Curr en t T r a n s i t i o n  

-- 1974 E s t i m a t e  E s t i m a t e  1976 Per iod  
(Thousands of Do l l a r s )  

Science ............. :$430 $755 $755 $750 $75 ....... 895 645 6 45 350 25 Operat ions. .  ,,. -- 
Tota l  .............. $1,325 $1.400 $1.400 $1.100 $100 

OBJECTIVES AND STATUS: -- 
The Hel ios  p r o j e c t  i s  ala i n t e r n a t i o n a l  coopera t ive  p r o j e c t  between the  

Governments of t he  United States and West Germany. I t s  s c i e n t i f i c  ob jec t ives  
are t o  inves1-igate the  p r o p e r t i e s  of , and processes  i n ,  i n t e r p l a n e t a r y  space 
i n  t h e  reg ion  near  t h e  Sun, t o  w i t h i n  0 . 3  A . U .  The s p a c e c r a f t ,  developed 
and b u i l t  i n  W e s t  Germany u t i l i z i n g  c o n s u l t a n t s  from t h e  United States,  
weights  aboii.:. 364 kg (800 l b s . )  and carries about  55 kg (120 l b s . )  of 
s c i e n t i f i c  iris1:ruments. Three of  t he  ten  s c i e n t i f i c  instruments  are  sup- 
p l i e d  by U . S .  i n v e s t i g a t o r s .  NASA provides  t h e  launch v e h i c l e  and the  
t racking  and da ta  support  f o r  t h e  f i r s t  phase of t he  mission. West German 
t echn ica l  pe:csonnel conduct t h e  s p a c e c r a f t  opera t ions  and w i l l  ope ra t e  t h e  
t racking  sys terns and acqu i re  t h e  d a t a  during the  later mission phase. 
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Helios  A w a s  successfu11.y launched on December 10, 1974, and w i l l  make 
i t s  c l o s e s t  approach t o  t h e  Sun i n  March 1975. 
i n  ear ly  1976. 

Hel ios  B w i l l  be launched 

F i s c a l  Year 1975 funds have been used t o  prepare  t h e  ins t ruments  f o r  
Hel ios  A a n d  t o  support  t h e i r  i n t e g r a t i o n ,  t e s t i n g ,  launch, and f l i g h t  
opera t ions .  Da.ta a n a l y s i s  f o r  Hel ios  A, and p repa ra t ion  of procedures , 
software and. instruments  .Eor Hel ios  B are a l s o  being supported.  

BASIS OF --- FY 1.95'6 AND TRANSITION PERIOD ESTIMATE: 

-- Science - During FY 1976 and t h e  t r a n s i t i o n  per iod ,  support  of f l i g h t  
opera t ions  arid d a t a  a n a l y s i s  f o r  Hel ios  A w i l l  cont inue.  
launch and K i g h t  d a t a  a n a l y s i s  w i l l  a l s o  be supported.  

Hel ios  B t e s t i n g ,  

Operat ions -- - FY 1976 and t r a n s i t i o n  per iod  funds are r equ i r ed  f o r  mission 
ope ra t ions  p:Larining and f o r  launch and f l i g h t  opera t ions .  

!;upper t i n g  Research and Technology/Advanced S tud ie s  

1975 

1974 Estimate E s t i m a t e  1976 
Budget Current  T r a n s i t i o n  

Period 
(Thousands of  Do l l a r s )  

P lane tary  sc ience . .  .... $4,500 $4,600 $4,600 $4,600 $1,200 

s t u d i e s  .............. 1 , 200 1 , 200 1,200 1,200 300 

Exobiology ............. 3,300 3,300 3,300 3,300 800 
P 1 ane t a ry  ad vaiic ed 

P lane ta ry  asdvanced 
t echn ica l  development 2,195 5,200 5,200 5,200 1 , 300 

Tota l . . . . . . . . . . . . . . . .  $11.195 $14.300 

The Supporting Research! and Technology and Advanced S tud ie s  programs 
fu rn i sh  e s s e n t i a l  support: t o  the  planning and conducting of f l i g h t  programs. 
They se rve  a s  t he  foundat ion f o r  de f in ing  sc i ence  o b j e c t i v e s  anti mission 
concepts.  The s c i e n t i f i c :  competence necessary  f o r  f l i g h t  programs i s  
e s t a b l i s h e d  through these  programs , and they a l s o  a s s u r e  technol-ogical 
r ead iness  and adequate planning f o r  new p r o j e c t s  a t  t h e i r  i ncep t ion .  
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Plane ta ry  Science 

19 75 
Budget Current  Trans i t ion  

19'74 E s t i m a t e  E s t i m a t e  1976 Period --- -- 
(Thousands o f  Do l l a r s )  

OBJECTIVES ANI) STATUS : ---- 
This program i s  subdivided i n t o  two major areas of  r e sea rch ,  p l ane ta ry  

atmospheres and planetology.  Research conducted under t h e  p l ane ta ry  
atmospheres program emphasizes the  discovery and development of new 
techniques and experiments requi red  f o r  exp lo ra t ion  and s tudy of  comets 
and the  major p l ane t s  i n  t h e  la te  1970's  and e a r l y  1980's. The sup-  
po r t ing  t h e o r e t i c a l  s t u d i e s  and l abora to ry  research  necessary  t o  l ay  the  
sc ience  foundation f o r  f u t u r e  missions i s  being cont inued,  as are similar 
t a sks  e x p l o i t i n g  t h e  r e s u l t s  of previous f l i g h t  experiments t o  a r r i v e  a t  
a b e t t e r  undeicstmding of t he  p l a n e t s  and t h e i r  atmospheres. 

I n  pursuing the b a s i c  o b j e c t i v e  of ob ta in ing  an understanding of p l ane ta ry  
atmospheres, cons iderable  progress  has  been made i n  understanding t h e  n a t u r e  
and dynamics o f  the e a r t h ' s  atmosphere, and i n  desc r ib ing  the  g ross  charac-  
ter is t ics  of t h e  atmospheres of Mars and Venus. Experiments developed 
over t he  past f i v e  yea r s  are now assigned t o  o r  planned f o r  f l i g h t  missions 
t o  Mars, Venus, . Jupi ter  and Sa turn  t o  o b t a i n  a more d e t a i l e d  understanding 
of t h e i r  atmospheres. S i m i l a r l y ,  t h e  knowledge, techniques,  ins t ruments ,  
and experiments being developed i n  t h e  mid-1970's w i l l  form t h e  b a s i s  f o r  
f l i g h t  missions to  comets and probes i n t o  the  atmospheres of t he  p l a n e t s  
i n  the  e a r l y  1980's.  

Tasks i n  pliane tology are d i r e c t e d  a t  developing experimental  concepts 
f o r  determinins  formation h i s t o r y ,  composition and s t r u c t u r e  of p l ane ta ry  
s u r f a c e  m a t e r i a l s ,  and t h e  n a t u r e  and composition of p l ane ta ry  bodies .  

BASIS OF N 1976 AND TRANSITION PERIOD ESTIMATE: 

During EY 1'376, and the  t r a n s i t i o n  per iod ,  p a r t i c u l a r  emphasis i s  being 
d i r e c t e d  toward experiments t o  determine t h e  p l ane ta ry  s u r f a c e  composition 
by i n - s i t u  and remote sensing techniques;  such experiments are candida tes  
f o r  f u t u r e  mi:ssicons. Emphasis w i l l  a l s o  be placed on the  development 
of imagery experiments s u i t e d  t o  p a r t i c u l a r  requirements of  i n v e s t i g a t i o n s  
of Mars, Venu,s, and the  o u t e r  p l a n e t s ,  and on Mars-Earth comparative 
geology s t u d i e s .  
analog s t u d i e s  t o  determine similari t ies between them. 

E f f o r t s  w i l l  be d i r e c t e d  toward Mercury-Mars-Earth-Moon 
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Exobiology 

1975 
Budge.t Current  

1974 Esti&te E s t i m a t e  1976 .--- -- 
(Thousands o f  Dol la rs )  

$3,300 $3 , 300 $3,300 $3,300 

T r a n s i t i o n  
Period 

$800 

OBJECTIVES AND STATUS: 

This  program i s  d i r e c t e d  toward producing the  answers t o  fundamental 
ques t ions  of e x t r a t e r r e s t r i a l  l i f e  and the  o r i g i n  of  l i f e .  
yea r s ,  t he  prc1gra.m brought t o  breadboard s t a t u s  some of t he  key i n s t r u -  
ments that: w e r e  s ,e lec ted  f o r  f l i g h t  on the  Viking Mars landers .  Work i s  
now being d i r e c t e d  toward follow-on exp lo ra t ion  of Mars as w e l l  
as toward i n v e s t i g a t i o n  and ana lyses  o t  t he  complex and p o t e n t i a l l y  
I 1  organic" atmospheres of J u p i t e r  and T i t a n .  The gas  chromatograph t o  
f l y  on Pioneer  Venus i s  a l s o  a product  of t h i s  program. I n  add i t ion ,  work 
has  been i n i t i a t e d  on probllems a s s o c i a t e d  wi th  t h e  a n a l y s i s  and s tudy of  
r e tu rned  samp1.e~ from anoth'er p l a n e t  (e .g . ,  Mars),  from t h e  p o i n t  of  view 
of l i f e  arid organic  molecules,  as w e l l  as the  problems induced by the 
pos s i b i  1 i t y  o:E back contamination. 

I n  p a s t  

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: --- 
During FY 1976 and t r a n s i t i o n  per iod ,  Exobiology w i l l  cont inue  t o  support  

s p e c i f i c  tasks  i n  approximately 60 u n i v e r s i t i e s  and two NASA c e n t e r s  i n  t h e  
areas o f  organic  chemistry,  o rganic  geochemistry,  t h e  biology of environ-  
mental extrerries, and t h e  development of  techniques of  l i f e  de t ec t ion .  These 
t a sks  pursue t:he o v e r a l l  o b j e c t i v e  of  s tudying o t h e r  p l a n e t s  f o r  evidence 
r e l a t e d  t:o t h e  presence of l i f e  and/or  l i f e  r e l a t e d  molecules. I n  a d d i t i o n ,  
f eas ib i l i . t y  demonstrat ion ins t ruments  w i l l  be  developed f o r  f u t u r e  missions 
t o  t h e  pl.anet:r;, and ground-based research  w i l l  be  aimed a t  a i d i n g  i n  t h e  
u l t i m a t e  i n t e r p r e t a t i o n  of d a t a  re turned  from such i n v e s t i g a t i o n s .  

P l ane ta ry  Advanced Studies  

1975 
Budget Current  T r a n s i t i o n  

15174 E s t i m a t e  E s t i m a t e  1976 Period -- -- 
(Thou sands o f Do 1 l a r  s ) 

$1 !, 200 $1 , 200 $1,200 $1,200 $300 
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OBJECTIVES AND STATUS : 
---I_ 

The purpose (of the advanced s t u d i e s  p r o j e c t  are t o  d e f i n e  mission concepts  
t h a t  are feas i 'b le  f o r  performing a sys temat ic  exp lo ra t ion  of  t h e  s o l a r  system 
and t o  develop a r a t i o n a l e  wi th  schedule  and resources  requirements f o r  con- 
duc t ing  such missions i n  a l o g i c a l ,  t imely ,  and c o s t  e f f e c t i v e  manner. Only 
wi th  such advance e f f o r t  can. new mission o p p o r t u n i t i e s  be i d e n t i f i e d  (e.g. ,  
m u l t i p l e  ou te r  p l a n e t  f lyby oppor tun i t i e s )  and new f l i g h t  p r o j e c t s  def ined  
t o  the  p o i n t  w h e r e  real is t ic  c o s t  estimates can be made. Advanced s t u d i e s  
are performed both in-house a t  NASA c e n t e r s  and under c o n t r a c t .  
cover t he  range from mission a n a l y s i s  and system f e a s i b i l i t y  t o  pre l iminary  
mission design and engineer ing.  

The s t u d i e s  

BASIS OF 5'Y --- 1976 AND TRANSITION PERIOD ESTIMATES: 

The FY 1.976 and. t r a n s i t i o n  per iod  program inc ludes  mission s t u d i e s  f o r  t he  
inne r  and ou te r  p l a n e t s ,  t h e i r  sa te l l i tes ,  and small bodies of t he  s o l a r  
system (comets: and a s t e r o i d s )  and genera l  s t u d i e s  on adapt ing  p l ane ta ry  space-  
c r a f t  t o  t h e  Spac:e Shuttle/'Cug. 

Missions t o  be s tud ied  include:  a Venus o r b i t e r  wi th  s y n t h e t i c  a p e r t u r e  
coherent  r a d a r  t o  image and map the  s u r f a c e  of Venus; a J u p i t e r  o r b i t e r  t o  
perform d e t a i l e d  s t u d i e s  o f  a l l .  of the  Ga l i l ean  satel l i tes  and of the  
temporal v a r i a t i o n s  of the  .Jovian atmosphere and magnetosphere; Sa turn  
o r b i t e r s ,  wi th  the  p o s s i b i l i t y  of T i t an  probes;  and missions t o  comets. 

P l ane ta ry  Advanced Technical  Development 

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period .-- -- 
(Thousands of Do l l a r s )  

$5 , 200 $5,200 $1,300 

OBJECTIVES AND STATUS : --- 
The Advanced Technical Development (ATD) program suppor ts  t h e  planned 

and t h e  advanced development of new and improved s p a c e c r a f t  t echnologies  
c r i t i c a l l y  r ecu i r ed  f o r  f u t u r e  p l ane ta ry  missions.  I t  i s  under t h i s  pro- 
gram t h a t  the d e t a i l e d  planning f o r  p o t e n t i a l  p r o j e c t s  i s  performed and 
the  technologq, r ead iness  achieved t h a t  w i l l  p l a c e  them on a f i r m  b a s i s  
f o r  t he  development of reallistic schedules  and c o s t  estimates. Methods 
fo r  achieving cast e f f e c t i v e  missions through optimum u t i l i z a t i o n  of 
e x i s t i n g  spacxxraf t  and subsystem des ign  are a prime cons idera t ion .  
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During FE: 1975 t:he p r e p r o j e c t  a c t iv i t i e s  f o r  t he  Pioneer  Venus program 
were completed. The sc i ence  payload w a s  def ined  and instrument  f e a s i b i l i t y  
w a s  e s t a b l i s h e d ,  This  a c t i v i t y  and support  o f  P ioneer -c lass  probe inissions 
t o  the  o u t e r  p Iane t s  w e r e  t he  primary emphasis i n  FY 1975. 

BASIS OF FI -e- 1976 AND TRANSITION PERIOD ESTIMATES: 

During FI 19'715 and the  t r a n s i t i o n  pe r iod ,  e f f o r t s  t o  be emphasized w i l l  
inc lude  p r e p r o j e c t  a c t i v i t y  f o r  a J u p i t e r  Uranus mission oppor tuni ty  i n  1979. 
During t h a t  unique year ,  J u p i t e r  can be  used as a spr ingboard t o  Uranus 
and even Neptune. Other major a s p e c t s  of t h e  program during Fy 1976 w i l l  
be d i r e c t e d  toward the technology f o r  d e l i v e r y  of a probe i n t o  the  upper 
atmosphere of  e i t n e r  J u p i t e r  o r  Uranus and the  f e a s i b i l i t y  of s t anda rd iz ing  
probe design f o r  u t i l i z a t i o n  throughout t he  o u t e r  p l a n e t s  system. The 
Pioneer  Venus probe w i l l  p rovide  t h e  technologica l  po in t  of depa r tu re  f o r  
t he  ou te r  p l a n e t  probe. Addi t iona l  major ac t iv i t ies  w i l l  involve t:he 
i d e n t i f i c a t i o n  of and conceptual  s o l u t i o n s  f o r  t he  technologica l  problems 
p e c u l i a r  t o  J u p i t e r  o r b i t a l  missions.  A t  a lower leve l  of e f f o r t ,  p lan-  
ning w i l l  cont inue on an out : -of - the-ec l ip t ic  mission,  an e a r l y  Comet 
Enke f lyby  u s i r g  s p a r e  Mariner hardware, and f o r  f u t u r e  s p a c e c r a f t  u t i l i z i n g  
s o l a r  e l e c t r i c  propuls ion.  

P l ane ta ry  Astronomy 

1975 
Budget Current  Trans i ti on - 

11974 E s t i m a t e  Estimate 1976 Period 
(Thousands of Do l l a r s )  

--- -- 

$4 , 200 $4 , 200 $1,100 

OBJECTIVES ANI) STATUS : ---- 
This cont inuing program makes important  c o n t r i b u t i o n s  t o  the  s c i e n t i f i c  

exp lo ra t ion  of t h e  s o l a r  system by observa t ions  of the  p l a n e t s  and o the r  
s o l a r  system 'objects  from the  v i c i n i t y  of Earth. New observa t ion  techniques,  
ins t ruments ,  and platforms make i t  p o s s i b l e  t o  acqu i r e  more information 
about the p l ane t s  from t h e  v i c i n i t y  of Earth than previous ly  poss ib l e .  
Observations a r e  now made from a i r p l a n e s ,  ba l loons ,  r o c k e t s ,  and e a r t h -  
o r b i t i n g  s a t e l l i t e s  as w e l l  as from ground-based obse rva to r i e s .  Using 
t h e  techniques of o p t i c a l ,  i n f r a r e d ,  r a d i o  and r ada r  astronomy, obser-  
v a t i o n s  can be made a t  almost a l l  wavelengths.  The l a r g e  i n f r a r e d  
te lescope  being b u i l t  under. t h e  Cons t ruc t ion  of F a c i l i t i e s  appropr i a t ion  
w i l l  add s u b s t a n t i a l l y  t o  our  c a p a b i l i t y .  Resu l t s  from t h e  P lane tary  
Astronomy prog,ram both supplement and complement t h e  p l ane ta ry  f l i g h t  
programs. 
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The o b j e c t i v e s  of t he  prog,ram are accomplished through r e sea rch  p r o j e c t s  
which a re  c a r r i e d  o u t  by t h e  astronomers and o t h e r  s c i e n t i s t s  1ocat:ed a t  
NASA c e n t e r s ,  u n i v e r s i t i e s ,  obse rva to r i e s ,  and o t h e r  organiza t ions .  

BASIS OF FY 1976 AND TRANSIT'PERIOD ESTIMATES: 

I n  FY 1976 and t h e  t r ans i t : i on  per iod ,  approximately 40 research  p r o j e c t s  
w i l l  b e  conducted, ranging i.n s i z e  from t h e  work of  a s i n g l e  invest : igator  
t o  l a r g e  m.ult ifaceted research  p r o j e c t s  a t  major obse rva to r i e s .  The ma jo r i ty  
of  t h e  research  p r o j e c t s  r e q u i r e  sus t a ined  e f f o r t  over  several years .  

Major emphasis w i l l  be on s t u d i e s  of t he  o u t e r  p l a n e t s  from J u p i t e r  through 
Pluto.  
and a need f o r  a d d i t i o n a l  information on the  o the r  p l a n e t s  t o  support  up- 
coming f l i g h t  programs. 

T h i s  emphasis r e f l e c t s  our increased  knowledge of Venus and Mars 

A r e c e n t l y  ccimpleted NASA-supported a d d i t i o n  of a h igh  power r ada r  system 
a t  the  National Astronomy arid Ionosphere Center a t  Arecibo, Puer to  Rico, 
a Nat ional  Science Foundation (NSF) f a c i l i t y ,  w i l l  be  used i n  a program 
of p l ane ta ry  rs.dar astronomy. I n i t i a l  programs w i l l  i nc lude  a s tudy of  
S a t u r n ' s  Rings and a h igh  r e s o l u t i o n  mapping of t he  s u r f a c e  of Venus. 

- Plane ta ry  Data Analysis  

1975 
Budge 1: Current  

15174. E s t i m a t s  E s t i m a t e  1976 
(Thousands of Do l l a r s )  

---. 

$1,400 $1,400 $1,400 $1,400 

Trans i t  i o n  
Period 

$400 

OBJECTIVES AND STATUS : ---- 
The Data Ana.l.ysis program provides  support  f o r  s c i e n t i f i c  a n a l y s i s  a f t e r  

t h e  per iod funded. by t h e  f l i g h t  p r o j e c t .  It a l s o  suppor ts  t h e  a n a l y s i s  
of f l i g h t  data. by s c i e n t i s t s  who w e r e  n o t  members of t he  f l i g h t  i n v e s t i -  
g a t  i on t earn. 

The long,-term o b j e c t i v e  of Data Analysis  is  t o  f u l l y  ana lyze  and i n t e r p r e t  
a l l  t h e  s c i e n t i f i c  da t a  c o l l e c t e d  by f l i g h t  p r o j e c t s  and t o  i n s u r e  t h e  in -  
corpora t ion  of t hese  r e s u l t s  i n t o  t h e  growing body of  knowledge about  
formation,  h i s t o r y ,  and c h a r a c t e r i s t i c s  of  t h e  p l a n e t s ,  a s t e r o i d s  and 
comets. 
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BASIS OF FY 1976 -- AND TRANSITION PERIOD ESTIMATES: 

During I T  19’76 and t h e  t m n s i t i o n  per iod ,  major emphasis i n  P lane ta ry  
Data Analysis  wi1.1 be placecd on conclusion of Mars geo log ica l  mapping and 
a n a l y s i s  of t h e  weal th  of d a t a  obta ined  during t h e  11-month per iod  i n  
which Mariner ‘3 s tud ied  Mars, and on t h e  a n a l y s i s  of d a t a  obta ined  by the  
very success fu l  Pioneer  10 and 11 s p a c e c r a f t  on t h e i r  J u p i t e r  f lybys.  
The s t u d i e s  of Venus and Mercury w i l l  be cont inued us ing  t h e  d a t a  obtained 
by t h e  Mariner 10 s p a c e c r a f t  from i t s  passage by Venus and i t s  t h r e e  
passages p a s t  IYlercury. Espec ia l ly  mer i to r ious  t a s k s  analyzing the  r e s u l t s  
of ear l ier  Mariner and Pioneer missions t o  t h e  p l a n e t s  and i n  i n t e r p l a n e t a r y  
space w i l l  be Continued as w i l l  t a s k s  involv ing  the  i n t e r d i s c i p l i n a r y  
c o r r e l a t i o n  and i n t e r p r e t a t i o n  of c o l l e c t e d  da ta .  

P l ane ta ry  Quarant ine 

1975 
Budget Current  T rans i t i on  

1’974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

--- 

$1,500 $1,500 $1,500 $1,500 $400 

OBJECTIVES AND STATUS: ---- 
The o b j e c t i v e s  of t he  P lane tary  Quarant ine program are t o  i n s u r e  t h a t  no 

de t r imen ta l  ex t ra te r res t r ia l  l i f e  i s  in t roduced  i n t o  t h e  environment of 
e a r t h ,  and t h a t  no o the r  p l a n e t  i s  de t r imen ta l ly  contaminated by terrestr ia l  
organisms thrcugh ope ra t ions  by U.S. spacec ra f t .  The h igh  p r i o r i t y  of t h i s  
a c t i v i t y  has been r epea ted ly  emphasized by t h e  Space Science Board and t h e  
I n t e r n a t i o n a l  Committee on Space Research. The r e s u l t s  of t h i s  program 
are a l s o  r equ i r ed  f o r  compl-iance with A r t i c l e  I X  of t h e  Space Treaty of 
1966. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

P lane tary  Quarantine r e sea rch  i n  FY 1976 and the  t r a n s i t i o n  pe r iod  w i l l  
emphasize s t u d i e s  of t he  p o s s i b i l i t y  t h a t  terrestrial  micro-organisms can 
surv ive ,  bu t  riot reproduce,  on t h e  Mars su r face .  S tud ie s  of t he  new environ-  
ment encounteret .  i n  ou te r  space t h a t  may s t e r i l i z e  s p a c e c r a f t  during 
t r a n s i t  w i l l  be continued. S tud ie s  w i l l  be supported a t  a low l e v e l ,  t o  
b e t t e r  d e f i n e  t h e  problems t h a t  w i l l  be encountered i n  maintaining e f f e c t i v e  
quarant ine  a g a i n s t  any de t r imen ta l  e x t r a t e r r e s t r i a l  l i f e  brought t o  e a r t h  
from o t h e r  pI.:mat:s by f u t u r e  r e t u r n  missions.  Operat ions i n  support  of 
the Viking 19’75 mission w i l l  be  cont inued i n  FY 1976 t o  provide t h e  r equ i r ed  
suppor t ,  biol.ogj.ca1 monitor ing,  and c e r t i f i c a t i o n  f o r  t h a t  mission. 
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Plane ta ry  F l i g h t  Support  - 
1975 - 

Budget Current Trans i t ion  
-- 1.974 E s t i m a t e  E s t i m a t e  - 1P76 Period 

(Thousands of Do l l a r s )  

OBJECTIVES ANI) STATUS : ---- 
Tracking, te:ler.zetry, and command func t ions  which suppor t  a l l  p l ane ta ry  

f l i g h t  p r o j e c t s  are funded under P lane ta ry  F l i g h t  Support. Support  o f  
these  func t ions  r e q u i r e s  a highly s o p h i s t i c a t e d  computer complex along 
wi th  a s soc ia t ed  te rmina ls ,  d i sp l ays ,  and many o t h e r  devices .  The genera l  
purpose scien1::iflic and engineer ing computing a t  the  Jet  Propuls ion Labora- 
t o ry  (JPL) i s  a l s o  supported wi th  these  funds. 

F i s c a l  Year L975 funds are being used t o  suppor t  P ioneers  6 through 11, 
inc luding  t h e  h ighly  success fu l  Pioneer  11 f lyby  of J u p i t e r  i n  December 
1974; extended Mariner 10 mission wi th  a second encounter  of Mercury i n  
September 1974 arid a planned t h i r d  encounter i n  March of 1975; t h e  Hel ios  
A launch i n  DeceInber 1974 and subsequent Hel ios  f l i g h t  ope ra t ions ;  f i n a l  
p repa ra t ions  :Elm t h e  Viking A and B launches i n  mid-1975; and beginning 
of t he  bui ld-up 1-0 support  t h e  two Mariner J u p i t e r  Sa turn  launches in 
1977. This level of p l ane ta ry  a c t i v i t y  i s  s i g n i f i c a n t l y  h igher  than i n  
1974. 

CHANGES FROM IPP 1975 BUDGET ESTIMATE: 

The reduct ion  to the  FY 1975 budget estimate w a s  accomplished by d e f e r r i n g  
a minor po r t ion  of t he  planned equipment procurement f o r  t he  support  complex 
i n  order  t o  p a r t i a l l y  fund Pioneer  11 r e t a r g e t i n g  and Mariner 10's t h i r d  
Mercury encounter.  

BASIS OF --- FY 1'976 AND TRANSITION PERIOD ESTIMATES: 

During FY 1'976 and t h e  t r a n s i t i o n  per iod ,  funds w i l l  be  used t o  cont inue  
support  o f  Pisoneers 6 through 11, t h e  Hel ios  A mission,  and the  Viking A and 
B missions.  
continue. Also,  the design of a new approach t o  mission support  t o  make 
the  t o t a l  system more r e l i a b l e  and f l e x i b l e  w i l l  be  completed and t h e  i m -  
p lementat ion of t h i s  new approach w i l l  begin.  Again, t h i s  l e v e l  of a c t i v i t y  
w i l l  be s i g n i f i c a n t l y  h igher  than i n  FY 1975. 

'The bui ld-up t o  support  t h e  Mariner J u p i t e r / S a t u r n  missions w i l l  
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Addi t iona l  a c t - i v i t i e s  which w i l l  be supported from these  funds dur ing  
FY 1976 inc lude :  

1. 

2 .  

3 .  

Support o f  t he  t racking  system a n a l y t i c  c a l i b r a t i o n  e f f o r t .  

Formula t im of p l ane ta ry  programs d a t a  systems s tandards .  

Management (of the Operat ions Support  Coordinating O f f i c e  a t  J P L  
which concent ra tes  on system a n n l y s i s  and des ign ,  and support  of o f f - l a b  
p r o j e c t s  . 

4. General s c i e n t i f i c  and engineer ing  computing requirements .  

5. Se lec ted  p r o j e c t - p e c u l i a r  a c t i v i t i e s  f o r  a l l  p r o j e c t s .  

A s  these  a c t i v i t i e s  a r e  n o t  l e v e l - o f - e f f o r t  type,  they may vary s u b s t a n t i a l l y  
from year  t o  year .  Some have been inc reas ing  s t e a d i l y  due t o  t h e  inc reas ing  
number of spacec ra f t  which are being supported.  
FY 1975 t o  FY 1.976 r e f l e c t s  t hese  inc reas ing  requirements  and the  cont inuing  
planning and i.rpl ementation of updat ing ,  upgrading, and r ep lac ing  var ious  
p a r t s  of t he  t o t a l  support  complex. 

The i n c r e a s e  i n  funding from 

Lunar Research Program - Summary 

1975 
Budget Current  T r a n s i t i o n  - 

Period -- 1974 E s t i m a t e  Estimate 1976 - 
(Thousands of Dol la rs )  

Lunar sc ience  SR'S;r.. . $2,492 $3,500 
Lunar d a t a  a n a l y s i s  

and s y n t h e s i s  ...... 7,2.77 9,073 
Lunar sample a n a l y s i s  6,067 5 , 798 
Lunar sc ience  

ope ra t ions . .  ....... 1,614 - 4,333 

To ta l . .  ............ $l7./c50 $22.704 -~ 

$3,901 $4,700 $1,300 

7,407 9,600 2 , 300 
5,798 5,600 1,400 

4,798 4,800 1,100 

$21,904 $24.700 $6.100 

I n  t h e  Lunar program a concent ra ted  s c i  n t i f i c  e f f o r t  i s  underway t o  analyz 
and in t e rp re t :  f u l l y  the  la-rge amount o f  d a t a  a v a i l a b l e  from the lunar  f l i g h t  
programs ~ ground-based s t u d i e s  of t h e  moon, and l abora to ry  i n v e s t i g a t i o n s .  
The a n a l y t i c a l  work t h a t  has  been c a r r i e d  out  t o  d a t e  has  r evo lu t ion ized  
p r i o r  t h e o r i e s  about t he  moon, y e t  t he  a n a l y s i s  is s t i l l  i n  i t s  e a r l y  
s t ages .  
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Lunar Science 
Support ing Research and Technology 

1975 
~ 

13udget Current Trans i t ion  
1974 - E s t i m a t e  Estimate 1976 Period - 

(Thousands of  Do l l a r s )  

$2 , 492 $3,500 $3,901 $4,700 $1,300 

OBJECTIVES AND STATUS : -- 
This  prc1gra.m emphasizes s c i e n t i f i c  s t u d i e s  t h a t  provide a broad, sound 

base f o r  t he  s c i e n t i s t s  engaged i n  a n a l y s i s  and s y n t h e s i s  of  lunar  da t a .  
With t.he except ion of  t h e  s t i l l - o p e r a t i n g  Apollo Lunar Surface  Experiment 
Packages (ALSEP) and the  Laser Ranging P r o j e c t  , t he  Supporting Research and 
Techncllogy (SR&T) program i s  p resen t ly  t h e  only source of s i g n i f i c a n t  new 
lunar  da ta .  Our SR&T a c t i v i t i e s  emphasize s t u d i e s  i n  t h e  following sc ience  
areas: ( a )  ear th-based observa t ions ,  (b)  analog s t u d i e s ,  ( c )  t h e o r e t i c a l  
s t u d i e s ,  ( 1 )  l abo ra to ry  s imula t ions ,  and ( e )  e x t r a t e r r e s t r i a l  materials 
(p r imar i ly  me teo r i t e s )  s t u d i e s .  

New techniques and equipment have been developed f o r  c o l l e c t i n g  lunar  
d a t a  by ear th-based, mul.t ispectra1,  t e l e s c o p i c  s t u d i e s  of t he  luna r  nears ide .  
P a r t i c u l a r l y  rewarding are s t u d i e s  of t he  luna r  s u r f a c e  r e f l e c t i o n  spectrum 
a t  nea r  u l t r a v i o l e t ,  v i s i b l e  and near  i n f r a r e d  wave lengths  which a l low 
the  de te rmina t ion  of  c e r t a i n  composi t ional  p r o p e r t i e s  of t he  s u r f a c e  material .  
This work i s  par t icu lar1 .y  enhanced by l abora to ry  measurements of t he  o p t i c a l  
p r o p e r t i e s  of re turned  luna r  samples and by our d e t a i l e d  geochemical know- 
ledge of  t h e  .Apollo 1and.ing s i tes .  

This  p r o j e c t  a l s o  suppor ts  t h e  ac t iv i t i e s  of t he  Lunar Science I n s t i t u t e  
(LSI) ad jacen t  t o  Johnson Space Center (JSC) and operated by the  U n i v e r s i t i e s  
Space Research Assoc ia t ion  (USRA). The LSI acts as a p o r t a l  t o  t he  o u t s i d e  
s c i e n t i f i c  c o m u n i t y  s i n c e  it serves as an important  d a t a  r epos i to ry  f a c i l i t y  
open t o  a l l  q u a l i f i e d  s c i e n t i s t s ,  and enables  these  s c i e n t i s t s  t o  u t i l i z e  
the  ex tens ive  s c i e n t i f i c  equipment a t  JSC. 

Our advanced mission s t u d i e s  are  concerned wi th  eva lua t ing ,  i n  view of 
our r a p i d l y  expanding knowledge engendered by Apollo and previous luna r  
f l i g h t  d a t a ,  the h ighes t  p r i o r i t y  unanswered s c i e n t i f i c  ques t ions  and 
determining the  optimum f l i g h t  systems needed t o  c o l l e c t  t he  r equ i r ed  da ta .  
Apollo s u r f a c e  experiments,  r e tu rned  samples, and d a t a  from the  o r b i t a l  
experiment:; showed the  ex i s t ence  of major geologic  u n i t s  which can be 
a c c u r a t e l y  mpped from o r b i t .  Apollo a l s o  found s i g n i f i c a n t  g r a v i t y  and 
magnetic ari3malies. 
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We are now i n  a pos i t ion .  t o  a t t a c k  t h e s e  and s i m i l a r  problems and complete 
the  Apollo d a t a  se t .  This can be done by mapping from po la r  orb i . t 'bo th  the  
r a d i o a c t i v e  and major rock.-forming elements and the  g r a v i t y  and magnetic 
f i e l d s  over t h e  80 percent  of  t h e  moon n o t  covered by Apollo,  e s p e c i a l l y  
the  c r i t i c a l  f a r s i d e  and po la r  regions.  Severa l  approaches t o  such mapping 
have been examined i n  r e c e n t  yea r s .  

CHANGES FROM -- Fy 1975 BUDGET ESTIMATE: 

The change i n  t h e  FY 1975 budget estimate r e f l e c t s  an adjustment  i n  the  
renewal (anniversary)  d a t e s  of  a number of r e sea rch  g r a n t s  a t  u n i v e r s i t i e s ,  
p r imar i ly  t o  permit  more o r d e r l y  and e f f i c i e n t  workload 
planning a t  t h e  i n s t i t u t i o n s .  This e f f o r t  t o  br ing  the  
fo r  such g r a n t s  i n  t h e  SR&T program i n t o  a common cyc le  
Lunar sample research  and d a t a  a n a l y s i s  g r a n t s  r equ i r ed  
f o r  per iods  c f  14 t o  18 months r a t h e r  than  one ca lendar  

and f i n a n c i a l  
anniversary  d a t e s  
wi th  those f o r  
funding some g r a n t s  
year .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

F i s c a l  Year 1976 and t r a n s i t i o n  per iod  funding i s  r equ i r ed  f o r  continued 
support  t o  Lu.nar Science ground-based e f f o r t s ,  inc luding  t e l e s c o p i c  obser-  
va t ions  and Lunar Science I n s t i t u t e  a c t i v i t i e s .  D e f i n i t i o n  s t u d i e s  w i l l  
cont inue  t o  examine the  mission parameters ,  requirements  and c o n s t r a i n t s  
of lunar  po la r  o r b i t  mapping missions,  inc luding  poss ib l e  Shut t le - launched  
automated lunar missions 1-0 be flown i n  the  1980's .  

- Lunar Data Analysis  and Synthes is  

1975 
Budget. Current  
- 

Trans i t i  on 
1.974 Estimate Estimate 1976 Period 

(Thousands of Do l l a r s )  
-- -- 

$7,277 $9,073 $7,407 $9,600 $2,300 

OBJECTIVES ATJD STATUS : --- 
The immediate o b j e c t i v e  of t h i s  work i s  the  cont inued i n t e r p r e t a t i o n  of  the 

l a r g e  and st::i11. growing body of d a t a  acqui red  by luna r  missions and SR&T 
r e sea rch  and ,  by i n t e g r a t i n g  these  r e s u l t s ,  t h e  enhancement of our  knowledge 
of  the  o r i g i n ,  p re sen t  c h a r a c t e r i s t c s ,  and h i s t o r y  of t h e  moon. The longer  
t e r m  ob:jective i s  t o  i n t e g r a t e  such knowledge wi th  t h a t  from t e r r e s t r i a l ,  
p l ane ta ry  arid s o l a r  s t u d i e s ,  i n  o rde r  t o  ga in  a b e t t e r  understanding of 
t he  e a r t h  and the  s o l a r  s y s t e m .  
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During t h e  Apollo f l i g h t  phase of t he  program, t h e  primary s c i e n t i f i c  e f f o r t  
w a s  l i m i t e d  Largely t o  reducing and analyzing the  r e s u l t s  of i nd iv idua l  expe r i -  
ments. However, t h e  v a s t  body of acquired Apollo d a t a ,  a d d i t i o n a l  d a t a  from 
the  s t i : l l - o p e r a t i n g  Apollo luna r  experiments,  and d a t a  from the  p a s t  automated 
lunar  f : t ight  programs now r e q u i r e  a major program of i n t e r d i s c i p l i n a r y  
a n a l y s i s  and syn thes i s  which w i l l  provide t h e  major s c i e n t i f i c  pay-off from 
the  luna r  f1:ight programs. This  new d a t a  a n a l y s i s  and s y n t h e s i s  program i s  
r ece iv ing  e n t h u s i a s t i c  suppor t  from re sea rche r s  wi th  broad s c i e n t i f i c  back- 
grounds who d e s i r e  t o  u t i l i z e  these  d a t a  i n  a t t a c k i n g  t h e  major problems of 
lunar  o rg in  m c i  h i s t o r y .  

CHANGES FRON FJ! 1975 BUDGET ESTIMATE: --- 

The FY 197!j estimate ch,ange r e f l e c t s  two f a c t o r s :  f i r s t ,  several ALSEP 
experiments ceased t o  func t ion  and d a t a  r educ t ion  funds f o r  P r i n c i p a l  I n v e s t i -  
g a t o r s  were reduced; second, the  funding f o r  some d a t a  a n a l y s i s  and syn thes i s  
g r a n t s  was rczphased, r e s u l t i n g  i n  a n e t  r educ t ion  i n  FY 1975 funding. 

BASIS O F  --- FY IL9i'6 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1976 arid t h e  t r a n s i t i o n  pe r iod ,  t h e  s c i e n t i f i c  r e sea rch  of nea r ly  
100 Principal.  I.nves t i g a t o r s  w i l l  be supported by t h i s  program. 'Because 
many of t hese  p r o j e c t s  w i l l  r e q u i r e  s e v e r a l  yea r s  t o  reach  f r u i t i o n  and 
because many new and outs tanding  s c i e n t i s t s  are express ing  t h e i r  d e s i r e  
t o  e n t e r  thi.5; program, we  expect  t h e  t o t a l  program t o  show s teady  improve- 
ment a t  a re1.at:ively consitant funding l e v e l  

Also supported w i l l  be the Apollo Lunar Surface  Experiment Package (ALSEP) 
P r i n c i p a l  Imres t i g a t o r s  who are  s t i l l  reducing and ana lyz ing  t h e  d a t a  re- 
ceived firom the f i v e  ALSEI?'s ope ra t ing  on the  lunar  su r face .  Support  i s  
included for  th .e  lunar  s c i e n t i s t s  a t  JSC who c o n s t i t u t e  NASA's f o c a l  po in t  
f o r  l una r  science. 

fin all.^, work. w i l l  cont inue  i n  the  reduct ion  and a n a l y s i s  of t he  photos from 
t h e  1una.r mapping cameras flown on Apollos 15-17. The end p o i n t  of t h i s  work 
i s  the  ca r tog raph ic  products  needed t o  suppor t  t he  p re sen t  and f u t u r e  luna r  
s c i e n t i f i c  e f ' f a r t s .  

Lunar Sample Analysis  

1975 
Budget Current  T r a n s i t i o n  

E s t i m a t e  Estimate 1976 Per iod  -- 1974 -- 
(Thousands of Do l l a r s )  

$6,067 $5 , 798 $5,798 $5,600 $1,400 
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OBJECTIVES IWD STATUS : --- 

Among t h e  ‘nost important  s c i e n t i f i c  information so  f a r  ob ta ined  from the  
moon i s  the  ex tens ive  set  of  d a t a  on the  chemical,  i s o t o p i c ,  and phys ica l  
c h a r a c t e r i s t i c s  of t he  luna r  rocks and s o i l  samples. These samples have 
a l ready  provided the  e s s e n t i a l  elements of an abso lu te  lunar  chronology , 
and have l e d  t o  models of l una r  composition and evo lu t ion  q u i t e  d i f f e r e n t  
from those a n t i c i p a t e d  p r i o r  t o  t h e  r e t u r n  of lunar  samples. I n  addi -  
t i o n ,  d a t a  137 the i n t e r a c t i o n s  of s o l a r  and i n t e r s t e l l a r  products  wi th  
luna r  s u r f a c e  materials i s  leading  t o  a f a r  b e t t e r  understanding of t h e  
h i s t o r y  of  the sun and s te l la r  processes  i n  genera l .  

BASIS O F  --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

During FY 1976 and the  t r a n s i t i o n  pe r iod ,  i t  i s  planned t h a t  t h i s  p r o j e c t  
w i l l  cont inue  t o  suppor t  t h e  c u r r e n t  l e v e l  of  109 domestic P r i n c i p a l  I n -  
v e s t i g a t o r s  and 37 fo re ign  i n v e s t i g a t o r s ,  as w e l l  a s  over 700 co - inves t iga to r s .  
The funds a r e  used t o  provide f o r  s a l a r y  suppor t ,  computer e f f o r t s ,  suppl ies , ,  
and instrumenta f o r  only the  U.S. i n v e s t i g a t o r s .  I n  order  t h a t  major lunar  
ques t ions  c a n  be answered, d e t a i l e d  i n v e s t i g a t i o n s  are being c a r r i e d  ou t  by 
h ighly  q u a l i f i e d  P r i n c i p a l  I n v e s t i g a t o r  teams a t  i n s t i t u t i o n s  where unique 
r e sea rch  c a p a b i l i t i e s  and s k i l l s  have been developed. The success  of the  
luna r  sample program depends on our a b i l i t y  t o  fund and maintain these  
cen te r s .  I11 add i t ion ,  keeping these  c e n t e r s  v i a b l e  w i l l  i n s u r e  t h a t  t h e i r  
s k i l l s  and c a p a b i l i t i e s  a r e  adopted by the  s c i e n t i f i c  community and app l i ed  
t o  s i g n i f i c a n t  e a r t h  a p p l i c a t i o n s  such as: improved a n a l y s i s  of terrestr ia l  
measurement; i n  t he  f i e l d s  oE biology,  medicine o r  a g r i c u l t u r e .  

Lunar Science Operat ions 

1975 - 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  Estimate 1976 Period -- -- 
(Thousands of Do l l a r s )  

$4,798 $4,800 $1 , 100 $1,614 $ 4 , 3 3 3  

OBJECTIVES AND STATUS : --- 

The f u l l  s c i e n t i f i c  p o t e n t i a l  of t he  Apollo Lunar Landing Missions i s  being 
r e a l i z e d  w i t h  the cont inued ope ra t ion  of t he  f i v e  long- l ived  Apollo Lunar 
Surface Experiment Packages (ALSEPS) and t h e  t h r e e  laser ranging r e t r o -  
r e f l e c t o r s  emplaced a t  t he  Apollo 11, 14 and 15 landing s i tes .  The ALSEP 
ins t ruments ,  most of which w e r e  designed f o r  a minimum l i f e t i m e  of 12 months 
have continued to  ope ra t e  f a r  beyond expec ta t ions .  The Apollo 12  ALSEP 
passed i t s  f i f t h  anniversary  of continuous ope ra t ion  on November 19, 1974. 
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Many of the. experiments are s t i l l  fu rn i sh ing  v a l i d  s c i e n t i f i c  information;  
no degradation. of  t he  r e t r o r e f l e c t o r s  has  been de tec t ed .  We w i l l  cont inue 
t o  ope ra t e  t:hese lunar  systems as long as they f u r n i s h  va luab le  s c i e n t i f i c  
da ta .  Annud reviews of a l l  instruments  are being conducted t o  v e r i f y  t h e  
s c i e n t i , f i c  Lralidity and merit of each experiment. Continued observa t ions  
under t:his t:ask r e q u i r e  support  a t  Johnson Space Center (JSC): (1) t o  
operate: the::e instruments  and t o  r eco rd  and format raw d a t a  f o r  P r i n c i p a l  
1nvesti .gatc 'r .s  , ( 2 )  f o r  P r i n c i p l e  I n v e s t i g a t o r s  , who are familial: with 
instrument  c.haracterist ic:s,  t o  reduce r a w  d a t a  from these  instruments  t o  
u s e f u l  s c i e r , t i f i c  observa t ions ,  and (3)  for t h e s e  data.  t o  be placed i n  
d a t a  banks where they w i l l  be  a v a i l a b l e  t o  a l l  r e spons ib l e  S c i e n t i f i c  
invest i .gat0r .s .  

The Sample C u r a t o r i a l  F a c i l i t y  i s  a major component of t h e  post-Apollo 
s c i e n t i f i c  e f f o r t .  I t s  ope ra t ion  involves  suppor t  a t  Johnson Space Center 
( JSC)  f o r  hzndl ing,  s co r ing ,  prepar ing  and d i s t r i b u t i n g  lunar  materials 
as w e l l  as C.ocumenting the  h i s t o r y  and d a t a  obta ined  on each sample and 
a s su r ing  t h e i r  s e c u r i t y .  Only a s m a l l  f r a c t i o n  of t h e  material r e tu rned  
from t h e  mom has  been expended f o r  s c i e n t i f i c  r e sea rch  t o  date. .  This  
p r a c t i c e  w i l l  cont inue  i n  order  t o  preserve  these  unique materials 
f o r  study by new and innovat ive  techniques which may be developed i n  the  
f u t u r e  as w e l l  as fo r  second genera t ion  ana lyses .  

CHANGES FRON FY 1975 BLJDGET ESTIMATE: --- 
The change. i n  t h e  1975 budget estimate r e f l e c t s  i nc reases  i n  s e v e r a l  elemertts 

of cos t  a s soc ia t ed  wi th  ALSEP d a t a  r educ t ion ,  inc luding  computing rates. 

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: --- 

During FY 1976 and the  t r a n s i t i o n  pe r iod ,  t h e  laser ranging program w i l l  
cont inue  a t  McDonald Observatory.  The new observa tory  a t  M t .  Haleakala 
i n  Hawaii w i l l  begin i t s  test runs  i n  J?Y 1976. With the  two s t a t i o n s  
producing range d a t a ,  a n a l y s i s  w i l l  cont inue  t o  develop new information 
on t h e  dynamics of t h e  earth-month system. The primary o b j e c t i v e s  inc lude  
t h e  s tudy of' physics  of t he  moon, g r a v i t a t i o n  and r e l a t i v i t y ,  arid t h e  
physics  of t he  e a r t h .  S i .gn i f icant  secondary b e n e f i t s  t h a t  w i l l  i nc rease  
our understanding of t h e  e a r t h  are more accu ra t e  measurements of t h e  wobbles 
of t h e  ear th ' s  a x i s  of r o t a t i o n ,  which could enhance our capac i ty  f o r  e a r t h -  
quake p r e d i c t i o n ;  and measurements of t h e  r e l a t i v e  motions between t h e  
con t inen ta l  United S t a t e s  and H a w a i i ,  which would r e f i n e  our t h e o r i e s  on 
c o n t i n e n t a l  d r i f t  . 

Continued support  t o  t he  ope ra t ing  ALSEP's and t o  t h e  Sample C u r a t o r i a l  
F a c i l i t y ,  w i l l  a l s o  be provided during t h i s  pe r iod .  It i s  c u r r e n t l y  planned 
t o  improve t h e  p re sen t  J S ' C  f a c i l i t y  i n  o rde r  t o  provide increased  s e c u r i t y  
and assurance t h a t  t hese  i r r e p l a c e a b l e  materials w i l l  n o t  be compromised. A!; 
an added precaut ion  a s e l e c t e d  p o r t i o n  of t h i s  material w i l l  be placed i n  an 
e s p e c i a l l y  prepared,  secondary s t o r a g e  s i t e ,  remote from the  primary curator:i.al. 
f a c i l i t y .  
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RESEARCH mr.: DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LAUNCH VEHICLE PROCURBENT PROGRAM 

- SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current  T r a n s i t i o n  

1976 . Period -- 1974 E s t i m a t e  E s t i m a t e  
(Thousands of  Dol la rs )  

Scout.. ............... $7 . 800 $13,800 $12 . 300 $12 . 100 $3 , 400 
Centaur... . . . . . . . . . . . .  106,000 75,000 75,400 113 , 800 26,400 
Delta................. 60,200 47 , 700 51 , 800 36 , 600 10 , 300 
Atlas-F... . .O... . . . . . .  --- --- --- 3 , 400 
Supporting research  

and techno1 ogy/ 
advanced s t u d i e s .  ... - 4,000 4 , 000 1,000 1,000 300 

Total.. . . . . . . . . . . . . .  $178.000 -- $140.500 $140.500 $166.900 $40.400 

--- 

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

Kennedy Space Center..  
Marshall Space F l i g h t  

Center.............. 
Goddard Space F l i g h t  

Center.............. 
Wallops F l i g h t  Center.  
J e t  Propulsicln 

Langley Reseaxch 
Center.............. 

L e w i s  Researc.h Center. 

Laboratory. ......... 

Headquarters. . . .  ...... 

S3 , 878 

2 , 255 

59,002 --- 
610 

7 , 682 
102 , 574 
-A- 1 999 

$10,415 $11,648 

1,790 200 

42,890 46,488 
--- 10 

1,015 196 

13,465 11,459 
68,675 68,044 

2 , 250 2,455 

$15 , 160 

400 

31 , 782 
10 

50 

12,015 
102,168 

5,315 

$3 , 000 

100 

8,600 
--- 

100 

3 , 100 
24 , 700 

800 -- 

Total.. . . . . . . . . . . .  .. $1;'8.000 -- $140.500 $140.500 $166.900 $40.400 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF SPACE: SCIENCE LAUNCH VEHICLE 
PROCUREMENT PROGRAM 

PROGRAM OB JECTIYES AND JUljTIFICATION 

The ob j ect:j.ve o f  t h e  Launch Vehic le  Procurement Program i s  t o  provide 
launch vehic:l.er: f o r  automated space missions.  The program inc ludes  procure-  
ment of  vehixlt!  hardware, launch services, engineer ing and maintenance 
support ,  i n  a d d i t i o n  t o  provid ing  f o r  t h e  product  r e l i a b i l i t y  improvement of  
v e h i c l e  and a u x i l i a r y  ground suppor t  equipment. 
Supporting Fksearch and Technology/Advanced Studies  e f f o r t  t o  ana lyze  f u t u r e  
mission requirements and to i n v e s t i g a t e  new technologica l  developments. The 
vehicles;  cur'rerttly being procured are: Scout, Delta, Atlas-F,  At las  Centaur,  
and T i t a n  IIl:E/ Centaur. For a t y p i c a l  mission,  v e h i c l e  hardware,  i. e., t h e  
boos te r ,  upper s t ages ,  shrouds,  a d a p t e r s  and o t h e r  r e l a t e d  equipment, i s  pro-  
cured under a v e h i c l e  hardware category,  a l l  o f  which i s  r e a d i l y  i d e n t i f i a b l e  
wi th  s p e c i f i c  niission needs. Under t h e  suppor t ing  ac t iv i t i e s  category,  launch 
preparat:ions and ope ra t ions  a r e  conducted, inc luding  launch services and en- 
g ineer ing  a n a l y s i s  f o r  p r e -  and p o s t - f l i g h t  ac t iv i t ies .  Launches under t h i s  
program are conducted from t h e  Eastern T e s t  Range i n  F l o r i d a ,  t h e  Western 
Test Range i n  C a l i f o r n i a ,  t h e  Wallops I s l a n d  Range i n  Vi rg in i a  and t h e  San 
Marco launch s i t e  o f f  t h e  east c o a s t  o f  Afr ica .  

The program a l s o  inc ludes  

11974 -- 

Hardware.. . . , . ... .. . . . 
Supporti.ng a.c:t i .vit ies.  $7,800 

--- 

Tota l  Scout:. . . . . . . . . S7.800 -- 

scout  

1975 
Budget Current  T r a n s i t i o n  

E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Dol la rs )  

$5,800 $4,100 $3,000 $500 
8,000 8,200 9,100 2,900 

$13.800 $12.300 $12.100 $3.400 

OBJECTIVES AND STATUS 

The Scout v e h i c l e  i s  t h e  smallest launch v e h i c l e  employed by NASA. It i s  

The f i r s t  s t a g e  boos te r  has  a diameter  o f  1.14 meters 
a four  s t age ,  a l l  s o l i d  p r o p e l l a n t  launch veh ic l e ,  approximately 22.4 meters 
i n  1engt:h (73 f e e t ) .  
(3.75 f e e t ) .  I t  i s  capable  o f  p l ac ing  a 180 ki logram (400 pound) payload i n  
a 555 ki.lomet:er (300 n a u t i c a l  m i l e )  o r b i t .  The Langley Research Center ,  
l oca t ed  nea r  Hampton Roads;, V i rg in i a ,  has  managed t h e  Scout p r o j e c t  s i n c e  i t s  
incep t ion  i n  1959. 
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The p r i m e  c a n t r a c t o r  f o r  t h e  product ion,  checkout,  and launch of  Scout i s  
t h e  L:ng-Temc3-’Jought Aerospace Corporat ion loca ted  i n  Dallas, Texas. 

?out .vehicles  are  launched from t h e  Western T e s t  Range, Ca l i fo rn ia ;  from 
Malops I s l and ,  V i rg in i a ;  and from t h e  San Marco Platform o f f  the  Afr ican  
pas t  near  Kenya. 

XANGES FROM FY 1975 BUDGE:T ESTIMATE 

The change i n  FY 1975 funding p l an  i s  due t o  rephasing of  hardware 
procurement. 
FY 1975 Scout requirementsi. 

T h i s  allowed f o r  an  o v e r a l l  r educ t ion  of  $1,500 thousand i n  

BASIS OF EY 1976 AND T R A N S E O N  PERIOD ESTIMATES 

-- Hardware - Funds w i l l  be  u t i l i z e d  t o  cont inue  hardware procurement t o  support  
Dual A i r  DenEiity, H e a t  Capacity Mapping Mission, and t h e  S t r a tosphe r i c  Aerosol. 
and Gas Missi.on.. 

Supporting Act iv i t ies  - Engineering and t echn ica l  support ,  v e h i c l e  t es t  and 
checkout:, la,iinc:h ope ra t ions ,  and maintenance of launch f a c i l i t i e s  and ground 
equipment w i l l  b e  funded to  support  t h e  launch schedule.  

Centaur 

1974 -__- 

Hardware.. . ,, , . ,, . . . . . . . $63,800 
Suppor t:ing a c t i v i t i e s .  38,400 
Major imnprov~ments . . . . 3 , 800 

Tota l . .  . . ,, . . , . . . . . . .$106.000 

OB JECTI’VES IWD STATUS 

1975 
Budget Current  T r a n s i t  ion  

E s t i m a t e  Estimate 1976 Period 
(Thousands o f  Dol la rs )  

$27,500 $26 , 000 $60,200 $10,600 
47 , 200 49,400 53,600 15,800 --- -~ --- --- 300 

$113.800 $26.400 $75.000 $75.400 

The Centaur program provides  f o r  t h e  procurement and launch of two boos te r  
s t a g e s ,  t h e  4 t l a s  and T i t an ,  and an  upper s t a g e ,  t h e  Centaur. Centaur i s  a 
high performance upper s t a g e ,  t h e  most powerful used by NASA f o r  automated 
missions.  
missions,  p a r t i c u l a r l y  p l ane ta ry ,  and synchronous o r b i t s .  The Atlas 
Centaur v e h i c l e  is 40 meters (131 f e e t )  i n  l eng th  and has  a diameter of 3.1 
meter (10 f e e t ) .  

It i s  c u r r e n t l y  being used wi th  t h e  Atlas boos te r  f o r  high energy 
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A n m  configurat ion,  t h e  T i t a n  Centaur,  has  been developed t o  support  t h e  
Viking mss ion ,  and f o r  o t h e r  heavy payloads o r  high energy missions beyond 
t h e  l i g i n g  c a p a b i l i t y  of  t h e  A t l a s  Centaur. 
in Fe-fuary 1'974 t o  i n s u r e  confidence i n  tee mating of  t h e  T i t a n  and t h e  
Cent@r s tage .  
of  fie two s t a g e s  and t h e  adequacy o f  t h e  Centaur s tandard  shroud. 
a goblem d id  occur  i n  t h e  propuls ion  system i n  t h e  Centaur s t age ,  which 

Pr 
$sions.  Subsequently, a second T i t a n  Centaur w a s  s u c c e s s f u l l y  launched 
,r t h e  Helios-A mission on December 10, 1974. This f l i g h t  demonstrated 

a t i s f a c t o r i l y  t h e  f u l l  performance c a p a b i l i t i e s  requi red  f o r  t h e  Viking and 
b r i n e r  Jup i t e r /Sa tu rn  missions.  The T i t a n  Centaur i s  49 meters ('160 f e e t )  

nigh and has  a payload shroud diameter  of 4 . 3  meters (140 f e e t ) .  

A proof launch w a s  conducted 

'The f l i g h t  demonstrated t h e  compa t ib i l i t y  of  t h e  mating 
However, 

cluded ga in ing  d a t a  a p p l i c a b l e  t o  t h e  Viking and Mariner J u p i t e r / S a t u r n  

- CHANGES FROM Ex1975 BUDGET ESTIMATE 

The change i n  FY 1975 funding p l an  f o r  hardware i s  due t o  rephasing of  
hardware procurement i n  support  o f  t h e  High Energy Astronomy Observatory 
(HEAO) missions. 

The change i n  FY 1975 funding p l a n  f o r  suppor t ing  ac t iv i t i e s  i s  due t o  
a d d i t i o n a l  eng,ineering support  r equ i r ed  f o r  t h e  design e f f o r t  a s soc ia t ed  with 
t h e  f a i l u r e  of' t h e  Ti tan lCentaur  Proof F l i g h t ,  and c o r r e c t i o n s  t o  e l e c t r o n i c  
components of t h e  Centaur i n e r t i a l  guidance system. 

The change i.n FY 1975 funding p l an  f o r  major improvements r e f l e c t s  t h e  
s h i f t  of  t h e s e  funds i n t o  suppor t ing  ac t iv i t ies  t o  c a r r y  o u t  t h e  c o r r e c t i v e  
a c t i o n s  r e f e r r e d  t o  above. 

BASIS OF N 1976 AND TRANSITION PERIOD ESTIMATES 

Hardware - Funds are  r equ i r ed  t o  cont inue  incremental  procurement of 
hardware t o  support  Helios-B, Viking-A, Mariner Jupi ter /Saturn-A and -B, 
High Energy A.r:tronomy Obseixatory (HEAO) -A, -B, and -C,  and Pioneer 
Venus-A and -1; missions.  

Supporting 1 s t : i v i t i e s  - Funding w i l l  b e  u t i l i z e d  f o r  management and 
engineer ing support  e f f o r t . ,  launch suppor t  ope ra t ions ,  f i e l d  services, and 
t o  maintain fctci.lities and ground equipment. 
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1975 
Budget Current  T r a n s i t  ion  

1974 E s t i m a t e  E s t i m a t e  1976 Period -- 
(Thousands o f  Dol la rs )  

Hardware... . . , . . , . . . . . . . .  $24,500 $12,800 $17,400 $12,300 $1,000 

Major improvanents.. ..... 1,000 2,000 
support ing a c t i v l t i e s . . . .  34,700 32,900 34,400 24,300 9,300 --- --- --- 

Tota l . ,  ................ $60,200 $47.700 $51.800 - 

OBJECTIVES AND STATUS 

The Delta launch v e h i c l e  i s  t h e  most used v e h i c l e  i n  t h e  NASA launch 
v e h i c l e  family.  Since i t s  f i r s t  u s e  i n  1960, t h i s  v e h i c l e  has  been u t i l i z e d  
i n  106 launches .and has  experienced a success  record o f  90 percent:. It i s  
p r e s e n t l y  o p e r a t i o n a l  wi th  two and t h r e e  s t a g e  conf igu ra t ions  and a mult iburn 
second s t a g e  c a p a b i l i t y .  
3 ,  6,  o r  9 s t rap-on  s o l i d  motors f o r  t h r u s t  augmentation. 

The f i r s t  s t a g e  i s  an  elongated Thor boos te r  wi th  

The second s t a g e  Delta, which provides  a m u l t i p l e  restart  c a p a b i l i t y ,  uses  
an  i n e r t i a l  guidance system f o r  guiding t h e  f i r s t  s t a g e  boos te r  and t h e  second 
s t a g e  Delta. The t h i r d  s t a g e  u t i l i z e s  t h e  Thiokol TE-364 s o l i d  motor which is  
s p i n  s t a b i l i z e d .  
35.05 meters  In  l eng th  (115 f e e t )  and has  a diameter  of  2.44 meters (8 f e e t ) .  
It i s  capable  of p lac ing  a 1,772 ki logram payload (3,900 pound) i n t o  a 555 
k i lometer  (300 n a u t i c a l  mile)  o r b i t .  

This  v e h i c l e  i n  i t s  t h r e e  s t a g e  conf igu ra t ion  i s  approximately 

During 1974, t h i s  v e h i c l e  system experienced a launch f a i l u r e  i n  launching 
t h e  Skynet I1:A niission in .January 1974, as w a s  covered i n  ou r  testimony i n  
review of  the! Fy 1975 budget l as t  year .  Subsequently, v e h i c l e  anomalies 
occurred dur ing  t h e  launches o f  Westar A i n  A p r i l  and SMS-A i n  May, 1974. 
A l l  1aunc:h a c t i v i t y  w a s  stopped u n t i l  October 1974 w h i l e  an  o v e r a l l  t echn ica l  
and management: review of  t h e  p r o j e c t  w a s  conducted. The review committees 
recommended a. series of  hardware modi f ica t ions  which have been implemented. 
In a d d i t i o n ,  t he  committee:; recommended changes i n  p r o j e c t  management, pract ices ,  
s t a f f i n g  1evel.s f o r  c e r t a i n  key a c t i v i t i e s ,  and ope ra t ing  procedures  tc i m -  
prove t h e  r e l . i a b i l i t y  of  t h e  Delta. Launch a c t i v i t y  has  been resumed, and a 
number o f  misiiions have been s u c c e s s f u l l y  launched. 

CHANGES FROM FY 1975 BUDGEr ESTIMATE 

The change :in FY 1975 funding p l an  f o r  hardware i s  due t o  rephasing of 
procurement f o r  Nimbus-G, I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  (IUE) and 
Internat ional .  Sun-Earth Explorer (ISEE) missions,  which r e q u i r e  ear l ier  
ob 1 i ga t ion  o f funds than p r evious 1 y a n t i c i p a t e d  . 
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The change i n  t h e  E'Y 1975 p lan  f o r  suppor t ing  a c t i v i t i e s  i s  due p r imar i ly  
t o  t h e  added erigi.neering e f f o r t  a t t r i b u t a b l e  t o  the  launch f a i l u r e  i n  t h e  
Skynet IIA mission and anomalies i n  t h e  SMS-A and Westar-A missions.  Correc- 
t ive  a c t i o n s  such. as contamination c o n t r o l ,  improved v i b r a t i o n  t e s t i n g  tech-  
niques and prciceclures and changes i n  materials and des ign  r equ i r ed  a d d i t i o n a l  
funds. 

The d e l e t i o n  of major improvement a c t i v i t y  i n  FY 1975 i s  due t o  t h e  u s e  of  
t hese  funds f o r  a c t i v i t i e s  a s soc ia t ed  wi th  t h e  recommendations of t he  f a i l u r e  
review committees. 

BASIS OF FT 19:76 AND TRANSITION PERIOD ESTIMATES 

Hardwarg - Fiintis w i l l  be  used t o  cont inue  t h e  hardware procurement c o n t r a c t s  
i n i t i a t e d  i n  I?'< I973 and 1974 and t o  be  i n i t i a t e d  i n  FY 1975 i n  support  o f  
I n t e r n a t i o n a l  U l t r a v i o l  e t  Explorer -A (IUE) , Nimbus -G , I n t  e r n a t  t o n a l  Sun-Earth 
Bsplorer A/B and C (ISEE), and t h e  LANDSAT-C missions.  

Supporting A c t i v i t i e s  - Necessary t e c h n i c a l  and engineer ing  suppor t ,  t o  
s u s t a i n  v e h i c l e  test  and checkout and launch ope ra t ions  and t o  support  main- 
tenance of laimcli f a c i l i t i e s  and ground equipment, w i l l  b e  provided wi th  
FY 1976 and t r a m i t i o n  per iod  funds. 

Atlas -F 

1975 
Budget Current  T r a n s i t i o n  

-- 1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Dol la rs )  

-e-  --- --- $3 , 400 --- Hardware................. 

OBJECTIVES AND STATUS 

The Atlas-F i s  a one and one-half  s t a g e  v e h i c l e  which uses  l i q u i d  oxygen 
and kerosene a s  p rope l l an t s .  The v e h i c l e  i s  a re furb ished  su rp lus  I n t e r -  
c o n t i n e n t a l  B a l l i s t i c  Missile (ICBM) being managed by t h e  USAF f o r  space 
missions.  

BASIS FOR FY 1976 AND TRANSITION PERIOD ESTIMATE 

Funds requested f o r  FY 1976 w i l l  b e  used t o  i n i t i a t e  work t o  r e f u r b i s h  and 
modify t h e  At l a s  -F f o r  t h e  launch of  t h e  Tiros-N metero logica l  s a t e l l i t e .  
The Tiros-N mission i s  planned t o  b e  launched i n  e a r l y  CY 1978. 
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Supporting Research and Technology/ 
Advanced S tud ie s  

Advanced s t u d i e s  ,. ....... 
Propuls ion and 

Guidance, contro'l 
energy convers:Lon.. ... 
and naviga t ion . .  ...... 

Vehicle  engineering..  ... 
e lec t ronics . . . . . . . .  ... 
materials........... .. 

Ins t rumenta t ion  and 

S t ruc tu res  and 

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

1974 

$1,257 

1,639 

669 
210 

125 

100 

34.000 

-- 

-a- 

1975 
Budget Current  

E s t i m a t e  E s t i m a t e  1976 
(Thousands of  Dol la rs )  

$1,535 $700 $700 

1,330 214 50 

735 --- 200 
175 52 50 

--- 125 34 

$4.000 $1.000 $1.000 

T r a n s i t i o n  
Period 

$100 

100 

100 --- 
- -e  

--- 
$300 

OBJECTIVES A N D  STATUS 

The o b j e c t i v e  o f  t h e  Supporting Research and Technology (SR&T)/Advanced 
Studies  p r o j e c t  i s  t o  provide pre l iminary  d a t a  and a l t e r n a t i v e s  t o  management 
so t h a t  dec i s ions  concerning t h e  space t r a n s p o r t a t i o n  system may fol low a 
w e l l  def ined ,  i n t e g r a t e d  course  i n  f u t u r e  years .  

In  FY 1975, t h e  Advanced Studies  program i s  d i r e c t e d  toward i n v e s t i g a t i o n s  
of a s o l a r  e lec t r ic  propuls ion  s t a g e  f o r  use  with t h e  Shut t le jTug o r  conven- 
t i o n a l  launch ve'hicles f o r  both e a r t h  o r b i t a l  and p l ane ta ry  mission a p p l i c a -  
t i on .  The SR&T program i s  d i r e c t e d  a t  improving r e l i a b i l i t y ,  c o s t ,  and 
s a f e t y  of launch v e h i c l e s  and determining t h e i r  environmental  e f f e c t s .  A c t i v i -  
t ies inc lude  t e s t i n g  and eva lua t ion  of  i n e r t i a l  components and eva lua t ion  of  
t h e  most c o s t - e f f e c t i v e  use o f  new e l e c t r o n i c  technology i n  guidance c o n t r o l  
computer app l i ca t ions .  

CHANGES FROM FY 1975 BUDGE?' ESTIMATE 

Decreases i n  t h e  FY 1975 funding p l an  a re  t h e  r e s u l t  of  funds having been 
reprogrammed t o  meet t h e  m a r e  u rgent  requirements  t o  c a r r y  o u t  c o r r e c t i v e  
a c t i o n s  i n  C e n t a u r  and De1t:a. 

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES 

Advanced Studies  --- - Solar  e lectr ic  propuls ion  advanced s t u d i e s  w i l l  b e  
continued. 
i n s u r e  an o r d e r l y  t r a n s i t i o n  of ou r  c u r r e n t  v e h i c l e  usage t o  t h e  Space Shut t le . ,  

Launch v e h i c l e  phase o u t  s t u d i e s  w i l l  b e  i n i t i a t e d  i n  o r d e r  t o  
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Propuls ion ancl E:nerpy Conversion - Solar  a r r a y  technology f o r  s o l a r  e l e c t r i c  
propuls ion  and research  i n  s o l a r  e lec t r ic  propuls ion  system c a p a b i l i t i e s  w i l l  
b e  continued. 

Guidance, Cont:rol, and Navigat ion - Development, test ,  and eva lua t ion  of  
s t r a p  down guidance system components c o n s i s t i n g  o f  i n e r t i a l  sensors  and 
computer technoI.og,y w i l l  b e  continued. 

Vehicle  Engineering - I n v e s t i g a t i o n  of  atmospheric e f f e c t s  r e s u l t i n g  from 
e f f l u e n t s  produ.c:ed during v e h i c l e  launching a c t i v i t i e s  w i l l  be  continued. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF APPLICATIONS SPACE APPLICATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Weather and cl.iniate.. . 
Pol lu t ion  monitoring..  
Ear th  resources  survey 
Ear th  and ocean 

physics  ............. 
Space process j ag .  ..... 
Communication :; ........ 
Data manag emen t ....... 
S h u t t l e  payloads. ..... 
Advanced app I. :ic ti t i ons 

Applicat ions :;ys tern 

Ap p 1 i c a  t i  ons ex], 1 o r  e r  

Earth observat ion 

f l i g h t  experirients.  . 
analyses . .  ............ 
missions. .  .......... 
s a t e l l i t e  clif i n i t i o n  

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

1.9 74 -- 

$50 , 926 
11,596 
47 , 488 

:LO , 400 
2 , 825 

22 , 300 

4,500 

4,700 

1 , 265 

- --  

I-- 

- 3,000 

$159.000 

19 75 
Budget Current  

Est imate  E s t i m a t e  1976 
(Thousands of Do l l a r s )  

$35 , 000 
29 , 800 
58,600 

18 , 500 
3,500 
8 , 300 
4 , 000 
4 , 500 

4,700 

5 , 000 

2 , 600 

1,000 

$175.500 

$36,500 
22,400 
60,600 

18  , 900 
3 , 300 

4 , 000 
4,500 

4,700 

5,000 

2 , 600 

11,000 

1,000 

$174.500 

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

Johnson Space Center . .  $18,133 $31,700 $32,400 

Marshall  Space F l igh t  

National Space Tech- 

Goddard Spacx! F l i g h t  

J e t  Propul si.on 

Kennedy Space Center . .  2 85 1,400 1 , 200 

C e n t e r . . . . . . . . . . . . . .  4,155 4 , 800 7 , 100 

nology Labcra t o r i e s .  - - -  200 200 

92 , 200 

Laboratory .......... 4,757 3 , 200 9 , 600 

Center.  ............. .LOO . 285 89 , 100 

$33,600 
19 , 200 
62 , 030 

26 , 400 
3 , 700 
7,500 
4 , 000 
3 , 000 

4 , 700 

. 5,000 

5 , 900 

- - -  

$175.030 

$33,030 
1,300 

6,500 

200 

86,400 

14 , 400 

Trans i t i on  
Period 

$11 , 700 
8,700 

15 , 000 

7 , 800 
1 , 200 
2 , 000 
1 , 500 
1 , 500 

1 , 300 

1 ,400 

2 , 600 

~ 

$54.700 

$9  , 500 
200 

2 , 050 

50 

30,100 

4,500 
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1975 
Budget Current  

1974 Estimate E s t i m a t e  1976 
(Thousands of Do l l a r s )  

-- 

Wallops Flight:  Center .  $1; , 267 $7,700 $7,300 $9 , 300 
A m e s  Research Center . .  6,598 7,100 5,700 5,400 
Lang 1 ey R e s  ear ch 

Center .  . . . , , . . . . . . . 8 ,749  8 , 400 8,900 9 , 300 
L e w i s  Research Center.  3 , 935 2,100 2,600 2,500 

5 836 19 800 7 , 300 6,700 Headquarters . ,, . . . . . . . - 
T o t a l  .... , .. . ..... $159.000 $175.500 $174.500 $175.030 -~ 

T r a n s i t i o n  
Period 

$1,900 
1 600 

2 , 700 
400 

1 700 

$54,700 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF APPI,I:CB.TIONS 

FLIGHT SCHEDULE 

MISSION 

Weather and C11 i m a t e :  
A l l  Weather Atmospheric 

Sounding JSxperiments 
S a t e l  l i t e  

Opera t iona l  Temperature 
Sounding :$ st e1 li t e  

Cloud Imagin?; Erom Syn- 
ch r  onous :3 a t e  11 i tes 

Global Atmospheric 
Research Program 

Meteorological  Sounding 
Rockets 

P o l l u t i o n  Monitoring: 
Oceanographic and A i r  

P o l l u t i o n  Observing 
S a t e l  l i t e  

E a r t h  Resources Survey: 
Ea r th  Resou.r'ces 

Technology Sa te l l i t e s  

Ea r th  and Oc&m Physics  : 
Geodynami c Ilxper imen t a 1 

0 ceari S a t x  1 I. i te  
Ocean Ilynarnics S a t e l l i t e  
Laser Geodynarnic s 

S a t e  :L 1 i t  e 

SPACE APPLICATIONS PROGRAM 

CALENDAR 
YEAR -- 

Launch of NIMBUS F 

Launch of TIROS -N 

Launch of SMS-B 

GARP A t l a n t i c  T r o p i c a l  

Data Systems Test 
F i r s t  GARP Global 

Experiment 

Experiment 

Zaunch about 300 annua l ly  

Launch of NIMBUS G 

Launch of LANDSAT-B 
Launch of LANDSAT-C 

Launch of  GEOS -C 
Launch of SEASAT-A 

Launch of LAGEOS 

1975 

1978 

1975 

1974 
1975 - 76 

1977-79 

19?8 

19'75 
19.77 

19  75 
1978 

1976 
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PRO.JECT -- 
Space Processing:  

Sounding Rocket Miss i0n . s  

Communications: 
Cooperative Appli-  

c a t i o n s  S a t e l l i t e  

Appl ica t ions  Explorers :  
Heat Capacity Mapping 

Mission 
S t r a t o s p h e r i c  Aerosols 

and. Gas Experiment 

Reimbursabl E: F i s s i o n s  : --- 
ITOSi':' 

GOES': 

FLIGHT SCHEDULE 

MISS I O N  

Launch about 6 

CALENDAR 
YEAR -- 

annual ly  

Launch of CAS-C 

Launch of HCMM 

Launch of SAGE 

Launch of ITOS E2-I 

Launch of GOES A-C 

1.975 

1977 

1979 

19'75-1978 
(Subjec t  t o  
CiIll-Up by 
NOAA) 

3.9 75 - 197 7 
(Subject  t o  
c a l l - u p  by 
NOAA) 

Launch of GOES D, E ,  F 1980 - 1985 
(Subjec t  t o  
c a l l - u p  by 
NOAA) 

Launch of NOAA A-G 1978-1989 
(Subject  t o  
c a l l - u p  by 
NOM) 

7k National  Oceanic and Atmospheric Adminis t ra t ion  (NOAA) funded. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF --- APP1,ICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM 0BJEC:TIV'ES --- AND JUST1 FICATION : 

The o b j e c t i v e  of t he  Space Appl ica t ions  program i s  t o  conduct r e sea rch  and 
development a c t i v i t i e s  t h a t  demonstrate t h e  a p p l i c a t i o n s  of  space - re l a t ed  
technology, syst:ems and o the r  c a p a b i l i t i e s  which can be e f f e c t i v e l y  app l i ed  
and used i n  the  c i v i l  s e c t o r  f o r  p r a c t i c a l  b e n e f i t s  t o  mankind. Genera l ly ,  
t h e s e  R&I) act:i-vj.ties are grouped i n  t h e  fol lowing areas: Weather and 
C l i m a t e ,  Poll.uti.on Monitoring, Ear th  Resources Survey, Ear th  and Ocean 
Physics  Appl ica t ions ,  Space Processing , Communications, Data Management, 
and Appl ica t ion  Experiments and S tud ie s .  

I n  each of t hese  areas, programs are being planned t o  make subs t an t ive  
c o n t r i b u t i o n s  t o  so lv ing  p res s ing  n a t i o n a l  problems and meeting n a t i o n a l  
needs.  

Weather and C l i m a t e  - R e l i a b l e  s h o r t -  and long-term weather f o r e c a s t s  
can mean savings  of  l i f e ,  property,  and money. The Weather and C l i m a t e  
program i s  d i r e c t e d  toward t h e  a p p l i c a t i o n  of sa te l l i t e  d a t a  t o  problems 
i n  de tec t ion . ,  p r e d i c t i o n ,  and e a r l y  warning of seve re  s torms and the  i m -  
provement of our c a p a b i l i t y  f o r  mid-range (1-14 days) and long-range 
( c l ima t i c )  weather p r e d i c t i o n .  The atmospheric processes  a s soc ia t ed  wi th  
these  phenomena, i. e. , severe  s torms,  d a i l y  weather and c l ima te ,  r e q u i r e  
d i f f e r e n t  approaches and d i f f e r i n g  s a t e l l i t e  systems t o  provide the  d a t a  
t o  achieve b e t t e r  f o r e c a s t s .  The major ac t iv i t i e s  i n  FY 1976 and the  
t r a n s i t i o n  per iod  w i l l  be: (1) cont inued emphasis on app l i ed  r e sea rch  and 
technology; 1[2)  severe s torm re sea rch ;  ( 3 )  t h e  pro to type  development of the  
t h i r d  generai:.iori N O M  ope ra t iona l  weather sa te l l i t e  (TIROS-N); and ( 4 )  
planning f o r  the f i r s t  i n t e r n a t i o n a l  Global Atmospheric Research program 
experiment t o  be conducted i n  CY 1978. A s i g n i f i c a n t  a c t i v i t y  proposed f o r  
FY 1976 is the continued augmentation of t h e  Severe Storm Research program 
inc luding  t h e  d e f i n i t i o n  of STORMSAT. This  sa te l l i t e  would observe those  
s h o r t - l i v e d  aid v i o l e n t  meteorological  f e a t u r e s  which desc r ibe  and are 
as soc ia t ed  wi th  seve re  s torms,  e .g . ,  thunderstorms and tornados,  and provide 
a c a p a b i l i t y  f o r  improved warnings t o  the  popula t ion  as t o  t h e i r  formation 
and path.  

P o l l u t i o n  Monitoring - Man must l e a r n  t o  achieve progress  while  l i v i n g  
i n  harmony wi th  h i s  environment. The monitor ing o f  t he  environment i s  an 
important  a spec t  of t h i s  task .  The P o l l u t i o n  Monitoring program has as 
i t s  o b j e c t i v e  the  development and demonstration of  systems capable  of  
i d e n t i f y i n g  2nd measuring p o l l u t a n t s  i n  the  a i r  and water on g loba l  and 
r eg iona l  s c a l e s ,  This  w i l l  be  done by: (I) determining t h e  p re sen t  
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composition of t:he atmosphere f o r  use  as a b a s e l i n e  a g a i n s t  which the  long- 
t e r m  t r ends  of atmospheric p o l l u t a n t s  can be measured; (2)  monitoring changes 
i n  the  compos:j.ti.on from e s t a b l i s h e d  norms wi th  r e s p e c t  t o  t i m e  and p l ace ;  
and (3) incorpora t ing  the  d a t a  desc r ib ing  atmospheric c o n s t i t u e n t s  and t h e i r  
behavior i n  t c) c i r c u l a t i o n  icelat ed environment a1 q u a l i t y  models 

Addi t iona l  s i g n i f i c a n t  d a t a  w i l l  a l s o  be obtained by t h e  second Appl ica t ion  
Explorer  Mission-- the S t r a t o s p h e r i c  Aerosol and Gas Experiment (SAGE)--which 
w i l l  f l y  a s i n g l e  instrument  to  d i r e c t  and map s t r a t o s p h e r i c  a e r o s o l s  and 
gas  concent ra t ions .  The information der ived  w i l l  complement t h a t  obtained 
by the  Nimbus-G program c u r r e n t l y  under development. 

Earth E:esotc:ces Survey - The e f f e c t i v e  u t i l i z a t i o n  of t h e  wor ld ' s  n a t u r a l  
resources  r e q u i r e s  t h a t  t h e i r  e x t e n t  be surveyed, t h e i r  changes be monitored 
and t h a t  systems f o r  wise ly  managing t h e i r  exp lo ra t ion  be cons t ruc ted .  I n  
the  Earth Resources Survey area, two o b j e c t i v e s  have been e s t a b l i s h e d :  (1) 
t o  develop the  c a p a b i l i t i e s  f o r  remotely sens ing  t h e  e a r t h ' s  resources  from 
a i r c r a f t  and : ;pacecraft  i n  order  t o  perform comprehensive g loba l  surveys;  
and ( 2 )  t o  apply these  t o  oceanography , geology , hydrology , geography , and 
car tography.  Achieving these  o b j e c t i v e s  w i l l  provide an information base 
t h a t  can be u:;ecl i n  t he  wor ld ' s  resources  management. 

S i g n i f i c a n t  a c t i v i t i e s  being cont inued are  involved wi th  t h e  Appl ica t ions  
Systems Ver i f : ica t ion  Tests program (ASVT) and Landsat-C. The ASV'T program 
i s  designed t o  demonstrate t o  t h e  u s e r  community t h a t  remotely obtained i n -  
formation (from satel l i tes  and a i r c r a f t )  provides  e n t i r e l y  new c a p a b i l i t i e s  
t h a t  may e f f i c i e n t l y  supplement and/or  complement e x i s t i n g  d a t a  ga the r ing  
systems. The most s i g n i f i c a n t  demonstration tak ing  p l a c e  i n  FY 1375 and FY 
1976 i s  the  Large Area Crop Inventory Experiment (LACIE), an experiment us ing  
Landsat d a t a  1.0 determine wheat product ion over t he  North American 
cont inent  wi th  p o s s i b l e  ex tens ion  t o  t h e  e n t i r e  world. Landsat-Cy an Ea r th  
Resource:; Technology S a t e l l i t e  j u s t  g e t t i n g  underway, w i l l  provide g r e a t e r  
r e s o l u t i o n  and a d d i t i o n a l  information as w e l l  as con t inu i ty .  It w i l l  d i f f e r  
from t h e  ear:Liei: Landsat 1 and B i n  t h a t  (1) the  r e s o l u t i o n  of the  Return 
B e a m  Vidicon ,;ystem w i l l  be increased  twofold,  a change f u l l y  supported by 
t h e  Department of I n t e r i o r  and many o the r  Government agencies ,  and (2 )  t he  
Mu1tispectra:L Scanner w i l l  i nco rpora t e  a thermal sens ing  c a p a b i l i t y  ( F i f t h  
Band) , providing b e t t e r  d i sc r imina t ion  of both land and w a t e r  f e a t u r e s .  

Ear th  and --- Ocean Physics  Appl ica t ions  - This  program provides  a focus f o r  
t h e  use of space platforms and r e l a t e d  r e sea rch  e f f o r t s  t o  acqu i r e  d a t a  on 
the  dynamic &ia:Lities of t h e  e a r t h  and oceans. 
from space pnm:ides d a t a  f o r  ocean r e sea rch  which can lead  t o  major advances 
i n  our a b i l i i r j  t o  p r e d i c t  sea cond i t ions .  The b e n e f i t s  of such a p r e d i c t i v e  
c a p a b i l i  ty inc lude  improved s h i p  rou t ing  , advanced ocean s t r u c t u r e s  des ign ,  
storm damage avoidance, and c o a s t a l  p r o t e c t i o n  and development. The SEASAT-A 
s a t e l l i t e ,  nov under development, i s  a s i g n i f i c a n t  forward s t e p  i n  achieving 
t h i s  p r e d i c t i v e  c a p a b i l i t y .  Ear th  dynamics r e sea rch  i s  centered  on the  s tudy 

The s tudy of ocean dynamics 
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of the  motions of t h e  l a r g e  s o l i d  p l a t e s  ( t e c t o n i c  p l a t e s )  which make up t h e  
s u r f a c e  of t h e  e a r t h .  The motion of t hese  t e c t o n i c  p l a t e s  i s  one of t he  causes  
of l a r g e  ear thquakes.  Measurement of t hese  motions using both the  LAGEOS 
s a t e l l i t e  whic.3 w i l l  be launched i n  1976 and accu ra t e  ground measurements w i l l  
permit  a b e t t e r  understanding of t h i s  dynamic process  and may lead  t o  an e a r t h -  
quake p r e d i c t i o n  c a p a b i l i t y .  

Space Processing - The o b j e c t i v e  of t h i s  program i s  t o  e x p l o i t  t he  unique 
c h a r a c t e r i s t i c s  of zero g r a v i t y  t o  prepare  and process  materials i n  ways t h a t  
are  n o t  poss ib l e  o r  economically p r a c t i c a l  on e a r t h .  The eventua l  b e n e f i t s  
of t he  program are  expected t o  inc lude  new knowledge of materials and tech-  
nology improvetnents. These w i l l  be  d i r e c t l y  app l i cab le  t o  i n d u s t r i a l  and 
biomedical processes on the  ground as w e l l  as t h e  unique new products  produced 
i n  space.  

----- Conununications - From t h e  incept ion  of t h e  space age,  NASA has engaged i n  a 
vigorous research  and development e f f o r t  t h a t  has  c l e a r l y  demonstrated the  
v i a b i l i t y  of s a t e l l i t e - b a s e d  communications systems. The cu r ren t  NASA e f f o r t  
i s  d i r e c t e d  toward the  development of advanced technology and the  performance 
of the  Agency's r e s p o n s i b i l i t i e s  t o  provide expe r t  advice  and c o n s u l t a t i o n  0 1 1  

s a t e l l i t e  communications t o  va r ious  Government departments and agencies .  The 
h ighly  success fu l  series of Appl ica t ions  Technology S a t e l l i t e s  (ATS-1, 3 ,  5,  
and the  r e c e n t l y  launched ATS-6) w i l l  be cont inued t o  be used by va r ious  
domestic and i n t e r n a t i o n a l  experimenters .  Two important  experiments involv ing  
ATS-6 are t h e  Health and Education Telev is ion  Experiment being conducted wi th  
the  Department of Heal th ,  Education and Welfare and the  S a t e l l i t e  I n s t r u c t i o n a l  
Te lev is ion  Experiment i n  cooperat ion wi th  the  Government of Ind ia .  

Data Management - Data Management a c t i v i t i e s  are  d i r e c t e d  toward the  sys temat ic  
s tudy ,  des ign ,  developmen.t, and demonstration of t he  technology needed t o  i m -  
prove the  flow of d a t a  from the  i n i t i a l  c o l l e c t i o n  by s a t e l l i t e  t o  the  use r .  
S a t e l l i t e  s y s t e m s  being dleveloped i n  t h e  Appl ica t ions  program wi.11 r e q u i r e  the  
ex tens ion  of cu r ren t  technology t o  accommodate the  increased  vol.ume, complex:i.ty, 
and exceedingly high ratels of d a t a ,  and r educ t ions  i n  o r ig in - to -use r  t r a n s -  
mission t imes.  The use r  must a l s o  be provided wi th  improved c a p a b i l i t i e s  f o r  
r a p i d l y  s t o r i n g ,  maintaining,  and r e t r i e v i n g  the  r equ i r ed  d a t a  products .  

Appl ica t ions  Experiment.s and Systems Analysis  - The Advanced Appl ica t ions  
F l i g h t  Experiments program provides  for  the  e a r l y  design and development of 
sensors  and experiments p r i o r  t o  committing them t o  f l i g h t  on a mission. 
This  approach avoids  the  high c o s t s  a s soc ia t ed  wi th  a premature commitment 
of new technology. Appl ica t ions  s t u d i e s  and systems ana lyses  are undertaken 
t o  add assurance t h a t  t h e  research  and development a c t i v i t i e s  of t h e  Appli-  
c a t i o n s  program are prac t : ica l  and c o s t - e f f e c t i v e ,  and based on e s t a b l i s h e d  
use r  needs and requirements.  To accomplish t h i s  o b j e c t i v e ,  spec:ial emphasis 
i s  placed on use r -o r i en ted  economic ana lyses  and assessments of  ongoing and pro 
posed new programs. A major cons ide ra t ion  i n  such i n v e s t i g a t i o n s  i s  t o  
e s t a b l i s h  need and economic j u s t i f i c a t i o n .  These are performed as e a r l y  
i n  the  l i f e  of a program a c t i v i t y  as p o s s i b l e  and updated through follow-on 
s t u d i e s  as trore d e t a i l e d  information i s  developed. 
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BASIS OF FUND REQUIREMENrS - : --- 

WEATHER AND CLIMATE 

1975 
Budget Current  T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

A l l  weather atmospheric 
sounding experiment 
s a t e l l i t e ;  ((Nimbus 
5 and F) ............. 

Opera t  iona 1 temperature 
sounding s a t e l l i t e  
(Tiros-N) ............ 
impr oveme 1 t I;. ........ O p e r a  t iona 1 s a t e  11 i te 

Global  atmospheric re-  
search  program (GARP) 

Meteorological  sounding 

Severe s torm cobser- 
va t ions  s a t e l l i t e  
(S t orms a t ) 
d e f i n i t i o n  s t u d i e s . . .  

Advanced t techniques 
i n  observing and 
fo recas t ing  .......... 

Cloud imaging from 
synchronous 
s a t e l l i t e s  (SMS 

rocke t  p-rog ram. ...... 

1 and B) ............. 
Tota l .  ............. 

$16,400 

10 , 000 

2 , 500 

5,698 

1 , 500 

4 , 828 

10,000 

$7,000 $9 , 300 $3 , 500 

9 , 000 7,500 9,000 

3,500 3,500 5,000 

7,400 7,200 7,000 

1,700 1,500 1,900 

5 , 000 5,400 5,700 

1 , 400 2,100 - - _ .  

$900 

2 , 100 

2 , 400 

3 , 000 

600 

300 

2,400 

$11.700 

The main o b j e c t i v e  of t he  Weather and C l i m a t e  program i s  d i r e c t e d  toward 
the  a p p l i c a t i o n  of s a t e l l i t e  d a t a  t o  problems i n  d e t e c t i o n ,  p r e d i c t i o n ,  
and e a r l y  warning of severe storms and the  improvement of our c a p a b i l i t y  
f o r  mid-range and long-range ( c l ima t i c )  weather p r e d i c t i o n .  The atmos- 
phe r i c  processes  a s soc ia t ed  wi th  these  phenomena, i .e. ,  severe  storms, 
d a i l y  w e a t h e r ,  and c l ima te ,  r e q u i r e  d i f f e r e n t  approaches and d i - f f e r ing  
s a t e l l i t e  systems t o  provide the  d a t a  t o  achieve b e t t e r  f o r e c a s t s .  Severe 
storm fo recas t ing  r e q u i r e s  the  measurement of l o c a l  atmospheric changes 
over a per iod of minutes t o  hours  on an around-the-clock b a s i s ,  a unique 
c a p a b i l i t y  of the  geosynchronous s a t e l l i t e ,  while  d a i l y  and c l i m a t i c  
forecas t ing  r e q u i r e  an a b i l i t y  t o  measure d e t a i l e d  changes over extended 
per iods  of t i m e  on an i n t e g r a t e d  g loba l  b a s i s ,  a c a p a b i l i t y  of the  p o l a r -  
o r b i t i n g  s a t e l l i t e .  
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Severe s torm research  w i l l  apply the  continuous observa t ions  from geo- 
s t a t i o n a r y  orb i t .  t o  t he  problem of d e t e c t i o n  and p r e d i c t i o n  of s h o r t - l i v e d ,  
v i o l e n t  storms. The s h o r t  l i f e  t i m e  of tornadoes,  f o r  example, r e q u i r e s  
h igh - re so lu t ion  observa t ions  wi th  a frequency on t h e  order  of minutes.  
The c a p a b i l i t y  t:o s e l e c t i v e l y  measure t h e  atmospheric s t r u c t u r e  on a nea r ly  
continuous ba5;is and improved d a t a  manipulat ion and ana lyses  procedures pro- 
v i d e  the  researc:h t o o l s  which w i l l  l e ad  t o  s i g n i f i c a n t  improvement i n  severe  
s torm fo recas t ing .  

S a t e l l i t e s  making important  c o n t r i b u t i o n s  toward improvements i n  our 
weather f o r e c a s t i n g  c a p a b i l i t y  inc lude  the  po la r -o rb i t i ng  satel l i tes  of t he  
Improved TIRO!; Operat ional  S a t e l l i t e  (ITOS) series developed by NASA f o r  
t he  Nat ional  Oceanic and Atmospheric Adminis t ra t ion (NOM); the  Synchronous 
Meteor o log ica ' l  !j. ate  11 i t e/Geos t a t  ionary Opera t iona l  Environmental S a t  e 11 i t  e 
(SMS/GOES) se:cies; and t h e  Nimbus r e sea rch  and development p o l a r - o r b i t i n g  
weather :;ate:L'Lite series. The p o l a r - o r b i t i n g  sa te l l i t es  provide q u a n t i t a t i v e  
sounding:; of the g loba l  at,mosphere f o r  use  i n  numerical  weather f o r e c a s t i n g ,  
d a t a  f o r  adva:iced research  on atmospheric processes ,  and g loba l  viewing 
of cloud:; and storm systems. A proto type  of t h e  t h i r d  gene ra t ion  ope ra t iona l  
s a t e l l i t e  of t h i s  kind (TIROS-N) i s  c u r r e n t l y  under development. The geo- 
s t a t i o n a r y  si3te:Llites ( t h e  f i r s t  ope ra t iona l  pro to type  was  launched i n  
e a r l y  19 7 4 )  provide continuous viewing of t he  earth-atmosphere f o r  nea r ly  
real-  t i m e  surve: i l lance of changing weather f ea tu res .  

The Ocean Dynamics S a t e l l i t e ,  SEASAT-A, and the  Oceanographic and A i r  
P o l l u t i o n  Observing S a t e l l i t e ,  Nimbus-G, w i l l  a l s o  make important con- 
t r i b u t i o n s  t o  weather fo recas t ing  by provid ing  a d d i t i o n a l  d a t a  (e .g . ,  sea 
su r face  temperatures ,  wave h e i g h t s  and l eng ths ,  s u r f a c e  wind speed and 
d i r e c t i o n ,  and measurements o f  t he  e a r t h ' s  r a d i a t i o n  budget and minor 
atmospheric c o n s t i t u e n t s )  e s s e n t i a l  t o  t he  s tudy of t h e  ocean-atmosphere 
energy exchange processes .  

A l l  Weather Atmospheric Sounding 
Experiment Sa t e l l i t e s  (NIMBUS 5 and F)  

1975 
Budget Current  T r a n s i t i o n  

-- 1974 Estimate Estimate - 1976 Period 
(Thousands of Dol la rs )  

Spacecraf t  ............... $8,161 $3,430 $4,295 $2 , 500 --- 
Sensors and d a t a  a n a l y s i s  7,222 2,270 3 , 432 400 $200 
Ground opera t ions  ........ 1,017 1,300 1,573 600 7 00 - 

Tota l  .................. $16.400 $7.000 $9,300 $3.500 $900 - 
Delta (Launck v e h i c l e  

procurement program) ... ($1,100) (---I  ( - - - I  ( - - - I  ( - - - I  
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0BJECTIVE:S ANI) STATUS : ---- 

The major ob jec t ives  of t he  A l l  Weather Atmospheric Sounding Experiment 
S a t e l l i t e s  (Nimbus 5 and F:) are t o  provide d a t a  on a g loba l  b a s i s  f o r  more 
accu ra t e  long; t e r m  weather f o r e c a s t s .  Toward t h i s  end, sensors  aboard Nimbus 
5 and F are designed t o  provide measurements of t h e  atmosphere 's  s t r u c t u r e  
and compositi.on between the  su r face  and t h e  upper reaches of t he  s t r a tosphe re .  
Advanced i n f r a r e d  and microwave senso r s  are being flown t o  provide a l l -  
weather global. C!ata wi th  improved v e r t i c a l  r e s o l u t i o n  and t o  a higher  range 
of a l t i t u d e s  than previous ly  obtained.  

Nimbus F wi1.1 a l s o  provide b a s i c  d a t a  t o  assess t h e  r o l e  of incoming s o l a r  
r a d i a t i o n  and the  e a r t h ' s  outgoing r a d i a t i o n  on l a r g e - s c a l e  weather systems. 
Another experiment aboard Nimbus F w i l l  provide information on t r o p i c a l  and 
southern hemi sphere wind and temperature s t r u c t u r e s .  I n  a d d i t i o n  t o  t h e  
s tudy and a n a l y s i s  of t he  d a t a  from these  experiments by the  p r i n c i p a l  i n -  
v e s t i g a t o r s ,  the  d a t a  i s  a l s o  provided t o  the  s c i e n t i f i c  community such as 
p a r t i c i p a n t s  i n  t h e  Global Atmospheric Research program, the  Goddard I n s t i t u t e  
f o r  Space Science,  t he  N a t  ional  Oceanic and Atmospheric Adminis t ra t ion,  and 
o t h e r s  f o r  f u r t h e r  a n a l y s i s  and model development and inco rpora t ion  i n t o  
a b e t t e r  underst  anding of t h e  atmosphere and improved f o r e c a s t i n g .  

CHANGES FROM --- IPY 1975 BUDGET ESTIMATE : 

The incxeasle i.n t h e  FY 1975 Budget E s t i m a t e  i s  r equ i r ed  due t o  phys i ca l  
problems experienced i n  the  development of t h e  Nimbus-F payload. Delays 
i n  t h e  d e l i v e r y  of s e v e r a l  of t hese  instruments  a l s o  l e d  t o  de lays  i n  t h e  
scheduled launch d a t e ,  theireby inc reas ing  spacec ra f t  , sensors  and ground 
system cc)ntrarc:tor support  cos t s .  

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: 

F i n a l  Nimbus-F s p a c e c r a f t  pre- launch systems tests were conducted i n  FY 
1975 i n  p repa ra t ion  f o r  a launch i n  l a t e  FY 1975. O r b i t a l  opera t ions  and 
d a t a  acquisit:j.or. and a n a l y s i s  f o r  Nimbus-4 and -5 were a l s o  cont inued during 
FY 1975. 

During FY 1.5176 and the  t r a n s i t i o n  per iod ,  some d a t a  w i l l  cont inue  t o  be 
c o l l e c t e d  andl acalyzed from Nimbus-5, a l though primary emphasis w i l l  be 
placed on the  c o l l e c t i o n  arid a n a l y s i s  of t he  d a t a  obta ined  from Nimbus-F. 
Supplementary measurements w i l l  be made f o r  t h e  F i r s t  GARP Global Experiment 
(FGGE) by treic:ki.ng and r e l ay ing  d a t a  from approximately 300 ba l loons  through 
a special .  NiniE)us,-F system dur ing  t h e  Trop ica l  Wind, Energy Conversion and 
Reference Level Experiment. Nimbus-F w i l l  a l s o  s e r v e  as a t r ack ing  and da ta  
r e l a y  p l a t fo rm fior a l a r g e  number of g l o b a l l y - d i s t r i b u t e d  remote d a t a  s i t e s  
measuring i c e  mcwement and s t a t u s ,  ocean cu r ren t  flows and o t h e r  r e l a t e d  
da ta .  The a b i l i . t y  t o  accu ra t e ly  t r a c k  a low e a r t h  o r b i t a l  s a t e l l i t e  from a 
synchronous i11.ti.tude s a t e l l i t e  w i l l  be demonstrated i n  an experiment con- 
ducted i n  corl:jur.ction wi th  the  Appl ica t ions  Technology S a t e l l i t e - 6 .  New 
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and, i n  some ins t ances ,  improved techniques f o r  determining on a g loba l  b a s i s  
t h e  s t a t u s  and d i s t r i b u t i o n  of ocean cond i t ions ,  and atmospheric d i s t r i b u t i o n s  
of c e r t a i n  gases  w i l l  a l s o  be demonstrated.  I t  i s  expected t h a t  t hese  tech-  
n iques  and t h e  measurement:s ob ta ined  w i l l  s i g n i f i c a n t l y  improve our knowledge 
of t he  f a c t o r s  which in f luence  weather and atmospheric modi f ica t ions .  

Operat ional  Temperature Sounding S a t e l l i t e  (TIROS-N) - 

1975 
Budget Current T rans i t i on  

1974 E s t i m a t e  Estimate 1976 Period 
(Thousands of Do l l a r s )  

Spacecraf t  arid suppor t . .  . $6,323 $7,000 $4,482 $5,500 $1,700 
Sensor cleve1.opment. ...... 3,677 2,000 3,018 3,300 300 

equipment. .............. - - -  - - -  --- 200 100 
Opera t iona l  s t a t i o n  

Tota l . . .  ............. $10,000 $9,000 $7,500 $9,000 $2,100 .- -- 

Atlas-F (Lainch v e h i c l e  
procuremeri L program) ... ( - - - )  (---) ( - - - I  ($3,400) ( - - ->  

OBJECTIVES AND STATUS : --- 
The objec1:ivc.s of t h e  Opera t iona l  Temperature Sounding S a t e l l i t e  (TIROS-N) 

program are t o  develop both an advanced ope ra t iona l  pro to type  s a t e l l i t e  and 
t h e  sensors  capable of meeting t h e  Nat ional  Operat ional  Environmental 
S a t e l l i t e  System and t h e  Global Atmospheric Research program requirements 
f o r  improved environmental  d a t a  and b e t t e r  d a t a  handl ing c a p a b i l i t y .  These 
requirements inc lude  a h ighe r  r e s o l u t i o n  day/n ight  c a p a b i l i t y  t o  make cloud 
cover observa t ions  on a l o c a l  and g loba l  scale; improved observa t ions  of 
v e r t i c a l  temperature/moisture  p r o f i l e s ;  and a high capac i ty  d a t a  c o l l e c t i o n  
and r e l a y  and p la t form- loca t ion  system. 

TIROS-N i s  t h e  R&D p r o t o f l i g h t  spacec ra f t  f o r  t h e  t h i r d  genera t ion  of 
ope ra t iona l  weather s a t e l l i t e s .  I n  accordance wi th  the  b a s i c  agreement 
between t h e  Department of  Commerce and NASA, t h e  Department of Commerce 
w i l l  fund fclllow-on ope ra t iona l  sa te l l i t es  of t h e  TIROS-N conf igu ra t ion ,  
a l though NASA w i l l  cont inue  t o  b u i l d  and launch t h e  spacec ra f t  and then 
check c u t  s p a c e c r a f t  opera t ions  i n  o r b i t  p r i o r  t o  tu rn ing  over t.he ope ra t iona l  
r e s p o n s i b i l i  t y  t o  the  Nat ional  Oceanic and Atmospheric Adminis t ra t ion 
(NOAA). The spacec ra f t  which w i l l  c a r r y  the  sensors  i s  a modi f ica t ion  of 
the  5-1) spac:ecraft  being b u i l t  by RCA f o r  t h e  Defense Meteorological  
S a t e l l i t e  program; NOAA, NASA, and the  Department of Defense a r e  a l l  
planning t o  use  t h i s  s p a c e c r a f t  i n  order  t h a t  t h e  c o s t s  of a s e p a r a t e  
development: program can be avoided. 
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The TIROS-P.1 sensors  are being developed t o  t ake  advantage of advancements 
i n  technology, p a r t i c u l a r l y  i n  microwave sounding and i n f r a r e d  imagery, t o  
m e e t  t he  increased  requirements i nd ica t ed  above. The microwave sounding 
c a p a b i l i t y  w r l l  provide a means of pene t r a t ing  t h e  clouds which con t inua l ly  
cover much of t h e  e a r t h .  Microwave sounding, coupled wi th  i n f r a r e d  imaging, 
w i l l  provide an a l l -wea the r ,  day-and-night measurement c a p a b i l i t y ;  such d a t a  
i s  fundarnental t o  accu ra t e  g loba l  numeric weather fo recas t ing .  I n  a d d i t i o n  
t o  i t s  complement of s enso r s ,  TIROS-N w i l l  inc lude  an o p e r a t i o n a l  d a t a  c o l -  
l e c t i o n  system capable  of r ece iv ing ,  process ing ,  and r e t r a n s m i t t i n g  sensor  
d a t a  from buo.fs, ba l loons ,  a i r c r a f t ,  and remote ground s t a t i o n s .  'Chis system 
w i l l  ob t a in  rnl-ttwrological measurements no t  o therwise  a v a i l a b l e  i n  t r o p i c a l  
and Southern Hemisphere ocean reg ions  f o r  t he  Global Atmospheric Research 
program (GAR]'). 

CHANGES "OM FY 1975 BUDGET ESTIMATE: --- 

The r e d u c t i m  i n  t h e  FY 1975 Budget E s t i m a t e  i s  due t o  a de lay  i n  the  
i n i t i a t i o n  oE the  s p a c e c r a f t  development phase incu r red  t o  permit more 
d e t a i l e d  s tud iea  of t h e  5 - D  s p a c e c r a f t  and the  necessary  modi f ica t ions  f o r  
t he  TIROS-N conf igu ra t ion  t o  be performed. 

BASIS OF ---- Fy 19715 AND TRANSITION - PERIOD ESTIMATES: 

During FY 1975, the  TIROlS-N sensors  continued under development, t h e  space- 
c r a f t  d e f i n i t i o n  s tudy was completed by RCA, s p e c i f i c a t i o n s  w e r e  prepared,  
and the spacec ra f t  development c o n t r a c t  awarded. 

E f f o r t s  during FY 1976 and the  t r a n s i t i o n  pe r iod  w i l l  inc lude  the  d e t a i l e d  
design of t he  s p a c e c r a f t  s t r u c t u r e ,  s p a c e c r a f t  d a t a  handl ing syst.em, and 
ground support  equipment. Spacecraf t  subsystem manufacturing, f a b r i c a t i o n ,  
and tes t  w i l l  be  i n i t i a t e d . .  The development of t h e  sensors  w i l l  cont inue ,  
inc luding  breadboard bui ldup and the  f a b r i c a t i o n  and t e s t i n g  of t he  
engineer ing rode l s .  The p r o t o f l i g h t  sensors  w i l l  subsequent ly  be t e s t e d  
and de l ivered  t o  the  spacec ra f t .  Cont rac t  award f o r  instrument  i n t e g r a t i o n ,  
s to rage ,  c a l l - u p ,  launch, and post- launch support  i s  a l s o  scheduled f o r  t h i s  
per iod.  Launch is  c u r r e n t l y  scheduled f o r  1978. 

- C,perational S a t e l l i t e  Improvements 

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  Estimate 1976 Per iod  --- --- 
(Thousands of  Do l l a r s )  

$2,500 $3,500 $3 , 500 $5 , 000 $2,400 
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OBJECTIVES AND STATUS: ---- 
The o b j e c t i v e  of t he  ope ra t iona l  s a t e l l i t e  improvements program i s  t h e  

conduct of r e sea rch  and development f o r  s p e c i f i c  improvements t o  advanced 
senso r s ,  s p a c e c r a f t  subsystems, and ground equipment i n  suppor t  of p r e s e n t  
and f u t u r e  ope ra t iona l  s a t e l l i t e  systems. 

Current detrel opment s inc lude  mod i f i ca t ions  t o  t h e  V e r t i c a l  Temperature 
P r o f i l e  Radiometer (VTPR) now being flown on t h e  NOAA ITOS weather s a t e l l i t e  
t o  improve t h e  accuracy arid u t i l i t y  of t h i s  s enso r ;  mod i f i ca t ions  of t h e  
Advanced Verjr Figh Resolution Radiometer (AVHRR) t o  add a f i f t h  s p e c t r a l  
channel t o  provide improved sea - su r face  temperatures f o r  o p e r a t i o n a l  use ,  
and modi f i c a t i o n s  t o  t h e  V i s i b l e  I n f r a r e d  Spin-Scan Radiometer (VISSR) 
being f l  own on the  Geostationary Opera t iona l  Environmental S a t e l l i - t e s  
(GOES) t o  provide an atmospheric sounding c a p a b i l i t y .  A l l  t h e s e  e f f o r t s  
are coord ina ted  wi th  the  Nat iona l  Oceanic and Atmospheric Adminis t ra t ion  
(NOAA). 

BASIS O F  FY 'L976 AND TRANSITION PERIOD ESTIMATES: --- 
I n  FY 1976 t hese  e f f o r t s  w i l l  be continued and development of an a l l -  

weather microwave sounding c a p a b i l i t y  f o r  follow-on sa te l l i t es  of t he  
TIROS-N serf-(3s w i l l  be i n i t i a t e d .  All-weather soundings of g r e a t e r  
accuracy are e s s e n t i a l  t o  be t : te r  numerical  weather p r e d i c t i o n  and must 
be provided i f  improved weather f o r e c a s t s  are t o  r e s u l t .  Also, t h e  
development (3f l o c a l  u se r  te rmina l  ground equipment f o r  readout  of d a t a  
from both p o l a r - o r b i t i n g  and g e o s t a t i o n a r y  weather s a t e l l i t e s  w i l l  be 
continued i n  response t o  long u n f i l l e d  u s e r  co rnun i ty  needs f o r  such 
low c o s t  equipment. 

Development l a i l l  a l s o  be i n i t i a t e d  on a sounder f o r  a 3-axis s t a b i l i z e d  
geos t a t iona ry  ,spacecraft .  This e f f o r t ,  based on pre l iminary  work funded 
under t h e  Advanced Appl ica t ions  F l i g h t  Experiment (AAFE) program, i s  i n  
response  t o  a N O M  requirement f o r  an atmospheric sounder on a geos t a t iona ry  
s a t e l l i t e  provid ing  d a t a  which are improved i n  both r e s o l u t i o n  and accuracy 
f o r  use  i n  severe  storm d e t e c t i o n  and f o r e c a s t i n g .  

Global Atmospheric Research Program (GARP) 

1 9 7 5  
Budget Current T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  -- 1976 Per iod  
(Thousands of Do l l a r s )  

Data systems test support:. . $1,359 $1,340 $1,295 $500 $80 
Simulation s t u d i e s . . . . . .  ... 3,098 3 ,601  4 ,230  4,800 2,400 

experiment ............... 400 956 156 1,200 45 0 

experiment suppor t  ....... 6 2 4  1,165 1 , 074 
Technology support . .  ....... 217 33% 445 5 00 70  

F i r s t  GARP e l o b a l  

GARP a t l a n t i c  t r o p i c a l  
- - . -  - - -  

~- 

Total.. .................... $5.698 $7.400 $7.200 $7.000 .$3,000 ~- .~ 
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OBJECTIVES AND STATUS: ---- 

The Global Atmospheric Research Program (GARP) i s  a long-term, world-wide 
i n t e r n a t i o n a l  e f f o r t  sponsored by t h e  World Meteorological  Organiza t ion  of  
the  United Nations and the  I n t e r n a t i o n a l  Council  of S c i e n t i f i c  Unions. 
The major o b j e c t i v e s  of GA.RP a r e  improving the  accuracy and length  of t i m e  
over which weather f o r e c a s t s  can be made and understanding the  phys ica l  pro-  
ces ses  t h a t  a f f e c t  c l ima te  and c r e a t e  climatic change. I n  pursuing t h e s e  
o b j e c t i v e s ,  the  c u r r e n t  program c e n t e r s  on the  des ign  and t e s t i n g  of a 
series of atmospheric numerical  models t o  permi t  an i n c r e a s i n g l y  p r e c i s e  
d e s c r i p t i o n  c f  atmospheric: behavior ,  and obse rva t iona l  and experimental  
s t u d i e s  of t h e  atmosphere f o r  t he  des ign  of such models and f o r  t h e  t e s t i n g  
of t h e i r  v a l i d i t y .  

CHANGES FROM FY 1975 BUDGE:T ESTIMATE: --- 

A one year  de lay  i n  the  s ta r t  of t he  F i r s t  GARP Global Experiment r e s u l t e d  
i n  a r educ t ion  i n  o v e r a l l  funding requirements  i n  FY 1975, and allowed addi -  
t i o n a l  FY 1975 funds t o  be provided f o r  s imula t ion  s t u d i e s  a t  t h e  Goddard 
I n s t i t u t e  of Space  S tudies  i n  suppor t  o f  t h e  GARP A t l a n t i c  T rop ica l  
Experiment . 
BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: --- 

I n  e a r l y  FY 1975 NASA p a r t i c i p a t e d  i n  t h e  f i r s t  l a r g e - s c a l e  i n t e r n a t i o n a l  
GARP experiment-- the GARP A t l a n t i c  T rop ica l  Experiment--with the  s h i p  
Vanguard, t h e  CV-990 a i r c r a f t ,  and the  SMS-1, ATS-3 ,  and Nimbus-5 satel l i tes .  
In May 1974, a Data Systems Tes t  was conducted t h a t  produced t h e  f i r s t  g loba l  
real  time da.t:a se t .  The Data Systems Test focused a t t e n t i o n  on problems 
r e l a t e d  t o  t h e  a c q u i s i t i o n  and process ing  of g l o b a l  d a t a  from many d a t a  
sources ,  as wi11 be the  case i n  t he  1977-79 per iod  of the  F i r s t  GARP 
Global E:xperi.me:nt. The Data Systems T e s t  cons i s t ed  of t h e  s imula t ion  of a 
DST d a t a  management system, and the  implementation of  a d a t a  u t i l i z a t i o n  
program f o r  a p p l i c a t i o n  o f  t he  d a t a  sets ;  t h e  focus of t h i s  work was on un- 
covering the  p o t e n t i a l  d iEEicu l t i e s  t h a t  may ar ise  i n  meeting the  First GAKP 
Global E:xperj.ment ob jec t ives .  

I n  0ct:ober 1974, a prel iminary Data Systems T e s t  was completed us ing  wind 
vec to r  d a t a  from the  SMS-I cloud images i n  rea l  t i m e .  Also i n  FY 1975, t he  
U.S. p l an  f o r  t:he F i r s t  GARP Global Experiment w i l l  be  completed and 
d i s t r i b u t e d  for comment. Tes t ing  and eva lua t ion  of t h e  Carrier Balloon 
System w i l l  cont inue during t h i s  per iod .  

I n  FY 1976 arid the  t r a n s i t i o n  pe r iod ,  f u r t h e r  Data Systems T e s t  per iods  
are scheduled t o  provide g loba l  d a t a  sets  dur ing  summer and win te r  weather 
cond i t ions ;  t hese  tests w i l l  u se  d a t a  obta ined  from t h e  Nimbus-F and SMS-B 
weather satall i . tes and a l s o  t h e  d a t a  re layed  from ocean buoys and carr ier  
ba l loons  through Nimbus-F. Planning and a s s o c i a t e d  r e sea rch  w i l l  be 
a c c e l e r a t e d  :-n p repa ra t ion  f o r  t h e  F i r s t  GARP Global  Experiment. Research 
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i n  numerical  methods w e a t h . e r  f o recas t ing  w i l l  concen t r a t e  on t h e  development 
of new technologies  t o  use. meteorological  s a t e l l i t e  d a t a  i n  atmospheric c i r -  
c u l a t i o n  and ope ra t iona l  weather f o r e c a s t  models. 
q u a l i t y  than those prev ious ly  obtained w i l l  be  produced and used i n  experiments.  

Global d a t a  sets  of higher  

-- Meteorological  Sounding Rocket Program 

1975 
Budget Current T r a n s i t  ion 

1974 Estimate E s t i m a t e  1976 , Period 
(Thousands of Do l l a r s )  

Procurement 2nd launch 
of researck sounding 

Development of sounding 

F ie ld  ex:perinien t support .  , . 800 900 700 1,100 400 

rocke t s . . . . . . . . . . . . . . . .  ... $500 $700 $700 $800 $200 

rocket  systems. ........... 200 100 100 - - -  - - -  

Tota. l . . . . . . .  ........... $1.500 $1.700 $1.500 $1.900 $600 

OBJECTIVES AND STATUS : --- 
The major o b j e c t i v e  of the Meteorological  Sounding Rocket program i s  t o  ex- 

p l o r e  the  at:riosphere from 30 t o  about 100 km t o  ga in  a b e t t e r  understanding 
of  i t s  s t r u c t u r e  and composition, and how i t  reacts wi th  and a f f e c t s  weather 
phenomena i n  the  lower atmosphere. Data obta ined  by rocke t s  a t  these  a l t i t u d e s  
are used t o  s tudy the  composition and chemical processes  r e l a t e d  t o  upper a i r  
p o l l u t i o n ,  c:heniical dynamics, and t h e i r  e f f e c t s  on c l imate  and man's hea l th .  
P a r t  of t he  program i s  a coopera t ive  i n t e r n a t i o n a l  e f f o r t  t o  o b t a i n  and analyze 
mutually use  CUI. d a t a  which w i l l  permit  ana lyses  of upper atmospheric phenomena 
i n  both the  e a s t e r n  and w'estern hemispheres such as s t r a t o s p h e r i c  warmings 
and s t i rnulate  the use of  t he  d a t a  f o r  p r a c t i c a l  a p p l i c a t i o n s .  

Data :from meteorological  rocke t s  are a l s o  used t o  c a l i b r a t e  temperatures 
obtained from s a t e l l i t e  remote sensors .  These comparative d a t a  permit cor -  
rection:;  t o  be made t o  t h e  rad iance  weight ing func t ions ,  and thereby produce 
more accu ra t e  temperatures  from s a t e l l i t e  observa t ions .  Improvements of the 
design and ope ra t ion  of a e r o n a u t i c a l  and space v e h i c l e s  E l y ing  through the 
atmosphere and i n t o  space a1:;o r e q u i r e  d a t a  on t h e  v a r i a t i o n s  of atmospheric 
dens i ty  and c circulation, a s  we11 as d a t a  on sudden s t r a t o s p h e r i c  warmings 
with major cll.-nsity changes. The d e t a i l e d  v e r t i c a l  r e s o l u t i o n  obtained from 
rocke t s  i s  vit ixl  f o r  atmospheric s t u d i e s  and complements g l o b a l  coverage 
from s a t e l l i t e s .  

CHANGES FROM FI 1975 BUDGET - ESTIMATE: --- 
The r~2duct ion i n  the  FY 19'75 Budget E s t i m a t e  f o r  F i e ld  Experiment Support 

w a s  made i n  order  t h a t  a d d i t i o n a l  FY 1975 e f f o r t  i n  severe s torm re sea rch  
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might be undertaken. 
Support a f f e c t e d  by t h e  r educ t ion  have been de fe r r ed  u n t i l  FY 1976. 

Previously planned ac t iv i t i e s  i n  F i e l d  Experiment 

BASIS OF FY 1.976 AND TRANSITION PERIOD ESTIMATES: 

Development: of an improved meteorological  rocke t  system w i l l  be  completed 
i n  FY 1975. This  system w i l l  r each  80 km i n s t e a d  of t h e  e x i s t i n g  60 km 
he ight .  

During FY 1.970 and t h e  t r a n s i t i o n  per iod ,  approximately 65 Nike Cajun, 
Arcas, arid boost:ed d a r t - t y p e  rocke t s  w i l l  be  launched a t  widely separa ted  
s i tes  t o  obta:-n information about t h e  d i s t r i b u t i o n  and concen t r a t ions  of 
minor s t r a t o s p h e r i c  c o n s t i t u e n t s .  About 38 o p t i c a l  ozone soundings w i l l  
be made t o  ob ta in  t h e  v e r t i c a l .  p r o f i l e  of  ozone during d a y l i g h t  and about 
8 chemi-1.umirtesc:ent soundings w i l l  be made t o  ob ta in  the  v e r t i c a l  p r o f i l e s  
of ozone during n i g h t  t i m e .  
s h i e l d s  the  eart:h from t h e  dangerous u l t r a v i o l e t  r a y s  emanating from the  
sun. 

S t r a t o s p h e r i c  ozone i s  c r i t i c a l  because i t  

Two n i t r i c  oxide soundings w i l l  be made t o  ob ta in  t h e  v e r t i c a l  p r o f i l e  
of n i t r i c  oxide and one payload w i l l  be  flown t o  40 km on a ba l loon  t o  
measure s o l a r  s p e c t r a l  i r r a d i a n c e  p r o f i l e s .  N i t r i c  oxide i s  of in te res t  
because i t  i s  a s t r a t o s p h e r i c  contaminant produced by h igh - f ly ing  a i r c r a f t .  

Three payloads w i l l  be hunched  t o  determine t h e  Bremstrahlung ozone 
source.  AddFt:ionally, i n  accordance wi th  the  US/USSR Agreement e s t a b l i s h i n g  
an Eas te rn  and Western Hemispheric meridional  network of meteoro logica l  
rocke t  s t a t i o n s , ,  a t o t a l  of approximately 300 improved rocke t s  t h a t  w i l l  
reach about 80 km w i l l  be launched from Wallops F l i g h t  Center  and fore ign  
si tes.  Wallops F l i g h t  C e n t e r ' s  f i e l d  experiment support  w i l l  provide 
f o r  an a i r c r a f t  t o  f l y  range s a f e t y  su rve i l l ance .  Cooperative a s s i s t a n c e  
w i l l  a l s o  be provided f o r  .a new rocke t  sounding s i t e  i n  Braz i l .  

Severe Storm Observat ions S a t e l l i t e  (STORMSAT) - 
Def in i t i on  S tud ie s  - 

1975 
Budget: Current  Trans i t i  on 

1974 E s t i m a t z  .Estimate 1976 Period 
(Thousands of D o l l a r s r  

--- $1,500 $300 - - -  - - - .  

OBJECTIVES AND STATUS: --_- 

I n  a t y p i c a l  yea r ,  t he  U.S. mainland experiences e i g h t  t r o p i c a l  s torms,  
600 tornadoes,  600 damaging ha i l s to rms ,  and 800 severe l o c a l  windstorms, 
wi th  the  a t t endan t  property damage and loss  of l i f e .  
t o  s e l e c t i v e l y  measure t h e  atmospheric s t r u c t u r e  on a n e a r l y  continuous 

The c a p a b i l i t y  
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b a s i s  a long wi th  improvements d a t a  handl ing  and a n a l y s i s  w i l l  provide the 
r e sea rch  t o o l s  which w i l l  lead t o  s i g n i f i c a n t  improvements i n  seve re  storm 
fo recas t ing .  The ob jec t ive  of t he  STORMSAT d e f i n i t i o n  s t u d i e s  i s  t o  d e f i n e  
t h e  needed c h a r a c t e r i s t i c s  of an advanced sens ing  device  termed t h e  Advanced 
Atmospheric Scunding and Imaging Radiometer ( U S I R )  f o r  the obse rva t ion  of 
t he  s h o r t - l i v e d  and violent:  meteoro logica l  f e a t u r e s  which desc r ibe  and are 
a s soc ia t ed  wi th  severe  storms. 

The STORMSAT' i s  planned t:o be pos i t i oned  a t  geosynchronous a l t i t u d e  a t  a 
longi tude  whic.h passes  through the  middle of t h e  North American con t inen t .  
It w i l l  c:omplement the  e x i s t i n g  sp in - s  t a b i l i z e d  sa te l l i t es  of t h e  Synchronous 
M e t  eoro logica. I. S a. t e 1 l i t e  (SMS ) /Geos t a t  ionary  Opera t iona l  Environmental 
S a t e l l i t e  (GOE:S) system by providing d a t a  of h ighe r  s p a t i a l  and temporal 
reso lu t icm reciui.red t o  d e t e c t  severe  storms over t h e  c o n t i n e n t a l  U. S . 
The STOFWSAT t~i1.1. have th ree -ax i s  s t a b i l i z a t i o n  which w i l l  enable  t-he 
s a t e l l i t e  sensors  t o  be pointed cont inuously a t  t h e  e a r t h .  The k 4 S I R  w i l l  
be a second genera t ion  very high r e s o l u t i o n  radiometer ,  and w i l l  u t : i l i ze  
the  te lescope  arid s e l e c t e d  oth.er systems of t h e  SMS/GOES V i s i b l e  and I n f r a r e d  
Spin-Scan Rac1:lonieter (VISSR) and t h e  VISSR Atmospheric Sounder (VAS) cu r ren t ly  
under deTre1oprnent: i n  h e  Advan.ced Appl ica t ions  F l i g h t  Experiments program. 

BASIS OF --- FY 1.970 AND TRANSITION - PERIOD ESTIMATES: 

D e f i n i t i o n  s t u d i e s  conducted i n  FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  
eva lua te  the  t rade-of fs  a s soc ia t ed  with sensor  i n t e g r a t i o n ,  t h e  s p a c e c r a f t  
c h a r a c t e r i s t f k s  , des i r ed  o r b i t a l  c h a r a c t e r i s t i c s ,  app ropr i a t e  launch v e h i c l e ,  
and t h e  d a t a  handl ing requirements .  
v ide  the  necessixry information p r i o r  t o  proceeding wi th  the  implementation 
phase. Lf uii1cle:rtaken a s  an FY 1977 new i n i t i a t i v e ,  t h e  launch of STOEWSAT 
could ocl:ur i x  L980. 

The r e s u l t s  of t h e s e  s t u d i e s  will .  pro-  

- Advanced Techniques - i n  Observing and Forecas t ing  

1975 -- 
Budget T rans i t i on  

1974 E s t i m a t e  E s t i m a t e  1976 Period - -- 
(Thousands of Do l l a r s )  

$4,828 $5,000 $5,400 $5,700 $2,400 

OBJECTIVES AND STATUS: ---- 
The ob jec t ives  of t h i s  program are t h e  es tab l i shment  of t he  phys ica l  

p r i n c i p l e s  upon which remote sensors  can be developed and employed, t h e  
developp.ent c f  the  techniques f o r  t he  a c q u i s i t i o n  of environmental  d a t a  by 
remote sensors ,  and the  a p p l i c a t i o n  of t he  d a t a  t o  t h e  d e f i n i t i o n  of t he  
e a r t h ' s  atmosphere and t h e  p r e d i c t i o n  of i t s  changes. This e f f o r t  provides  
t h e  in t e rconrec t ing  br idge  between s c i e n t i f i c  i n v e s t i g a t i o n s  and the  design 
and deve loprrwnt of engineer ing hardware f o r  both r e sea rch  and o p e r a t i o n a l  
uses  i n  metecmclogy. 
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CHANGES FROM FY 1975 BUDGET ES'rIMATE: --- 

The increas ,e  i n  the  FY 1975 13udget Estimate r e s u l t e d  from an augmentation 
of severe  storm research ,  e s p e c i a l l y  f o r  increased  a i r c r a f t  s u r v e i l l a n c e  
of areas of extreme atmospheric tu rbulence .  

BASIS OF FY --- 1976 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1975, research  a c t i v i t i e s  are be ing  focused on t h e  development of 
advanced techniques f o r  observing and f o r e c a s t i n g  severe l o c a l  s torms,  
p a r t i c u l a r l y  thunderstorms, tornados,  and hu r r i canes ,  and on the  problems 
of c l imate  v a r i a b i l i t y .  E f f o r t s  are a l s o  d i r e c t e d  toward t h e  a p p l i c a t i o n  
of advanced techniques i n  i n f r a r e d  and microwave sounding of atmospheric 
moisture  p r o f i l e s  t o  improve understanding of t h e  behavior  of t h e  e a r t h ' s  
atmosphere. 'Xesearch w i l l  cont inue  on t h e  phys ica l  p rocesses  of r a d i a t i v e  
t r a n s f e r  as  they a f f e c t  the  e a r t h ' s  h e a t  budget and the  q u a l i t y  of  the  
environment. 

During FY 1976 and the  t r a n s i t i o n  pe r iod ,  t h e  severe storms r e sea rch  
program w i l l  include d e t a i l e d  s t u d i e s  of geos t a t iona ry  s a t e l l i t e  photographs,  
of p o s s i b l e  improvements t o  s a t e l l i t e  systems,  s p e c i a l  a i r c r a f t  o v e r f l i g h t s  
of severe  s torms,  and j o i n t  s t u d i e s  wi th  N O M ,  o t h e r  Government agencies ,  
and u n i v e r s i t y  s c i e n t i s t s .  Research emphasis w i l l  a l s o  be placed on 
small  s c a l e ,  s h o r t - l i v e d  but  d e s t r u c t i v e  weather phenomena, inc luding  no t  
only thunders torins, tornados and hu r r i canes ,  b u t  a l s o  f l a s h  f loods , heavy 
f r o s t s  and win ter  storms. This program w i l l  expand the  c u r r e n t  s t a t e  of 
knowledge about ,;evere storms t o  a i d  i n  t h e  development of systems t o  d e t e c t ,  
monitor , and f m x a s  t severe  storms . 

New i n v e s t i g a t i o n s  w i l l  a l s o  be i n i t i a t e d  t o  improve numerical  weather 
p r e d i c t i o n ,  us ing  the  Nimbus-series s a t e l l i t e s '  measurements of atmospheric 
composition, s ~ l ~ r  r a d i a t i o n ,  s ea - su r face  temperature ,  and thermal s t r u c t u r e  
of the  e a r t h ' s  atmosphere. To make optimum use  of  t hese  important des-  
c r i p t i v e  d a t a ,  improved techniques are  being developed f o r  t h e i r  p rocess ing ,  
d i s p l a y ,  (and a p p l i c a t i o n  t o  numerical  models. C l i m a t e  r e sea rch  w i l l  be 
focused 011 studying the  r e l a t i v e l y  slow changes of g loba l  weather o r  c l imate  
t h a t  b r ing  a b o i t  l a r g e  sca le / long- te rm changes r e f l e c t e d  i n  droughts ,  series 
of severe  or  mild win te r s ,  monsoon p a t t e r n s ,  and motion of po la r  i c e .  
Concurrent ly ,  research i s  being conducted t o  adapt  and r e f i n e  sho r t - t e rm 
numerical p r e d i c t i o n  models t o  accept  long-term parameters  related t o  t h e  
l a w s  of c l imar i c  behavior.  
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---- Clo.Jd Imaging frc-nchronous S a t e l l i t e s  (SMS- 1 and B)  

1975 
Budget Current T r a n s i t i o n  

1974 Es t imate  Es t imate  1976 Per iod  
(Thousands of Do l l a r s )  

-- - 

---  Spacec ra f t . .  .............. $'9,546 $1,400 $1,225 
- - -  -.-- 47 5 

400 
- - -  Sensors ................... 5 05 

949 Ground s t a t i o n  suppor t . .  .. - - -  - - -  --- - - -  -- 

Delta (Launch ve.hicle 
procurement p r  3gram) . . . .  ($5 . 600) ( - - ->  ( - - - )  ( - - - )  (-.--) 

OBJECTIVES AND S'rA'rus : ---- 
The o b j e c t i v e s  of  t he  Synchronous Meteoro logica l  S a t e l l i t e  (SMS) program 

are t o  demonstrate a pro to type  o p e r a t i o n a l  system which w i l l  m e e t  t h e  re- 
quirements of t h e  Nat iona l  Oceanic and Atmospheric Adminis t ra t ion  (NOAA) t o :  
(1) p e r m i t  coiitinuous observa t ion  of major weather systems r o u t i n e l y ,  thus 
enhancing t h e  a b i l i t y  t o  p r e d i c t  and l o c a t e  seve re  s h o r t - l i v e d  storms; (2 )  
d e r i v e  important wind f i e l d  da t a  over l a r g e  areas and i n  much l e s s  time 
than h e r e t o f o r e  poss ib l e ;  and ( 3 )  provide a c a p a b i l i t y  f o r  r ap id  disseinination 
of processed lneteorological d a t a  t o  l o c a l  me teo ro log i s t s .  

CHANGES FROM FY 1975 BUDGET ESTIMATE: 

The i n c r e a s e  ii the  FY 1975 Budget E s t i m a t e  w a s  r equ i r ed  t o  c o r r e c t  
t e c h n i c a l  prob1e)ns i n  t h e  S M S - B  s p a c e c r a f t  communications and sensor  systems, 
and i n  the  devel3pment of t h e  t r i l a t e r a t i o n  ground system. Also,  increased  
funding was necessary  t o  ccver i nc reases  i n  launch and post-launcb support  
a s  a r e s u l t  of t ne  de lay  i n  t h e  launch d a t e  of SMS-B from mid-1974 t o  
January  1 9  75. 

BASIS O F  FY ~ - -  1976 AND TRANSITION - PERIOD ESTIMATES: 

No funds a r e  reques ted  f o r  FI 1976 and t h e  t r a n s i t i o n  per iod .  ?'he N O M  
w i l l  fund t h e  ope ra t ions  of SMS-1 and SMS-By as w e l l  a s  subsequent s a t e l l i t e s  
of t h i s  s e r i e s .  
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POLLUTION MONITORING 

Budget Current  T r a n s i t  ion 
1974 E s t i m a t e  E s t i m a t e  1976 Period 

(Thousands of Do l l a r s )  

Oceanographic and a i r  
p o l l u t i o n  observing 

Sensor d e f i n i t i o n  and 
s a t e l l i t e  (Nimbus-G). ... $8,800 $27,000 $19,000 $15,000 $7,500 

f e a s i b i l i t y  eva lua t ions , ,  
modeling, ope ra t iona l  ............. 4,200 1 200 methodology - 2,796 2 , 800 3 400 - 

Tota l  ................. $11.596 $29,800 $22.400 $19.200 $8.700 -- 
The primary o b j e c t i v e  of t he  P o l l u t i o n  Monitoring program i s  1:he developmeint 

and demonstration of systems capable  of i d e n t i f y i n g  and measuring p o l l u t a n t s  
i n  the  a i r  and water on g loba l  and r eg iona l  scales. 

For t h e  atmosphere, t h i s  e f f o r t  w i l l  focus on providing t h e  technology neecied 
t o  esta.blisl- .  a b a s e l i n e  on the  l e v e l s  and d i s t r i b u t i o n  of n a t u r a l  and man- 
made p o l l u t a t s .  It  i s  p r e s e n t l y  thought t h a t  a d i s tu rbance  of t he  atmosphere 
by aerospace veh ic l e s  , a e r o s o l  sprays  , r e f r i g e r a n t s ,  o r  o t h e r  sources  of thermal 
or  chemical p o l l u t a n t s  could even tua l ly  cause a r educ t ion  i n  s t r a t o s p h e r i c  
ozone--a trz.ce gas t h a t  s h i e l d s  the  biosphere from harmful u l t r a v i o l e t  
rad ia t i ,on .  Thus , g loba l  d a t a  on atmospheric p o l l u t a n t s  and n a t u r a l  con- 
s t i t u e n t s  a r e  needed t o  determine both t h e i r  change and the  ra te  of t h a t  
change. Da.t:a of t h i s  type i s  now being obta ined  from instruments  flown on 
a i r c r a f t ;  and development of t h e  needed g l o b a l  space observa t ion  c a p a b i l i t y  
has been i n i t i a t e d .  I n  the  a r e a  of w a t e r  q u a l i t y ,  a c a p a b i l i t y  i s  being 
developed irt the  area of remote sens ing  of ch lorophyl l ,  p o l l u t i o n ,  sediment 
and sa1.init.j.. Development o f  ins t rumenta t ion  t o  provide d a t a  on these  para- 
meters i s  now underway. 

The Oceanographic and Air P o l l u t i o n  Observing S a t e l l i t e  (Nimbus-G) c u r r e n t  Ly 
under development and scheduled f o r  launch i n  CY 1978,  w i l l  be a major s t e p  
forward i n  providing important g loba l  d a t a  on t h e  p o l l u t a n t s  and c o n s t i t u e n t s  
of the  atmosphere and on su r face  parameters  of t he  ocean. I n  a d d i t i o n ,  the  
S t ra tospheri-c  Aerosol and Gas Experiment (funded under the  Appl ica t ions  Explorer 
program) wi.1.1 provide complementary d a t a  on atmospheric p a r t i c l e s .  This  sma 11 
s a t e l l i t e  WI-11 be placed i n  an o r b i t  designed t o  permit  mapping s t r a t o s p h e r i c  
pa r t i cu la t e : ;  over region:; of t he  globe n o t  covered by Nimbus-G. When the  d a t a  
from both s a t e l l i t e s  i s  combined, s t r a t o s p h e r i c  p a r t i c u l a t e s  can be mapped 
over nea r ly  al.1 of t he  e a r t h .  
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---- A i r  Pol.:Lut:ion and Oceanographic Observing S a t e l l i t e  (NIMBUS -G) 

1975 
Budget Current  TI: an s i t i  on 

1974 E s t i m a t e  Estimate 1976 ._ Period 
(Thousands of Do l l a r s )  

-- 

Spacecraf t  ............... $74 $11,800 $10,700 $5,500 $2,500 

......... - - -  500 300 1,600 900 
Sensors .and dsti i  a n a l y s i s  8 :, 726 14,700 1 8,000 7 , 900 4,100 
Ground suppoirt..  -- 

Delta (Launch veh ic l e  
procurement program). .. ,( - --) ( $ 4 0 0 )  ($13400) ' ( $ 3 . 5 0 0 )  ( - - - )  

OBJECTIVES AYD ;STATUS : -__- 
The major ob jec t ives  of  t he  Oceanographic and A i r  P o l l u t i o n  Observing 

S a t e l l i t e  (Nimbus-G) are the  a c q u i s i t i o n  of environmental  d a t a  on a g loba l  
b a s i s  which is  i n t e g r a t e d ,  r e p e t i t i v e ,  and synopt ic .  This  d a t a  i s  r equ i r ed  
f o r  atmospheric p o l l u t i o n  and oceanography i n v e s t i g a t i o n s  and w i l l  be appl ied  
t o  s t u d i e s  i n  t he  concent ra t ion ,  d i s t r i b u t i o n ,  and t i m e  v a r i a t i o n  of t he  
atmospheric and oceanic  contaminants.  

Five sensors  on Nimbus-C: w i l l  provide measurements of important atmospheric 
gaseous and p a r t i c u l a t e  p o l l u t a n t s .  
r e l a t e d  t o  such l a r g e - s c a l e  p o l l u t i o n  problems as the  use  of f o s s i l  f u e l s  
and the  e f f e c t  of high a l t i t u d e  a i r c r a f t  ope ra t ions  on t h e  s t r a tosphe re .  The 
gases  t c  be measured inc lude  ozone, methane, n i t r i c  a c i d ,  n i t r i c  oxide,  
n i t rogen  d ioxide ,  carbon monoxide, carbon d ioxide ,  water vapor,  s u l f u r  
d ioxide  and z m o n i a .  I n  a d d i t i o n ,  concent ra t ions  of p a r t i c u l a t e s  w i l l  be 
s tud ied  t o  xrcasure t h e i r  long-term e f f e c t s  on c l ima te ;  another  experiment 
w i l l  ob t a in  hea t  budget measurements of t he  e a r t h  f o r  t he  establi-shment 
of thermal base l ines  and 110 d e t e c t  changes, p a r t i c u l a r l y  those a t t r i b u t a b l e  
t o  the z c t i v j t i e s  of man. The o the r  t h r e e  instruments  w i l l  o b t a m  d a t a  f o r  
use  i n  oceanography i n v e s t i g a t i o n s  t o  support  s t u d i e s  i n  ocean food sources  
and surveys of ocean p o l l u t i o n ,  and t o  improve our knowledge of  t h e  i n t e r -  
a c t i o n s  betweer the  ocean and the  atmosphere. The measurements 10 be obtained 
are: hi  gh-accuracy sea-sur face  temperature measurements ; high s p a t i a l  re- 
s o l u t i o n  ocean co lor  measurements near  t h e  c o a s t l i n e s  ( r e l a t i n g  10 n u t r i e n t s ,  
p o l l u t a n t s  , and s a l i n i t y )  ; and microwave measurements of t he  in te rchange  of 
of mois feure and energy be tween the  ocean and atmosphere. 

The gases  t o  be measured arc! d i r e c t l y  

CHANGES FROPI Fs.' 1975 BUDGET - ESTIMATE: ---- 
The rt:duct::ion i n  the  FY 1975 Budget Estimate i s  due t o  de lays  i n  i n i t i a t i o n  

o f  t he  sensors  development a c t i v i t i e s  , which permi t ted  t h e  r e a l l o c a t i o n  of  
$5.0 mi:Llion t o  the LANDSAT-C development. 
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BASIS O F  FY 19'76 AND TRANSITION PERIOD ESTIMATES: --- 
During FY 19'75 c o n t r a c t s  f o r  t h e  development of a l l  engineer ing and f l i g h t  

model sensors  ilre t o  be l e t .  The s p a c e c r a f t  p r i m e  c o n t r a c t  w a s  awarded i n  
FY 1975; procurement of long-lead t i m e  s p a c e c r a f t  hardware and payload i n t e r -  
face  studie:; hilve been i n i t i a t e d .  

During FY 19'76 and the  t r a n s i t i o n  pe r iod ,  t he  primary e f f o r t  w i l l  be i n  
the  spacec ra f t  and sensor  development and f a b r i c a t i o n  areas. The s p a c e c r a f t  
d e t a i l e d  design w i l l  commence toge the r  wi th  i n i t i a t i o n  of s p a c e c r a f t  f a b r i -  
ca t ion .  A l l  ins t rument  engineer ing  models w i l l  be b u i l t  and t e s t e d ,  and 
f a b r i c a t i o n  (of t he  p r o t o f l i g h t  models w i l l  be near ing  completion. Fabr i -  
c a t i o n  of t lw f l i g h t  models w i l l  be w e l l  underway by la te  FY 1976. The 
Nimbus 0bsei:vatory Processing System f o r  Nimbus-G w i l l  be  designed and 
hardware de:Livery w i l l  begin.  I n  a d d i t i o n ,  sof tware  necessary  f o r  computer 
program:; and mfission opera t ions  planning w i l l  be i n i t i a t e d .  

Sensor D e f i n i t i o n  and F e a s i b i l i t y  Evalua t ions ,  
Modeling, Opera t iona l  Methodology 

19 75 
Budget Current  Trans i t  i on 

--- L9?4 Estimate Estimate - 1976 Period 
(Thousands of Do l l a r s )  

$3  , 400 $4 , 200 $1,200 ;;:? , 796 $2 , 8130 

OBJECTIVES AND STATUS : --- 
The ob jeci::ive of t h i s  e f f o r t  i s  t o  apply aerospace technology t o  the  

assessment of cmvironmental q u a l i t y  and t o  the  eva lua t ion  of candida te  
s t r a t e g i e s  f o r  enhancing ,sir and w a t e r  q u a l i t y .  This  r e q u i r e s  s tudy of 
the  unique phys ica l  and clnemi.ca1 p r o p e r t i e s  of p o l l u t a n t s  and the  use of  
mathematical. models t o  determine how accura t e ly  and how f r equen t ly  such 
p o l l u t a n t s  niust: be measured. From t h i s  information,  ins t ruments  a r e  de- 
veloped:, denionstrated, and d a t a  obta ined  t o  v a l i d a t e  and update the models. 
This l eads  t o  s e l e c t i o n  oE sensors  f o r  monitoring systems and development 
of pro to type  sq'stems, f requent ly  i n  coopera t ive  programs wi th  o the r  Govern- 
ment agencies .  

CHANGES FROM FL' 1975 BUDGET ESTIMATE: 

The inc rease  i n  the  FY 1975 Budget E s t i m a t e  r e s u l t s  from an augmentation 
of the  e f f o r t  i n  s t r a t o s p h e r i c  r e sea rch ;  t he  a d d i t i o n a l  e f f o r t  i s  requi red  
t o  i n i t i a t e  rioceling a c t i v i t i e s  on t h e  e f f e c t s  of p o l l u t i o n  on upper 
atmospheric c:or.stituents, p a r t i c u l a r y  ozone, and t o  inc rease  the  d a t a  
a n a l y s i s  ac t  i v i  t i es  r e l a t e d  t o  a i rbo rne  research  f l i g h t s .  
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BASIS O F  FY 1976 AND TRANSITION - PERIOD ESTIMATES: --- 

Fisca l  Year 1975 a c t i v i t i e s  i nc lude ,  f o r  a i r  p o l l u t i o n ,  labora tory  i n v e s t i -  
ga t ions  on t t e  p r o p e r t i e s  of some key gases ;  i n  a d d i t i o n ,  o ther  atmospheric 
cons t i tLen t s  have been i d e n t i f i e d  f o r  d e t a i l e d  s tudy.  The d a t a  ilre used with 
t h e o r e t i c a l  models t o  d e f i x e  appropr i a t e  sens ing  techniques.  Techniques 
a r e  a l s o  being developed to al low s e p a r a t i o n  of t he  e f f e c t s  of atmospheric 
p a r t i c l e s  from those gases .  E x i s t i n g  engineer ing models of rem0 te sensors  
fo r  atmospheric c o n s t i t u e n t s  are being t e s t e d  i n  a i r c r a f t .  

Fiscal. Y e a r  1.975 e f fo r t : ;  i n .  t he  remote sens ing  of water q u a l i t y  involved 
labora tory  measurements o E th.e o p t i c a l  c h a r a c t e r i s t i c s  of  water  conta in ing  
known pol1ut:ant:s. The measurements were made t o  permit  judgments concerning 
ways t o  disc:rind.nate between p o l l u t a n t s  and the  necessary  sensor  t:echnology 
t o  ob ta in  the  r equ i r ed  measurements. I n  a d d i t i o n ,  p lans  w e r e  developed 
f o r  a coordinated NASA S t r a t o s p h e r i c  Research program, f o r  a coopera t ive  
program i n  the  Grea t  Lakes Region wi th  t h e  Environmental P r o t e c t i o n  Agency 
(EPA) arid i n  the  New York Bight wi th  t h e  Nat iona l  Oceanic and Atmospheric 
Adminisrrat ion ( N O M ) .  Implementation of  the  f i r s t  two i s  expected i n  
l a t e  FY 197!j. 

During EY 19'76 and t h e  t r a n s i t i o n  pe r iod ,  increased  emphasis on g l o b a l  
monitoring of rzhe s t r a t o s p h e r e  w i l l  r e q u i r e  coordinated programs i n :  
sensor  deve L3pmnent; fundamental phys i ca l  and chemical processes ;  modeling 
f o r  e s t a b l i s i i n g  sensor  requirements ( t o  a i d  i n  d a t a  a n a l y s i s  and t o  
assess the inpact  of aerospace o p e r a t i o n s ) ;  and measurements t o  e s t a b l i s h  
g loba l  base l ines .  There w i l l  be a con t inua t ion  i n  t h e  a c t i v i t y  f o r  remote 
sensing of water  q u a l i t y .  In a d d i t i o n ,  i t  i s  expected t h a t  the  coopera t ive  
e f f o r t  with NOltl  i n  t he  New York Bight reg ion  (Marine Ecosystem Analysis  
program) w i l l  3e i n i t i a t e d .  

- EARTH RESOURCES SURVEY 

1975 
Budget Current  'Trans i t  ion  

Period .- 1974 E s t i m a t e  Estimate 1976 -- 
(Thousands of Do l l a r s )  

Ear th  resources  tech-  
nology s a t e l l i t e  

M u l t i s p e c t r a l  scanner  

Ear th  resources  tech-  
nology s a t e l l i t e  
(LANDSAT - C )  . . . . . . . . . . . ---  --- 5,000 11,000 $3,500 

resea.rch program.. . . . . 16,600 1 7  , 300 15,500 13,330 3,600 

(LANDSAT 1 and B) ..... $16,400 $11,100 $8 , 700 $5,300 - - -  

5 t h  band development.. 1,000 4 , 000 4,000 2,000 - - -  

Ap p 1 i c a. t ion E a i rborne 
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1975 
Budget Current  T rans i t i on  

Period 1974 E s t i m a t e  E s t i m a t e  1976 , -- 
(Thousands of Do l l a r s )  

Ear th  resource  expe r i -  
ment package (EREP) 
invest igat ion: ; .  . . . . . . ( $ 3 , ; ! 0 0 )  $3,800 $2,500 $1,500 - - -  

Appl ica t ions  systems 
v e r i f i c a t i o n  tes ts  
(ASVT). ... , . . .. ... . .. ---- --- ( 7 , 9 0 0 )  9,300 $2 , 900 

t echniques ,  s p e c i a l  
i n v e s t  i g a t  Lm:; and 
d a t a  ana lyses ,  . . . . . . . -13,488 22,400 24,900 19,600 5,000 

Data interpre1:at:ion 

To ta l . .  . , . . , * .  . . . . . $47.488 $58.600 $6o.600 $62,030 $15,000 -- 

The very s e r i o u s  g l o b a l  energy and food crises are reminders t h a t  b e t t e r  
information about t h e  p l a n e t  we  i n h a b i t  i s  needed. Better geo log ica l  d a t a  
are requi red  for  energy exp lo ra t ion .  More r ap id  and accu ra t e  a g r i c u l t u r a l  
information i; needed f o r  crop assessment.  What i s  c l e a r l y  developing 
i s  a need t o  manage resources  and t h e  environment i n  order  t o  cope wit:h 
g loba l  problems. S a t e l l i t e s  conta in ing  remote sensors  are one of t h e  few 
means aviailable t o  provide o b j e c t i v e  information on a worldwide b a s i s .  
They have t h e  unique c a p a b i l i t y  of pass ing  over every po in t  on the  e a r t h  
r e p e t i t i v e l y  and acqu i r ing  d a t a  of va lue  t o  resource  managers. 

The Ear th  Resources Survey program has  as i t s  o b j e c t i v e  the  development 
of t he  technology f o r  acqu i r ing  and i n t e r p r e t i n g  remotely sensed i n f o r -  
mation necessary f o r  l a r g e - s c a l e  management purposes.  A s i z e a b l e  com- 
mitment has a l ready  been made t o  o b t a i n  and use  sa te l l i t e  acquir-ed e a r t h  
resource:; d a m .  E n t h u s i a s t i c  cooperat ion of government agencies  a t  
Federa l ,  S t a t e ,  and l o c a l  l e v e l s  as w e l l  as i n  the  p r i v a t e  s e c t o r  and 
i n  the  in te rna t f iona l  a rena  has developed, and p r a c t i c a l  a p p l i c a t i o n s  
of  remotely :;en:;ed d a t a  have been demonstrated. 

Accomp Lishmenix t o  d a t e  inc lude  the  success fu l  ope ra t ion  of the  f i r s t  
Ear th  Resourcxs Technology S a t e l l i t e ,  LANDSAT-1 , exceeding two and a 
h a l f  yea r s  i n  o r b i t ;  t he  f l i g h t  of t he  Ear th  Resources Experiment Package 
(EREP) on Skylab, and the  success fu l  launch of t h e  second experimental  
e a r t h  re:;ources s a t e l l i t e ,  LANDSAT-B. Data from these  missions has 
success fu l ly  tiernonstrated the  c a p a b i l i t i e s  of space-based remote sensing 
d a t a  and i t s  a p p l i c a t i o n  t o  both immediate and long-range user  community 
requirements ,  3 e s e  inclutde such areas as t h e  i d e n t i f i c a t i o n  of p o t e n t i a l  
o i l  bear ing  fo rna t ions  i n  Alaska,  t h e  computer c l a s s i f i c a t i o n  of crop types 
i n  Nebraska wi th  b e t t e r  than 90 percent  accuracy and t h e  assessment of flood 
e x t e n t  arid damage by the  Missouri  and M i s s i s s i p p i  Rivers. To demonstrate 
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the  p r a c t i c a l  val-ues of LANDSAT d a t a  f o r  u se r  a c t i v i t i e s  i n  land use ,  geo- 
l o g i c a l  explor.iatFon, c o a s t a l  zone monitor ing,  world crop surveys,  f lood 
mapping arid 01:hei:s, an Appl ica t ions  Systems V e r i f i c a t i o n  T e s t  program w a s  
i n  i t i  a t ed ,, 

The Appl ica t ion  Systems V e r i f i c a t i o n  T e s t  program w i l l  t ake  the  most 
promising area3 of r e sea rch  i d e n t i f i e d  i n  t h e  LANDSAT-1 program and, i n  
concer t  wi th  u3er agencies  and r e source  managers, de f ine ,  demonstrate 
and document 1:’ie a p p l i c a t i o n  of  remote sensing systems on a s imulated 
ope ra t iona l  basi:;. 
being undertaken wi th  the  U.S. Department of  Agr i cu l tu re  and the  Nat iona l  
Oceanic and A t  nospheric Adminis t ra t ion.  Because of t h e  increased  demand 
f o r  d i g i t s 1  da t a  €or these  a p p l i c a t i o n s ,  an increased  capac i ty  t o  produce 
r ad iomet r i ca l ly  and geometr ica l ly  co r rec t ed  computer tapes  i s  being 
e s t a b l i s h e d .  

One example i s  the  Large Area Crop Inventory Experiment, 

Addi t iona l  d a t a  of va lue  f o r  i n v e s t i g a t i o n s  i n  e a r t h  resources  w i l l  be 
obtained by t ‘he  $eat Capacity Mapping Mission. The Heat Capacity Mapping 
Mission i s  the  f i r s t  Appl ica t ions  Explorer  Mission, and i s  sepa ra t e ly  
funded under the Appl ica t ions  Explorer  Missions program. This  s a t e l l i t e  
w i l l  f l y  t he  Surface Composition Mapping Radiometer, which w i l l  ob t a in  
d a t a  of s u f f i c i e n t  q u a l i t y  t o  produce thermal maps f o r  d i sc r imina t ion  of 
rock types and mineral  resource  loca t ion .  

--- Ear th  Resources Technology S a t e l l i t e  (LANDSAT 1 and B) 

1975 
Budget Current  Trans i t i o n  

1974 E s t i m a t e  Est imate  1976 - Period -- 
(Thousands of Do l l a r s )  

--- Spacecraf t  ............... $4,917 $3,200 $3 ,394 $1,100 
Sensors .................. 2 , 647 
Ground ope ra t ions . .  ...... 1 , 381 2,300 2,637 1,900 
1nvest iga. t ions - 7,455 5,600 2,310 2,300 -- 

---  - - -  35 9 - - -  
--- 
- - -  ........... 
- - -  .................. -- 

--_I 

Tota l  $16,400 $11,100 $8,700 $5,300 -- .---- 
-I_ 

Delta (Launch v e h i c l e  
procurement program). .. ( $ 3 , 5 0 0 )  ($1,100) ($1 ,100)  ( - - - )  ( - - ->  

0BJECTIVE:S ANI) STATUS : ---- 
The obfject ive of the  Ear th  R.esources Technology S a t e l l i t e s  , LANaSAT-1 

and - B y  is t o  f r equen t ly  and r e p e t i t i v e l y  ob ta in  l a rge - sca l e  images of 
t he  e a r t h  for. t he  purpose (of developing improved means t o  manage many 
dynamic r-esoui-ces on a l o c a l ,  r e g i o n a l ,  and n a t i o n a l  b a s i s ,  and a s  
necessary on a worldwide b s s i s .  The c u r r e n t  program a c t i v i t y  i s  d i r ec t ed  
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t o  t h e  demonstrat ion of u s e f u l  a p p l i c a t i o n s  of LANDSAT d a t a  t o  s i g n i f i c a n t  
problems i n  a g r i c u l t u r e ,  geology, hydrology, ecology, car tography,  and 
oceanography. 

The launch of '  LANDSAT-1 i n  J u l y  1972 i n i t i a t e d  the  program of r e p e t i t i v e  
observa t ions  of e a r t h  r e sources  from space. The Departments of Agr i cu l tu re ,  
I n t e r i o r ,  Commerce, and Defense a c t i v e l y  p a r t i c i p a t e d  w i t h  NASA i n  planning 
the  o v e r a l l  prcgram a s  w e l l  as by conducting i n v e s t i g a t i o n s  r e l a t i n g  t o  
t h e i r  a r e a s  of special  i n t e r e s t .  A s  t hese  i n v e s t i g a t i o n s  are nea r ing  t h e i r  
completion, 93 follow-on i n v e s t i g a t i o n s ,  c o n s i s t i n g  more of r e sea rch  t e a m s  
than i n d i v i d u a l s ,  have been s e l e c t e d  t o  conduct more in-depth  a p p l i c a t i o n s  
of LANDSAT d a t a .  

The m u l t i s p e c t r a l  scanner d a t a  has  continued t o  be of except iona l  t echn ica l  
q u a l i t y  s i n c e  launch. It has proven t o  be extremely v e r s a t i l e  and va luab le  
f o r  producing map-like images which exceed Nat iona l  Map Accuracy s t anda rds  
a t  t h e  1:1,000,000 s c a l e  and f o r  i t s  c a p a b i l i t y  t o  be  au tomat ica l ly  analyzed 
by high-speed d i g i t a l  computers. A wide range of c rops ,  land use c a t e g o r i e s ,  
and important , s ~ r E n c e  f e a t u r e s  have been au tomat i ca l ly  c l a s s i f i e d  by us ing  
t h i s  computer process ing  technique. 

Previous ly  unrecognized major geologic  f a u l t s  r e l a t e d  t o  earthquake 
e p i c e n t e r s  have been de tec t ed  by LANDSAT-1. Mapping of f loods ,  snow covered 
a r e a s  , and r e g h i i a l  water resources  has  been accomplished. P o l l u t i o n  plumes , 
s t r i p  mining, and rec lamat ion  e f f o r t s  have a l s o  been monitored. Observations 
of c o a s t a l  w a t e r  t u r b i d i t y  has been c o r r e l a t e d  wi th  t h e  l o c a t i o n  of menhaden 
f i s h  schoo l s ;  atid sea i c e  affect: ing ocean sh ipping  has  been mapped and i t s  
movement p 11 o t t c 4 .  

The c o n t i n u i t y  of d a t a  provided by LANDSAT-B w i l l  broaden t h e  ran3e of u s e r  
a c t i v i t i e s  i n  t h e  Federa l  Government and t h e  o v e r a l l  c i v i l i a n  s e c t o r .  The 
a d d i t i o n a l  d a t a  w i l l  i nc rease  t h e  accuracy of t h e  assessments of such 
phenomena as crop: , water, and environmental cond i t ions  s u b j e c t  t o  .;easonal 
e f f e c t s .  

CHANGES FROM FY 1S75 BUDGET ESTIMATE: --- -- 
The overa.11 r educ t ion  i n  t h e  FY 1975 Budget Es t imate  i s  due t o  longer than 

a n t i c i p a t e d  nogo t i a t ions  of c o n t r a c t s  f o r  t h e  follow-on i n v e s t i g a t i o n s .  
Minor inc reases  i n  t h e  s p a c e c r a f t  , senso r s  , and ground ope ra t ions  a c t i v i t i e s  
have r e s u l t e d  from minor t e c h n i c a l  problems encountered and an inc rease  
i n  t h e  amount of con t r ac to r  siupport r equ i r ed .  

BASIS OF M 1976 AND TRANSITION - PERIOD ESTIMATES: ----- 

The FY 1975 e f f o r t  inc ludes  continued ope ra t ions  of t h e  LANDSAT-1, suppor t  
of ongoing and follow-on i n v e s t i g a t i o n s ,  and t h e  launch and i n i t i a l  per iod  
of LANDSAT-B ope ra t ions .  S e l e c t i v e  ope ra t ion  of both LANDSAT-1 and LANDSAT-B 
i s  being conducted i n  order  t o  test  t h e  va lue  of more f requent  observa t ions  
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of r a p i d l y  changing phenomena, such as crop growth, rangeland g r a s s  buildup, 
and snow r i e l t .  The NASA d a t a  process ing  f a c i l i t y  i s  being augmented t o  pro- 
v ide  an increased  capac i ty  €or  producing t ape  products  t o  m e e t  u s e r  r equ i r e -  
ments. I n  FY 1.975 t h i s  augmentation i s  provid ing  a c a p a b i l i t y  t o  produce 
about t en  t i m e s  i.s many computer compatible t apes  as were previous ly  
a t t a i n a b l e ;  1at:e i n  1976 a c a p a b i l i t y  w i l l  be  developed t o  d e l i v e r  a l l  d a t a  
rece ived  as geometr ica l ly  accu ra t e  computer compatible tapes .  

The primary e f f o r t  i n  FY -1976 and t h e  t r a n s i t i o n  pe r iod  w i l l  be d i r e c t e d  
toward t h e  f l i g h t  ope ra t ions  of t h e  LANDSAT'S and con t inua t ion  of t h e  approx- 
imately 100 fell lcw-on i n v e s t i g a t i o n s .  F l i g h t  ope ra t ions  w i l l  i nc lude  mission 
planning 2nd t t e  ope ra t ions  of t h e  s p a c e c r a f t  c o n t r o l  c e n t e r  on a 24 hour-per- 
day b a s i s .  

-- M u l t i s p e c t r a l  Scanner - F i f t h  Band Development 

1975 
Budget Curren t  T r  an s i t ion 

.--- 1974 -- E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

$1,000 $4,000 $4,000 $2 , 000 

OBJECTIVES AND STATUS : ---- 

The o b j e c t i v e  of adding a t.herma1 channel t o  t h e  LANDSAT's primary sensor ,  
t h e  M u l t i s p e c t r a l  Scanner, i s  t o  provide a measurement of r a d i a t i o n  i n  the  
thermal spectrmn i n  add i t ion  t o  t h e  four channels i n  t h e  v i s i b l e  and near -  
i n f r a r e d  po r t ions  of  t h e  spectrum. 

The thermal i n f r a r e d  channel w i l l  provide t h e  c a p a b i l i t y  r equ i r ed  t o  
observe resources  and cond i t ions  c h a r a c t e r i z e d  by temperature d i f f e r e n c e s ,  
e s p e c i a l l y  those  which r e q u i r e  intercomparison wi th  simultaneous observa t ions  
a t  v i s i b l e  o r  n e a r - i n f r a r e d  wavelengths. A t  t h e  Laboratory f o r  Appl ica t ions  
of Remote Sens i ig  a t  Purdue Un ive r s i ty ,  i t  has  been shown t h a t  t h e  a d d i t i o n  
of a thermal channel t o  t h e  e x i s t i n g  fou r  channels of t h e  M u l t i s p e c t r a l  
Scanner s i g n i f  i 2an t ly  i n c r e a s e s  t h e  a b i l i t y  t o  c l a s s i f y  a g r i c u l t u r a l  
products.  Such intercomparisons a l s o  i n d i c a t e  h igh  u t i l i t y  f o r  i d e n t i f i c a t i o n  
of f o r e s t  type:; ; mapping and measuring thermal p o l l u t i o n  of l a r g e  l akes ,  bays,  
and e s t u a r i e s ;  .md providing information about mois ture  con ten t  of s o i l s .  
Observations o E ocean temperature d i f f e r e n c e s  w i l l  a l s o  provide  d a t a  needed 
f o r  invest-igatfiona of s h o r e l i n e  changes, f i s h e r i e s  , and c o a s t a l  c i r c u l a t i o n  
p a t t e r n s .  

The need f o r  zhermal i n f r a r e d  obse rva t ions  t o  c o r r e l a t e  w i th  those a t  
v i s i b l e  and n e a r - i n f r a r e d  wavelengths w a s  recognized e a r l y  i n  t h e  planning 
of t he  Ear th  Resources Technology S a t e l l i t e .  Work w a s  s t a r t e d  t o  develop 
t h e  hardware bu t  t:echnical d i f  f i . c u l t i e s  i n  des igning  an appara tus  t o  cool the 
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thermal i n f r a r e d  d e t e c t o r  prevented i n c l u s i o n  on LANDSAT-1 or  LANDSAT-13. 
It w a s  decided nonethe less  t o  pursue the  development of  t h i s  important 
sensor  i n  order  t o  be assured  t h a t  t h e  thermal channel c a p a b i l i t y  on a 
f u t u r e  e a r t h  resources  s a t e l l i t e  w a s  t e c h n i c a l l y  f e a s i b l e .  It wil.1 now 
be incorpora ted  on LANDSAT-C. 

BASIS OF --- FY 1976 AND TRANS1:TION PERIOD ESTIMATE: 

I n  FY 1975, work on t h e  instrument  cont inued and a s a t i s f a c t o r y  pass ive  
r a d i a t i v e  cooler  w a s  b u i l t  and t e s t e d .  I n  FY 1976 and the  t r a n s i t i o n  
per iod ,  f a b r i c a t i o n  and t e s t  of f l i g h t  components, inc luding  the  scan 
mir ror  assembly, scanner ,  and d a t a  mul t ip l exe r ,  w i l l  be  completed.  These 
major components and the  pas s ive  r a d i a t i v e  coo le r  w i l l  be  i n t e g r a t e d  i n t o  
the  f l i g h t  moclel of t h e  f ive-channel  m u l t i s p e c t r a l  scanner;  systems test  
w i l l  b e  conduc:ted; and the  f l i g h t  model w i l l  be de l ive red  t o  t h e  IANDSAT-C 
prime corttrac tor  f o r  i n t e g r a t i o n  i n t o  the  spacec ra f t .  

--- E a r  t l r i  R e s  our ces Techno logy Sa te l  li te ( LANDSAT -C) 

1975 
Budget Current  'rr an s i t ion 

Period --- 1974 E s t i m a t e  E s t i m a t e  1976 -- 
(Thousands of Do l l a r s )  

Spacecraf t . .  ............ -.-- ---  $4,000 $9,000 $3,200 
Sensors.  ....... .I.. ...... -.-- ---  1,000 1 , 500 200 

..... -.-- - - -  - - -  500 100 Ground operat ior is .  -- 
.................. -.-- - - -  $5,000 $11,000 $3,500 To ta l .  -- -- 

-I 

Delta (Launch v e h i c l e  
procurement program). (-.--) ( - - -> ( - - ->  ( $ 3 , 0 0 0 )  ( - - - I  

OBJECTIVES ANI !;TATUS : ----- 

The p r i n c i p a l  o b j e c t i v e  of IANDSAT-C i s  t o  cont inue  the  research  and 
development of medium-resolution, m u l t i s p e c t r a l  remote sensing systems t o  
be used from space f o r  g loba l  d a t a  a c q u i s i t i o n .  The performance of t h e  
ins t rumenta t ion  w i l l  be s i g n i E i c a n t l y  improved over the  senso r s  used on 
LANDSAT-1 and - . 3 .  These performance improvements w i l l  permit  more accu ra t e  
assessments i n  A wide range oE a p p l i c a t i o n s  i n  a g r i c u l t u r e ,  t he  environment, 
hydrology, and mineral  and energy resources .  

LANDSAT-C w i l l  inc lude  both an improved M u l t i s p e c t r a l  Scanner and an 
improved Return B e a m  Vidicon camera system. The M u l t i s p e c t r a l  Scanner (MSS) 
w i l l  have a thermal channel added t o  t h e  e x i s t i n g  four  channel instrument .  
This thermal i n f r a r e d  channel w i l l  enable  t h e  observa t ion  of phenomena 
cha rac t e r i zed  by temperature.  The new d a t a  obta ined  and the  r e l a t e d  
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inves t iga t ion : ;  could be inva luable  i n  t h e  areas of crop f o r e c a s t i n g ,  measure- 
ments of therrnal. p o l l u t i o n  of water r e sources ,  and improved r e l i a b i l i t y  of 
c l a s s i f i c a t i o n s  of hydro logica l  and geo log ica l  phenomena. This  f ive-channel  
MSS has  been sepa ra t e ly  developed and funded. The modi f ica t ions  t o  t h e  
Return B e a m  Vidicon (RBV) camera system w i l l  a l low t h e  s p a t i a l  r e s o l u t i o n  
t o  be improved by a f a c t o r  of two, thus  provid ing  g r e a t e r  accuracy i n  
loca t ing , ,  i d e n t i f y i n g ,  and mapping s u r f a c e  f e a t u r e s .  

The d a t a  which w i l l  be  re turned  by LANDSAT-C w i l l  provide a b a s i s  f o r  
comparisons showing gene ra l  t rends  and changes as w e l l  as the  degrada t ion  
o r  improvemenc of environmental  and e c o l o g i c a l  q u a l i t y .  LANDSAT-C w i l l  a l s o  
provide the  c o n t i n u i t y  of d a t a  a n a l y s i s  e f f o r t  necessary  t o  long-range 
use r  comrnunity r'equirement:s. Current  planning i s  f o r  a launch i n  t h e  t h i r d  
q u a r t e r  of 19'77. 

CHANGES FROM 17Y 1975 BUDGET ESTIMATE: --- 
A t h i r d  Ear :h Resources Technology S a t e l l i t e  rece ived  Congressional  

a u t h o r i z a t i o n  i n  FY 1975; ,although funds were n o t  s p e c i f i c a l l y  appropr ia ted  
f o r  t he  program:, both House and Senate  Appropr ia t ion  Committees urged NASA 
t o  reprogram .:he necessary funds w i t h i n  t h e  t o t a l  resources  made a v a i l a b l e  
t o  the  Agency. The Adminis t ra t ion has  decided t o  proceed wi th  the  program 
and cons~equeiitly $5.0 m i l l i o n  w a s  r e a l l o c a t e d  as ind ica t ed .  

BASIS OF FY --- 3iO76 AND TRANSITION PERIOD ESTIMATES: 

I n  Fy W975:, t h e  e f f o r t  on the  s p a c e c r a f t  w i l l  p r i m a r i l y  be f o r  procurement 
of long-lead : i t e m s  e s s e n t i a l  to m e e t  a CY 1977 launch d a t e .  These inc lude  
the  Data Col1.ect:ion Sys t e m ,  t h e  Versati le Information Processor  (Data 
fo rma t t e r )  , s o l a r  a r r a y s ,  lcommand c lock  and p i e c e  p a r t s  f o r  t h e  s p a c e c r a f t  
s t r u c t u r e ,  el.cxlrrica1 harnesses  and te lemet ry  modules. Where p r a c t i c a l  , 
these  procurements w i l l  be made i n  conce r t  wi th  t h e  Nimbus-G program t.o 
reduce overal.'L cos t s .  

Procurement of long-lead components f o r  t h e  Return B e a m  Vidicon Camera 
(RBV) system a r e  a l s o  requi red .  These inc lude  e l e c t r o n i c  p a r t s ,  b a s e  
p l a t e  ca:;tinE;:;, on-off t ransformer,  e t c .  A des ign  s tudy w i l l  be conducted 
t o  determine iihe remaining 1on.g lead  i t e m s  f o r  t h e  RBV, such as l enses  and 
the  s e l e c t i o n  arid test  of vidi.cons e s s e n t i a l  f o r  t he  r equ i r ed  r e s o l u t i o n  of thle 
RBV system f o r  IANDSAT-C. The M u l t i s p e c t r a l  Scanner e f f o r t  i s  being funded 
sepa ra t e ly .  

During FY 1.076 and the  t r a n s i t i o n  pe r iod ,  t he  s p a c e c r a f t  design w i l l  be 
completed and f a b r i c a t i o n  will be i n i t i a t e d .  The M u l t i s p e c t r a l  Scanner 
w i l l  complete it:s development, assembly and tes t ,  and w i l l  be ready f o r  
i n t e g r a t i o n  i n t o  the  spacec ra f t .  The Return B e a m  Vidicon cameras w i l l  be 
designed:, assembled, and w i l l  undergo subsystem tests.  Del ivery of  t h e  
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RBV'S i s  a n t i c i p a t e d  e a r l y  i n  1977. I n  a d d i t i o n ,  t h e  necessary  modi f ica t ions  
t o  the  ground d a t a  processing f a c i l i t i e s  t o  accommodate t h e  sensor  changes 
w i l l  be i n i t i i i t e d ,  along wi th  t h e  d e t a i l e d  ground ope ra t ions  planning and 
t h e  sof tware.  

Appl ica t ions  Airborne Research Program 

1974 

Appl ica t ions  a i rbo rne  

CV 
research . .  , I . .  #, . . . . . . . $14,800 

1 , 800 990 replacament.. . . . - 
Tota.1.. . #,. . (. . . . . . . . $16.600 -- 

1975 
Budget Current  T r a n s i t  ion  

E s t i m a t e  Estimate 1976 Period 
(Thousands of Do l l a r s )  

$3 , 600 
- - -  

$16,400 $14,600 $12,630 
900 900 700 

$17.300 $15,500 $13.330 $3,600 

OBJECTIVES AND STATUS : ---- 
The object:i.Je:; of t he  Appl ica t ions  Airborne Research program are t o  

acqu i r e  remota sensing d a t a  necessary  t o  suppor t  t h e  development, demon- 
s t r a t i o n  and eva lua t ion  of remote sensing ins t ruments  and i n t e r p r e t i v e  
techniques to provide f o r  sa te l l i t e  u n d e r f l i g h t s  f o r  v e r i f y i n g  space 
acqui red  d a t a ,  and t o  conduct i n  s i t u  d a t a  a c q u i s i t i o n  f l i g h t s  i n  support  
o f  meteorological  and environmental  q u a l i t y  programs. 

This progriiin cont inues t o  s e r v e  as a n a t i o n a l  a i r b o r n e  remote sens ing  
f a c i l i t y  and is being used t o  suppor t  t he  i n v e s t i g a t i v e  programs of NASA 
and s e v e r a l  o ther  agencies .  The release of a s u b s t a n t i a l  po r t ion  of t h e  
t o t a l  a i r c r a f t  iremote sensing c a p a b i l i t y  from t h e  ex tens ive  Earth Resources 
Technology S i l t e l l i t e  and Skylab u n d e r f l i g h t  e f f o r t  has  permi t ted  NASA t o  
focus on a much wider range of a p p l i c a t i o n s  r e l a t e d  r e sea rch  t a sks .  These 
inc lude  meteoro:Logy, environmental  q u a l i t y  communications and e a r t h  and 
ocean ph:ysics. 

CHANGES FROM --- FY 1975 BUDGET ESTIMATE: 

The r e d u c t i m  i n  t h e  FY 1975 Budget E s t i m a t e  i s  due t o  a dec i s ion  t o  
r e a l l o c a t e  find:; from t h i s  program element t o  i n i t i a t e  t h e  Large Area 
Crop Inventory program. 
made i n  the planned number of f l i g h t  hours  permi t ted  t h e  r e a l l o c a t i o n  t o  be 
made. 

Reduced d a t a  a n a l y s i s  requirements  and r educ t ions  

BASIS OF --- FY I976 AND TRANSITION PERIOD ESTIMATES: 

For t h e  Ear th  Resources Survey program i n  1975, t h e  a i r c r a f t  program w i l l  
provide support  f o r  s e v e r a l  ongoing and planned Appl ica t ions  System V e r i -  
f i c a t i o n  Tes ts  including t h e  Large Area Crop Inventory Experiment being 
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conducted i n  c:ooperation w i t h  t h e  USDA and the  Great Lakes ice  monitoring 
p r o j e c t  t.o be demonstrated by L e w i s  Research Center i n  coopera t ion  wi th  
the  U.S. Coast: Guard. 

Continuing s p a c e c r a f t  u n d e r f l i g h t  a c t i v i t y  i s  a l s o  a n t i c i p a t e d  in con- 
junc t ion  wi th  evolving p r o J e c t s  such a s  t h e  LANDSAT follow-on i n v e s t i g a t i o n s  
program and N j . m h s - G ,  b u t  a t  a much reduced l e v e l  from t h a t  committed t o  
LANDSAT-I and Skylab dur ing  t h e  p a s t  two yea r s .  

During N 1<)76 and the  t r a n s i t i o n  per iod ,  severe  s torm research  and environ-  
mental qua1it:y w i l l  be  supported by numerous a i r c r a f t  e f f o r t s  which are 
cha rac t e r i zed  by s t r a t o s p h e r i c  sampling f l i g h t s  wi th  t h e  U-2's and thermal 
mapping wi th  h igh  a l t i t u d e  a i r c r a f t  i n  r e l a t i o n  t o  Nimbus-G s t u d i e s .  
mu1tispec:tral sc:anner f l i g h t s  are a l s o  planned i n  conjunct ion  wi th  the  Environ- 
mental P r o t e c t i o n  Agency t o  support  t h e i r  e f f o r t s  i n  water q u a l i t y  research .  
Sensor defini.1:ic)n f l i g h t s  w i l l  focus on the  development of instruments  f o r  
Nimbus-G, the  Ocean Dynamics S a t e l l i t e  (SEASAT) and the  H e a t  Capacity Mapping 
M i  s s ion. 

Severa l  

Modificaticrns t:o the  replacement CV 990 a i r c r a f t  w i l l  be completed t o  
r e s t o r e  the  fu l l .  c a p a b i l i t y  of t he  r e sea rch  f a c i l i t y  l o s t  i n  an acc ident  
i n  A p r i l  1973. These inc lude  t h e  i n t e g r a t i o n o f  new av ion ic s  systems and 
the  a d d i t i o n  of experiment support  systems and sensor  p o r t s .  These modi- 
f i c a t i o n s  w e r e  scheduled f o r  EY 1976 i n  order  t o  have t h e  a i r c r a f t  a v a i l a b l e  
f o r  t he  receni:1>7 completed GM.P A t l a n t i c  T rop ica l  Experiment expedi t ion  
(GATE). 

Upcoming expedi t ions  f o r  t he  CV 990 now under review inc lude  the  A r c t i c  
I c e  Dynamics Experiment, Severe Environmental Storms and Meso Sca le  
Experiment and P r o j e c t  Sto-rmfury which d e a l s  wi th  hu r r i cane  seediags  t o  
modify high-energy p a t t e r n s .  

Ear th  Resources Experiment Package (EREP) 
Lnves t i n a t i o n s  

1975 - 
Budget: Cur r e n t  T r a n s i t  ion  

E s t i m a t e  E s t i m a t e  1976 Period -- :!9;'4 --- 
(Thousands of  Do l l a r s )  

($3,200)  $3,800 $2,500 $1,500 - - -  

OBJECTIVES AN) STATUS : ---- 

The obJecti:res of t h e  Earth Resources Experiment Package (EREP) i n v e s t i g a t i o n s  
program are t o  use  t h e  d a t a  obtained from t h e  EREP on Skylab t o  conduct s t u d i e s  
i n  e a r t h  resources  d i s c i p l i n e s  and t o  provide t h e  information needed t o  complete 
t h e  d e f i n i t i o n  of t he  second gene ra t ion  of remote sens ing  instruments  (being 
developed i n  o the r  e a r t h  observa t ion  p r o j e c t s ) .  
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The EREP was developed under t h e  Skylab program and w a s  launched as an 
i n t e g r a l  p a r t  of t he  Skylab Workshop i n  May 1973. The EREP included photo- 
graphic  cameras, a v i s i b l e  and i n f r a r e d  spectrometer ,  a thir teen-band mul t i -  
s p e c t r a l  scanner ,  active and pass ive  microwave ins t ruments ,  a c o n t r o l  panel  
and magnetic tape: r e c o r d e r s ,  During the  t h r e e  subsequent Skylab missions 
over 40,000 photographs and 240,000 f e e t  of recorded observa t ions  of t h e  
e a r t h  were acquired by t h e  Skylab crews. 

I n i t i a l  s tudy r e s u l t s  have provided new informat ion  on t h e  d e t e c t i o n  and 
mapping of snow, on the  use fu lness  of microwave techniques f o r  s o i l  moisture  
measuremerits, on geo ida l  v a r i a t i o n s  a s soc ia t ed  wi th  subsur face  ocean topo- 
graphy, on the  de te rmina t ion  of l o c a l  wind speeds over ocean areas, and on 
mesoscale eddies  a s s o c i a t e d  wit:h ocean c u r r e n t  systems. Other r e s u l t s  are 
providing quari1iit:ative eva lua t ion  of t h e  s i g n i f i c a n c e  of s p e c i f i c  s p e c t r a l  
bands and spa t i a? .  r e s o l u t i o n  not  a v a i l a b l e  i n  the  LANDSAT system t o  crop 
inven to r i e s ,  3.md use  de te rmina t ions  , and many o t h e r  a p p l i c a t i o n s .  

The acquisi1::ion and process ing  of EREP d a t a  and the  i n i t i a l  support  through 
FY 1974 o.f t h e  d a t a  a n a l y s i s  w a s  funded by t h e  Of f i ce  of Manned Space F l i g h t .  
The Of f i ce  of Appl ica t ions  i s  r e spons ib l e  f o r  t h e  s e l e c t i o n  and management 
of t h e  inves t l g a t o r s  and i n v e s t i g a t i o n s  and f o r  funding completion of t he  
s t u d i e s .  

CHANGES FROM I?[ I975 BUDGET ESTIMATE: --- 

The reductic71 i n  funding requirements  f o r  FY 1975 r e s u l t s  from the  d e l e t i o n  
of p lans  t o  i n i t : i a t e  new d a t a  use  i n v e s t i g a t i o n s  as p a r t  of t he  EREP program. 
EREP d a t a  are a v a i l a b l e  through the  Federa l  Data Centers  and w i l l  be used,  
as necessary ,  t o  support  s t u d i e s  funded as p a r t  of t he  Supporting Research 
and Technology program. 

BASIS OF E'Y 1976 AND TRANSITION PERIOD ESTIMATES --- 
I n  FY 1975 the  processing and d isseminat ion  of EREP d a t a  t o  P r i n c i p a l  

I n v e s t i g a t o r s  and o t h e r  u s e r s  w i l l  be  completed. Approximately one fou r th  
of t h e  140 EREP i n v e s t i g a t i o n s  are scheduled t o  be completed. These i n v e s t i -  
ga t ions  inc lude  s t u d i e s  of  land use,  water r e sources ,  car tography,  a g r i c u l -  
t u r e ,  geology, geodesy, andl c o a s t a l  zones. 

During FY 1976 and t h e  t r a n s i t i o n  per iod ,  t he  remainder of t he  1.40 i n v e s t i -  
g a t i o n s  w i l l  b e  completed. The r e s u l t s  of t he  EREP i n v e s t i g a t i o n s  w i l l  be  
publ ished i n  i n d i v i d u a l  r e p o r t s  and w i l l  be summarized i n  a report: which w i l l  
inc lude  an assessment of t he  r e l a t i v e  va lue  of s p a t i a l  and s p e c t r a l  r e s o l u t i o n ,  
a d d i t i o n a l  s p e c t r a l  bands, and microwave techniques i n  t h e  va r ious  a p p l i c a t i o n  
d i s c i p l i n e s .  
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- Lgz l i ca t ion  Systems V e r i f i c a t i o n  T e s t s  (ASVT) 

1975 - 
Budget Cur r e n t  Trans i t i  on 

---- :L'374 E s t i m a t c  E s t i m a t e  - 1976 Per iod  
(Thousands of Do l l a r s )  

- - .- - - -  ($7,900) $9,300 $2 , 900 

OBJECTIVES ANI) STATUS : ---- 

The objec t iv i !  of the  Appl ica t ion  Systems V e r i f i c a t i o n  Test (ASVT) program 
i s  t o  take  t h e  most promising areas of r e sea rch  obta ined  from t h e  LANDSAT 
i n v e s t i g a t i o n  program and--through a concerted e f f o r t  w i th  use r  agencies  
and resources  mnagers - - to  de f ine ,  demonstrate  and document t h e  p r a c t i c a l  
c a p a b i l i t y  of reinote-sensing-based information systems t o  make s u b s t a n t i a l  
con t r ibu t ions  i n  these  a reas .  The r e s u l t s  should a l low cognizant  resource  
managers to  m a k e  dec i s ions  on whether or n o t  t o  implement remote-sensing- 
based systems ope ra t iona l ly .  I f  so ,  t h e s e  act ivi t ies  w i l l  f a c i l i t a t e  t he  
t r a n s f e r  of demonstrated c a p a b i l i t i e s  t o  t h e  appropr i a t e  u se r  o rgan iza t ions  
by providing t h e  necessary information on o rgan iza t ion ,  c o s t s  and procedures.  

CHANGES FROM 'FY 1975 BUDGET ESTIMATE: --- 
Some ASVT p r o j e c t s  were i n i t i a t e d  as a s e p a r a t e  e f f o r t  i n  FY 1975 with  

funding from t h e  Ear th  Resources Survey Data I n t e r p r e t a t i o n  Techniques, 
Spec ia l  I n v e s t i g a t i o n s  and Data Analyses area. The program i s  i d e n t i f i e d  
i n  FY 1976 as a sepa ra t e  budget i t e m .  

BASIS OF EY --- 1976 AND TRANSITION PERIOD ESTIMATES: 

One of t h e  p r o j e c t s  under the  Appl ica t ions  Systems V e r i f i c a t i o n  Test 
program i s  the  Large Area Crop Inventory Experiment (LACIE). LACTE has  
been i n i t i a t e d  as a coopera t ive  e f f o r t  wi th  the  Department of Agr i cu l tu re  
and the  Nat ional  Oceanic and Atmospheric Adminis t ra t ion  (NOAA). The 
p r i n c i p a l  o b j e c t i v e  during FY 1975 and FY 1976 i s  t o  determine whether 
remote sensing d a t a  acquired by LANDSAT-1 and -B and analyzed wi th  the  a i d  
of computers can improve t h e  t ime l ines s  and accuracy of major crop f o r e -  
casts f i r s t  f o r  North America (and then f o r  o t h e r  regions.  Wheat vi11 be 
t h e  t es t  crop f o r  t he  experiment. I f  s u c c e s s f u l ,  t h e  techniques and 
approaches developed w i l l  b e  made a v a i l a b l e  f o r  expanded i n t e r n a t i o n a l  
coverage and f o r  incorpora t ion  i n t o  r o u t i n e  USDA a g r i c u l t u r e  fo recas t ing .  
Another p r o j e c t  i s  a j o i n t  Lake I c e  program involv ing  NASA, the  United States  
Coast Guard (LSCG) and NOM,. The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop 
an a i r c ra f t -da t a -based ,  r ap id  a l l -wea the r  system t o  provide accu ra t e  ice  
d i s t r i b u t i o n  maps t o  sh ips  i n  o rde r  t o  expand t h e  sh ipping  season on the  
Great L a k e s .  I n  FY 1975 t he  s y s t e m w i l l  be developed and an i n i t i a l  f i e l d  
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demonstration wi th  t h e  USCG and NOAA w i l l  be  conducted. The FY 1976 o b j e c t i v e  
w i l l  be  t o  conduct a comp1et:e demonstrat ion over t h e  f u l l  1975 ice  season 
and t r a n s f e r  t h e  technology t o  t h e  u s e r s  f o r  o p e r a t i o n a l  use.  

Several other  ASVT p r o j e c t s  have been undertaken i n  coopera t ive  e f f o r t s  
w i th  a number of S t a t e  and r eg iona l  agencies .  These p r o j e c t s  inc lude :  an 
automated n a t u r a l  resources  system f o r  t h e  S t a t e  of M i s s i s s i p p i ;  a n  automated 
environmental  Eystem f o r  updat ing the  Corps of Engineers b a s i c  environmental  
a t l a s  of a predominantly wet:lands reg ion  of southern  Louis iana;  a p r o j e c t  
t o  accu ra t e ly  monitor snow accumulation and s p r i n g  run-of f f o r  w a t e r  manage- 
ment purposes i n  Arizona, C a l i f o r n i a ,  Colorado, and t h e  P a c i f i c  Northwest; 
and a p r o j e c t  using advanced d a t a  process ing  techniques t o  gene ra t e  i n f o r -  
mation on land use  changes, s o i l  mois ture ,  snow cover and o the r  environmental  
parameters: requi red  f o r  l a r g e  a r e a  water d i s t r i c t  management. 

For a l l  of t.he ASVT p r o j e c t s ,  t he  o b j e c t i v e  w i l l  be t o  d e f i n e  t h e  management 
s t r u c t u r e  and t:he opera t ion  of the  system as w e l l  as ways i n  which remotely 
sensed d a t a  would be processed and u t i l i z e d  by t h e  coopera t ing  use r  agencies .  

During FY 15176 and the  t r a n s i t i o n  pe r iod ,  t h e  ASVT program w i l l  cont inue  
s e l e c t e d  clemonstr'ations of t h e  a p p l i c a t i o n  of remotely sensed d a t a  t o  r o u t i n e  
ope ra t iona l  use ;  as the  app Licat ion i s  proven and reaches  mature s t a t u s  , t he  
technology wil.1. lie t r a n s f e r r e d  t o  t h e  us ing  agencies .  I n  t h e  Large Area 
Crop Inventory Experiment (TACIE), aggrega te  product ion estimates based on 
sample areas and y i e l d  d a t a  w i l l  be developed; modi f ica t ions  w i l l  b e  made 
as needed t o  the system t o  improve opera t ions .  The Lake Ice program w i l l  
conduct a complete demonstration over t he  f u l l  ice season and then w i l l  
t r a n s f e r  t h e  txcl-mology t o  the u s e r s  f o r  o p e r a t i o n a l  use.  Other ASVT's 
mentioned above vi11 a l s o  be developed t o  the  p o i n t  of being ready f o r  t r a n s f e r  
t o  use r  organj-::at:ions. 

--- D a t i I  I n t e r p r e t a t i o n  Techniques, Spec ia l  I n v e s t i g a t i o n s  
(and Data Analyses 

1975 
Budget Current  T rans i t i on  - 

1.974 Estimate Estimate 
(Thousands of 

D a  t a i n  t e r p r  e ix t :i on tech- 
niques , spec ia'l i n v e s t  i - 
g a t i o n s  and da.:a ana lyses  $13,488 $13,000 $15,500 

d a t a  process  ing , 
eva lua t ion  ;Fid a n a l y s i s ,  
photographic s e r v i c e s  , 
r e l a t e d  supplic?s, and 

Ear th  resources  survey 

c 

equipment ................ (9,500) 9,400 9 , 400 

1976 Per iod  
Do l l a r s )  

$11,600 $3,000 

8 , 000 2 , 000 

$19.600 $5.000 T o t a l  .................. 
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OBJECTIVES ANTI STATUS : ---- 
The objectixres of t h i s  e f f o r t  are t o  conduct i n i t i a l  r e sea rch  on promising 

advanced remc1t:e sensing systems, t o  develop t h e  technology t o  e x t r a c t  t he  
maximum amount: of information p o s s i b l e  from a v a i l a b l e  remote sensing da ta .  
Another ob jec:t:ive i s  t o  i d e n t i f y  promising areas of a p p l i c a t i o n  on which 
s p e c i a l  c:ffort should be placed i n  Appl ica t ion  Systems V e r i f i c a t i o n  Tests 
(ASVT's) , T h e s e  r e sea rch  tasks  provide the  foundat ion and d i r e c t i o n  f o r  
f o r  f u t u r e  deve1.opment of the  Earth Resources Survey program. I t  i s  he re  
t h a t  t he  new Iechnology i s  developed t o  main ta in  t h e  U.S. as the  recognized 
world l eade r  in  the  use  of  remote sens ing  d a t a  f o r  e a r t h  resources  i n v e s t i -  
ga t ions .  

CHANGES FROM FY 1975 BUDGET ESTIMATE: --- 
The inc rease  in t h e  FY 1975 Budget E s t i m a t e  w a s  r equ i r ed  t o  provide 

g r e a t e r  support  t o  t h e  Appl ica t ions  Systems V e r i f i c a t i o n  Tests (ASVT) 
a c t i v i t y ;  notably t h e  L a r g e  A r e a  Crop I n v e s t i g a t i o n  Experiment (LBCIE).  

BASIS OF FY 1976 AND T R A N S E O N  PERIOD ESTIMATES: 

I n  FY 1975 r e sea rch  and development w a s  concent ra ted  i n  four  major 
areas: t h e  i n i t i a l  development of new imaging systems inc luding  microwave 
sensors  t h a t  have all-weat:her sensing c a p a b i l i t i e s ;  t he  development of 
advanced data  handl ing and processing techniques and equipment; t h e  improve- 
ment of  da t a  i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n ;  and the  demonstrat ion,  docu- 
mentation, and e f f e c t i v e n e s s  a n a l y s i s  of remote sens ing  techniques t o  m e e t  the  
e a r t h  resourc:es information requirements  of u se r s .  I n  a d d i t i o n ,  work 
continued on those design s t u d i e s  f o r  t h e  development of a Thematic Mapper 
wi th  a r e s o l u t i o n  about a f a c t o r  of two b e t t e r  than  the  LANDSAT o r  EREP 
Mult ispectral .  Scanners.  

I n  FY 1975 emphasis w a s  a l s o  s h i f t e d  away from conducting a r e l a t i v e l y  
l a r g e  number: of small explora tory  experiments toward conducting B lesser 
number of 1ai:ger s c a l e  tes ts  of p o t e n t i a l  remote sensing information 
systems undtc r e a l i s t i c  condi t ions .  Severa l  Appl ica t ion  Systems V e r i -  
f i c a t i o n  Tes t s  (ASVT) were i n i t i a t e d  i n  1975. 

I n  EY 1 9 7 6  arid during the  f x a n s i t i o n  per iod ,  r e sea rch  w i l l  cont inue  on 
quant i fy  ng remote sensing d a t a  and p resen t ing  the  d a t a  i n  a format t h a t  
i s  most understandable  and u s e f u l  t o  r e source  managers, S p e c i f i c a l l y ,  work 
w i l l  cont inue  1011 developing techniques t o  inc rease  i d e n t i f i c a t i o n  and measure- 
ment accu rac i e s  i n  a g r i c u l t u r e  through temporal ana lyses ,  crop ca lendars ,  
and e f f e c t s  of varying sun angle  as w e l l  as techniques t o  h e l p  i n d i c a t e  crop 
v igor  and f o r e c a s t  y i e l d .  Work w i l l  a l s o  cont inue  on improving remote sensing 
c a p a b i l i t i e s  f o r  s o i l  moisture  d e t e c t i o n  and measurement and t o  v a l i d a t e  and 
demonstrate advanced remote sensing techniques i n  f o r e s t r y  a p p l i c a t i o n s .  I n  
mineral  resources ,  e f for t : s  w i l l  concen t r a t e  on f u r t h e r  ref inement  of d i g i t a l  
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enhancement techniques for identifying and determining the significance of 
surface alterations caused by underlying mineral and petroleum deposits, 
on the development of spatial filtering techniques, and on evaluating the 
utility of infrared sensors. In land use, work will continue on developing 
techniques for automatic classification and change detection. Development 
of snow survey and watershed models required for the utilization of remote 
sensing data will be pursued in the water resources area while further work 
will be dome to develop quantitative measures of chlorophyll, salinity and 
surface temperatures in marine resources. In technology development, 
emphasis will be in the development of automatic data processing techniques 
to improve accuracies and the development of methods for remote sensing 
signature exteasion with the goal of minimizing the need for ground truth 
in data analysis. In the area of new flight instruments, selection and award 
of a contract for detailed design of the Thematic Mapper will be made, and 
basic technology work will continue on microwave instruments to 
cloud cover limitations. 

over come 

--- EARTH AND OCEAN PHYSICS APPLICATIONS PROGRAM (EOPAP) 

1975 

19'74 -- 

Laser geodynamics 

Ocean dynamics satellite 
satellite (LAGEOS) .... $1,300 

(SEASAT-A) ............ --- 
- - -  Tectonic plate motion ... 

Measurement systems, 
forecasting techniques 
and modeling/advanced 
studies...... ......... 3,000 

analysis .............. 2,700 

mental ocean satellite 
(GEOS-C) ............... 3,400 

Experiment data 

Geodynamic experi- 

Total ............... $10.400 

Budget Current 
Estimate Estimate 1976 

(Thousands of Dollars) 
-- 

$2,300 

8 , 000 
2 , 000 

2,600 

2,700 

900 

$18.500 

$2 , 300 

8,000 
1 , 900 

3,100 

2 , 700 

9 00 

$18.900 

$1 , 000 

1 7  , 000 
2 , 600 

3,100 

2,700 

- - -  

'Trans i t i on 
Period 

$300 - 

5 , 000 
800 

900 

800 

The primary objective of the Earth and Ocean Physics Applications program 
(EOPAP) is to provide the focus for those applications which make use of 
space or space-derived techniques for monitoring numerous ocean phenomena, 
such as sea state, currents, surface winds, and general ocean circulation 
patterns on a global basi.s, as well as for very precise monitoring o f  the 
earth's crustal motion, polar movement, and changes in rotation rate. 
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Program a c t i v i t i e s  a r e  d i r e c t e d  toward development and v a l i d a t i o n  o f :  (1) 
means f o r  p red ic t ing  the  genera l  ocean c i r c u l a t i o n  and s u r f a c e  c u r r e n t s ,  and 
t h e i r  t r a n s p o r t a t i o n  of mass, h e a t ,  and n u t r i e n t s ;  (2) methods f o r  synopt ic  
monitoring and p r e d i c t i n g  of t r a n s i e n t  ocean s u r f a c e  phenomena, inc luding  
the  magnitudes and geographical  d i s t r i b u t i o n s  of sea s ta te ,  s torm surges ,  
s w e l l ,  su r f ace  winds, e t c . ,  wi th  emphasis on i d e n t i f y i n g  e x i s t i n g  and 
p o t e n t i a l  hazards;  (3) methods leading  t o  ear thquake hazard assessment and 
a l l e v i a t i o n  models which can p r e d i c t  probable  t i m e ,  l o c a t i o n ,  and i n t e n s i t y  
of ear thquakes;  and ( 4 )  expansion of our knowledge about  t he  g loba l  geoid,  
of t h e  geomagnetic f i e l d ,  and the  geodesy of i n a c c e s s i b l e  areas such as t h e  
ocean f l o o r s .  To accomplish these  o b j e c t i v e s ,  both s a t e l l i t e  and su r face -  
based measurements are requi red .  Each of t hese  p r o j e c t s  i s  d iscussed  below,, 

-- Laser Geodynamic S a t e l l i t e  (LAGEOS) 

1975 
Budget Current  

1974 E s t i m a t e  E s t i m a t e  1976 -- 
(Thousands of Do l l a r s )  

Spacecraf t  ............ $830 $1,455 $1,455 - - -  
..... 470 845 845 $1,000 Ground opera t ions  -- 

Tota l . .  . .-.. ......... $1,300 $2,300 $2,300 $1,000 -- - - 
Del ta  (Launch v e h i c l e  

procurement program) ($3,000) ($1,600) ($1,300) (--- ', 

Trans i t i  on 
Period 

- - -  
$300 

$300 
-- 

( - - - I  

OBJECTIVES AND STATUS: --- 
The o b j e c t i v e  of t he  IAGEOS program i s  t o  provide the  c a p a b i l i t y  for  making 

extremely accu ra t e  de te rmina t ions  of  t h e  e a r t h ' s  c r u s t a l  and r o t a t i o n a l  moti.ons 
by means of laser t r ack ing  techniques.  It  w i l l  be a major advance over o t h e r  
c u r r e n t  c a F a b i l i t i e s  i n  t h i s  r e s p e c t .  LAGEOS w i l l  be employed t o  observe a 
number of Fhenomena a s soc ia t ed  wi th  ear thquakes,  inc luding  fau1.t motion; 
r eg iona l  s t r a i n  f i e l d s ;  t e c t o n i c  p l a t e  motion; e a r t h  r o t a t i o n ;  po la r  motion; 
and s o l i d  e a r t h  t i d e s ,  as w e l l  as con t r ibu t ing  t o  o t h e r  e f f o r t s  such as the  
EOPAP ocean dynamics program. 

The LAGECS program inc ludes  t h e  bu i ld ing  and launching of a very accu ra t e  
r e fe rence  s a t e l l i t e  i nco rpora t ing  p r e c i s i o n  r e t r o r e f l e c t o r s ,  t h e  development: 
and use of accu ra t e  laser ground t r ack ing  s t a t i o n s ,  and the  a p p l i c a t i o n  of 
t he  l a s e r  data i n  connect ion wi th  t h e  genera t ing  of models of t he  e a r t h ' s  
c r u s t a l  and dynamic motions. 

The s a t e l l i t e  w i l l  be a dense sphere covered wi th  426 laser r e t r o r e f l e c t o r s  
It  w i l l  ha\.e a diameter of about 0.6 meters (2 f e e t ) ,  and w i l l  weigh 411 kg 
(906 pounds). I t s  array of corner  r e f l e c t o r s  w i l l  be  especialLy designed t o  



minimize e r r o r s  a s soc ia t ed  wi th  the  r e f l e c t i o n  of t h e  s h o r t  laser pu l ses .  
It w i l l  be laiinched i n t o  a 5,900 km c i r c u l a r  o r b i t  a t  l l O o  i n c l i n a t i o n .  I t s  
a l t i t u d e  w i l l  be high enough t o  l e s s e n  the  e f f e c t  on t h e  o r b i t  due t o  pe r -  
t u rba t ions  i n  the  e a r t h ' s  , g r a v i t a t i o n a l  f i e l d .  It w i l l  have a mass-to-area 
r a t i o  g r e a t  enough t o  markedly diminish t h e  e f f e c t s  on t h e  o r b i t  caused by 
v a r i a t i o n s  i n  the  p re s su re  of r a d i a t i o n  from the  sun and t h e  e a r t h .  
h igh  o r b i t  i s  w e l l  s u i t e d  t o  t h e  problem of measuring l a r g e  scale motions 
of t he  ea r th" : ;  c r u s t a l  p l a t e s  and t h e  dynamic motions of t h e  e a r t h  as a 
whole as i t  r o t a t e s  about i t s  po la r  axis. 

The 

BASIS OF --- FY :L'376 AND TRANSITION PERIOD ESTIMATES: 

The s a t e l l i t e  q u a l i f i c a t i o n  model w a s  b u i l t  by NASA inhouse a t  t he  
Marshal l  Spacx F l i g h t  Center .  This w a s  accomplished during t h e  l a t t e r  
p a r t  of :FY 1!974 and e a r l y  FY 1975. Since t h e  s a t e l l i t e  i s  a very r i g i d  
s t r u c t u r e  of simple des ign ,  t he  q u a l i f i c a t i o n  model w a s  b u i l t  t o  t he  f l i g h t  
s p e c i f i c a t i o n s .  The q u a l i f i c a t i o n  tes ts  have now been completed, and the  
q u a l i f i c a t i o n  model has  been determined t o  be accep tab le  f o r  f l i g h t ,  thus  
d e l e t i n g  t h e  requirement f o r  a s e p a r a t e  f l i g h t  sa te l l i t e .  This  r e s u l t s  
i n  a pro,grarmnatic savings and the  es t imated  t o t a l  runout c o s t  has been reduced 
by $500,000. 

During FY 19715 and t h e  t r a n s i t i o n  per iod ,  t h e  las t  increment of r e t r o -  
r e f l e c t o r s  w i l l  be de l ive red .  The f i n a l  assembly of t h e  s a t e l l i t e  and 
o p t i c a l  performance v e r i f i c a t i o n  w i l l  be accomplished. The q u a l i f i c a t i o n  
t e s t i n g  of t ' ne  s a t e l l i t e - t o - l a u n c h  v e h i c l e  i n t e r f a c e  adap te r  and s a t e l l i t e  
e j e c t i o n  mechanism w i l l  be completed. The s a t e l l i t e  w i l l  be i n t e g r a t e d  
with the  launch v e h i c l e  t h i r d  and fou r th  s t a g e s  and spin-balanced.  This 
assembly w i l l  then be i n t e g r a t e d  wi th  the  f i r s t  and second s t a g e s  and 
launched i n  the  f i r s t  q u a r t e r  of CY 1976. 

Three mobile l a s e r  ranging s t a t i o n s  and four  s t a t i o n a r y  ones w i l l  be 
a v a i l a b l e  t o  work w i t h  the LAGEOS a t  t h e  t i m e  of launch and a d d i t i o n a l  
s t a t i o n s  w i l l  be a v a i l a b l e  during the  next  year .  

Ocean Dynamics - S a t e l l i t e  (SEASAT-A) 

1975 
Budget Current  T r a n s i t i o n  - 

1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

Spacecraf t  de s ign  , 
development and test . . .  - - -  $4,800 $4,800 $7,000 $1,700 

Sensor d eve 1clprr.en t . . . . . . . -- --- 3,200 3,200 10 , 000 3 , 300 

Tota l . .  . . . . . . . . . . . . . . --- $8.000 $8.000 $17.000 $5.000 -- 
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OBJECTIVES AND STATUS : --- 

The o b j e c t i v e s  of t h e  Ocean Dynamics S a t e l l i t e  (SEASAT-A) mission inc lude :  
t he  demonstration of techniques f o r  g loba l  monitor ing and mappin.g of  t he  
p r i n c i p a l  oceanographic phenomena and f e a t u r e s ;  t h e  provis ion  of oceanographic 
d a t a  f o r  both a p p l i c a t i o n  and s c i e n t i f i c  u s e r s ;  t he  c r e a t i o n  of a new d a t a  
base which lcan be used t o  extend the  s c i e n t i f i c  understanding of ocean 
dynamics; and the demonstrat ion of t h e  key f e a t u r e s  of an ope ra t iona l  ocean 
dynamics monitoring sys  tem. 

The m i s s i o n  o b j e c t i v e s  and pre l iminary  des ign  concepts have been developed 
through t h e  combined e f f o r t s  of NASA and the  user  community. Among those 
p a r t i c i p a t i n g  sre some 20 o rgan iza t ions  r ep resen t ing  o the r  p a r t s  of the  
Government, u n i v e r s i t i e s ,  and m a r i t i m e  i n t e r e s t s  i n  the  p r i v a t e  s e c t o r .  
Included,  i n  p a r t i c u l a r ,  are t h e  Departments of Commerce, Defense, and 
Transpor ta t ion ;  Scr ipps  I n s t i t u t e  of Oceanography, Woods Hole, and Ci ty  
Univers i ty  of New York; American I n s t i t u t e  of Merchant Shipping, American 
Petroleum I n s t i t u t e ,  and t h e  Sea Use Council. 

The m o n i t ~ r i n g  of t h e  oceans from space by SEASAT-A w i l l  provide oceano- 
graphers  f o r  t he  f i r s t  t i m e  wi th  the  kind of g loba l ,  synopt ic  coverage f o r  
s c i e n t i f i c  ,analysis  which have been suppl ied  t o  meteoro logis t s  i n v e s t i -  
ga t ing  the  atmosphere by TIROS and NIMBUS satel l i tes .  
w i l l  c o n s t i t u t e  an ind ispensable  base  upon which t o  b u i l d  new ocean 
dynamics and improved meteorological  fo recas t ing  c a p a b i l i t i e s  having major 
s c i e n t i f i c  ,and economic p o t e n t i a l .  

The SEASAT-A d a t a  

An e x i s t i n g  € l i g h t - q u a l i f i e d  s p a c e c r a f t  bus w i l l  be used t o  in su re  program 
c o s t  e f f i c i e n c i e s .  This e x i s t i n g  bus w i l l  be  coupled t o  a sensor  module 
t h a t  w i l l  conta in  t h r e e  new active r a d a r  sensors ,  one e x i s t i n g  f l i g h t -  
q u a l i f i e d  pas s ive  sensor ,  and a s s o c i a t e d  d a t a  handl ing and power condi t ion ing  
subsystlems. The combined sensor  module and e x i s t i n g  s p a c e c r a f t  bus w i l l  
be launched i n t o  a 1 0 8 O  i n c l i n a t i o n  c i r c u l a r  o r b i t  i n  1978. 

The tnree iew a c t i v e  r a d a r s  on SEASAT-A s t e m  from r e c e n t  NASA research  
and developinen: a c t i v i t i e s  aimed a t  evolving sensors  s u i t a b l e  f o r  oceano- 
g raph ic  d a t a  ga the r ing  from space.  These r ada r  sensors  w i l l  be complemented 
by a s c a a n n i n ~  v i s i b l e  and in-Erared radiometer  o r i g i n a l l y  flown on ITOS, and 
w i l l  be used on SEASAT t o  provide images of v i s i b l e  and i n f r a r e d  emissions 
from oceans,  c o a s t a l  and atmospheric f e a t u r e s .  These SEASAT-A instruments  
w i l l  enable  the monitoring of  ocean s u r f a c e  condi t ions  t o  be accomplished 
with the  p rec i s ion  and r e p e t i t i o n  necessary  t o  make major advances f o r  
s c i e n t i E i c  a i d  use r  a p p l i c a t i o n s  inc luding  p r e d i c t i o n s  of sea condi t ions  
f o r  s h i p  rou t ing ,  s h i p  des ign ,  s torm damage avoidance, c o a s t a l  p r o t e c t i o n  
and developmen:, and deep-water p o r t  development. Economic b e n e f i t  s t u d i e s  
show t h a t  l a r g e  b e n e f i t s  a re  a s s o c i a t e d  wi th  t h e  p o t e n t i a l  c a p a b i l i t i e s  
which SEASAC-A w i l l  demonstrate.  
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BASIS OF 1:Y --- 1976 AND TRANSITION PERIOD ESTIMATES: 

During I T  19'75:, procurement of t h e  s p a c e c r a f t  module, launch v e h i c l e  
s e l e c t i o n ,  and sensors  was  f i n a l i z e d ,  and the  d e t a i l e d  design of t h e  sensor  
module w a s  i n i t i a t e d .  During E'Y 1976 and t h e  t r a n s i t i o n  per iod ,  t h e  manu- 
f a c t u r e  arid test of t he  s p a c e c r a f t  bus and the  development of t he  sensors  and 
sensor  module wi:Ll be  i n  process .  The sensor  pre l iminary  design reviews w i l l  
be he ld  and t h e  breadboard test:s w i l l  be completed. Deta i led  sensor  module 
design w i  11 btzgirr fol lowing the  s e l e c t i o n  of t h e  spacec ra f t  bus c o n t r a c t o r ,  
and the  pre l iminary  des ign  review of t he  module w i l l  be completed. The 
f a b r i c a t i o n  oE a sensor  module t es t  model w i l l  begin and s u f f i c i e n t  t e s t i n g  
w i l l  be  completed t o  s tar t  sensor  module f a b r i c a t i o n  during the  t r a n s i t i o n  
per iod  . 

- Tectonic  P l a t e  Motion 

1975 
Budget Current  T r a n s i t i o n  

_--- 1974 Estimate E s t i m a t e  1976 Period 
(Thousands of  Dol la rs )  

-- - $2,000 $1,900 $2,600 $800 

OBJECTIVES AND S'rATUS : ---- 

The o b j e c t i v e  of t h e  Tectonic  P l a t e  Motion program i s  t o  make key measure- 
ments which are expected t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  development of 
an ear thquake p r e d i c t i o n  ca .pabi l i ty .  These inc lude  t h e  measurement of t he  
e a r t h ' s  c r u s t a l  motion near t h e  ear thquake f a u l t  zones and t h e  behavior of 
the  e a r t h  as a whole as i t  r o t a t e s  about  i t s  p o l a r  a x i s .  

One of t he  keys t o  understanding and p r e d i c t i n g  ear thquakes i s  t:he a b i l i t y  
t o  measure the  movement of t h e  g i a n t  t e c t o n i c  p l a t e s  which make up the  e a r t h ' s  
c r u s t .  I f  two ad jo in ing  p l a t e s  are moving a t  c e r t a i n  p l aces ,  bu t  are locked 
elsewhere,  then s t r a i n  i s  bu i ld ing  up. When t h i s  s t r a i n  i s  r e l e a s e d ,  an 
earthquake occurs.  During the  p a s t  two y e a r s ,  experimental  d a t a  have been 
c o l l e c t e d  and major progress  has  been made i n  measurement systems as w e l l  
as modeling c a p a b i l i t i e s ,  opening up new p o s s i b i l i t i e s  f o r  ga in ing  an under- 
s tanding  of t h e  phys ica l  processes  involved. 

The Tectonic P l a t e  Motion program c o n s i s t s  of t h ree  p r o j e c t s  as fol lows:  
t he  San A.ndrea.s Fau l t  Experiment (SAFE); t he  P a c i f i c  P l a t e  Motion Experiment 
(PPME); and Astronomic Radio In t e r f e romete r  Ear th  Surveying (ARIES). 

The SAFE w i l l  demonstrate t he  f e a s i b i l i t y  of us ing  laser s a t e l l i t e  t r ack ing  
d a t a  t o  d.eterniine s u r f a c e  riotions along an active f a u l t  over a per iod  of 
s e v e r a l  years. 
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The PPME w i l l  demonstrate t h e  f e a s i b i l i t y  of us ing  Very Long Base l ine  
In te r fe rometry  (VLBI) measurements t o  determine t h e  r e l a t i v e  motions of 
t h e  P a c i f i c  a.nd North American p l a t e s .  

ARIES w i l l  demonstrate t h e  use  of VLBI  techniques f o r  t h e  measurement of 
r e g i o n a l  scal 'e  c r u s t a l  motion. 

During Ff 1975 i n i t i a l  observa t ions  w e r e  made by each of t hese  systems. 
These observa t iona l  da t a  have been used t o  e s t a b l i s h  p o s i t i o n s  of the  
s t a t i o n s  involved t o  accu rac i e s  ranging from 15 c m  t o  5 cm. 

CHANGES FROM FY 1975 BUDGET ESTIMATE: 

Reduced FY 1975 funding requirements were occasioned by a de lay  i n  equip-  
ment development f o r  the  V L R I  a c t iv i t i e s ,  p a r t i c u l a r l y  PPME. 

BASIS OF Ff 1976 AND TRANSI'IIION PERIOD ESTIMATES: 

During t h i s  per iod  of t i m e  new equipment w i l l  be  added t o  each VLBI 
s t a t i o n  thus  improving the  system; a d d i t i o n a l  equipment w i l l  be eva lua ted ;  
and a second s e r i e s  o f  observa t ions  and in te rcompar is ions  w i l l  be completed, 
These inc lude  VLBI t r i a n g l e  c l o s u r e s  using s t a t i o n s  i n  Massachuset ts ,  Texas:, 
and CaLi fo1~ i i3 ,  and the  completion of a t h i r d  s t a t i o n  s i t e  i n  Utah f'or 
SAFE. 

---- Measurement Systems, Forecas t ing  Techniques, and Modeling 

1975 - 
Budget Current  Trans i t  ion 

Period 1974 - Estimate Estimate 1976 
(Thousands of Do l l a r s )  

_- 

$3,000 $2,600 $3 , 100 $3 , 100 $900 

OBJECTIVES AND STATUS: --- 

The o b j e c t i v e s  of  t h e  Measurement Systems and Forecas t ing  Techniques 
program are t o  e s t a b l i s h  a base of a n a l y t i c a l  and experimental  techniques 
and f e a s i b i l i t y  i n v e s t i g a t i o n s  which are r equ i r ed  f o r  t h e  o rde r ly  develop- 
ment and implementation of t h e  Ear th  and Ocean Physics  Appl ica t ions  program,, 

This  e f f o r t  c o n s i s t s  of an i n t e g r a t e d  series of in te rconnec ted  t a sks  
inc luding:  systems s t u d i e s  f o r  t h e  Ear th  and Ocean Physics  Appl ica t ions  
program; design s t u d i e s  of advanced sa te l l i t e  and ground systems; ana ly t ica l -  
design of Ear th  and Ocean Physics  Appl ica t ions  program missions;  p re-  
l iminary design of experiments (ground-based, a i r c r a f t ,  s h i p s ,  buoys, and 
s a t e l l i t e s ) ;  es tab l i shment  of measurement requirements;  p re l iminary  design 
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of sensors  and subsystems; f e a s i b i l i t y  experiments on new techniques;  i n t e r -  
comparison experiments;  a n a l y t i c a l  models f o r  ear thquake hazard assessment 
and a l l e v i a t i o n ,  ocean c u r r e n t s ,  ocean dynamics e f f e c t s ,  c i r c u l a t i o n  and 
t r a n s p o r t ;  and development t e s t i n g  of fo recas t ing  techniques.  Uni .vers i t ies ,  
i n s t i t u t i o n s ,  and o t h e r  Government agencies  w i l l  be  u t i l i z e d  t o  perform 
s c i e n t i f i c  s t u d i e s  of fundamental phenomena i n  e a r t h  and ocean dynamics. 
These s t u d i e s  w i l l  s e rve  as a b a s i s  f o r  e s t a b l i s h i n g  d e t a i l e d  requirements  
f o r  developing experimental. and a n a l y t i c a l  techniques.  

CHANGES FROM FY 1975 BUDGET ESTIMATE: 
-. 

--- 

The increase  i n  t h e  FY 1975 Budget E s t i m a t e  w a s  r equ i r ed  f o r  s t u d i e s  t o  
b e t t e r  de f ine  t h e  s p e c i f i c a t i o n s  of  a n a l y t i c a l  and measurement approaches 
so  as t o  enhance t h e  order1.y development of models, ins t ruments  arid tech-  
niques used i r  t he  Ear th  arid Ocean Physics  Appl ica t ions  program. 

BASIS OF FY 1976 AND TRANSICTION PERIOD ESTIMATES: 

E f f o r t s  planned f o r  FY 1976 and t h e  t r a n s i t i o n  per iod  inc lude  s t u d i e s  ex- 
p lo r ing  t:he use  of new space techniques,  of improvements i n  p re sen t  tech-  
niques arid in .  m a r e  e f f e c t i v e  u s e  of c u r r e n t  systems. Advanced models lead ing  
t o  a bett :er understanding o f  mechanisms t h a t  govern t h e  dynamics of t h e  
s o l i d  e a r t h  arid the  world'!; oceans w i l l  be  developed. Technique, ins t rument ,  
and model. development f o r  suppor t ing  t h e  program w i l l  be undertaken i n  order  
t o  i n s u r e  proper  program evolu t ion .  

Experiment Data Analysis  

1975 -- 
Budget Current  Trans i t  ion  

Estimate E s t i m a t e  1976 per iod  -- :-974 --- 
(Thousands of  Do l l a r s )  

$2  , 700 $2 , 700 $2 , 700 $2,700 $800 

OBJECTIVES ANI) STATUS : ---- 
This  progra~n has  t h e  fol lowing ob jec t ives :  t o  analyze a l l  d a t a  obtained 

i n  the  Ear th  and Ocean Physics  Appl ica t ions  program, inc luding  d a t a  obtained 
from ear th-based experiments and e a r t h / s a t e l l i t e  experiments,  and t o  apply 
these  d a t a  t o  p a r t i c u l a r  end o b j e c t i v e s ,  such as mapping and modeling ocean 
c u r r e n t s  ; t o  monitor and f o r e c a s t  sea s t a t e ,  o t h e r  ocean dynamics e f f e c t s ,  
and the  - i . n t e~ :~~c t ions  between ocean and atmosphere; and t o  assess ear thquake 
hazards .  
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BASIS O F  FY 19?6 AND TEUNSI'LIION PERIOD ESTIMATES: 

During IiY 1975 t h i s  program provided f o r  t h e  a n a l y s i s  of experiments 
c u r r e n t l y  i n  proc:ess t o  demonstrate t h e  a p p l i c a t i o n  of p r e c i s i o n  l a s e r  
ranging t o  sa t .e l l . i t es  f o r  t he  measurement of f a u l t  motions. 
i n  t h i s  e f f o r t  are the  a n a l y s i s  and eva lua t ion  of new methods of making 
p rec i s ion  measurements of c r u s t a l  deformations and e a r t h  motions , ,as w e l l  
as intercomparisons on b a s i c  measurement and a n a l y t i c a l  t echniques ,  and the 
a n a l y s i s  and ~wa1 ua t ion  of r e l a t e d  e a r t h  dynamics. 

Included 

I n  FY 1976 arid t:he t r a n s i t i o n  per iod ,  t he  a n a l y s i s  of d a t a  from GEOS-C 
experiments invol.ving r ada r  a l t i m e t r y ,  laser ranging,  s a t e l l i t e - t o - s a t e l l i t e  
t racking ,  and o the r  techniques w i l l  be continued. 
ments, w i I . 1  be  analyzed t o  v a l i d a t e  and improve s c i e n t i f i c  and use r  t h e o r i e s  
and demonstrate t:he f e a s i b i  L i t y  and l i m i t a t i o n s  of t he  va r ious  space and 
ground systems: t o  c o n t r i b u t e  t o  the  s o l u t i o n  of s c i e n t i f i c  and use r  pro- 
blems. D a t a  f?om intercomparison experiments w i l l  be  analyzed t o  13s t a b l i s h  
the  r e l a t i v e  merits of a l te i rna te  techniques and t h e  a p p l i c a t i o n s  oE acquired 
d a t a  t o  t h e  deveI.opment and assessment of a n a l y t i c a l  models f o r  ocean cur -  
r e n t s ,  t r a n s p o r t  and c i r c u l a t i o n ,  and o t h e r  e a r t h  and ocean dynamics e f f e c t s .  

Data from such expe r i -  

SPACE PROCESSING 

1975 
Budget Current T r a n s i t i o n  

-- 1974 E s t i m a t e  E s t i m a t e  1976 - Period 
(Thousands of Do l l a r s )  

Ground-based i n v e s t  i- 
g a t i o n s ,  ana lyses  
and s t u d i e s .  ........... $2,825 $3,100 $2 , 900 $3 , 100 $900 

300 -- - - -  400 400 600 -- Sounding rocket missions.  

To ta l  ................ 32.825 -- $3.500 $3.300 $3.700 -~ $1.200 

OBJECTIVES AND STATUS: ---- 

The o b j e c t i v e s  of t he  Space Processing program are t o  develop a p p l i c a t i o n s  
o f f e red  by the  unique environment of space f o r  work i n  materials sc i ence  and 
technology and i n  biological .  p rocesses ;  u l t i m a t e l y ,  t h i s  i s  intended t o  lead  
t o  commercial nlanufacturing of  s u i t a b l e  products  i n  space f o r  use on ea r th .  
Under Ground-Based I n v e s t i g a t i o n s ,  Analyses and S tud ie s ,  work i s  undertaken 
both t o  d e f i n e  t h e  technical.  and economic p o t e n t i a l  f o r  u s e f u l  a p p l i c a t i o n s  
of  space processing and t o  develop the  technology r equ i r ed  t o  implement 
a c t u a l  space processing opera t ions  on f u t u r e  space missions.  Under the  
Sounding Rocket Missions ca tegory ,  funding i s  provided t o  c a r r y  out: sounding 
rocket  f l i g h t  tes ts  of promisin,g space materials processing methods t h a t  
cannot be adequately performed i n  a i r c r a f t  f l i g h t s  and drop-tower opera t ions .  
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Areas i n  .which s-Jch tests a r e  needed inc lude  l e v i t a t i o n  techniques,  
c o n t a i n e r l e s s  mel t ing,  dynamics of l e v i t a t e d  l i q u i d s ,  d i r e c t i o n a l  s o l i d i -  
f i c a t i o n  of metal  and semiconductors,  and performance c h a r a c t e r i s t i c s  of  
e l e c t r o p h o r e s i s  apparatus .  

CHANGES FROM --- THE FY 1975 BLrT)GE'r ESTIMATE: 

The r educ t ion  from t h e  FY' 1975 Budget E s t i m a t e  i n  Ground-Based 1:nvesti- 
g a t i o n s ,  Analyses and Studi.es r e s u l t e d  from t h e  d e f e r r a l  of s e v e r a l  planned 
p r o j e c t s  i n t o  FY 1976. 

BASIS OF --- FY 1976 AND TRANSITION - PERIOD ESTIMATES: 

I n  FY 1975 t h e  Space  Proc:essing program concent ra ted  on products  and 
processes  t h a t  appeared t o  have the  p o t e n t i a l  f o r  e a r l y  a p p l i c a t i o n s .  
Prepara t ions  here made f o r  tes ts  of e s s e n t i a l  p rocesses  on longer du ra t ion  
rocke t  f l i g h t s .  These fl iE;hts o f f e r  test du ra t ions  of  f i v e  t o  t en  minutes 
and permit p o t e n t i a l  u s e r s  t o  explore  u s e f u l  a p p l i c a t i o n s  a t  r e l a t i v e l y  
low cos t .  The program emphasis i n i t i a t e d  i n  Fy 1975 w i l l  cont inue  dur ing  
FY 1976 and t h e  t r a n s i t i o n  per iod.  P r o j e c t s  t o  be undertaken w i l l  inc lude :  
e l e c t r o p h o r e t i c  s e p a r a t i o n  of ce l l s  and es tab l i shment  of c e l l  c u l t u r e s ;  
growth of e l e c t r o n i c  c r y s t a l s  i n  r ibbon and s h e e t  form; product ion of 
ultrahomogeneous semiconductor materials;  vapor and s o l u t i o n  growth of 
e l e c t r o n i c  c r y s t a l s ;  , - e f r a c t o r y  metal p u r i f i c a t i o n  and g r a i n  ref inement  by 
vacuum/levitat  i c n  process ing;  product ion of new types of  o p t i c a l  g l a s s  
from oxides ;  2nd c o n t r o l l e d  e u t e c t i c  s o l i d i f i c a t i o n  f o r  o p t i c a l ,  e l e c t r o n i c  
and s p e c i a l t y  s t r u c t u r a l  p a r t s .  Work i n  these  areas w i l l  be o r i en ted  t o -  
ward accomplishing c r i t i c a l  tests on rocke t  f l i g h t s  where f e a s i b l e ,  i n  
order  t o  acqui re  pre l iminary  eva lua t ions  wi th  minimum resource  requirements .  
I n  a d d i t i o n  t o  experimental  work, economic a n a l y s i s  of t he  economics of  
f u t u r e  space prccess ing  opera t ions  w i l l  cont inue  dur ing  FY 1976 and the  
t r a n s i t i o n  per icd .  

- COMMUNICATIONS 

1975 

Coopera t i.ve aippl.i.ca- 
t i o n s  aatel.1.it:e 
(CAS-C) .... ,,.. ....... 

Experiment coorcli.- 
na t ion  and ope ra t ions  
support:. ............. 
and support: s t:udies . . 

Technical. con:;ul. t:ation 

Budget Current  
1974. E s t i m a t e  E s t i m a t e  1976 

(Thousands of Do l l a r s )  

$2 , 7610 $1 , 550 $1,550 $1,100 

800 3,700 6,200 2 , 900 

:2,54.0 1,650 1 , 650 2,100 

Trans i t i  on 
- Period 

$100 

800 

600 
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1975 
Budget Current  T r a n s i t i o n  - 

Per iod  1974 E s t i m a t e  Estimate 1976 
(Thousands of  Do l l a r s )  

Advanced conimuni- 

Mu1 t i - u . s e r  c.orrmuni- 
c a t i o n s  research. . . .  - - -  $1,400 $1,600 $1,400 $500 

c a t i o n s  experimental  
s a t e l l i t e  (ATS-6). . . 1;16,200 --- - - - -  - - -  --- 

Tot a1 . . . . . . . . . . . . . 
The object: ive of t h i s  program i s  t o  keep t h e  n a t i o n  i n  t h e  f o r e f r o n t  

of s a t e l l i t e  communications technology through technologica l  developments 
w e l l  i n  advance of Commercially motivated i n i t i a t i v e s .  Current  e f f o r t s  
inc lude :  the  continued development of t h e  Cooperative Appl ica t ions  S a t e l -  
l i t e - C  (CAS-C); t he  opera t ion  of ATS-6, s u c c e s s f u l l y  launched i n  May 1974; 
the  developmen t of communications technology and concepts  too advanced t o  
warrant: conmiercial development; t he  conduct of s p e c i a l  r a d i o  i n t e r f e r e n c e  
and propaga.t:ion s t u d i e s ;  and provis ion  of  t e c h n i c a l  consul ta t io i i  services 
t o  o t h e r  agtmc:ies as requested.  

The succe:;sful launch of ATS-6 began a n a t i o n a l  and i n t e r n a t i o n a l  
experimenta!. c:ommunications program i n  s a t e l l i t e  broadcas t ing  as compared 
t o  poir i t - to-point  c a p a b i l i t i e s  of a l l  o t h e r  c u r r e n t  systems. This new 
area of sat:t:ll.ite communications w a s  made p o s s i b l e  by t h i s  most tech-  
no log ica l ly  advanced of -the Appl ica t ions  Technology S a t e l l i t e  series. 
This spacec:i:alit: i s  now w e l l  i n t o  t h e  most ex tens ive  and s o c i o l o g i c a l l y  
s ign i f i can t :  experiment program y e t  undertaken i n  t h e  cont inuing  i n v e s t i -  
g a t i o n  of t he  a p p l i c a t i o n s  of space communications t o  b e n e f i t  mankind. 
Continuing :into FY 1976 (and beyond, t h i s  s p a c e c r a f t  w i l l  p lay  a major 
r o l e  i n  the  d e f i n i t i o n  oE needs of communities f o r  s a t e l l i t e  supported 
h e a l t h  c a r e  de l ive ry ,  d e l i v e r y  of educa t iona l  s e r v i c e s  and o t h e r  innovat ive  
appl icat ion: ;  of communications satel l i tes .  

Af t e r  a one year  per iod  of ope ra t ions ,  under an agreement between t h e  U.S. 
and Ind ia ,  :he spacec ra f t  w i l l  be moved over  a l o c a t i o n  t o  suppor t  t h e  
Indian  Sa teLl i te  I n s t r u c t i o n a l  Te lev i s ion  Experiment (SITE). During the  
movement of  t he  s a t e l l i t ' e  t o  Ind ia ,  ATS-6 w i l l  provide t e l e v i s i o n  and d a t a  
r e l a y  support  t o  the  Apollo Soyuz T e s t  P r o j e c t  (ASTP). The a c t i v i t i e s  o f  
of  ATS-6 a r e  more f u l l y  ,discussed i n  the  Experiment Coordinat ion and Support 
n a r r a t i v e .  

A s  t he  use  of s a t e l l i t e  communications p r o l i f e r a t e s  both i n  the  U.S. and 
abroad,  t he  need fo r  NASA t o  move i n t o  development and experimentat ion 
wi th  t h e  tcxhnology of f u t u r e  genera t ions  of communications s a t e l l i t e  
cont inues .  This  e f f o r t  whic:h i s  needed t o  main ta in  the  United S ta t e s '  
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p o s i t i o n  of lead 'ership i n  t h i s  f i e l d ,  i s  sponsored by NASA i n  those  areas of 
r e sea rch  which a r e  n o t  comm.ercially motivated.  This  r e sea rch  a l s o  makes 
p o s s i b l e  continued s a t i s f a c t i o n  of  NASA's s t a t u t o r y  r e s p o n s i b i l i t i e s  t o  pro-  
v ide  t echn ica l  consu l t a t ion  as Federa l  agencies  and o t h e r s  r eques t .  

.-- Cooperative Appl ica t ions  S a t e l l i t e - C  (CAS-C) 

1975 
Budget Current  T r a n s i t i o n  

1974 Estimate Estimate 1976 Period -- 
(Thousands of  Do l l a r s )  

$470 $620 --- 

................ 75 200 100 150 $100 opera t ion  -- 

Spacecraf t  t e s t i n g  ......... $280 $7 90 
Experiments. ............... :2,405 560 9 80 330 - - -  
Mission a n a l y s i s  and 

. Tota l  .................. 32,760 $1,550 $1,550 -- $1 100 $100 

procurement program) ..... ($1,000) ($3,600) ($3,800) ( - - - I  (---I  

~- -- 
Delta (Launch v e h i c l e  

OBJECTIVES ANI1 STATUS: ---- 
I n  A p r i l  1951, t he  Canadian Department of Communications (DOC) and NASA 

entered  i n t o  En agreement to launch a Cooperative Appl ica t ions  S a t e l l i t e  
(CAS-C, a l s o  r e f e r r e d  t o  as the  Communications Technology S a t e l l i t e  o r  
CTS). T h e  l a m c h  i s  c u r r e n t l y  scheduled f o r  l a t e  1975. The o v e r a l l  ob- 
j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop t e c h n i c a l  c a p a b i l i t i e s  f o r  s a t e l l i t e  
communications wi th  s m a l l  ground s t a t i o n s  i n  t h e  newly a l l o c a t e d  L2 GHz 
frequency band. 
a key p a r t  of t h e  e f f o r t  t o  f ind  ways t o  relieve frequency crowding by 
p r o l i f e r a t i n g  communication s a t e l l i t e  systems. 

I n v e s t i g a t i o n  of t he  use  of f requencies  above 10 GHz i s  

I n  t h i s  j o i n t  program, NASA i s  r e s p o n s i b l e  f o r  t he  200-watt  Transmi t te r  
Experiment Pa.c:ka.ge (TEP) , which i s  considered the  prime technology 
experiment on. CAS-C. NASA w i l l  a l s o  provide f o r  t he  launch of t h e  s a t e l l i t e  
on a Thor-Delta launch v e h i c l e  i n t o  geos t a t iona ry  o r b i t .  

Canada i s  r e spons ib l e  f o r  development and product ion of the  s p a c e c r a f t  , 
and f o r  i t s  opera t ion  when i t  i s  a t  t h e  d e s i r e d  geosynchronous s t a t i o n  
which w i l l  be about t he  longi tude  of San Diego. Use of t h e  s a t e l l i t e  
t i m e  will .  be  shared equal ly  by t h e  U.S. and Canada. 

CHANGES FROM IT 1975 BUDGET ESTIMATE: --- 

The changes i n  t h e  FY 19'75 Budget E s t i m a t e  are t h e  r e s u l t  of t echn ica l  p ro  
blems experienced i n  development of t he  Trave l ing  Wave Tube (TWT) . These 
problems caused de lays  i n  t e s t i n g  the  TWT and t h e  spacec ra f t .  
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BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

F ina l  dev2lopment and product ion of TEP pro tof  l i g h t  models i s  scheduled 
t o  be comp'leted i n  FY 1975. Q u a l i f i c a t i o n  and l i f e  tests w i l l  be conducted, 
and a f l i g h t  u n i t  w i l l  be de l ive red  t o  the  Canadian Communications Research 
Center f o r  i n t e r a c t i o n  wi th  the  Canadian-bui l t  p r o t o f l i g h t  spacec ra f t .  

I n  FI 1976 acceptance t e s t i n g  and launch of t h e  p r o t o f l i g h t  s p a c e c r a f t  i s  
planned. 
Research C e n t e r  (LeRC) followed by s o l a r  s imula t ion ,  magnetic,  and balance 
tests a t  Goddard Space F l i g h t  Center.  F i n a l  network compa t ib i l i t y  tests 
w i l l  be  conduc-ted be fo re  the  p r o t o f l i g h t  s p a c e c r a f t  i s  shipped t o  the  
Eastern T e s t  Range f o r  launch opera t ions .  Launch i s  scheduled f o r  the  l a s t  
q u a r t e r  of 1975. Following i n s e r t i o n  of t h e  s p a c e c r a f t  i n t o  i t s  f i n a l  
o r b i t ,  t he  pe:cformance of t he  TEP w i l l  be  monitored by the  LeRC ground 
terminal .  'This func t ion  as we l l  as coord ina t ion  of t he  United S t a t e s  u se r  
prograin w i  11 be continued through the  remainder of FY 1976 and t h e  t r a n s i t i o n  
per iod .  

'Che:cmal vacuum and v i b r a t i o n  t e s t i n g  w i l l  be conducted a t  L e w i s  

Experiment Coordination and Operat ions Support 

1975 
Budget Current Trans i t i  on 

--- 19'74 Es t imate  Est imate  1976 Period 
(Thousands of Do l l a r s )  

$;300 $3,700 $6,200 $2 , 900 $800 

OBJECTIVES AND STATUS : --- 
The o b j e c t i v e s  of t h i s  program are t o  ope ra t e  t h e  communications s a t e l l i t e s  

i n  o r b i t  and conduct t h e  experiments,  as w e l l  as t o  coord ina te  t h e  u s e r  
experiments p.cogram a f t e r  t h e  NASA experimentat ion i s  completed. I n  2969, 
NASA o f f e r e d  p o t e n t i a l  u s e r s  of communications satel l i tes  t h e  oppor tuni ty  
t o  use  Appl ica t ions  Technology S a t e l l i t e s  (ATS)-1, 3 ,  and 5 ,  f o r  expe r i -  
mental purposes a f t e r  t he  NASA experiments were completed. This o f f e r  
rece ived  s u b s t a n t i a l  response.  Under the  procedures e s t a b l i s h e d  f o r  such 
use ,  the  experimenter provides  funding f o r  suppor t  of h i s  experiment. NASA 
funds the c m  tinued opera t ion  of t h e  s a t e l l i t e s ,  provides  experimenter t i m e  
on t h e  spaceciraf t and t echn ica l  consu l t a t ion  t o  t h e  experimenters  as re- 
qui red .  A T 3 - 6 ,  launched i n  May 1974, has  followed t h e  same p a t t e r n  as 
ATS-1 through -5. The Cooperative Appl ica t ions  S a t e l l i t e - C ,  (CAS-C) which 
has  many approved experimenters ,  w i l l  a l s o  be operated under the  same guide-  
l i n e s  a f t e r  launch i n  l a t e  CY 1975. NASA i s  cooperat ing wi th  i n t e r n a t i o n a l ,  
f e d e r a l ,  r(?,zional and s t a t e  agencies  and i n d u s t r i a l  o rgan iza t ions  i n  conducting 
these  experiments covering a broad range of telecommunications ob jec t ives .  
A wide v a r i s t y  of t echn ica l  experiments w i l l  a l s o  be conducted on these  
s a t e l l i t e s  t o  support  t he  needs of NASA and o t h e r  agencies .  
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CHANGES FROM IT 1975 BUDGEr ESTIMATE: --- 

Changer; from I'Y 1975 Budget E s t i m a t e  are due t o  a d d i t i o n a l  post- launch con- 
t r a c t o r  support  f o r  ATS-6 .and c lose -ou t  of ATS-F backup s p a c e c r a f t  communi- 
c a t i o n s  modu1.e. 

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES: --- 

I n  FY :L975 opera t ions  included ATS-1, 3 ,  5 ,  and 6 and post- launch prime 
con t r ac to r  ef Eoi-t and d i s p o s i t i o n  of ATS r e l a t e d  hardware w a s  completed. 
Operat ions o:E AX-6 w i l l  cont inue i n  FY 1976 and through the  t r a n s i t i o n  
per iod .  While t h e  design l i f e  of ATS-6 i s  two y e a r s ,  t h e  h igh ly  success fu l  
opera t ions  t o  d a t e  i n d i c a t e  t h i s  w i l l  probably be s i g n i f i c a n t l y  longer .  
ATS-6 i s  c u r r ~ ~ n t l y  performing 23 t echnologica l  and app l i ca t ions -o r i en ted  
experiments /LII t h e  United S t a t e s .  I n  May 1975, t h e  s p a c e c r a f t  w i l l  be 
moved from ii ts  p o s i t i o n  over t h e  United States t o  a p o s i t i o n  over the  
Eas te rn  1lemi:;phere where i t  w i l l  suppor t  an experiment program i n  
cooperat ion wi th  I n d i a  and s e v e r a l  European coun t r i e s .  It i s  planned 
t o  r e t u r n  
with U.S. 

t h e  s a t e l l i t e  t o  t h e  U.S. l a t e  i n  FY 1976 and resume opera t ions  
ex]? e r  imen ter s . 

Technical  Consul ta t ion  and Support  S t u d i e s  

19 75 -- 
Budget Current  Trans i t ion  

1974 E s t i m a t e  E s t i m a t e  1976 Period -- --- 
(Thousands of Do l l a r s )  

$2,.540 $1,650 $1,650 $2,100 $600 

OBJECTIVES AND STATUS : 
---I___ 

The o b j e c t i v e  of t h i s  program i s  t o  provide t e c h n i c a l  consu1tat:ion and 
support  s e r v i c e s  on space telecommunications and s p a c e c r a f t  technology. 
NASA and o the r  agencies  b e n e f i t  through o r b i t  and frequency u t i l i z a t i o n  
s t u d i e s  which d e a l  wi th  t h e  a n a l y s i s ,  development and eva lua t ion  of 
frequency sha r ing  and spac:ing c r i t e r i a  f o r  sa te l l i t es  and propagat ion 
phenomena; and i n t e r f e r e n c e  s t u d i e s  and experiments.  Adverse e f f e c t s  of 
propagat ion phenomena and manmade n o i s e  on t h e  des ign  and perfornance of 
s a t e l l i t e  systems w i l l  thus  be determined. This program a l s o  inc ludes  
systems reviews,  eva lua t ions  and assessments f o r  NASA and f o r  domestic 
sa te l l i t es  and INTELSATS i n  support  of t he  Federa l  Communication:; 
Commis s ion.  

Competition. f o r  o r b i t  p o s i t i o n  and frequency spectrum i s  becoming 
extremely in t ense .  By 1980 the  inc rease  i n  demand f o r  o r b i t  and spectrum 
assignments may grow too  g r e a t  t o  m e e t  wi thout  a concent ra ted  t echn ica l  
a t t a c k  can t h e  problems involved.  The r a p i d  growth i n  use  of s a t e l l i t e s  
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i s  expected t o  cont inue wi th  new a p p l i c a t i o n s  a r i s i n g  ou t  of N A S A ' s  expe r i -  
mental programs and use r  experiments s t i m u l a t i n g  t h a t  growth. S i m i l a r l y  
inc reas ing  worldwide i n t e r e s t  i n  N A S A ' s  Ea r th  Resources Technology S a t e l l i t e s  
(LANDSAT), Oceaii Dynamics Sa te l l i t e s  (SEASAT), and Synchronous Meteo- 
r o l o g i c a l  S a t e l l i t e s  (SMS) w i l l  create demand f o r  more advanced senso r s  
and da ta  c o l l e c t i o n  s e r v i c e s ,  a l l  of which w i l l  r e q u i r e  r a d i o  frequency 
spectrum and o r 3 i t  space.  

BASIS OF FY 1976 AND TRANSITION - PERIOD ESTIMATES: - --- 
To address  the  problems a s soc ia t ed  wi th  meeting these  needs t h i s  program 

proposes t o  cont inue  t o  conduct i n  FY 1976 t h e  s t u d i e s ,  experiments and 
c o n s u l t a t i o n  s e r v i c e s  descr ibed  i n  the  f i r s t  paragraph. NASA's  unique 
r e sources ,  e x p e r t i s e  and technology base  are  used t o  provide t h i s  suppor t  
n o t  only wi th in  NASA bu t  a l s o  t o  f u l f i l l  NASA's s t a t u t o r y  o b l i g a t i o n s  t o  
support  the  Federa l  Communications Commission and o t h e r  o rgan iza t ions  
upon r e q J e s t .  !Support t o  non--NASA organ iza t ions  i s  on a reimbursable  
b a s i s  where appropr ia te .  

I n  FY 1976 it w i l l  be necessary t o  begin p repa ra t ion  f o r  t h e  1977 World 
Adminis t ra t ive  Radio Conference (WARC) on broadcas t  s a t e l l i t e s  and t h e  
1979 WARC on space and terrestrial  communications s e r v i c e s .  NASA has  a 
p a r t i c u l a r l y  l a r g e  i n t e r e s t  i n  t he  1979 WARC s i n c e  t h e  I n t e r n a t i o n a l  
Radio Regulat ions w i l l  be r ev i sed  f o r  t h e  f i r s t  t i m e  s i n c e  1959 and a l l  
space al local t ioi is ,  t echn ica l  s tandards ,  and system parameters  w i l l  be  
r e -eva lua ted ,  As p a r t  of t h i s  p repa ra t ion ,  frequency i n t e r f e r e n c e  and 
o r b i t  coinpatibiLity ana lyses  r equ i r ed  f o r  NASA s p a c e c r a f t ,  inc luding  
S h u t t l e  experiment packages, w i l l  be  conducted. Analys is  of NASA's 
f u t u r e  frequency a l l o c a t i o n ,  bandwidth and o r b i t  p o s i t i o n  needs w i l l  
cont inue .  Where p o s s i b l e ,  w e  w i l l  examine a l t e r n a t i v e s  f o r  sha r ing  use  
of e x i s t i n g  Erequency a l l o c a t i o n s  and i d e n t i f y i n g  u s e  of h igher  frequency 
bands t o  a l levi i l te  r a d i o  frequency and o r b i t a l  space crowding problems. 
The NASA/Canadian Cooperative Appl ica t ions  S a t e l l i t e  (CAS-C), t o  be 
launched i n  Lste 1975, and NASA's ATS-6, w i l l  provide t h e  major means 
a v a i l a b l e  t h r ~ x ~ g h  the  end of t h i s  decade f o r  ob ta in ing  measurements re-  
qui red  t o  dev13lop design c r i t e r i a  f o r  s a t e l l i t e  systems us ing  these  
h igher  frequency bands. 

The r e s u l t s  ernanating from t h e  Technical  Consul ta t ion  and Support  S tud ie s  
program w i l l  inalce a major con t r ibu t ion  t o  t h e  n a t i o n a l  e f f o r t  i n  prepar ing  
f o r  t hese  WARCs:, and w i l l  help provide the  framework f o r  o rde r ly  growth 
of e x i s t i n g  s a t e l l i t e  and terrestr ia l  services and t h e  i n c l u s i o n  of new 
s e r v i c e s  i n  the  l a t e  1970's  arid t h e  decade of t h e  1980's .  
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Advanced Communications Research 

1975 
Budget: Current  T r a n s i t i o n  

(Thousands of Do l l a r s )  
1974 E s t i m a t s  E s t i m a t e  1976 Period --- 

$1,600 $1,400 $500 

OBJECTIVES AND STATUS: ---- 

The ob jec t ive  of t h i s  program i s  t o  develop t h e  advanced technology and 
concepts f o r  s a t e l l i t e  communications needed t o  cont inue  t h e  United S t a t e s  
as a l eade r  i n  t h i s  f i e l d .  The r e sea rch  planned i s  a l s o  necessary  t o  
maintain NASA's p o s i t i o n  as t h e  Federa l  Government's c e n t e r  of e x p e r t i s e  
i n  nondefense spacec ra f t  technology and space telecommunications. I n  
a d d i t i o n ,  t h e  research  provides  the  advanced technology f o r  NASA's own 
needs i n  space telecommunica.tions as i t  b r ings  i n t o  being t h e  technologica l  
base  from which f u t u r e  genera t ions  of communications sa te l l i t es  w i l l  emerge. 
Out of t h i s ,  NASA i s  a l s o  a b l e  t o  cont inue  meeting i t s  s t a t u t o r y  respon- 
s i b i l i t y  t o  provide technica.1 c o n s u l t a t i o n  t o  u s e r s  of communications 
s a t e l l i t e  systems. I n  the  f u t u r e ,  t he  Space S h u t t l e  i s  expected t o  be 
used t o  make demonstrations of new techniques i n  space telecommunications. 

CHANGES FROM --- FY 1975 BUDGET ESTIMATE: 

The inc rease  i n  the  FY 1975 Budget E s t i m a t e  i s  t o  i n i t i a t e  an e f f o r t  on 
a p i l o t  p r o j e c t  i n  t he  area of communications as a s u b s t i t u t e  f o r  
t r a n s p o r t a t i o n .  

BASIS OF FY --- 1976 AND TRANSITION PERIOD ESTIMATES: 

E f f o r t s  i n i t i a t e d  i n  FY 1975 i n  t h i s  program, t o  be cont inued i n  FY 1976 
and t h e  t r a n s i t i o n  per iod ,  are i n  four  major areas: improved and expanded 
u t i l i z a t i o n  of th'e r a d i o  frequency spectrum; techniques f o r  antenna beam 
shaping;  development of improved modulation and d a t a  compression techniques ;  
and more e f f i c i e n t  t r ansmi t t i ng  and r e c e i v i n g  devices .  

I n  FY 1976 and the t r a n s i t i o n  per iod ,  t h i s  e f f o r t  w i l l  concen t r a t e  on 
developing methods f o r  b e t t e r  u t i l i z a t i o n  of microwave f requencies ;  and 
on performing r e sea rch  t o  open up new bands i n  the  spectrum, such a s  t h e  
i n f r a r e d  and v i s i b l e ,  f o r  space r e sea rch  and a p p l i c a t i o n s .  These e f f o r t s  
inc lude  the  development of both components and s p a c e c r a f t  technology t o  
produce more e f f i c i e n t  and r e l i a b l e  communications. 

To m e e t  the ixnticipated needs f o r  NASA, DoD, and commercial communi- 
c a t i o n s  satel l i te : ;  t o  provide p re sc r ibed  geographic  coverage without  i n t r a -  
o r  i n t e r - sys t em i n t e r f e r e n c e ,  new techniques are being developed t h a t  w i l l  
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permit t he  design of antennas t o  produce beam contours  conforming t o  such 
l i m i t s  a s  the. boundaries of a t i m e  zone o r  a state. 

To increase  the  channel capac i ty  of s a t e l l i t e  systems w i t h i n  given s i z e  and 
weight l i m i t s  f o r  t he  s a t e l l i t e ,  and t o  reduce t h e  per-channel  c o s t  of communi- 
c a t i o n s ,  r e sea rch  i s  underway on advanced t r ansmi t t i ng  device  techniques 
and very low n o i s e ,  uncoded r ece ive r s .  To b e t t e r  u t i l i z e  t h e  p re sen t ly  
assigned frequency bands, s e v e r a l  improved modulation and d a t a  compression 
techniques a rd  a s soc ia t ed  devices  need t o  be i n v e s t i g a t e d .  S i g n i f i c a n t  
bandwidth cor s e r v a t i o n  improvement should be obta ined  wi th  t h e  success fu l  
development clf t hese  techniques thereby inc reas ing  t h e  amount of  d a t a  a 
given bandwic t h  can con ta in  and t ransmi t .  

-- DATA. MANAGEMENT PROGRAM 

1975 
Budget Current T r a n s i t  ion  

1974 E s t ? - m a t e  Estimate 1976 Period 
(Thousands of Do l l a r s )  

-- -__I 

$4,000 $1.500 

OBJECTIVES A b D  STATUS : --- 

The ob jec t ive  of t h i s  program i s  t o  improve t h e  management of t he  d a t a  
acquired thrclugh NASA's programs. A s  d a t a  from new sensors  t h rea t ens  t o  
overwhelm e x i s t i n g  d a t a  management f a c i l i t i e s ,  two approaches show promise. 
One i s  t o  i n c r e a s e  the  capac i ty  of t he  d a t a  handl ing system; t h e  o the r  
i s  t o  reduce t h e  amount of d a t a  c o l l e c t e d  t o  match the  information r e q u i r e - ,  
ments of the d a t a  use r s .  

BASIS O F  FY 1976 AND T R A N S I T I O N  PERIOD ESTIMATES: --- 

The major EY 1975 a c t i v i t y  i n  t h e  Data Management program i s  concerned wi th  
g e t t i n g  a b e t t e r  d e f i n i t i o n  of the  information needs of u s e r s  s o  t h a t  t he  
design of d a t a  c o l l e c t i o n  systems can be s p e c i f i e d  more p r e c i s e l y .  This  
a c t i v i t y  t a k e s  s e v e r a l  forms. For example, r e g i o n a l  surveys are  being con- 
ducted t o  i d e n t i f y  the  end-use a p p l i c a t i o n  of remotely-sensed da ta .  One 
o f  these i s  being c a r r i e d  out  by Washington Univers i ty  i n  S t .  Louis f o r  t he  
Missouri  Basin. Another survey w i l l  be made by the  Ci ty  Universi-ty of N e w  
York t o  c l a r i f y  needs of s t a t e  government management f o r  s imi l a r  da ta .  

Experiments us ing  d a t a  system s imula tors  are being planned a t  NASA c e n t e r s  
t o  dev i se  b e t t e r  i n t e r a c t i v e  techniques f o r  de f in ing  u s e r s  needs and developing 
d a t a  handling procedures t:o optimize the  flow of d a t a  from the  c o l l e c t i o n  
system t o  the u s e r .  This  inc ludes  choosing d a t a  a n a l y s i s  and r e t r i e v a l  equip-. 
ment, d a t a  i n t e r p r e t a t i o n  techniques,  and advanced process ing  methods. 
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Work i s  underway i n  de f in ing  systems c h a r a c t e r i s t i c s  f o r  both genera l ized  
and discipl-: lne-oriented information management systems. The o b j e c t i v e  i s  
t o  inco rpora t e  upgraded d a t a  management systems i n t o  NASA opera t ions .  

The second a r e a  of  major emphasis i n  t h i s  program i s  Data and Information 
Technology. Work i s  going forward on i n t e g r a t i n g  d a t a  formats f o r  a l l  sensing 
systems on a given space v e h i c l e ,  whi le  preserv ing  t h e  c h a r a c t e r i s t i c s  needed 
t o  process  the  c o l l e c t e d  dat:a i n t o  u s e f u l  information.  

I n  a d d i t i o n  t o  t h e  systems and veh ic l e -o r i en ted  e f f o r t  , hardware devices  
are designed, developed #and t e s t e d .  These inc lude  low c o s t  d a t a  te rmina ls ,  
mini-comput:er:; and sof tware  f o r  opt imizing d a t a  handl ing.  System hardware 
i s  being procured f o r  thle At:mospheric and Oceanographic Information Processing 
System,, an advanced system f o r  handl ing d a t a  from t h e  SEASAT and meteorological  
d a t a  col1ec:tion programs. The system can be used i n t e r a c t i v e l y  t o  he lp  da t a  
u s e r s  d e f i n e  t:heir needs f o r  e x t r a c t i n g  s p e c i f i c  da ta .  

The IPY 19-76 and t r a n s i t i o n  per iod  e f f o r t  i n  Data Management w i l l  b u i l d  on 
the  sy:;tem:; approach i n i t i a t e d  i n  FY 1975. D e f i n i t i o n  of  u se r  needs w i l l  
be expandeci by conducting a d d i t i o n a l  r e g i o n a l  surveys and by having i n f o r -  
mation user:; d e f i n e  t h e i r  requirements more p r e c i s e l y  by us ing  s imula t ion  
techniques.  IJser-system information e x t r a c t i o n  experiments w i l l  assist i n  
the  formulat ion of b e t t e r  i n t e r a c t i v e  techniques.  Systems ana lyses  w i l l  be 
performed to produce i n t e g r a t e d  sensor -  to-ground-data-handling sys  t e m  
models and imalyze t r a d e o f f s  t o  improve procedures.  Other a c t i v i t i e s  under- 
taken w i l l  :inc:lude ex tens ive  i n v e s t i g a t i o n s  of h igh  d a t a  rate t ransmission 
and proces:;:ing systems , inc luding  l abora to ry  models t o  i d e n t i f y  system 
c h a r a c t e r i s t i c s  and l i m i  tat i .ons.  

SHUTTLE PAYLOADS 

1975 - 
Budget Current  T rans i t i on  

1974 Estimate E s t i m a t e  1976 Per iod  -- 
(Thousands of  Do l l a r s )  

$4,500 $4,500 $4,500 $3 , 000 $1,500 

OWECTIVES ANI) STATUS : --- 

The objec:tives of t he  S h u t t l e  Payloads program f o r  Space Appl ica t ions  are 
t o  develop t h e  r equ i r ed  instruments  and the  a s s o c i a t e d  s p a c e c r a f t  technology 
t h a t  wi-11 advsmce t h e  u t i l i z a t i o n  of space f o r  p r a c t i c a l  a p p l i c a t i o n s  em- 
ploying the  planned manned s h u t t l e  s o r t i e  c a l l e d  Spacelab. 

The Shutt::le Spacelab i s  being developed t o  c a r r y  a v a r i e t y  o f  experiment 
payloads f o r  t he  sc i ence  and technology community. The Of f i ce  of Appli-  
c a t i o n s  p lans  t:o u t i l i z e  the  S h u t t l e  Spacelab t o  complement i t s  planned 
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automated spi3ctzcraft program i n  t h e  1980's  by f i l l i n g  gaps i n  experiment 
d a t a  ga the r ing  areas, and by developing and demonstrat ing new space tech-  
nology t o  t h e  user  community. It  i s  a n t i c i p a t e d  t h a t  employing t h e  S h u t t l e  
Spacelab as i3n R&D t o o l  w i l l  reduce t h e  c o s t  of technology developments 
and thus  provide the  needed systems information a t  an earlier d a t e  than  
p resen t  day methods can. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1975, a p p l i c a t i o n s  experiment concepts t h a t  appeared f e a s i b l e  f o r  
development :in the  1980 ' s  were s tud ied  t o  a s c e r t a i n  t h e i r  s u i t a b i l i t y  f o r  
i nc lus ion  i n  S h u t t l e  Spacelab missions.  These d e f i n i t i o n  s t u d i e s  have 
r e s u l t e d  i n  i3 s e l e c t e d  l i s t  of experiments whose va lue  t o  t h e  va r ious  
a p p l i c a t i o n s  d i s c i p l i n e s  i s  h igh .  Ear ly  Spacelab development t e s t i n g  of 
t hese  eirperiinerits i s  d e s i r e d  t o  provide t h e  technology f o r  f u t u r e  a p p l i -  
c a t i o n s  ,, 

During FY 1976 and the  t r a n s i t i o n  per iod ,  i n i t i a t i o n  of des ign  and 
development is r equ i r ed  on h igh  p r i o r i t y  experiments i n  o rde r  t o  have them 
a v a i l a b l e  foj: Spacelab i n t e g r a t i o n  i n  1979 and f o r  f l i g h t  i n  1980-81. 

The experi-merits t e n t a t i v e l y  s e l e c t e d  f o r  des ign  and development e f f o r t s  
i n  FY 1976 are:, f o r  Comunica t ions :  a r a d i o  frequency i n t e r f e r e n c e  (RFI) 
mapping survey t o  c h a r a c t e r i z e  t h e  sources  of ground-based r a d i o  t ransmiss ions  
t h a t  in te r fe : re  wi th  space ope ra t ions ,  and t h e  development of an advanced k i l o -  
w a t t  -power, cornmunica t i o n s  tube f o r  a p p l i c a t i o n  t o  broadcas t  communications 
s a t e l l i t e s ;  €01: Earth Observations : ze ro -g rav i ty  cloud phys ics  labora tory  
t o  conduct a:mospheric research  t h a t  w i l l  provide d a t a  t o  assist i n  the  
understanding of t h e  processes  r e spons ib l e  f o r  t h e  formation of c louds)  
r e s u l t i n g  cl-oud dynamics and t h e  release of p r e c i p i t a t i o n ,  and a high 
speed inter:Iixometer instrument  t h a t  has t h e  c a p a b i l i t y  t o  sense  and 
measure t r a c e  c o n s t i t u e n t  gases  i n  the  atmosphere f o r  p o l l u t i o n  monitoring 
a p p l i c a t i o n s  ; and f o r  Space manufacturing: payloads t h a t  w i l l  develop t h e  
techniques f o r  t he  p repa ra t ion  of b i o l o g i c a l  and e l e c t r o n i c  materials i n -  
c luding organic ,  g l a s s ,  eeraniic, m e t a l l u r g i c a l ,  and chemical processes .  

ADVANCED APPLICATIONS __. FLIGHT EXPERIMENTS 

1975 
Budget Current  Trans i t  ion  

1.974 Estimate E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

-- 

Design and d(?velopment 
of advanced exper i -  
men t a:L i n s  :rumen t s $1,300 -- -- 

$4,700 $4,700 $4,700 $4,700 -- -- 
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OBJECTIVES ANI> STATUS : --- 
The o b j e c t i v e  of t he  Advanced Appl ica t ions  F l i g h t  Experiments (AAFE) 

program i s  to  develop a p p l i c a t i o n  experiments from which f u t u r e  missions 
and f l i g h t  experiments f o r  approved f l i g h t s  can be proposed. I n  pursuing 
t h i s  object : ive,  t he  AAFE program p laces  emphasis on t h e  e a r l y  s o l u t i o n  
of t ec ln i ca ' l  problems and on engineer ing development of ins t rumenta t ion  
without  conxnitment t o  a ' d e f i n i t e  f l i g h t  mission. I n  t h i s  way, the  AAFE 
program a c t i v i t i e s  reduce t h e  t echn ica l  , funding and schedule  r i s k s  of 
t h e  f l i g h t  programs by o f f - l i n e  development of experiments p r i o r  t o  f l i g h t  
comrni trnen ts ,. 

BASIS OF FE' 1976 AND TRANSITION PERIOD ESTIMATES: --- 
I n  FY 1975, t h e  AAFE program conducted a number of a i r c ra f t  and ba l loon  

f l i g h t  t e s t s  snd eva lua t ions  t o  v e r i f y  performance and a p p l i c a t i o n s  
p o t e n t i a l s  of experiments developed ear l ier .  For example, a Radiometer/ 
Sca t te rometer  w a s  flown 3-n a C - 1 3 0  a i r c r a f t  over  t h e  East Coast t o  
eva lua te  i t E  performance f o r  measuring oceanographic parameters .  Severa l  
h e l i c o p t e r  f ' l igh t  tests of a Fraunhofer Line Discr iminator  were made t o  
measure s t r e s s e d  trees, water c u r r e n t s ,  land p o l l u t i o n  and o i l  s p i l l s  i n  
water. The Cor re l a t ion  lmterferometer  w a s  flown i n  h e l i c o p t e r  tests t o  
eva lua te  i t s  c a p a b i l i t i e s  t o  measure atmospheric p o l l u t i o n .  

During FY 1976 and the  t r a n s i t i o n  per iod ,  po r t ions  of t h e  AAFII funding 
w i l l  be used t o  cont inue  experiments i n i t i a t e d  i n  each of t he  a p p l i c a t i o n s  
d i s c i p l i n e  a reas .  This  w i l l  inc lude  an Active/Passive M u l t i s p e c t r a l  
Scanner t o  rreasure atmosFlheric path c h a r a c t e r i s t i c s ,  water depth ,  t u r b i d i t y ,  
and vege ta t ion  canopy he igh t .  
veloped t o  measure v e r t i c a l  p r o f i l e s  of ae roso l  d i s t r i b u t i o n ,  humidity,  
and a l k a l i  ,metal vapor. 

A High Resolu t ion  Laser Radar w i l l  be de- 

I n  the  arteas of bathymetry,  a l g a e  d e t e c t i o n  and mapping and o i l  s l i c k  
de t ec t ion ,  3 High Pulse  Repe t i t i on  R a t e  Lidar  w i l l  be developed. 
add i t ion  t o  cont inuing these  ongoing t a sks ,  new experiments w i l l  be  
s o l i c i t e d  f o r  FY 1976. We expect  t o  i n i t i a t e  development of a c t i v e  
ins t rumenta t ion  such as lasers and r a d a r s  t o  t ake  advantage of advances 
i n  t h i s  technology and i t s  inhe ren t  a p p l i c a t i o n s  p o t e n t i a l .  These in -  
s t ruments  w i l l  become primary t o o l s  f o r  f u t u r e  a p p l i c a t i o n s  missions 
s i n c e  they have the  c a p a b i l i t y  of providing t h e i r  own i l l u m i n a t i o n  at 
t he  t a r g e t  which s i g n i f i c a n t l y  enhances remote d e t e c t i o n  and measurements. 

I n  

APPLI CAT10 NS SYSTEMS ANALYSES 

1975 
Budget Current  T rans i t i on  

1974 Estimate E s t i m a t e  1976 Period 
(Thousands of Do l l a r s )  

- 

Appl ica t ions  s t u d i e s  $1,265 $5 , 000 .- $5,000 $5 , 000 
.- 

$1,400 
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OBJECTIVES ANI) STATUS : ---- 
The ma:jor o b j e c t i v e s  of the App l i ca t ions  Systems Analyses program a r e  

t o  determine t h e  probable 13ene.fits of proposed and ongoing a p p l i c a t i o n s  
a s  w e l l  as t o  understand t h e  needs of u s e r s  o f  a p p l i c a t i o n s  systems, and 
t o  iden t i. fy  arid i.nves t i g a  te t h e  p o t e n t i a l  u ses  of space -derived techno logy. 

An important e f f o r t  i n  t h e  Appl ica t ions  Systems Analyses program i s  t h e  
assessment of' when and how a p p l i c a t i o n s  technology should be made a v a i l -  
a b l e  i n  o p e r a t i o n a l  s t a t u s  for  t r a n s f e r  t o  ope ra t ing  agencies  o r  t he  
p r i v a t e  s e c t o r .  E s t a b l i s h i n g  c r i t e r i a  f o r  determining when t h i s  t r a n s i t i o n  
i s  techni .ca l ly ,  economical L j j  and i n s t i t u t i o n a l l y  a p p r o p r i a t e  i s  being 
d eve 1 oped. 

BASIS OF FY 1.976. AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1975, c a s t  b e n e f i t  s t u d i e s  w e r e  conducted i n  a g r i c u l t u r a l  fo re -  
c a s t i n g  and land use  planning. I n  a d d i t i o n ,  t h e  SEASAT c o s t  beneEit  study 
provided i n s i g h t  i n t o  t h e  p o t e n t i a l  va lue  of t h i s  system t o  t h e  u s e r  com- 
munity. Pre l iminary  economic assessments are being made on p o t e n t i a l  com- 
merc ia l  space process ing  systems. A c t i v i t i e s  continued on t h e  Act iva ted  
Carbon Wastewater Treatment System (ACTS) which has l ed  t o  a g r a n t  from 
t h e  EPA t o  Orange County, C a l i f o r n i a ,  t o  develop a 1,000,000 ga l lon -pe r -  
day municipal p i l o t  p l a n t .  

I n  Fy 1976, scme of t hese  a c t i v i t i e s  w i l l  be continued and a number of 
new s t u d i e s  ar.d a c t i v i t i e s  w i l l  be i n i t i a t e d  which w i l l  be continued i n  
t h e  t r a n s i t i o r t  per iod .  Future  c o s t  b e n e f i t  s t u d i e s  w i l l  be  conducted 
t o  b e t t e r  understand t h e  p o t e n t i a l  economic b e n e f i t s  of new App l i ca t ions  
programs. 

I n  a d d i t i o n ,  major new a c t i v i t i e s  w i l l  be undertaken t o  more d i r e c t l y  
m e e t  w i t h  and educa te  t h e  new use r  communities i n  a l l  of t h e s e  areas. 

APPLICATIONS - EXPLORER MISSIONS (AEM) 

AEM-A (Heat Capacity 

AEM-B ( S t r a t o s p h e r i c  
Aeroso1.s and Cas 

Mapping Miss ion ) . . . . .  _.I- 

Exper i r en t )  -- _.-- .......... 
Tota l . .  _. __ - ............ 

Scout (Launch v e h i c l e  
procurement program). (-.--) 

1975 

E s t i m a t e  Estimate 
Budget Curren t  T r a n s i t  ion  

1976 Per iod  - -  
(Thousands of Do l l a r s )  

$2 , 600 $2 , 600 $3 , 500 $600 

$5,900 $:! , 600 -- -- 
$2 , 600 $2 , 600 

( - - -> (---) ($2 ,000)  ( - - - )  
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OBJECTIVE3 ANI) STATUS : ---- 
The ob;jecti.ve of t he  Appl ica t ions  Explorer  Mission program i s  t h e  develop- 

ment and launch of low c o s t ,  Scout-launched missions t o  support  r e sea rch  i n  
e a r t h  resourc:es surveys,  environmental  q u a l i t y ,  weather and c l ima te ,  ocean 
s t u d i e s ,  and space communications. Each mission w i l l  be  t a i l o r e d  t o  the  
s p e c i f i c  area of r e sea rch  and t o  t h e  o r b i t a l  requirements .  

The f i r s t  niiss:ion, t h e  H e a t  Capacity Mapping Mission,  i s  based on the  
adap ta t ion  ofi a spa re  Nimbus-5 f l i g h t  instrument  t o  be flown i n  a unique 
o r b i t  f o r  the  c o l l e c t i o n  of  predawn and e a r l y  a f te rnoon t i m e  d a t a  r equ i r ed  
f o r  t he  cleterri ination of thermal i n e r t i a  of s u r f a c e  materials.  S tud ie s  
of t he  therma:. i n e r t i a ,  an i d e n t i f i a b l e  c h a r a c t e r i s t i c s  of var iou 's  materials , 
w i l l  be used iio develop maps of rock types f o r  a p p l i c a t i o n s  t o  mineral  
po ten t ia l .  assessments .  Data acqui red  wi th  t h i s  mission i n  a secondary sense 
w i l l  a l s o  be u s e f u l  f o r  s t u d i e s  of s o i l  mois ture ,  f o r  the  mapping of thermal 
e f f l u e n t s ,  f o r  t:he measurement: of p l a n t  canopy temperature ,  and f o r  t he  
mapping of snow coverage. This mission i s  t o  be launched i n  l a t e  1977 i n t o  
a sun-synchronous po la r  o r b i t  which w i l l  a l low complete day/n ight  coverage of 
t h e  United S t x t e s  every e i g h t  days.  

The second mission,  t h e  S t r a t o s p h e r i c  Aerosol and G a s  Experiment , w i l l  use  
a photometer t o  develop monitoring techniques f o r  t h e  d e t e c t i o n  and mapping 
of s t ra tospher ic :  a e r o s o l s  ,and ozone concen t r a t ions  and d i s t r i b u t i o n s .  The 
measurement txchnique i s  based on observa t ions  of atmospheric a t t e n u a t i o n  
of  s o l a r  r a d i a t i o n  near  thle e a r t h ' s  limb (hor izon)  i n  four  bands during 
s a t e l l i t e  s u n r i s e  and sunse t .  

S t r a t o s p h e r i c  ae roso l s  and ozone concent ra t ions  can be a l t e r e d  by n a t u r a l  
and man-inducxd changes. The measurement of  concen t r a t ions  i s  r equ i r ed  i n  
order  t o  assess t h e  r o l e  which these  c o n s t i t u e n t s  play i n  t h e  r a d i a t i o n  
balance of 0111: cmvironment on a g loba l  s c a l e .  The e a r t h ' s  r a d i a t i o n  balance 
i s  an important f a c t o r  i n  the  de te rmina t ion  of c l i m a t i c  changes. I n  add i t ion ,  
knowledge of ishe v a r i a t i o n s  i n  the  ozone b l anke t  i s  important  because of t h e  
p r o t e c t i o n  from extreme u l t r a v i o l e t  r a d i a t i o n  which t h i s  b l anke t  a f f o r d s  t h e  
e a r t h .  'Chis mission w i l l  b e  launched i n  1979 i n t o  a 50' i n c l i n e d  o r b i t  and 
w i l l  provide bi--weekly cov'erage of ae roso l s  and ozone f o r  l a t i t u d e s  from 
720 nor th  t o  '72" south.  A similar instrument  t o  be flown on Nimbus-G i n  
1978 w i l l  proiritle complementary measurements of a e r o s o l s  a t  po la r  l a t i t u d e s .  
The d a t a  from these  two missions w i l l  provide t h e  f i r s t  g loba l  scale measure- 
ments of p a r t i c u l a t e s  which a r e  important t o  t h e  s t u d i e s  of t he  s t r a t o s p h e r e .  

BASIS OF --- ET 1.1376 AND TRANSITION PERIOD ESTIMATES: 

I n  FY 1975:, design and development of a s p a c e c r a f t  base module t o  be used 
f o r  t hese  missions and f o r  modi f ica t ion  of t he  instrument  f o r  t h e  Heat 
Capacity Mapping Mission were i n i t i a t e d .  
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During FY 1976 and t h e  t r a n s i t i o n  per iod ,  design o f  the  base module will be 
completed and f a b r i c a t i o n  of a base module f o r  t he  AEM-A w i l l  be e s s e n t i a l l y  
complete. Modif icat ion of t h e  Sensor w i l l  be i n i t i a t e d  and the  refurbishment  
and reassembly w i l l  be und.ertaken. Base module procurement f o r  the AEM-B 
and f a b r i c a t e  of  f l i g h t  hardware w i l l  be i n i t i a t e d .  Design of t he  instrument  
fo r  the  S t r a t o s p h e r i c  Aerosol and G a s  Experiment w i l l  be nea r ly  completed. 
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NATIONAL AERONA.UTICS AND SPACE ADMINISTRATION 

Programs - 

FISCAL YEAR 1976 ESTIMATES 

RESEARCH. AND DEVELOPMEKC PLAN FOR 

AERONAUTCCS AND SPACE TECHNOLOGY PROGRAMS - 
- Budget P lan  

1975 

Aeronaut ical  r e s e a r c h  
and t ec:hnol c’gy . . . . . . . 

Space and nuc1.ea.r 
researc:h aril 
technol.ogy. . . . . . . . . . . 
Tota l . .  .............. 

Budget Current  Trans i t iori  

(Thousands of D o l l a r s )  
- Period .- 1974 E s t i m a t e  Estimate 1976 

$168,000 $166,400 $166,400 $175,350 $46,800 

- 66,307 72,365 71,365 74,900 22 , 300 

$234.307 - $238.765 $237.765 $250.25(! $69.100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

I3UDGET SUMMARY 

OFFICE OF AEROEJAUTICS --- AND SP-4CE - TECHNOLOGY AERONAUTICAL RESEARCH AND 
TECHNOLOGY PROGRAM 

SUMMARY - OF RESOURCES REQUIREMENTS 

1975 
Budget Current  

-- 1974 E s t i m a t e  E s t i m a t e  1976 
(Thousands of Dollars)  

Research arid 
technology ba sie. ....... $79,993 $83,900 $83,900 $85,100 

Sys terns s t u d i e s  .......... 3,100 3 , 000 3 , 000 3,000 

programs. .............. 26,351 31,700 31,700 46,550 
Systems t ec hno logy 

Experimental prcgrams.... - 58,556 47 , 800 47 , 800 40,700 

Total.................. $168,000 $166.400 $166.400 2175.350 -- 
D i s t r i b u t i o n  o f  Program Amount by  I n s t a l l a t i o n  --- - 
Johnson Space Center.. . . . . . .  
Marshall  Space F l i g h t  Center 
J e t  Propuls ion Laboratory...  
Wallops F l i g h t  Center....... 
Ames  Research Center........ 
F l i g h t  Research Center...... 
Langley Research Center..... 
Lewis Research CImter.. ..... ............... Headquarters. - 

$259 
6 47 
702 
137 

46 , 155 
12,164 
4'7 , 688 
57 , 925 
- 2 ,  323 

$164 
647 
620 
124 

44,153 
12  , 898 
60,428 
45,736 

1,630 

$100 
6 50 
878 
285 

46,673 
12 , 587 
60,985 
41,754 

2 , 488 

$2 80 
600 

250 
44,150 
17 , 400 
64 , 740 
43 , 990 

2,740 

1,200 

Total .  ................... $168.000 $166.400 $166.400 $175,350 .-- 

T r a n s i t i o n  
Period 

$23 , 800 
700 

15,800 
- 6,500 

$46,800 -- 

$70 
150 
390 
110 

4,300 
1-7 , 000 

7 80 

L46.800 

12 , 000 

1.2 , 000 
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RE,SEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 iZND TRANSITION PERIOD ESTIMATES 

AERONAUTICAL RESEARCH AND OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY -- 
TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTLPICATION --- 

The o b j e c t i v e s  of t h e  Aeronaut ics  program f o r  FY 1976 and t h e  t r a n s i t i o n  
per iod a r e  t o  advance a e r o n a u t i c a l  technology t o  make p o s s i b l e  s a f e r ,  more 
economical and environmental-ly accep tab le  a i r  t r a n s p o r t a t i o n  s y s t e m  which 
are  responsive t o  c u r r e n t  arid f u t u r e  n a t i o n a l  needs; t o  main ta in  the  s t rong  
competi t ive p o s i t i o n  of t h e  United States  i n  t h e  i n t e r n a t i o n a l  a v i a t i o n  
market plaice; and t o  support  t h e  m i l i t a r y  i n  maintaining the  s u p e r i o r i t y  of 
the  n a t i o n ' s  r d l i t a r y  a i r c r a f t .  

CHANGES FROM F7! 1.975 BUDGET -- ESTIMATE --- 

There w e r e  no c:hanges from t h e  FY 1975 budget estimate f o r  t he  Aeronaut ical  
Research and Technology program as a whole. However, funding s h i f t s  d id  
occur  between ::nclividual programs w i t h i n  t h e  Aeronaut ics  program. 
t h e s e  apparent: funding changes are due t o  a r e s t r u c t u r i n g  of t h e  A2ronautics 
program and s.i.rnp1.y r e f l e c t  new program l o c a t i o n s  w i t h i n  the  o v e r a l l  program 
s t r u c t u r e  r a t h e r  than  changes i n  program emphasis. 
addressed unde-c t h e  i n d i v i d u a l  programs involved. Funding changes t h a t  
occurred t h a t  were s i g n i f i c a n t  i n  terms of a change i n  program emphasis w i l l  
a l s o  be speci :Eical ly  addressed under the  i n d i v i d u a l  programs involved. 

Some o f  

These changes vi11 be 

BASIS OF FY 1!376 AND TRANSITION - PERIOD ESTIMATES --- 

A s t rong  r e sea rch  e f f o r t  w i l l  be maintained i n  t h e  d i s c i p l i n a r y  areas of 
materials, s t r u c t u r e  ;, avionicij ,  propuls ion,  aerodynamics and man-vehicle 
i n t e r a c t i o n s  t o  .?rovide advanced technology t o  m e e t  t h e  f u t u r e  needs of c i v i l  
a v i a t i o n .  
a i r c r a f t  energy consumption and the  undes i rab le  environmental  e f f e c t s  of 
no i se  and p o l l u t i o n .  
f o r  q u i e t ,  c l e a n  and e f f i c i e n t  propuls ion  systems; t he  r educ t ion  of aerody- 
namic drag;  t h e  a p p l i c a t i o n  of a c t i v e  c o n t r o l  concepts ,  and advanced m a t e r i a l s  
and s t r u c t u r a l  concepts t o  a i r c r a f t  t o  reduce weight and improve ope ra t ing  
e f f i c i e n c i e s ;  and a c h a r a c t e r i z a t i o n  of nonpetroleum based f u e l s  f o r  a i r -  
c r a f t .  Another major a r e a  of program emphasis i s  concerned wi th  i.mproving 
a i r c r a f t  t e rmina l  a r e a  ope ra t ions  and s a f e t y  through t h e  development O E  
technology i n  areas such a:: av ion ic s  systems, o p e r a t i n g  procedures ,  c r a sh -  
worthy a i r c r a f t  s t ruc tu res , ,  and f i r e  r e s i s t a n t  a i r c r a f t  i n t e r i o r  r laterials.  
These technology e f f o r t s  are i n t e g r a t e d  wi th  a d d i t i o n a l  focused technology 
e f f o r t s  t o  provide t h e  technology f o r  advanced long hau l  and s h o r t  haul  a i r  
t r a n s p o r t a t i o n  s y s t e m  concepts  f o r  t he  fu tu re .  The s h o r t  hau l  program focuses  

The Aeronaut ics  program inc ludes  a major e f f o r t  aimed a t  reducing 

This  e f f o r t  i s  d i r e c t e d  a t  provid ing  t h e  technology 
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on Shor t  Takeoff and Landing (STOL), V e r t i c a l  Takeoff and Landing (VTOL) 
and r o t o r c r a f t  systems; while  t he  long hau l  program focuses  on Conventional 
Takeoff and 'Landing (CTOL) subsonic systems wi th  a modest e f f o r t  a imed a t  
developing supersonic  and hypersonic  technology t o  provide op t ions  f o r  a i r -  
c r a f t  of the  fu tu re .  

The Aeronaut ics  program a l s o  suppor ts  t h e  m i l i t a r y  by provid ing  an  advanced 
technology base which may be uniquely a p p l i c a b l e  t o  m i l i t a r y  a i r c r a f t  o r  
a p p l i c a b l e  as w e l l  t o  c i v i l  a i r c r a f t ,  and by provid ing  t e c h n i c a l  problem 
s o l v i n g  support  f o r  c u r r e n t  m i l i t a r y  a i r c r a f t  development. 

The s t r u c t L r e  of  t h e  Aeronaut ics  program has  been modified t o  r e f l e c t  t h e  
l o g i c a l  flow of t h e  research  and technology e f f o r t .  The ac t iv i t i e s  c a r r i e d  
ou t  i n  t h e  Research and Technology Base are o r i e n t e d  toward e s t a b l i s h i n g  a 
s o l i d  foundat.ion embracing a l l  of t h e  r e l e v a n t  d i s c i p l i n e s  and a w e l l s p r i n g  
of i deas  €or advanced concepts ;  t h e  System S tud ie s  a c t i v i t y  provides  a b a s i s  
f o r  dec i s ions  regard ing  emphasis and p r i o r i t i e s  i n  t h e  Research and Techno1og:y 
Base program and i d e n t i f i e s  and eva lua te s  p o t e n t i a l  a p p l i c a t i o n s  o f  advanced 
concepts ;  t he  Systems Technology Programs are technology demons t r a t i o n l p r o o f  - 
of-concept ac t iv i t i e s  f o r  concepts which have matured under t h e  Research and 
Technology Bast! and are  ready f o r  systems i n t e g r a t i o n  and demonstrat ion,  o r  
t h e  proJ  e c t  d e f i n i t i o n  phase of  p o t e n t i a l  f u t u r e  Experimental Programs; and 
t h e  Experiment ii 1 Pro grams invo l v e  mu 1 ti d i s c i p  1 i nary  c onc ep t demons t ra t i o n  
and major r e sea rch  v e h i c l e  development. 

The Aeronaut ics  program f o r  FY 1976 and t h e  t r a n s i t i o n  per iod  con ta ins  
s e v e r a l  p lan led  program augmentations i n  t h e  Systems Technology programs 
area. The design,  cons t ruc t ion ,  and t e s t i n g  of  propuls ion  system subassem- 
b l i e s  and components f o r  an advanced energy conse rva t ive  turbofan,  and t h e  
i n t e g r a t i o n  and eva lua t ion  of  f u e l  conse rva t ive  a i r c r a f t  t echnologies  are 
d i r e c t e d  a t  e m r g y  conserva t ion  and improving a i r c r a f t  ope ra t ing  economy. 
The development of  long lead t i m e  technology r e l a t e d  t o  f l i g h t  weight cryo-  
genic  tanks and i n s u l a t i o n  requi red  t o  u t i l i z e  hydrogen as a n  a i r c r a f t  f u e l  
r e p r e s e n t s  a s i g n i f i c a n t  s t e p  forward i n  t h e  sea rch  f o r  a n  abundant a l t e r -  
native t o  hydrocarbon f u e l s .  Common components f o r  v a r i a b l e  cyc:le engines  
which show grea t  promise for  e f f i c i e n t  o p e r a t i o n  over  a wide range of sub- 
son ic  and subsonic/supers#onic f l i g h t  cond i t ions  w i l l  be  designed,  developed 
and t e s t ed .  Propuls ion,  s t r u c t u r e s  and aerodynamics technology w i l l  be  
developed f o r  f u t u r e  hypersonic  a p p l i c a t i o n s ,  
t i o n s  t o  o f f s e t  t he  inc rease  i n  "human error" caused commercial a i r c r a f t  
acciden.ts,  and t h e  i d e n t i f i c a t i o n  of new f i r e  r e s i s t a n t ,  low t o x i c i t y  
m a t e r i a l s  f o r  use  i n  a i r c r a f t  w i l l  make s i g n i f i c a n t  c o n t r i b u t i o n s  t o  improv- 
ing  a i r  t r a n s p o r t a t i o n  sa fe ty .  
undes i rab le  environmental  e f f e c t s  of n o i s e  and p o l l u t i o n  from genera l  av ia -  
t i o n  turbofan  engines.  h i  e f f o r t  w i l l  a l s o  be i n i t i a t e d  t o  improve capab i l -  
i t y  for undlc!rE tanding and avoiding a e r o e l a s t i c  i n s t a b i l i t y  i n  t n - b i n e  engine 
fan  blades.  

An e f f o r t  t o  develop so lu -  

NASA technology w i l l  be  app l i ed  t o  reduce t h e  
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RASIS OF FUND REQUIREMENTS --- 
- Research and Technology Base 

Materials research and 
technology... ............ 

Structures research and 
technology ............... 

Propulsion environmental 
impact minimization 
research and technology 

Propulsion compments 
research and technology.. 

Air breathing engine 
systems research and 
technology. .............. 
dynamics research and 
technology. .............. 

Avionics research and 
technology. .............. 

Aircraft operations and 
safety research and 

Fluid and flight 

technology ............... 
Low speed vehicle 
aerodynamics and 
flight dynamics 
researdh ard technology.. 

High speed vehicle 
aerodynamics and 
flight dynamics 
research and technology.. 

research ard technology.. 
Aeronautical man-vehicle 

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

1974 -- 

$6,687 

6,204 

13,097 

8,529 

7,796 

8,667 

3,302 

3 , 638 

10 , 466 

7 , 932 

3,675 

,$79.993 

1975 
Budget Current 
Estimate Estimate 1976 
(Thousands of Dollars,) 

$6,900 

7,000 

10 , 400 

9 , 000 

8 , 000 

9,400 

3 , 800 

3,900 

11,600 

9,100 

4,800 

$83,900 

$6,700 

6,900 

10,400 

8,900 

8,000 

9 , 400 

3,700 

3,900 

12,300 

8,900 

4,800 

$83.900 

$6,200 

6,250 

11,410 

9,oso 

8,150 

10,200 

3,580 

3,900 

12,500 

8 , 830 

5,030 - 

$85.100 -- 

Transit ion 
Period 

$1,700 

1 , 800 

3,200 

2,700 

2 , 000 

2,900 

1 , 000 

1,100 

3 , 500 

2,500 

1,400 

$23.800 
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CHANGES FROM FX 1975 BUDGET ESTImTE --- 
Changes from the  FY 1975 budget estimate f o r  t h e  Research and Technology 

Base as a whole w e r e  n e g l i g i b l e .  However, funding s h i f t s  d id  occur  between 
the  d i s c i p l i n a r y  programs w i t h i n  t h e  Research and Technology Base, i n  o r d e r  
t o  inc rease  t h e  program emphasis i n  the  Low Speed Vehicle Aerodynamics and 
F l i g h t  Dynamics program on upper -surfac e-blowing p ropu l s ive  -1if  t concepts.  
Funding changes t h a t  occurred t h a t  were s i g n i f i c a n t  i n  terms of a change i n  
program emphasis .vi11 be spe !c i f i ca l ly  addressed under t h e  individua. l  programs 
involved. 

M a t e r i a k R e s e a r c h  and Technology 

1975 
Budget Current T r a n s i t  ion  _ _  

- E s  t i m a  t e E s  t ima t e 1976 Period -- 1974 ---. 
( I n  Thousands of  Dol la rs )  

6,6117 6,900 6,700 6,200 1 , 700 

OBJECTIVES ANT) STATUS ---- 

This  program irivolves the  s tudy of advanced materials wi th  t h e  o b j e c t i v e s  
of  improving the s a f e t y ,  performance, and economy of  c i v i l  and m i l i t a r y  a i r -  
c r a f t .  Emphasis i s  on h igh  temperature  t u r b i n e  engine materials and low 
weight,  high :; t rength  a i r f r ame  materials which are a l s o  f i r e  r e s i s t a n t .  

CHANGES FROM FY 1-975 BUDGET ESTIMATE --- -- 
The funding (change r e f l e c t s  t h a t  t h e  cob& of s e r v i c e s  i n  support  of the  

in-house 1nateria:Ls re sea rch  e f f o r t s  were less than  a n t i c i p a t e d .  

BASIS OF Fy 1976 AND TRANSITION PERIOD ESTIMATES 

During FY 1'376 and t h e  t r a n s i t i o n  per iod,  b a s i c  materials r e sea rch  w i l l  
cont inue  t o  be focused on understanding s t r eng then ing  and f a i l u r e  mechanisms 
i n  a l l o y s ,  composites, and ceramics,and t h e  phenomena of oxidation. and co r ro -  
s ion ,  

The e f f o r t  on high temperature materials i n  N 1976 and t h e  t r a n s i t i o n  
p e r i o d  w i l l  emphasize oxide-d ispers ion  s t rengthened n i c k e l  base a l l o y s ,  and 
d i r e c t i o n a l l y  s o l i d i f i e d  e u t e c t i c s  f o r  use  a t  2,000 degrees  Farenhei t  and 
1,900 degrees  Fa renhe i t , r e spec t ive ly .  
ness  of cerami.cs w i l l  a l s o  be determined. 

The b e s t  method t o  improve t h e  tough- 
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The approach t o  ob ta in ing  s a f e r ,  l igh tweight  materials i n  FY 1976 and t h e  
t r a n s i t i o n  pe r i sd  w i l l  emphasize t h e  syn thes i s  of new and improved polymers 
and composites, and more e f f i c i e n t  j o in ing  techniques.  F i r e  res i s t :an t ,  non- 
t o x i c  polymers w i l l  be  eva lua ted  f o r  use  i n  a i r c r a f t  i n t e r i o r s ,  and f o r  i m -  
proved composite matrices. Advanced polymeric systems w i l l  a l s o  be synthe-  
s i zed  f o r  b e t t e r  adhesives  to i n s u r e  s a f e r  s t r u c t u r e s .  

Underlying t b i s  program wj-11 be a s tudy  of t h e  f a t i g u e  and f r a c t u r e  behavior  
of both metal  a.nd composite materials. This  s tudy should lead  t o  t h e  develop- 
ment i n  FE' 1976 o f  improved l i f e  p r e d i c t i o n  procedures and f r a c t u r e  con t ro l  
techniques f o r  g r e a t e r  r e l i a b i l i t y  and lower c o s t  of both a i r c r a f t  s t r u c t u r e s  
and propulsion. s y s t e m s .  

S t r u c t u r e s  - Research and Technology 

1975 -- 
Budget Current  T r a n s i t  i on  

-_ Estimate E s t i m a t e  1976 Period --- I. 97f - ---- 
( I n  Thousands of Do l l a r s )  

$6, : !O4 $7,000 $6,900 $6,250 $1,800 

OBJECTIVES ANI) STATUS ---- 
This  program p:covides technology t o  improve the  s a f e t y ,  d u r a b i l i t y ,  and 

economy of  cormnercial, m i l i t a r y ,  and gene ra l  a v i a t i o n  a i r c r a f t  by advancing 
the  s ta te -of - t 'ne-ar t  i n  a i r f r ame  s t r u c t u r e s .  The s p e c i f i c  a c t i v i t i e s  under- 
taken are s e l e - t e d  t o  provide  t h e  maximum b e n e f i t s  i n  c r i t i c a l  a r e a s  and are 
coordinated wi th  r e l a t e d  e f f o r t s  i n  o t h e r  agencies  t o  avoid unnecessary dup- 
l i c a t i o n .  

CHANGES FROM FY l.975 BUDGET ESTIMATE --- -- 
The funding change r e f l e c t s  t h a t  t h e  c o s t s  of  s e r v i c e s , i n  support  of  t he  

in-house s t r u c t u r e s  researc:h e f f o r t s  w e r e  less than a n t i c i p a t e d .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES 

I n  FY 1976 and t h e  t r a n s i t i o n  per iod ,  s t u d i e s  o f  advanced concepts w i l l  be 
continued t o  explore  s t r u c t u r a l  arrangements which w i l l  improve e f f i c i e n c y  
and s a f e t y  of c u r r e n t  types of a i r c r a f t  and provide  f e a s i b l e  concepts f o r  
advanced a i r c r a f t .  One important f a c e t  i s  a j o i n t  NASA/Federal Avia t ion  
Agency (FAA) program t o  improve t h e  crashworthiness  of  genera l  a v i a t i o n  
a i r c r a f t .  Dexrelopment of  a n a l y t i c a l  methods f o r  p r e d i c t i n g  s t r u c t u r a l  b.e- 
havior  ir  c ra sh  impacts w i l l  cont inue  toge the r  w i th  c ra sh  tes ts  of f lood 
damaged small a i r c r a f t  t o  provide  d a t a  needed t o  confirm t h e  accuracy of 
a n a l y t i c a l  p r e d i c t i o n s .  Ecperimental  eva lua t ions  of  h igh  temperazure 
s t r u c t u r a l  cclrtcepts f o r  hypersonic  a i r c r a f t  are being conducted. These 
w i l l  i nc lude  high temperature  wind tunnel  and r a d i a n t  hea t ing  t e s t s  of 
a c t i v e l y  cooled s t r u c t u r e s  as w e l l  as ho t  s t r u c t u r e s .  
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Improved methods f o r  p r e d i c t i n g  des ign  loads ,  a e r o e l a s t i c  behavior ,  and 
dynamic response f o r  a i r c r a f t  s t r u c t u r e s  w i l l  cont inue  t o  be developed dur ing  
FY 1976 and tFe t r a n s i t i o n  per iod.  Research w i l l  i nc lude  experimental  and 
a n a l y t i c a l  s tLd ies  of  t h e  complex f a c t o r s  a f f e c t i n g  panel  f l u t t e r ,  unsteady 
p res su res  i n  c a v i t i e s  open t o  t h e  a i r f low,  and improved computer methods f o r  
p r e d i c t i n g  a e r o e l a s t i c  loacls inc luding  those  due t o  g u s t s  and active c o n t r o l s .  
Emphasis w i l l  a l s o  be given t o  development of unsteady aerodynamic theory  i n  
t h e  d i f f i c u l t  t r anson ic  regime supported bywind tunne l  tests and a drone 
f l i g h t  program. Appl ica t ions  of act ive c o n t r o l  technology w i l l  be pursued 
to  permit minimization of  a e r o e l a s t i c  response;  t h e s e  w i l l  a l s o  be v e r i f i e d  
by wind tunnel and drone f l i g h t  tests. 

Systematic  experimental  and a n a l y t i c a l  s t u d i e s  w i l l  be  conducted i n  FY 1976 
and t h e  t :ransj . t ion per iod  t o  improve des ign  procedures  needed t o  a s s u r e  
s t r u c t u r a l  i a t :egr i ty  i n  h ighly  e f f i c i e n t  a i r c r a f t  s t r u c t u r e s .  A l i f e  p re -  
d i c t i o n  r u l e  for s t r u c t u r a l  components subjec ted  t o  complex s t r e s s  h i s t o r i e s  
w i l l  be based. or. cons ide ra t ion  of  t h e  cont inuous ly  changing r e s i d u a l  stresses 
caused by 10c :a l  p l a s t i c i t y .  A des ign  r u l e  f o r  p r e d i c t i n g  rates of f a t i g u e  
c rack  propagat:icm under complex stress h i s t o r i e s  w i l l  be  based on the  NASA- 
developed crack  c losu re  concept.  Analyses of f a t i g u e  c rack  propagat ion  i n  
s t r i n g e r - s t i f f e n e d  panels  w i l l  be extended t o  p r e d i c t  r e s i d u a l  s t . rength  o f  
wing s t r u c t u r e s  wi th  mul t ip l e  f a i l u r e  nuc le i .  The f a t i g u e  behavior  of com- 
p o s i t e  materials wi th  and without  outdoor  environments w i l l  be  s tud ied  t o  
provide background f o r  developing l i f e  p r e d i c t i o n  r u l e s  and damage- t o l e r a n t  
composite s t ruct :ures .  

I n  FY 1976 imcl t h e  t r a n s i t i o n  per iod  r e sea rch  w i l l  be  cont inued t o  improve 
t h e  undei:standing and p r e d i c t i o n  of t h e  s t r u c t u r a l  behavior  of f i l amentary  
composites. :Cmproved t h e o r i e s  being developed w i l l  be  i n v e s t i g a t e d  i n  
l abora to ry  te:;ts of composite components. Demonstration of  composite secon- 
dary  s t r u c t u r e s  i n  r o u t i n e  a i r l i n e  service w i l l  cont inue;  components i nc lude  
L-1011 f a i r i n g s ,  R-737 s p o i l e r s ,  and DC-10 rudders  i nvo lv ing  48 a i r c r a f t .  The 
components 011 t hese  aircraEt w i l l  each have accumulated a n  average ,of 2,940 
f l i g h t  hours  by t h e  end of FY 1976; t h e  f l i g h t  s e r v i c e  eva lua t ions  w i l l  con- 
t i n u e  i n  subsequent years  t o  provide confidence f o r  i n d u s t r y  and a i r l i n e s  
i n  t h e  long 1:erri performance of composite s t r u c t u r e s .  

Technology w i l l  be developed f o r  advanced s t r u c t u r a l  a n a l y s i s  and des ign  
methods dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod.  E f f o r t  w i l l  focus on more 
e f f i c i e n t  and r e l i a b l e  tec’hniques f o r  complex problems and t h e  p o t e n t i a l  f o r  
i nco rpora t ing  new and unique methods i n  l a r g e  computer programs such as NASA 
S t r u c t u r a l  Analyses Program (NASTRAN) and I n t e g r a t e d  Program f o r  Aerospace 
Vehicle J les ig~i  [(IPAD) . 
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Propuls ion Environmental Impact 
Minimization Research and Technology 

1975 -- 
Bud.ge t Current  T r a n s i t  i o n  

Period - 1976 --- Esti.mate E s t i m a t e  - 1974 .--- 
(In Thousands of  Do l l a r s )  

$13,097 $1Ci,400 $10,400 $11,410 $3 , 200 

OBJECTIVES AND STATUS -- 
The propuls ion  environmental  impact minimizat ion r e sea rch  and technology 

program w i l l  provide through b a s i c  research ,  app l i ed  technology, and exper-  
imenta l  engineer ing t h e  knowledge and understanding necessary  t o  reduce pro-  
p u l s i o n  system no i se  and exhaust p o l l u t a n t  emissions t o  he lp  meet n a t i o n a l  
environmental  ob jec t ives .  In a d d i t i o n ,  t h e  program w i l l  p rovide  improved 
methods f o r  pr ,ed ic t ing  n o i s e  and p o l l u t i o n  impact on t h e  environment, and 
f o r  a s ses s ing  t h e  i n t e r a c t i o n  of a i rcraf t  emissions i n  t h e  atmosphere. 

BASIS OF FY 1576 AND TRANSITION PERIOD ESTIMLTES 

I n  t h e  a r e a  of propuls ion  no i se  reduct ion ,  r e sea rch  w i l l  be  cont inued i n  
FY 1976 and tf.e t r a n s i t i o n  per iod on fundamental s t u d i e s  of  genera t ion ,  pro-  
pagat ion,  and suppress ion  of  a i r c r a f t  no i se .  The s t u d i e s  inc lude  ex tens ive  
a n a l y t i c a l  anc.  experimental- r e sea rch  r e l a t e d  t o  i n l e t  and f a n  duc t  a c o u s t i c s ,  
turbomachineq. n o i s e  ( fan,  compressor, combustor, t u rb ine ,  nozz le ,  e tc . )  j e t /  
f l a p  impingement noise ,  wing s h i e l d i n g  and forward v e l o c i t y  e f f e c t s  on no i se ,  
atmospheric propagat ion and a t t e n u a t i o n ,  and i n f l i g h t  f i e l d  measurements of 
no ise .  

I n  t h e  area of  no i se  p red ic t ion ,  r e sea rch  e f f o r t s  are underway through 
t h e  NASA A i r c r a f t  Noise P r e d i c t i o n  Program Off ice ,  t o  improve techniques f o r  
accu ra t e  p r e d i c t i o n  of ground n o i s e  levels of ope ra t ing  and f u t u r e  a i r c r a f t  
t o  e s t a b l i s h  t:otal a c o u s t i c  c h a r a c t e r i s t i c s ,  i d e n t i f y  key s e n s i t i v i t y  para-  
meters arid guide f u t u r e  r e sea rch  e f f o r t s .  I n t e r i m  n o i s e  p r e d i c t i o n  programs 
became ope ra t rona l  i n  mid-1974, and i n  December 1974 t h e  p u b l i c a t i o n  of key 
technology doc:uments began,, These documents p re sen t  t h e  s t a t e - o f - t h e - a r t  i n  
no i se  source  p red ic t ions ,  n o i s e  r educ t ion  technology, atmospheric propagat ion 
phenomena and ot:her e f f e c t s  necessary  f o r  r e l i a b l e  p r e d i c t i o n  of  the  ground 
no i se  envirortrierit produced by a i r c r a f t .  Based on t h e s e  documents, t h e  des ign  
and devel-opment of a new and much more a c c u r a t e  a i r c r a f t  n o i s e  p r e d i c t i o n  
program 1 7 i 1 1  cont inue  during FY 1976 and t h e  t r a n s i t i o n  per iod.  
t ive  of t h i s  work i s  t o  improve t h e  accuracy of p red ic t ed  n o i s e  cantours  
( f o o t p r i n t s )  t o  w i t h i n  1 .5  dec ibe l s .  

The objec-  
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During F'Y 19 i6  and t h e  t r a n s i t i o n  per iod,  i n  t h e  area of  p o l l u t i o n  r educ t ion  
a major NASA a c t i v i t y  w i l l  be  t o  develop and demonstrate  low exhaust  emission 
technology f o r  al.1 t h r u s t  c l a s s e s  of a i r c r a f t  gas t u r b i n e  engines and a i r -  
c ra f t  pist:on erigi.nes. Advanced exhaust emission r educ t ion  r e sea rch  inc ludes  
i n v e s t i g a t i o n s  r e l a t e d  to  i n j e c t i o n  of hydrogen i n t o  a i r c r a f t  p i s t o n  engines 
and a i r c r a f t  gas t u r b i n e  coinbustors t o  achieve  ve ry  low n i t r i c  oxide emission 
levels. 

Research a c t i v i t i e s  dur ing  FJ' 1976 and t h e  t r a n s i t i o n  per iod  w i l l  s t r i v e  
t o  determine the e f f e c t s  of exhaust emissions i n t e r a c t i n g  wi th  the  atmosphere. 
A major e'Lemerit o f  t h i s  r e sea rch  i s  t h e  Global A i r  Sampling Program (GASP) 
which w i l l  m e a  sure  a i r c r a f t  exhause emission concen t r a t ions ,  over a f i v e  year  
per iod ,  a long the world airways.  Up to  f i v e  s p e c i a l l y  instrumented Boeing 
747 a i r c r a f t  i n  commercial service w i l l  be used i n  t h e  program. The f i r s t  
instrumented € l i g h t  w a s  i n  a United A i r l i n e s  B-747 i n  December 1974. The 
second instrumented a i rc raf t  will be a Pan American B-747, t o  be flown i n  
February 1975. Yegot ia t ions a r e  underway wi th  t h r e e  o t h e r  i n t e r n a t i o n a l  
a i r l i n e s  t o  o b t a i n  t h e  d e s i r e d  g loba l  coverage f o r  t h e  GASP program. NASA 
i s  a l s o  developing a small, low c o s t ,  simple,  remotely p i l o t e d  v e h i c l e  (Mini- 
S n i f f e r )  f o r  i n  s i t u  measurement of  turbulence,  atmospheric t r a c e  gases  and 
p a r t i c u l a t e  c o n s t i t u e n t s  a t  a l t i t u d e s  up t o  100,000 f e e t .  A i r  sampling 
measurements w i l l  b e  made wi th  the  Mini-Sniffer  dur ing  FY 1976 and t h e  
t r a n s i t i o n  per iod .  

Other research  dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  inc lude  funda- 
mental  s t u d i e s  o f  chemical r eac t ions ,  k i n e t i c  rates and f l u i d  mechanics models 
necessary t o  understand t h e  processes  involved i n  t h e  i n j e c t i o n  of emission 
products  i n t o  a supersonic  a i r c r a f t  wake  and t h e i r  subsequent d i s p e r s i o n  i n t o  
t h e  s t r a tosphe re .  React ions of i n t e r e s t  are those  a s s o c i a t e d  wi th  n i t r i c  
oxide/nit .rogen d i ox ide  conversion,  hydroperoxyl and hydroxyl r a d i c a l ,  and 
n i t rogen  "sinks" i n  t h e  S t r a tosphe re  such as n i t r i c  ac id ,  p a r t i c u l a r l y  as 
they infl.uenc:e n a t u r a l  ozone c.oncentrations.  React ion s t u d i e s  a r e  conducted 
wi th  cons ide ra t ion  of exhaust  p a i t i c u l a t e s  and t h e  e f f e c t s  of low concentra-  
t i o n s  of ozone, va r ious  hydrocarbons and water vapor chemistry i n  t h e  presence 
o f  s o l a r  u l t r a v i o l e t  r ad ia t ion .  

- Pi:opulsion Components Research and Technology 

1975 -- 
Budget Current  T r a n s i t i o n  

I 
E s t i m a t e  Estimate 1976 Period - --- 'I 3 74 ---- 

( In  Thousands of Do l l a r s )  

$8,529 $9 , 000 $8 , 900 $9 , 050 $2,700 
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OBJECTIVES AND STATUS --- 

The ae rona t , t i ca l  p ropuls ion  components r e sea rch  and technology program ob- 
j e c t i v e s  a r e  t o  i n c r e a s e  e f f i c i e n c y ,  i n c r e a s e  ope ra t ing  range, improve s p e c i -  
f i c  fue l  con.surr.ption and reduce t h e  weight of  t h e  many i n t e r a c t i v e  components 
making up a i r c r a f t  engines and propuls ion  system i n s t a l l a t i o n s .  

CHANGES --- FROM FY 1975 BUDGET ESTIMATE 
The funding change r e f l e c t s  t h e  d e f e r r a l  o f  t h e  design,  f a b r i c a t i o n  and 

t e s t i n g  of  a f i n a l  s t a g e  of a compressor. This r e sea rch  and technology ef for t :  
supports  t he  Advanced Mul t i -S ta t e  Axial Flow Compressor program which w a s  
delayed i n  s t a r t i n g  dur ing  FY 1975. 

BASIS O F  --- FY 1976 AND TRANSITION PERIOD ESTIMATES 

I n l e t  and nozzle  r e sea rch  during FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  
concen t r a t e  rrainly on development of h igh ly  s o p h i s t i c a t e d  a n a l y t i c a l  tech-  
niques f o r  a c c u r a t e l y  p r e d i c t i n g  complex e x t e r n a l  and internal  f law f i e l d s  
a s s o c i a t e d  wi th  supersonic: i n l e t s  and nozzles .  A cons ide rab le  p o r t i o n  of  
t h e  research  i s  concerned w i t h  t h e  e f f e c t  o f  a i rcraf t  maneuvers on i n l e t  
behavior s i n c e  i n l e t  performance dur ing  maneuvers can  be s e r i o u s l y  degraded 
because of a i r  flow d i s t o r t i o n .  Airframe i n t e r f e r e n c e  e f f e c t s  on exhaust  
nozzle  performance i s  a l s o  being examined. During N 1976 and t h e  t r a n s i t i o n  
per iod,  a methodology f o r  p r e d i c t i o n  o f  i n l e t / e n g i n e  compa t ib i l i t y  w i l l  be 
developed, inc luding  e f f e c t s  of  i n l e t  flow d i s t o r t i o n  on engine o p e r a t i o n a l  
s t a b i l i t y .  

The fan,  ccmpressor and t u r b i n e  technology e f f o r t  dur ing  FY 1976 and t h e  
t r a n s i t i o n  per iod  w i l l  stress achievement of  high performance wi th  minimum 
degrada t ion  c f  component e f f i c i e n c y .  This  i s  implemented by high t ip -speed  
f a n  research ,  h igh ly  loaded compressor and t u r b i n e  s t a g e  research ,  and high 
temperature  t u r b i n e  cool ing  and aerodynamics i n t e r a c t i o n s .  The e f f e c t s  of 
ca s ing  treatment on s t a b l e  ope ra t ion  of high performance compressors under 
adverse cond i t ions  w i l l  be evaluated.  Also FY 1976 and t h e  t r a n s i t i o n  
per iod  w i l l  s ee  s i g n i f i c a n t  progress  i n  a n a l y t i c a l  methodology f o r  c a l c u l a -  
t i n g  compressor flow f i e l d s .  Turbine r e sea rch  w i l l  cont inue  i n  concen t r a t ing  
on t h e  problems of  aerodynamic des ign  of  h igh  power, low speed tu rb ines ,  and 
coo l ing  techr.iques a p p l i c a b l e  t o  u l t r a h i g h  temperature  (3,000-3,500 degrees  
Farenhei t )  tLrbines .  The high power, low speed t u r b i n e  r e sea rch  i s  expected 
t o  r e s u l t  i n  demonstrat ing performance of an  advanced f a n  d r i v e  t u r b i n e  wi th  
s i g n i f i c a n t l y  fewer s t a g e s  than  contemporaryturbines ,  f o r  t he  s a m e  power 
output .  

A program clf r e sea rch  on combustion and augmentation systems technology, 
q u i t e  indeper.dent of  exhaust emission p o l l u t i o n  reduct ion ,  w i l l  look i n t o  
techniques f a r  ach iev ing  t h e  h igh  ex i t  temperatures  and e f f i c i e n c i e s  requi red  
by advanced engines.  I n  I T  1976, i n  one of  t h e  key programs i n  t h i s  area, 
near  100 percent  e f f ic ien t :  ope ra t ion  a t  3,500 t o  4,000 degrees  Farenhei t  w i l l  



b e  demonstrated u s i n g  an  advanced v e r s i o n  o f  a n  a i r c r a f t  t ype  s w i r l  c an  modu- 
lar combustor o r i g i n a l l y  designed f o r  2,400 degrees  Fa renhe i t  temperatures.  

Drive s y s  ten1 mechanical components provide t h e  backbone, l i t e r a l l y  support-  
i n g  t h e  nlajor t’r.rust producing dev ices ,  and i n c l u d e s  bea r ings ,  s h a f t s ,  seals 
and 1ubrj.cati.on systems. On-going programs from p r i o r  y e a r s  are cont inuing,  
spurred on by t h e  importance of such components as improved engine seals t o  
reduce f u e l  c:onsumption, In  p a r t i c u l a r ,  compliant l i f t - p a d  compressor end- 
seal ope:ration vi11 be demonst:rated i n  t h e  l a b o r a t o r y  i n  N 1976. 
of t h i s  type can e f f e c t  a r educ t ion  o f  up t o  two p e r c e n t  i n  a conrnercial j e t  
engine’ s f u e l  consumption. 

A seal 

Liquid hydrocarbon f u e l s  technology r e sea rch  i s  focused on c h a r a c t e r i z a t i o n  
o f  a l t e r n a t i v e  hydrocarbon f u e l s  de r ived  from our  abundant s u p p l i e s  o f  i n d i -  
genous r a w  ma te r i a l s - - coa l  and s h a l e  o i l ,  i nc lud ing  t h e  e f f e c t s  of promising 
cand ida te  f u e l s  on p ropu l s ion  systems and components, as w e l l  as on exhaust 
emissions.  I n  FY 1976 and t h e  t r a n s i t i o n  pe r iod ,  t h e  more s ign i f i can t :  p ro -  
p e r t i e s  of j e t  f u e l  de r ived  from s h a l e  and c o a l  w i l l  b e  i d e n t i f i e d .  

A i r  - Breathing Engine Systems 
Research and Technology 

1975 -- 
Budget Current  T r a n s i t i o n  

Period - E s  t Fma t e E s  t i m a  t e 197 6 --- 1.974 
-I- 

( I n  Thousands of D o l l a r s )  

!;7,796 $8,000 $8,000 $8,150 $2,000 

OBJECTIVES AND STATUS --- 
The a i r  b r e a t h i n g  engine systems r e s e a r c h  i s  d i r e c t e d  toward t h e  a t t a inmen t  

o f  technology f o r  reducing both t h e  c o s t s  and time r e q u i r e d  f o r  new engine 
development programs through improved engine systems des ign  and a n a l y s i s  
techniques,  imd t o  i n v e s t i g a t e  p o t e n t i a l  new system concepts.  

BASIS OF --- FY 19’76 AND TRANSITION PERIOD ESTIMATES 

I n  the a r e a  of p ropu l s ion  system dynamic behavior  and c o n t r o l ,  t h e  e f f e c t s  
of t r a n s i e n t  fLow c o n d i t i o n s  on gas t u r b i n e  engine systems and components, 
and new o n - l i n e  d i g i t a l  compilterized c o n t r o l  system t h e o r i e s  w i l l  be demon- 
s t r a t e d  on complete p ropu l s ion  systems during FY 1976 and t h e  t r a n s i t i o n  
pe r iod .  F l i g h t  tests o f  an  advanced d i g i t a l  c o n t r o l  system developed under 
a j o i n t  A i r  Force/NASA program w i l l  be conducted t o  demonstrate  t h e  potent ia l l  
of a system capable  of sensing,  computing, and c o n t r o l l i n g  a opt.imum ope ra -  
t i n g  cond i t ions  t h e  inlet: ,  engine,  and exhaust nozz le  system of a n  F-111 
a i r p l a n e .  
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I n  FY 1976 and the  t r a n s i t i o n  per iod  t h e  i n t e r g r a t i o n  of components i n t o  
complete t u r b i n e  engine systems w i l l  be  i n v e s t i g a t e d  t o  d e f i n e  b a s i c  p e r f o r -  
mance limits, and eva lua te  t h e  o v e r a l l  responses  t o  dynamic d i s tu rbances  
and d i s t o r t i o n s .  A j o i n t  NASA/United S t a t e s  A i r  Force f u l l  scale engine 
research  program w i l l  emphasize a c q u i s i t i o n  of  b a s i c  d a t a  and phenomenological. 
understanding leading  t o  b e t t e r  a n a l y t i c a l  and des ign  procedures having t h e  
h ighes t  p o t e n t i a l  f o r  reducing engine development c o s t  and t i m e ,  and which 
reduce dependence on t r i a l  and e r r o r  development empiricism. Research w i l l  
be undertaken t o  determine p r e c i s e l y  the  causes  and r e l a t i o n s h i p s  between 
component mecianical  o r  phys i ca l  cond i t ion  and performance loss i n  engines.  
Severa l  a i r l i n e  engines wi th  vary ing  degrees  of w e a r  and d e t e r i o r a t i o n  w i l l  
be t e s t e d  t o  1de:ermine q u a n t i t a t i v e l y  t h e  e f f e c t  of work components on 
engine per f  orinaiice. 

Low c o s t  engine systems research  w i l l  be  continued i n  FY 1976 and t h e  
t r a n s i t i o n  per iod wi th  exp lo ra t ion  of promising des ign  c h a r a c t e r i s t i c s  and 
f a b r i c a t i o n  bzchniques of  i n t e r e s t  f o r  genera l  a v i a t i o n  a p p l i c a t i o n s .  A 
l igh tweight  m i i l t i r o l l e r  speed reducer  f o r  tu rbofan  engines  w i l l  a l s o  be stui  iel 

During FY :L976 and the  t r a n s i t i o n  per iod  i n  t h e  area of  hypersonic  
propuls ion,  a pre l iminary  s t r u c t u r e s  and systems s tudy  of a scramje t  module 
des ign  w i l l  be completed, and aerothermal  tes ts  of a subsca le  model w i l l  be  
conducted a t  Mach numbers of 4 and 7. An eva lua t ion  of methods f o r  achiev-  
i n g  adequate :hi:ust a t  low speeds w i l l  be completed. 

Advanced systems s t u d i e s  conducted dur ing  FY 1976 and t h e  t r a n s i t i o n  
per iod w i l l  p Lace increased  emphasis on technology needed f o r  achiev ing  
reduct ions  i n  f u e l  consumption. Near t e r m  a p p l i c a t i o n s  w i l l  i nc lude  s t u d i e s  
of t he  s u b s t i i x t i o n  of improved p a r t s  i n  e x i s t i n g  a i r l i n e  engines .  A s tudy 
of  next  genera t ion  engines based on c u r r e n t  des ign  p r a c t i c e  may achieve  a 15  
percent  i:educ:tic)n i n  f u e l  consumption below t h a t  of c u r r e n t  engines ,  by 
s t r e s s i n g  energy conserva t ion  i n  the  des ign  of  t h e  engine components. Other 
s t u d i e s  w i l l  concen t r a t e  Oi2 t he  f u e l  savings achievable  through use  of 
r e l a t i v e l y  unconventional bu t  very  energy conserva t ive  devices  such as the  
regenera tor .  Incorpora t ion  of t h e  energy conserva t ive  components and devices  
i n t o  an  engirw c:ould reduce f u e l  consumption by about 30 percent  Selow t h a t  
of c u r r e n t  engines.  

- Fluid  and F l i g h t  Dynamics Research and Technology 

1975 
Budget Current  T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Period __ 
( I n  Thousands of Do l l a r s )  

$8,667 $9,400 $9,400 $10,200 $2,900 
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OBJECTIVES AIiD STATUS --- 

The t h r u s t  o f  t h e  f l u i d  and f l i g h t  dynamics program i s  t o  advance our  
understanding and p r e d i c t i v e  c a p a b i l i t y  of aerodynamic pheonomena t o  permit  
increased  proformance opt imiza t ion  f o r  more e f f i c i e n t ,  fuel-conserving advanced 
a i rc raf t : ,  and t o  ensure  reduced environmental  e f f e c t s  and improved s a f e t y  
of advanced a i r c r a f t  i n  e a r l y  des ign  s t ages .  

BASIS OF FY 1.976 AND TRANSITION - PERIOD ESTIMATES --- 
In  t h e  area of  p r e d i c t i o n  of aerodynamic phenomena, t h e o r e t i c a l  p r e d i c t i o n  

techniques are  being developed t o  p r e d i c t  complete aerodynamic c l i a r ac t e r i s  tic:; 
of comp1.e~ t.hree-dimensional a i r c r a f t  con f igu ra t ions ,  so t h a t  pre l iminary  
des ign  c:oncepts can be eva lua ted  wi th  marked r educ t ion  i n  c o s t l y ,  energy- 
consuming wind tunnel  tes ts .  

During; FY 1.976 and t h e  t r a n s i t i o n  per iod ,  t he  p re sen t  p r e d i c t i v e  c a p a b i l i t y  
w i l l  be  extended t o  conf igu ra t ions  of increased  complexity,  
wi th  p a r t i c u l a r  emphasis on t h e  development and use  of advanced turbulence  
modeling techniques t o  account f o r  viscous e f f e c t s  on flow phenomena. 

E f f o r t s  on reducing adverse  environmental  and aerodynamic e f f e c t s  are 
concentrated on such problems as wake vo r t ex  turbulence,  a i r f rame generated 
no i se  and a i r f r ame  b u f f e t .  Research w i l l  cont inue  i n  1976 and the  t r a n s i t i o n  
pe r iod  t o  r e f i n e  a number of aerodynamic a l l e v i a t i o n  devices  f o r  e l imina t ing  
the  wake vo r t ex  hazard r e s t r i c t i o n  on a i r c r a f t  l anding  ope ra t ions ,  and t o  
eva lua te  the  ope ra t iona l  f e a s i b i l i t y  t e s t s  of t h e  most promising methods. 
Airframe no i se  a c t i v i t i e s  w i l l  concen t r a t e  on developing and eva1.uatiiig 
means f o r  reducing t h e  n o i s e  of f l a p s ,  l anding  gear ,  c a v i t i e s  and pro tuber -  
ances  so t h a t  planned redLictions i n  o v e r a l l  a i r c r a f t  n o i s e  can  be accomplished 
on schedule.  

A focused e f f o r t  i s  underway t o  provide  improved s i n g l e  and multi-element 
h i g h - l i f t  a i r f o i l s  f o r  advanced genera l  a v i a t i o n ,  t r a n s p o r t  and r o t a t i n g -  
wing a i r c r a f t .  I n  FY 1976 and t h e  t r a n s i t i o n  per iod research  w i l l  cont inue  
t o  genera te  air € o i l  design methodology, advanced a i r f o i l s  f o r  both subc r i t i ca l -  
and s u p e r c r i t i c a l  aerodynamic regimes and provide  high q u a l i t y  d a t a  on s e l e c t e d  
configurat ioi is ,  p a r t i c u l a r l y  a t  h igh  Reynolds number and angles  of a t t a c k .  
S p e c i f i c a l l y ,  improvements w i l l  be sought i n  subsonic  drag  p r e d i c t i o n  and the  
a b i l i t y  to  inco rpora t e  boundary l a y e r  and flow separat ion-reat tachment  e f f e c t s  
i n  mixed s u b s m i c - t r a n s o n i c  flows i n  t h e  p r e d i c t i v e  and des ign  process .  
Three-dimensi~mal  v iscous  - p o t e n t i a l  f low i n t e r a c t i o n  over  h igh ly  swept: wings 
wi th  l ead ing  and t r a i l i n g  edge high l i f t  devices  w i l l  cont inue  t o  be  s tud ied .  

Another a spec t  of t he  program i s  concerned wi th  developing improved 
experimental  techniques,  a n a l y t i c a l  methods and tes t  f a c i l i t i e s  t o  inc rease  
the  re l iab i l f -Ey of wind tunnel  eva lua t ions  of advanced a i r c r a f t  concepts.  
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Emphasis i n  I V  11976 and t h e  t r a n s i t i o n  per iod  w i l l  cont inue  on provid ing  
advanced tran:;onic tunnel  .walls and support  systems t o  minimize i n t e r f e r e n c e  
e f f e c t s  ( incl i iding the  use  of  magnetic suspension) ,  on d e f i n i n g  and minimizing; 
stream turbulence f a c t o r s  a t  t r anson ic  and supersonic  speeds,  and on determining 
transonic:. thr~.e-dirnensional s c a l e  e f f e c t s  on h igh ly  swept wings. 

S i g n i f i c a n t  emphasis i s  being placed on cont inuing  e f f o r t s  t o  provide a 
b a s i c  understanding of  t h e  aerodynamic c h a r a c t e r i s t i c s  of a i r c r a f t  a t  high 
ang le s  oE a t t a c k ,  p a r t i c u l a r l y  on i n v e s t i g a t i n g  t h e  fundamental n a t u r e  of 
s t a l l / s p i n ,  t ' ie  use  of c o n t r o l  systems t o  prevent  divergence a t  high angles  
of a t t a c k ,  and ilie aerodynamic: c h a r a c t e r i s t i c s  r e spons ib l e  f o r  s p i n  behavior.  
E f f o r t s  toward t h e  d e f i n i t i o n  of handl ing q u a l i t i e s  c r i t e r i a  f o r  h ighly  
augmented vehic ' tes w i l l  a l s o  cont inue  through FY 1976 and t h e  t r a n s i t i o n  
per iod . 

Avionics Research and Technoloev 

1975 
Budget Current  

1974 Estimate Estimate 
( I n  Thousands of 

93,302 $3,800 $3,700 

T r a n s i t i o n  
1976 Period 

Do l l a r s  ) 

$3,580 $1,000 

OBJECTIVES A N D  !STAT US ---- 

The av ion ic s  :research and technology program i s  focused on the  design,  
development icnd t e s t  o f  improved a i r c r a f t  guidance, naviga t ion ,  c o n t r o l ,  
d i s p l a y  and c:.onununication subsystems f o r  genera l  a v i a t i o n ,  s o r t  hau l ,  ve r t i ca l .  
t akeoff  and 'l.snding, and long haul  t r a n s p o r t  a i rcraf t .  

CHANGES FROM FY 1975 BUDGET ESTIMATE --- 

The funding change r e f l e c t s  t h e  d e f e r r a l  of work on a n  advanced r e c e i v e r  
f o r  c i v i l  a v i s t i o n  use  which i s  i n s e n s i t i v e  t o  mul t ipa th  e f f e c t s .  Defe r r a l  
of t he  e f f o r t  Wi2S considered to be  accep tab le  due t o  t h e  l ack  of t h e  near  tern] 
requirement E m  t h e  r ece ive r .  

BASIS OF --- FY '1976 AND TRANSITION PERIOD ESTIMATES 

F l i g h t  t e s t s  of  a t i m e  optirnized, four-dimensional ( 4 - D )  guidance system 
have been s u c c e s s f u l l y  completed. F l i g h t  t e s t i n g  of a n  advanced f u e l  optimized 
4 - D  system f o r  Short  Takeoff and Landing (STOL) a i r c r a f t  w i l l  be  completed 
dur ing  FY 19'76. Subsequent a n a l y s i s  and s imula t ion  e f f o r t s  w i l l  d e r i v e  a 
fu l l - f l i , gh t - enve lope  a u t o p i l o t  des ign  f o r  powered- l i f t  STOL a i r c r a f t  by FY 
1977. A prac.t:ic:al assessment,  both a n a l y t i c a l  and experimental ,  of Regional 
Navigation (RNAV) schemes f o r  genera l  a v i a t i o n  a i r c r a f t  w i l l  be c:ompleted by 
the  end of FY 1976. 
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During FY 1976 and t h e  t r a n s i t i o n  per iod  promising new concepts o f f e r i n g  
the  p o t e n t i a l  of s i g n i f i c a n t  improvements i n  performance and/or  c o s t  of  
av ion ic s  systems w i l l  be inves t iga t ed .  A s p l i t - s u r f a c e  s t a b i l i t y  augmenta- 
t i o n  system, which can reduce p i l o t  workload and provide b e t t e r  a i r c r a f t  
handl ing and r i d e  c h a r a c t e r i s t - i c s ,  w i l l  be f l i g h t  t e s t e d  i n  a Beech 99 
commuter a i r l i n e  type a i r c r a f t .  A low p r o f i l e  m i c r o s t r i p  antenna, w i th  a 
product ion c o s t  $of less than  1/8 of  p re sen t  antennae has  been developed. 
computer program t o  determine i t s  c h a r a c t e r i s t i c s  i n  a i r c r a f t  con f igu ra t ions  
w i l l  be developed i n  FY 1976, and the  antennae w i l l  be  f l i g h t  t e s t e d  on model 
a i r p l a n e s  i n  FY 1977. 

A 

Highly r e l i a b l e ,  f a u l t  t o l e r a n t  computers are being s tud ied  f o r  t he  f l i g h t  
c o n t r o l  of c i v i l  a i r c r a f t .  The des ign  of  d i f f e r e n t  f a u l t  t o l e r a n t  computer 
o rgan iza t ion  concepts w i l l  be completed dur ing  FY 1976 and t h e  t r a n s i t i o n  
period. 

Automated V e r t i c a l  Takeoff and Landing (VTOL) av ion ic s  e f f o r t s  are aimed 
a t  t he  syn thes i s  of integra . ted av ion ic s  systems f o r  r e l i a b l e  and c o s t - e f f e c t i v e  
automated f l i g h t ,  w i th  primary emphasis on f u t u r e  h e l i c o p t e r s  and VTOL a i r -  
c r a f t .  Navigation and guidance requirements  f o r  commercial VTOL ope ra t ions  
have been def ined.  
a laser gyro strapdown navi.gation system w i l l  be  completed i n  FY 1.975. 
t e s t i n g  of  automatic  and manual d i s p l a y s  w i l l  be i n i t i a t e d  i n  e a r l y  FY 1976 
and completed i n  FY 1977. The complete i n t e g r a t e d  guidance system i s  scheduled 
f o r  f l i g h t  tes ts  on a CH-47 research  h e l i c o p t e r  by FY 1980. 

F l i g h t  t e s t i n g  of  an  a c o u s t i c  a l t imeter  breadboard and 
F l i g h t  

&c:raft Operations and S a f e t y  
Research and Technology 

I975 
Budget Current  T r a n s i t i o n  

I 

Estimate E s  t i m a  t e 1976 Period --- 1974 
( I n  Thousands o f  Do l l a r s )  

$3,638 $3 , 900 $3 , 900 $3 , 900 $1 , 100 

OBJECTIVES AND STATUS 

A i r c r a f t  ope ra t ions  and s a f e t y  research  and technology programs provide a 
research  and technology base  which can be used t o  so lve  a wide v a r i e t y  of 
a e r o n a u t i c a l  , sa fe ty  and s a f e t y - r e l a t e d  ope ra t iona l  problems. Three program 
elements provide a focus f o r  i n d i v i d u a l  research  e f f o r t s :  (1) expansion of 
b a s i c  knowledge (of atmospheric processes ;  (2) a i r c r a f t  s a f e t y  technology; and 
( 3 )  a i r c r a f t  system o p e r a t i o n a l  e f f i c i e n c y  improvement. 

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES --- 

In  t h e  a rea  of expanding our  knowledge of b a s i c  atmospheric processes ,  
improvement of 0.x understanding of n a t u r a l  atmospheric behavior  as i t  a f f e c t s  
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t h e  s a f e  and e f f i c i e n t  ope ra t ion  of a i r c r a f t  i s  a cont inuing,  long term process .  
FY 1976 and t h e  t r a n s i t i o n  per iod research  w i l l  cont inue  the  process  o f  func- 
t i o n a l l y  d e f i n i n g  and desc r ib ing  atmospheric phenomena i n  a way t h a t  w i l l  
f a c i l i t a t e  a u t i l i t a r i a n  use  of  t h i s  in format ion  by des igne r s ,  ope ra to r s ,  and 
f o r e c a s t e r s .  Research w i l l .  a l s o  cont inue i n  t h e  areas of fog formation and 
d i s s i p a t i o n ,  and high a1ti t :ude thermal and p res su re  g rad ien t s .  

I n  t h e  area of a i rcraf t  s a f e t y  technology, research  i s  focused on developing 
a technology Ease which can be used t o  reduce acc iden t  o p p o r t u n i t i e s  and t o  
minimize acc iden t  f a t a l i t i e s  and damage. This  e f f o r t  i nc ludes  i n - f l i g h t  and 
post-crash a i r c r a f t  f i r e  prevent ion  and p ro tec t ion ,  and l i g h t n i n g  s t r i k e  hazards  
reduct ion.  In FY 1976 and the  t r a n s i t i o n  per iod,  e f f o r t  w i l l  cont:inue on the  
t es t  and eva lua t ion  of a i r m a f t  i n t e r i o r  materials. A laser-Doppler  system wi' l .1 
be employed i n  vo r t ex  f l igh t :  r e sea rch  programs and i n  f l i g h t  d e t e c t i o n  of c l e a r  
a i r  turbulence.  Work w i l l  cont inue  i n  r e f i n i n g  t h e  s t r u c t u r a l  f a t l u r e  model 
f o r  high speed r o t o r s  and applying r e s u l t s  t o  t h e  concept development of 
b u r s t - r e s i s t e n t  r o t o r s .  

I n  the  area of improving t h e  ope ra t iona l  e f f i c i e n c y  of a i r c r a f t  systems, t h e  
focus i s  t o  s e l e c t i v e l y  boost  technology development which w i l l  p e r m i t  i nc reases  
i n  the  se rv ice  l i f e  and e f f i c i e n c i e s  of a i r c r a f t  subsystems. During FY 1976 
and the  t r a n s i t i o n  per iod ,  new t i r e  t r e a d  s tock  recapped on B-727 t i r e  ca rcas ses  
w i l l  be subjec ted  t o  i n - s e r v i c e  eva lua t ion .  Also, Shor t  Takeoff and Landing 
(STOL) a i r c r a f t  w i l l  be f i t : t ed  wi th  a r e sea rch  landing  gear  t o  permit  eva lua t ion  
of ope ra t ion  i n  extremely h igh  crosswinds.  F l i g h t  t e s t  instrument:ation needs 
f o r  advanced in-house f l i g h t  t e s t i n g  w i l l  be evaluated f o r  possib1.e new concep: 
development a c t i v i t y .  

Low-S-d Vehicle Aerodynamics 
and F l i g h t  Dynamics Research and Technology 

1975 -- 
Budget Current  T r a n s i t  i o n  

Per  iocl 
I 

1976 - E s  t i.ma t e E s t i m a t e  --- 1974 --- 
( I n  Thousands of Do l l a r s )  

$10,466 $11,600 $12 , 300 $12 , 500 $3,500 

OBJECTIVES AND STATUS ---- 

The o b j e c t i v e  of t h i s  program i s  t o  develop and demonstrate t h e  advanced 
technology requi red  f o r  improvements i n  t h e  i n t e g r a t e d  aerodynamic: p e r f o r -  
mance, no ise ,  s t a b i l i t y ,  c s n t r o l ,  handl ing q u a l i t i e s  and f l i g h t  dynamics of  
fou r  low-speed a i r c r a f t  c a t e g o r i e s ,  i.e. , genera l  a v i a t i o n ,  advanced r o t o r -  
c r a f t ,  advanced v e r t i c a l  ta.ke-off and landing  and powered- l i f t .  
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CHANGES FROM FY 1975  BUDGET ESTIMATE 

The funding f o r  t h i s  program was  increased  t o  enhance the  technol.ogy e f f o r t  
on upper-surface-blowing (USB) p r o p u l s i v e - l i f t  concepts  i n  response t o  t h e  
usage of USB on ongoing p r o j e c t s  such as t h e  A i r  Force Advanced Medium Shor t  
Take Off and Landing Transport  (AMST) and t h e  NASA Quie t  Shor t  Haul. Research 
A i r c r a f t  (QSRA) . 
BASIS OF FY --- 1976 AND TRANSI?.” PERIOD ESTIMATES 

During IY 1956 and the  t r a n s i t i o n  per iod ,  t h e  e f f o r t  i n  genera l  a v i a t i o n  
w i l l  conti.nue t:o be concent ra ted  on the  gene ra t ion  of r e l i a b l e  des ign  d a t a  
f o r  s p i n  resist :ar. t  a i r c r a f t , ,  A f l i g h t  tes t  program w i l l  v e r i f y  t h e  r e s u l t s  
of s p i n  tunnel. and r a d i o  c o n t r o l l e d  model tes ts  and the  e f f e c t i v e n e s s  of a 
rocke t  s p i n  recoirery system, A.erodynamic performance s t u d i e s  w i l l  concent ra te  
on the  f l i g h t  t:est v e r i f i c a t i o n .  of improved low speed a i r f o i l  sect- ions and 
development of  techniques f o r  reducing drag  p e n a l t i e s  a s soc ia t ed  wi th  engine 
cool ing.  F l i g h t  and handl ing q u a l i t i e s  e f f o r t s  w i l l  emphasize tecliniques f o r  
more precLse lil. i g h t  pa th  c o n t r o l  du r ing  approach and landing.  

I n  t h e  advanced r o t o r c r a f t  program, i n  FY 1976 and t h e  t r a n s i t i o n  per iod,  
a new r o t o r  test appara tus  and laser Doppler ve loc imeter  w i l l  be used i n  the  
40-by 80-Eoot wind tunnel  t o  i n v e s t i g a t e  va r ious  r o t o r  systems f o r  reduced 
noise ,  reduced v i b r a t i o n ,  and improved aerodynamic e f f i c i e n c y .  An o s c i l l a t i n g  
p i t c h  r i g  and A genera l ized  r o t o r  a e r o e l a s t i c  model w i l l  be  u t i l i z e d  i n  t h e  
t ransonic  dyniiini~s tunnel  f o r  i n v e s t i g a t i o n  of r o t o r  unsteady aerodynamic 
e f f e c t s .  Resesrch on advanced t i l t - r o t o r  v e h i c l e s  w i l l  i nc lude  s tudy  of feed-  
back c o n t r o l  systems, methods of gus t  suppression,  and handl ing  q u a l i t i e s  
requirements.  HI3licopter f l i g h t  t es t s  w i l l  be  c a r r i e d  ou t  u s ing  a r b i t r a r i l y  
shaped f l i g h t - p a t h s  f o r  i n v e s t i g a t i o n  of te rmina l  area ope ra t ing  procedures,  
p i l o t i n g  techniqJes  and handl ing q u a l i t i e s  and d i s p l a y  requirements .  
dynamic c h a r a c t e r i s t i c s  of  l a r g e  h e l i c o p t e r  t r a n s p o r t s  which adverse ly  a f f e c t  
t he  passengers  and the  community w i l l  a l s o  be i n v e s t i g a t e d  i n  f l i g h t .  

The 

During FY 1976 and t h e  t r a n s i t i o n  per iod ,  t he  advanced V e r t i c a l  Takeoff and 
Landing (VTOL) a i r c r a f t  program w i l l  concen t r a t e  on l i f t / c r u i s e  f a n  a i r c r a f t  
technology, wi th  primary emphasis on t h e  technology r e l a t e d  t o  small l i f t /  
c r u i s e  f a n  v e h i c l e s  t h a t  have good p o t e n t i a l  f o r  both m i l i t a r y  and c i v i l  
u t i l i t y  missicns.  Small arid l a r g e  scale wind tunnel  tests, c o n t r o l  system 
ana lyses  and t e s t s ,  l a r g e  scale th rus t -vec to r ing  tests, and s imula t ion  exper-  
iments w i l l  be  performed. Other e f f o r t s  w i l l  inc lude  s tudy  of jet: i n t e r a c t i o n s  
and explora tory  r e sea rch  011 promising VTOL f i g h t e r - t y p e  veh ic l e s .  

I n  t h e  area. of powered-l i f t  a i r c r a f t  technology, i n  FY 1976 and the  t r a n s i t i o n  
per iod ,  research on advanced upper -sur face  blowing (USB) concepts employing 
a t tached  flow over  the  wing t o  ach ieve  h igh  l i f t  w i l l  be  emphasized. Large 
scale wind tunnel tests w i l l  provide aerodynamic d a t a ,  and s t a t i c  t es t s  w i l l  
provide aerodynamic turn ing ,  a c o u s t i c s ,  and loads information.  T h e  c r u i s e  
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performance of advanced USB conf!i-gurations w i l l  a l s o  be i n v e s t i g a t e d  i n  the  16- 
foo t  t ransonic  wind tunnel .  Study of advanced augmentor-wing concepts , includ - 
ing  l a r g e  scale tests of a n  improved nozz le  and an a c o u s t i c a l l y  t r e a t e d  aug- 
mentor w i l ' l  be c a r r i e d  out .  A c:ombined a n a l y t i c a l ,  s imu la t ion  and f Pigh t 
research  progrmn 10 provide d a t a  f o r  r e v i s i o n  and ex tens ion  of e x i s t i n g  hand- 
l i n g  q u a l i t i e s  c r i t e r i a  f o r  powered- l i f t  Shor t  Takeoff and Landing (STOI,) a i r -  
c r a f t  w i l l  cont inue .  

High - S E ' d  Ve  h i c 1 e Aerodynamic s 
and F l i g h t  - -  Y E a m i c s  Research and Technology 

1975 ----- 
Budget Current 

E s t  ? m a t  e Estimate 1976 --- 1974 
(In Thousands of Do l l a r s )  

$7,932 $9, !!(IO $8 , 900 $8 ,830  

OBJECTIVES ANTI STATUS ___-__-- 
The h igh  spscd aerodynamil-s program i s  d i r e c t e d  toward 

i n  des ign  and prc:cli.ction techniques f o r  economy, s a f e t y ,  
a i r c r a f t  and s i iper i .or i ty  i n  m i l i t a r y  a i r c r a f t .  

T r a n s i t i o n  
Period - -. 

$2 , 500 

genera t ing  advancements 
and reli 'a .2i . l i ty i n  c ivi l .  

CHANGES FROM IT[ 1-975 BUDGET --- ESTIMATE 
_I_---- 

The funding :hange r e f l e c t s  (1) t h e  d e f e r r a l  of s tudy and experimenta.1 
e f f o r t s  01 a c t i v e  coo l ing  s y s t e m s  f o r  hypersonic  a i r c r a f t  u n t i l  the hypel-sonic 
v e h i c l e  progran ciin be b e t t e r  def ined  with t h e  A i r  Force, and ( 2 )  c o s t  savings 
r e a l i z e d  by the  juccess fu l  completion of t he  F-15 RPRV s t a l l / s p i n  program ahead 
of schedule.  

BASIS OF FI' 1976 A:YD TMNS131IOY PERIOD ESTIMATES 
----I 

During FY 1976 and the  t r a n s i t i o n  per iod i n  the  area of medium a~imd long  
haul  cruise  a i r c r a f t  aerodjwamics, des ign  informat ion  w i l l  be provided through 
eva lua t ions  of promising concepts  on t r a n s p o r t  conf igu ra t ions .  Ncimeroiis c o n -  
cep t s  such as compliant sk in ,  oblique-wing, s u p e r c r i t i c a l  wing, and. wingle t s  
w i l l .  be Farart t r i c a l l y  eval-uated f o r  e x p l o i t a t i o n  on f u t u r e  c r u i s e  a i x r a f  t 
such as a. fuel .  conserva t ive  t r a n s p o r t .  Evaluat ion of t h e  obl ique  Inling con- 
cept: through f ' a c i l i t y  test:;, s imula t ion ,  and parametr ic  s t u d i e s  tlirough sp r ing  
1975 w i l l .  'Lea.c! tal a l a r g e  ((350 pound) r ad iocon t ro l l ed  remotely pi.Loted f l i g h t  
t e s t  by E : U I ~ ~ E : I -  1.975. I f  t h e  s t u d i e s  and e a r l y  f l i g h t  r e s u l t s  sub.; tantiat:e 
t h e  promise c 1 5  t:hc ob.Lique w i r g  concept ,  t ransonic  f l i g h t  t e s t s  wil.1 3e prcr-. 
grammed f o r  i t  mcidtfied Firtibee T I  veh ic l e .  



In t h e  area of new aerodynamic technology f o r  increased  combat e f f e c t i v e n e s s  
of  f i g h t e r s  and missiles, i n  I’Y 1976 and t h e  t r a n s i t i o n  per iod ,  numerous 
concepts  w i l l  be appl ied  t o  improve e f f i c i e n c y  in terms of  increased  range,  
maneuverabi l i ty ,  and c o n t r o l l a b i l i t y .  The vec to r ing  i n  forward f l i g h t  (VIFF) 
maneuvering technique, proven on K e s t r e l  a i rcraf t ,  w i l l  be  eva lua ted  on the  
improved Harrier Drop t e s t s  u t i l i z i n g  t h e  3 /8 - sca l e  F-15 Remotely P i l o t e d  
Research Vehicle (RPRV) t o  s u c c e s s f u l l y  and s a f e l y  s u b s t a n t i a t e  t h e  s t a l l ,  
s p i n  and recovery p r e d i c t i o n s  of t h e  s p i n  tunne l  w i l l  be  completed by mid- 
CY 1975. 
be explored f o r  f u r t h e r  s u b s t a n t i a t i o n  of p r e d i c t i v e  techniques.  The ae ro -  
dynamic in f luences  of i n s t a l l e d  propuls ion  systems on f i g h t e r  and o t h e r  h igh  
speed a i r c r a f t  w i l l  be  i n v e s t i g a t e d  and promising b e n e f i c i a l  i n t e r a c t i o n s  
w i l l  be  pursued f o r  advanced conf igu ra t ions .  

Opportunity t o  compare RPRV r e s u l t s  w i t h  F-15 a i r c r a f t  r e s u l t s  w i l l  

During FY 1976 and the  t r a n s i t i o n  per iod ,  i n  t h e  area of hypersonic  ae ro -  
dynamics, r e p r e s e n t a t i v e  conf igu ra t ions  w i l l  be  s tud ied  and t e s t e d  t o  e s t a b l i s h  
a technology base t o  extend p r e d i c t i v e  techniques t o  f u t u r e  a p p l i c a t i o n s .  

I n  the  area of Department o f  Defense (DOD) a s s i s t a n c e ,  i n  FY 1976 and t h e  
t r a n s i t i o n  per iod,  experimental ,  c o n s u l t a t i v e  and o t h e r  t echn ica l  a s s i s t a n c e  
w i l l  con.tinue on major development programs such as B-1, F-14, F-15, ACF, 
and o t h e r s  a s  i d e n t i f i e d  hy DOD i n  f u t u r e  r eques t s .  

Aeronaut ical  Man -Vehic l e  Technology 

1975 -- 
Budget Current  T r a n s i t i o n  - 

Estimate E s t i m a t e  1976 Period 
_.-- 

1974 --. 
( I n  Thousands of Do l l a r s )  

S3,675 $4,800 $4,800 $5,030 $1,400 

OBJECTIVES AID STATUS --- 

The aeronaruti cal  man-vehicle technology program provides  a research  and 
technology kisise f o r  providing s o l u t i o n s  t o  t h e  human problems impeding t h e  
growth and s a f e t y  of  a i r  t r a n s p o r t a t i o n .  Major f o c i  are t o  understand t h e  
r e l a t i o n s h i p s  between aircraft  n o i s e  and human response and t o  enhance t h e  
s a f e t y ,  economqr, and e f f e c t i v e n e s s  of new a i r  t r a n s p o r t a t i o n  systems through 
development of automated f l i g h t  management cockp i t  technology. 

BASIS 0 1 7  FY L976 AND TRANSITT.ON - PERIOD ESTIMATES ----- 

I n  t h e  area ofi a i r c r a f t  noi.se, a m u l t i d i s c i p l i n e d  group of s c i e n t i s t s  are 
developing I.;tboratory m e a s u r e s  and s u b j e c t i v e  response scales KO d e f i n e  
ind iv idua l  rc:sponse t o  a i r c ra i f t  no ise .  In a d d i t i o n ,  f i e l d  r e sea rch  i s  being 



conducted t o  I-o:incide wi th  developed l a b o r a t o r y  hypotheses so t h a t  t r a n s f e r  
function:;  and a'tgorithms can be developed. I n  FY 1976 and t h e  t r a n s i t i o n  
per iod ,  prel-iiniiiary s t u d i e s  wi-11 be concerned wi th  number of f l i g h t s ,  a i r -  
c r a f t  mix, t i n e  of day, d i r e c t i o n a l i t y ,  l anding  ve r sus  t akeof f ,  a c t i v i t y  
d i s r u p t i o n  and background noise .  

Human responsa t o  i n t e r i o r  no ise ,  a i r c r a f t  v i b r a t i o n ,  motion and o t h e r  
f a c t o r s  shaping a t t i t u d e s  towards t h e  Nat iona l  A i r  Transpor ta t ion  System, 
i.e., t echnologica l  advancemerits (Vertical Takeoff and Landing, Shor t  
Takeoff and Landing and supersonic  c r u i s e  a i r c r a f t )  are being ara lyzed  f r o m  t h e  
s tandpoin t  of passenger  acceptance and r i d e  q u a l i t y .  
being used t o  form a s c i e n t i f i c  in format ion  system of s u b j e c t i v e  response t o  
s p e c i f i c  veh ic l e  r i d e  c h a r a c t e r i s t i c s .  I n  FY 1976 and t h e  t r a n s i t i o n  per iod ,  
contours  of equal  comfort w i l l  be  developed a long  w i t h  s t u d i e s  t o  i n t e r p r e t  
e f f e c t s  of combined no i se  and v i b r a t i o n ,  frequency masking, s e n s i t i v i t y  t o  
arid discomfort  from vibrat . ion,  and multimodal t r a n s p o r t a t i o n  systems. 

Resu l t ing  d a t a  are  

I n  the area. of f l i g h t  management, a r e sea rch  program i s  being pursued t o  
address  the  growth impl ica t ions  of c i v i l  a v i a t i o n  i n  t h e  1980-1990 per iod  
of automated f l i g h t  systems. 
space  opera t ing  requirements i s  mani fes t  i n  t h e  concept ion and cont inued 
in t roduct ion .  of n.ew c o n t r o l  and d i s p l a y  systems i n t o  t h e  ae ronauc ica l  world. 
Such systems tend t o  compl!icate and/or i n c r e a s e  crew workload. 'CO r eap  the 
benef i t s ;  of t:he new systems and technologies  the  t o t a l  cockpi t  system must 
be compl.ete1.y Lnderstood. I n  FY 1976 and t h e  t r a n s i t i o n  per iod ,  t he  human 
f a c t o r s  engi.neeri.ng techniques and methodologies w i l l  be  used t o  develop t h e  
requi red  c0c:I:pj.t: con f igu ra t ion  f o r  t h e  1980's and demonstrate  t h  s a f e t y ,  
economy, and e f f e c t i v e n e s s  of computer-based, automated cockpi t  systems. 

An t i c ipa t ion  of cont inued complexity of  t h e  a i r -  

I n  t h e  a rea  of s imula t ion  technology, a mul t i f ace t ed  program i s  underway 
t o  deteimine s imula t ion  f i de l . i t y  requirements ,  and t o  develop and v a l i d a t e  
methods of e f f t x t i v e l y  s imula t ing  t h e  f u l l  range of a e r o n a u t i c a l  t a s k s  p e r -  
formed i n  t he  cockpi t .  I n  FY 1976 and t h e  t r a n s i t i o n  per iod,  s t u d i e s  w i l l  
cont inue  i n  :he a r e a  of v i s u a l  d i s p l a y  requirements ,  techniques f o r  us ing  
c o l o r  d i g i t a l  :Systems, motion cue requirements  and t h e  i n v e s t i g a t i o n  of 
methods of mzasuring p i l o t  performance i n  s imulat ion/  f l i g h t  environments. 

Sys terns S tud ie s  

1975 -- 
Budget Current  T r a n s i t i o n  

Period -- E s t  h a t e  E s  t i m a  t e 197 6 --- 1 ' 3  74 -- 
( I n  Thousands of Do l l a r s )  

$3,100 s 3  ,300 . $3,000 $3 000 $700 
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OBJECTIVE AND !X”‘CUS -_--- 

The o v e r a l l  program o b j e c t i v e  of a e r o n a u t i c a l  systems s t u d i e s  i s  t o  d e t e r -  
mine t h e  technology requirements ,  c o s t s ,  b e n e f i t s  and impacts o f  advanced 
c i v i l  and i n i l i t s r y  a e r o n a u t i c a l  systems based on mission,  systems and concep- 
t u a l  s t u d i e s .  4d\ranced a e r o n a u t i c a l  concepts are i d e n t i f i e d ,  analyzed and 
evaluated.  

CHANGES FROM FY 1975 BUDGET ESTIMATE --- 

The System Studies  program presented  i n  t h i s  budget has  been rest : ructured 
from t h e  program appearing i.n last  y e a r ’ s  budget under t h e  same t i t l e .  
of t h e  s t u d i e s  j u s t i f i e d  h e r e  las t  y e a r  are now p a r t  of t h e  Systems Technology 
Programs j u s t i f i c a t i o n  m a t e r i a l .  For comparison purposes,  t h i s  change has  a l s o  
been shown i n  t h e  FY 1974 arid FY 1975 Budget E s t i m a t e  columns. 

Many 

BASIS OF FY --- 1956 AND TRANSITION - PERIOD ESTIMATES 

I n  the  E’Y 1956 and t h e  t r a n s i t i o n  per iod,  c i v i l  a i r  t r a n s p o r t a t i o n  systems 
s t u d i e s  w i l l  b s  conducted t o  i d e n t i f y  technology requirements ,  eva.Luate con- 
c e p t s  and t r a d e o f f s ,  and c l a r i f y  Nat ional  needs i n  support  of improved near -  
term and f u t u r e  c i v i l  a i r  t r a n s p o r t a t i o n  systems, inc luding  both commercial 
and genera.1 a v i a t  ion .  

S tudies  w i l l .  a l s o  be conducted dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod t o  
i d e n t i f y  t:echnology requirements and eva lua te  concepts  and t radeof  f s  i n  
support  of fut:ure m i l i t a r y  a v i a t i o n  systems, coord ina t ing  c l o s e l y  wi th  the  
Department: of Ilefense i n  t h e i r  i d e n t i f i c a t i o n  of f u t u r e  m i l i t a r y  needs and 
m i s s  ions .  

With respect: t o  both c i v i l  arid m i l i t a r y  a p p l i c a t i o n s ,  s t u d i e s  w i l l  be con- 
ducted, dur ing  F’I 1976 and the  t r a n s i t i o n  per iod ,  t o  i d e n t i f y  and evalu.ate 
promising appi:oaches f o r  reducing the  fue l /energy  consumption of future.  
a v i a t i o n  systems ,, 

Systems anal:p:is methods f o r  program assessment w i l l  cont inue  t o  be developed 
and implemented iis r o u t i n e  elements of t h e  budget formulat ion process .  I n  
add i t ion ,  s t u d i e s  examining a l t e r n a t i v e s  f o r  f u t u r e  overal l  program d i r e c t i o n  
w i l l  be executed dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod.  
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Systems Technology Programs 

1975 
Budget Current  T r a n s i t i o n  

Period __ 1974 E s t i m a t e  Estimate 1976 - 
( I n  thousands ) 

Materials and , ; t ruc tures  

Propuls ion sys  te rns  

Avionics :;ys t e i n s  

A i r c r a f t  ope ra t ing  systems 

A e r  odynam i c vi3 iic: 1 e 

Advanced c i v i  L A i r c r a f t  

Man-vehicle systems 

M i l i t a r y  sirc raf t 

sys  t e m s  t echnoI ogy ....... 
technology. ............... 
technology. .............. 

technology ................ 
systems techno Logy.. ..... 
systems techno logy. ...... 
technology. .............. 
systems techno Logy.. ..... 

$lI,OOO 

-..- 

I ,  220 

14,975 

860 

7 146 

--- 
' I ,  150 

$3,400 $3,400 $8,100 

500 500 2,500 

4,100 4,100 6,000 

12  , 250 12,250 11,900 

3,350 3,350 4,6.50 

7,300 7,300 12,500 

--- - -- 2 00 

800 800 700 

$4,400 

1 , 200 

2 ,  OOCl 

2 ,600  

1,200 

4,300 

100 

--- 
Total.........,........ 215 .351  $31.700 $31.700 $46.550 $15. 80Q -- 

- M a t e r i a l s  a n s t r u c t u r e s  Systems Technology 

1975 -- 
Budget Current Trans i ti on 
-- E s  t i m a t  (3 E s t i m a t e  - 1976 Period -_ 1974 -___ 

( In  Thousands of Do l l a r s )  

$1 ,00 0 $3,400 $3,400 $8,100 $4,400 

OBJECTIVE AND STATUS ---- 
The o b j e c t i v e  (of t h i s  e f f o r t  i s  t o  a c c e l e r a t e  t h e  t r a n s f e r  of advanced 

materials and s t r u c t u r e s  technologies  t o  a p p l i c a t i o n  i n  des ign  of a i r f rame 
s t r u c t u r e s  and e ig ines .  Accomplishment of t h e  o b j e c t i v e  involves  development 
of  pro to type  components f o r  l abora to ry  t e s t i n g  and long t e r m  ope ra t iona l  
s e r v i c e  eva lua t ion ,  and, w h e r e  necessary,  development of more e f f ic ien t :  
a n a l y s i s  and des ign  techniques.  
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CHANGES FROM F Y  1975 BUDGET ES'TIMATE --- 

The Mate r i a l s  and S t ruc tu res  Systems Technology program i s  a new budget s t r u c -  
t u r e  category.  The resources  shown i n  FY 1975 re f lec t  t h e  Composite Primary 
S t r u c t u r e s  program, t h e  I n t e g r a t e d  Programs f o r  Aerospace Vehicle Design e f f o r t  
and the  bfateri.als f o r  Advanced Turbine Engines program. I n  FY 19'74 t h i s  
category cons is ted  of t h e  Composite S t r u c t u r e s  F l i g h t  Experiments program. 
For comparative purposes t h t s  change has  been shown i n  both the  FY 1974 and 
the  FY 1975 Budget Estimate column. 

BASIS OF --- FY 7.970 AND TRANSITION - PERIOD ESTIK4TES 

The Corposii-e Primary S t r u c t u r e s  program w a s  i n i t i a t e d  i n  FY 1975 t o  demon- 
s t r a t e  a 25 .- 30 percent  weight sav ing  through t h e  a p p l i c a t i o n  of composite 
materials i n  primary s t r u c t u r a l  components of commercial t r a n s p o r t  a i r c r a f t ,  
and t o  e s t a b l i s h  confidence i n  t h e  economy, d u r a b i l i t y ,  and m a i n t a i n a b i l i t y  
of  composites through a c t u a l  f l i g h t  s e r v i c e .  This  e f f o r t  w i l l  be conducted 
through c o n t r a c t s  wi th  manufacturers  of commercial a i r l i n e r s .  It w i l l  i nc lude  
des ign  and minu:facture of a tail and wing component. The c o n t r a c t  f o r  t h e  
t a i l  component is being i n i t i a t e d  dur ing  FY 1975. 
be i n i t i a t e d  e a r l y  i n  FY 1976., Each c o n t r a c t  w i l l  i nc lude  engineer ing  devel -  
opment, (design, t es t ,  Federa l  Avia t ion  Agency (FAA) c e r t i f i c a t i o n . ,  and i n s  tallla-. 
t i o n  on a scheduled a i r l i n e  a i r c r a f t  t o  r e p l a c e  a s tandard  metal component. 
This  w i l l  be  aczomplished i n  about  5 yea r s  followed by a 5-year  f l i g h t  s e r v i c e  
eva lua t ion  d J r i n g  which each component i s  expected t o  accrue  approximately 
15,000 hours  of f l i g h t  service. 

The wing development w i l l  

The I n t e g r a t e d  Programs f o r  Aerospace Vehicle Design (IPAD) w a s  i n i t i a t e d  
i n  FY 1975 t o  provide a computer sof tware  system t h a t  w i l l  s i g n i f i c a n t l y  a i d  
t h e  v e h i c l e  des ign  process, by automating and i n t e g r a t i n g  many of t h e  time- 
consuming func t ions  now requ i r ed  of  t h e  des ign  s t a f f .  Prel iminary s t u d i e s  
have e s t a b l i s h e d  t h e  f e a s i . b i l i t y  of  t h e  system and have ind ica t ed  t h a t  sav- 
ings  i n  des ign  cyc le  t i m e  and c o s t  of 50 pe rcen t  could be achieved. 'The 
system development w i l l  provide: (1) an  execut ive  program t o  i n t e r f a c e  wi th  
t h e  user  and c o n t r o l  t he  rest of t h e  system; (2)  u t i l i t i e s  programs which 
provide computer language t r a n s l a t i o n ,  r e p o r t  w r i t i n g ,  c o n t r o l  oE i n t e r a c t i v e  
graphics ,  etc:.; and ( 3 )  a d a t a  base  manager program t o  c o n t r o l  t h e  huge c a t a l o g  
of  technica l  da.ta requi red  f o r  v e h i c l e  design.  The FY 1976 and t r a n s i t i o n  
per iod e f for t :  w i l l  cont inue  a c t i v i t i e s  on these  elements l ead ing  t o  completing 
a n  o p e r a t i o n a l  system by FY 1980. 

The Mater ia la  f o r  Advanced Turbine Engines (MATE) program i s  aimed a t  d e t e r -  
mining t h e  potent. ia1 of  new high  technology materials f o r  u se  i n  advanced 
a i r c ra f t :  t u r b i n e  engines.  The p o t e n t i a l  w i l l  be  demonstrated by, accumulating 
engineer ing proper ty  d a t a ,  and performance t e s t i n g  i n  r i g s  and i n  ground t e s t  
engines.  This  r ap id  accuinulation of engine experience w i l l  a l low acce lera ted ,  
r e a l i z a t i o n  of an a d d i t i o n a l  5 percentage  p o i n t s  of r e t u r n  on investment when 
the  matr3ria:l:; are used i n  advanced commercial a i r c r a f t .  This  e f f o r t  i s  being 
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i n i t i a t e d  i n  FY 1-975 wi th  t h e  f i r s t  material  probably being an  advanced super-  
a l l o y  b l ade  m a : e r i a l  having a 75 degree Farenhei t  i n c r e a s e  i n  temperature  cap- 
a b i l i t y  
a powder ~ n e t a l l u r g y  d i s k  a l l o y  wi th  p o t e n t i a l  o f  having t h r e e  t i m e s  longer  l i f e  
than cast  o r  forged d i s k s ,  and a 40 percent  r educ t ion  i n  manufacturing cos t .  

'Cn F'I 1976 t h e  sec,ond material w i l l  be s e l e c t e d  and w i l l  probably be 

A new a c t i v i t y ,  t he  Aeroe1ast:icity of Turbofan Engines Program i s  bei.ng i n i -  
t i a t e d  t o  imp-rwe c a p a b i l i t y  f o r  understanding and avoid ing  a e r o e l a s t i c  i n s t a -  
b i l i t y  i n  t u r b i n e  engine fan  b lades .  This  i s  a j o i n t  r e sea rch  e f f o r t  w i t h  t h e  
Aero Propuls ion .Laboratory of t h e  United S t a t e s  A i r  Force. I n  FY 1976 and the  
t r a n s i t i o n  per iod ,  t he  NASA e f  Eort w i l l  involve  i n i t i a t i o n  o f  f an  f l u t t e r  test:;, 
a n a l y t i c a l  and experimental  s t u d i e s  of  a e r o e l a s t i c  f a c t o r s ,  and research  on 
aero-mechanical coupling. The j o i n t  a c t i v i t y  i s  aimed a t  provid ing  advanced 
des ign  and tes t  methods f o r  coping wi th  i n c r e a s i n g l y  c r i t i c a l  engine a e r o e l a s -  
t i c i t y  problems b y  FY 1979. 

The F i r e -Res i s t an t  Materials Engineering Program w i l l  be  aimed a t  t h e  deve l -  
opment of f i r e - r e s i s t a n t ,  low t o x i c i t y  materials f o r  use  i n  a i r c r a f t  i n t e r i o r s ,  
windows, and i n s u l a t i o n  for. fuse lages ,  f u e l  l i n e s ,  and engine n a c e l l e s .  I n  
FY 1976 and tke  t r a n s i t i o n  per iod work w i l l  begin on t h e  syn thes i s  and develop-lent 
of polymeric i n t e r i o r  materials, high impact windows, and i n s u l a t i o n s  based 
on char  f0rmir.g mechanisms, Work w i l l  be done t o  improve t h e  f i r e  s a f e t y  o f  
f u e l  l i n e s  ani  engines.  Basic polymer rheology understanding w i l l  be app l i ed  
t o  developing, an t i -mis t ing  f u e l s .  An e f f o r t  w i l l  be made t o  modiFy e x i s t i n g  
ma te r i a l s  t o  improve f i r e  r e s i s t a n c e  and a 737 fuse l age  w i l l  provide t h e  t es t  
bed f o r  systenis t e s t i n g .  This i s  a three-year  program wi th  t h e  a i m  of  pro-  
v id ing  a f u l l  scale a i r c r a f t  systems tes t  i n  FY 1978. 

Propuls ion Systems Technology 

1974 --- 

OBJECTIV-E AND STATUS 
---I_. 

1975 -- 
Budget Current  Trans i t  ion  

Estimate E s  t i m a  t e 1976 Period - --- 
( In  Thousands of  Do l l a r s )  

$500 $500 $2 , 500 $1,200 

The a e ronau t i ~caI propu 1 s ion  s y s t e m s  techno logy pro  grams w i  11 demons t:ra t e 
advancemxts  i n  technology through system des ign  and t e s t  of subassemblies - 
incorpora t in ,3  rl2sults of advanced component research .  Improved engine devel -  
opment, enviromnental e f f e c t s  o r  a combination of  t hese  parameters  a r e  the  
c r i t e r i a  gov2rning systems technology programs. 
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CHANGES FROM FY 1975 BUDGET ESTIMATE ----- -- 
The Propuls ion Systems Technology program i s  a new budget s t r u c t u r e  category.  

The resources  shown i n  FY 1975 r e f l e c t  t he  Advanced Mul t i s tage  Axial  Flow Com- 
p res so r  progran. 

BASIS OF FY 1976 AND TRANSIT' PERIOD ESTIMATES 

Compressors a r e  recognized t o  be t h e  pacing i t e m  i n  turbofan  engine develop- 
ment programs. It appears  p o s s i b l e  from t h e  r e s u l t s  of r e sea rch  undertaken by 
NASA t h a t  a s i r g l e  spool  a x i a l  f low compressor can  develop a p res su re  r a t i o  of 
20 t o  1 i n  as feh as 6 s t a g e s  compared t o  13 s t a g e s  i n  c u r r e n t  technology com- 
pressors .  Reductions of up t o  20 pe rcen t  i n  a i r c r a f t  g ross  weight wi th  s i g n i -  
f i c a n t  reducticms i n  f u e l  consumption and ope ra t ing  c o s t s  may be achieved as 
a r e s u l t  of t h j s  work. I n i t i a l  program a c t i v i t y  i n  t h e  Advanced Mul t i s tage  
Axial Flow Cornpressor program began i n  FY 1975 wi th  conceptual  des ign  s tudy 
c o n t r a c t s  awarcfec t o  two con t r ac to r s .  Completion of t h e  s tudy  c o n t r a c t s  w i l l  
occur e a r l y  i n  FE' 1976. On the  b a s i s  of t h e s e  s t u d i e s  a s i n g l e  c o i t r a c t o r  w i l l  
be s e l e c t e d  i n  FY' 1976 t o  dzsigri, f a b r i c a t e  and t e s t  t h e  experimental  compressor. 

The energy c:risFs i s  one Naf t h e  most fa r - reaching  problems b e s e t t i n g  the  
a i r l i n e  indust::cy., The NASA Advanced Energy Conservat ive Turbofan Systems 
Technology Pro:gr:rm inc ludes  many work elements r e l a t e d  t o  energy conserva-  
t i on .  I t  i s  e;t:imated t h a t  by inco rpora t ion  of appropr i a t e  advanced compo- 
nents  and subassemblies r e s u l t i n g  Erom NASA resea rch  i n t o  an advanced t:urbo- 
fan  engin'?, a:; much as  a 30 percent  r educ t ion  i n  c r u i s e  f u e l  consumption ma.:? 
be a t t a i n e d ,  campared t o  present  genera t ion  turbofan  engines.  S tud ie s  i n i t i a -  
ted dur ing  FY 19'7.5 a r e  exami.ning unconventional,  l o w  energy consmpt ion  engine 
concepts xhic!? m,sy inc lude  r egene ra to r s ,  i n t e r c o o l e r s ,  and v a r i a b l e  a r e a  t u r -  
bines .  These s t u d i e s  w i l l  be .extended i n  FY 1976 and the  t r a n s i t i o n  per iod 
t o  i d e n t i f y  s p e c i f i c  systents t'echnology experimental  i n v e s t i g a t i o r - s  of unique 
component and pro.p.Jlsion SL bassemblies.  One o r  more c o n t r a c t o r s  will lie com- 
p e t i t i v e l y  se lec te 'd  i n  FY 1.976 t o  conduct the  experimental  i n v e s t t g a t i o n s  of 
unique components and prop~il .sion subassemblies i d e n t i  f i e d  i n  the  extended 
s t u d i e s  . 

The e n l a r g i r  g f l e e t  of jei: powered genera l  a v i a t i o n  a i r p l a n e s  r equ i r e s  t h a t  
some a t t e n t i o r  be devoted to t h e  environmental  problems of no i se  and p o l l u t i o n  
due t o  tl-is segrrent of av ia r ion .  Previous NASA e f f o r t s  have demonstrated s i g n i -  
f i c a n t  no i se  :uppression and emFssion r educ t ion  technology on l a r g e  engines.  
However, a si  gni f i c a n t  por I: i o n  of t h e  NASA technology had been c oiiduc ted  wi t:h 
low noise  fans; a.nd c l ean  combustors of a s i z e  r e p r e s e n t a t i v e  of genera l  av ia -  
t i o n  turbofan engines .  
a 4-year  syst.c:ms xechnology program beginning i n  FY 1976, w i l l  demonstrate 
t he  low n o i s e  arid c l e a n  combusstor technology i n  a turbofan engine of less  
than  5,000 po11ncls of t h r u s t .  S tudies  have been i n i t i a t e d  dur ing  FY 1975 t o  
d e f i n e  the  systems technol3gy program t o  be followed by a c o n t r a c t  award i n  
FY 1976 tor eiigi.ne des ign  f a b r i c a t i o n  and t n c t ,  Program c o s t s  w i l l -  be kept  

Thz Q u i  e t ,  Clean General Avia t ion  Turbofa I program:, 

RD 8-25  



a t  a minimum by ex tens ive  use  of e x i s t i n g  engine component technology and by 
u s e  of e x i s t i n g  engine co res  r e q u i r i n g  no major modi f ica t ions ,  except f o r  those 
p a r t s  beari.ng d i r e c t l y  011 n o i s e  o r  emissions experiments. There i s  no i n t e n -  
t i o n  t o  c a r r y  t h e  engine int.0 a preprototype,  development o r  product ion pro-  
gram. Cost: sha r ing  w i l l  a l so  be explored t o  keep program c o s t s  a t  a minimum.. 

Avionics Svstems Technoloev 

1975 -- 
13ud ge t Current  T r  an:: i t i o n  

Period --- 1976 --- Estimate Est imate  - 1974 
( I n  Thousands of  Do l l a r s )  

$1,220 ;;4, 100 $4,100 $6 , 000 $2,000 

OBJECTIVES A N D  STATUS --- 

The av ion ic s  systems technology program a p p l i e s  t h e  fundamental knowledge 
gained i n  t h e  Research an.d Technology Base t o  develop and demonstrate the  
t e c h n i c a l  r ead iness  and encourage t h e  t r a n s f e r  of advanced systems t o . t h e  
a i r c r a f t  i ndus t ry  through experimental  t e s t i n g  and v e r i f i c a t i o n  in a r e a l i s t i c  
environaent  . 
CHANGES FROM F'f 1975 BUDGET - ESTIMATE --- 

The Avionics Systems Technology program i s  a new budget s t r u c t u r e  category.  
The resources  :;hOwn i n  FY 1975 r e f l e c t  t h e  Fly-By-Wire F l i g h t  Experiment pro-  
gram, the  General Aviat ion Low Cost Avionics program and t h e  Act ive  Control 
A i r c r a f t  Fli3hi: Experiment program. I n  FY 1974, t h e  resources  r e f l e c t  t h e  
Fly -By -Wire F1 igh  t Experiment: p ro  gram. 

BASIS 017 FY L9?6 AND TRANSITION - PERIOD ESTIMATES 
---I 

The F:Ly-By -Wire program w i l l  provide a n  a l l  e l e c t r o n i c ,  redundant a i r c r a f t  
f l i g h t  c o n t r o l  system t o  b e  used f o r  a f e a s i b i l i t y  demonstrat ion,  and t o  
eva lua te  shui:tl.~! sof tware  concepts and advanced t r a n s p o r t  c o n t r o l  l a w s  i n  a 
r e p r e s e n t a t i v e  environment. The p r i n c i p a l  emphasis i s  on reduce13 weight and 
f u e l  corisumption, and on improved performance and o p e r a t i o n a l  f l e x i b i l i t y .  
The f i n a l  des ign  review oE t h e  t r i p l e x ,  f u l l y  redundant,  a l l  d i g i t a l  Fly-By- 
Wire system i s  scheduled €or  Nay 1975 wi th  t h e  f i r s t  f l i g h t  scheduled for 
FY 197 6 ,  

The Genera.]. Avia t ion  Advanced Avionics program, aimed a t  providing a t o t a l l y  
integrat :ed a.clvanced, low cost av ion ic s  system t o  enhance the  s a f e t y ,  r e l i a b i l -  
i t y ,  and u t i l i t y  of  f u t u r e  genera l  a v i a t i o n  a i r c r a f t  w i l l  be designed and 
demonstrated. Data from 7-ni ta l  des ign  s t u d i e s ,  scheduled f o r  completion i.n 
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FY 1976, w i l l  3e used t o  d e f i n e  candida te  conf igu ra t ions  and t o  d e l i n e a t e  sub- 
system r e q u i r i ~ n e n t s .  
a l s o  be  der ived  dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod.  C r i t i c a l  av ion ic s  
components f o r  t hese  subsystems w i l l  then be developed and eva lua ted  dur ing  
r e p r e s e n t a t i v e  f l i g h t  tes ts  t o  ensure  t h e i r  f e a s i b i l i t y  and performance. 

Prel iminary system s p e c i f i c a t i o n s  and requirements  w i l l  

Under t h e  Act ive Control  A i r c r a f t  program, s t u d i e s  on t h e  conce r t s  of reduced 
s t a t i c  s t a b i l i t y  and gus t  and maneuver load a l l e v i a t i o n  f o r  a c t i v e  c o n t r o l  w i l ? l  
be completed during FY 1976 f o r  i nco rpora t ion  i n t o  a n  Act ive  Control  Analysis  
Computer Program. A c o n t r a c t  f o r  t he  i n t e g r a t e d  des ign  of  a long haul  subsonic 
t r a n s p o r t  us ing  these  concepts w i l l  a l s o  be completed i n  FY 1976. 'The r e s u l t a n t  
a c t i v e  c o n t r o l  a i r c r a f t  con f igu ra t ion  w i l l  then be extended t o  inc lude  f l u t t e r  
suppression and w i l l  be f l i g h t  t e s t e d  on a s p e c i a l  research  v e h i c l e  dur ing  
FY 1980 and 1981. Concurrently,  an  a c t i v e  c o n t r o l  system s t r e s s i n g  r i d e  
q u a l i t y  improvement w i l l  be developed and f l i g h t  t e s t e d  on a short: haul  'Twin 
Ot t e r  a i r c r a f t  dur ing  FY 1976, t he  t r a n s i t i o n  per iod  and FY 1977. An expanded 
ve r s ion  of t h i s  system, inc luding  a d d i t i o n a l  act ive c o n t r o l  concepts such as  
gus t  and maneLver load cont:rol, and f l i g h t  pa th  c o n t r o l ,  w i l l  be designed and 
evaluated by IY 1978. 

A i r c r a f t O p e r a t i n g  - -  Systems Technology 

1975 --- 
Budget Current  T rans i  ti.on 

Period ---- E s  kima.te E s t i m a t e  1976 ---- 1974 --_ 
( In  Thousands of Do l l a r s )  

!;.L4:,975 $12,2Ei0 $12 , 250 $11,900 $2,630 

OBJECTIVES ANI) !;TATUS ------ 
This  program w i l l  provide proven system concepts ,  technology, o p e r a t i o n a l  

f l i g h t  procet l i res  and techniques on which l o g i c a l  dec i s ions  can be basset[ f o r  
improveml2nts i n  a i rbo rne  s y s t e m s  (av ionics  and a i r  v e h i c l e )  which wil l .  s o l v e  
the  i n t e r f a c e  problems between t h e  a i r c r a f t  and i t s  ope ra t ing  environment. 
It concent ra tes  (311 t h e  terminaL area performance c h a r a c t e r i s t i c s  o €  a i r c r a f t  
t o  i nc rease  (sir  t r a f f i c  s y s  t e r n  p r o d u c t i v i t y  w i t h i n  the  c o n s t r a i n t s  of s a f e t y ,  
passenger coinfort, p i l o t  wclrkluad, community no i se  and emissions,  and minimum 
t i m e  and f u e l  expendi tures .  

CHANGES FROM FY 1975 BUDGET --- ESTIMATE ----- 

The A i r c r a f t  Operating Systems Technology program i s  a new budE,et s t r u c t u r e  
category.  T h e  resources  shown i n  FY 1974 and FY 1975 r e f l e c t  t he  Operating 
Systems Experiments program p l u s  a p o r t i o n  of t h e  Systems S tud ie s  and Design 
Studies  programs. For coniparison purpose t h i s  change has a l s o  been shown i n  
t h e  FY 1974 and FY 1975 Budget E s t i m a t e  coluv-2. 
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BASIS OF FY 1976 AND TRANSITION - PERIOD ESTIMATES 

I n  System Technology Studies ,  FY 1976 and the  t r a n s i t i o n  per iod  e f f o r t s  w i l l  
inc lude  d e f i n i t i o n  and q u a n t i f i c a t i o n  of acceptance f a c t o r s  f o r  s h o r t  haul  a i r  
travelers; i n y e s t i g a t i o n  of area nav iga t ion  techniques f o r  f l y i n g  d i r e c t  terminal-- 
to - te rmina l  r c u t e s  a t  low a l t i t u d e s ;  e s t a b l i s h i n g  s m a l l  community u s e r  requi re - .  
ments f o r  microwave instrument  landing systems; and a n a l y s i s  of f l i g h t  d a t a  t o  
i d e n t i f y  poter . t i a1  accident: causing f a c t o r s .  

The Terminal Configured Vehicle Systems, r e sea rch  w i l l  cont inue  i n  FY 1976 
and t h e  t r a n s i t i o n  per iod  wi th  a small contemporary j e t  a i r c r a f t ,  t o  provide 
technology f o r  a s su r ing  conipatabi l i ty  and s a f e t y  of advanced convent ional  j e t  
t r anspor t  a i r c r a f t  i n  f u t u r e  high d e n s i t y  te rmina l  area environments. Experi-  
ments wi th  a c i g i t a l  au to land  system i n  combination wi th  a microwave i n s t r u -  
ment landing system w i l l  be  commenced i n  FY 1976. A f l i g h t  eva lua t ion  of 
curved, dece le ra t ing ,  and o t h e r  types of n o i s e  r educ t ion  f l i g h t  procedures  
w i l l  be completed i n  FY 1976. 

I n  the  Short: Takeoff and Landing (STOL) Operating Systems program, a r e l a t e d  
e f f o r t  i s  being conducted f o r  s h o r t  t akeoff  and landing  a i r c r a f t  under a j o i n t  
agreement: wit.11 the Federal  Avia t ion  Agency (FAA) t o  develop a d a t a  base  f o r  u se  
by indust:ry arid government i n  e s t a b l i s h i n g  systems c r i t e r i a  and ope ra t iona l  pro-  
cedures .  
wing j e t  STOI, research  a i r c r a f t  and a modified Twin O t t e r  equipped wi th  an  
advanced intE:gra.ted digita:L av ion ic s  systems wi th  s u f f i c i e n t  c a p a b i l i t y  and 
f l e x i b i l i t y  t:o i .nves t iga te  system conf igu ra t ions  and d e f i n e  methods by which 
STOL airc:raf t :  c8.n be opera ted  e f f e c t i v e l y  and s a f e l y  i n  a i r  t r a f f i c  environ- 
ments of t he  1.980-1990 t i m e  per iod .  

F l igh t .  experiments will be conducted i n  FY 1976 us ing  an augmentor 

I n  t h e  Vert: ical  Takeoff ,2nd Landing (VTOL) Operat ing Systems program, a 
technology base i s  being e s t a b l i s h e d  f o r  VTOL a i r c r a f t  which w i l l  provide the  
c a p a b i l i t y  t o  land and takeoff  w i th  optimized f u e l  consumption and s a f e t y  whi le  
a t  t he  same t::ime enabl ing  ope ra t ions  i n  f o u l  weather cond i t ions  from a wide 
v a r i e t y  of 1anidj.ng s i tes  F l i g h t  experiments wi th  h e l i c o p t e r s  w i l l .  cont inue  
i n  FY 1976 and t:he t r a n s i t i o n  per iod  and f l i g h t  r e sea rch  wi th  nonro tary  wing 
VTOL r e sea rch  a j . r c r a f t  i s  planned f o r  FY 1977. 

Aerodynamic: Vehicle Systems Technology 

$1360 

197 5 -- 
Budge t Current  T r a n s i t i o n  

E s  t i m a  t e E s t i m a t e  1976 Period - --- 
( I n  Thousands of Do l l a r s )  

$3,350 $3,350 $4,650 $1,200 
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OBJECTIVES AID STATUS --- 

This  program i s  focused p r i m a r i l y  on f l i g h t  eva lua t ion  and demonstrat ion of 
s e l e c t e d  aei:odynamic concepts  d i r e c t e d  a t  improving a i r c r a f t  performance, 
e f f i c i e n c y ,  s a f e t y ,  handl ing q u a l i t i e s ,  maneuverabi l i ty  and o t h e r  important 
a i r c r a f t  cha:caacteristics wh i l e  a t  the  same t i m e  s t r i v i n g  t o  improve overa-Ll 
opera t ions  i-11 regard t o  f a c t o r s  such as f u e l  consumption, community acceptance,  
and d i r e c t  ope ra t ing  cos t .  

CHANGES FROM FI! 1975 BUDGET ESTIMATE --- 
The Aerodyiainic Vehicle Systems Technology program i s  a new budget s t r u c t u r e  

category.  The resources  shown i n  FY 1975 r e f l e c t  t h e  Wake Vortex F l i g h t  Min- 
imiza t ion  F:L igh t  Research program, t h e  Rotor Systems f o r  Rotor Systems Research 
A i r c r a f t  p ropam,  and t h e  C - 8  Augmentor Wing F l i g h t  Experiment program. In 
N 1974, t h e  resources  r e f l e c t  t h e  C-8 Augmentor Wing F l i g h t  Experiment program 
and a po r t ion  of t h e  Design Studies  program. The C-8 program w i l l  be comp1et:ed 
i n  FY 1'375. 

BASIS FOR --- F Y  1'376 AND TRANSITION - PERIOD ESTIMATES 

To guide t h e  s e l e c t i o n  and d e f i n i t i o n  of aerodynamic concepts  f o r  focused 
l abora to ry  and f l i g h t  eva lua t ion ,  Systems Technology Studies  a r e  conducted t o  
provide i n t e g r a t e d  design assessments of promising concepts i n  a i r c r a f t  a p p l i -  
ca t ions .  These s t u d i e s  i n  FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  inc lude  pre-  
l iminary  design of an  advanced l i f t / c r u i s e  f a n  propuls ion  system and an  a s ses s -  
ment of t h e  r e l a t i v e  u t i l i t y  of l i f t  fan,  t i l t  r o t o r  and advanced h e l i c o p t e r  
a i r c r a f t  f o r  a range o f  c i v i l  missions.  

The Wake Vortex Minimization program w i l l  cont inue  i n  FY 1976 and the  t ran--  
s i t i o n  per iod t o  develop and demonstrate  aerodynamic methods t o  reduce the  
landing and takeoff  s epa ra t ion  d i s t a n c e  imposed by wake v o r t i c e s  generated 
by l a r g e  j e t  t r a n s p o r t s  cln t r a i l i n g  a i r c r a f t .  
3-5 m i l e s  s epa ra t ion  t o  2 m i l e s  i s  being sought without  s i g n i f i c a n t  detr imental  
e f f e c t s  on a i r c r a f t  performance. The r e s u l t s  of  ground f a c i l i t y  and prel im- 
i n a r y  f l i g h t  r e sea rch  i n  FY 1975 i n d i c a t e  t h a t  t h i s  goal  may be f e a s i b l e  by 
u t i l i z i n g  techniques f o r  changing wing l i f t  d i s t r i b u t i o n  through tai:Lored 
d e f l e c t i o n  o f  spanwise f l a p  segments, o r  a d d i t i o n  of tu rbulence  through a i r  
i n j e c t i o n ,  vor tex  genera tors  and t r a i l i n g  devices .  
t he  t r a n s i t i o n  per iod wil.1. be  focused on v a l i d a t i n g  ground-based r e s u l t s  and 
opt imizing a l l e v i a t i o n  techniques.  

A r educ t ion  from t h e  p re sen t  

The e f f o r t  i n  FY 1976 and 

I n  t h e  Rotor Systems f o r  Rotor Systems Research A i r c r a f t  (RSRA) program, 
improved r u t o r  a i r f o i l s  and b lade  t i p  shapes w i l l  be evaluated,  and compet i t ive  
c o n t r a c t u a l  predes ign  s t u d i e s  completed i n  FY 1976 t o  d e f i n e  an advanced aero /  
acous t i c  r o t o r  as a candida te  r e sea rch  r o t o r  system f o r  f u t u r e  eva lua t ion  on 
t h e  Rotor Sy 's tems Research A i r c r a f t  (RSRA) . Dynamic model test:; t o  i n v e s t i g a t e  
the  a e r o e l a s t i c  c h a r a c t e r i s t i c s ,  and c o n t r a c t u a l  system des ign  s t u d i e s  begun 
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i n  FY 1975 t c  d e f i n e  advanced variable-geometry and bea r ing le s s  composite s t r ix--  
t u r e  r o t o r s  f o r  eva lua t ion  w i l l  a l s o  be completed. Major c o n t r a c t u a l  e f f o r t s  
during F Y  1976 w i l l  i n i t i a t e  t h e  d e t a i l e d  design,  f a b r i c a t i o n  and ground test 
checkout o f  two f u l l  s c a l e  f l i g h t  t e s t  r o t o r  systems f o r  thorough eva lua t ion  
on t h e  RSRA. 
p o t e n t i a l  f o r  s i g n i f i c a n t l y  improved m i l i t a r y  and c i v i l  h e l i c o p t c r s  i n  t h e  
broad a r e a s  of performance, e f f i c i e n c y ,  n o i s e  and dynamics through i n t e g r a t e d  
systems technology development and f l i g h t  v a l i d a t i o n .  

This  r o t o r  systems research  a c t i v i t y  i s  geared t o  e x p l o i t  the  

A d v a n c e d C C i l  A i r c r a f t  Systems Technology 

1975 
-I_ 

13ude e t Current  Trans:i t ion  - 
Per  :i od -_- E:; t i m a  t e E s t i m a t e  1976 ---- 1.974 ---- 

( In  Thousands of Do l l a r s )  

$7,  1.46 $7 ,300 $7,300 $12 , 500 $4,300 

OBJECTIVES P J J D  STATUS 

The o1)ject::ive of t h i s  program i s  t o  provide a technology base f o r  t r a n s p o r t  
vehicle:; i n  t he  s h o r t  hau l  arid long hau l  c a t e g o r i e s  w i t h  emphasis on f u e l  
conservat ion: ,  n o i s e  reduct ion ,  economics, and t h e i r  i n t e r a c t i o n s  !.n a i r c r a f t  
design,  us ing  promising technologies  generated i n  the  research  a n d  technology 
base program:;. 

CIL~NGES FRO?$ FTI 1.975 BUDGET ESTIMATE 

The Advanc2d C i v i l  Ai rcraf  1- Systems Techriolo~~-,7 program i s  a iiew b, idc~e 
s t r u c t u r e  categoi-y. The resources  shown i n  F Y  1975 r e f l e c t  t he  YF-12 F l i g h t  
Experiments 3rogram, the  Advanced Acoustic Composite Nacel le  F Light program 
and a p o r t i n ;  of t h e  Systems S tud ie s  and Design Studies  programs. 
t he  resources  shown r e f l e c t  the YF-12 F l i g h t  Experiments program and a 
p o r t i o n  of m e  Systems S tud ie s  and Design Studies  program. 

WSIS FOR FY 1976 AND TRANSITION PERIOD ESTIMATES 

I n  FY 1974 

Sys tern Teclinology Studies  i n  FY 1976 and t h e  t r a n s i t i o n  per iod  w i l l  assess 
the  benefi t : ;  0:: l igh tweight  and composite s t r u c t u r e s  , modularized engine com- 
ponents ,  advanced c o n t r o l s ,  n o i s e  and emission suppress ion  and advanced l i f t  
systems cou:Ld have on f u t u r e  s h o r t  haul  t r a n s p o r t  systems. S tud ie s  w i l l  alscl 
cons ider  t he  e f f e c t  o f  improvements i n  s h o r t  hau l  a i r c r a f t  t e rmina l  area man- 
e u v e r a b i l i t y  011 community no i se  and a i r p o r t  congest ion r e l i e f .  Other s t u d i e s  
w i l l  be made t o  Fntegra te  drag reducing aerodynamic developments (e.g. boundary 
l a y e r  c o n t r o l ,  ob l ique  wing, w ing le t s ,  e t c . )  t o  d e f i n e  p r a c t i c a l  long haul  
a i r c r a f  1: con E i p r a t i o n s  of convent ional  o r  unconventional design,  wi th  i m -  
proved wonoinics and environmental  compa t ib i l i t y .  The advantages of us ing  
improved independent power genera t ion  for onboard u t i l i t i e s  w i l l  be  explored, 
inc luding  t h e i r  a p p l i c a t i o n  t o  powered wheels and boundary l a y e r  c o n t r o l .  
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I n  FY 1976 t i e  Fuel Conservat ive A i r c r a f t  Systems Technology program w i l l  
be  i n i t i a t e d  ro e x p l o i t  t echn ica l  o p p o r t u n i t i e s  t o  reduce f u e l  consumption of 
t r a n s p o r t  a i r c r a E t  i n  va r ious  a r e a s ,  such as: a c t i v e  c o n t r o l s ,  composite 
materials, i n t l x e d  and v iscous  drag  reduct ion ,  advanced propuls ion systems 
and advanced av ion ic s .  A t  p re sen t ,  ongoing NASA programs have progressed t o  
a poin t  where it  i s  appropr i a t e  t o  eva lua te  t h e  p o t e n t i a l  f u e l  savings these  
t echn ica l  oppor t imi t i e s  might have on a f u e l  conse rva t ive  a i r c r a f t  design. 
Therefore ,  aer ~ d p a m i c  and advanced c o n t r o l  technologies ,  t h a t  can lead  t o  
major savings i n  a i r c r a f t  f u e l  consumption, w i l l  be  developed t o  e s t a b l i s h  
a s ta te  of t echn ica l  r ead iness  f o r  implementation on t r a n s p o r t s  of t h e  mid- 
1980's. F l igh t  t e s t s  w i l l  be conducted t o  v e r i f y  and demonstrate  t h a t  t h e  
f u e l  conserva t ive  technologies  are f e a s i b l e ,  and t h a t  an  a i r c r a f t  designed 
wi th  t h e s e  technologies  can provide f o r  p r a c t i c a l ,  economical, and s a f e  oper-  
a t i o n s .  

Forecas ts  i n d i c a t e  u l t i m a t e  d e p l e t i o n  of hydrocarbon f u e l s  and expose t h e  
need f o r  develDping a l t e r n a t e  a i r c r a f t  f u e l s  t o  i n s u r e  a s t rong ,  compet i t ive  
U.S. Civi l  Avia t ion  Indus t ry  beyond t h e  1990 t i m e  per iod .  Hydrogen i s  an 
abundant energy source and o f f e r s  s i g n i f i c a n t  advantages as a n  a i r c r a f t :  f u e l .  
I n  t h e  Hydrogen Fueled A i r c r a f t  Systems Technology program, i n i t i a t e d  i n  
FY 1976, ground t e s t s  w i l l  be  c a r r i e d  o u t  t o  gene ra t e  and v e r i f y  the  tech-  
nology d a t a  base  from which des ign  requirements  can be e s t ab l i shed  f o r  a 
s a f e  hydrogen fulzled t r a n s p o r t  a i r c r a f t .  The r e sea rch  e f f o r t  on long l ead -  
t i m e  technology w i l l  i nc lude  development of l i gh twe igh t  cryogenic  tanks and 
i n s u l a t i o n ,  Wind tunnel  s t u d i e s  w i l l  determine t h e  performance and s t a b i l i t y  
c h a r a c t e r i s t i c s  of a i r c r a f t  con f igu ra t ions  wi th  t h e  f u e l  s t o r e d  i n  wings, pods:, 
fuse lage ,  and booms. 

New long range subsonic  t r a n s p o r t  a i r c r a f t  must be respons ive  t o  the  demand 
f o r  q u i e t e r  ope ra t ions .  To achieve a s i g n i f i c a n t  r educ t ion  i n  the  n o i s e  f o o t -  
p r i n t  area, wi thout  increased  ope ra t ing  c o s t s  and f u e l  consumption., t h e  Ad- 
vanced Acoustic-Composite Nacelle w i l l  develop a composite n a c e l l e  f o r  poten- 
t ial  a p p l i c a t i o n  t o  high bypass r a t i o  engines  of  f u t u r e  t r a n s p o r t  a i r c r a f t .  
(A l t e rna t ive ly ,  t h i s  n a c e l l e  technology would permit  a r e d u c t i o n  i n  a i r c r a f t  
weight and f u e l  :onsumption a t  t h e  expense of some of i t s  no i se  r educ t ion  
p o t e n t i a l ) .  'The p r o j e c t  w i l l  c a p i t a l i z e  on improved methods f o r  i n t e g r a t i n g  
a c o u s t i c  absorbent  and composite materials t o  form a l i gh twe igh t ,  load-carrying 
s t r u c t u r e  obtimized f o r  no i se  suppression.  Design s t u d i e s  w i l l  d e f i n e  c o s t  
and we igh t - e f f ec t ive  means of i n t e g r a t i n g  var ious  acoust ic-composi te  mater ia l  
concepts i n  n a c e l l e  cons t ruc t ion  and inc lude  t h e  s e n s i t i v i t y  t o  no i se  reduc-  
t i o n  of such f a c t o r s  as d i r e c t  ope ra t ing  c o s t ,  t akeoff  gross  weight,  and f u e l  
consumption. Research on materials, s t r u c t u r e s ,  and n o i s e  w i l l  be performed 
t o  accrue  t h e  necessary t echn ica l  base  f o r  m u l t i - s e c t i o n  a c o u s t i c  duc t  l i n e r  
design.  

Variable-cycle  engines sh.ow g r e a t  promise f o r  e f f i c i e n t  o p e r a t i o n  of super-  
sonic  t r a n s p o r t  a i r c r a f t .  Propuls ion  systems s t u d i e s  have i d e n t i f i e d  s e v e r a l  
p o t e n t i a l  engine cyc le s  which (could, wi th  proper  component development, 
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provide the  technology base required f o r  a low noise ,  minimum p o l l u t i o n ,  econ- 
omical ly  f ' eas ih le  engine foir a supersonic  t r anspor t .  I n  t h e  Variable  Cycle 
Engine Component System Technology program, i n i t i a t e d  i n  FY 1976, the common 
components a l r eady  i d e n t i f i e d  such as d i v e r t e r  va lves ,  v a r i a b l e  i n  Lets and 
nozzles ,  s,econ.ciary burners ,  e tc .  , would be designed, developed and t e s t e d .  
S tudies  w i l l  i n t e g r a t e  t h e  cmgine component technology d a t a  i n t o  t h e  most 
l i k e l y  candida t.e cyc le  f o r  if p o s s i b l e  f u t u r e  experimental  engine pr0gra.n. 

The YF-12 a i r c r a f t  i s  t h e  only United States  a i r c r a f t  t h a t  can be used f o r  
f l i g h t  researck i n  t he  Mach number range above 2.7. Propuls ion systems, sta- 
b i l i t y  and con t ro l ,  structui:es,  and aerodynamic experiments are conducted and 
compared wi th  c n a l y t i c a l  s t u d i e s  and t h e  r e s u l t s  of wind tunnel  and ground 
tes ts .  IE FY 1976 i n  t h e  YI'.-12 F l i g h t  Experiments program, s teady  s t a t e  and 
dynamic i n l e c  Ferformance d a t a  w i l l  be analyzed and compared w i t h  wind tunnel 
i n l e t  t es t  da t a .  I n  the  s t a b i l i t y  and c o n t r o l  area, a coopera t ive  c o n t r o l  
system w i l l  be f l i g h t  t e s t e d  and t h e  l a t e r a l  c o n t r o l  and i n l e t  shock s t a b i l i -  
z a t i o n  system a c t i v i t i e s  will.  begin t o  be programmed i n t o  t h e  YF-l;!. Titanium 
honeycomb, boron-aluminum panels  w i l l  be  t e s t e d  and r e s i n  and metal matr ix  
pane ls  w i l l  be i n s t a l l e d  f o r  t h e i r  i n i t i a l  f l i g h t  t es t s .  A co ld  w a l l  hollow 
cy l inde r  w i l l  b e  c a r r i e d  t o  hign speed t o  e s t a b l i s h  t h e  c o r r e l a t i o n  of € l i g h t  
boundary l a y e r  teniperatures/akin temperatures  wi th  s imilar  measurements made 
i n  wind tunnels .  'The a i r c r a f t  w i l l  a l s o  be used i n  support  of the  stratospheric 
emission iinpact s t u d i e s  and Sur ther  work w i l l  d e f i n e  t h e  e f f e c t  of combyined 
hea t ing  and loadi-ng on the  c z l i b r a t i o n  procedures f o r  measurement c ~ f  aerody- 
namic loads i n  f l i g h t .  

To b o l s t e r  t he  technology base i n  hypersonics ,  t h e  Hypersonic Research 
Systems Techno1og:g program w i l l  be i n i t i a t e d  i n  FY 1976 t o  conduct t he  on- 
going act ivi t i ' ss  in propuls ion,  s t r u c t u r e s ,  and aerodynamics t h a t  a r e  t o  be 
augumented by texpI3:r-iments which could be c a r r i e d  on an X-24C type a i r p l a n e .  
S tudies ,  t o  be -,oiiduc~ed j o i n t l y  wi th  the  A i r  Force, w i l l  d e f i n e  ,an X - 2 4 C  
conf igu ra t ion  wi th  the  c a p a b i l i t y  of sus t a ined  f l i g h t  f o r  a t  least  30 seconds 
a t  Mach ncmber:; above 6.5 and a payload bay of s u f f i c i e n t  volume to c a r r y  
i.ns trument paclc.sges ),' s t r u c t u r a l  experiments and t h e  l i q u i d  hydrogen tank: f o r  
a scramje t  eng-i-ie,  Propuls ion tiechnology a spec t s  w i l l  be d i r e c t e d  t:oward 
developing and te:;tFng ho t  engine components. S t r u c t u r e s  technology wi1.1 be 
d i r e c t e d  toward the  experimental- eva lua t ion  of ho t ,  a c t i v e l y  cooled :;trc.ct:urNe,s 
and fuse lage  l:-qu::d hydrogen tanks,  which could lead  t o  t h e  development of t! ie 
experimental  packages f o r  a research  veh ic l e .  The aerodynamics a:;pec:ts a r e  
d i r e c t e d  toward support  of t h e  X-24C a c t i v i t y  and t o  d e v d  op the  requi red  
scram j e t/afir f rime i-nt eg ra t i o  n . 

~ - - -  Man-VNehic:l.e Sys t e m s  Technology 

1.975 --- 
Budget Current  T r a n s i t i  xi 

Period - -_ E s  t iinat e E s  t i m a  t e 1976 ---~ l.!?7LI. ---- 
( I n  Thousands of Do l l a r s )  

.. - .. -- - $200 $100 



OBJECTIVES AND STATUS --- 
The a e r o n a u t i c a l  Man-Vehicle System Technology program i s  designed t o  reduce 

t h e  inc idence  of approach and landing acc iden t s  a t t r i b u t a b l e  t o  human e r r o r  and 
t o  develop t:echnology and ope ra t iona l  procedures t h a t  w i l l  i n s u r e  optimum crew 
coord ina t ion  i n  m u l t i p i l o t  a i - rc raf  t. 

BASIS OF FY :L9?6 AND TRANSITION - PERIOD ESTIMATES 

The a v i a t l o n  community, bot:h n a t i o n a l  and i n t e r n a t i o n a l  has expressed major 
concern over  human e r r o r s  i n  a i r  t r a n s p o r t a t i o n .  This  concern covers  the  
fol lowing ar~sa:; of human fact:ors: (1) aircrew s a f e t y  awareness; (2 )  aircrew 
d i s c i p l i n e ;  ( 3 )  cockpi t  d i s c i p l i n e ,  ( 4 )  f l i g h t  c r e w  management and f l i g h t  
opera t ions .  The focus of t hese  areas c e n t e r s  p r i m a r i l y  on Approach and 
Landing SafaI-y,. The focus of  t h e  Approach and Landing Sa fe ty  program i n  
FY 1976 and the t r a n s i t i o n  per iod w i l l  be t o  i d e n t i f y  and i n v e s t i g a t e  poten-  
t i a l  so:Lutioi~s t o  o f f s e t  the  i n c r e a s e  i n  "human er ror"  --caused commercial 
a i r c r a f  1: acc identrs. The program w i l l  be f u l l y  coordinated wi th  indus t ry  and 
o t h e r  appropr i a t e  agencies ,  A c l a s s i f i c a t i o n  model f o r  acc iden t  a n a l y s i s  
w i l l  be developed f o r  i n v e s t i g a t i o n  of human f a c t o r s  elements i n  a i r c : r a f t  
acc iden t s  o r  i n c i d e n t s  and t o  i s o l a t e  f a c t o r s  c o n t r i b u t i n g  t o  p i l o t  o r  f l i gh t :  
crew e r r o r .  S t r a t e g i e s  t o  minimize p i l o t  e r r o r  w i l l  be  evaluated through 
crew ro ' le  modi f ica t ion  and f :Light s imula t ion .  Val ida t ion  of  proven concepts 
w i l l  be  made through observa t ion  and monitor ing p i l o t  behavior .  The f u l l  
mission simii1ai:ion c a p a b i l i t y  being developed a t  Ames  Research Center w i l l  
be used t o  ;xia'Lyze mission p r o f i l e s  developed t o  test  p i l o t  e r r o r  f l i g h t  
p r o f i l e a ,  a:; w12l:L as those developed t o  e l i m i n a t e  p i l o t  e r r o r  and adverse  
f l i g h t  (crew in- te rac  t ions .  

-- M i l i t a x A i r c r a f t  Systems Technology 

1975 --- 
Budget Current  T r a n s i t i o n  

Period --- 197 6 - E s t imat e E s  t i m a  t e --- 1974 _--- 
( I n  Thousands of Do l l a r s )  

$1, '1.50 $800 $800 $700 - - -  

OBJECTIVES AM) STATUS ----- 

This  program provides  t h e  means of  enhancing and f o s t e r i n g  new ae ronau t i ca l  
technologies ,  e s p e c i a l l y  a p p l i c a b l e  t o  m i l i t a r y  needs, through coopera t ive  
and j o i n t  programs between the  va r ious  agencies  of t he  Department of Defense 
and NASA. rhese a i r c r a f t  and missi le  technologies  a re  va l ida tec .  through 
f l i g h t  t e s t i n g  ,and supported by wind tunnel  model t es t s .  
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CHANGES FROM FY 1 9 7 5  BUDGET ESTIMATE ---- -- 
The M i l i t a r y  A i r c r a f t  Systems Technology program i s  a new budget s t r u c t u r e  

category.  The funding i n  FI' 1974 and FY 1975 r e f l e c t s  t he  Transonic A i r c r a f t  
Techno logy Experiments program. 

BASIS FOR FY 1976 AND TRANSITION -- PERIOD ESTIMATES ---- 

An ongoing e f f o r t  i n  Transonic  A i r c r a f t  Technology program w i l l  provide 
proof -of -concept of supercri.t:ical a i r f o i l  technology i n  t h e  t r anson ic  and 
low supersonic  f l i g h t  regimes and provide des ign  c r i t e r i a .  This  j o i n t  United 
S t a t e s  A i r  Force/NASA program w i l l  conduct f l i g h t  t e s t i n g  on an  F - l 1 1 A  equipped 
wi th  a set  of s u p e r c r i t i c a l  wings e s p e c i a l l y  designed and manufactured €or 
high maneuverahi l i ty  i n  t h e  h igh  subsonic regime. 
parameters as b u f f e t  onse t ,  p r o f i l e  drag ,  maximum speed, t u r n  performance, 
e t c .  The behavior of t he  F - l l l A  v a r i a b l e  swept wing high l i f t  devices ,  man- 
euve rab i l i  t y ,  and ~ ~ i l o t s  t r x k i n g  a b i l i t y  w i l l  be e s t ab l i shed .  Fl : ,ght  t e s t  
d a t a  w i l l  be  reduced and c o r r e l a t e d  wi th  wind tunnel  t e s t  d a t a  i n  o rde r  t o  
genera te  design c r i t e r i a  and f o r  e s t a b l i s h i n g  t h e  genera l  performance improve- 
ment of t h e  b a s i c  F-111A a i r c r a f t  equipped wi th  t h e  s u p e r c r i t i c a l  wings. 
f l i g h t  t es t  prcgrani w i l l  be completed l a t e  i n  FY 1976. 

Tests w i l l  eva lua te  such 

The 

-- E:=r imental  Programs 

1975  

1974 

Highly maneuverable a i r -  

Quiet ,  c l ean ,  s h o r t  hau l  
c r a f t  technology ........ 
experimental  engine. .  ... 

Supersonic c r u i s e  a i r c r a f t  
researck .  ............... 

T i l t  r o to r  research  a i r -  
c r a f t .  .................. 

Rotor systems r e sea rch  
a i r c r a f t . . . . . . . .  ........ 

Quiet propu1sil.e l i f t  
technology.. ............ 

Refan program.. ........... 

---  
,$6,000 
19 ,545  

1 0 , l . O O  

5,345 

5,266 

12 300 -2- 

Tota l  ................. 3.58,556 _---- 

Budget Current  

(Thousands of Dol la rs )  
E s t i . m a t e _  E s t i m a t e  1976 
-__I ---- 

Trans i t  ion  
Period 

I - - .- .-I.- 

$1,500 $1 , 500 $4,908 

10 , 000 10 , 000 10,000 
1 , 000 1 , 000 e-- 

8,900 8,900 8,900 

11,300 11,300 1 , 900 

7,100 7 , 100 3,100 

8,000 8,000 11,900 

$47,800 $47,800 $40.70C! 

$1,800 

2,000 -- 
2,000 

300 

- .. I 

400 

- $6.500 

---- 
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Hiehlv Maneuverable A i r c r a f t  Technolom 

1975 -- 
Budget Current  T r a n s i t i o n  

E s t i m a t e  Estimate 1976 Period -- --- - 197 4 
( In  Thousands of Do l l a r s )  

- .I- $1,500 $1,500 $4,900 $1,800 

OBJECTIVES AND STATUS ---- 
The o b j e c t i v e  of  t h i s  program i s  t o  provide  low c o s t  f l i g h t  r e sea rch  

v e h i c l e s  t o  prclmote and s t i m u l a t e  t h e  a p p l i c a t i o n  of new high r i s k  ( l abora to ry )  
technology i n  E. ~ r ~ u l t i d i s c i p l - i n a r y  manner t o  e x p l o i t  t h e  p o t e n t i a l  o f  new 
technology f o r  t h e  des ign  of  f u t u r e  m i l i t a r y  combat veh ic l e s .  Rediictions i n  
t h e  c o s t  c ~ f  t he  experimental- f l i g h t  t e s t s  t o  explore  t h e  new technology of  
approximately 50 percent  over  comparable manned t e s t  v e h i c l e s  w i l l  be r e a l i z e d  
through f l i g h t  t e s t  o f  subsca le  v e h i c l e s  u t i l i z i n g  the  r e l a t i v e l y  new Remotely 
P i l o t e d  Research Vehicle (RI'RV) t e s t  technique 

In  a r e c e n t  atu.dy conducted under t h e  auspices  of t he  Aeronaut ics  Panel of 
t he  Department of Defense (I)OD)/NASA Aeronaut ics  and As t ronau t i c s  Coordinat ing 
Board (AACB), i t  was  concluded t h a t  " s u b s t a n t i a l  improvements w i l l  be needed 
f o r  advanced f i g k t e r s  i n  the  1980's." The NASA HiMAT program i s  designed t o  
respond t o  t h e  i d e n t i f i e d  needs by maturing through t e s t i n g  i n  the  real  and 
dynamic erivirclrunent of new technologies  f o r  p o t e n t i a l  i nco rpora t ion  i n  f i g h t e r  
a i r c r a f t  i.n the  1980's. 

Design f e a s i . h i l i t y  s t u d i e s  were completed i n  August 1973. Based on the  en- 
couraging resul. t s  of the f e a s i b i l i t y  s t u d i e s ,  follow-on conceptual  des ign  
s t u d i e s  w e r e  c.ond.ucted and completed i n  November 1974. 

BASIS OF F Y  1976 AND TRANSITION - PERIOD ESTIMATES --- 

One of t:he t h r e e  f i rms p a r t i c i p a t i n g  i n  t h e  conceptual  des ign  s t u d i e s  w i l l  
be s e l e c t e d  i n  l a t e  FY 1975 t o  c a r r y  h i s  conf igu ra t ion  i n t o  f i n a l  des ign  and 
then t o  fabr ic .a te  two subsce le  unmanned f l y i n g  models which w i l l  be t e s t e d  at 
NASA's F l i g h t  Research Center us ing  t h e  remotely p i l o t e d  f l i g h t - t e s t  technique. 
Prel iminary des ign  and i n i t i a t i o n  of f i n a l  des ign  of t h e  subsca le  research  
v e h i c l e s  w i l l  be accomplished dur ing  
scheduled f o r  t he  second q u a r t e r  of FY 1977. 

FY 1976 wi th  completion of  f i n a l  des ign  

RD 8-35 



_L_ Ouiet,  Clean, !*rt Haul Experimental Engine (QCSEE) 

1975 - 
Budge t Cur r en t Trans i t  ion  

--- 1974 E s t i m a t e  E s t i m a t e  197 6 Period 
( I n  Thousands of Do l l a r s )  

$6 , 000 $10 , 000 $10 , 000 $10 , 000 $2,000 

OBJECTIVES AND STATUS 

nology needed fo r  very quiet:, c l e a n  and e f f i c i e n t  propuls ion  systems f o r  
economica1,ly vi.aEle and envf-ronmentally accep tab le  powered l i f t  s h o r t  haul  
a i r c r a f t  . 

--_- 
The o b j e c t i v e  of t h i s  program i s  t o  c o n s o l i d a t e  and demonstrate  t h e  tech-  

The QCSE:E program inc ludes  the  design,  f a b r i c a t i o n ,  and t e s t i n g  of two 
experimental  turbofan propul!sion systems, s u i t a b l e  f o r  "under-the-x\ring" and 
"over-the-wing" Externa l ly  blown f l a p  powered l i f t  a i r c r a f t  i n s t a l  Lations. 
The environment.al technology w i l l  concen t r a t e  on ob ta in ing  low propuls ion  
system n o i s e  (515 Equivalent Perceived Noise P res su re  Level (EPNdB) n o i s e  
f o o t p r i n t  area less than  O.!j square m i l e s  o r  95 EPNdB a t  500 f e e t  s i d e l i n e )  
and low exhaust: p o l l u t a n t s .  Advanced technology i s  i n  t h e  areas oE very  high 
bypass r a t  i o  engines , v a r i a b l e  p i t c h  fans ,  r educ t ion  gear ing ,  composite f an  
blades and engi.ne/nacelle s t r u c t u r e s ,  t h r u s t  revers ing ,  and d i g i t a l  e l e c t r o n i c  
engine cont ro ln .  A c o n t r a c t  was awarded December 1973 t o  the  General E l e c t r i c  
Company f c i r  t he  QCSEE development program. 

USIS  FOR FY 1576 AND TRANSITION PERIOD ESTIMATES 

The technica l  p l an  includes a c r i t i c a l  des ign  review of t h e  "under-the-wing'' 
propuls ion system i n  J a n u a q  1975 and t h e  "over-the-wing" i n  J u l y  '975. Upon 
approval  of each design,  t he  f a b r i c a t i o n  and assembly of components/propulsion 
systems w i l l  be i n i t i a t e d .  Following completion of f a b r i c a t i o n  and assembly, 
t he  two propuls ion  systems w i l l  undergo a series of tes ts  by the  c o n t r a c t o r  
t o  demonstrate s t r u c t u r a l  i n t e g r i t y  and c a p a b i l i t y  t o  meet performance t e s t i n g  
wi th  appropr i a t e  powered- l i f t  wing s e c t i o n s .  The "under-the-wing" propuls ion  
system w i l l  be de l ive red  dur ing  the  T r a n s i t i o n  Period. Approximately 56 months 
t o t a l  program dura t ion  i s  pl.anned inc luding  engineer ing  support  f o r  t e s t s  a t  
NASA f o r  a per iod of about 1.2 months a f t e r  d e l i v e r y  of t he  propuls ion  system. 

S u p e r s o r k C r u i s e  A i r c r a f t  Research 

1975 
Bud g E! t Current  T r a n s i t i o n  

E s t i m a t e  E s  t i m a  t e  1976 Period - -- 1974 --- 
( In  Thousands of Do l l a r s )  

$10,100 $8,900 $8,900 $8 , 900 $2 , 000 
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OBJECTIVES AND STATUS 

This  program d l 1  provide t h e  technology f o r  f u t u r e  c i v i l  and m i l i t a r y  super- 
son ic  c r u i s e  a i r c r a f t  by means o f  an  i n t e g r a t e d  program i n  t h e  key areas of  
propuls ion ,  s t r u c t u r e s ,  aerodynamics, and s t a b i l i t y  and con t ro l .  The research  
w i l l  a s s e s s  t h e  environmental and economic impacts of  new supersonic  a i r c r a f t  
and provide d a t a  f o r  f u t u r e  dec i s ions  re la t ive  t o  t h e  development of t h i s  type 
a i r c r a f t  by t h e  Ui i ted  S t a t e s .  

BASIS FOR FY 1976 AND TRANSITION - PERIOD ESTIMATES --- 
Noise and p o l l u t i o n  are major f a c t o r s  impacting the  des ign  of  supersonic  

t r a n s p o r t s .  A v a r i a b l e  c y c l e  duc t -hea t ing  turbofan  engine concept promises 
t o  reduce no i se  and polluticln.  Current s t a t i c  tests of  duc t -hea t ing  turbofan 
suppressor  nozzles  w i l l  be  extended i n  FY 1976 t o  e s t a b l i s h  t h e  e f f e c t s  of 
forward v e l o c i t y  on acous t i c  performance. Ultralow emission s t u d i e s  w i l l  be 
complemented by t h e  a p p l i c a t i o n  of t he  emission r educ t ion  techniques t o  a 
duc t -hea t ing  augmentor i n  FE' 1976. The i n l e t  shock s t a b i l i z a t i o n  system, 
developed t o  provide i n l e t  t :olerance t o  flow d i s tu rbance  a t  very  high speeds,  
w i l l  be modified i n  FY 1976 f o r  eventual  test  on t h e  YF-12. 

Major reduct ions  i n  s t ruc t :ura l  weight are r equ i r ed  f o r  economical., super -  
son ic  c r u i s e  a i r c r a f t .  Fati.gue, f r a c t u r e ,  f l u t t e r  and l i f e t i m e  c h a r a c t e r i s t i c s  
of s t r u c t u r e s  under t h e  seve re  environment of  supersonic  f l i g h t  must be addresscs!d.. 
S t r u c t u r a l  design s t u d i e s  for e f f i c i e n t  arrow-wing concepts w i l l  b e  used t o  
i d e n t i f y  a t y p i c a l  wing sect:ion f o r  t e s t  i n  FY 1976. Composite r e s i n  and 
metal mat r ix  panels  w i l l  be f a b r i c a t e d  and t e s t e d  f o r  f a t i g u e  c h a r a c t e r i s t i c s  
and then f l i g h t  t e s t e d  on the  YF-12. Studies  on a low speed model w i l l  be 
extended i n  FY 1976 t o  determine t h e  a p p l i c a b i l i t y  of a c t i v e  c o n t r o l  systems 
f o r  f l u t t e r  suFpression.  

Wind tunnel  t e s t s  of  a i r c r a f t  con f igu ra t ions  w i l l  be conducted t o  improve 
c r u i s e  e f f ic ie r .cy  and no i se  reduct ion .  These and o t h e r  advanced conf igu ra t ion  
tests w i l l  a s s e s s  t h e  t r a d e o f f s  ( t echn ica l ,  environmental ,  and economic) of 
us ing  var ious  xrariable-cycle engines.  Improved a n a l y t i c a l  methods f o r  aero-  
dynamic design w i l l  be  f u r t h e r  developed i n  FY 1976 and t h e  t r a n s i c i o n  per iod 
f o r  v a l i d a t i o n  i n  FY 1977. By FY 1979, t hese  developments are  expected t o  
provide a 30-percent improvement i n  l i f t - t o - d r a g  r a t i o .  

Problems; a t  high Mach numbers w i l l  be s tud ied  by f l i g h t  t e s t i n g  i x  new con- 
t r o l  system and d.eveloping an  engine i n l e t  shock s t a b i l i z a t i o n  sys tem. 

Stratospheric:  emissions impact research  w i l l  be cont inued i n  FY 1976 and 
t h e  t r a n s i t i o n  per iod t o  measure, wi th  new s e n s i t i v e  ins t rumenta t ion ,  the  
n a t u r a l  at:mosp€ier.ic constiti1ent.s and t h e  near-wake chemistry of the  YF-12. 
The instrument:ati.on w i l l  de tec t .  c o n s t i t u e n t s  which a f f e c t  ozone product ion 
and decay t o  ~ i r o v i d e  the  b a s i s  f o r  monitoring t h e  upper atmosphere. 
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T i l t  Rotor Research Aircraft  

1975 
Budget Current T rans i t i on  

--- 1975 E s  t ? m a t e  E s t i m a t e  1976 Period 
( I n  Thousands of Do l l a r s )  

$5,345 $11,300 $11 , 300 $1,900 $300 

OBJECTIVES AND STATUS ---- 

This  j o i n t  N,$SA/Army program w i l l  p rovide  proof-of-concept and perform ad-  
vanced f l i g h t  research  i n v e s t i g a t i o n s  u t i l i z i n g  two t i l t  r o t o r  research  a i r -  
c r a f t  p re sen t ly  being designed and f a b r i c a t e d  as p a r t  o f  t h i s  program. A 
primary o b j e c t i v e  of t h i s  program i s  t o  eva lua te  t h e  p o t e n t i a l  b e n e f i t s  o f  
applying t i l t  r o t o r  technolclgy, developed over t h e  l a s t  twenty year's, t o  
var ious  Army, A i r  Force, Navy and commercial missions which r e q u i r e  the  
unique c a p a b i l i t i e s  of  t he  t : i l t  r o t o r  concept.  

The low downwash and low n o i s e  inhe ren t  i n  r o t o r s  provide va luab le  b e n e f i t s  
f o r  m i l i t a r y  rescue  missions and ground a t t a c k  missions where short: d e t e c t i o n  
t i m e  i s  important  t o  s u r v i v a l  i n  a h o s t i l e  arena.  For c i v i l  a p p l i c a t i o n s ,  t he  
e f f i c i e n t  Vertical Takeoff and Landing (VTOL) c a p a b i l i t y  w i l l  permit  opera t ions  
a t  small a i r f i e l d s  and c l o s e - i n  populated areas t o  provide  an  e f f i c i e n t  t r a n s -  
p o r t a t i o n  system. The tilt  r o t o r  VTOL c a p a b i l i t y  e l imina te s  t h e  need f o r  t a x i -  
i ng  and maneuvering on t h e  ground and the  a t t e n d a n t  use  of va luab le  fue l .  The 
inhe ren t  e f f i c i e n c y  of t h e  r o t o r s  a c t i n g  as p r o p e l l e r s  i n  c r u i s e  can provide 
a n  e f f e c t i v e ,  f 'uel  saving,  pub l i c  t r a n s p o r t  system f o r  s h o r t  and in t e rmed ia t e  
ranges.  The t i l t  r o t o r  research  a i r c r a f t  w i l l  have twice the  c r u i s e  speed of 
t h e  hel icclpter  w h i l e  r e t a i n i n g  i t s  e f f i c i e n t  hover c a p a b i l i t y .  
house s t u d i e s  and ana lyses  by NASA/Army engineers ,  i t  has  been concluded t h a t  
t h e  t ilt  r o t o r  concept shows t h e  g r e a t e s t  promise f o r  a c a p a b i l i t y  t o  meet 
m i l i t a r y  and c f v i  1 Ver t i ca l lShor t  Takeoff and Landing (V/STOL) needs a n t i c i -  
pated i n  t h e  futL.re. 

Based on i n -  

BASIS OF F Y  --- 1976 AND TRANSITION - PERIOD ESTIMATES 

A pre l iminary  des ign  compet i t ion  w a s  conducted i n  e a r l y  FY 1973. B e l l  
Hel icopter  Company w a s  awarded a c o n t r a c t  f o r  t h e  des ign  and f a b r i c a t i o n  of 
two t i l t  r o t o r  research  airlzrafit i n  J u l y  1973. The p r i n c i p l e  des ign  e f f o r t  
w a s  completed ::n December 1'374. Material procurement and manufacturing w i l l  
be  c a r r i e d  on through FY 1975 and FY 1976. F i r s t  f l i g h t  i s  scheduled f o r  
e a r l y  FY 1!977. 
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RotorSys tems Research A i r c r a f t  

19'75 -- 
Budge t Current  T r a n s i t i o n  - 

E s  t ima t e E s  t i m a  t e 1976 Period -- 19'74 
( In  Thousands of Do l l a r s )  

$5,266 $7 , 100 $7 , 100 $3,100 - -- 

OBJECTIVES AND STATUS ---- 

This  j o i n t  Aimy/NASA program w i l l  p rovide  a unique f l i g h t  t e s t  c . s p a b i l i t y  
f o r  advanced r o t o r  research  t o  exped i t e  and improve r o t o r c r a f t  research  through 
the  use of a f:peci.ally designed f l i g h t  t es t  v e h i c l e .  

Extensive onboa.rd ins t rumenta t ion  w i l l  provide b e t t e r  r e sea rch  d a t a ,  and 
repeated use  of t he  t e s t  v e h i c l e  w i l l  enable  t imely  and economical completion 
of r o t o r  resea.rcE p ro jec t s .  

Curren t ly ,  f1.ight tes ts  of promising advanced r o t o r  concepts  a r e  conducted 
by modifying e x i s t i n g  a i r c r a E t  o r  by bu i ld ing  a new a i r c r a f t  f o r  each concept.  
This  approach i s  t i m e  consuming, c o s t l y ,  and o f t e n  g ives  l ess  than  good r e s u l t s .  

BASIS FOR FY 1.976 AND TRANSI'IION - PERIOD ESTIMATES --- 
NASA and Army in-house and c o n t r a c t o r  predes ign  s t u d i e s  w e r e  conducted i n  

e a r l y  FY 1.973 t:o e s t a b l i s h  t h e  f e a s i b i l i t y  of a n  advanced r e sea rch  v e h i c l e  
capable  of test:in.g a wide v a r i e t y  of  advanced r o t o r  systems concepts ,  and t o  
d e f i n e  t h e  chaxac t e r i s t i c s  o f  and requirements  f o r  t h e  f l i g h t  veh ic l e ,  t he  
f l i g h t  t e s t  c o n t r o l  system, and the  r e sea rch  in s t rumen ta t ion  systems. A 
c o n t r a c t  was awarded t o  Sikorsky A i r c r a f t  Company i n  November 1973 f o r  t he  
design and f a b r i c a t i o n  of two a i r c r a f t .  Detail  des ign  and component f a b r i -  
c a t i o n  began i n  January 1975. Design o f  t h e  a i r c r a f t  w i l l  be completed i n  
FY 1975. Fabr i ca t ion  w i l l  cont inue  i n  FY 1976 w i t h  f i r s t  f l i g h t  scheduled 
f o r  l a t e  F'Y 1976. 

Quiet Propuls ive  L i f t  Technolo= 

1975 
Budge t Current  T r a n s i t i o n  

E s  t i m a  t e E s  t i m a  t e 1976 Period - -- 1 9 i  4 --- 
( I n  Thousands of  Do l l a r s )  

$12 , 300 $8,000 $8 , 000 $11,900 $400 

RD 8-39 



OBJECTIVES AND STATUS --- 

The Quiet  Propuls ive-Li f t  Technology program w i l l  genera te  and v e r i f y  through 
ground-based and f l i g h t  r e sea rch  a technology d a t a  base f o r  des ign  and c e r t i -  
f i c a t i o n  c r i t e r i a  f o r  p r a c t i c a l  and e f f i c i e n t  q u i e t  p r o p u l s i v e - l i f t  s h o r t  
hau l  t r anspor t s .  The program c o n s i s t s  o f :  (1) an  e f f o r t  d i r e c t e d  t o  f l i g h t  
r e sea rch  u t i l i z i n g  t h e  A i r  Force Advanced Medium Shor t  Takeoff and Landing 
(STOL) Transport  (AMST) pro to type  a i r c r a f t ;  and (2) a n  e f f o r t  d i r e c t e d  t o  
f l i g h t  research  u t i l i z i n g  a Buffalo a i r c r a f t  modified a t  low c o s t  i n t o  a 
Quiet  Shor t  Haul ( p r o p u l s i v e - l i f t )  Research A i r c r a f t  (QSRA) . 
BASIS OF FY --- 1976 AND TRANSITION PERIOD ESTIMATES 

I n  t h e  AMST program, NASA. p a r t i c i p a t i o n  involves  t ak ing  maximum advantage 
of both t h e  Boeing and Doug;las AMST a i r c r a f t  t o  accomplish p a r t  of t he  Quiet  
Propuls ive-Li f t  Technology program ob jec t ives .  I n  FY 1975 NASA i s  con t in -  
uing t o  provide ex tens ive  s imula tor  support  t o  t h e  AMST c o n t r o l  system devel -  
opment, i n i t i a t i n g  i n s t a l l a . t i o n  of NASA f l i g h t  r e sea rch  in s t rumen ta t ion  i n  t h e  
AMST a i r c r a f t ,  and p a r t i c i p a t i n g  i n  t h e  A i r  Force f l i g h t  t e s t  p lanning  through 
membership of t h e  NASA Deputy 'Test D i r e c t o r  on t h e  J o i n t  Test Team. 
and t h e  t r a n s i t i o n  per iod,  NASA w i l l  p a r t i c i p a t e  i n  the  A i r  Force f l i g h t  eval- 
u a t i o n  of t h e  AMST and provide support  f o r  t h e  conduct o f  t h e  NASA research  
expe r imen t s .  I n  FY 1977 NASA w i l l  t ake  t h e  l ead  f o r  p o t e n t i a l  extended 
f l i g h t  research  i n v e s t i g a t i o n s  inc luding  t h e  p o s s i b i l i t y  of modifying the  
AMST a i r c r a f t .  S t a b i l i t y ,  c o n t r o l ,  aerodynamic performance and handl ing 
q u a l i t i e s  w i l l  be measured t o  t h e  l i m i t  of  t h e  AMST c a p a b i l i t y .  

I n  FY 1976 

The Quiet  Shor t  Haul Research A i r c r a f t  (QSRA) e f f o r t  involves  low c o s t  
modi f ica t ion  c f  an  e x i s t i n g  Buffalo a i r c r a f t  i n t o  an  a i r c ra f t  which has  
g r e a t e r  f l i g h t  r e sea rch  c a p a b i l i t y  than  t h e  AMST a i r c r a f t .  The a i r c r a f t  
w i l l  be modified t o  a four-engine swept-wing advanced hybrid upper s u r f a c e  
blowing p r o p u l s i v e - l i f t  con f igu ra t ion  t o  o b t a i n  s t a b i l i t y ,  c o n t r o l ,  aerody- 
namic performance, no i se  f o o t p r i n t  and handl ing  q u a l i t i e s  f l i g h t  r e sea rch  
da ta .  I n  FY 1975, paral le l .ed,  p re l iminary  a i r c r a f t  des ign  s t u d i e s  were 
completed by the  Boeing Conlpany and Lockheed-Georgia Company. I n  November 
1974, Request f o r  Proposals  were i s sued  f o r  compet i t ive  procurement of f i n a l  
des ign ,  f a b r i c a t i o n  and f l i g h t  t e s t  support  o f  t h e  QSRA. Cont rac t  award i s  
scheduled f o r  t h e  end of FY 1975. F l i g h t  r e sea rch  wi th  t h e  modified a i r c r a f t  
would begin i n  e a r l y  FY 1978 and by t h e  end of  FY 1978 NASA would provide  
i n d u s t r y  and the FAA wi th  d a t a  t o  e s t a b l i s h  i n i t i a l  c e r t i f i c a t i o n  c r i t e r i a  
f o r  handl ing  c u a l i t i e s ,  opera t ions ,  and n o i s e  f o o t p r i n t s  of c i v i l  p ropuls ive-  
l i f t  s h o r t  haul  a i r c r a f t .  

RD 8-40 



RESEARCH AND DEVELOPMENT 

FIIjCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERISgAlJTICS AND SPACE 
TECHNOLOGY 

SPACE AND NUCLEAR RESEARCH 
AND TECHNOLOGY PROGRAM 

-___ S W L K Y  {OF RESOURCES REQUIREMENTS 

1975 
Budget Curren t  

'1974 --- 

Research and techno logy 
base.................. $60,022 

Systems s tud ie s . .  ,. ...... 1,300 

programs. ............. 1 . 885 
Experimental programs.. . 
Systems technology 

--- 
Low c o s t  systems 

program ............... --2- 3 100 

To t a  1, ................. -'$@&m 

- 
1976 Estimate Estimate - 

(Thousands o f Do 1 la r  s ) 

, 
$61 , 500 $60 , 500 

1 600 1 , 600 

2 265 2 , 265 
2,000 2,000 

5,000 5 , 000 

$72,365 $71.365 --- -- 

D i s  t r i b i i t i o n  of Program Amox~nt by Ins t a l l a t i o n  

Kennedy Spac 2 Center. ... 
Johnson Space Center.. .. 
Marshall Space Center.. . 
Goddard Space F l i g h t  

Je t  Propulsion 
Center.. .............. 
Laboratory.. .......... 

Wallops F1ig;ht Center.. . 
Ames Research Center.. .. 
F l i g h t  Reseerc:h Center..  
Langley Research Center. 
L e w i s  lieseadl Center.  .. 
Headqui3r t er s . ,. .......... 

--- 
$700 

2,820 

4 , 650 

13 , 555 --- 
68,984 
1,300 

13 , 154 
19,859 
- 3,285 

Total . .  ............... %6.307 

--- 
$765 

3,401 

5 222 

13  912 

7 , 390 
1 , 1 2 8  

1 5  , 920 
22 , 716 

1,911 

--- 

$72.365 

$50 
75  

2,310 

5,656 

16 , 215 
61 

9,073 
1 y 000 

14  , 667 
19,492 

2,766 

$71.365 

$61 , 300 
1,600 

2 , 200 
3 , 700 

6 , 100 

$74,900 

$50 
1 . j O  

2 6'30 

5,47c 

15,820 
5 0 

8,520 
950 

18 320 
20,380 

2, SAC 

374.900 -- 

T r a n s i t i o n  
Period - 

$818,500 
40 0 

800 
I , 100 

1 , 500 -- 

- g 2 , 3 0 0  
._I_-- 

1 , 200 

4 , 900 

2,600 
300 

5 900 
6,000 

700 

- - -  

---- 

$22.30C! 



R.ESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF AEELONAUTICS AND SPACE -- 
TECHNOLOGY --. 

SPACE AND NUCLIL4R RESEARCH 
AND TECHNOLOGY PROGRAM 

PROGRAM --- OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e  o f  t h e  Space and Nuclear Research and Technology program f o r  
FY 1976 and t h e  t r a n s i t i o n  per iod  i s  t o  provide  a technology base  which w i l l  
adequately support  current: and f u t u r e  space ac t iv i t i e s  involved i n  the  ex- 
p l o r a t i o n  and e x p l o i t a t i o n  of space. The program concen t r a t e s  on advancing 
t h e  technologies  used i n  systems requi red  t o  t r a n s p o r t ,  p r o t e c t ,  power, 
c o n t r o l  and communicate wi.th t h e  s p a c e c r a f t  and s c i e n t i f i c  ins t ruments  
needed t o  achieve  t h e  o b j e c t i v e s  of  c u r r e n t  and f u t u r e  NASA space missions.  
Much of  t h e  bas i c  technology developed i n  t h e  program i s  a p p l i c a b l e  t o  a 
broad range of terrestr ia l  problems i n  f i e l d s  such as energy and communicat io~~s.  

CHANGES FROM FY 1975 B U D G E E S T I M A T E  

I n  May of 1974, NASA e s t a b l t s h e d  t h e  new Of f i ce  of Energy Programs and 
consol ida ted  under i t  t h e  energy r e l a t e d  func t ions  p rev ious ly  performed by 
o t h e r  NASA Program Off ices .  I n  t h e  c u r r e n t  budget,  t h e s e  programs are  a l l  
r e f l e c t e d  under t h e  Energy Technology Appl ica t ions  program. The major 
p o r t i o n  s f  t h e  Energy and Environmental Systems Technology program w a s  
t r a n s f e r r e d  Erom t h e  Space and Nuclear Research and Technology program t o  
t h e  Energy Technology Appl ica t ions  program as a r e s u l t  o f  t h i s .  For corn- 
pa r i son  purposes t h e  t r a n s f e r r e d  program i s  n o t  shown as p a r t  of t h e  Space 
and Nuclear Research and Technology program i n  e i t h e r  t h e  FY 1974 column 
o r  t h e  FI 1975 Budget E s t i m a t e  column. 

Funding f o r  t h e  Research and Technology Base w a s  reduced by one m i l l i o n  
d o l l a r s  dur ing  :formulation of t h e  FY 1975 ope ra t ing  program. This  re-  
duc t ion  was accomplished by slowing t h e  planned a c t i v i t y  i n  t h e  Electr ic  
Propuls ion program and by reducing S h u t t l e  suppor t  a c t iv i t i e s  where prudent.  
These and o t h e r  funding changes a r e  d iscussed  under t h e  r e l e v a n t  s ec t ions  of  
t h e  program n a r r a t i v e  which follow. 

BASIS OF FY 1.976 AND TRANSITION PERIOD ESTIMATES 

Materials and s t r u c t u r e s  technology w i l l  b e  developed t o  provide advanced 
materials and s t : ructural  concepts t o  reduce s p a c e c r a f t  weight ;  as w e l l  a s  
seals, lubric!ant:s, and o p t i c a l  and high temperature  materials f o r  u se  i n  
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t h e  h o s t i l e  mnvironment o.E space and s p a c e c r a f t  a p p l i c a t i o n s ,  The propuls ion 
technology ejifcIrt: i s  aimed a t  expanding mission c a p a b i l i t i e s  by . increasing 
propuls ion  syst:ems performance and l i f e ,  and a t  lowering propuls ion  system 
cos t s .  The e f f o r t  focuses  on. l i q u i d  and s o l i d  f u e l  chemical systems, e l e c -  
t r i c  powered t h r u s t e r s ,  and on the  development o f  nuc lea r  propuls ion  tech-  
nology f o r  t:he fu tu re .  Power technology w i l l  b e  developed t o  reduce t h e  
c o s t  and wei.ght: wh i l e  i nc reas ing  t h e  power, e f f i c i e n c y ,  l i f e  and r e l i a b i l i t y  
of  spaccxrafi: power systems t.o meet t h e  more s t r i n g e n t  requirements  of f u t u r e  
space mlssions.  The gene:rati.on, conversion,  s to rage ,  t ransmiss ion  and con- 
s e r v a t i o n  of  energy a r e  a ' l l  a.ddressed by t h i s  e f f o r t .  The e f f o r t  focuses  on 
long l i f e  bai:teri.es, f u e l  c e l l s ,  thermionic  converters ,  i s o t o p e  power sources  , 
magnetohydrodynamic gene ra to r s ,  gaseous fue l ed  nuc lea r  r e a c t o r  technology and 
high powered lasers f o r  power t ransmission.  A fundamental e l e c t r o n i c s  e f f o r t  
i s  aimed a t  providing t h e  advanced e l e c t r o n  devices ,  high r e s o l u t i o n  sensors  
and long l i f t ?  r e l i a b l e  c i r c u i . t  a r r a y s  requi red  f o r  low c o s t  e l e c t r o n i c  
systems. Low c:ost guidance and c o n t r o l  components, advanced s p a c e c r a f t  
naviga t ion  t:cxhni.ques and aut:onomous c o n t r o l  systems f o r  robot  vlehicles w i l l  
be  devel.opecl as  p a r t  of t h e  guidance and con t ro l  technology e f f o r t .  Tech- 
nology w i l l  be  advanced i n  th.e areas of t ransmiss ion ,  r ecep t ion ,  processing 
and s t o r a g e  of  information to '  h e l p  meet t h e  demands o f  i n c r e a s i n g l y  complex 
space missions at: lower c o s t  wi th  increased  r e l i a b i l i t y .  Aeroth'ermodynamic 
technology will .  b e  developed t o  i n s u r e  t h e  e f f e c t i v e  des ign  of  e n t r y  space-  
c r a f t  f o r  varicius p l ane ta ry  a.tmospheres. 

Work w i l l  a l s o  be  done on t h e  development of  space l abora to ry  research 
f a c i l i t i e s  and support ing technology t o  enable  NASA and o t h e r  S h u t t l e  and 
Spacelab u s e r s  t o  conduct research and technology i n v e s t i g a t i o n s  i.n space 
i n  an  econoniical manner. 

The st:ruct:ure of  t h e  Space and Nuclear Research and Technology program 
has  been moclified t o  r e f l e c t  t h e  l o g i c a l  flow of t h e  r e sea rch  and t ech -  
nology e f f o r t .  The a c t i v i t i e s  c a r r i e d  o u t  i n  t h e  Research and Technology 
Base a re  o r i e n t e d  toward e s t a b l i s h i n g  a s o l i d  foundat ion embraci-ig a l l  of  
t h e  relevant:  d i s c i p l i n e s  and a we l l sp r ing  o f  i deas  f o r  advanced #concepts; 
t he  System S i x c l i e s  a c t i v i t y  provides  a b a s i s  f o r  dec i s ions  regard ing  emphasis 
and p r i o r i t i e s  i n  t h e  Research and Technology Base program and i d e n t i f i e s  
and eva 1.ua t e:; Eio t: en t i a  1 ap p 1 i c a ti  ons o f advan c ed conc ep t s ; t h  e Sy s t e m  s 
Technology pi:og;rams are  technology demonstration/proof -of -concep t a c t i v i t i e s  
f o r  concepts which have matured under t h e  Research and Technology Base and 
are  ready f o r  systems i n t e g r a t i o n  and demonstration; o r  t he  pro j fec t  d e f i -  
n i t i o n  phase of  p o t e n t i a l  f u t u r e  Experimental Programs; and t h e  Experimental 
Program:; involve  m u l t i d i s c i p l i n a r y  concept demonstrat ion and major r e sea rch  
v e h i c l e  deve:!opment. 
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The Space and Nuclear Research and Technology program f o r  FY 1976 and t h e  
t r a n s i t i o n  per iod  con ta ins  a planned program augmentation i n  t h e  Systems 
Technology programs area. 
of  high temperature  composite materials. Appl ica t ion  of  t h e s e  materials t o  
spacec ra f t  s t r u c t u r e s  could r e s u l t  i n  major weight savings.  The Space Tech- 
nology S h u t t l e  Payloads program has  been expanded t o  inc lude  t h e  development 
o f  a Long Duration Exposure F a c i l i t y  f o r  p o s s i b l e  deployment of  an  e a r l y  
S h u t t l e  f l i g h t .  

BASIS OF FUND REQUIREMENTS 

This  new i n i t i a t i v e  w i l l  advance t h e  technology 

-__ Research and Technology Base 

Materials research  

S t ruc tu res  research  

Fundamental e1.ec:tronics 

and techno logy. ....... 
and technol.ogy ........ 
research  and 
t echno1.ogy. ........... 

Guidance and c:or.trol 
researc:h ancl 
technology. ........... 
research  and 
technology ............ 
research  and 

1nformati.on sjrstems 

Chemical p r o p d s i o n  

technology ............ 
techno logy. ........... 

E l e c t r i c  propuls ion 
research  and 

Space energy systems 
research  and 
technology ............ 

Nuclear energy research  
and technology. ....... 

High power lasers and 
en e rg  e t  i c  s research  
and techno l o  gy ......... 

Entry r e sea rch  and 
technology.., .......... 

1974 

$5 , 703 

4 , 733 

5 , 145 

3,059 

5 , 223 

8 , 108 

S , 1'72 

7,882 

2 , 792 

4 , 600 

7 605 -A- 

Tota l . .  ...... ,. ....... $60.022 
--I 

1975 
Budget Current  

E s t i m a t e  E s t i m a t e  1976 
(Thousands of Dol la rs )  

$9,122 

5 , 400 

4 , 800 

1 , 900 

6,800 

7,300 

4 , 900 

8 200 

2 y 200 

5 , 000 

5,878 

$61.500 

$8 , 930 

5,350 

5 , 550 

3,170 

4,780 

7 , 300 

4 , 400 

8 , 100 

2 , 200 

5 000 

5,720 

$60.500 

$8,900 

5 , 420 

5 300 

3 , 400 

5,190 

8,290 

4,200 

7 , 290 

2,200 

5,410 

5,700 

$61 .. 300 

T r a n s i t  ion  
Per iod  

$2 , 700 

1 600 

1 , 600 

1 , 000 

1 , 600 

2 , 600 

1 ,200  

2 200 

700 

1,600 

1 700 

$18 .. 500 

2- 

-- 
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CHANGES FROM 14Y 1975 BUDGE’EESTIMATE 

The funding f o r  t h e  Research and Technology Base as  a whole w a s  reduced by 
one m i l l i o n  cloll.ars during t h e  formulat ion of t h e  FY 1975 Operat ing Plan. 
Half of  t h i s  one m i l l i o n  d o l l a r  r educ t ion  w a s  taken i n  t h e  E l e c t r i c  Propulsion 
program, whi1.e t h e  o t h e r  h a l f  w a s  taken by reducing S h u t t l e  support  a c t i v i t i e s  
where prudent:., 
v a n t  s e c t i o n s  o f  t h e  program n a r r a t i v e  which follow. 

These and (other funding changes a re  d iscussed  under t h e  re le-  

A restructui: ing of  t h r e e  of  t h e  d i s c i p l i n a r y  programs wi th  t h e  r e s u l t i n g  
s h i f t  i n  progi:ani elements and a s s o c i a t e d  resources  accounts  f o r  t h e  funding 
changes f-n t h e  t:hree programs involved. 
t r a n s f e r  of  t h e  high resol i i t icm sensor  e f f o r t  from t h e  Information Systems 
program t o  t h e  I’undamental E lec t ron ic s  program, and t h e  t r a n s f e r  #of t h e  
r o b o t i c s  and rnac:hi.ne i n t e l l i g e n c e  e f f o r t  from t h e  Information Systems program 
t o  t h e  Guidance and Contro 1 program. 

This  r e s t r u c t u r i n g  cons i s t ed  o f  t he  

Materials Research and Technolopy 

197 5 
Budget: Current  T r a n s i t i o n  

1.974 Estimat:e Estimate 1976 Period 
(Thousands o f  Dol la rs )  

$5 703 $9 122. $8,930 $8 , 900 $2 , 700 

OBJECTIVES ANI) STATUS 

This prograri provides ,  through s t a t e - o f  - the  a r t  advancement materials f o r  
h igh ly  elifici.ent:, low c o s t  spacec ra f t  s t r u c t u r e s ,  thermal p r o t e c t i o n  systems, 
and propuls ion  and power systems f o r  f u t u r e  o r b i t i n g  and p l ane ta ry  v e h i c l e s ,  
and suppor ts  t h e  development of  t h e  Space S h u t t l e  w i th  unique e x p e r t i s e  and 
fac i l i t i es .  Its a i m  i s  t o  provide t h e  means t o  reduce t h e  c o s t s  and f u r t h e r  
improve t h e  r .e l i . ab i l i ty  and l i f e t i m e  of  a l l  space t r a n s p o r t a t i o n  systems. 

CHANGES FROM I T  1975 BUDGEEESTIMATE 

The funding change r e f l e c t s  a reduct ion  i n  t h e  e f f o r t  on a l t e r n a t e  
Reusable Surface I n s u l a t i o n  (RSI)  f o r  t h e  Shu t t l e .  This r educ t ion  w a s  made 
p o s s i b l e  by imcreased confidence i n  t h e  behavior  of t h e  R S I  which i s  c u r r e n t l y  
planned f o r  use on t h e  Shut t le .  
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BASIS OF ---- FY 1976 AND TRAN!;ITION PERIOD ESTIMATES 

Materials Science i s  concerned wi th  g r e a t e r  understanding of  t h e  
e l e c t r o n i c ,  rrlolecular and atomic s t r u c t u r e s  o f  materials, r e l a t i n g  t h e s e  
t o  u s e f u l  p r o p e r t i e s ,  and us ing  t h e  r e l a t i o n s h i p s  as a guide toward ob- 
t a i n i n g  new o r  improved materials. 
of  semiconductors w i l l  cont inue  t o  b e  conducted i n  FY 1976 and t h e  t r a n s i -  
t i o n  per iod  with t h e  goal  of  improving t h e  e f f i c i e n c y  o f  ga l l ium a r s e n i d e  
s o l a r  c e l l s  t o  over  15  percent .  
p o l a r i z a b l e  organic  sys  t e n 1  w i l l  b e  i n v e s t i g a t e d  i n  o r d e r  t o  determine 
t h e  f e a s i b i l i t y  of  h igh  temperature  superconductors.  The in te rac t ion : ;  
o f  e l e c t r o n s  wi th  d e f e c t s  i n  d ie lec t r ics  w i l l  a l s o  b e  s tud ied  f o r  t h e  
purpose of  improving long l i f e  microe lec t ronics .  

S tudies  o f  t h e  s u r f a c e  p r o p e r t i e s  

The i n t e r a c t i o n  of  e l e c t r o n s  wi th  a 

Graphi te  f i b e r  re inforced  aluminum composites promise l a r g e  wei.ght 
sav ings  f o r  advanced space t r a n s p o r t a t i o n  systems. Recent advances i n  
coa t ings  and prDcesses w i l l  be  u t i l i z e d  t o  advance t h i s  area i n  I’Y 1976 
and t h e  t r a n s i t i o n  per iod .  The e f f e c t s  of  t he  space environment on t h e  
p r o p e r t i e s  of  columbium and n icke l -base  a l l o y s  w i l l  a l s o  b e  determined 
i n  FY 1976. An a c t u a t o r  bear ing  w i l l  a l s o  be  eva lua ted  a t  315 degrees  
Cent igrade f o r  s p p l i c a t i o n s  t o  advanced r e e n t r y  v e h i c l e s .  

The development of  advanced techniques t o  wi ths tand  t h e  e f f e c t s  of  t h e  
space environment w i l l  b e  continued during FY 1976 and the  t r a n s i t i o n  
per iod.  A cryo,3enic h e a t  p ipe  w i l l  be  t e s t e d ,  and a second s u r f a c e  mi r ro r  
w i l l  b e  evaluated f o r  i t s  s t a b i l i t y  f o r  3 years  i n  s imulated synchronous 
o r b i t .  Cleaning procedures w i l l  a l s o  b e  a s ses sed  f o r  t h e i r  e f f  ect iver iess  
on decontaminating o p t i c a l  su r f aces .  

The program wil:L cont inue  t o  provide the  technology i n  FY 1976 and 
t h e  t r a n s i t i o n  per iod  t o  improve the  r e l i a b l e  Thermal P ro tec t ion  Sys tems 
(TPS) f o r  t h e  Space Shu t t l e ,  advanced e a r t h  o r b i t a l  s p a c e c r a f t  and p lane-  
t a r y  probes. “lie e f f e c t  of sa l t  spray  and o t h e r  contaminants on Reusable 
Surface 1nsu:ht:ion (RSI)  f o r  t h e  Space S h u t t l e  w i l l  b e  completed. The 
eva lua t ion  o f  t h e  thermal performance o f  S h u t t l e  h e a t  s h i e l d  materials 
w i l l  a l s o  b e  {completed. Improvements i n  RSI technology w i l l  cont inue  t o  
be  pursued by modi f ica t ion  of  f i b e r  composition, u s e  of  new coa t ings  and 
op t imiza t ion  o f  process ing  parameters  w i th  a long range t a r g e t  o f  1,600 
degrees  Cent:i:zrade ( O C )  c a p a b i l i t y .  The Venus probe h e a t  s h i e l d  design 
w i l l  be  ixperimc~nt:aIly v e r i f i e d  i n  a s imulated Venus e n t r y  environment:. 

RD 9-6 



St ruc tu res  Research and Technology 

1.975 -___ 
Budget Current T r a n s i t  ion  

Estimate Es  t i m a  t e  1976 Period - -- 19'74 
(Thousands of  Dol la rs )  

$4:, '733 $5,480 $5 , 350 $5,420 $1 , 600 

OBJECTIVES AND STATUS 

Advanced technology i s  being provided f o r  s t r u c t u r e s  t o  m e e t  t h e  needs of  
f u t u r e  space systems. This t:echnology provides  improved c a p a b i l i t y  f o r  
systems des igners  t o  m e e t  s t r i n g e n t  s t r u c t u r a l  weight l i m i t a t i o n s ,  p l an  f o r  
l a r g e  space e r e c t a b l e  s t r u c t u r e s ,  and reduce t h e  c o s t  o f  hardware q u a l i f i c a -  
t i o n  procedures.  

CHANGES --- FROM F71 1975 BUDGET ESTIMATES 

The fiinding change r e f l e c t s  a r educ t ion  i n  t h e  wind tunnel  t e s t i n g  of  a 
Thermal P ro tec t ion  System (TPS) conf igu ra t ion  t h a t  i s  no longer  a candida te  
f o r  use  on t h e  Shut t le .  

BASIS 017 --- FY I976 AND TRANSITION PERIOD ESTIMATES 

New concepizs and materials a p p l i c a t i o n s  w i l l  cont inue  t o  b e  explored during 
FY 1976 and the  t r a n s i t i o n  per iod f o r  l a r g e  e r e c t a b l e  space s t r u c t u r e s  needed 
f o r  f u t u r e  ni.icrowave antennas,  s o l a r  a r r a y s ,  and p la t forms .  Technology 
ac t iv i t i e s  wL1l be  completed i n  FY 1976 t o  determine t h e  f e a s i b i l i t y  of  a 
l a r g e  (50 - 'LOO f o o t  diameter)  f u r l a b l e  deep space antenna concept.  New 
concept:; f o r  much l a r g e r  spac:e s t ructures  w i l l  be  given increased  emphasis. 
The potentia:L weight saving of  composite p re s su re  vessels i n  p l a c e  of a l l -  
metal design:; w i l l  cont inue  t:o b e  explored and demonstrated i n  l abora to ry  
tests. 

I n  FY 1976 arid the  t r a n s i t i o n  p e r i o d ,  i n  t h e  area of v e h i c l e  design methods, 
emphasis w i l l  b e  given t o  improvements i n  s t r u c t u r a l  a n a l y s i s  programs , 
design and t e s t i n g  of e n t r y  thermal p r o t e c t i o n  systems, and f r a c t u r e  c o n t r o l  
methods e Improvements f o  r NASA S t r u c t u r a l  Analysis  Program (NASTRAN) w i l l  be  
continued and eva lua t ion  of S%utt le  Thermal P ro tec t ion  System (TPS) s t r u c t u r e s  
i n  high temperature  wind tunnel  tests w i l l  b e  continued. E f f o r t s  w i l l  con- 
t i n u e  t o  extend f r a c t u r e  (control  methods t o  make p o s s i b l e  the  de:sign of 
l igh tweight  coniponents wh i l e  i nc reas ing  t h e  r e l i a b i l i t y  and service l i f e .  

During FY I976 and t l  t r a n s i t i o n  per iod ,  space v e h i c l e  dynamics technology 
a c t i v i t i e s  ~ L l l  i nvolve  v e r i f y i n g  d a t a  and methods needed f o r  S h u t t l e  develop- 
ment and improvement of techniques f o r  p re sc r ib ing  t h e  a c o u s t i c  iand v i b r a t i o n  
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environments iand response of  payloads.  S h u t t l e  support  e f f o r t s  w i l l  i nc lude  
t e s t i n g  o f  TPS panels  i n  thermal-acoust ic  environments, wind tunnel  s t u d i e s  
of f l u t t e r  c h a r a c t e r i s t i c s ,  advanced methods f o r  p r e d i c t i n g  f l u t t e r  margins, 
and wind tunnel  s tud ie s  of  aerodynamic n o i s e  and exhaust  plume e f f e c t s .  The 
dynamic response oE Shu t t l e  payloads w i l l  b e  i n v e s t i g a t e d  us ing  payload 
models i n s t a l l e d  i n  t h e  1 /8 - sca l e  S h u t t l e  model. A mul i t cen te r  coordinated 
program w i l l  (continue t o  develop approaches t o  reduce t h e  c o s t  o f  dynamic: 
t es t  and a n a l y s i s  requirements fo r  c e r t i f y i n g  spacec ra f t  hardware. 

-_ Fundamental E:l.ectronics -- Research and Technology 

1'375 
Budget: Current 

___--_ 
Trans i t i o r .  - 

-. E s  t ima .  t e E s t i m a t e  1976 Period ____-- 1974 --- 
(Thousands of  Dol la rs )  

$5,145 $4, 800 $5,550 $5,300 $1,600 

OBJECTIVES ANC STATUS 

Research and technology a . c : t i v i t i e s  i n  fundamental e l e c t r o n i c s  provide new 
devices  and techniques f o r  sens ing ,  measuring and d i sp lay ing  information,  
and long l i f e  e l e c t r o n i c  c i . r cu i t s  necessary f o r  t h e  des ign  and syn thes i s  of 
r e l i a b l e ,  l o w  c o s t  e l e c t r o n i c  systems. 

CHANGES FROM FY 1975 BUDGET ESTIMATE 
----I --- 

The high r e s o l u t i o n  senscii: e f f o r t  and a s s o c i a t e d  funding were t r a n s f e r r e d  
from t h e  Information Systems program t o  t h e  Fundamental E lec t ron ic s  program 
i n  FY 1975, 

BASIS OF FY 1576 AND TRANSIZTTN PERIOD ESTIMATES 

New technologies  and matarials a r e  being i n v e s t i g a t e d  t o  improve t h e  
r e s o l u t i c n ,  s e n s i t i v i t y  anti r e l i a b i l i t y  of a c t i v e  and pass ive  sensing systems. 
I n  FY 1976, a pulsed laser bathymeter t o  remotely measure c o a s t a l  water  depths  
w i l l  be  f l i g h t  t e s t e d .  Fabrication o f  a tunable  diode laser f o r  rieasu-ring 
atmospheric c o n s t i t u e n t s  w i - l l  be completed and f l i g h t  tes ts  i n i t i a t e d .  
Development of' s o l i d  s ta te  image sensors  f o r  p l ane ta ry  missions w i l l  cont inue  
wi th  emphasis on a r r a y s  of 400 by 400 elements t o  o b t a i n  high r e s o l u t i o n  
video s i g n a l s .  The same so'lid s t a t e  sensors  w i l l  a l s o  b e  evaluated as astr 'o-  
nomical E8enscrs f o r  low l i g h t  l e v e l  s t a r  f i e l d  measurements. Acoiistic 
sensors  f o r  p r e d i c t i n g  meclianical and s t r u c t u r a l  f a i l u r e s  i n  s p a c e c r a f t  
systems w i l l  h e  developed mid evaluated.  

Research or e l e c t r o n  devices  e x p l o i t s  t h e  e l e c t r o n i c  p r o p e r t i e s  of  m a t e r i a l s  
t o  provide mc11-e e f f e c t i v e  and economical devices  f o r  information handl ing.  
I n  FY 1976, dc!velopment o f  a 3-inch square l i q u i d  c r y s t a l  d i s p l a y  module w i l l  
be  completed anc f l i g h t  te:; ts i n  an  a i r c r a f t  cockpi t  environment Cn i t i a t ed .  
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An organic  m a t e r i a l  now being developed f o r  o p t i c a l  d a t a  s t o r a g e  a p p l i c a t i o n s  
w i l l  b e  csvaluiitad as  a holographic  a r c h i v a l  mass memory. 
charge coupled devices  f o r  analog d a t a  process ing  a p p l i c a t i o n s  w i l l  cont inue,  
and a n  i n f r a r e d  charge coupled device  l i n e a r  a r r a y  imager w i l l  b e  evaluated.  

Development of 

Long l i f e  c i r c u i t  research  seeks t o  minimize f a i l u r e  rates and c o s t s  of  
e l e c t r o n i c  systems by developing f a b r i c a t i o n ,  tes t  and q u a l i f i c a t i o n  tech-  
niques f o r  la-cge scale i n t e g r a t e d  c i r c u i t  a r r ays .  I n  FY 1976 and t h e  
t r a n s i t i o n  pe:?iod, design s t u d i e s  and eva lua t ion  of  f a b r i c a t i o n  processes  f o r  
semiconducto~: devices  on insu l .a t ing  s u b s t r a t e s  w i l l  cont inue  t o  i n c r e a s e  
ope ra t ing  speed:: and reduce device  s i z e .  
techniques t o  demonstrate automated des ign ,  process ing  and t e s t i n g  of l a r g e  
scale integrarsed c i r c u i t  a r r a y s  w i l l  cont inue.  
i n  i n t e g r a t e d  c j - r cu i t s  and development of  q u a n t i t a t i v e  models t o  p r e d i c t  
r e l i a b l e  o p e ~ ~ t i - n g  l i f e  w i l l  cont inue  w i t h  emphasis on i n s u l a t i n g  s u b s t r a t e  
technology fo:? semiconductors. 

Development of equipment and 

Studies  of  f a i l u r e  mechanisms 

Guidance andC:on t ro l  Research and Technology 

1975 -___ 
Budget Current  T r a n s i t  i on  

Estimate Estimate 1976 Period - -- 1974 
(Thousands o f  Dol la rs )  

$3 ,, 055) $1,900 $3,170 $3 , 400 $1,000 

OBJECTIVES ANI) STATUS 

The space guidance and c o n t r o l  research  and technology program seeks t o  
d e f i n e  arid devel.op components and techniques which w i l l  lower t h e  c o s t  o f  
spacec ra f t  a t t i t u d e  c o n t r o l  .and s t a b i l i z a t i o n  systems, provide  p r e c i s e  
po in t ing  of  experimental  payloads,  i n c r e a s e  t h e  accuracy and e f f i c i e n c y  of  
p l ane ta ry  naviga t ion  and guidance systems, and provide  senso r s  and l o g i c  
systems which enable  t h e  autonomous ope ra t ion  o f  unmanned v e h i c l e s  i n  a l i e n  
environmtmts. 

CHANGES FROM IqY 1975 BUDGEESTIMATE 

The robotic::; and machine in t : e l l i gence  e f f o r t  and a s s o c i a t e d  funding were 
t r a n s f e r r e d  lironi t h e  1nfonnati.on Systems Program t o  t h e  Guidance and Control 
program i n  FY 1975. 

BASIS OF FY 1.976 AND TRANSmN PERIOD ESTIMATES 

I n  t h e  a r e a  of low c o s t  tcont:rol and s t a b i l i z a t i o n  components, e f f o r t s  
c e n t e r  011 t h e  development of  i.mproved momentum c o n t r o l  devices  and t h e i r  
integratf-on wLth a p p r o p r i a t e  sensors  and sof tware  t o  o b t a i n  long Life ,  l o w  

RD 9-9 



c o s t  and high accuracy. I n  :FY 1.976, and t h e  t r a n s i t i o n  per iod  eva lua t ion  of  
a breadboard annu1.ar momentum c o n t r o l  device  capable  of  3-axis  s t a b i l i z a t i o n  
t o  0.1 a r c  s e c o n d s - w i l l  b e  completed and a s tudy  of  t h e  necessary  modifica- 
t i o n s  and sof tware  t o  provide experiment po in t ing  and c o n t r o l  i n i t i a t e d .  
Breadboarding 05 ii video  i n e r t i a l  po in t ing  system f o r  p r e c i s e  o f f  -ax is  
po in t ing  o f  i n f r a r e d  te lescopes  w i l l  begin.  Development of  react io-n wheels 
us ing  magnetic suspension technology t o  ach ieve  5-10 y e a r  ope ra t ing  l i f e  f o r  
p l ane ta ry  spaccxriift: c o n t r o l  systems w i l l  cont inue.  F l i g h t  t es t  of a laser  
gyro i n e r t t a l  i:eference system c:osting less than 50 thousand d o l l a n  w i l l  be  
completed and a s tudy  of  t h e  laser gyro as a r a t e  sensor  w i l l  be  i n i t i a t e d .  

Advanced navi.gat:ion ac t iv i t i e s  are  focused on t h e  development of sensors  , 
d a t a  f i l t e r s  and guidance system designs which opt imize  t h e  a v a i l a b l e  sc i ence  
payloads O T ~  o u t e r  p l a n e t  missions by inc reas ing  a i m  p o i n t  accuracy and 
reducing requi red  t r a j e c t o r y  co r rec t ions .  I n  FY 1976 and t h e  t r a n s i t i o n  
period, t h e  desi-gn of  a lgor i thms us ing  on-board o p t i c a l  sensors  w i l l  b e  
i n i t i a t e d .  S tudies  t o  provide  3 t o  6 times more a c c u r a t e  l o c a t i o n s  of  t h e  
p l a n e t s  and t h e i r  sa te l l i t es  w i l l  cont inue.  Advanced f i l t e r i n g  tecliniques 
capable  o f  reducing r e s i d u a l  t racking  e r r o r s  by f a c t o r s  of  four  o r  more w i l l  
b e  sought. D e f i n i t i o n  of s p a c e c r a f t  maneuver s t r a t e g i e s  o f f e r i n g  up t o  30 
pe rcen t  r educ t ion  i n  t r a j e c t o r y  c o r r e c t i o n  v e l o c i t y  and a s s o c i a t e d  p rope l l an t  
savings wi I .1  cont inue.  

Research on a.utcrnomous sys t e m s  f o r  unmanned s u r f a c e  v e h i c l e  opera t i on  i n  
FY 1976 and t h e  t r a n s i t i o n  pl3riod w i l l  focus on t h e  eva lua t ion  of a robot  
roving v e h i c l e  i n  a t e the red  ope ra t ing  environment t o  tes t  sensors ,  scene 
a n a l y s i s  sof mare and contro' l  systems now being developed and assembled. 
Methods for. augmenting t h e  v e h i c l e s  i n t e l l i g e n c e  t o  permit  automatic  nav i -  
ga t ion  and path f ind ing  w i l l  b e  examined and system improvements added t o  
provide  a semia.utonomous manuevering c a p a b i l i t y  i n  a n a t u r a l  environment i n  
subsequent years .  

-- 1.nformation Systems Research and Technology 

It975 - 
Budget Current  T r a n s i t i o n  

-. 1974. Estimatg Estimate 1976 Period 
(Thousands o f  Dol la rs )  

$5 , 22:; $6 , 800 $4 , 780 $5 , 190 $1 , 600 

OBJECTIVES AND STA.TUS 

The objec , t ive  o f  t h e  space information systems research  and technology 
program i s  t o  provide  advanced components and techniques which permit  a 
g r e a t e r  re t .urn of  knowledge from. space sc i ence  and a p p l i c a t i o n  missions .by 
speeding t h . e  t r m s m i s s i o n ,  process ing  and r educ t ion  of space der ived  da ta .  

5 6 6 - 5 3 i  (1 - i 5  - 3 3  



CHANGES FROM FY 1975 BUDGE:T ESTIMATE 

The h igh  r e s o l u t i o n  sensor  e f f o r t  and r o b o t i c s  and machine i n t e l l i g e n c e  
e f f o r t  and a s s o c i a t e d  funding were t r a n s f e r r e d  from t h e  Information Systems 
program t o  t h e  Fundamental, E lec t ron ic s  program and t h e  Guidance and Control  
program, r e s p e c t i v e l y ,  i n  FY 1975. 

BASIS FOR FY 1976 AND T R A N K I O N  PERIOD ESTIMATES 

High capac i ty ,  high speeds and extremely f l e x i b l e  d a t a  systems w i l l  b e  
requi red  t o  s t o r e  and process  d a t a  from f u t u r e  space missions.  I n  FY 1976 
and t h e  t r a n s i t i o n  pe r iod ,  u n i f i e d  d i g i t a l  d a t a  systems which provide  modular 
o rgan iza t ion  t o  permit  mult imission a p p l i c a t i o n  w i l l  b e  breadboarded and 
evaluated t o  reduce c o s t s  and ach ieve  ope ra t ing  l ives  i n  excess  of s i x  years .  
A f i r f 5  genera t ion  p a r a l l e l  p rocessor  w i th  p o t e n t i a l  image process ing  ra tes  
of  10 b i t s  pe r  second w i l l  be  completed and eva lua t ion  of  i t s  a p p l i c a t i o n  
t o  real  t i m e  video processing i n i t i a t e d .  
holographic  rnem(3r-y breadboard w i l l  b e  completed and tests of  new s t o r a g e  
materials w i t h  p o t e n t i a l  s t o r a g e  d e n s i t i e s  of  l o9  b i t s  p e r  square  cent imeter  
i n i t i a t e d .  

Evaluat ion o f  a lo5  b i t  o p t i c a l  

Microwave technology c e n t e r s  on t h e  des ign  and development of  s p a c e c r a f t  
r a d i o  systems and components f o r  m u l t i p l e  mission a p p l i c a t i o n s .  I n  FY 1976 
and t h e  tram; i t i o n  per iod  f a b r i c a t i o n  o f  a modular microminiatur ized dua l  
frequency r a d i o  transponder wi th  p o t e n t i a l  c o s t  sav ings  of  30 pe rcen t  w i l l  
cont inue.  Design s t u d i e s  of  a m i l l i m e t e r  wave r a d i o  system t o  re l ieve 
spectrum crowding w i l l  b e  completed and development of  a p p r o p r i a t e  components 
i n i t i a t e d .  A s o l i d  s ta te  Ku band power a m p l i f i e r  wi th  doubled ope ra t ing  l i f e  
and 30 pe rcen t  e f f i c i e n c y  w i l l  b e  f a b r i c a t e d  and eva lua t ion  i n i t i a t e d .  

High riate tl,sta t r a n s f e r  and t r a c k i n g  a c t i v i t y  w i l l  focus on the  development 
of laser tech.no:Logy t o  provide p r e c i s e  p o s i t i o n  de te rmina t ion  f o r  s a t e l l i t e  
t r a c k  2 system:; and wide bandwidth d a t a  l i n k s  between s a t e l l i t e s .  During 
FY 19, J ,  and the t r a n s i t i o n  per iod ,  f a b r i c a t i o n  of  a 300 megabit p e r  second 
carbon dioxidN2 :Laser t r a n s c e i v e r  w i l l  b e  completed and eva lua t ion  i n i t i a t e d .  
Development o E laser energy sources  
systems t o  permit  ranging t o  accu rac i e s  of  2 cen t ime te r s  w i l l  cont inue.  

d e t e c t o r s ,  and c o n t r o l  and s t a b i l i z a t i o n  

C h e m i c a l m p u l s i o n  Research and Technology 

1975 -- 
Budget Current  T r a n s i t i o n  

1.!)74 E s t i m a t e  E s t i m a t e  1976 Period- 
(Thousands o f  Dol la rs )  

$8 ,108 $7 , :300 $7 , 300 $8,290 $2,600 
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OBJECTIVES ANI) STATUS 

The chemical. p ropuls ion  program i s  s t r u c t u r e d  t o  m e e t  t h e  cont inuing  need 
f o r  h ighe r  propuls ion performance, longer  system l i f e ,  lower c o s t s  and 
c r i t i c a l  probl.em solving.  To achieve  t h e s e  o b j e c t i v e s ,  t h e  program i s  focused 
on t h e  fol lowing areas : (a) r eusab le  oxygen-hydrogen systems f o r  reduced 
t ranspor t :a t ion  system ope ra t ing  c o s t s ,  (b) long l i f e  space s t o r a b  Le propuls ion  
f o r  f u t u r e  unnlilrmed p lane ta ry  exp lo ra t ion ,  (c)  improved low c o s t  s o l i d  
propuls ion  f o r  L.pper s t a g e  and o r b i t  i n s e r t i o n  a p p l i c a t i o n s ,  and (d) t h e  
problem of  e f f e c t s  on t h e  atmosphere by rocke t  exhaust  products .  These 
focused effor t :s  are  supported by a broadly  based r e sea rch  program which 
explores  t h e  fundamental chemical and phys ica l  p rocesses  common t o  a l l  
chemical propuls ion  systems . 
BASIS OF FY I376  AND TRANSITION PERIOD ESTIMATES 

I n  t h e  reusab Le oxygen-hydrogen systems area, t h e  program w i l l  p rovide  t h e  
propuls ion  t e ~ h n o l o g y  f o r  a r eusab le  S h u t t l e  upper s t a g e ,  capable  of  p e r -  
forming i 3 t  leas t 20 missions,  wi th  minimum refurbishment  between f l i g h t s .  
During FT 197 5 and t h e  t r a n s i t i o n  pe r iod ,  c r i t i c a l  engine component technology 
i s  scheduled Eoir completion. High performance turbomachinery and t h r u s t  
chambers capable  of 10-hour ope ra t iona l  l i f e  and 1,200 s t a r t / s t o p  cyc le s  w i l l  
b e  demonstratad.  I n v e s t i g a t i o n  of  t h e  dynamics and c o n t r o l s  of  engine sys -  
t e m s  which im:orporate t h i s  component technology w i l l  commence i n  FY 1977. 
Component technology w i l l  cont inue i n  t h e  areas o f  f u l l y  r eusab le  super  i n -  
s u l a t i o n s ,  l i g h t  weight composite feed l i n e s ,  and high performance oxygen- 
hydrogen a u x i l i a r y  propuls ion systems. 

and i n  t h e  case  of  o u t e r  p l ane t  missions,  up t o  10 yea r s  l i f e .  The long l i f e  
space s t o r a b l e  propuls ion  program i s  designed t o  provide  t h e  technology o f  
s p a c e c r a f t  p ropuls ion  systems t h a t  w i l l  meet t h e s e  requirements .  The work i s  
d i r e c t e d  toward component technology f o r  a f luor ine-hydraz ine  propuls ion  
system. I n  FY 1976 and t h e  t r a n s i t i o n  per iod t h r u s t  chamber test: ing w i l l  
cont inue  f o r  t h e  purpose of developing des ign  c r i t e r i a  f o r  f l i g h t  weight  
engine des igns .  Also i n  FY 1976, component des ign  c r i t e r i a  f o r  va lves  and 
tank materials s u i t a b l e  f o r  5-year missions w i l l  b e  e s t ab l i shed .  
a l s o  cont inue  on propel lan t  thermal c o n t r o l  systems designed t o  prevent  
ven t ing  during ground handl ing,  launch ope ra t ions ,  i n  t h e  S h u t t l e  cargo bay, 
and i n  deep space. 

Fu tu re  p l ane ta ry  missions r e q u i r e  both increased  propuls ion  system c a p a b i l i t y  

Work w i l l  

I n  low c o s t  s o l i d  propuls ion,  t h e  technology program is  d i r e c t e d  toward 
a l lowing  wider u s e  of  these i n h e r e n t l y  low c o s t  systems i n  NASA missions by 
developing new c a p a b i l i t i e s  and improving performance of c u r r e n t  systems. 
Spec i f i c  t a r g e t s  i n  FY 1976 and t h e  t r a n s i t i o n  per iod inc lude  t h e  fol lowing:  
demonstration a f u l l  scale (weight 3,000 pounds) s o l i d  motor can b e  
i g n i t e d ,  quenche'd, r e i g n i t e d  and requenched under s imulated vacuum cond i t ions ;  
a controllab112 dua1 burn c a p a b i l i t y  t h a t  would be u s e f u l  from Shutizle o r b i t  f o r  

RD 9-12 



placement of  piayloads i n  h ighe r  o r b i t s :  a thermally s t e r i l i z e d  s o l i d  motor 
(exposed s i x  tiine:; t o  275 degrees  Fahrenhei t )  w i l l  b e  f i r e d  t o  demonstrate 
t h a t  s o l i d  motors can be  used on o r  nea r  p l a n e t s  having qua ran t ine  r e s t r i c -  
t i o n s ;  a high performance k i ck  s t a g e  w i l l  b e  t e s t e d  which w i l l  combine a 
number of  advanced technology f e a t u r e s  a l lowing nonpropel lan t  weight t o  
decrease  to  onZy 5 percent  of  t h e  t o t a l  motor weight.  This  type  of  motor 
i s  necessary t o  perform some of t h e  d i f f i c u l t  p l ane ta ry  missions i n  t h e  
1980 I s .  

Solid f u e l  bo '3sters  release exhaust products  i n t o  t h e  atmosphere during 
launch. 
O f f i c e  of  Manned Space F l i g h t  arid t h e  Of f i ce  o f  Aeronaut ics  and Space 
Technology t o  determine t h e  types and r o l e s  o f  i n t e r a c t i o n s  between t h e  
exhaust products  i3nd the  complex spec ie s  n a t u r a l  t o  t h e  atmosphere. I n  
FY 1976 and t h e  t r a n s f t i o n  pe r iod ,  t h e  e f f o r t  funded by t h e  Of f i ce  of 
Aeronaut ics  and Space Technology w i l l  concen t r a t e  on understanding e f f e c t s  
i n  t h e  striltosp'3e:ce. Some experiments w i l l  b e  performed wi th  new types o f  
propel lan t , s  w h k h  minimize p o l l u t a n t s  i n  t h e  exhaust.  

A number of NASA c e n t e r s  a re  working under a program funded by t h e  

Basic researci w i l l  b e  continued t o  deepen t h e  understanding of t h e  chemical 
and phys ica l  prl3cesses t h a t  occur  i n  rocke t  propuls ion  systems and t o  e s t ab -  
l i s h  new techniques of  energy s t o r a g e  and use.  Work i n  t h e s e  areas i n  E'Y 1976 
and the  transit:::on per iod  w i l l  i nc lude  s t u d i e s  of  combustion and expansion 
l o s s e s  t o  improve e f f i c i e n c y ;  eva lua t ions  of t h e  in f luence  of  b a f f l e s  and 
c a v i t i e s  011 cornm;tion s t a b i l i t y ;  de te rmina t ion  of t h e  p r o p e r t i e s  of l i q u i d  
p r o p e l l a n t s  a t  'very high p res su res ;  s o l i d  p r o p e l l a n t  polymers and v i s c o -  
e l a s t i c  p r o p e r t i e s ;  combustion and f i r e  extinguishment i n  zero g r a v i t y ;  
s t a b i l i z a t i o n  o f  ;act ivated states of elements wi th  s p e c i f i c  impulse p o t e n t i a l  
o f  over  1,000 seconds; and a cont inuing eva lua t ion  of  propuls ion  systems 
based on laser  ' 3 e a m  energy t ransmission.  

-- E:Lectric Propuls ion Research and Technology 

1975 
Budnet Current  
- 

T r a n s i t i o n  - 
-- 1974 Estimatg E s t i m a t e  1976 Period 

(Thousands of Dol la rs )  

.$5,172 

OBJECTIVES AND STATUS ---__ 

$4 , 900 $4,400 $4,200 $1,200 

The o b j e c t i v e  of t h i s  program i s  t o  provide  t h e  research  and technology 
f o r  high s p e c i f i c  impulse ( g r e a t e r  than 1,000 seconds) e lec t r ic  propuls ion  
systems needed f o r  advanced c a p a b i l i t i e s  i n  near -ear th  and p l a n e t a r y / i n t e r -  
p l ane ta ry  i ~ p p l i c a t i o n s .  Spec i f i c  areas of i n v e s t i g a t i o n  inc lude :  (1) 
a u x i l i a r y  e l e c t  r i c  propuls ion  technology f o r  s t a t i o n  keeping and a t  t i tud e 
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c o n t r o l  of long l i f e  a p p l i c a t i o n  type  s a t e l l i t e s ,  (2) primary s o l a r  e l e c t r i c  
propuls ion  tech.ao:Logy f o r  use  wi th  t h e  S h u t t l e  and Tug t o  augment t h e i r  pe r -  
formance c a p a b i l i t y  f o r  accomplishing h igh  energy missions i n  t h e  1980's  and 
1990's  and,  (3:) b a s i c  research  i n  fundamental p rocesses  involved i n  e l e c t r i c  
propuls ion  t o  c?:ctend r e l i a b i l i t y  and l i f e ,  and t o  explore  t h e  f u l l  p o t e n t i a l  
o f  e lec t r ic  pro.p:Lsion. 

CHANGES FROM FY 1!375 BUDGET ESTIMATE --- 

A one-half  m i l l i o n  d o l l a r  r educ t ion  w a s  taken i n  t h e  Electric Propuls ion 
program as one o f  t h e  a c t i o n s  necessary  t o  formulate  t h e  FY 1975 Operating 
Plan. A r e c e n t  re-examination of t h e  near- term mission requirements  f o r  
e lec t r ic  propuls ion  j u s t i f y  t h i s  dec i s ion  t o  slow t h e  a c t i v i t y  i n  t h e  E l e c t r i c  
Propuls ion program a t  t h i s  t i m e .  

BASIS OF F Y  --- 1975 AND TRANSITION- PERIOD ESTIMATES 

In  t h e  area o f  a u x i l i a r y  e l e c t r i c  propuls ion,  eva lua t ion  of t h e  s m a l l  one 
mil l ipound,  150 w a t t ,  cesium ion  t h r u s t e r  f l i g h t  experiment aboard the  Appli- 
c a t i o n  Teclino1o:Sy Satell i te (ATS-6) w i l l  b e  cont inued dur ing  FY 1976 and t h e  
t r a n s i t i o n  period..  I n  a d d i t i o n ,  ground t e s t  programs p r e s e n t l y  underway t o  
demonstrate 5-year cyc le  l i f e  c a p a b i l i t y  f o r  ion  t h r u s t e r  systems w i l l  be  
continued. 
t o  s impl i fy  t h e  onboard s a t e l l i t e  thermal c o n t r o l  system w i l l  a l s o  be  con- 
t inued  i n  I?Y 1Y76 and t h e  t r a n s i t i o n  per iod.  

Evaluat ion of  resist0 je ts  us ing  low f r eez ing  p o i n t  monopropellants 

I n  t h e  area o f  primary s o l a r  e lectr ic  propuls ion,  t h e  program i s  aimed a t  
demonstrat ing die technology f o r  a 3,000 second s p e c i f i c  impulse, modular, 
mercury ion  t h r u s t e r  system, and the  technology f o r  l a r g e ,  l i gh twe igh t  s o l a r  
a r r a y s ,  applical3le t o  a wide range of  missions.  During N 1976 and t h e  
t r a n s i t i o n  p e r i o d ,  endurance t e s t i n g  of  30-cent imeter  engineer ing  model i on  
t h r u s t e r s  (2.75 k i lowa t t )  w i l l  be  continued inc luding  t e s t i n g  of  a t h r u s t e r  
wi th  a breadboard model power processor .  I n  a d d i t i o n ,  work on l a r g e  (12.5 
k i l o w a t t s  p e r  wing) l igh tweight  (15 ki logram/ki lowatt)  s o l a r  a r r a y s ,  aimed 
a t  demonstrating s t r u c t u r a l  and dynamic s u i t a b i l i t y  f o r  s o l a r  e l e c t r i c  pro-  
pu l s ion  mission a p p l i c a t i o n s  w i l l  b e  continued i n  FY 1976 and t h e  t r a n s i t i o n  
per iod.  

I n  t h e  area o E  b a s i c  research ,  ion  t h r u s t e r  r e sea rch  aimed a t  eva lua t ing  
t h e  use  of  o t h e r  p r o p e l l a n t s  and a t  understanding t h e  ion  d ischarge  chamber 
process  such a:; i t s  r e l a t i o n  t o  ion  su r face  e ros ion  w i l l  cont inue  i n  
FY 1976 and t h e  t r a n s i t i o n  per iod .  

RD 9-14 



Space Energy Systems Research and Technology 

1975 -- 
Budget Current  T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Period -- 
(Thousands o f  Dol la rs )  

$7,882 $8,200 $8,100 $7,290 $2 , 200 

OBJECTIVES ANI) STATUS ---- 

The obijective of  t h e  Energy Systems Research and Technology program i s  t o  
make a v a i l a b l e  low c o s t ,  long- l ived ,  r e l i a b l e ,  high power d e n s i t y  and h igh -  
energy d e n s i t y  components and energy sys  t e m s  f o r  s p a c e c r a f t .  

CHANGES FROM IT 1975 BUDGET ESTIMATE 

The funding change r e f l e c t s  a r educ t ion  i n  t h e  endurance t e s t i n g  of  an  
a l t e r n a t e  Auxi l ia ry  Power Unit: (APU) f o r  t h e  S h u t t l e  t o  t h e  minimum needed 
t o  ga in  reasonable  confidence i n  t h e  u n i t .  

BASIS FOR FY 19'76 AND TRANSITION PERIOD ESTIMATES 

I n  t h e  area oE s o l a r  c e l l s  and a r r a y s ,  emphasis i s  on h igh  e f f i c i e n c y ,  
r a d i a t i o n  r e s i s t a n t  c e l l s ;  and on l i gh twe igh t ,  high power d e n s i t y ,  modular 
a r r ays .  Thin (4  t o  5 m i l )  c e l l s  w i l l  b e  assembled i n t o  modules and eva lua ted  
i n  s imulated space tes ts  i n  FU 1976. Research w i l l  cont inue  i n  F'Y 1976 and 
t h e  t r a n s i t i o n  period on l o s s  mechanisms and t h e i r  e l imina t ion ,  t o  improve 
both e f f i c i e n c y  and r a d i a t i o n  r e s i s t a n c e  of  s o l a r  cel ls .  De ta i l s  o f  a v e r -  
s a t i l e  a r r a y  module w i l l  b e  developed. Solar  ce l l  s t anda rds  w i l l  b e  p re -  
pared f o r  ba l loon  f l i g h t s  (above t h e  atmosphere) and d i s t r i b u t e d  t o  t h e  
users .  

For energy s to rage ,  t h e  rechargeable  Nickel  -Cadmium (Ni-Cd) c e l l  and 
b a t t e r y  i s  be ing  improved i n  uni formi ty ,  r e l i a b i l i t y  and l i f e .  ?he non- 
d e s t r u c t i v e ,  acce le ra t ed  tes t  program w i l l  b e  cont inued i n  FY 1976 and the  
t r a n s i t i o n  per iod  wi th  t h e  o b j e c t i v e s  o f  (1) dev i s ing  a s imple,  quick t e s t  
method f o r  u se  by spacecra . f t  engineers ;  and (2) p r e d i c t i n g ,  w i th  a h igh  
degree of  confidence t h e  performance o f  cel ls  and b a t t e r i e s  f o r  space 
miss ions ,  p a r t i c u l a r l y  i n  low o r b i t .  Work on Si lver-Zinc (Ag-Zn) ce l l s  with 
inorganic  s e p a r a t o r s  w i l l  cont inue ,  t o  o b t a i n  5-year devices  f o r  synchronous 
o r b i t ,  wi th  c.p t o  3 t i m e s  t h e  energy d e n s i t y  o f  NiCd. I n  a d d i t i o n ,  t h e  
research  f o r  low temperature  s o l i d  e l e c t r o l y t e s  w i l l  b e  cont inued,  t o  a t t a i n  
a t en fo ld  inc.rease i n  energy d e n s i t y  and a n  i n d e f i n i t e  l i f e .  

In  t h e  thermomechanical systems area, t e s t i n g  of a v a i l a b l e  components of  
a h igh ly  e f f i c i e n t  (20-25 percent )  0.5-2.0 k i l o w a t t  e lectr ic  gas  t u r b i n e  

RD 9-15 



system f o r  u se  wi th  i so tope  h e a t  sources  i s  cont inuing.  I n  FY 1976 
performance t e s t i n g  w i l l  be  conducted on an  experimental  turbocompressor- 
a l t e r n a t o r  unit: c u r r e n t l y  under cons t ruc t ion .  Upon completion of  t h e s e  
tes ts ,  i:he t :urboal ternator  and o t h e r  key components w i l l  be  de l ive red  t o  the  
k e r g y  Researct. and Development Adminis t ra t ion  (ERDA) f o r  a breadboard 
system t:est which w i l l  demonstrate t h e  systems performance c a p a b i l i t y  and 
t e c h n i c a l  readiness .  

The power processing program w i l l  b e  continued i n  FY 1976 and t h e  t r a n s i t i o n  
per iod  wi th  emphasis on high power, long l i f e  and lower c o s t  components. Of 
p a r t i c u l a r  in te res t  w i l l  b e  t h e  con t inua t ion  of a program aimed a t  mathemati- 
c a l l y  modeling a power processing system. Such a c a p a b i l i t y  will .  permit  t h e  
des ign  and opt imiza t ion  of’ systems on paper  and g r e a t l y  f ac i1 i t a t : e  t h e  des ign  
of  s t anda r i zed ,  low c o s t  systems. 

N u c l e a r a e r p y  Research and Technology 

1975 
Budget Current  T r a n s i t i o n  

L9.74 Estimate Estimate 1976 Period --- 
(Thousands of  Do l l a r s )  

!::! , 792 $2,200 $2,200 $2 , 200 $700 

OBJECTIVES ANI) STATUS ---- 

Research and t:echnology i n v e s t i g a t i o n s  w i l l  b e  conducted i n  areas r e l a t e d  
Bui ld ing  upon t h e  ex- t o  advanc.ed a p p l i c a t i o n s  of nuc lea r  energy i n  space.  

t ens ive  space nuclear programs of  t h e  p a s t  decade, t h e s e  a c t i v i t i e s  w i l l  
maintain a v i a b l e ,  long-range c a p a b i l i t y  i n  nuc lea r  r e sea rch  f o r  space power 
and propulsior:  wh i l e  providing important  b e n e f i t s  t o  t h e  Nat ion i n  i t s  con- 
ce rns  f o r  f u t u r e  energy sources .  

BASIS OF N 1976 AND TRANSITION PERIOD ESTIMATES --- 

Research i s  being conducted i n  t h e  f i e l d  of  thermionic  energy conversion 
wi th  a long-range goal  of ach iev ing  e f f i c i e n c i e s  up t o  30 pe rcen t  w i t h  
ope ra t ing  temperatures as low as 1,100 degrees  Centigrade.  Converter pe r -  
formance of t h i s  cha rac t e r  would make thermionic conve r t e r s  extremely u s e f u l  
f o r  topping cy::les i n  both nuc lear  and f o s s i l - f u e l e d  power p l a n t s .  They 
would a l s o  be  the l o g i c a l  choice  f o r  nuc lea r  e lec t r ic  propuls ion  systems f o r  
a f e r r y  v e h i c l e  f o r  o r b i t a l  t r a n s f e r  of  s p a c e c r a f t  from and t o  t h e  Space 
S h u t t l e  o r  f o r  f u t u r e  o u t e r  p l a n e t  missions.  
program w f l l  cont inue  i n  FI 1976 and t h e  t r a n s i t i o n  per iod .  
inc ludes  iiundanental i n v e s t i g a t i o n s  of t h e  phys ics  of  emitter and c o l l e c t o r  
materials and t h e  i n t e r - e l e c t r o d e  plasma which a re  t h e  c r i t i c a l  areas i n  
achiev ing  high e f f i c i e n c y  conver te r  performance. I n  a d d i t i o n  t o  ana lyses  

The p resen t  ongoing r e sea rch  
The program 
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and t e s t i n g  of  new conver t e r  des igns ,  p re l iminary  systems s t u d i e s  w i l l  
cont inue  t o  be  conducted of  t h e i r  a p p l i c a t i o n s  i n  topping cyc le s  and nuc lea r  
o r  s o l a r  powered e l e c t r i c a l  gene ra t ing  systems. 

During FY 1976 and t h e  t r a n s i t i o n  per iod ,  gas-core  r e a c t o r  r e sea rch  w i l l  
cont inue  t o  i n v e s t i g a t e  t h e  product ion of f i s s i o n  energy wi th  t h e  nuc lea r  
f u e l  i n  t h e  gaseous o r  p l a s m  s ta te .  Gas-core r e a c t o r s  may become important  
new sources  of  energy s i n c e  they a re  e f f i c i e n t  u s e r s  of  uranium f u e l s ,  may 
be  e f f e c t i v e  breeder  r e a c t o r s ,  have inhe ren t  s a f e t y  f e a t u r e s ,  and nlay permit 
t he  e f f i c i e n t  t ransformation of  f i s s i o n  energy t o  o t h e r  forms by thermo-or 
photo-chemical means. Low power, low temperature ,  s e l f  - c r i t i c a l  eirperiinents 
employing gaseous uranium hexa f luo r ide  began i n  FY 1975 under NASA funding 
a t  t h e  Los Alamos S c i e n t i f i c  Laboratory.  I n  FY 1976 a c r i t i c a l i t y  expe r i -  
ment a t  up t o  (one k i l o w a t t  power w i l l  be  conducted. I n  a d d i t i o n ,  spectroscopy 
of e l e c t r i c a l l y  heated uranium plasmas and of uranium plasmas produced by 
compression of  uranium hexa f luo r ide  i n  a b a l l i s t i c  p i s t o n  compressclr and by 
f i s s i o n s  t h a t  ,are induced by e x t e r n a l  neut ron  sources ,  w i l l  b e  conducted I n  
t h e  FY 1976-1977 period. 

High Power Lasers g-& Energe t ics  Research and Technology 

197 5 
Budget Current  T r a n s i t i o n  

1974 Estimate Estimate 1976 Period 
(Thou.sands of Dol la rs )  

$4,600 $5,000 $5,000 $5,410 S1,600 

OBJECTIVES AND STATUS 

The high power laser  and e n e r g e t i c s  program provides ,  through b a s i c  
research  and experimental  er.gineering, major advances i n  power genera t ion ,  
conversion, and t ransmissior .  which w i l l  b e  t h e  b a s i s  f o r  f u t u r e  c a p a b i l i t i e s  
i n  space and which w i l l  apply t o  t h e  long-range energy need on e a r t h .  

BASIS OF FY 1976 AND TRANSIT'N- PERIOD ESTIMATES 

Research i s  conducted i n  t:he area of  plasmadynamic energy systems: t o  
e s t a b l i s h  t h e  .knocJledge r equ i r ed  t o  produce, conf ine  and u t i l i z e  plasmas 
f o r  advanced power and propu.lsion systems of  p o t e n t i a l  importance t:o space 
missions.  A p r o j e c t  t o  invas t i , ga t e  combus t i on -d r iven  Magnetohydrodynamic 
(MHD) genera tors  f o r  very  h igh  power d e n s i t i e s  i s  i n  progress .  I n  t h i s  
p r o j e c t ,  combustor experiments w i l l  b e  completed dur ing  t h e  per iod  FY 197.5 
and 1976. Along wi th  t h i s  work, superconduct ive magnets w i l l  be  developed 
and t e s t e d  f o r  a p p l i c a t i o n  t:o t h e  gene ra to r ,  inc luding  a coopera t ive  e f f o r t  
wi th  t h e  A i r  Force t o  a s s i s t :  t h e  A i r  Force Aeronaut ica l  Research La.boratory 
i n  applying t h e  NASA superconduct ive magnet e x p e r t i s e  t o  t h e i r  needs. 'chis 
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w i l l  b e  followed by gene ra to r  tests i n  subsequent years .  Operat ion of  t h e  
l a r g e  superconducting magnetic mi r ro r  appara tus  and t h e  bumpy t o r u s  device  
w i l l  cont inue  i n  FY 1976 and t h e  t r a n s i t i o n  per iod  t o  explore  t:he physics  
of  d i r e c t  c u r r e n t  plasma. h e a t i n g  and o t h e r  fundamental problems which a r e  
o f  major s i g n i f i c a n c e  t o  fus ion  energy f o r  terrestrial  and spac:e a p p l i c a -  
t i ons .  During FY 1974-1975, plasma temperatures  a t  50 m i l l i o n  degrees  
Kelvin were achieved i n  t h e  superconducting mi r ro r  appa ra tus ,  u s ing  helium, 
I n  FY 1976 an'd t h e  t r a n s i t i o n  per iod ,  even h ighe r  temperatures  may be  ob- 
t a ined ,  as a r e s u l t  of a c u r r e n t  upgrading of t h e  device.  

I n  magnetics and cryophysics ,  r e sea rch  i s  conducted t o  ach ieve  s t a b l e ,  
i n t e n s e  magnetic f i e l d s  from magnets of  minimum mass and power use,  and 
t o  understand t h e  physics  o f  materials and devices  exposes t o  low tempera- 
t u r e s  and i n t e n s e  f i e l d s .  I n  EY 1975, tests demonstrated t h e  c a p a b i l i t i e s  
of  a twis ted  Eilament superconductor i n  a small magnet. I n  t h e  f u t u r e ,  
long l eng ths  of t h i s  conductor w i l l  b e  procured from a product ion l i .ne 
process  and t e s t e d  i n  l a r g e  magnet c o i l s .  Cooling w i l l  be  demonstrated 
wi th  a smal'l rnagnetic h e a t  pump dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod .  

Basic  re:;eai.-ch i s  condixted t o  provide  fundamental d a t a  and t o  i n v e s t i g a t e  
novel concepts i n  the  emission and abso rp t ion  of  r a d i a t i o n  from a l l  s ta tes  
of  matter i n  support  o f  a broad range o f  p o s s i b l e  a p p l i c a t i o n s  i n  power 
genera t ion ,  propuls ion ,  Lasers, space environment, and atmospheric  physics .  
During FY 19751, t h e  nuc lea r  pumping o f  a xenon-helium laser  w a s  achieved,  
t h a t  i s ; ,  t h e  c'irect conversion of  f i s s i o n  fragment energy i n t o  coherent  
l i g h t .  I n  IY 1976 and t h e  t r a n s i t i o n  per iod ,  t h i s  method w i l l  be  employed 
f o r  energizj.n@ by n u c l e a r  power a high p res su re  xenon laser ,  thzit could 
r a d i a t e  a t  7 a r g e r  power and h ighe r  frequency. 

An i n t e g r a t e d  program of l aser  systems research  and technology i s  being 
conducted t c  determine whether high power lasers can make a major impact 
on aerospace mission c a p a b i l i t i e s .  To make t h i s  eva lua t ion ,  a cont inuously 
ope ra t ing  l a s e r  w i l l  come i n t o  ope ra t ion  i n  FY 1975-1976 t o  determine what 
t echn ica l  b a r r i e r s  may e x i s t  t o  long d u r a t i o n  ope ra t ion  a t  h igh  powers and 
how t o  o b t a i n  high e f f i c i ency .  The areas of  laser o p t i c s ,  beam transmission 
both i n  space and from ear th- to-space  wi th  a d a p t i v e  mi r ro r  systems, and con- 
ve r s ion  of  laser  energy t o  e l e c t r i c a l  energy o r  d i r e c t l y  t o  p ropu l s ive  
fo rces  w i l l  be  s tud ied  dur ing  FY 1976 and t h e  t r a n s i t i o n  per iod  as  they 
apply t o  p o t e n t i a l  space a p p l i c a t i o n s .  I n  t h i s  con tex t ,  u s e  i s  be ing  made 
of t h e  major laser programs in  o t h e r  agencies .  



- EntryResearch  and Technology 

19'7 5 
Budget Current T r a n s i t  ion  

1974 Estima.te Estimate 1976 Period 
(Thousands of  Dol la rs )  

$7,605 $5,878 $5,720 $5 , 700 $1,700 

OBJECTIVES A N D  STATUS 

The e n t r y  research  and technology program provides  t h e  technology base  
requi red  t o  impnove e n t r y  s p a c e c r a f t  des ign ,  ope ra t ion ,  s a f e t y ,  and 
r e l i a b i l i t y .  

CHANGES FROM FY 1975 BUDGE?' ES'L'IMATE 

The funding change r e f l e c t s  ia r educ t ion  i n  t h e  number of  wind tunnel  hours  
requi red  t o  support  t h e  cu r ren t  S h u t t l e  conf igura t ion .  

BASIS OF-FY 1976 AND TRANSITION PERIOD ESTIMATES 

This  e f f o r t  suppor ts  t h e  S h u t t l e  program by providing wind tunnel  t e s t i n g  
and e x p e r t i s e  f o r  aerothermodynamic a n a l y s i s  and s p e c i a l  problem so lv ing .  
During FY 1976 and t h e  t r a n s i t t o n  pe r iod ,  i n v e s t i g a t i o n s  w i l l  be  c a r r i e d  ou t  
t o  inc rease  t h e  usable  c e n t e r  of  g r a v i t y  range, determine h e a t  t r a n s f e r  
e f f e c t s  between ( o r b i t e r  and e x t e r n a l  tank,  determine s e p a r a t i o n  aerodynamics, 
and plume e f f e c t s  on launch conf igu ra t ion  aerodynamics. Computer codes which 
inc lude  t h e  c o r r e c t  a i r  chemistry parameters  w i l l  b e  developed t o  compute 
windward s u r f a c e  flow over  t h e  Shu t t l e .  

The program a1  so de f ines  t h e  aerothermodynamic environment f o r  p l ane ta ry  
atmospheric e n t r y  probes through t h e  u s e  o f  s imula t ion  f a c i l i t i e s  and 
t h e o r e t i c a l  p r e d i c t i v e  techniques.  I n  FY 1976 and t h e  t r a n s i t i o n  per iod  
a t t e n t i o n  w i l l  be  Eocused on t h e  high v e l o c i t i e s  of  o u t e r  p l a n e t  en t ry  wi th  
emphasis 3n determining the  c r i t i c a l  h igh  temperature  r a d i a t i v e  propert:y 
d a t a  and t h e  e f f e c t s  of  hea t  s h i e l d  a b l a t i o n  products  on t h e  shock l a y e r  
flow around p lane ta ry  en t ry  probes. 

Research w i l l  ;also b e  pursued t o  a c q u i r e  aerothermodynamic technology f o r  
the  design of  adqanced e a r t h  o r b i t a l  v e h i c l e s  f o r  t h e  1990 t i m e  per iod .  
Calcu la t ion  techiiiques w i l l  be  developed during FY 1976 and t h e  t r a n s i t i o n  
per iod  t o  p r e d i c t  wi th  a high degree o f  accuracy t h e  complete three-dimen- 
s i o n a l  flow f i e l d s  about v e h i c l e s ,  inc luding  hea t ing  and real gas effec: ts .  
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a t e m  S tudies  Program 

1975 ____- 
Bud g E! t Current  T r a n s i t i o n  

1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of  Dol la rs )  

$1 , 300 $1 , 600 $1,600 $1,600 $400 

OBJECTIVES A N 3  !STATUS 

The overal l -  program o b j e c t i v e  i s  t o  i d e n t i f y  and eva lua te  t h e  technology 
requirements of  advanced space systems and t o  assess t h e  ef l fects  o f  tech-  
nology advancc.-s on space program a l t e r n a t i v e s .  

BASIS OF FY 1!176 AND TRANSITION PERIOD ESTIMATES 

The e f f o r t  t:o determine long-term program enabl ing  technology needs w i l l  
cont inue  t o  r e c e i v e  major emphasis dur ing  N 1976 and t h e  t r a n s i t i o n  per iod .  
I n  o r d e r  t o  provide  more comprehensive research  and technology planning 
recommendatiors, t h e  s t u d i e s  w i l l  b e  broadened t o  inc lude  Earth and Ocean 
Physics  programs , Physics  and Astronomy programs and Lunar p rogram.  ' he  
long-term i n v e s t i g a t i o n s  of: advanced Plane tary ,  Earth Observations and 
Transpor ta t ion  Systems w i l l  cont inue  examining system a l t e r n a t i v e s  and t h e i r  
impact on technology needs. It i s  intended t o  pursue f u r t h e r  technology 
o r i e n t e d  s t u d i e s  such as t h e  communications and t h e  environment c o n t r o l  
t a sks .  Instrument development and d e t e c t o r  research  w i l l  b e  s tud ied  wi th  
t h e  goal  of acqu i r ing  o r  genera t ing  comprehensive f o r e c a s t s  of  both tech-  
nology developnent t r ends  and t o t a l  ( s c i e n t i f i c  and a p p l i c a t i o n s )  program 
needs. Study e f f o r t s  w i l l  g i v e  increased  a t t e n t i o n  t o  p ro jec t ed  sof tware  
requirements.  

1 1 1  3 1976 and t h e  t r a n s i t i o n  per iod ,  f u t u r e  mission,  concept f e a s i b i l i t y  
s t u d i e s  w i l l  c:onl:inue as  a basi.s f o r  provid ing  technology focus.  I n t e r -  
s t e l l a r  Commun:icet t i o n s  , Single-Stage- t o  - 0 r b i  t , Advanced P lane ta ry  Spacecraf t  , 
and T i t a n  (Saturn Moon) Explorat ion s t u d i e s  a r e  i n  progress .  Advanced con- 
cep t s  such as  those which may derive from t h e  "Outlook f o r  Space" r e s u l t s  
w i l l  be  considered f o r  s tudy.  

Technology r ead iness  s t u d i e s  w i l l  cont inue  i n  FY 1976 and t h e  t r a n s i t i o n  
per iod  for s e l e c t e d  candida te  new programs. The s tudy  of  candida te  Mariner 
change recommerdations f o r  t h e  Saturn O r b i t e r  mission w i l l  be  completed, as 
w i l l  t he  eva lua t ion  of  technology a l t e r n a t i v e s  f o r  t h e  recoverable  NASA 
Space Tug. 

The eva lua t ion  of Research and Technology Base programs, inc luding  
measures o f  b e n e f i t  and r i s k  i n  t h e  achievement of  t a r g e t s  and o b j e c t i v e s ,  
w i l l  cont inue  during FY 1976 and t h e  t r a n s i t i o n  per iod.  
b e  developed wi th  i n i t i a l  emphasis on new i n i t i a t i v e s .  

Methodology w i l l  
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- S y s t e m s  Technology Programs 

197 5 
B udg e t  Current T r a n s i t  i on  

Period .- 1974 Estimate E s t i m a t e  1976 
(Thousands of Do l l a r s )  

Materials and s t r u c t u r e s  

Guidance, c o n t r o l  and 
information sys t ems  
technology ............ --- $800 $800 700 300 

systems technology .... --- --- --- $500 !j300 

Entry systems technology $1,050 1,000 1,000 1,000 200 
Energy and environmental --- --- systems technology .... 8:35 465 465 

Tota l  ............... c'l 8&5 $2.265 $2.265 I--r-- $2.200 

CHANGES FROM FY 1975 BUDGE:TSTIMATE 

The Energy and Environmental Systems Technology program, shown under t h e  
Systems Technology Programs ca tegory  i n  t h e  c u r r e n t  budget,  r e f l e c t s  on ly  a 
small remnant of  t h e  program descr ibed  i n  previous budgets.  Respons ib i l i t y  
f o r  t h e  major po r t ion  of t h e  Energy and Environmental Systems Technology 
program w a s  trans Eerred from the O f f i c e  of Aeronaut ics  and Space Technology 
t o  t h e  new Of f i ce  of  Energy Programs, and i s  addressed i n  t h e  Energy Tech- 
nology Appl ica t ions  program o E t h e  c u r r e n t  budget. 

Materials -- and S t r u c t u r e s  Systems Technolopy 

1975 
Budget Current  T r a n s i t i o n  

19'74 Estimate Estimate 1976 Period 
(Thousands of  Dol la rs )  

OBJECTIVES AND STATUS 

This  a c t i v i t y  i s  d i r e c t e d  t o  a c c e l e r a t i n g  t h e  t r a n s f e r  of  advanced 
m a t e r i a l s  and s t r u c t u r e s  technologies  t o  a p p l i c a t i o n  i n  t h e  des ign  of space 
v e h i c l e  sys t ens .  C r i t i c a l  system a p p l i c a t i o n s  are  s e l e c t e d  and components 
are  designed,  f a b r i c a t e d  and t e s t e d  i n  t h e  l abora to ry  t o  demonstrate  t h e  
v a l i d i t y  of  t 'ie p red ic t ed  improvements. I f  necessary  and appropr i a t e ,  space 
f l i g h t  t e s t i n g  w i l l  a l s o  b e  performed. 
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BASIS 017 FY '1976 AND TRANsrTXON PERIOD ESTIMATES 

Future  space t r a n s p o r t a t i o n  systems w i l l  b e n e f i t  s t r o n g l y  i f  t h e  temperature 
l i m i t s  f o r  composite s t r u c t u r e s  can b e  increased  above t h e  l i m i t s  o f  350 de-  
g rees  Fahrenhef-t. I n  FY 1976, t h e  Composites f o r  Advanced Transpor ta t ion  
Systems program w i l l  be  in i t i . a t ed  t o  develop a p r a c t i c a l  polyimide r e s i n  
composite sy:;tc?ni w i th  t h e  c a p a b i l i t y  f o r  ope ra t ing  a t  600 degrees  Fahrenhei t .  
The i n i t i a l  a c t i v i t y  w i l l  foc:us on materials and manufacturing processes  and 
on design mei:hods development. This  w i l l  b e  followed by des ign  and f a b r i c a -  
t i o n  of  s t r u c t u r a l  components f o r  l abora to ry  t e s t i n g .  It i s  p ro jec t ed  t h a t  
eva lua t ion  of  l abora to ry  t e s t e d  components w i l l  b e  completed by the end o f  
FY 1979. 

--I Guidance, Control -_. and Information Systems Technology 

1975 
Budget Current  T r a n s i t i o n  

-- 1974 -- E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of  Dol la rs )  

--- $800 $800 $700 $300 

OBJECTIVES AND STATUS - 

The purpose of t h i s  systems technology program i s  t o  demonstrate  t h e  
c a p a b i l i t i e s  of advanced e l e c t r o n i c  devices  and system concepts  t:o provide 
improved p e r f o r m n c e ,  increased  r e l i a b i l i t y  and/or  reduct ions  i n  c o s t  of  
s p a c e c r a f t  guidance, con t ro l  and information systems. 

BASIS OF FY '19715 AND TRANSITION PERIOD ESTIMATES 

The Sol id  S t a t e  Data Storage System, a program t o  provide  a no-moving-part 
d a t a  s t o r a g e  system f o r  aerospace  v e h i c l e s  wi th  lo8 b i t s  o f  s t o r a g e  c a p a b i l i t y  

t ape  r eco rde r ,  was i n i t i a t e d  i n  J?Y 1975. This  Sol id  S t a t e  Data Storage 
Sys tem'  uses  rmgnetic "bubble" domain technology as  t h e  s t o r a g e  media, o f f e r s  
except iona l  f l e x i b i l i t y  i n  d a t a  formats and can b e  s i z e d  t o  a v a r i e t y  of da t a  
s t o r a g e  a p p l i c a t i o n s  through i t s  modular organiza t ion .  Memory elements and 
system a r c h i t e c t u r a l  des igns  are being developed i n  FY 1975. In  FY 1976, 
des ign ,  f a b r i c a t i o n  and eva lua t ion  of a n  engineer ing  model d a t a  s t o r a g e  
system w i l l  b e  i n i . t i a t ed .  
s t ruc t ed , ,  t e s t e d  and q u a l i f i e d  t o  space f l i g h t  s t anda rds  t o  demonstrate  
f e a s i b i l i t y  o f  2: s o l i d  d a t a  s t o r a g e  system by t h e  end of  FY 1978. 

and r e l i a b i l i t y  o f  2 x 10 4 hours ,  o r  twice t h a t  o f  t h e  average  spaceborne 

In subsequent yea r s ,  a f l i g h t  model w i l l  be con- 
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- E n t r y  Systems Technology 

1975 
Budget Current  T r a n s i t i o n  

1‘374 Estimate E s t i m a t e  1976 Period 
(Thousan& of  Dol la rs )  

$1,050 $1,000 $1,000 $1,000 $200 

OBJECTIVES AND STATUS -__- 
The o b j e c t i v e  oE t h e  program i s  t o  perform and eva lua te  manned and unmanned 

experiments i n  f1:Lght t h a t  demonstrate  o r  v a l i d a t e  ground based e n t r y  r e sea rch  
and technology to improve s p a c e c r a f t  des ign ,  ope ra t ion ,  and r e l i a b i l i t y ;  t o  
c a r r y  o u t  s tud i les  t o  i n v e s t i g a t e  s p a c e c r a f t  system f e a s i b i l i t y  and t o  provide  
d i r e c t i o n  and t imely execut ion of  suppor t ing  ground- based research  and 
technology. 

BASIS OF FY 1974 AND TRANSITIONPERIOD ESTIMATES 

The Atmo:;pher:Lc F l i g h t  Experiments program, a j o i n t  A i r  Force/NASA resea rch  
p r o j e c t ,  w i l l  c a r r y  o u t  p i l o t e d  f l i g h t  experiments t o  eva lua te  f l i g ’ h t  cha r -  
a c t e r i s t i c s ,  aei~odynamic performance, and handl ing q u a l i t i e s  o f  t h e  X-24B 
a i r c r a f t  a t  speeds from low supersonic  through landing.  The p r o j e c t  u t i l i z e s  
the  X-24B a i r c r a f t ,  which has  a hypersonic  l i f t - t o - d r a g  r a t i o  o f  approximately 
2.5 and i s  c h a r a c t e r i s t i c  o f  t h e  double d e l t a  class o f  wingless  a i r c r a f t  wi th  
p o t e n t i a l  u se  f o r  f u t u r e  s p a c e c r a f t  o r  hypersonic  m i l i t a r y  a i r c r a f t .  I n  
FY 1976 and t h e  t r a n s i t i o n  per iod ,  s t u d i e s  w i l l  cont inue  t o  d e f i n e  the  s ta-  
b i l i t y  and conti~ol. ,  v e h i c l e  handl ing,  and p i l o t i n g  problems of t h e  X-24B. 
Studies  o f  flow sepa ra t ion ,  boundary l a y e r  no i se ,  and v i b r a t i o n  w i l l  be  con- 
t inued.  “lie program w i l l  be  completed dur ing  t h e  t r a n s i t i o n  per iod .  The 
experience gained i n  t h i s  program has  and w i l l  have con t r ibu ted  t o  the 
S h u t t l e  des ign  and f l i g h t  ope ra t ions  as w e l l  as t echn ica l  and f l i g h t  d a t a  
information f o r  f u t u r e  hypersonic  veh ic l e s .  

j x e r i m e n t a l  Programs 

1975 
Budget Current  

1976 -- 1974 Estimate E s t i m a t e  - 
(Thousands o f  Dol la rs )  

Space technologj, 
.- - - $2 000 $2,000 $3 700 s h u t t l e  paylocids . . . . . . . -- 

Total................ .- - - $2.000 $2.000 $3.700 

T r a n s i t  i on  
Period 

$1,110 

$1.110 -- 
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OBJECTIVES AND STATUS 

The Space Technology S h u t t l e  Payloads program w i l l  d e f i n e  and develop space 
f a c i l i t i e s  which enable  r e sea rche r s  t o  u t i l i z e  i n  an economical manner t h e  
c a p a b i l i t i e s  provided by the S h u t t l e  and Spacelab 3 s  terns. These faci l i t ies  
w i l l  extend t h e  C a p a b i l i t i e s  o f  t he  ground-based r e sea rch  f a c i l i t i e s ,  pe r -  
m i t t i n g  r e sea rch  and technology i n v e s t i g a t i o n s  t o  b e  conducted i n  space where 
t h e  unique a t t r i b J t e s  o f  vacuum, weight lessness ,  r a d i a t i o n ,  and/or  l o c a t i o n  
are essential .  Experiments i n  s p e c i f i c  d i s c i p l i n e  areas and which r e q u i r e  
s h u t t l e  c a p a b i l i t i e s  are  supported t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  t h e  e f f o r t  
and t o  determine the t echn ica l  and programmatic r e sources  r equ i r ed  f o r  a sub- 
sequent f l i g h t  program. 

BASIS OF FI 19715 AND TRANSITSPERIOD ESTIMATES 

The Advanced Technology La'boratory (ATL) , which u t i l i z e s  t h e  Spacelab t o  
support  technology experiments t:hat r e q u i r e  man i n t e r a c t i o n  i n  space,  is 
being supported i n  FY 1975, 1976 and t h e  t r a n s i t i o n  per iod .  This  e f f o r t  
inc ludes  p a r t i c i p a t i o n  i n  Shiitt1.e and Spacelab reviews t o  i n s u r e  coinpati- 
b i l i t y  w i t h  the  ATL requirements ,  ref inement  of p o t e n t i a l  experiment r e q u i r e -  
ments, and a systems and requirements  d e f i n i t i o n  s tudy.  
s h u t t l e  experiment: summer workshop w i l l  b e  conducted dur ing  CY 1975 t o  de-  
f i n e  t h e  techno!-ogy requi red  f o r  CY 1980 t o  1990 missions.  F e a s i b i l i t y  and 
d e f i n i t i o n  stud$-es: o f  Shu t t l e  compatible experiments t o  s a t i s f y  these  tech-  
nology requirement:s i d e n t i f i e d  by t h e  summer workshop w i l l  be  conducted 
during FY 1976 and. t h e  t r a n s i t i o n  per iod .  Addi t iona l  FY 1976 and t r a n s i t i o n  
per iod  f e a s i b i l i t y  and d e f i n i t i o n  e f f o r t s  are focused on b a s i c  phys ics  and 
chemistry exper-I.ments, an e n t r y  technology payload, and a S h u t t l e  contamination 
experiment . 

The Long Duration Exposure F a c i l i t y  (LDEF) i s  a low c o s t ,  f r e e - f l y i n g ,  
completely pass ive ,  r eusab le  payload which w i l l  expose l a r g e  numbers o f  
experiments t o  the  space envlronment. LDEF i s  proposed f o r  deployment on 
an  e a r l y  S h u t t l e  f l i g h t ,  w i t h !  l a t e r  re t r ieval ,  t o  o b t a i n  e a r l y  d a t a  which 
w i l l  be  b e n e f i c i a l  t o  o t h e r  S h u t t l e  payloads. It i s  a l s o  be ing  proposed 
f o r  use  dur ing  t h e  s h u t t l e  development program as a method o f  v e r i f y i n g  t h e  
S h u t t l e  cargo bay environments, f o r  demonstrat ing t h e  space ope ra t ion  o f  t he  
remote manipulator  system, and f o r  developing payload handl ing f i x t u r e s  and 
procedures a t  t h e  launch s i t e .  'the N 1976 and t r a n s i t i o n  per iod  e f f o r t  i s  
focused on t h e  completion of  t h e  des ign  package, i n i t i a t i o n  of  procurement 
and f a b r i c a t i o n  s c . t i v i t i e s ,  an.d on t h e  development and expansion o f  a use r  
(experiment) comnuiiity . 

A space technology/ 

Experiments which have been adequate ly  def ined  as to  t e c h n i c a l  scope and 
resource  r equ i r e~nen t s  are  being supported f o r  hardware development i n  prepa - 
r a t i o n  f o r  a n  e a r l y  Spacelab mission. The r e sea rch  module i n  which basic 
f l u i d  phys ics  and drop dynamics experiments w i l l  be  conducted i s  one such 
e f f o r t .  During IT 1976 the  des ign  packages f o r  t h e s e  experiments w i l l  be  
completed . 
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- Low Cost Systems Program 

Budget Current T r a n s i t  i on  
1974 E s t i m a t e  E s t i m a t e  1976 ___ Period -- 

(Thousands o f  Dol la rs )  

Low c o s t  sys'tem,s 
program. . . . . . . . . . . . . . . $3 , 100 $5 , 000 $5 , 000 $6 , 100 $1 , 500 

OBSECTIVES AND ,STATUS 

The o b j e c t i v e s  of  t h e  L o w  Cost Systems Program are t o  p r e s c r i b e  approaches 
to reducing t h e  o v e r a l l  c o s t s  o f  space systems by t h e  s t a n d a r d i z a t i o n  o f  
components an3 systems and improvement o f  bus iness  and programmatic p r a c t i c e s .  

--- Standard Space Equipment Development 

Use of  standairdized c a p a b i l i t i e s  w i l l  reduce t h e  c o s t s  of  des igning  and 
developing unique equipment f o r  d i f f e r e n t  missions.  Cost p e r  u n i t  w i l l  
d e c l i n e  wi th  q u a n t i t y  producti-on; r e l i a b i l i t y  and assurance  w i l l  improve; 
d e l i v e r y  scht.-du:tes w i l l  b e  shortened.  

For c e r t a i n  u t i l i t y  func t ions  which are  common t o  many space systems, 
t h i s  program : i d e n t i f i e s  space equipment and component requirements ,  d e f i n e s  
t h e i r  i n t e r f a c e s ,  and developes s u i t a b l e  s tandard  subsystems, components, 
and/or  sof tware  f o r  u s e  by t h e  p r o j e c t s .  

Standard equipment and components w i l l  b e  produced f o r  s p a c e c r a f t  i n  f i v e  
areas. 'These are:  Power; Aux i l i a ry  Propuls ion;  S t a b l i z a t i o n ,  Guidance and 
Control ;  Communj.cations and Da.ta Handling; and Ground Support Equipment. 

The avai labi- l i . ty  of t h e  equi.pment and/or  sof tware  i s  made known agency- 
wide through it c:atalog . 
Power 

The o b j e c t i v e  i s  t o  reduce t h e  c o s t  o f  electrical  power subsystems f o r  
NASA spac:ecra.l't by developing and q u a l i f y i n g  an a r r a y  of  s tandard  equipment 
des igns  , cover*ic.g a range o E needed c a p a b i l i t i e s .  

I n  t h e  FY 15176 and t h e  t r a n s i t i o n  per iod  development o f  s o l a r  a r r a y s ,  
b a t t e r i e s  , anc! t ransformers  w i l l  be  continued. 
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Auxi l i a ry  Propsl:; i on  

The s e l e c t i o i ,  development and q u a l i f i c a t i o n  of  low c o s t  s tandard ized  
a u x i l i a r y  propuls ion  components are t h e  ob jec t ives .  
veloped f o r  tank and t h r u s t e r  s i z e s .  

Options w i l l  b e  de- 

I n  FY 1976 and t h e  t r a n s i t i o n  per iod  development of  s tandard  hydrazine 
a t t i t u d e  c o n t r o l  propuls ion  elements and a t t i t u d e  c o n t r o l  t h r u s t e r s  w i l l  
b e  continued. 

S t a b i l i z a t i o n ,  Guidance and Contro 1 

The o b j e c t i v e s  h e r e  are  t o  i d e n t i f y ,  develop and q u a l i f y  s t a b i l i : z a t i o n ,  
guidance and c o n t r o l  equipment and sof tware  t h a t  has  u t i l i t y  f o r  vi3rious 
space f l i g h t  programs. 

I n  t h e  EY 1976 and the  t r a n s i t i o n  per iod  development o f  s tandard  f i n e  s o l a r  
sensor  stabi1iz:at:ion u n i t s ,  panoramic a t t i t u d e  sensors ,  and s i n g l e  a x i s  i n -  
e r t i a l  r e fe rence  u n i t s  w i l l  b e  continued. 

Communications arid Data Handling 

The o b j e c t i v e s  are t o  coord ina te  mission requirements ,  and develop and 
q u a l i f y  st:andardized f l i g h t  equipment f o r  s p a c e c r a f t  communications and 
da ta  management:. 

I n  FY 1976 and t h e  t r a n s i t i o n  per iod  development o f  s p a c e c r a f t  t ransponders ,  
magnetic t ape  r eco rde r s ,  f l i g h t  computers, t e lemet ry  modulator components 
and d i g i t a l  dat:a i n t e r f a c e  u n i t s  w i l l  b e  continued. 

Ground Support a u i p m e n t  ( G S g  

The ob jec t ive  h e r e  i s  t o  reduce t h e  c o s t  o f  GSE by s t anda rd iz ing  on 
e x i s t i n g  GSE w h e r e  practical. t o  e f f e c t  c o s t  savings and developing stanti-  
a rd ized  GSE where i t  i s  proven t o  b e  c o s t  e f f e c t i v e .  

I n  FY 1976 and t h e  t r a n s i t i o n  per iod  t h e  fol lowing candida tes  for 
s t anda rd iza t ion  w i l l  be  examined: t es t  equipment, t r a n s p o r t a t i o n  and 
handl ing equipment, s e r v i c i n g  equipment, and launch c o n t r o l  and monitoring 
equipment . 

B u s i n e s s a n d  Program P r a c t i c e  S tud t s s  

The o b j e c t i v e  o f  t h e  bus iness  and program p r a c t i c e  e f f o r t s  i s  t o  i d e n t i f y  
o p p o r t u n i t i e s  f o r  e f f e c t i n g  c o s t  savings w i t h i n  c u r r e n t  and f u t u r e  p r o j e c t s .  
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Program P r a c t i c e s  

I n  E'Y 1976 and the t r a n s i t i o n  per iod  t h e  fol lowing a r e a s  w i l l  be  explored: 
development and maintenance of  a developed component inventory ,  new lower 
c o s t  methods o f  t e s t i n g ,  r e l i a b i l i t y  and q u a l i t y  assurance ,  spa res  philosophy, 
spacec ra f t  i n t e g r a t i o n ,  documentation and experiment development: p r a c t i c e s .  

Business P r a c t i c e s  

I n  FY 1976 and the  t r a n s i t i o n  per iod  t h e  Business P r a c t i c e s  a c t i v i t y  w i l l  
cont inue  t o  review and evaluate NASA's p r e s e n t  space bus iness  pract : ices  
with emphasis on the  a c q u i s i t i o n  process ,  c o n t r a c t  execut ion,  and bus iness  
da t a  processing,  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF ENERGY PROGRAMS ENERGY TECHNOLOGY APPLICATIONS 

-- SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current T r a n s i t i o n  

-- 1974 E s t i m a t e  E s t i m a t e  1976 Period 
(Thousands of Dol la rs )  

Energy research  and 
.......... technology..  $2,693 $2,085 $2,035 $2 , 200 $550 

3,000 7 50 
3 50 400 700 200 

Total .  .................. $4.693 $4.435 $4.435 $5.900 $1.500 

... Energy app1icat:ions.. 2,000 2,000 2 , 000 ....... --- --- Systems a n a l p  i s .  

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

Johnson Space Center.  ... $430 

Marshall  Spac:c: F l i g h t  

Goddard Space Fl.ight 

Je t  Propuls ion 

Kennedy Space Center..  .. -I- 

Center.. . . . . . . . . . . . . . .  875 

Center.. .  ............. --- 
Laborat:ory.. .......... :! ,008 

A m e s  Research Center..  .. --- 
F l i g h t  Research Center..  28 
Langley Research Center.  316 
L e w i s  Researcf Center. .  . -1-,036 

$380 
--- 

5 50 

230 

2 , 500 
225 

90 
460 

--- 

$380 
--- 

550 

230 

2,500 
225 

90 
460 

--- 

$1,875 
50 

2 50 

225 

2 , 500 
175 --- 

75 
7 50 

$375 
25 

50 

75  

675 
75 

25 
200 

--- 

Tota l  ................. $4.693 $4.435 $4.435 $5.900 $1.500 --- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF ENERGY PROGRAMS ENERGY TECHNOLOGY APPLICATIONS 

PROGRAM OB JECT'IVES AND JUS'I3FICATION 

The broad goa l  of  t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  energy 
programs i s  t o  ass is t  i n  i n s u r i n g  t h e  a t ta inment  and maintenance o f  n a t i o n a l  
energy s e l f - s u f f i c i e n c y .  I n  o rde r  t o  accomplish t h i s  goa l ,  t h e  Of f i ce  of  
Energy Programs has fou r  ma.jor o b j e c t i v e s  as  fol lows:  

1. Provide support  i n  advanced research ,  technology and development t o  
o t h e r  Federa l  agencies .  

2.  Define and, i f  appropr i a t e ,  implement programs i n  program a r e a s  
r e l a t e d  t o  energy which r e q u i r e  t h e  broad a p p l i c a t i o n  o f  aerospace  systems 
technology and management techniques.  

3. Provide support  t o  Federa l ,  s t a t e  and l o c a l  governmental agencies  i n  
t h e  appl  i c a  t ion  13 f ae ro  spac e technology. 

4 .  Evaluate t ' n e  p o t e n t i a l  o f  va r ious  elements of  aerospace  technology i n  
a comprehensive energy mat r ix  through t h e  a p p l i c a t i o n  of t h e  techniques of  
systems a n a l y s i s  and a n a l y t i c a l  modeling. 

The FY 1976 a c t i v i t i e s  of t he  O f f i c e  of Energy Programs c o n s i s t  of small re- 
search  and technology p r o j e c t s  designed t o  i d e n t i f y ,  as w e l l  as mature, t ech-  
no logies  o f  importance t o  the  n a t i o n a l  energy community. These a c t i v i t i e s  
w i l l  b e  concerned wi th  apply ing  ae ronau t i c s  and space technology t o  t h e  
d iscovery ,  product ton,  conversion,  t ransmission,  s to rage ,  conserva t ion ,  
u t i l i z a t i o n  and management o f  energy i n  terrestr ia l  a p p l i c a t i o n s .  They w i l l  
inc lude  e x p l o r s t  ion of new and favorable  a l t e r n a t i v e s  t o  ongoing NASA 
research  and teclinology. These a c t i v i t i e s  w i l l  b e  conducted i n  t h e  areas 
of  energy r e sea rch  and technology, energy a p p l i c a t i o n s  and systems ana lys i s .  

BASIS OF FUND REQUIREMENTS 

Energy Research and Technology 

1975 - 
Budget Current  T r a n s i t  i on  

'I 974 E s t i m a t e  E s t i m a t e  1976 Period _--- 
(Thousands of  Dol la rs )  

$2,085 $2,035 $2,200 $550 $2 ,693 
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OBJECTIVES AND S'L'ATWS 

The Energy Resea-ech and Technology i s  aimed a t  e f f e c t i v e  u t i l i -  
z a t i o n  of t h e  e x i s t i n g  NASA c a p a b i l i t i e s  and experience i n  r e l a t i o n  t o  
t h e  n a t i o n a l  energy research  and development program be ing  pursued by the  
agencies  having primary energy program r e s p o n s i b i l i t i e s .  

A p a r t  o f  t h e  e f f o r t  t o  r e l a t e  experience t o  problems i s  accomplished by 
t h e  d i r e c t  'NASA p a r t i c i p a t i o n .  i n  t h e  cont inuing  energy r e sea rch  and de-  
velopment planning a c t i v i t y .  The ba lance  o f  t h i s  e f f o r t  must b e  accom- 
p l i shed  by d i r e c t  suppor t  o f  both in-house and c o n t r a c t u a l  e f f o r t s  to r e f i n e ,  
t r a n s l a t e  and adapt  t h e  wide range of  ae ronau t i c s  and space technologies  t o  
t h e  a p p r o p r i a t e  energy program ac t iv i t ies .  

The process  t h a t  i s  be ing  developed t o  a s s u r e  t h a t  t h e  t echno log ica l  
s t r e n g t h  of NASA i.s brought  t o  bear  i n  suppor t  of t h e  energy programs i n -  
vo lves  two disc.ret:e, b u t  r e l a t e d ,  elements;  technology i d e n t i f i c a t i o n  and 
v e r i f i c a t i o n ,  arid c r i t i c a l  technology advancement. Technology i d e n t i f i c a t i o n  
and v e r i f i c a t i o n  involves  a continued search  f o r  technology e x i s t i n g  i n  ae ro -  
n a u t i c s  and space d i s c i p l i n e s  which could s o l v e  energy problems as w e l l  a s  
experimental  v e r i f i c a t i o n  of known aerospace technology t o  terrestr ia l  energy 
problems. C r i t i c a l  technology advancement inc ludes  t h e  d e f i n i t i o n  o f  assump- 
t i o n s  regard ing  technology levels  which can be  achieved i n  systems proposed 
f o r  so lv ing  energy problems, as w e l l  as understanding t h e  technology advance- 
ments r equ i r ed  t o  achieve  p red ic t ed  levels of performance w i t h i n  s p e c i f i e d  
t i m e  per iods .  . 

I n  a d d i t i o n  t o  us ing  t h i s  genera l  p rocess  t o  assure t h a t  competent NASA 
recommendations are  made t o  ERDA and t h e  o t h e r  o rgan iza t ions  d i rec t : ly  
au thor ized  t o  f u l f i l l  t h e  energy r e sea rch  and development program respons i  - 
b i l i t i e s ,  i t  i s  a l s o  being used t o  d e f i n e  comprehensive technology programs 
i n  s p e c i f i c  areas d i r e c t l y  r e l a t e d  t o  t h e  most r e l e v a n t  NASA experience and 
capab il i t i.es . 

CHANGES FROM --- FY I975 BUDGET ESTIMATES 

With t h e  c r m t i o n  of t he  Of f i ce  of Energy Programs energy-re la ted  
a c t i v i t i e s  p rev ious ly  i n  NASA's Aeronaut ics  and Space Technology program 
were assigned t o  t h e  Energy Research and Technology program. A s  a r e s u l t  
t h e  d i s t r i b u t i o n  o €  resources  between t a s k s  w a s  a l t e r e d  t o  t ake  i n t o  account 
two major f a c t o r s :  t h e  needs of  t h e  new o f f i c e  t o  b e t t e r  d e f i n e  energy- 
r e l a t e d  r e sea rch  and technology areas t h a t  would make appropr i a t e  u s e  of 
aerospace technology, and t:he expanded l e v e l  of  support  provided t.o o the r  
agencies  on a re imbursable  b a s i s .  More s p e c i f i c a l l y ,  small e f f o r t s  t h a t  
NASA has funded ear l ier  art! now being continued on a reimbursable  b a s i s  i n  
support  of programs of o t h e r  agencies .  These e f f o r t s  include:  Potassium 
ranking topping cyc le ,  Energy conversion a l t e r n a t i v e s  s tudy,  Energy s to rage  
systems, Automotive gas t u r b i n e ,  and Aerodynamic drag  of l a r g e  road veh ic l e s  
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NASA resources  iahtch would have supported s m a l l  e f f o r t s  i n  t h e s e  areas now 
support  h igh  e f f i cency ,  low pol l -ut ion i n t e r n a l  combustion engines ( inc lud ing  
hydrogen i n j e c t i o n  f o r  autombiles)  and energy systems research  and technology 
support  p r o j e c t s .  

An a d d i t i o n a l  modi f ica t ion  w a s  made in t h e  FY 1975 p r o j e c t s  by t r a n s f e r r i n g  
p r o j e c t  r e s p o n s i b i l i t y  f o r  Remote Sensing of Smokestack P o l l u t i o n  and A i r  
P o l l u t i o n  Source I d e n t i f i c a t i o n  t o  t h e  Of f i ce  of Appl ica t ions .  

BASIS OF EY 1956 AND T R A N S I T 2  PERIOD ESTIMATES 

The funding f o r  Energy Research and Technology suppor ts  i d e n t i f i c a t i o n  
and ver i f i .cat i .on in. areas t h a t  w i l l  i nc lude  materials f o r  high temperature  
energy cor~vers~.ori sys  t e m s  and thermal , mechanical and e l e c  t r o  -chemical 
energy s t o r a g e  techniques;  t h e  a n a l y s i s  of c r i t i c a l  technologica l  a s p e c t s  
of  systems des:ign concepts and t echn ica l  proposa ls  and approaches to  energy 
problems u t i l i - z i n g  aerospace r e l a t e d  technology; and completion of  s e l e c t e d  
program d e f i n i t i o n  e f f o r t s  i n i t i a t e d  dur ing  FY 1975 i n  t h e  fol lowing tech-  
nology areas : mult ipurpose gas t u r b i n e ,  terrestrial  (commercial) f u e l  
c e l l s ,  advanced s u r f a c e  propuls ion  and hydrogen energy technology. 

i n t e r n a l  combustion engine has  been s u c c e s s f u l l y  demonstrated i n  an  engine 
t e s t  s tand .  
t h e  "on board" hydrogen genera tor  i n  a n  automobile.  To support  t h i s ,  a 
v e h i c l e  demonstrat ion p l an  i s  being prepared f o r  cons ide ra t ion  by ERDA. 

The hydrogen i n j e c t i o n  concept t o  ach ieve  a h ighe r  eff ic iency,  low po l lu t ion ,  

The next  phase planned w i l l  b e  a demonstrat ion of t h e  engine and 

Energy Appl ica t ions  

1975 
Budget Current  T r a n s i t i o n  

1974 E s t i m a t e  Estimate 1976 Period --- -- 
$2,000 $2,000 $2,000 $3,000 $7 50 

OBJECTIVES ANI) STATUS 

There are nmny fo reseeab le  advancements i n  ou r  methods o f  producing and 
conserving energy which can b e n e f i t  from t h e  i n t e g r a t e d  a p p l i c a t i o n  of ae ro  - 
n a u t i c s  and spac:e technology. Within t h e  Energy Appl ica t ions  program, i n -  
v e s t i g a t i o n s  of  p o t e n t i a l  advancements w i l l  b e  conducted inc luding  a s tudy  
of t h e  technical- and economic f e a s i b i l i t y  of sa te l l i t e  s o l a r  power and 
s a t e l l i t e  power r e l a y  systems, s t u d i e s  and research  o f  systems and subsystems 
which a re  p a r t  o f  i n t e g r a t e d  u t i l i t y  systems, and s t u d i e s  of t h e  focused 
a p p l i c a t i o n  o f  remote sensing and r a p i d  d a t a  handl ing  techniques t o  energy 
r e source  assessment and environmental  e f f e c t s .  
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CHANGES FROMFY 1975 BUDGET ESTIMATE 

With the  c r e a t i o n  of t he  Of f i ce  of Energy Programs, a review of t h e  
program d i r e c t i o n ,  emphasis, p lanning  and u t i l i z a t i o n  of resources  f o r  
energy-relat 'zd a c t i v i t i e s  p rev ious ly  under t h e  cognizance of t h e  O f f i c e  of 
Appl ica t ions  w a s  conducted. A s  a r e s u l t  of t h i s  review, f u r t h e r  support  O f  

t h e  Earth-based So la r  Power Conversion and Del ivery  System Study was  de fe r r ed  
pending t h e  :cesul.ts of the  FY 1974 funded e f f o r t  and t h e  es tab l i shment  of t h e  
na tu re  of possf-ble funding support  from o t h e r  i n t e r e s t e d  agencies .  Fu r the r  
support  of t h e  Survey of Hydrogen Product ion Methods w a s  de fe r r ed  pending 
the  r e s u l t s  of a new program d e f i n i t i o n  e f f o r t  i n  hydrogen energy systems 
technology. S imi l a r ly ,  f u r t h e r  suppor t  of t h e  Space-based So la r  Power 
Conversion and Power R e l a y  Systems Study w a s  reduced u n t i l  t he  completion of 
an i n t e g r a t e d  S a t e l l i t e  Power System Program. These adjustments  allowed 
a re focus ing  t o  put  a d d i t i o n a l  e f f o r t  i n  areas of technology i d e n t i f i c a t i o n  
and veri.f ica.t:ion and sys  t e m  ana lys i s .  

BASIS O F  ---- FY 1.976 AND TRANSITION PERIOD ESTIMATES 

Funding f o r  t:he Satellite Power Systems program w i l l  be used t o  i n v e s t i g a t e  
t h e  economic, environmental ,  and o p e r a t i o n a l  a s p e c t s  o f  t h e  space-based 
c o l l e c t i o n ,  conversion, and r e l a y  o f  s o l a r  energy concepts  and cont inue  t o  
pursue t:echncllagical areas p e r t i n e n t  t o  such concepts .  Program d e f i n i t i o n  
s t u d i e s  w i l l  be undertaken t o  i d e n t i f y  and p r i o r i t i z e  t h e  c r i t i c a l  tech-  
no log ie s  tha t  p re sen t ly  c o n s t r a i n  t h e  t echno log ica l ,  ope ra t iona l ,  and eco- 
nomic assessment o f  sa te l l i t e  power concepts ,  t o  i d e n t i f y  ongoing r e sea rch  
and technology wi th in  NASA r e l a t e d  t o  s a t e l l i t e  power concepts ,  and t o  
s t r u c t u r e  an o r d e r l y  program leading  t o  f e a s i b i l i t y  d e c i s i o n s  regard ing  t h e  
concepts.  

Support o f  t h e  U t i l i t y  Systems Technology program w i l l  apply aerospace-  
der ived  technology, systems i n t e g r a t i o n  engineer ing ,  and management tech-  
n iques  t o  t h e  a n a l y s i s  and des ign  of  community services o f  power, water, 
l i q u i d  and s o l i d  waste management. The program i s  o r i e n t e d  toward s h o r t  
term (pre-1985) energy and environmental  conserva t ion  via i n t e g r a t e d  u t i l i t y  
systems f o r  res ldences  and small communities. This  program, conducted 
p a r t l y  i n  cooperat ion wi th  the  Department of  Housing and Urban Development 
a t  t h e  Johnson Space Center modular i n t e g r a t e d  u t i l i t y  system (MIUS) 
i n t e g r a t i o n  and subsystem test (MIST) f a c i l i t y ,  w i l l  b e  dedicated to  the  
development, i n t e g r a t i o n  and t e s t i n g  o f  waste water and s o l i d  t rea tment  con- 
c e p t s ,  product ion of  e l e c t r i c a l  and thermal energy from t h e s e  waste products ,  
low c o s t  h e a t i n g  and cool ing,  energy s t o r a g e  devices ,  humidity control. ,  and 
water q u a l i t y  m m i  t o r ing .  

Technology developed as  a p a r t  of t h e  space program o f f e r s  a p o t e n t i a l  
means f o r  e f f i c i e n t l y  expedi t ing  t h e  assessment  of  t h e  n a t i o n ' s  energy re- 
sources .  
d a t a  handl ing  as a means of i nc reas ing  t h e  e f f i c i e n c y  o f  o i l  and gas  explora-  
t i o n  i n  front::iei: a r e a s ,  such as t h e  o u t e r  c o n t i n e n t a l  s h e l f .  Remote sensing 

Funding w i l l  be  focused on t h e  a p p l i c a b i l i t y  o f  r a p i d  turn-around 
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technology appears  t o  r e q u i r e  f u r t h e r  development i n  most ca ses  be fo re  be- 
coming a l a r g e  s c a l e  o p e r a t i o n a l  approach. 
t h e  technology appears t o  b e  s u f f i c i e n t l y  mature, c h i e f l y  i n  t h e  area of  
h y d r o e l e c t r i c  power, s t u d i e s  w i l l  be  i n s t i t u t e d  t o  determine t h e  impact of a 
systems approach, inc luding  remote sensing,  on t h e  problem of  managing t h e  
Nat ion ' s  energy supply. As t h e  technology of  remote sens ing  cont inues  t o  
mature, we a n t i c i p a t e  i t s  a p p l i c a t i o n  t o  a broader  range of  problems dea l ing  
wi th  t h e  n a t i o n a l  energy supply. 

However, i n  t hose  areas where 

Systems Analys is  

1975 
Budget Current T r a n s i t i o n  

1974 Estimate E s t i m a t e  1976 Period -- -- 
(Thousands of Dol la rs )  

--- $350 $400 $700 $200 
OBJECTIVES NU STATUS ---- 

System:;  s t u d i e s  and a n a l y s i s  covers  t h e  sys temat ic  i d e n t i f i c a t i o n  and 
maintenance o €  e x i s t i n g  energy p r o j e c t  da t a  bases  i n  o r d e r  t o  support  t he  
broad ana lyses  j'nvolving c l e a r l y  def ined  boundaries  wi th  r e spec t  t o  tech-  
n i c a l ,  economic. environmental.. p o l i t i c a l  and s o c i a l  assumptions.  

CHANGES FROM --- FY 1975 BUDGET ESTIMATE 

The Of f i ce  Df Energy Program w a s  e s t a b l i s h e d  l a t e  i n  FY 1974 t o  bet:ter 
coord ina te  a v a r i e t y  of NASA-managed a c t i v i t i e s  funded by t h i s  and o the r  
agencies .  A:; a consequence oE t h i s  r eo rgan iza t ion ,  a number of prev ious ly  
i d e n t i f k d  energy-re la ted  p r o j e c t s  t h a t  were t o  be accomplished o r  continued 
i n  FY 19'75 were consol ida ted  i n t o  more broadly  a p p l i c a b l e  program areas. 
Many were funl3etl by o the r  agencies ,  which permit ted t h e  a p p l i c a t i o n  of NASA 
resource:; t o  ;pec:ific Systems Analysis  e f f o r t s  which are designed t o  i d e n t i f y  
and maintain the nos t  appropr i a t e  NASA energy p r o j e c t  d a t a  bases.  

BASIS OF FY 1.076 AND TRANSITION PERIOD ESTIMATES 

I n  Fy :1976:, funding w i l l  be  u t i l i z e d  t o  cont inue  t o  b u i l d  a da ta  base  o f  
e x i s t i n g  energy p r o j e c t  information,  t o  develop t h e  c a p a b i l i t y  t o  eva lua te  
t h e  in te rac t j .on  of' i nd iv idua l  energy systems wi th  the  t o t a l  environment i n  
which each sy:;tem must develop and ope ra t e ,  and t o  cont inue  t h e  a i m  t o  make 
t h i s  information a v a i l a b l e  p r i o r  t o  implementation of ind iv idua l  1x0 j e c t s  
set f o r t h  i n  o t h e r  p o r t i o n s  of  t h e  energy program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF TF.AC.CE:ING AND DA'IIA ACQUISITION TRACKING AND DATA 
ACQUISITION PROGRAM 

- SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current  T r a n s i t  i o n  

' ( I n u s  and s o f Do 1 1 ar s ) 
1974 E s t i m a t e  Est imate  1976 Period 

Operations.  ......... $191,900 $192,800 $192,900 $192,400 $51,200 
Systems imp Lemen- 

t a t i o n .  ........... 42,900 48 , 000 42 , 300 41 , 400 1 2  , 900 
Advanced sy:; terns.. .. 9 , 200 9 , 200 9 , 200 9 , 200 2,300 
Tracking and d a t a  

r e l a y  s a t e l l i t e  --- 3 , 600 --- - - -  systea. .  .......... --- 

Total............. $244,000 -- $250,000 $248.000 $243.000 $66.400 

Dis t rubut ion  --- of Program Amounts by I n s t a l l a t i o n :  

Goddard Space 

Wallops F l i g h t  

Jet Propuls ion 

F l i g h t  Research 

Langley Research 

Headqua.r t er E ....... - 14,332 14,900 14 , 600 14 , 900 3,800 

F l i g h t  C e n t e r . . . .  $175,,113 $180,900 $176,200 $169,100 $45,300 

Center........... 51 , 544 6,900 6,200 5,100 1,400 

..... 45 , 500 48 , 400 51,500 15,300 Laboratory.. 46,833 

Center........... 1,978 1 , 800 2 , 600 2 , 400 600 

Center........... 200 --- - - -  --- --- 

Total ............. $244.000 $250.000 $248.000 $243.000 $66.400 -- 

566-537 0 - 75 - 3 :  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1976 ESTIMATES 

OFFICE OF --- TRACKING AND DATA ACQUISITION TRACKING ANI) DATA 
ACQUISITION PROGRAM 

PROGRAM CBJECI'IVES AND JUS'JTFICATION --- 

The purpose of t h i s  program i s  t o  provide  v i t a l  t r ack ing  and d a t a  
a c q u i s i t i o n  sLpport t o  meet :  t h e  requirements of a l l  NASA f l i g h t  p r o j e c t s .  
I n  a d d i t i o n  t c  NASA f l i g h t  p r o j e c t s ,  support  i s  provided,  as mutual ly  agreed,  
f o r  p r o j e c t s  cf  t h e  Department of Defense, o t h e r  government agenci-es, and 
o the r  coun t r i c s  and i n t e r n a t i o n a l  o rgan iza t ions  engaged i n  space 1-esearch 
endeavors. 

Support i s  Frovided f o r  manned and unmanned f l i g h t s ;  f o r  spacec ra f t ,  
sounding rockcmts , and r e sea rch  a i r c r a f t ;  f o r  e a r t h  o r b i t a l  and s u b o r b i t a l  
missions;  f o r  lunar  and p l ane ta ry  missions;  and f o r  space probes.  

Types c f  support  provided include:  (a) t r ack ing  t o  determine the  p o s i t i o n  
and t r a j e c t o r y ~  o f  v e h i c l e s  i n  space;  (b) a c q u i s i t i o n  of s c i e n t i f i c  d a t a  
from onbcard experiments;  ( c )  a c q u i s i t i o n  of engineer ing  d a t a  on t h e  
performance of spacec ra f t  and launch v e h i c l e  systems; (d) t ransmiss ion  of 
commands f ror .  ground s t a t i o n s  t o  s p a c e c r a f t ;  (e)  communication wi th  
a s t ronau t s  anc  a c q u i s i t i o n  of biomedical d a t a  on t h e i r  phys i ca l  cond i t ion ;  
( f )  communication of information between the  va r ious  ground f a c i l i t i e s  and 
c e n t r a l  c o n t r o l  c e n t e r s ;  arid (g) process ing  of d a t a  acqui red  from the  
launch veh ic l e s  and spacec ra f t .  Such support  i s  e s s e n t i a l  f o r  ach iev ing  
the  s c i e n t i f i c  ob jec t ives  of a l l  f l i g h t  missions,  f o r  execut ing  the  c r i t i c a l  
dec i s ionswhich  m u s t  be  made t o  a s s u r e  t h e  success  of t h e s e  f l i g h t  missions,  
and, i n  t h e  cz.se of manned missions,  t o  i n s u r e  t h e  s a f e t y  of t he  a s t r o n a u t s .  

Tracking anc! data a c q u i s i t i o n  support  i s  provided by a world-wide network 
of NASA ground s t a t i o n s  and an ins t rumenta t ion  sh ip ,  supplemented by 
appropria . te  instrumented a i r c r a f t .  These f a c i l i t i e s  are in te rconnec ted  by 
a network: of p c u n d  communications l i n e s ,  undersea cab le s ,  and communication 
s a t e l l i t e  cir'c:uits which are  l eased  from domestic and fo re ign  c a r r i e r s  and 
which provide th.e c a p a b i l i t y  f o r  ins tan taneous  t ransmiss ion  of d a t a  and 
c r i t i c a l  comtmds between spacec ra f t  and t h e  c o n t r o l  c e n t e r s  i n  t h e  United 
S t a t e s  from which t h e  f l i g h t s  a re  d i r e c t e d .  F a c i l i t i e s  a l s o  a r e  provided t o  
process  i n t o  meaningful form t h e  l a r g e  amounts of s c i e n t i f i c ,  a p p l i c a t i o n s  
and engineer ing d a t a  which a r e  c o l l e c t e d  from f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  
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ins t rumenta t ion  f a c i l i t i e s  are provided f o r  support  of sounding rocke t  
launchings and f l i g h t  t e s t i n g  of a e r o n a u t i c a l  r e sea rch  a i r c r a f t .  The 
Research and l),evelopment appropr i a t ion  provides  funds f o r ;  (a )  t h e  
ope ra t ion  and $naintenance of t h e  worldwide f a c i l i t i e s ;  (b) t he  engineer ing  
and procurement of equipment t o  s u s t a i n  and modify t h e  systems t o  support  
cont inuing ,  nev, and changing f l i g h t  p r o j e c t  requirements;  and ( c )  t h e  
i n v e s t i g a t i o n  of advanced t r ack ing  and d a t a  a c q u i s i t i o n  techniques and t h e  
development of advanced t r ack ing  and d a t a  a c q u i s i t i o n  ins t rumenta t ion .  

BASIS OF --- FUND REQUIREMENTS 

Operat ions 

The FY 1976 r eques t  r e f l e c t s  a l e v e l i n g  o f f  i n  funding requirements f o r  
network opera t ions .  Savings a s s o c i a t e d  wi th  t h e  c l o s i n g  of s t a t i o n s  are 
being o f f s e t  by s igni f icant :  c o s t  e s c a l a t i o n  i n  a l l  program areas and, i n  
pa r t i cu la . r ,  in t h e  overseas  ope ra t ions  area. I n  both t h e  Space f l igh t  
Tracking and Data Network and t h e  Deep Space Network the  support  workload 
w i l l  remain rc:la. t ively high wi th  t h e  Apollo Soyuz T e s t  P r o j e c t  and Viking 
being t h e  two new major increments i n  t r ack ing  and d a t a  a c q u i s i t i o n  support  
dur ing  F'I! 1976. 

Space f l igh t  
t r ack ing  and 
d a t a  networ's. ,, . . . 

Deep space network. 
Aeronautics and 

sounding rocke t  
support . . .  ... . . * .  

Communciations..... 
Data process ing  .... 

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

1975 
Budget Current  

-- 1974 Estimate E s t i m a t e  1976 
( I n  Thousands of Do l l a r s )  

$ 99,525 $ 98,200 $ 98,500 $ 97,000 
32 , 975 34,600 35 , 500 38 , 400 

4,300 5,500 5,200 4,100 
32,500 30 , 900 29 , 900 27,900 
22,600 23,600 23,800 25 , 000 

$191.900 $192.800 $192.900 $192.400 -- 

Trans i t  ion  
Period 

$26 , 000 
10 , 200 

1,100 
7 , 000 
6,900 

$51.200 
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-- Bpa.cef l i g h t  Tracking and Data Network Operations 

1975 
Budget Curren t  T r a n s i t i o n  

.--- 1974 Estimate E s t i m a t e  1976 Per iod  
( I n  Thousands of Dollars) 

$99,52.5 $98,200 $98,500 $97,000 $26,000 

OBJECTIVES A N D  STATUS 

The primary func t ion  of t h e  S p a c e f l i g h t  Tracking and Data Network i s  t o  
suppor t  manned and unmanned s p a c e f l i g h t  missions.  The m a j o r i t y  of t h e s e  
missions have near  e a r t h  o r b i t s ;  however, t h e  network does support: missions 
through lunar  d i s t ances .  I:n a d d i t i o n ,  t h e  network provides  launch suppor t  
t o  NASA’s p l ane ta ry  missions as w e l l  as t o  t h e  s p a c e f l i g h t  missions of t h e  
Department of Defense and o the r  U.S. agencies .  

The Spacefl.:ig€it Tracking and Data Network must be  respons ive  t o  t h e  
t r a c k i n g  and d a t a  a c q u i s i t i o n  requirements of a l a r g e  v a r i e t y  of f l i g h t  
p r o j e c t s  from t h e  t i m e  of launch t o  t h e  completion of f l i g h t  p r o j e c t  
o b j e c t i v e s .  In many ins t ances  t h e  pe r iod  of suppor t  r equ i r ed  by f l i g h t  
p r o j e c t s  extend!; t o  several years .  

The Space f l igh t  Tracking and Data Network p r e s e n t l y  c o n s i s t s  of s i x t e e n  
geographica l ly  d ispersed  land s t a t i o n s ,  two t r a n s p o r t a b l e  f a c i l i t i e s ,  
advanced ins t rumenta t ion  a i r c r a f t ,  one instrumented s h i p ,  and a c:ontrol 
center complex a t  Goddard Space F l i g h t  Center.  These f a c i l i t i e s  have t h e  
c a p a b i l i t y  tci e l ec t ron ica l - ly  t r a c k  t h e  s p a c e c r a f t ,  send commands f o r  space- 
c r a f t  and experiment c o n t r o l  purposes , receive engineer ing  and s c i e n t i f i c  
d a t a  from t h e  s p a c e c r a f t ,  and i n  t h e  case of t h e  a s t r o n a u t s  main ta in  vo ice  
communications f o r  s a f e t y  and o t h e r  p r o j e c t  r e l a t e d  purposes. I n  a d d i t i o n  
t o  these  e l e c t r o n i c  systems, t h e  S p a c e f l i g h t  Tracking and Data Network i s  
supplemented by laser t r ack ing  systems t o  m e e t  t h e  extremely p r e c i s e  needs 
of NASA‘s geodet ic  i n v e s t i g a t i o n s .  

The s i x t e e n  ‘Land s t a t i o n s  are l o c a t e d  a t  Fairbanks,  Alaska; Goldstone, 
C a l i f o r n i a ;  Meicritt I s l a n d ,  F l o r i d a ;  Kauai, H a w a i i ;  Rosman, North Caro l ina ;  
Guam; i 4 s c e ~ ~ s i o n  I s l a n d ;  Canberra, A u s t r a l i a ;  Bermuda; Canary I s l a n d s ;  
San t i ago ,  Chi le ;  Quito, Ecuador; England; Madagascar; Johannesburg, South 
Africa; and Madrid, Spain. A t r a n s p o r t a b l e  s t a t i o n  loca ted  near S t .  John’s ,  
Newfoundland, f o r  e a r l y  Skylab suppor t  has been pu t  i n  ca re t ake r  s t a t u s  and 
w i l l  be  r e a c t i v a t e d  i n  FE’ 1975 f o r  t h e  Apollo Soyuz T e s t  Program. A second 
t r a n s p o r t a b l e  f a c i l i t y  has  been r e l o c a t e d  t o  Madrid f o r  Applicat.ions 
Technology S a t e l l i t e  6 support .  
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Due t o  changing requirements  t h e  s t a t i o n  a t  Corpus C h r i s t i ,  Texas w a s  
c losed  a f t e r  completion of Slcylab i n  February 1974 and t h e  s t a t i o n  a t  
Carnarvon, Aust.ra1.ia was  c losed  i n  December 1974 ,  a f t e r  support  of t h e  
Hel ios  1 launch,, 
s t a t i o n  near  Johannesburg, South Af r i ca  w i l l  c l o s e  i n  l a t e  1975 a f t e r  support  
of t he  launch phase of Viking. 

The Canary I s l a n d  s t a t i o n  w i l l  c l o s e  i n  mid-1975 and t h e  

The Space f l igh t  Tracking and Data Network i s  c u r r e n t l y  suppor t ing  on a 
cont inuing  b a s i s  an average of approximately 40 unmanned s c i e n t i f i c  space- 
c r a f t  inc luding  such missions as t h e  f i r s t  Ear th  Resources Technology 
S a t e l l i t e  (LANDSAT), several Appl ica t ions  Technology S a t e l l i t e s  and 
I n t e r p l a n e t a r y  Monitoring P la t form sa t e l l i t e s ,  Orb i t ing  So la r  Observatory 
5, Radio Astronomy Explorer 2, Atmosphere Explorer  3 ,  and Nimbus 4 and 5. 
The network i s  a l s o  suppor t ing  the  Apollo Lunar Surface  Experiment Packages 
(ALSEP) l e f t  on t h e  moon's s u r f a c e  by t h e  Apollo 12, 14, 15, 16, and 17 
missions.  Upcoming missions, t o  be  supported inc lude  Synchronous Meteoro- 
l o g i c a l  S a t e l l i t e  (SMS) B y  Nimbus F, Geodynamic Experimental Ocean 
S a t e l l i t e  (GEOS) C y  Ea r th  Resources Technology S a t e l l i t e  (LANDSAT) By 
Orb i t ing  Solar  Observatory (OSO) I, and t h e  Apollo Soyuz T e s t  p r o j e c t .  I n  
add i t ion ,  Atmosphere Explorer D and Atmosphere Explorer  E w i th  widely 
d i f f e r i n g  0rbi t .s  w i l l  r e q u i r e  simultaneous support  by the  network f o r  a s i x  
month per iod  i n  F'Y 1976. The o v e r a l l  workload of t h e  Space f l igh t  'Cracking 
and Data Network, which i s  expected t o  cont inue  t o  average approxiinately 
40 spacec ra f t  dur ing  FY 1976, i.s ind ica t ed  on t h e  accompanying c h a r t s .  

CHANGES FROM F'l 1-975 BUDGET E S T W T E  

The adjustment i n  t h e  FY 1975 funding l e v e l  w a s  r equ i r ed  due t o  higher  
than a n t i c i p a t a d  c o s t  e s c a l a t i o n  f o r  t h e  ope ra t ion  of t h e  Space f l igh t  
Tracking iznd Ih t a  Network. 

BASIS OF 'FY --- 1976 AND TRANSITION PERIOD ESTIMATES 

Funds reques ted  f o r  t h e  Space f l igh t  Tracking and Data Network opera t ions  
i n  FY 1976 and the  t r ans i t i . on  per iod  are r equ i r ed  f o r  t he  maintenance and 
ope ra t ion  of t he  network f a c i l i t i e s  as w e l l  as t h e  r e l a t e d  l o g i s i t . i c s ,  ne t -  
work support  and computer Firogramming c o s t s  a s soc ia t ed  wi th  t h e  
around-the-clcck ope ra t ion  of t h e  network. The FY 1976 r eques t  r e f l e c t s  t he  
decreases  a s s c c i a t e d  w i t h  t h e  s t a t i o n  c losu res  noted above. 
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Deep Space Network Operations 

1975 
Budget Current  Trans i s  t ion  

1976 Period - 1974 E s t i m a t e  E s t i m a t e  --- 
( I n  Thousands of Do l l a r s )  

$32,975 $34,600 $35,500 $38,400 $10,200 

OBJECTIVES AN) STATUS ---- 
The primary f u c t i o n  of t he  Deep Space Network i s  t o  support  p l a n e t a r y  and 

i n t e r p l a n e t a r y  space f l i g h t  missions.  The r e c e n t l y  launched Hel ios  1 
mission i s  on a t r a j e c t o r y  t h a t  w i l l  t ake  t h e  s p a c e c r a f t  w i t h i n  f o r t y - f i v e  
m i l l i o n  k i lometers  of t h e  Sun. 
December 2,  1.974, and t h e  spacec ra f t  i s  scheduled t o  reach  Sa turn  i n  t h e  
l a s t  h a l f  of 'L979. me f lyby  of Sa turn  by Pioneer  11 w i l l  occur near ly  
1.5 b i l l i o n  k i lometers  froin t h e  Earth.  Future  missions t o  Sa turn  and 
beyond w i l l  i i ivolve d i s t a n c e s  measured i n  b i l l i o n s  of k i lometers ,  

The Pioneer  11 f l y b y  of J u p i t e r  occurred 

As  missions become more complex and f l i g h t  d i s t a n c e s  cont inue  t o  i nc rease ,  
equipment designs and computer program techniques are r equ i r ed  i n  t h i s  n e t -  
work which contfinue t o  push t h e  s t a t e - o f -  t h e - a r t  i n  i n t e r p l a n e t a r y  
communication. The Deep Space Network provides  t h e  v i t a l  two-way 
communication l i n k  t o  t h e s e  d i s t a n t  spacec ra f t  by which t h e  s p a c e c r a f t  are 
c o n t r o l l e d  and s c i e n t i f i c  d a t a  are obtained. 

The Deep S p w e  Network s t a t i o n s  are loca ted  a t  Goldstone, C a l i f o r n i a ;  
Canberra, Au:;tri3lia; and Madrid, Spain. The s t a t i o n s  c o n s i s t  of one 
64-meter and two 26-meter antennas a t  each loca t ion .  The Deep Space N e t -  
work s t a t i o n  a t  Johannesburg, South A f r i c a  w a s  c losed  i n  June 1974. The 
checkout f a c t l i t y  a t  Cape Canaveral ,  F lo r ida  has  been consol ida ted  wi th  
the  Spacef l iSht  Tracking and Data Network s t a t i o n  on Merritt I s l a n d ,  
F lo r ida .  

During FY 1975, t he  Deep Space Network support  workload c o n s i s t s  of s i x  
ongoing Pioneer s p a c e c r a f t ,  t h e  Hel ios  1 and Mariner 10 missions.  This 
workload, as r e f l e c t e d  i n  t h e  accompanying c h a r t ,  w i l l  cont inue  e s s e n t i a l l y  
through FY 1976. I n  a d d i t i o n ,  t h e  Viking 1975 A and B missions will be 
launched i n  t h e  f i r s t  q u a r t e r  of FY 1976. These missions w i l l  be  t he  most 
coinplex t h e  D e e p  Space Network has ever  supported.  The Hel ios  B spacec ra f t  
i s  a l s o  scheduled f o r  launch dur ing  FY 1976 and w i l l  add t o  t h e  on3oing 
network workload. 
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The Deep Space Network f a c i l i t i e s  are a l s o  u t i l i z e d  f o r  ground-based 
measurements i n  support  of experiments i n  t h e  f i e l d  of r a d i o  astronomy. 
The e x t r a - s e n s i t i v e  network antennas are be ing  used i n  man's att:empt t o  
l e a r n  more about such phenomena as t h e  mysterious Quasar energy sources  and 
t h e  p o s s i b i l i t y  of dying stars gene ra t ing  b lack  holes  i n  space.  Support  of 
t h e s e  experiments w i l l  
missions i n  FY 1976. 

cont inue  on a non in te r f e rence  b a s i s  t o  the f l i g h t  

CHANGES FROM FY 1975 BUDGET ESTIMATE 

The d . i f fe rence  i n  the  c u r r e n t  FY 1975 funding level from t h e  budget 
estirnat.e i s  due p r imar i ly  t o  t h e  impact of c o s t  e s c a l a t i o n .  

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATES 

The FY 1976 funds reques ted  f o r  ope ra t ion  of t h e  Deep Space Network 
f a c i l i t i e s  ;ire g r e a t e r  than were r equ i r ed  i n  FY 1975 due t o  e s c a l a t i o n  and 
t h e  inc:reas:ing workload a s soc ia t ed  w i t h  Viking and Hel ios .  I n  a d d i t i o n  t o  
t h e  mission support  as ind ica t ed  on t h e  workload c h a r t ,  funds are r equ i r ed  
f o r  t h e  engineer ing a c t i v i t i e s  t h a t  are necessary  t o  implement new 
equipment mid s u s t a i n  t h e  network t o  m e e t  t h e  requirements  of t h e  Mariner 
J u p i t e r / S a t i r n  1977 and the  Pioneer Venus 1978 missions.  

The estitnste f o r  t he  t r a n s i t i o n  per iod  is t h e  funding needed t o  cont inue  
t o  ope ra t e  the  Deep Space Network t o  m e e t  o p e r a t i o n a l  requirements  dur ing  
t h e  per iod  from J u l y  1 through September 30, 1976. 

.Aeronautics and Sounding Rocket Support 

1975 
Budget Current  Trans i t  ion  

1974 Es t imate  E s t i m a t e  1976 Period - -- 
( I n  Thousands of Do l l a r s )  

$4,300 $5,500 $5,200 $4,100 $1,100 

OBJECTIVES ARD S TATUS ---- 
1nst.rumenta.tion systems are maintained and opera ted  i n  support  of t h e  

soundi.ng r.ock.et , small s a t e l l i t e  and a e r o n a u t i c a l  programs conducted by 
Wallops Fl.j-ght Center and f o r  t h e  f l i g h t  r e sea rch  programs of the  F l i g h t  
Research Center. These ins t rumenta t ion  systems inc lude  genera l  purpose 
f ixed  trac:l:ing, te lemetry,  d a t a  handl ing,  record ing ,  t iming,  p l o t t i n g ,  and 
communicat::ions systems as w e l l  as s p e c i a l  purpose o p t i c a l  equipment. 
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The sounding rocke t  program con t inues  t o  b e  v e r y  active wi th  c l o s e  t o  
t h r e e  hundred missions be ing  launched las t  year.  This workload i s  expected 
t o  remain approximately t h e  same i n  FY 1976 w i t h  launches ranging  from the  
smaller meteoro logica l  rocke t s  t o  t h e  l a r g e r  Scout rocke ts .  I n  a d d i t i o n  t o  
i t s  cont inuing  sounding rocke t  and a e r o n a u t i c a l  program suppor t  a c t i v i t i e s ,  
Wallops will provide  s p e c i a l i z e d  t r ack ing ,  eva lua t ion  and c a l i b r a t i o n  
services f o r  t h e  GEOS-C p r o j e c t .  

The Fl iRht  Ilesearch Center ope ra t e s  t h e  Aerodynamic T e s t  Range, c o n s i s t i n g  
of f a c i l i t i e s  a t  t h e  Edwards A i r  Force Base and t h e  up-range s i t e  a t  Ely, 
Nevada. These f , x i l i t i e s  a r e  composed of p r e c i s i o n  r a d a r  t r ack ing ,  t e l e m e t r y ,  
and communications equipmen.ts which are used t o  suppor t  high performance 
a i r c r a f t  r e s e a r c h  and development programs of bo th  NASA and t h e  A i r  Force. 
Programs suppcrted by t h e  Aerodynamic T e s t  Range inc lude  va r ious  a i r c r a f t  
and l i f t i n g  bcdy p r o j e c t s ,  i nc lud ing  t h e  F-111, F-104, X-24-B, and F-1-5. 
The F l i g h t  Res#earch Center w i l l  a l s o  be r e spons ib l e  f o r  suppor t ing  t h e  
approach and landing  tests f o r  t h e  S h u t t l e  Orb i t e r .  

CHAl :ES FROM FY 1975 BUDGET ESTIMATE ---__ 
The d iEference  i n  t h e  c u r r e n t  FY 1975 funding l e v e l  from t h e  budget 

submission is due p r i m a r i l y  t o  t h e  s l i ppage  of t h e  GEOS-C launch d a t e  and 
r e l a t e d  p r o j e c t  suppor t  a t  Wallops. 

BASIS OF --- FY 1976 AND TRANSITION PERIOD ESTIMATE 

The FY 1976 r e q u e s t  i n  t h i s  area i s  reduced as compared t o  FY 1.975 due t o  
t h e  t r a n s f e r  of funding oJi some ac t iv i t ies  a t  Wallops t o  more a p p r o p r i a t e  
programs, p r i n c i p a l l y  those  conducted by t h e  Off ice of Space Sc ience  and t h e  
Off ice of Appli.ca.tions. 

The funding r e q u e s t  f o r  t h e  t r a n s i t i o n  per iod  i s  t h e  amount needed t o  
con t inue t h e  ac t i v i  t i es d i s  c us s ed above t o  m e e t  opera t i onal  r equ ir  emen t s 
dur ing  t h e  p3r:iod from J u l y  1 through September 30, 1976. 

Communications Operations 

1975 
Budget Current T r a n s i t  i on  
Estimate E s t i m a t e  1976 Period -- 1974 --- 
(In Thousands of D o l l a r s )  

Q 3 2  , 500 $30,000 $29 , 900 $27,900 $7 , 000 



OBJECTIVES AND STATUS 

NASA' s g loba l  communicat:ions network (NASCOM) in t e rconnec t s  t h e  NASA 
t r ack ing  and d a t a  acquis i t : ion f a c i l i t i e s  i n  ope ra t iona l  support  of a l l  NASA 
p r o j e c t s  and p r o j e c t s  o f  o t h e r  agencies  t h a t  are supported by NASA. It 
in te rconnec ts  by means of l ea sed  vo ice  and d a t a  c i r c u i t s  such f a c i l i t i e s  as 
te lemet ry  and command c o n t r o l  s i t e s ,  launch areag, test s i t e s ,  arid mission 
c o n t r o l  cen te r s .  The Godclard Space F l i g h t  Center ope ra t e s  t h e  network and 
serves as i t s  major swi tch ing  c o n t r o l  po in t .  I n  t h e  i n t e r e s t  of economy, 
r e l i a b i l i t y ,  and f u l l  u t i l - i z a t i o n  of t runk  c i r c u i t r y ,  subswitchirig c e n t e r s  
have been e s t a b l i s h e d  a t  both domestic and overseas  loca t ions .  

To an inc reas ing  e x t e n t  t h e  NASA f l i g h t  p r o j e c t s  are r e q u i r i n g  h igher  da t a  
t r a n s f e r  rates between t h e  mission c o n t r o l  c e n t e r s  and t h e  t r a c k i n g  s i t e s  
due t o  t.he need f o r  real time c o n t r o l  of s p a c e c r a f t  and t h e  onboard 
experiments. I n  a d d i t i o n ,  requirements  f o r  wideband communications are 
increas ing .  

I n  order  t o  meet t h e  h igher  d a t a  t r a n s f e r  r a t e s  new communications 
technology has been implemented i n  t h e  NASA communications network such as 
e l e c t r o n i c  c:Frcuit switching and t h e  c a p a b i l i t y  f o r  sending an increased  
amount of d a t a  over a normal vo ice  c i r c u i t .  Another development which has 
been imp1emented i n  t h e  NASCOM al lows f o r  t h e  t ransmiss ion  of d a t a  over a 
lesser riumber of c i r c u i t s  through t h e  use  of d i g i t a l  techniques and s p e c i a l l y  
modified voice  channels.  This system w i l l  cont inue  t o  be  expanded t o  
those NASA f acF l i . t i e s  which r e q u i r e  t h i s  type  of d a t a  and where the  commercia'l 
common carriers have t h e  c a p a b i l i t y  ava i l ab le .  

While technol.ogy developments have reduced d a t a  t ransmiss ion  u n i t  c o s t s ,  
some additional.  c : i r cu i t s  are  r equ i r ed  on a r o u t i n e  b a s i s  t o  m e e t  t h e  
inc reas ing  workload brought about by extended mission l i f e -  t i m e s  and h igher  
d a t a  ra te  t r a n s f e r  requirements of t h e  new f l i g h t  programs. It a l s o  i s  
necessary  t o  augment t h e  normal network conf igu ra t ion  t o  support  s p e c i a l  
mission needs such as t h e  Apollo Soyuz T e s t  P r o j e c t ,  Hel ios ,  Viking 1975, 
and the  Atmo:;pheric Explorers  D & E. 

CHANGES --- FROM F'I 1975 BUDGET ESTIMATES 

The r educ t ion  i n  FY 1975 from t h e  budget estimate r e s u l t e d  from t a r i f f  
reduct ions  : b r  communications c i r c u i t s  and adjustments  i n  program support  
requirement:;,  

BASIS OF FY 1976 AND TRA.N SITION PERIOD ESTIMATES 

The F Y  1976 h d g e t  r eques t  f o r  t h i s  ope ra t iona l  area r e f l e c t s  an o v e r a l l  
reduct ion  f : rm F'I 1975 due t o  the  c l o s u r e  of t h e  Carnarvon, A u s t r a l i a ,  
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Canary 1s:Land imd Johannesburg, South A f r i c a  s t a t i o n s  a long  wi th  the  
cont inuing  appLicat ion of technology improvements. Funds reques ted  w i l l  be 
used f o r  t h e  p:rocurement of communications c i r c u i t s  and s e r v i c e s  requi red  

domes t i c  and O'Jel; s a s  f ac il i t  ies . to ope ra t e  and inaintain t h e  NASA communications network inc luding  t h e  va r ious  

The estimate f o r  t h e  t r a n s i t i o n  per iod  i s  t h e  funding needed t o  cont inue  
t h e  ope ra t ion  of t h e  NASCOM Network t o  meet ope ra t iona l  requirements  
during t h e  per iod  from J u l y  1 through September 30, 1976. 

- Data Processing Operations 

1975 
Budget Current  T rans i t  i on  

19'74 Est imates  E s t i m a t e s  1976 Period --- 
( I n  Thousands of Do l l a r s )  

$22 ,600  $23 600 $23,800 $25 , 000 $6 900 

OBJECTIVES ANI) S'WTUS ---- 
Information received i n  t h e  form of t r ack ing  and te lemet ry  d a t a  from t h e  

var ious  spacecraEt  must be processed i n t o  a form u s e f u l  t o  both those  persons 
c o n t r o l l i n g  t h e  day-to-day s p a c e c r a f t  ope ra t ions  and those  r e spons ib l e  f o r  
ana lyz ing  t h e  s c i e n t i f i c  and a p p l i c a t i o n s  d a t a  acqui red  by t h e  spacec ra f t .  
Support must be given t o  a wide v a r i e t y  of programs which vary  from t h e  
small Explorer  sa te l l i tes  t o  l a r g e  and complex So la r  and Astronomical 
Observator ies  and t h e  Appl ica t ions  and Ear th  Resources Technology S a t e l l i t e s .  

Tracking d a t a  ,are processed t o  provide o r b i t a l  elements which are used t o  
p r e p a r e  t h e  p r e d i c t i o n s  of f u t u r e  s p a c e c r a f t  p o s i t i o n s  necessary  f o r  t h e  
real  t i m e  c o n t r o l  of s p a c e c r a f t ,  f o r  knowing when t h e  s p a c e c r a f t  w i l l  be  
pass ing  over t he  s t a t i o n s  so  d a t a  can be acqui red ,  and t o  provide  p r e c i s e  
information tha t  can be  used by t h e  s c i e n t i f i c  experimenters t o  determine 
where i n  the  t r a j e c t o r y  of t h e  s p a c e c r a f t  t h e  s c i e n t i f i c  measurements w e r e  
made. Telemetry d a t a  must be processed to:  (a) s e p a r a t e  the  information 
obtained from var ious  s c i e n t i f i c  experiments aboard t h e  s p a c e c r a f t ,  (b) 
conso l ida t e  information from ench experiment,  ( c )  determine s p a c e c r a f t  
a t t i t u d e ,  and ( d ) - c o r r e € a t e  these  measurements w i th  t h e  p o s i t i o n  d a t a  
mentioned above. 'Processed d a t a  are t h e  primary product  of t h e  space- 
c r a f t  missions,  and i t  i s  through reduct ions  and ana lyses  of t hese  d a t a  by 
t h e  experimenters t h a t  a b e t t e r  understanding of e a r t h  and space i s  achieved. 
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Upcoming p r o j e c t s  r e q u i r e  ex tens ive  pre-mission o r b i t  s t u d i e s ,  inc luding  
spacecraft posit : ion and a t t i t u d e  p red ic t ions .  

t o  work out  operati.on,al methods and procedures  t o  b e  used dur ing  t h e  a c t u a l  
mission opera t ions  of t hese  complex spacec ra f t .  

S tud ie s  are  a l s o  r equ i r ed  

CHANGES FROM FY ’1975 BUDGET ESTIMATE 

The adjustment  i n  rhe  FY 1975 funding level w a s  n e c e s s i t a t e d  by h igher  
than a n t i c i p a t e d  ix reases  i n  t h e  c o s t  of l o g i s t i c s  r equ i r ed  f o r  the 
opera t ion  of t h e  d a t a  process ing  c a p a b i l i t y  a t  t h e  Goddard Space  F l i g h t  
Center. 

BASIS OF FE’ 1976 A.ND TRANSITION PERIOD ESTIMATES 

The FY 1976 budget i s  based upon tk requirement t o  process  d a t a  from 
previous ly  launched sa te l l i t es ,  p l u s  a d d i t i o n a l  sa te l l i tes  t h a t  are  
scheduled to be  launched dur ing  t h e  per iod.  The s c i e n t i f i c  requirements f o r  
t h e  a c q u i s i t i o n  arid process ing  of d a t a  from t h e  o l d e r  s a t e l l i t e s  a re  under 
cont inuing review, and support  i s  terminated o r  c u r t a i l e d  f o r  o l d e r  missions 
as mission o b j e c t i v e s  are achieved o r  s p a c e c r a f t  experiments f a i l .  These 
support  reduct ions  a re  making p o s s i b l e  t h e  support  of new s a t e l l i t e s ,  with-  
out  major i nc reases  i n  d a t a  process ing  c a p a b i l i t y .  New sa te l l i t es  o f t e n  
d i c t a t e  major changes i n  the  type  of support  provided,  
Atmosphere Explorer 3 spacec ra f t ,  launched i n  December of 1973, has an o r b i t  
change capabi l i . ty  which n e c e s s i t a t e s  real t i m e  o r b i t  and a t t i t u d e  determina- 
t i on .  The low a l t i t u d e s  reached by t h i s  s p a c e c r a f t  a l s o  r e q u i r e  t h e  near  
real  t i m e  ana1.ysi.s of experiment da ta .  This mode of ope ra t ion  r e q u i r e s  t h a t  
d a t a  from t h e  stsrti.ons be  t r ansmi t t ed  t o  t h e  c o n t r o l  c e n t e r  a t  Goddard 
Space F l i g h t  Center where i t  i s  f ed  d i r e c t l y  i n t o  in te rconnec ted  computers. 
Computations ace made and s c i e n t i f i c  d a t a  are processed and placed i n  
computer memory u n i t s .  These d a t a  a r e  used i n  near  real t i m e  as t h e  b a s i s  
f o r  deter>nining commands t o  be  s e n t  t o  the  s p a c e c r a f t  f o r  o r b i t  adjustment 
and experiment opera t ion .  Data are a v a i l a b l e  t o  sc ien t i s t s  f o r  a n a l y s i s  

Two 
a d d i t i o n a l  s p a c e c r a f t  of t h i s  type w i l l  be  launched i n  1975, and simultaneous 
opera t ion  of two o r  more such s p a c e c r a f t  w i l l  be  r equ i r ed  dur ing  I’Y 1976. 

For in s t ance ,  t h e  

* w i t h i n  hours a f t e r  i n i t i a l  d a t a  a c q u i s i t i o n  by t h e  ground s t a t i o n s .  

The Image l la ta .  Process ing  F a c i l i t y ,  e s t a b l i s h e d  f o r  t h e  support  of t h e  
f i r s t  Ear th  P,escurces Techriology S a t e l l i t e  (LANDSAT - I), w i l l  cont inue  
ope ra t ion  i n  support  of t h e  new LANDSAT-B s p a c e c r a f t  i n  FY 1976. 
f a c i l i t y  i s  expected t o  cont inue  ope ra t ions  through t h e  next  s e v e r a l  yea r s  > 
a t  appro:cimatel:r t he  same level of e f f o r t ,  t o  suppor t  t h e  cont inuing  Ea r th  
Resource:; pro g a m .  

This 
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The e s t ima te  f o r  t h e  t r a n s i t i o n  pe r iod  i s  based upon t h e  cont inued 
opera t ion  of th . e  d a t a  process ing  f a c i l i t i e s  and t h e  p ro jec t ed  computer and 
sof tware support  r equ i r ed  dur ing  t h e  per iod  from 
30, 1976. 

J u l y  1 through September 

Systems Implementation 

The object: ivcts of t h e  N,4SA networks t r ack ing  and d a t a  systems implementa- 
t i o n  progran a re  t o  maintain t h e  e x i s t i n g  ground support  c a p a b i l i t y  a t  a 
high level o E  pro f i c i ency  and r e l i a b i l i t y  i n  o rde r  t o  meet t h e  aggrega te  
support  need; of t h e  many and va r i ed  space missions,  and t o  provide  
augmentation t o  t h i s  c a p a b i l i t y ,  as necessary ,  t o  meet t h e  s p e c i a l  r equ i r e -  
ments of i nd iv idua l  f l i g h t  p r o j e c t s .  These ground support  systems c o n s i s t  
of the  NASA t r ack ing  and comnunications networks, c o n t r o l  c e n t e r s ,  d a t a  
process ing  f a c i l i t i e s  and ae ronau t i c s  and sounding rocket  ins t rumenta t ion .  

The system:; ins t rumenta t ion  program encompasses t h e  engineer ing  design 
and procurernent of t h e  necessary equipment, subsystems and systems i n  
response t o  the requirements of the  va r ious  f l i g h t  missions and o the r  
research  p r o j e c t s .  
of i n i t i a l  c ~ m p u t e r  programs as app l i cab le ,  t he  provis ioning  o f  i n i t i a l  
and l a r g e  module spares ,  and a s soc ia t ed  se rv ices  such as acceptance 
t e s t i n g ,  i n t e g r a t i o n  and checkout of subsystems and systems. 

It a l s o  ir icludes r e l a t e d  documentation and development 

Funds a r e  requi red  t o  rxi intain adequate  ope ra t iona l  performance and 
r e l i a b i l i t y  of network systems by provid ing  f o r  t h e  replacement of obso le t e  
and worn-out: equipment, the modif ica t ion  and augmentation of e x i s t i n g  
systems t o  niai.ntain c o m p a t i b i l i t y  wi th  changes i n  a s soc ia t ed  onboard 
spacec ra f t  communications sys  t e m s  and the  improvement of support  
u t i l i z a t i o r i  arid e f f i c i e n c y  of network systems. 

Fund:; are requi red  i n  FY 1976 and t h e  t r a n s i t i o n  per iod  f o r  t h e  
implementat ion of new c a p a b i l i t i e s  inc luding  those  necessary  f o r  network 
system augmentation f o r  t h e  Mariner J u p i t e r / S a t u r n  1977, Pioneer Venus, 
S h u t t l e ,  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  and High Energy Astronomy 
Observatory m:issions. I n  a d d i t i o n ,  funds a re  r equ i r ed  f o r  t h e  modi f ica t ion  
and au3mentstion of t h e  d a t a  process ing  f a c i l i t i e s  t o  provide  increased  
accuracy and r e s o l u t i o n  i n  image process ing  f o r  such missions as NIMBUS-G, 
SEASAT-A, and Heat Capacity Mapping Missions.  
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1975 

1.974 -- 

Space f l igh t  
t r ack ing  and 
d a t a  network..... $ 19,400 

Deep space 

Aeronautics and 
network.......... $ 13,283 

sounding Rocket 
support.......... 3 , 007 

Communications.,... 2: , 274 
Data process ing . .  .. 4,936 

Total.. .  ......... $ 3 . 9 0 0  -- 

Budget Current Trans i t  ion  
E s t i m a t e  E s t i m a t e  1976 Per iod  
( I n  Thousands of Do l l a r s )  

$ 25,600 

$ 12,000 

3,300 
3 , 200 
3,900 

$ 48,000 

$ 19,300 

$ 12,800 

3 , 100 
3 , 200 
3,900 

$ 42,300 

$ 17,400 $ 5,100 

$ 14,300 $ 5,400 

2,700 700 
3 , 000 800 
4,000 900 

$ 41,400 $12,900 

Space f l igh t  Tracking and Data Network Systems Implementation 

Budget Current Trans i t ion  
1974 Estimate E s t i m a t e  1976 Per iod  --. -__. 

( I n  Thousands of Do l l a r s )  

$3.9,400 $25,600 $19,300 $17,400 $5,100 

OB JECTIlVES AND STATUS ----- 
During FI! 1976 t h e  network w i l l  con t inue  t o  suppor t  approximately f o r t y  

s p a c e c r a f t  on an around- the-clock b a s i s ,  i nc lud ing  many ongoing missions 
wi th  h igh ly  complex requirements -- such as App l i ca t ions  Technology S a t e l l i t l e  
6,  Ea r th  Resources S a t e l l i t e s  (LANDSAT) 1 and B, Atmosphere Explorer C ,  and 
Synchronous Meteoro logics l  S a t e l l i t e s .  I n  a d d i t i o n  t o  suppor t ing  ongoing 
missions,  tihe network w i l l  a l s o  provide  suppor t  t o  a number of new 
missions.  Among those  are t h e  Apollo/Soyuz T e s t  P r o j e c t ,  t h e  Geodynamic 
Experirnenta 1 Ocean S a t e l l i t e  C ,  t h e  NIMBUS-F , t h e  Orb i t ing  S o l a r  Observatory 
I, t h e  Atmo:;phere Explorer I) and E, and t h e  Small Astronomy S a t e l l i t e  C. 

The SpaceElfight Tracking and Data Network systems implementation program 
encompasses t h e  procurement and implementation of systems and s e r v i c e s  
necessary  c.3 : jus ta in  t h e  network's con t inu ing  c a p a b i l i t y  f o r  r e l i a b l e  
suppor t  t o  t hese  ongoing s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  missions , t o  
provide  nerso:rk c a p a b i l i t i e s  t o  a s s u r e  e f f i c i e n t  and multipurpose t r ack ing ,  
command, aid d a t a  a c q u i s i t i o n  suppor t  f o r  a l l  manned and unmanned e a r t h  
o r b i t a l  and synchronous miss ions ,  and to m e e t  new suppor t  requirements 
f o r  s p a c e c r a f t  t o  be  launched i n  t h e  near  fu tu re .  
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CHANGES FROM ITZ 1-975 BUDGET ESTIMATE -_-- 
The adjustment i n  t h e  FY 1975 funding level from t h e  budget estimate 

r e s u l t e d  Erom the agency requirement t o  reduce t h e  ope ra t ing  level f o r  t h e  
agency t o  the  appropriated amount and t o  provide funding f o r  t h e  Phase I 
c o n t r a c t  e f f o r t  Eor Tracking and Data Relay S a t e l l i t e  System. To accommodate 
these  requireinents i t  i s  necessary  t o  s t r e t c h  out  procurement of t h e  laser 
systems planned €or support  of LAGEOS and o the r  elements of t h e  Ear th  and 
Ocean Physics Applicat ions Program. The impact of d e f e r r i n g  t h e  lasers i s  
t o  r e s t r i c t  t h e  i n v e s t i g a t i o n  of e a r t h  s u r f a c e  phenomona, thereby de lay ing  
t h e  understanding of any c o r r e l a t i o n  between e a r t h  s u r f a c e  motion and e a r t h -  
quakes. 

BASIS OF FY 1 5 7 6  AND TRANSITION PERIOD ESTIMATES - 
Equipment mcdi f ica t ion  i s  r equ i r ed  i n  FY 1976 t o  maintain the  nc:twork's 

requi red  high l e v e l  of performance f o r  support  of i t s  d i v e r s e  and demanding 
workload and t o  a s s u r e  t h e  q u a l i t y  and r e l i a b i l i t y  of t he  network 's  systems 
and subsystems. Accordingly,  funds are requested f o r  replacement of worn- 
out  systems w i t h  more r e l i a b l e  u n i t s ,  f o r  equipment modi f ica t ions  t o  c o r r e c t  
ope ra t iona l  c l i~f ic ienc ies ,  and f o r  equipment t o  be used i n  ope ra t iona l  c o n t r o l  
of t h e  network. Funds are a l s o  requested f o r  subsystems spa res ,  f o r  pro- 
v i s i o n  and mcd i f i ca t ion  of t es t  equipment, and f o r  minor equipment 
modif icat ions r e s u l t i n g  from changes i n  support  requirements  from one 
mission to t h e  next .  

Network system augmentations are planned f o r  support  of t h e  approach and 
landing and oi:bital f l i g h t  test  phase of t h e  Space S h u t t l e  program. 
D i g i t a l  vo ice  demodulation systems w i l l  be  provided 
s t a t i o n s  f o r  !:el-aying vo ice  between t h e  Space S h u t t l e  and t h e  mission 
c o n t r o l  cente::. I n  a d d i t i o n * ,  command, te lemet ry  and vo ice  communications 
equipment wi:LL be procured f o r  i n s t a l l a t i o n  a t  t h e  Space S h u t t l e  primary 
landing s i tes  t o  support  t h e  te rmina l  phase of each f l i g h t .  

a t  c e r t a i n  c o r e  network 

Funds are also reques ted  f o r  implementation of t h e  d i s p l a y s ,  consoles ,  and 
computer p e r i p h e r a l s  necessary  t o  complete t h e  c o n t r o l  c e n t e r  f o r  t h e  
I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer.  Control  c e n t e r  modi f ica t ions  t o  the  
e x i s t i n g  Orb i t ing  Astronomy Observatory c o n t r o l  c e n t e r  f o r  the  High Energy 
Astronomy Observatory inc lude  console  replacements,  d i s p l a y  and computer 
modi f ica t ions ,  2nd p rov i s ion  of a d d i t i o n a l  communications i n t e r f a c e  equip- 
ment. I n  a d d i t i o n ,  some improvements and augmentation t o  laser t r ack ing  
systems necessary t o  support  the  LAGEOS s a t e l l i t e  and o the r  elements of t h e  
Earth and Ocean Physics  Appl ica t ions  program are included i n  t h e  FY 1976 
funding reques t .  
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The estimate f o r  .the t r a n s i t i o n  pe r iod  i s  the funding r equ i r ed  dur ing  t h e  
per iod from J u l y  1 through September 30, 1976 t o  s u s t a i n  t h e  network 
c a p a b i l i t i e s  and t o  cont inue  t h e  implementation of c a p a b i l i t i e s  f o r  support  
of ongoing and approved programs. 

- Deep Space Network Systems Implementation 

1975 
Budget Current  T rans i t i on  

3.974- E s t i m a  t e E s  t i m a  t e 1976 Period ---_ 
( I n  Th&sands of Do l l a r s )  

$13:,283 $12,000 $12,800 $14,300 $5,400 

OBJECTIVES ANI1 STATUS 

The Deep Space Network systems implementation program provides  f o r  t h e  
procurement oE equipment and r e l a t e d  s e r v i c e s  t o  s u s t a i n  t h e  network 's  
c a p a b i l i t y  t o  p r m i d e  support  t o  t h e  ongoing p l ane ta ry  s p a c e c r a f t  missions 
and t o  procure  t h e  necessary  equipment and augmentations r equ i r ed  i n  the  
network t o  support  t h e  upcoming launches of approved p l a n e t a r y  f l i g h t  
missions.  

Due t o  t h e  extreme d i s t a n c e s  of p l a n e t a r y  spacec ra f t  from e a r t h  very 
l a r g e  antennas and extremel-y s e n s i t i v e  and complex r ece iv ing  and d a t a  
handl ing equipment must be used a t  t h e  ground s t a t i o n s  t o  provide  
communication.:; wi th  t h e  spacec ra f t .  Consequently t h e  network systems 
r e q u i r e  a cont inuing  e f f o r t  of replacement,  modi f ica t ion  and augmentation t o  
maintain a h igh  degree of r e l i a b i l i t y  and ope ra t iona l  i n t e g r i t y  arid t o  
i nco rpora t e  E: tat: e- of - the- a-r t improvements i n  telecommunications which are  
t h e  key t o  ac:hievi.ng and maxiniizing t h e  s c i e n t i f i c  r e t u r n  from these  missions,  

CHANGE FROM --- JW 1975 BUDGET ESTIMATE 

The adjustmtontz i n  t h e  FY 1975 budget estimate f o r  t h e  Deep Space Network 
Systems is due p r i m a r i l y  t o  the  increased  funding requirements r e s u l t i n g  
from the  refinelnent o f  support  requirements f o r  upcoming approved missions 
such as 'Viking <and Mariner Jup i t e r /Sa tu rn .  

BASIS OF ---- FY 1976 AND TRANSITION PERIOD ESTIMATES 

In  support  of t h e  ongoing p l ane ta ry  missions,  such as Pioneer  1.0, Pioneer 
11 (now t a rge ted  t o  f l y  by Sa turn  i n  1979 ) and Hel ios ,  network system 
modif ica t ions  and equipment replacements w i l l  be  necessary  t o  a s s u r e  longer  
t e r m  network r e l i a b i l i t y  and ope ra t iona l  i n t e g r i t y .  These missions are 
cha rac t e r i zed  by t i m e  c r i t i c a l  support  demands on the  network involv ing  
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spacec ra f t  a t t i t u d e  maneuvers, mid-course t r a j e c t o r y  changes, and encounter 
sequences which d i c t a t e  a-n extremely high level of system r e l i a b i l i t y  
t h a t  can onE:l be  achieved wi th  a cont inuing  program of module and component 
replacement , m i  r e a d i l y  a v a i l a b l e  s p a r e  modules and components. Funds are 
requested i n  F'L' 1976 f o r  replacement hardware and spares  so t h a t  t he  n e t -  
work sy:;tem:; cim provide  unin te r rupted  suppor t  t o  t h e s e  extended ongoing 
missions and t o  inco rpora t e  changes t o  maximize t h e  s c i e n t i f i c  r e t u r n  of 
t hese  missions.  

Prepara t ions  f o r  Viking support  are  c u r r e n t l y  underway and i n  FY 1976 t h e  
network w i l l  be  provid ing  ex tens ive  support  f o r  t h e  c r u i s e . p h a s e  of t h e  
mission. Concurrently, f i n a l  system p repa ra t ion  w i l l  be  completed t o  support 
t h e  Mars O r b i t e r  and Lander Phase of t h e  mission. S ince  the  Viking mission 
w i l l  be t h e  most complex one ever supported by t h e  network,extrcimely high 
p r e c i s i o n  and performance levels must be m e t  by t h e  network systems. 

I n  p repa ra t ion  f o r  t h e  dua l  Mariner missions t o  J u p i t e r  and Sa turn  i n  
1977, long lead  t i m e  development of pro to type  equipment has  been i n i t i a t e d  
i n  p r i o r  years .  Equipment changes inc lude  those  needed t o  accornmmodate t h e  
increased  command t ransmission d a t a  rate r equ i r ed  by t h e  s p a c e c r a f t  computer 
i n  o rde r  t o  update t h e  many c r i t i c a l  s t o r e d  programs. These programs a re  
used no t  only t o  c o n t r o l  t h e  numerous spacec ra f t  func t ions  bu t  .also t o  
change t h e  ise1.emetry d a t a  r a t e  and d a t a  conten t  i n  accordance wi th  v a r i a t i o n s  
i n  mission ope ra t ions  sequences. 

Other equipment changes inc lude  those  r equ i r ed  t o  r e c e i v e  the  new X-band 
(8400 megahx-1:z) te lemet ry  t ransmiss ions  from t h e  s p a c e c r a f t  and handle  a 
new coded te lemetry system capable  of t r a n s f e r r i n g  the  l a r g e  q u a n t i t i e s  of 
v i ta l  sc ience  and engineer ing  d a t a  wi th  minimal e r r o r  dur ing  t h e  p l a n e t a r y  
f lyby  phases which w i l l  occur a t  d i s t a n c e s  beyond 1 1 / 2  b i l l i o n  k i lometers  
(9.5 A.U.) frlsm e a r t h .  

I n  add i t ion ,  t o  p r e c i s e l y  c o n t r o l  t h e  s p a c e c r a f t  t r a j e c t o r y  f o r  c l o s e  
f lyby  t o  t h e  p l ane t s  and. t h e i r  s e l e c t e d  sa te l l i t es ,  increased  ground system 
naviga t ion  c a p a b i l i t i e s  are requi red .  These w i l l  b e  provided by augmenting 
the  t r ack ing  equipment wi th  s p e c i a l  record ing ,  process ing  and t iming systems 
t o  a l low measurement of spacec ra f t  p o s i t i o n  and v e l o c i t y  over t-he g r e a t  
communication d i s t a n c e  fkom two widely spaced e a r t h  s t a t i o n s  s imultaneously,  
I n  FY 1976, a s  p a r t  of a time-phased implementation program, it i s  planned 
t o  provide equipment t o  s t a t i o n s  of t h e  Deep Space Network which w i l l  be 
used f o r  e a r l y  prelaunch t e s t i n g  wi th  t h e  spacec ra f t  and f o r  launch and 
e a r l y  c r u i s e  support .  Accordingly, funds are reques ted  t o  i n i r i a t e  systems 
implenientaticm f o r  support  of t h e  e a r l y  phase of t h e  Mariner J u p i t e r l S a t u r n  
missions.  

The estimate f o r  t h e  t r a n s i t i o n  per iod i s  t h e  funding r equ i r ed  from J u l y  
1 t o  September 30, 1976 t o  s u s t a i n  t h e  network f o r  ongoing mission support  

RD 11-24. 



and t o  irnplernent t h e  network, i n  a t imely  manner, f o r  t h e  Mariner J u p i t e r /  
Sa turn  m i s s i m  which i s  scheduled f o r  launch i n  1977. 

&eronau t i c s  and Sounding Rocket Support  System Implementation 

197 5 
Budget Current  T rans i t i on  

1974 Estima.te Estimate 1976 Peroid ---- 
( I n  Yhousands of Do l l a r s )  

$3 , 007 $3 300 $3,100 $2,700 $700 

OBJECTIVES AND STATUS 

The ae ronau t i c s  and sounding rocke t  programs are supported a t  t h e  Wallops 
F l i g h t  Center i n  Vi rg in i a  and t h e  F l i g h t  Research Center  i n  Ca l i fo rn ia .  

The aeronau.t ics program supported a t  Wallops c o n s i s t s  of space  component 
tests u t i l i z i m g  h e l i c o p t e r  o r  a i r c r a f t  drops,  a i r c r a f t  no i se  abatement 
p r o j e c t s ,  s lc iw speed landing  techniques f o r  j e t  a i r c r a f t ,  a n t i - s k i d  tests 
on grooved rcnways 
development t.es ts ,  c o l l i s i o n  avoidance programs and remote (a i rborne)  
sens ing  deve1.opments i n  support  of t he  e a r t h  resources  programs. 

V/STOL termina l  area re sea rch ,  microwave landing system 

The soundimg rocket  programs supported a t  Wallops cover a l l  of t h e  
atmospheric and space  d i s c i p l i n e s  i n  which r e sea rch  i s  undertaken, u t i l i z i n g  
a family of 1.aunc.h v e h i c l e s  vary ing  i n  s i z e  and power from t h e  small 
meteorologicxi1 rocke t s  t o  t h e  72-foot  Scout w i th  an o r b i t a l  launch c a p a b i l i t y .  
The exparimcmts are launched n o t  only from Wallops I s land  but  a l so  from 
remote s i tes  around t h e  wlxld.  

To provide i r i s  txumentation support  t o  t h e s e  programs, f ixed  and mobile 
ground suppo-rt equipments are provided by Wallops. To maintain these. 
equipments, s p a r e  and replacement p a r t s  are r equ i r ed  as w e l l  as some non- 
recoverable  Eli-ght hardware such as onboard antennas and t ransponders .  To 
meet s p e c i f i c  t e s t  requirements ,  modi f ica t ions  and augmentations of s e l e c t e d  
te lemet ry ,  communications, t r ack ing ,  command, and d a t a  handl ing systems are 
requi red .  :[it a d d i t i o n ,  t h e  mobile equipment must be  p e r i o d i c a l l y  r e fu rb i shed  
and modified t o  meet remote s i t e  requirements  such as t h e  ongoing 
meteoro logics l  program i n  coopera t ion  wi th  s e v e r a l  fo re ign  na t ions  inc lud ing  
Argentilia, 13ra:Zi.L, and Spain.  

The a e r o n a u t i c a l  programs :;upported by t h e  F l i g h t  Research C e n t e r  (FRC) 
c o n s i s t  of high a l t i t u d e  and te rmina l  area tests involv ing  high performance 
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a i r c r a f t  and l i E t i n g  bodies  such as t h e  F-111, X-24BY YF-12, 747 S h u t t l e  
Carrier, and var ious o the r  a i r c r a f t  and h e l i c o p t e r s .  The FRC a l s o  w i l l  be  
respons ib le  f o r  t h e  approach and landing  tests f o r  t h e  S h u t t l e  Orb i t e r .  
The ground s u p p x t  equipment is loca ted  on the Aerodynamics T e s t  Range 
which c o n s i s t s  D f  s t a t i o n s  a t  Edwards, C a l i f o r n i a  and Ely, NeVadzt. 
p r e c i s i o n  ra'dar, te lemetry,  d a t a  handl ing,  and a s soc ia t ed  t iming,  comunica-  
t i o n s  and command systems are maintained and modified t o  m e e t  t he  changing 
requirements of t h e  approved f l i g h t  p r o j e c t s .  

High 

CHANGES FROM FY 1975 BUDGET ESTIMATE 

The adjusttr.ent i n  t h e  FY 1975 funding level r e s u l t e d  from changes i n  
support  requirements a t  Wallops F l i g h t  Center and t h e  F l i g h t  Research Center.  

BASIS OF FY 1976 AND TRANSITION PERIOD ESTIMATES ---- 
Funds are reques ted  i n  FY 1976 t o  provide  t h e  s u s t a i n i n g  equipment and 

modifica.tion.:, necessary  t o  support  t h e  sounding rocket  and ae ronau t i c s  
programs,. 

The es t ima . t : e  f a r  t h e  t r a n s i t i o n  pe r iod  i s  t h e  funding needed t o  cont inue  
t h e s e  ac:tivi.t:ies t o  meet o p e r a t i o n a l  requirements  dur ing  t h e  per iod  from 
J u l y  1 t:hrough September :30, 1976. 

Commuiiica t ions  S ys t e m s  Imp lemen ta  t ion  -- 
1975 

Budget Current  
Estimate Estimate 

( I n  Thousands of 
-- 1-137 4 ---- 

$;! ,274 $3,200 $3,200 

Trans i t i on  
1976 Period - 

Dol lars )  

$3,000 $800 

OBJECTIVES 1UYD STATUS ----- 
Funds requested f o r  communications equipment are used f o r  t h e  procurement 

of hardware €01: the  NASA communications network t o  m e e t  new program support  
requirement:;, 110 i nc rease  t h e  e f f i c i e n c y  of t h e  network and t o  s u s t a i n  t h e  
network a t  ia high  level of r e l i a b i l i t y .  

BASIS OF ---- FY 19'76 AND TRANSITION PERIOD ESTIMATES 

I n  FY 1976 modi f ica t ions  w i l l  be  made t o  t h e  e x i s t i n g  systems as p a r t  of 
a cont inuing  program to  i n c r e a s e  t h e  amount of d a t a  t h a t  can be t r ansmi t t ed  
over e x i s t i n g  Z i rcu i t s .  Another modi f ica t ion  e f f o r t  w i l l  provide t h e  
c a p a b i l i t y  f o r  t r a n s m i t t i n g  bulk  d a t a  over a s p e c i a l l y  modified vo ice  
c i r c u i t  i n  ! i e u  (of u s ing  m u l t i p l e  c i r c u i t s  t o  t r ansmi t  t he  same da ta .  
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To maintain system r e l i a b i l i t y  a cont inuing  program t o  procure  replacement 
p a r t s ,  s p a r e s ,  t e s t  and monitoring equipment i s  necessary.  This hardware 
a s s u r e s  t h a t  t h e  d a t a  c i r c u i t s  can be  maintained w i t h i n  prescr ibed  l i m i t s ,  
t hus  ens,urin.g; t h e  necessary level of system r e l i a b i l i t y .  

For t h e  t r a n s i t i o n  per iod  t h e  funds reques ted  w i l l  p rovide  f o r  t h e  
cont inuat ion.  of t h e  e f f o r t s  d i scussed  above t o  m e e t  ongoing program 
requirements and t o  s u s t a i n  t h e  network a t  t h e  r e q u i r e d  level of r e l i a b i l i t y .  

Data Processing Systems Implementation 

1975 
Budget Current  T r a n s i t i o n  
E s t i m a t e  Est imate  1976 Period -- 1.5174. 

( In  Thousands of D o l l a r s )  

$4., 936 $3,900 $3,900 $4,000 $900 

OBJECTIVES AJJD STATUS 

The FY 1970 estimate inc ludes  funds t o  modify and augment t h e  e x i s t i n g  
NASA image data. p rocess ing  f a c i l i t y  a t  t h e  Goddard Space F l i g h t  Center i n  
order  t o  mee t :  t h e  image accuracy and r e s o l u t i o n  requirements  of upcoming 
approvecl missicins. I n i t i a l l y ,  t h i s  f a c i l i t y  w a s  e s t a b l i s h e d  f o r  t h e  Ear th  
Resources Tec:hnology S a t e l l i t e  (LANDSAT) 1 and B missions and operated as 
an  analog system doing t h e  g r e a t  m a j o r i t y  of d a t a  manipulat ion w i t h i n  t h e  
photographic process  i t s e ' t f .  The accuracy requirements  f o r  experiments on 
f u t u r e  s p a c e c r a f t  inc luding  NIMBUS-G, SEASAT-A, and t h e  Heat Capaci ty  
Mapping Miss]-on axe such t h a t  t h e  d a t a  must be processed i n  d i g i t a l  computer 
c ompat i b  1 e form. 

BASIS OF FY 1.976 AND TRANSITION PERIOD ESTIMATES 

With fihe augniented system d i g i t a l  d a t a  acquired by t h e  network s t a t i o n s  w i l l  
b e  en tered  i.ntci computers f o r  process ing  and d a t a  c o r r e c t i o n  i n  d i g i t a l  
form. This w i l l  provide h igher  q u a l i t y  d a t a  by a f a c t o r  of two t o  t h r e e  over  
t h e  p r e s e n t  approach. The product of t h i s  process  w i l l  be  h igh  d e n s i t y  
d i g i t a l  tapes .  The augmented f a c i l i t y  w i l l  be  genera l  purpose i n  n a t u r e ,  
meeting t h e  processing requirements of t h e  above mentioned missions and 
p o s s i b l y  t h e  extended phases of t h e  LANDSAT B mission. 

I n  adcliticiri, funds are requi red  i n  FY 1976 t o  maintain t h e  exi. ; t ing 
s c i e n t i f - i c  clatc processing systems. Typical of t h e s e  a c t i v i t i e s  are (1) 
modif ica t ions  t o  t h e  e x i s t i n g  computer complex t o  f a c i l i t a t e  in te rconnec t ion  
w i t h  t h e  many p e r i p h e r a l s  a s s o c i a t e d  w i t h  i t s  o p e r a t i o n  i n c l u d i n s  drums, 
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d i sp lays  and l.:inc: p r i n t e r s ;  
( 3 )  t he  purcha:;e of! r o u t i n e  and s p e c i a l  spa re  components and hardware. 

(2)  t h e  a d d i t i o n  of power source  monitors and 

The e s t ima te  f o r  t h e  t r a n s i t i o n  per iod  i s  t h e  funding needed f o r  
con t inua t ion  o:i t h e  ac t iv i t i e s  d iscussed  above t o  m e e t  ope ra t iona l  
requirements tlurFng t h e  per iod  from J u l y  1 through September 30,  1976. 

Advanced Systems 

The OTDA Advanc:ed Sys t e m s  program, formerly des igna ted  Supporting Research 
and Technology:, jnc.ludes s t u d i e s  and developments of t r ack ing  and d a t a  
a c q u i s i t i o n  sys  t e m a  and techniques r equ i r ed  (1) t o  provide new and improved 
network arid d a t a  process ing  c a p a b i l i t i e s  t o  meet t h e  needs of approved 
missions and new s t . a r t s ;  and ( 2 )  t o  improve t h e  c o s t - e f f e c t i v e n e s s  and 
r e l i a b i l i t y  of t he  o v e r a l l  T&DA support  f o r  t h e  t o t a l  mix of NASA f l i g h t  
missions.  This e f f o r t  inc ludes  spacec ra f t  and ground system t r a d e - o f f  
s t u d i e s  aimed a t  opt imizing space-to-ground telecommunications l i n k s .  

19'75 
Budget Current  Trans i t i o n  

195'4 Estimate Est imate  1976 Period --- 
( In  Thousands of Do l l a r s )  

$9,200 $9,200 $9,200 $9,200 $2,300 

OBJECTIVES AND S1IAI'US ----- 
The program t o  m e e t  t h e  above o b j e c t i v e s  f o r  FY 1976 i s  comprised of 

a c t i v i t i e s  i n  four  b a s i c  areas: 

1. Tracking;:, o r b i t  de te rmina t ion  and ground-based nav iga t ion  

2, Spac:ecra.fit/ground communications, t e lemet ry  and command 

3 .  Network c:on.trol and opera t ions  technology 

4.  D a t a  hardli.ng; and process ing  

BASIS OF F Y  ---- 197'6 AND TRANSI'CION PERIOD ESTIMATES 

Studies  and developments w i l l  proceed i n  t h e  area of t r ack ing  and ground- 
based naviga t ion  f o r  support  of f u t u r e  p l a n e t a r y  missions.  New and improved 
t r ack ing  techniques,  u s ing  simultaneous d a t a  from more than one s t a t i o n  i n  
a Very L0r.g Base l ine  In te r fe rometry  (VLBI) mode, w i l l  be  inves t iga t ed .  
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These techniques are a l s o  be ing  s tud ied  as a method t o  determine spacec ra f t  
p o s i t i o n  <against  a background of e x t r a t e r r e s t r i a l  r a d i o  sources ,  known as 
quasars .  This technique w i l l  g r e a t l y  reduce e r r o r s  t h a t  now l i m i t  t h e  
accuracy achieva'31e i n  s p a c e c r a f t  t rack ing .  T ime  synchroniza t ion  among 
network s t a t i o n s  wi th  atomic t iming s tandards  w i l l  cont inue  t o  be  i n v e s t i g a t e d  
i n  ordez t o  mteet t h e  extremely a c c u r a t e  t r ack ing  requirements of f u t u r e  
missions.  DevelDpment e f f o r t  w i l l  a l so  cont inue  i n  FY 1976 on a genera l  
purpose approsch t o  m e e t  s p a c e c r a f t  a t t i t u d e  de te rmina t ion  and c o n t r o l  
system requirements ,  i n  o rde r  t o  u t i l i z e  common sof tware  and achieve  g r e a t e r  
e f f i c i e n c y  i n  t h e  (data process ing  func t ion  t h a n i s  now obtained wi th  t h e  
present  m u l t i p l e  a t t i t u d e  de te rmina t ion  systems. 

Radio telecommunications techniques w i l l  cont inue  t o  be developed i n  FY 
1976 i n  o rde r  t o  provide  r e l i ab le  and economical support  of f u t u r e  space- 
c r a f t  command and d a t a  a c q u i s i t i o n  requirements.  

Future  p l a n e t a r y  missions w i l l  r e q u i r e  d a t a  rates i n  excess  of 100 
k i l o b i t s  pe r  second from t h e  v i c i n i t y  of J u p i t e r ,  approximately 900 
m i l l i o n  k i lometers  away. S tud ie s  w i l l  cont inue  on t h e  in f luence  of t r ans -  
mission media, such as t h e  sun ' s  corona, p l a n e t a r y  atmospheres and space 
charged p a r t i c l e s ,  on such deep space communications. The c a p a b i l i t i e s  of 
our l a rge  a p e r t u r e  antennas w i l l  be  f u r t h e r  improved by t h e  use  of h igher  
f requencies ,  the  developmerit of techniques f o r  a r r a y i n g  s e v e r a l  antennas,  
t h e  study of c i sh - su r face  shaping, and by development of low r a d i o  no i se  
elements coupled wi th  r e c e i v e r s  having improved s e n s i t i v i t i e s .  

Future  e a r t h  o r b i t a l  missions r e q u i r e  an o rde r  of magnitude improvement 
i n  t h e  r a t e  a t  which d a t a  must be acqui red  and handled, i . e . ,  approximately 
300 mi l l i on  b i t s  pe r  second f o r  h igh  r e s o l u t i o n  image da ta .  E f f o r t  i s  
r equ i r ed  on groLnd antenna feed systems and te lemet ry  r e c e i v e r s  a:; w e l l  as 
on network s t a t i o n  techniques f o r  handl ing h igh  d a t a  rates. Network support  
ana lyses  w i l l  be made t o  p l an  f o r  support  of f u t u r e  missions such as t h e  
Large Space Telescope and Ithe Ear th  Observation S a t e l l i t e .  

E f f o r t  w i l l .  cont. inue on techniques f o r  c e n t r a l i z e d  c o n t r o l  and monitoring 
of t r ack ing  arid d a t a  acquis i t i .on  support  opera t ions  both a t  t h e  s t a t i o n s  
and t h e i r  respec.ti.ve network c.ontro1 cen te r s .  The o b j e c t i v e  i s  t o  ob ta in  
g r e a t e r  e f f i c i e n c y  and ef fec t i .veness  i n  t h e  u t i l i z a t i o n  of t h e  o v e r a l l  
network systeris.  Fea tures  f o r  automated monitoring and c o n t r o l  w i l . 1  be  
examined and developed f o r  those  a p p l i c a t i o n s  which are determined t o  be 
c o s t  e f f e c t i v e  and necessa-ry t:o meet real  t i m e  opera t ions  requirements .  
Techniques f o r  n iu l t ip le  us'e of minicomputers t o  monitor and control.  network 
function:; and t o  ihprove l o g i s  t i c a l  support  and reduce manual ope ra t ions  i n  
t h e  network w:llI. c:ontinue t o  be  pursued. Work a l s o  w i l l  be  cont inued i n  
FY 1976 to dc~re lop  and apply  new techniques necessary  t o  maintain low c o s t ,  
r e l i a b l e  sof tware.  
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Stud ies  and development w i l l  be  conducted on d a t a  handl ing  and d a t a  
process ing  s:ystems and techniques t o  m e e t  t h e  i n c r e a s i n g  requirements f o r  
real  time mission c o n t r o l  and u s e r - i n t e r a c t i v e  information systems. Our 
s t u d i e s  w i l l -  be  c:oncerned p a r t i c u l a r l y  w i t h  t h e  problems of h igh  rate, on- 
l i n e  d a t a  handl-ing, s to rage ,  and retrieval;  and a l s o  w i t h  techniques and 
systems f o r  a f u l l y  d i g i t a l  approach t o  handl ing  of imaging d a t a  from e a r t h  
obse rva t ion  sat: el. li t es . 

The funds reques ted  f o r  t h e  t r a n s i t i o n  pe r iod  are requ i r ed  t o  con t inue  
t h e  devc:lopnwnt:s and s t u d i e s  i n  t h e  areas d i scussed  above dur ing  t h e  pe r iod  
from J u l y  1 t o  September 30, 1976. 

Tracking and Data Relay S a t e l l i t e  System 

A major a spec t  of t h e  Tracking and Data Acqu i s i t i on  Program i n  f u t u r e  
years  wi.11 b~c: the  Tracking and Data Relay S a t e l l i t e  System (TDRSS). 

The TDRSS w i l l  c o n s i s t  of two s p e c i a l i z e d  r e l a y  s p a c e c r a f t  and a ground 
terminal i n  the c o n t i n e n t a l  United S t a t e s ,  and w i l l  s e r v e  t o  r e l a y  d a t a ,  
commands and v c i c e  t o  and from miss ion  s p a c e c r a f t  and t h e  ground c o n t r o l  
c e n t e r .  The two r e l a y  s p a c e c r a f t  w i l l  be  pos i t i oned  i n  geosynchronous 
o r b i t ,  one o\.er t h e  mid-Atlantic Ocean and t h e  o t h e r  over t h e  mid-Pac i f ic  
Ocean. 
t h e  two a c t i v e  spacec ra f t .  

A spa-re r e l a y  s p a c e c r a f t  w i l l  b e  pos i t i oned  i n  o r b i t  midway between 
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Budget Current T r a n s i t i o n  

.--- 197G Estima.te E s t i m a t e  1976 Per iod  
( In  Thousands of Do l l a r s )  

OBJECTIVES AND ;STATUS ----- 

The TDRSS wil l  support  e s s e n t i a l l y  a l l  e a r t h  o r b i t a l  s p a c e c r a f t  missions 
and w i l l  g r e a t l y  improve NASA's  e a r t h  o r b i t a l  t r a c k i n g  and d a t a  a c q u i s i t i o n  
c a p a b i l i t i e s ,  S ince  t h e  TDRSS w i l l  suppor t  e s s e n t i a l l y  a l l  e a r t h  o r b i t a l  
spacecraEt m:i;s:ions, i t  w i l l  permit t h e  e l i m i n i a t i o n  of many of t h e  ground 
s t a t i o n s  i n  t i e  p re sen t  Space f l igh t  Tracking and Data Netwrok w i t h  r e s u l t i n g  
c o s t  sav ings  ,, 

NASA i s  p lanning  t o  a c q u i r e  t h i s  c a p a b i l i t y  through a c o n t r a c t  f o r  s e r v i c e s  
arrangement: t h a t  i s  by e n t e r i n g  i n t o  a c o n t r a c t  under which t h e  c o n t r a c t o r  
w i l l  e s t a b l i s h  the  system and provide  NASA w i t h  s e r v i c e  f o r  a pe r iod  of t en  
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years .  Under t h i s  c o n t r a c t  f o r  s e r v i c e s  arrangement, NASA funding f o r  
se rv ice , s  w i ' l l  not be required u n t i l  s e r v i c e  a c t u a l l y  commences i n  FY 1979. 

The schedule  f o r  development and c o n s t r u c t i o n  of t h e  TDRSS i s  based upon 
having a ful.:ly o p e r a t i o n a l  system by e a r l y  1980, i n  t i m e  f o r  support  of 
t h e  Space S h u t t l e  o p e r a t i o n a l  f l i g h t s .  

CHANGES FROM FH 1975 BUDGET ESTIMATE ---- 
Since  last: year ,  NASA has  decided t o  use  a compet i t ive  two-phase procure- 

ment approac:h t:o a c q u i r e  'II'DRSS service. Phase I w i l l  involve  t h e  award of 
m u l t i p l e  s tudy  c o n t r a c t s  €o r  d e f i n i t i v e  system des ign  and t e c h n i c a l  and 
c o s t  proposa:.s. 
s i n g l e  c o n t r a c t o r  f o r  f i n a l  design,  implementation and opera t ion .  

Phase I1 w i l l  involve t h e  compet i t ive  s e l e c t i o n  of a 

The d i f f e r e n c e  i n  t h e  c u r r e n t  FY 1975 funding level from t h e  budget 
estimate repi:esen.ts t h e  amount t h a t  has  been reprogrammed t o  fund t h e  Phase 
I c o n t r a c t s .  These funds are a p a r t  of t h e  NASA d e f e r r a l  action:; included 
i n  t h e  I'resi.tlent's Spec ia l  Message on Budget R e s t r a i n t  (November 26 ,  1974). 
These d e f e r r e d  funds w i l l  be  used f o r  t h e  Phase I c o n t r a c t s  i n  e a r l y  FY 
1976. No a d d i t i o n a l  funding requirements are a n t i c i p a t e d  u n t i l  'CDRSS 
service begins  i n  FY 1979., 
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RESEARCH AND DEVELOPMENT 

IYLSCAL YEAR 1976 ESTIMATES 

BUDGET SLJMMARY 

OFFICE OF IN3USTRY AFFAIRS AND 
TE CI-INOL6;Y U T I L I Z A T I O N  - TECHNOMGY UTILIZATION PROGRAM ----- 

-- SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Budget Current Trans i ti  on 

1974 E s t i m a t e  Est imate  -- 1976 - Period 
(Thousands o f  Dol la rs )  

I n d u s t r i a l  a p p l i c a t i o n s  .... 
Technology a p p l i c a t i o n s  .... 

e v a l u a t i o n . . . . . .  ......... 
Program contr'31 and 

Tota L .  ..................... 

$1 , 985 $2,900 $2 , 900 $ 3  , 22.0 $850 
2 , 000 2,000 3 , 0 2 5  950 1,845 

670 600 600 755 200 ~- 

$4,500 $5 ,500 $5.500 $7.000 $2,000 -- -- 
D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n :  ---- 
NASA Headquarters. .  ........ $4,500 $5,500 $5,500 $7,000 $27000 

OBJECTIVES A.ND STATUS: 
----__. 

New advances and innovat ive  technologies  r e s u l t i n g  from aerospace r e sea rch  
and development programs are  t r a n s f e r r e d  and app l i ed  t o  non-aerospace needs 
through the  NASA Technology U t i l i z a t i o n  program. S ince  i t s  incep t ion  the  
Technology l J t i  Lizat ion program has been ins t rumenta l  i n  l i n k i n g  NASA/aero- 
space techno Logy t o  a d d i t i o n a l  uses  i n  t h e  n a t i o n ' s  i n d u s t r i a l  and pub l i c  
s e c t o r  communities through a v a r i e t y  of e s t a b l i s h e d  and proven t r a n s f e r  
mechanisms. With each pass ing  year  NASA has s t r i v e d  t o  make these  mechanisms 
more e f f e c t i v e  by s t rengthening  i n t e r a c t i v e  r e l a t i o n s h i p s  with the non-aero- 
space use r  communities. 

I n  FY 1976,  the  Technology U t i l i z a t i o n  program plans  t o  broaden i t s  
c a p a b i l i t y  t c  t r a n s f e r  aerospace technology t o  meet technological.  needs i n  
c e r t a i n  U.S. geographical  a r e a s  which have h e r e t o f o r e  been d i f f i c u l t  t o  
se rve .  Since the cu r ren t  NASA I n d u s t r i a l  Appl ica t ion  Centers  ( formerly 
known as Regional Dissemination Centers)  are somewhat l imi t ed  geographica l ly  
due t o  c o s t  c r ~ n s t r a i n t s  and ope ra t iona l  cons ide ra t ions  NASA proposes during 
FY 1976 to  i n s t i t u t e  an  "outreach program" t h a t  w i l l  enable  the  I A C ' s  t o  
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effective:!y se rve  new u s e r  markets i n  c i t i es  of high i n d u s t r i n l  concen t r a t ion  
(e .g . ,  Ch.i.cago, A t l a n t a ,  S e a t t l e ,  e t c . ) .  I A C  Div i s iona l  O f f i c e s  t o  be 
e s t a b l i s h e d  a t  t hese  and o the r  s i tes  w i l l  provide g r e a t e r  i n s i g h t  i n t o  the  
technologica l  needs of i ndus t ry  i n  those reg ions ,  and w i l l  a l s o  provide a 
more v i a b l e  and subs t an t ive  base f o r  i n t e r a c t i o n  wi th  S t a t e  and l o c a l  govern- 
ments. 

A t  t he  ;same time, NASA p lans  t o  f u r t h e r  s t r eng then  i n t e r a c t i v e  t i e s  between 
publ ic  and p r i v a t e  u s e r s  and the  problem-solving c a p a b i l i t i e s  of aerospace 
technologis t s  loca ted  a t  the  va r ious  NASA F i e l d  Centers .  The a n t i c i p a t e d  
growth i n  probl.em-solvilng o p p o r t u n i t i e s  i n  FY 1976 w i l l  r e q u i r e  a d d i t i o n a l  
Lmphasis i n  a p p l i c a t i o n s  en.gineering i n  o rde r  t o  demonstrate t h e  f e a s i b i l i t y  
and applic:ati.on o f  NASA-derived technologies  t o  pub l i c  s e c t o r  needs.  NASA 
experi.ence i n  technology t r a n s f e r  i n d i c a t e s  t h a t  t hese  outreach e f f o r t s  w i l l .  
ma te r i a l ly  enhance and e f f e c t i v e l y  mul t ip ly  t h e  r e s u l t a n t  t r a n s f e r  and use  
of  aerospace technology i.n t h e  U.S. i n d u s t r i a l  and pub l i c  s e c t o r s .  

CHANGES FROM FY 1975 BUDGET ESTIMATE: None. - ---- 
BASIS OF FZ 1'376 AND TRANSITION PERIOD ESTIMATES: ---- -- 
I n d u s t r i a l  -- Q)li .cat ions - 

Pursuant t:o Sect ion  30!i(b) of the  Nat ional  Aeronaut ics  and S p x e  Act of 
1958, Technolcgy U t i l i z a t i o n  O f f i c e r s  a t  a l l  NASA i n s t a l l a t i o n s  i d e n t i f y  
new technolclgy developed by NASA and i t s  con t r ac to r s  which has  p o t e n t i a l  
u t i l i t y  f o r  non-aerospace a p p l i c a t i o n  and use.  New advances i d e n t i f i e d  
i n  such d ive r se  f i e l d s  as materials r e sea rch ,  communications, b io -  
engineer ing,  a id  fabrication/manufacturing technology, a r e  eva lua ted  and 
publ ished in NASA Tech B r i e f s  , Compilations,  Handbooks , and o the r  
dissemii ia t io , i  media. 
s p e c i a l  empliasis w i l l  be d i r e c t e d  toward increased  market re levance  of t he  
technology mid improved d i s t r i b u t i o n  methods t o  broaden a v a i l a b i l i  t y  and 
use.  

I n  FY 1976 and t h e  subsequent T rans i t i on  Per iod ,  

During FY 1976 and t h e  t r a n s i t i o n  per iod ,  NASA w i l l  a l s o  cont inue  t o  move 
forward toward ,an i n t e r a c t i v e  network of  I n d u s t r i a l  Appl ica t ion  Centers.  
The c u r r e n t  s i x  Centers  w i l l  form t h e  b a s i s  of t h e  I A C  network. These s i x  
are  p r e s e n t l y  unable t o  e f f e c t i v e l y  i n t e r a c t  wi th  i n d u s t r i a l  communities 
o u t s i d e  t h e i r  irunediate r e s p e c t i v e  geographical  l o c a t i o n s  due to  the  c o s t s  
of extended travel.  It i s  proposed t h a t  I A C  Div is iona l  Of f i ces  be  e s t a b -  
l i shed  i n  EY 3.97'6 t o  extend i n  a c o s t - e f f e c t i v e  manner t h e  v i s i b l e  out reach  
o f  NASA's teckinology t r a n s f e r  e f f o r t s  and i t s  support  t o  indus t ry .  
Of f i ces  a r e  being considered f o r  h igh ly  i n d u s t r i a l i z e d  urban a r e a s ,  such as 
t h e  San Francisco Bay Area, Houston, Chicago, A t l an ta ,  and/or  S t .  Louis. 
The foregoing f u l l y  suppor ts  tihe program i n t e n t  of  developing a n a t i o n a l  

Div is iona l  
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network of  technology t r a n s f e r  centers t o  serve t h e  technologica l  needs of  
U.S. i ndus t ry  a s  w e l l  a s  State  and l o c a l  governments. More s p e c i f i c a l l y ,  
t h e s e  Div is iona l  Of f i ces  i n  conjunct ion wi th  pa ren t  I n d u s t r i a l  Appl ica t ion  
Centers w i l l  provide an  operable  framework and s t r u c t u r e  t o  f a c i l i t a t e  t h e  
use  of  estab1i:;hed and proven t r a n s f e r  mechanisms (e.g., conferences,  seminars,  
e t c . )  f o r  s e l e c t e d  u s e r  groups loca ted  i n  s t r a t e g i c  geographic areas. 

Publ ic  s e c t o r  problems i d e n t i f i e d  i n  coopera t ion  wi th  use r  agencies  are 
matched with e x i s t i n g  aerospace technology v i a  Appl ica t ion  Teams, I n d u s t r i a l  
Appl ica t ion  Centers  , and NASA F i e l d  Centers.  This matching process  g ives  
r i se  t o  spec:::fj.c a p p l i c a t i o n s  p r o j e c t s  designed t o  adapt ,  modify, o r  o the r -  
w i s e  re-.engi.riee.r e x i s t i n g  NASA technology t o  meet performance requirements 
s p e c i f i e d  by Federa l ,  s t a t e  o r  l o c a l  u se r  organiza t ions .  Currenr ly ,  upwards 
of seventy ac: t ive app1icai:ions engineer ing p r o j e c t s  are  underway a t  e i g h t  
NASA F i e l d  Centers  and a t  NASA Headquarters.  

The major emphasis of t he  engineer ing p r o j e c t s  has been placed i n  biomedical 
a p p l i c a t i o n s  i n  the spec i f ' i c  .areas of d e t e c t i o n ,  d iagnos is  and t rea tment ,  i n -  
s t rumenta t ion ,  r e h a b i l i t a t i o n ,  and biomedical systems a n a l y s i s  and h e a l t h  
planning.  The s r eas  of urban cons t ruc t ion ,  f i r e  s a f e t y ,  envi ronpenta l  
p o l l u t i o n  and t r a n s p o r t a t i o n  w i l l  cont inue  t o  r e c e i v e  a t t e n t i o n  v i a  the  
sponsorship o f  a p p l i c a t i o n s  engineer ing  p r o j e c t s .  I n  response t o  i d e n t i f i e d  
needs i n  the  publi-c s e c t o r ,  p r o j e c t s  concerned wi th  mine s a f e t y  a n d  pub l i c  
s a f e t y  w e r e  L n i t i a t e d  during EY 1975 and i t  i s  expected t h a t  continued 
emphasis w i l l .  be placed on these  endeavors i n  FY 1976. 

Program Control  and Evaluation. -. --- 
NASA w i l l  cont inue  its eEfo r t s  t o  document and analyze s p e c i f i c  evidence 

of techncllogy t r a n s f e r  as a means t o  (1) a b e t t e r  understanding of t he  
t r a n s f e r  process ,  and (2)  e f f e c t i v e  modi f ica t ion  t o  e x i s t i n g  t r a n s f e r  
mechanism and programs. Such f a c t o r s  as t i m e  l a g ,  i n d u s t r i a l  r e c e p t i v i t y ,  
technology matching c h a r a c t e r i s t i c s ,  e t c . ,  w i l l  be analyzed and eva lua ted  
t o  determine r e l a t i v e  impact and e f f e c t i v e n e s s  of NASA's technology t r a n s f e r  
e f f o r t s .  

Fur ther  e f fo r t : ;  w i l l  be cont inued i n  FY 1976 t o  document impacts and b e n e f i t s  
( technologica' t  , s o c i e t a l  and economic) of NASA R&D programs and t h e i r  r e s p e c t i v e  
inf luence  on izlie n a t i o n ' s  c a p a b i l i t i e s  and f u t u r e  growth. Such e f f o r t s  are 
intended to provide g r e a t e r  i n s i g h t  t o  f u r t h e r i n g  t h e  use  of Fede ra l ly  sponsored 
R6rD through tc:c:hnoI.ogy t r a n s f e r  and a p p l i c a t i o n  programs. 
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