
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

AGENCY SUMMARY AND RESEARCH AND DEVELOPMENT 

TABLE OF CONTENTS 

VOLUME I 

AGENCY SUMMARY 

General s ta tement  ............................................... 
Budget surrunairy .................................................. 
Program h i g h l i g h t s  .............................................. 
Summary of appropr i a t ions  ....................................... 
Sumairy r e c o n c i l i a t i o n  of  appropr i a t ions  t o  budget p lan  ......... 
Distr.ibut1-on of  budget p lan  by i n s t a l l a t i o n  ..................... 
Summary of permanent p o s i t i o n s  by i n s t a l l a t i o n  .................. 
Permanent C i v i l  Se rv ice  employment graph ........................ 
Organiza t ion  c h a r t  .............................................. 

RESEARCH AND DEVELOPMENT 

Genera 1 s t i 3  t ement ............................................... 
Appropriai: Lori language (proposed) ............................... 
Program and f inanc ing  schedule  .................................. 
Research and development programs ............................... 
D i s t r i b u t i o n  of r e sea rch  and development budget p lan  by 

in s t a l1a : ion  and f i s c a l  year  .................................. 

Page No . 
AS 1 

AS 2 

AS 3 

AS 9 

AS 10 

AS li! 

AS 13 

AS 1 4  . 

AS 151 

SUM 1 . 

SUM 6 

SUM 7 

SUM 9 

SUM 110 

i 



Page No. 

Just i f icat : i .or i  by p r o g r a m :  

MANNED SPACE F L I G H T  PROGRAMS 

B u d g e t .  pl.an ................................................ 
SPACX F L I G H T  OPERATIONS. ................................. 
SPAC:I: SHUTTLE ............................................ 
ADVANCE:D M I S S I O N S  ........................................ 

--- 
--- 

--- 
APOL,I,O ................................................... --- 

SPACE SCI EKCE PROGRAMS 

B u d g e t  p l a n  ................................................ 
P H Y S I C S  AND ASTRONOMY .................................... 
LUNAR. AND PLANETARY EXPLORATION .......................... 
LAUNCH VEHICLE PROCUREMENT. .............................. 

--- 

--- 

--- 

A P P L  I C A T  I ON S PROGRAM 

SPACE A P P L I C A T I O N S  ........................................ --- 
AERONAUTICS AND SPACE TECHNOLOGY PROGRAMS 

B u d g e t  p l a n  ................................................. 
AERONAUTICAL RESEARCH AND TECHNOLOGY. .................... 
SPACE RESEARCH AND TECHNOLOGY ............................ 
NUCLEAR POWER AND PROPULSION. ............................ 

TRACKING AND DATA A C Q U I S I T I O N  PROGRAM. ....................... 
TECHYOLOGY U T I L I Z A T I O N  PROGRAM ............................... 

.--- 

.--- 

.--- 

MSF 1 

RD 1-1 

RD 2 - 1  

RI> 3-1 

RI) 4-1 

ss 1 

RD 5 - l  

RD 6 - l  

RD 7 - l  

RD 8-11 

A S T  1 

RD 9-1. 

RD 10-1 

RD 11-1 

RD 1 2 - 1  

RD 13-1 

i :i 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

GENERAL STATEMENT 

The I\Tatio.ia'l Aeronaut ics  and Space Admin i s t r a t ion ,  e s t a b l i s h e d  October 1, 
1958, condii-ti; space and a e r o n a u t i c a l  a c t i v i t i e s  f o r  peace fu l  purposes f o r  
t h e  b e n e f i t  of a l l  mankind. I n  ma in ta in ing  United S t a t e s  l e a d e r s h i p  i n  
researlch, technology, and u t i l i z a t i o n  i n  t h e s e  f i e l d s ,  N A S A ' s  programs: 

--extend .nan's knowledge of t h e  e a r t h ,  i t s  environment, t h e  s o l a r  
system, and t h e  u n i v e r s e ;  

--expand prac t ica l  a p p l i c a t i o n s  of space technology; 

--develop, toperate, and improve manned and unmanned space  v e h i c l e s ;  

--improve t'he c i v i l  and m i l i t a r y  u s e f u l n e s s  of  a e r o n a u t i c a l  v e h i c l e s  
w h i l e  minimizing t h e i r  environmental  e f f e c t s  ; 

- -disseminate  p e r t i n e n t  f i n d i n g s  t o  p o t e n t i a l  u s e r s ;  and 

--promote i n t e r n a t i o n a l  coope ra t ion  i n  p e a c e f u l  a c t i v i t i e s  i n  space.  

The i n d u s t r i a l  community, under c o n t r a c t s  w i th  NASA, w i l l  con t inue  t o  
c a r r y  forward t h e  prime des ign ,  development, and f a b r i c a t i o n  e f f o r t  of t h e  
major hardware elements involved i n  t h e  NASA programs. Other elements 
o f  the prog,rams w i l l  be  pursued w i t h i n  NASA i n s t a l l a t i o n s ,  o t h e r  government 
agenc ie s ,  m i v e r s i t i e s ,  and r e s e a r c h  c o n t r a c t o r s .  

Appropria. t ions t o t a l i n g  $3,016,000,000 are reques t ed  f o r  FY I974 t o  suppor t  
t h e  program desc r ibed  i n  t h e s e  j u s t i f i c a t i o n s .  
a t i o n  i s  summarized below and r e f l e c t s  $91,000,000 o f  FY 1973 funds a p p l i e d  
t o  t h e  FY 1.974 p l an .  

The budget p l a n  by a p p r o p r i -  

BUDGET PLAN SUMMARY 

(Thousands o f  Dollars  ) 
1974 - 1973 - 1972 

Ob l i g a  t iors& Au th o r i  t y  

Research arid development. ........... $2 . 508,386 $2 . 509,900 $2 . 288,0010 
Cons truc: t i o n  o f f a c  ili ties .......... 54,300 77,300 112,OClO 
Research arid program management. .... 740,312 715,000_ 707 , OCG 

TOTAL IHJDGET PLAN.. ............... $3.302.998 $3.302.200 - $3,107,OClO - 

FU 1973 funds a p p l i e d  t o  FY 1974 
pro g c a r i .  ........................ -91,000 - 

....... $3.016,0CQ Budgei: Au thor i ty  Requested. - 

TOTAL I~UTLAYS. .  ................... $3.442.862 $3.062.100 - $3.136.004 - 

AS 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Research an.d Development --__ 
MANNED SPP.CE FLIGHT. 0 --__ 

Space f l i g h t  o p e r a t i o n s  
Space shcttle.. . . . . . . . .  
Advanced missions... . . .  
Apollo ................. 

SPACE: SCIE’NCE .......... 
-,-- --. 

Physics znd astronomy. . 
Lunar anc  p l a n e t a r y  

explora  t ion.  .......... 
Launch v e h i c l e  procure-  

m e n t .  ................. 
APPLICATIONS............ --__ 

Space a p p l i c a t i o n s . .  ... 
AERONAUTICS AND SPACE ---- 

TECFLNOLCCY. ............ ---- 

BUDGET SUMMARY 

(Thousands of D o l l a r s )  

Budget Plan 
FY 1972 FY 1973 FY 1974 

1,285,475 1,157,200 1,057,000 

582,775 

1,500 
601,200 

552,900 

100,000 

110,100 

291,500 

151,300 

187 , 500 

187,500 

213,511 

Aeronaut i.ca.1 r e s e a r c h  and 

Spac:e r e  aea.rch and 

Nuclear power and 

tec.hnolcjgy ............ 109,340 

tec:hnolcigy.. .......... 74,365 

propul s ioc.. ........... 29,806 

TRACKING fLNE DATA --__- 
ACQUI S I  TIOE;. ........... 264,000 

TECHN0LOC:I’ V T I L I Z A T I O N .  5 , 000 ---- 

TOTAL RESEARCH AND 
DEL’ELOENEEFT.. ......... 2,508,386 

879,000 

1 , 500 
76 , 700 

679,169 
126,200 

331,969 

200 , 000 

221 , 000 

188,700 

188,700 

232,500 

150,640 

64,760 

17,100 

248,331 

4,000 

580,500 
475,000 

1,500 
- -- 

584 , 000 
95 , 000 

312,000 

177,000 

153,000 

153 , 000 

240 , 000 

1 7  1,000 

65 , 000 

4,000 

250,000 

4,000 

2,509,900 2,288,000 

Constructicm of F a c i l i t i e s  54,300 77,300 112,000 

Research i.nd Program M g m t .  - 740,312 715,000 707,000 

TOT~~L.. . , . . . . . . . . . . . . . . .  - - 3,302,998 3,302,200 3,107,000 

TOTAL OII‘.ZFtYS.***.**..*. - - 3,422,862 3.062,lOO 3,136,000 

FY 1.973 
Funds 

Applied 
to 

FY 1.974 
Program 

LL 25 000 

25 :, 000 - - -  
- - -  
- - -  

31.000 

30 :, 400 
-L 

--- 
600 

6.  000 

6 :, 000 

-L 

29 ,ooO 

25,000 

- - -  

4,000 

- - -  - 
- -- 

FY 1974 
Budget 

Au t hor i t: y 
Reques t led _- 

1,032,O~:)O 

555,5130 
475,000 

1, 500 

I 

-..- 

5 5 3 ,0 (g  
64,6130 

312,0()0 

1 7 6 , 4  00 

147,0!g 

147,000 

---- 2 1 1  000 

146 , 000 

65 , 000 

- .. - 

250,0!,0 

4 000 -1.- 

2 , 197 , 000 

112,000 

707 000 

3 , 01 6,000 __ _- 
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MANNED SPACE FLIGHT 

1976 1977 1978 

e 

e 

TO EXTEND MAN'S CAPABi i iTY  TO L i v E  AND VVORK iiu SPACE - SKYLAB 

TO SUBSTANTIALLY ENHANCE OPERATIONAL CAPAB I L l T l E S  AND REDUCE THE 
COST OF SPACE OPERATIONS - SHUTTLE 

TO DEVELOP AND TEST SYSTEMS FOR INTERNATIONAL COOPERATIVE MANNED 
M I S S I O N S  - ASTP 

e 

MAJOR FLIGHT ACTIVITY 

1979 1980 FLIGHT SCHEDULE 

SKY LAB 

A PO LLOl SOY U Z  

SHUTTLE 

1ST HORIZONTAL FLIGHT 
E 
w 1ST ORB ITAL FLIGHT 

19 73 

A 
AAA 

19 74 19 75 
~ 

A 



SPACE SCIENCE 
TO G A I N  FUNDAMENTAL SCIENTIF IC  KNOWLEDGE ABOUT: 

c T l l C  I nL C A D T U  LMI\ I I I - \ IADICTV V l \ l \ I L l  I n p  Yl  c f lFL lT IF !c  V V I h I . . . .  SATELLITES 

0 THE SUN 
0 THE PLANETS 

THE UNIVERSE - ASTRONOMICAL OBSERVATORIES 

- SOLAR OBSERVATORIES 
- PIONEER, MARINER & V I K I N G  SPACECRAFT 

MAJOR FLIGHT ACTIVITY 

FLIGHT SCHEDULE 

EX P LO R ER S 

ORBITING SOLAR OBSERVATORY - O S 0  

MARINER VENUSIMERCURY 

P IONEER -JU P ITER 

HELIOS 

LD V I K I N G  - MARS LANDER 

4' MARINER-JUPITERiSATURN 
Ui 

19 73 

AA 

A 

A 
I 

A 

I A A  

1976 

A 

A 

19 77 

A 

AA 

19 78 

A 

19 79 19 80 



SPACE APPLICATIONS 

WEATHER SATELLITES 

COMMUNICATIONS AND N A V l  

. EARTH RESOURCES SURVEYS 

RELATED GROUND-BASED ACT 

MAJOR FLIGHT ACTIVITY 

>ATION SATELLITES 

V l T l E S  

19 77 19 78 19 79 19 80 



0 

0 

TO M A I N T A I N  U. S. LEADERSHIP 

TO MEET URGENT DOMESTIC TRANSPORTATION NEEDS 

TO SUPPORT M I L I T A R Y  AIRCRAFT DEVELOPMENT 

MAJOR PROGRAMS 

0 QUIET ENGINE FOR STOL AIRCRAFT 

ENGINE QUIETING TECHNOLOGY FOR CURRENT NARROW BODY 
C I V I L  AIRCRAFT 

0 ADVANCED A I  R-TRANSPORT TECHNOLOGY 

NOISE REDUCTION BY FLIGHT PROCEDURES 

\JERTICAL. TAKEOFF AP?D LAP?DII\JG (L'TC!) RESEARCH AND TEST VEHICLES 



S P A C E  R E S E A R C H  & T E C H N O L O G Y  

0 TO R U l l D  THE TECHNOLOGY BASE FOR FUTURE SPACE ACTIV IT IES 

PROGRAM ACTIV IT IES 

e 

e 

e 

e 

e 

0 

e 

e 

SPACE ELECTRIC POWER TECHNOLGGY 

H I G H  IMPULSE PROPULSION SYSTEMS 

SYNCHRONOUS LASER EXPER I VENT 

SPACE STORABLE PROPULSION MODULE EXPERIMENT 

L IFTING BGDY FLIGHT TESTS 

MATERIALS, STRUCTURES, GUIDANCE, CONTROL AND 
I NFO RMAT ION SY STEMS 

I SOTOPE B RAYTON POWER CONVERSION SYSTEM 

ELECTROPHY S I C S  RESEARCH AND TECHNOLOGY 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Fiscal Year 1972 

Basic Appropriation, PL 92-78..  ......... 
Supplemental Appropriation, PL 92-306... 

Total Appropriated .................... 
Transfers to other accounts: 
"Operating Expenses, Public Buildings 
Service," General Services Adminis- 
tration (85 Stat, 124) .............. 

641) ................................ 
Authority) .......................... 

"Salaries and Expenses, Economic 
Stabilization Activities (85 Stat. 

Total Adjusted Appropriation (Budget 

Unobligated R&PM balance available 

Prior year funds applied to 1972 

Transfers between appropriations ........ 
Unobligated balance lapsing ............. 

until September 30, 1971. ............. 
program............,.......... ........ 

Total Budget Plan...... ............... 

Total 

$3,298,035 
+12,087 

3,310,122 

- 131 

- 2 000 

3,307,991 

+8,046 

+9,200 
- - -  

-22,239 

Research and 
Development 

$2,522,700 
- - -  

Construction 
of Facilities 

$52,700 
- - -  

2 522,700 

+9,000 
-1,400 

- 21,914 

$3,302,998 $2,508,386 $54,300 

Research and 
Program 

Management 

$722,635 
+12,087 

7 34,722 

-131 

-2,000 

732,591 

+8,046 

_ - -  

- 325 

$740,312 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLAN (CONTINUED) 
(Tliousdilds VI Dulldrsj 

Fiscal Year 1973 

Research and 
Research and Construction Program 

Total Development of Facilities Management 

Appropriation, PL 92-383. . . . . . . . . . . . . . . . .  ........ $3,407,650 $2,600,900 $77 , 300 $729,450 

Transfers to other accounts: 
11 Operating Expenses, Public Buildings Service," 

- 15 - - -  - - -  General Services Administration (86 Stat. 489) .  - 15 

Total Adjusted Appropriation (Budget Authority).. 3,407,635 2 , 600 , 900 77,300 729,435 

Unobligated balance lapsing ...................... -14,435 - - -  - 14,435 
1973 funds applied to 1974 program plans ......... -91,000 -91,000 - - -  - -- 

- - -  

Total Budget Plan............................ $3,302,200 $2,509,900 $77,300 $7 15 , 000 

Fiscal Year 1974 

......................... $707 , 000 Appropriation request... $3,016,000 $2,197,000 $112 , 000 
1973 funds applied to 1974 program authority ..... +91,000 +91,000 - - -  - - -  

Total Budget Plan. ........................... $3,107,000 $2,288,000 $112,000 $707,000 



Iostallarion - .~ 

John F. Kennedy Space Center, NASA. .  
Manned Spacecraft Center. ........... 
Harshall Space Flight Center... ..... 
C n d d a r d  Space Flight Ce.ter.... ..... 
Wallops Station ..................... 
le t  Pr"?'!!si .rn Tnbonrit:ry.. ......... 
Ames Research Center ................ 
Flight Research Center .............. 
Langley Research Center ............. 
Lewis Research Center... ............ 
NASA Headquarters: 

Various Locations..... .............. 
Rehabilitation and Modification,.... 

Minor Construction .................. 
Facility Planning and Design ........ 

Total Budget Plan.. ............... 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

SUMMARY OF APPROPRIATION RIlnCFT PT AN? BY INST.QLA.TIF' 

(In millions of dollars) 

Research and Development 
1972 - 1973 __ 1974 

168.2 185.6 124.8 
445.8 510.2 657.9 
669.2 477.2 307.7 

455.9 482.1 385.4 
12.2 15.5 14.1 
151.4 128.6 122.9 

72.7 74.5 83.0 
14.2 14.9 16.6 
245.9 316.3 291.2 
154.5 209.3 192.6 

112.4 95.7 91.8 

- - -  - _ _  ---  --- 
2,508.4 2,509.9 2,288.0 --- 

Construction of Facilities 
1972 ~ 1973 __ 1974 

15.2 10.1 - - -  
_ _ -  .6 - - -  
_ _ -  _ _ _  --- 
.7 .6 1.4 

- _ _  .4 1.1 
.o  i.3 

6.5 1.8 _ - -  

_ _ -  4.3 4.0 
.9 9.7 - - -  

_ _ -  

_ _ _  - - -  - - -  

- _ -  - - -  _ - _  
19.6 27.5 71.2 

7.9 11.6 14.8 

_ _ _  1.7 4.6 

3 . 5 - -  8.0 13.6 

- 54.3 77.3 112.0 - -  

Research and Prorram 
~ 

Management 
~ 1972 __ 1973 ~ 1974 

92.6 
113.0 
146.9 

Yb.5 
10.9 
._. 

42.2 
11.7 
80.2 
84.7 

61.6 

- - -  

_ _ _  
_ - _  
- -_  

740.3 - 

91.4 
109.9 
135.3 

94.5 
10.6 _ _ _  
42.0 
11.3 
78.0 
81.9 

60.1 

- - -  

- - -  

- -_  

- 715.0 

90.4 
109.2 
132.9 

93.7 
10.9 
- - -  

42.8 
11.1 
79.2 
76.5 

60.3 

--- 
- -- 
_ - -  

--- __ 

- 707.0 

Total 
1972 __ 1973 ~ 1974 

276.0 
558.8 
816.1 

553.1 
23.1 

1 5 7 . L  

121.4 
25.9 
326.1 
240.1 

174.0 

19.6 

7.9 

- - _  

3.5 

287.1 215.2 
620.7 767.1 
612.5 440.6 

577.2 480.5 
26.5 26.1 

129.2  12G.2 

118.3 125.8 
26.2 27.7 
398.6 374.4 
300.9 269.1 

155.8 152.1 

27.9 71.2 

11.6 14.8 

1.7 4.6 

8.0 13.6 -- 
5,303.0 3,302.2 3,107.0 - _ _ -  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

RESEARCH AND PROGRAM MANAGEMENT 

SUMMARY OF PERMANENT POSITIONS BY INSTALLATION 

INSTITUTIONAL DIRECTOR AND F i s c a l  Year F i s c a l  Year F i s c a l  Year 
INSTALLATI ON 1972 1973 - 1974 __ --_- 

--- 
MANNED SP4LE FLIGHT ................. 11,625 11,350 10,525 

J o h n  F. Kennedy S p a c e  Center, 
NASA............................ 2,467 2 , 409 2 , 309 

Manned S p a c e c r a f t  Center.......... 3,817 3,727 3 , 652 
Marshall Space  F l i g h t  Center...... 5,341 5,214 4,564 

4,403 4,228 

Goddard S p a c e  Flight Center....... 4,061 3,966 3,808 
Wallops Station.....o............. 448 43 7 420 

8 ,984 8,636 ---- AERONAUTICS AND SPACE TECHNOLOGY.... 9,594 

Ames Research Center.............. 1 ,771 1,729 1,699 
F l i g h t  'Research Center............ 493 48 2 482 
L a n g l e y  Research Center.. ......... 3,495 3,411 3,371 
Lewis  Rese ,a rch  Center............. 3,835 3 , 362 3,084 

NASA HEADQUARTERS ................... 1,772 -- -- 1,731 1,581 

- - -  382 --- ................. --_-- UNF1L:LED P3S:KTIONS. - - - 

26,850 24,970 TOTAL............................. 27,500 

AS 13 



PERMANENT CIVIL SERVICE 
EMPLOYMENT & CHANGES 

- 

JULY 1967 -JUNE 1974 

10; 171 1 

CONVERSIONS 

67 68 69 70 71 72 73 74 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

GENERAL STATEMENT 

The Nat ional  Aeronaut ics  and Space Admin i s t r a t ion  program of r e s e a r c h  and 
development maintains  and advances the United S t a t e s '  p o s i t i o n  of world 
l e a d e r s h i p  i n  a e r o n a u t i c s  and space.  The major program elements f o r  ach iev ing  
t h i s  o b j e c t i v e  a r e :  

---- PIANNET1 SPACE FLIGHT: A program u t i l i z i n g  t h e  c a p a b i l i t i e s  
developed i n  t h e  Apollo program t o  conduct manned missions 
involLring t h e  f i r s t  long d u r a t i o n  e a r t h  o r b i t a l  l a b o r a t o r y  
and a coope ra t ive  t e s t  p r o j e c t  w i th  the  USSR, and t o  develop 
a new t r a n s p o r t a t i o n  system which w i l l  provide s i g n i f i c a n t ] - y  
g r e a t e r  c a p a b i l i t i e s  and reduced c o s t s  f o r  f u t u r e  mis s ions .  

----- SPACE: SCIENCE: An unmanned space f l i g h t  program d i r e c t e d  
toward s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  e a r t h ,  t he  atmos- 
phere,  the moon, t he  sun, the p l a n e t s ,  the s t a r s ,  and i n -  
t e r p l a n e t a r y  space.  

----- APPLICATIONS: Research and development t o  demonstrate t he  
a p p l i c a t i o n  of space techniques f o r  t he  b e n e f i t  o f  mankind 
i n  ttw z.reas of weather and c l i m a t e ,  p o l l u t i o n  monitor ing,  
e a r t h  r e sources  survey,  e a r t h  and ocean phys ic s ,  communi- 
caticiris, and space processing.  

AERONAU1IICS ---- AND SPACE TECKNOLOGY: A s u s t a i n e d  e f f o r t  t o  
a c q u i r e  fundamental knowledge and t o  expand t h e  t echno log ica l  
base needed t o  con t inue  United S t a t e s  l e a d e r s h i p  i n  ae ro -  
riauti c s  and space programs. 

---- 1XACK:LNC: AND DATA ACQUISITION: 
suppoi:ti.ng the  NASA manned and unmanned f l i g h t  programs. 

The worldwide a c t i v i t y  

_--- TECHNOLOGY UTILIZATION:  A program t h a t  provides f o r  t h e  
expecl:. t ious pub 1 i c ava i. l a b  i 1 i t y o f s c i e n  t i f i c  , techno log i c  a 1, 
and eng inee r ing  information and concepts  which flow from 
NASA ' :; work. 

MANNED SPACE FLIGHT 

The Apo:Llo luna r  e x p l o r a t i o n  program has been s u c c e s s f u l l y  completed i n  
FY 1973 arid t h e  f l i g h t  missions of Skylab, t he  f i r s t  long d u r a t i o n  manned 
orbi t j -ng l .aboratory,  a r e  scheduled t o  begin l a t e  i n  t h e  f i s c a l  y e a r .  The 
FY 1974 pl.an provides  f o r  completion of t he  Skylab mis s ions ,  p r e p a r a t i o n s  f o r  
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t h e  Apollo,'Soyuz Test  P r o j e c t  , t h e  f i r s t  coope ra t ive  manned f l i g h t  e f f o r t  
between the  1Jnited S t a t e s  and t h e  USSR, and inc reased  a c t i v i t y  i n  t h e  des ign  
and dc:velopmt?nt of t h e  Space S h u t t l e ,  t h e  key element i n  f u t u r e  space 
t r a n s  po r t  at i on  . 

The Apol.:Lo l u n a r  f l i g h t s  have been s u c c e s s f u l y  completed wi th  t h e  Apollo 
16 missiori t o  t h e  Descar tes  s i t e  i n  A p r i l  1972 and the  Apollo 1 7  mission 
t o  Taurus-,l,it:trow i n  December 1972. These highland s i t e s  were s e l e c t e d  and 
t h e  missions were configured t o  provide the  maximum s c i e n t i f i c  r e t u r n .  

The Skylab program provides  f o r  t h e  launch o f  t h e  f i r s t  long d u r a t i o n  
o r b i t i n g  l abc ' r a to ry  i n  t h e  s p r i n g  o f  1973 and f o r  t h r e e  manned missions over 
t h e  ensuing e i g h t  months. On t h e s e  missions crews of t h r e e  a s t r o n a u t s  each 
w i l l  i n h a b i t  t h e  Skylab f o r  pe r iods  up t o  56 days t o  e v a l u a t e  c r e w  p e r f o r -  
mance i n  space and t h e  biomedical e f f e c t s  o f  long d u r a t i o n  space f l i g h t  and 
t o  conduct experiments emphasizing e a r t h  r e sources  surveys,  comprehensive 
s t u d i e s  of t h e  sun, and s p e c i a l  m a t e r i a l s  processing i n  space. 

The Apollo/Soyuz Test  P r o j e c t  i s  a j o i n t  United States-USSR e f f o r t  t o  
develop anc t e s t  systems f o r  rendezvous and docking of manned s p a c e c r a f t .  
I n  t h e  t e s t  u i s s i o n ,  planned f o r  1975, American a s t r o n a u t s  using a modified 
Apollo Command and Se rv ice  Module and a newly developed docking module w i l l  
rendezvous and dock i n  e a r t h  o r b i t  w i th  a Soyuz s p a c e c r a f t  manned by Sov ie t  
cosmonauts. J o i n t  a c t i v i t i e s ,  i nc lud ing  crew t r a n s f e r s  between s p a c e c r a f t ,  
w i l l  be corducted i n  o r b i t .  

The Space S h u t t l e  i s  the  key element i n  f u t u r e  space o p e r a t i o n s  i n  e a r t h  
o r b i t .  The S h u t t l e  system w i l l  c o n s i s t  o f  a r eusuab le  d e l t a  wing o r b i t e r  
v e h i c l e ,  a l a r g e  expendable f u e l  tank,  and r e u s a b l e  twin,  s o l i d  rocke t  
b o o s t e r s .  The S h u t t l e  w i l l  provide a wide range of o p e r a t i o n a l  c a p a b i l i t i e s  
i nc lud ing  placement and r e t r i e v a l  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  o f  
s a t e l l i t e s ,  s h o r t  d u r a t i o n  manned o r b i t a l  mi s s ions ,  and d e l i v e r y  of payloads 
and p ropu l s ive  s t a g e s  f o r  high energy missions t o  e a r t h  o r b i t .  The Space 
S h u t t l e  i s  designed t o  in t roduce  new concepts  i n t o  space o p e r a t i o n s  by making 
t r a n s p o r t a t i o n  t o  and from e a r t h  o r b i t  r o u t i n e l y  a v a i l a b l e  f o r  both unmanned 
payloads and f o r  manned missions involving s c i e n t i s t s  and o t h e r  personnel  
who do not have s p e c i a l  a s t r o n a u t  t r a i n i n g .  I n  a d d i t i o n  t o  reducing t r a n s -  
p o r t a t i o n  c o s t s ,  t he  S h u t t l e  i s  expected t o  permit major savings i n  payload 
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 he  
s t r i n g e n t   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  imposed on 
payload d e s i g n e r s .  

SPACE SCIENCE 

The ET 1974 budget r eques t  provides f o r  cont inued s c i e n t i f i c  i n v e s t i g a t i o n  
o f  phenomena o f  our  un ive r se  using automated s p a c e c r a f t ,  soundi-ng r o c k e t s ,  
ba l loons  and a i r c r a f t ,  and ground-based r e sea rch .  

A broad program o f  i n v e s t i g a t i o n s  i s  underway t o  determine t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  of t h e  e a r t h  and i t s  atmosphere, t h e  moon, t h e  sun;the 
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planets, and t:he interplanetary medium. The study of the sun, its processes, 
and its effect:s on earth's environment are continuing with the Orbiting Solar 
Observatory, OSO-7, and with the planned solar observations on the Skylab 
missions. OSO-I, to be launched in 1974, will continue solar observations 
into the mi.d-1.970's. 
launched in 1972, will continue to transmit data on the stars and interstellar 
matter. Ef:ior.t on the High Energy Astronomical Observatory, authorized by 
Congress in IT 1972, has been suspended and will be replanned during FY 1974 
to achieve many of its objectives at a substantial reduction in cost. 

The Orbiting Astronomical Observatory Copernicus, 

The planetary exploration program will receive a major impetus when 
Pioneer 10, which is now in the Asteroid Belt, encounters Jupiter, and the 
Mariner Verliis/'Mercury spacecraft achieves the first multiple flyby of two 
planets, VenuE and Mercury. Both of these events are scheduled to be 
accomplished in FY 1974. Effort continues on the international Helios 
project to study the interplanetary medium in the near sun environment, 
with first 1.at.nch scheduled for 1974. The Viking spacecraft designed to 
orbit and land on Mars to investigate a variety of phenomena, especially 
life-related phenomena, will be undergoing final integration and testing. 
Development effort will continue on the outer planet missions to Jupiter 
and Saturn using Mariner-class spacecraft to be launched in 197.7. 

In the unmanned launch vehicle program, emphasis will continue on reliability 
and quality assurance improvements aimed toward continuing the :LOO% success 
rate achieved in 1972. 

SPACE APPLICATIONS 

To promote the application of space technology toward solving some of man's 
urgent needs c n  earth, a strong ground-based research and technology effort 
and a carefully planned flight program will be conducted in FY 1974. The 
applications, ~rogram covers the areas of earth resources surveys, weather 
and climate, pollution monitoring, earth and ocean physics, communications, 
and space processing. Earth resources activity during 1974 will include con- 
tinued mission operations for the first Earth Resources Technology Satellite, 
ERTS-1; continued development of ERTS-B; and a supporting program of airborne 
surveys using sensors similar to those on the satellites. In weather-oriented 
activities, the Nimbus-F will be launched as a follow-on to the Nimbus-5 
meteorological sensor development mission. Developmental work Leading to an 
operational geostationary weather satellite system providing day and night 
coverage of short-term weather phenomena will culminate in the launch of the 
Synchronous Meteorological Satellites, SMS-A and SMS-B. Development will 
continue on the third generation of operational weather satellites, the 
TIROS-N, planned for launch in 1977. 

In air pollution monitoring, work will be initiated on the Nintbus-G 
mission to provide for flight experiments with advanced sensors for air 
pollution messirements. The Nimbus-G advanced sensors will alsa contribute 
to ocean dynamics monitoring €or the earth and ocean physics prcgram. Work 
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will continue toward launch in 1974 of GEOS-Cy designed to demonstrate the 
feasibility of using satellite altimeters for measuring the topography of 
ocean surfaces. Effort directed toward geodesy and a potential future 
earthquake prediction capability will include ground-based experiments and 
measurements, and the start of work on LAGEOS, a high density, laser re- 
flector satellite which will provide a stable, long-term reference point 
for earth motion studies. I n  communications activities, the Applications 
Technology Satellite, ATS-F, mission will be launched in 1974 t:o conduct 
user communications experiments for State and Federal agencies and foreign 
countries using a large space-erectable antenna. Work will continue on the 
Cooperative Applications Satellite, CAS-Cy a joint project with Canada leading 
to a developmental communications satellite using a recently al.located, 
higher frequency band, as well as several other advanced spacecraft design 
features. Investigations into the use of space as an environment for the 
generation and processing of materials that are impossible or t:oo costly 
to produce on earth will be conducted using the results of Skylab experiments. 

AERONAUTICS AND SPACE TECHNOLOGY 

The FY 1974 Aeronautics research and technology effort will continue to be 
directed toward the goal of maintaining the nation’s international leadership 
in civil and military aviation technology. The FY 1974 budget request pro- 
vides for the continuation of experimental programs begun in FY 1973. Work 
on the experimental rotor test and tilt rotor aircraft will be in the design 
and fabricai-ion phase. Work will also be in progress on clean, quiet propul.sion 
applicable 110 Short Take-Off and Landing and Conventional Take-Off and Landing 
aircraft. This work includes propulsion system technology which could be 
applied to current narrow-body civil jet transports , resulting in substantially 
quieter opeitation without an adverse effect on operational characteristics. 
The 1974 program also provides for continuation of activities to provide a 
technology base for advanced supersonic aircraft involving work in the disci- 
plines of propulsion, structures and materials, aerodynamics, and stability 
and control.,, 
nology program encompassing materials, structures, avionics, propulsion, 
aerodynamics, vehicle configurations, operating procedures, and aeronautical 
life sc:ienc:es. 

Experimental programs will be supplemented by a strong tech- 

The Space research and technology effort is designed to build a technology 
base which will adequately support current and future space activities. 
Research is conducted on materials and structures, on improving the 
electronic systems used in space exploration and applications, on chemical 
and electric propulsion, on power generation and processing, and on entry 
aerothermodynamic and heat protection problems. The FY 1974 budget includes 
a program tc reduce the cost of space systems through subsystem standardi- 
zation and an effort to apply high energy lasers to power transmission in 
space. Nuclear efforts will focus on electrophysics research arid on a low 
power level isotope Brayton cycle power conversion system. 
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TRACKING AND DATA ACQUISITION 

This  pro,zram f u r n i s h e s  support  t o  NASA space f l i g h t  programs through the  
managtmeni: oE t he  worldwide NASA communications system, t h e  t r a c k i n g  of 
manned and unmanned s p a c e c r a f t ,  and the  a c q u i s i t i o n  of d a t a  from t h e s e  space- 
c r a f t .  During FY 1973 and 1974, work w i l l  con t inue  on t h e  process  of merging 
the  c a p a b i l i t i e s  of t he  S a t e l l i t e  Network and t h e  Manned S p a c e f l i g h t  Network 
i n t o  a s i n g l e ,  conso l ida t ed  S p a c e f l i g h t  Tracking and Data Network which w i  1 1  
be capable  o.f support ing i n c r e a s i n g l y  complex mis s ions .  The major support  
requiremenis during t h i s  per iod a r e  a s s o c i a t e d  wi th  Skylab, O r b i t i n g  
Astronomicgil Observatory Copernicus, t he  Ea r th  Resources Technology S a t e l l i t e ,  
Atmospheri .~ Explorer-C, Pioneers  10 and G ,  and Mariner Venus/Mercury. 
Augmeritati on of t he  d a t a  processing f a c i l i t i e s  needed t o  provide support  f o r  
t h e  h ~ g h e l -  d a t a - r a t e  s a t e l l i - t e s  w i l l  a l s o  con t inue .  

TECHNOLOGY UTILIZATION 

The o b j e c t i v e  of t h i s  program i s  t o  provide wide and r a p i d  d i s semina t ion  
t o  the u s e r  community of s c i e n t i f i c  and t e c h n i c a l  i n fo rma t ion  r e s u l t i n g  from 
NASA ef f0r t . s .  Emphasis i n  FY 1974 i s  on applying these  r e sea rch  and 
techncilogy developments t o  major p u b l i c  problems i n  t h e  a r e a s  of  p o l l u t i o n ,  
medicine,  t r a n s p o r t a t i o n ,  and law enforcement through special  Sovernment.- 
u n i v e r s i t y - i n d u s t r y  teams. 

FUNDING 

The FY 1974 Research and Development budget p l an  t o t a l s  $2,298,000,000, a 
dec rease  of $221,900,000 from FY 1973. The program plan i s  proposed t o  be 
financed by $2,197,000,000 of New O b l i g a t i o n a l  Au thor i ty  and a ,Dplicat ion of 
$91,000,000 of FY 1973 funds t o  t h e  FY 1974 program. 

Research and Development o u t l a y s  i n  FY 1974 a r e  e s t ima ted  a t  $2,359,000,000, 
up $63,000,000 from t h e  $2,296,000,000 e s t i m a t e  i n  FY 1973. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRUTION IANGUAGE 

I l E S E A H C H  AND IjEVELOPMENT 

For necessary expenses, not otherwise provided for, incliiding 
research, development, operations, services, minor construction, 
maintenance, repair, rehabilitation and modification of real and 
personal property; and purchase, hire, maintenance, and operation 
of other than administrative aircraft, necessary- for the conduct and 
support of aeron.tuticsl and space rwetrch and developnmt 
activities of the N,ttionzl Aeronzutics and S,>ace Administr3ti.)n, 
[$2,600,900,000, of which $22,030,033 s h d l  be aviilzble only for 
aeronautical resezrch in the fields of noiw abztoncnt  and aviation 
safety] $2,IY7,000,000, to remzin available until expended. (49 
U.S.C. 2451, et seq.; Deparlmenl of Homing and Urban Develop- 
ment; Space, Scicnce, Veterans, and Certain Olher Independent 
Agencies Appropriation Act, 1973; additional authorizing legislatioh 
to be proposed.) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEABCH AND DEVELOPMENT 

Program and Financing (in thousands of dollars) 
_____ _ _ _  - - ~~ --__- 

H d w t  "1%" lamnmts for rpsrawh n n d  Crista rind nhhptrnn: 

ldentihcation code development actions programed) 
27-00-0108-0-1-250 -. _-.______-- 

1072 actual 1973 estimate 1974 estimate 1972 actual 1973 estimate 1974 estimate 
~- - _______ __- ~ _ _ _ ~  

Program by activities: 
Direct program 

I .  Manned space flight ~ 

(a) Space flight operations ......................... 382,775 879.000 580,500 557.777 779.800 653,400 
(b) Space shuttle .................................. I00.000 200,000 475,000 59,509 154,000 450.000 
(c) Advanced manned mission studies. ................... 1,500 I + 500 1,500 I ,  432 2,400 I ,  400 
(d) Apollo . . . . . . . . . . . . . . . . . . . . . . . . . .  601,200 76,700 . . . . . . .  698,4 I I 263,800 16,600 

2. Scientific investigations in space: 
(a) Physics and astronomy. ....................... II7.100 142.500 102,200 127,692 119,300 103.200 
(b; Lunar and planetary exploration-. ................. 32i, 600 38g3 969 381,500 297,158 400,200 3% 700 
(c) Launch vehicle development and support ............. 94.800 126,900 91,600 98.247 123,700 97,600 

3. Space applications.. ................................... 205,400 208.100 161,700 225,183 202,400 160,700 
4. Space and nuclear research and technology: 

(a) Space research and technology.. . . . . . . . . . . . . . . . .  75,465 65, 160 65.000 100,909 62.400 64,000 

5. Aeronautical research and technolonv ...................... 109.340 153.640 171.000 103.656 I20,OOO 156.000 
(b) Nuclear power and propulsion. .................... 29.806 17.100 4,000 39.796 15,000 6.000 _ _  

6. Supporting activities: 
(a)  Tracking and data acquisition ..................... 264,000 248.331 250,000 249,779 238,000 2$3,000 
(b) Sustaining university program .......................................................... 6,117 3,000 2.000 
(c) Technology utilization. ......................... 5,000 4.000 4.000 5.069 5,000 5.000 

Total direct program costs, funded .............. 2,308,386 2.509.900 ____ ~- 
Reimbursable program. 

1,  Manned space flight 
(a) Space flight operations . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,700 
(b)  Space shuttle . . . . . . . . . . . . . . . . . . . . . . . . . . .  494 300 
fc) Advanced manned mission studies. ................... 34 ........... 
(d) Apollo. .................................. 6.160 . . . . . . . .  

2. Scientific investigations in space. 
(a)  Physics and astronomy ................... ............ 1.271 

3, Space applications .................................... 62; 63E 71.641 
4. Space and nuclear research and technology: 

(a) Space research and technology.. .................... 440 2.110 
(b) Nuclear power and propulsion. ................... 4.541 .......... 

5, Aeronauticai research and technoiogy . . . . . . . . . . . .  IL, Y80 20,528 
6. Supporting activities. 

(a) Tracking and data acquisition. . . . . . . . . . . . . . .  373 490 
(c) Technology utili7ation ...................... 81 160 

Total reimbursable program costs-. .............. 87.735 104,200 

iota: program costs, funded ................ 2,596. 121 2,614,100 

10 .l'otal. . . . . . . . . . . . . . . . . . . . .  ~. 2,596, 121 2,614,100 

~ . 

~ ~- - 
Change in selected resources 1 ................................................. 

-__._ - 
~~ 

1 Se lec ted  rcsourccs as of Juqc 10 arc as f o l l o w s ~  

2,288.000 2.570.735 2.510. OM) 
-~ ~~ ~- ~- 

8,700 . . . . . . . . . . .  7.700 
300 559 410 

....................... 34 

............ 3,991 3.064 

1,212 1,269 J.813 
67,043 73,233 99.352 

7, 700 830 2.490 
. - . .  9,584 336 

16, 195 6,731 34, 155 

450 
....... 

101,600 

2,389,600 
~ 

_ _  
2,389,600 

595 716 
87 215 

96,879 150.285 

2,667.614 2,660.285 
-133,131 138.754 

2,534,480 2,799,039 

___-. 

~ ~~~ ~ 

__ ____ 

a. 700 
300 

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

r , d 2  
67,043 

7.700 

16. I Y 5  

450 

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

2,389: 600 



Program and Financing (in thousands of dollarsj-Continued 
- ~ ____ - ___ ~- - - __ 

Costs and obligations Budget plan (amounts for research and 
development actions programed) - --______--- Identification code 

2?4!x!! W!k!-2X! 1972 actual 1973 estiniatr 1974 P-tnrnnt- 1072 r?-?--! !o?' :zt:rn::: :::< ,,t,rL,& - ~ _ _ _ _ _ _ _ _  __ - -_ _- _____ 
Financing: 

Receipts and reimbursements from: 
1 I Federal funds-.. .......................................... -52.252 -78.880 -92.770 -52.252 -78,880 -92.770 

................................ 14 Nan-Federal sources.. -35.483 -25,320 -8.830 -35.483 -25.320 -8.830 
21 Unobligated balance available, start of year: 

For completion of prior year budget planar 
Direct ................................................. 
Reimbursable. .......................................... 

Reprograming from prio: year budget plans-. .-. -. ~ _. . - - - -. - - - 
Available to finance new budget plans: Direct.. ................ 

Unobligated balance transferred to cther accounts ................. 
Unobligated balance available, end of year: 

Direct. .................................................. 
Reimbursable. ............................................. 

Available to finance new budget plans: Direct-- ................ 
25 Unobligated balance lapsing- ..................................... 

40 Budget authority (appropriation) _ _  __. . -. . -. - - - -. -. - .- - - 

23 
24 

For completion of prior year budget plans: 

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

........................ 
-9. 000 ........... 

1,400 ............ 
........................ 

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

............ 91,000 
21.914 ............ 

2, 522,700 2,600,900 

.......... 
-91,000 

..____--_- 

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

2,197,000 

-104,121 -159.247 _ _ _ _ _ _ _ _ _ _ _ _ _  
-30,782 -27,092 _ _ _ _ _ _ _ _ _ _ _ _ _  

........................ -91,000 
2,605 1,400 - - - - _ _ _ _ _ - _ _ _  

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

159,247 . -. -. - -. - - - - - - - - - - - - - - 
27.092 ........................ 

............ 91.000 ___._..__..__ 

21.914 ......................... 

2,522,700 2,sOo,900 2,197,000 

Relation of obligations to outlays: . .  71 Obligations incurred. net ................................................................................. 2,446,745 2,694,839 2,288.000 
72 Obligated balance. start of year.. ......................................................................... I ,  333.091 I ,  156,675 1,555,514 
74 Obligated balance. end of year. ............................................................................ -I. 156.675 -1,555514 -1,484,514 

90 Outlays ............................................................................................... 2,623.160 2,296,000 2.359.000 
-___ 

___-- -. 

1971 
Store. ........ ._____._____._____________________ 63,470 
Undelivered orders _______._________._____________ 845, 114 

Total selected resources . _ _  900,504 
Note.-Reconcilintion of budget plan to  obligations: 

1972 
sciu.; 

2,596, 121 
sequent yeara ................................. 143.463 

81,822 

Total budget plan ............................... 
Deduct portion of budget plan to be obligated in sub- 

4 d d  obligations of prior year budget plans ......... 

1972 
adjurt- 
nenlr  1972 

22,055 09,691 _ _ _ _ _ _  707,810 

22,055 797, 505 
-- 

1973, 
eriimaic 

2,614, 100 

184,939 
......... 

1973 1974 
09,695 09.695 

846,564 772,964 

936,259 062,659 
-- 

'Potu1 obliwtioni.  ......................... 2.534; 480 2,799,M9 2,309,600 



NATIONAL M X O N A U  T I C  S AND SPACE ADMI N I S T M T I  ON 

RESEARCH AND DEVELOPMENT PROGRAMS 

Research and Development _______ 

MANNED SPACE FLIGHT. ---- 

Space f l i g h t  o p e r a t i o n s  
Space shut t le . . . . . . . . . .  
Advanced missions. . . . . .  
Apollo.... ............. 

__ SPACE S C I E N C E  ........... 
Phys ics  and astronomy.. 
Lunar and p l a n e t a r y  

e x p l o r a t i  an.. ......... 
Launch v e h i c l e  procure-  
melt. ................. 

kPYLTCATION3.. .......... 
Space a;?p? i c a t i o n s . .  ... 

AEl?ON?>liTT I: 3 s  AXD SPACE 
-__I---- 

TECl I N O i O  SY ............. - -. - 

(Thousands of D o l l a r s )  

Budget Plan 
FY 1972 FY 1973 FY 1974 

1 ,285 ,475  1,157,200 1,057,000 - 
582,775 
100 , 000 

1 ,500 
601 , 200 

552,900 
110,100 

291,500 

151,300 

187 , 500 

187,500 

213,511 

Aeronaut r icd  r e s e a r c h  and 

Space rec;carcit and 

Nuclear  ;30~7er and 

tec:hnoL~g:i.. .......... 109 , 340 

techno :L og;,  ............ 74,365 

propul:; ion. ........... 29 , 806 

TRACKING 'WI) DATA 
--____I____ ........... 264 , 000 @J I S I TI 0:;. - 

5 000 
-_I--_---- TECHNOLOG'I IJTILIZATION. . 1- 

879,000 
200,000 

1 , 500 
76,700 

679,169 

126 , 200 

331 , 969 

221,000 

188,700 

188 , 700 

232,500 

150 , 640 

64,760 

17,100 

248,331 

4 , 000 

580,50d 
$75,000 

1,500 - -- 
584 , 000 

95 000 

312,000 

177,000 

153 , 000 

153,000 

240 , 000 - 

171,000 

65 , 000 

4,000 

250,000 

4 , 000 

TOTAL.. ............... 2,508,386 2 . 509 900 2,288,000 - _______ .---2--- ---.----- - - .  . -  
I I  - 

FI' 1973 
Funds 

Applied 
t o  

Fk' 1974 
Program 

- 25,000 

25,000 

- 

---  
- - -  
- - -  

- 31,000 

30,400 

- - -  

600 

6,000 

6,000 

29 , 000 
L 

25,000 

- - -  
4 , 000 

- - -  - 
- --  

91,000 -- 

FY 1974 
Budget 

Aut hoir i t y 
Reque:; t ed  

1,032,000 L-- 

555,, 500 
475 !, 000 
1 ,, 500 

- -  - 
553,000 -__ 

64,600 

312,000 

176,400 

147 000 

147 , 000 

-L---- 211 000 

146,000 

65 , 009 

._-- 

2 50 , 000 

4 f000 1.- 

2,197,1:)00 
I 

SUM 9 
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OFFICE OF SPACE SCIENCE, TOTAL 

Physics and astronomy 

Lunar and planetary exploration 

Launch vehicle procurement 

OFFICE OF APPLICATIONS. TOTAL 

Space applications 

OFFICE OF AERONAUTICS AND 
SPACE TECHNOLOGY, TOTAL 

Aeronautical research 
and technology 

Space research and technology 

Nuclear power and propulsion 

OFIFICE OF TRACKING AND DATA 
- ACQUISIrION 

- TOTAL BUDGET PLAN 

1972 
1973 
1974 

1972 
1973 
1974 

1972 
1973 
1974 

1972 

1974 

1972 
1973 
1974 

1972 
1973 
1974 

I n-rq 
L Y I J  

1972 
1973 
1974 

1972 
1973 
1974 

1972 
1973 
19 74 

1972 
19 73 
1974 

1972 
1973 
1974 

1972 
1973 
1974 

1972 
1973 
1974 

552,900 
679,169 
584,000 

110,100 
126,200 

95,000 

291,500 
331,969 
312,000 

15 1,300 

177,000 

187 , 500 
188,700 
153,000 

221,000 

~~ 

187,500 
188,700 
153,000 

213,511 
232,500 
240,000 

109,340 
150,640 
171,000 

74,365 
64,760 
65,000 

29 , 806 
17,100 
4,000 

264,000 
248,331 
250,000 

5 ,  OUU 
4,000 
4,000 

2,508,386 
2,509,900 
2,288,000 

48,124 
119,012 48,134 

- - -  205,871 111,900 52,989 

80,523 15,606 112,327 77,294 2,670 22,542 - - -  189,977 
246,254 

2,786 1,051 
23,832 147,212 66,208 2,735 22,651 2,651 480 

3,600 11,523 10,610 104,516 61,149 2,705 19,137 
- - -  

- - -  626 14,438 67,266 49Q 2Y62Q 5 005 - -- 1,575 - - -  18,080 
23 , 330 68,106 677 2,670 6,895 - - -  4,555 - -- 19,837 

- -- 125 8,785 55,535 6 60 2,640 6,730 - -- 2,783 - - -  17,742 
130 - - -  

18,805 
- -- 19,695 - - -  4,791 64,771 65 - - -  226,541 15,756 

- - -  11.398 25 4,441 59,689 65 12,407 - - -  191,008 - -- 32,967 

247 4,804 75,952 50 17,537 - -- 173,680 - - -  -- 425 
350 - - -  

11,239 2 ,786  - - -  921 40,257 852 - - -  - - -  - -- 14,7 22 
2 ,651  - - -  502 74,315 760 --- - - -  - - -  15,158 119,012 8,602 

80,523 

2,280 i2,08(j .i, 3,600 - - -  44 , 540 800 - - -  - -- - - -  L L L ,9GG 1,800 

3 i n n  Q o-n  1,542 - -- 3 :  > Y 3  J. - _)LU C ~ A  lC,,n?_? - Cnr - - -  6 - r  

L3L,UUO L, IUU L , U L l  . .- L 01 " , "LL  c, n33 3,030 - - -  3,994 5,611 6,996 
300 18,959 5,580 94,251 1,847 4,689 6,986 - - -  4,450 7,386 8,552 

25 12,385 343 
150 14,482 3 io 14 1,424 V U L  

1,100 2,829 1,542 - - -  3,595 3,520 10,073 
150 14,482 3 10 S47,424 681 6,022 3,030 - - -  3,994 5,611 6 ,996  
300 18,959 5,580 94,251 1,847 4,689 6,986 - - -  4,450 7,386 8,552 

25 12,385 345 152,086 

6,938 
9 1  39,759 13,047 61,040 86,184 4,363 
50 48,495 14,903 75,649 76,003 2,364 

70,096 - - -  2,202 9,768 3,995 21,162 60 39,735 11 ,192  48,363 
505 6,670 3,605 17,236 
889 4,240 4,035 13,372 

- - -  
- e -  

- - e  

205 
199 

2,202 
300 
690 

- - -  
- - -  
- e -  

- --  
- - -  
- -- 

1,115 
880 
900 

8,140 
5,465 
3,340 

513 
325 
- - -  

300 
- - -  
--- 

- -- 
- - -  
- - -  

3,935 
3,555 
4,035 

60 
50 

- - -  

185,530 
183,7 50 
182,300 

1,449 
1 ,172  

850 

16,268 
13,389 
11,672 

3,445 
2,675 

850 

57,181 
43,781 
46,100 

31,914 
32,479 
40,216 

7,173 
6,699 
7,739 

648 
581 
540 

- -- 
- - -  
--- 

~ 

9,977 
11,665 
13,853 

1,215 
1,382 
1,050 

--- 
- - -  
- - -  

2,614 
1,650 
1,650 

31,666 
46,788 
60,290 

16,255 
13,835 
15,018 

442 
417 
341 

1,065 
7 00 
600 

29,166 

53,241 

16,654 
18,817 
20,838 

24,276 
12,874 

1,924 

54,493 

- -- 
- - -  
- -- 

3,993 2,867 

1,401 

2,523 
1,318 

618 

422 
178 
345 

10,852 
11,950 
12,850 

168,236 4 4 5 , W  669,i94 455,943 157,495 12,22? 72,692 14,181 245,872 154,479 112,366 
74,440 14,947 316,300 209,340 95,723 185,601 510,192 4 7 7 ,  i 7 2  482,131 128,556 15,498 

124,800 657,856 307,720 385,402 122,868 14,094 82,968 16,653 291,222 192,603 91,814 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

(Thousands of Dollars) 

Budget Plan 
P r o  gr ams FY 1972 FY 1973 FY 1974 -- 

Space flight operations 582,775 879,000 580,500 
Space shuttle.......... 100,000 200,000 475,000 
Advanced missions...... 1,500 1,500 1,500 
ApoIlo......... ........ 601,200 76,700 - -- 
Total. ............. 1,285,475 1,157,200 1,057,000 

FY 1973 
Funds 

Applied 
to 

FY 1974 
Propram 

25,000 
.- - - 
.- - - 
.- - - -- 

25 000 --L= 

FY 1974 
Budget 

Authority 
Requested - 

555,500 
475,000 
1,500 -- 

1,032,000 

MSF 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MfiNNED SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGF,AM -- 

SUMMARY OF RESOURCES REQUIREMENTS 

1972 1973 1974 

Skylab. ........................... $538,500,000 $502,000,000 $233,8OO,C~OO 
Apollo S C ~ U Z ;  t es t  p r o j e c t . .  6,900,000 38,500,000 90,000,0100 
Development, t es t  and miss ion  

operat ions ...................... (319,881,000) 294,000,000 220,200,000 
Space l i f e  sc iences . .  ............. 19,775,000 23,500,000 21,000,000 

1 5 , 500 , 000 Mission systems and i n t e g r a t i o n . .  17 , 600 , 000 21,000,000 - __ 

....... 

. 
Total . .  ......................... $582,775,000 $879,000,000 $580,500.000 - - 

............... - 25 , 000 , 000 _- FY 1973 funds appl ied  t o  FY 1974 program.... .  

Budget 2.uthority requested .................................. $555.5OO,OoJ __ 

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

John F .  Kennedy Space Center . .  

Marshal l  Space F l i g h t  Center . . '  
Goddard Space F l i g h t  Center . , .  

Manned Spacecraf t  Center. . .  ... 

Jet  Propuls ion Laboratory.  .... 
Wallops S t a t i o n .  .............. 
A m e s  Research Center . . . .  ...... 
F l i g h t  Research Center. .  ...... 
Langley Research Center . . . . . . .  
L e w i s  Research Center .  ........ 
NASA Headquarters ............. 

$19 , 37 5 , 000 
159,928,000 
378,620,000 

1 , 875 , 000 
630 , 000 

8 , 773 , 000 
375 , 000 

2 , 502 , 000 
25 , 000 

10,462,000 

210 , 000 

$17 9 , 100 , 000 
303 , 125 , 000 
372,560,000 

140 , 000 
650 , 000 
150 , 000 

9 , 000 , 000 
250 , 000 

1 , 310 , 000 
150 , 000 

12,565,000 

$116,600,000 
2 5 5 , 68 5 , 000 
189,090,000 

300,000 
400 , 000 
150,000 

8 , 3 5 0 , 0'0 0 

550 , 0130 
250 , 000 

9 , 025 , O!:)O 

100 , 0':)o 

-- 

Tota l .  ...................... $582,775,000 $879,000,000 $580,500,000 -- __ 

HIGHLIGHTS OF BUDGET PLAN 

Skylab 

The FY L97[+ requirements  i n c l u d e  t h e  launch, miss ion  o p e r a t i o n s  and 
a s s o c i a t e d  support  of t h e  Skylab launches which begin i n  t h e  Spr ing  of 1973 
and extend through a per iod  of approximately e i g h t  months. 

RD 1-1 



1972 1973 1974 

Workshop --- Cluster - Maintenance of 
critical orbital workshop, multiple 
docking adapter, airlock, and 
telescope mount activities includ- 
ing systems engineering and integra- 
tion; mission operations support to 
the workshop (launch in Spring of 
1973)  flight: anomaly analysis and 
resolution; reduction, analysis and 
evaluation of flight data; backup 
workshop capability; and contract 
closeout. .......................... $278,401,000 $174,600,000 $45,700,000 

Exper imen 1: Development - App 1 ica- 
tion and science, technology and 
engirieering, and biomedical activ- 
ities inc.I.uCling pre- and post- 
1aunc:h efforts of principal invest- 
igators ; pos, tdelivery hardware 
support; operational experiment 
data collect.ion and analysis during 
the missi.ons; and postflight data 
reduc.tion. and analysis.. .......... 49,742,000 35,800,000 18,400,000 

Payload Irttesration - Maintenance 
o f con t ra c: tor inp lan t cap ab i 1 i t y 
in support. of two manned flights 
in FY 1974. plus a potential rescue 
mission. Included are: configura- 
tion and interface management; 
stowage and government furnished 
equipment support; mission opera- 
tions support; systems engineering; 
dynamics cluster control and 
thermal analyses; failure mode and 
effects analyses; and postflight 
documentation.. ................... 32,591,000 23,500,OOO 10,000,000 

Program Support - Support of a 
wide range of activities outside 
major prime contractor structure. 
Included are: operation of auto- 
matic checkout equipment in 
support of the telescope mount; 
analytic and diagnostic testing; 
calibration rocket data analysis; 
Drogram-wide systems engineering; 
earth-based astronomy supporting 

RD 1-2 



1972 1973 1974 

Program S Jpport  (Cont ‘d)  
o r b i t a l  as t rmomy observa t ions ;  
s t u d e n t  p r o j i x t ;  and c o n t r a c t  
a d m i n i s t r a t i m  s e r v i c e s .  .......... $31,823,000 $39,300,000 $13,400,000 

Space Vehiclles - Launch v e h i c l e  
and s p a c e c r a f t  prelaunch check- 
o u t  and launlzh support  f o r  two 
launches i n  FY 1974 ( i n i t i a l  
launches Spr ing  of 1973); mainten- 
ance (of Sa turn  V launch v e h i c l e  
f o r  p o t e n t i a l  backup workshop 
launch; m2intenance of i n p l a n t  
f l i g h t  support  t o  r e s o l v e  anomalies,  
accomplish requi red  modi f ica t ions  , 
perform p o s t f l i g h t  ana lyses ,  and 
provide  l o g i s t i c s  suppor t ;  c o n t r a c t o r  
i n p l a n t  f l i g h t  and p o s t f l i g h t  support  
of guidance ,and naviga t ion  hardware 
and sof tware ,  and government furn-  
i shed  equipmlsnt; c o n t r a c t o r  real  t i m e  
miss ion  suppor t ;  and c o n t r a c t  c lose -  
o u t . . . . . . . . . . . . . . . . .  ............... 136,388,000 228,800,000 146,300,000 

Operat ions - 11s i n  FY 1973,  FY 1974 
requirements are included under 
Development, Tes t ,  and Mission 

- - -  -.-- ......................... Operation:; 9 , 555 000 _- 

T o t a l ,  Skylab.. .................. $538,500,000 $502,000,000 $233,800,000 _- _- 

Apollo Soyuz ‘rest P r o j e c t  

The FY 1974 Apollo Soyuz ‘Test P r o j e c t  e f f o r t  inc ludes  modi f ica t ion  of 
e x i s t i n g  hsrdware and development and t e s t i n g  of new hardware i n  p r e p a r a t i o n  
f o r  t h e  1075 launch of an Apo l lo  s p a c e c r a f t  t o  rendezvous w i t h  ,a USSR Soyu:! 
spacecraf  t . 
Command and l jervice Module - 
Spacecraf t  and launch adapter  modi- 
f i c a t i o n s ;  guidance and naviga t ion  
r e q u i  remeiits ; ground t e s t i n g ;  
i n t e g r a t i o n ,  checkout and r e l i -  
a b i l i t y  engineer ing suppor t ;  and 

---- 

c o n t r a c t  idminis  t r a t i o n .  ........... $ 2  . 900,000 $15,000,000 $28 . 300,OC~O 

RD 1-3  



Docking MlxLde and Docking System - 
Fabricathn, assembly and checkout 
of test a.rtd flight articles; ground 
testi.ng; and engineering support.. . 
Experiments - Experiment design, 
deve1opmen.t and testing ............ 
Launch Vehicle - Definition of modi- 
fications and associated design, 
development and testing; launch 
vehicle support; and update of 
ground support equipment and the 
system development facility. ....... 

----- 

Launch Operations - Contractor 
support to modify, test and check- 
out of laiincli facilities and ground 
support eq Jipment in preparation 
for launch operations.. ............ 
Flight Support and Operations - 
Engineering support of command and 
service motlul!e, docking module and 
docking system; camera system main- 
tenance; food and waste system and 
bioins trunientat ion requirements ; 
command and service module fuels 
and transport:ation; and procurement 
of space suits, crew provisions 
and television.. ................... 
Total, A.pol10 Soyuz Test Project, 

DevelopmentLTest and Mission 
Operat ions 

--__ Research and Test Operations 

1972 - 

$3,800,000 

- - -  

200,000 

$6,900.000 

- Engineering and Test - Engineer- 
ing support and test activities 
involving propulsion, structures, 
materi.sls, life support, informa- 
tion systems, guidance and control, 
and telemetry/communications 
systems.... .................... $(62,852,000) 

1973 1974 

$17,400,000 $25,700,000 

1,000,000 4,600,000 

- - - .  9,500,000 

- - -  8,500,000 

5,100,000 13,400,000 - 

$38.500.000 $9O.OOO,OOQ __ 

$60,600,000 $33,300,000 
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1972 1973 1974 

- A u c a t i o n s  __ and Sc ience  - 
R.eal tirr.e support  of Skylab 
e a r t h  resources  experiments;  
continued Apollo l u n a r  s c i e n c e  
d a t a  a n a l y s i s  a s s i s t a n c e ;  
research  and development of 
remote sens ing  and d a t a  proces- 
s i n g  tec ' iniques;  and biomedical 
support  O E  s p a c e c r a f t  des ign ;  
o p e r a t i o n a l  support  r e l a t e d  t o  
f l i g h r  c-cew h e a l t h ;  and space 
f Lighi: medical s t u d i e s . .  ....... $(13,162,000) $9,600,000 $9,700,000 

---- 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  - 
Suppor: a c t i v i t i e s  involv ing  
re1 i a b : i l i  t y  assurance  , r i s k  
a n a l y s i s  tests , checkout , sub- 
systenir;, components, and support  
ecluipnitmt: as r e l a t e d  t o  manufac- 
t u r e ,  clel.ivery, prelaunch check- 
o u t ,  a.nd launch of  space v e h i c l e s  ................. 6,700,000 arid pa.>rloads.. (9,008,000) 10,000,000 -- 

Operat ions ................. $(85,022,000> $80,200,000 $49,700,00!1 
T o t a l ,  Research and Test  

C r e w  and F l i g h t  Operat ions 
-.___- 

-- C r e w  - C r e w  t r a i n i n g ;  hardware 
update of s imula tors  and 
t r a i n e r s ;  p i l o t  equipment; 
and o p e r a t i o n a l  a c t i v i t i e s  
involving mission s imula tors ,  
p a r t  t a s k  t r a i n e r s ,  and 
a i r c r a E t .  ...................... $(22,061,000) $16,600,000 $14,100,000~ 

- Fli- - Mission planning;  
f l i g h t  c o n t r o l ;  computation 
fa(: il i i::v o p e r a t i o n  inc luding  
t h e  datix reduct ion  complex; 
Skylab :recovery; mission 
planning update  ; computer 
modificxrtions r e l a t e d  t o  
experinwn t. d a t a  convers i.on ; 
crew procedure updates  ......... (18,665,000) 19,800,000 13,900,000 
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1972 1973 1974 

E4iss:ion Control - Maintenance 
and o.?e:tation of the mission 
con t iml center including the 
real time computer complex and 
the tlisplay/control, communi- 
ca t ion command and telemetry , 
voice communication, and the 
miss ion simulation, checkout 
and training systems. .......... $(43,592,000)  $38,500,000 $33,700,000 

Tot421:,  Crew and Flight 
(>peirations.. . . . . . . . . . . . . . . . $(84,318,000)  $74,900,000 $61,700,000 - _- 

Operations Support --- 

Manned Space Flight installa- 
tion activities including 
techn:ical facility maintenance 
and operation ; pos t 1 aunch 
ref urliiahmen t ; renovations ; 
riggj.ng;. closed circuit tele- 
vision related to training and 
1: es t :f ac i 1 i ties ; document at ion 
and technical report preparation; 
logistiic: support; chemical purg- 
ing services; design and drafting 
invo 1.17 irig 1 aunch equipment and 
liac i 1. f- t j- es ; t el ec ommuni ca t ions ; 
and ndritenance of technical 
and ~~roduction facilities.. . . . . $(59,702,000)  $68,600,000 $58,400, C!E 

T o t a l ,  Operations Support.. . . $(59,702,000)  $68,600,000 $58,400,0!02 

--- Launch $*items Operations 

---- Plechamic a1 Ground Sys tems - 
0pera.t:icln and maintenance of 
launch complex facilities and 
related equipment including 
the mobile service structure, 
altitude chambers, propellant 
1 oadirig sys tems , pneumatics , 
and \AB adjustable platforms; 
launch-related services involv- 
ing propellant handling, life 
support, technical shops, 
chemical cleaning and decontam- 
ination, and systems safety .... $(48,757,000)  $36,100,000 $27,600,000 
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1972 

E 1 ec t r i c. a1 Ins  t r umen t a t is2 
Systems- - Opera t ion  and mainten- 
anc.e of el  ec t r i c a I / e l e c  t.ronic 
and lac.rtcE. i n s  t rumen t a t i.on 
systems ir .cluding au tomt : i c  
check0c.t: equipment , o p e r a t i o n a l  
voi.ce a.nd TV c o m u n i c a t  ions , 
measurerlet-1 t. s , t e lemet r ic .  s , and 
o t h e r  el. ec: t r i c  a 1 / e 1 ec t r oriic 

---- 

systems. ....................... $(32,757,000)  

Total.:, Launch Systems 
0pei:at:ions.. ............... $ (81,514,000) 

-__ OMSF Ery*ieering Support;. ...... $(9 ,325 ,000)  

‘Zotal- , 1)evelopment , T e s t  and 
and MLssion Operations. .  .. .$ (319,881,000)  

Space  Li fe  Sciences 

Space L i f e  i e sea rch  - Medical, 
be ha v i  o r a  1 <and b i o  1 og i c  a1 
re sea rch ,  and f l i g h t  exper i -  
ments involv ing  human body 
func t ion;  a; r e l a t e d  t o  
weight l e  ;snlzss , space  rad  ia- 
t i o n ,  and b i o l o g i c a l  rhythm 
a l t e r a t i o n s .  ..................... 
L i f e  Support and P r o t e c t i v e  
Equipment - Advancement of tech- 
nology t l i r o ~ g h  development and 
t e s t i n g  o f  ixper imenta l  l i f e  
suppor t  ,and p r o t e c t i v e  dev ices  
i n c  1 ud in,z e nvironmen t con t r o  1 
l i f e  suppor t  systems, space- 
s u i t s  and p o r t a b l e  l i f e  suppor t  
systems.. . . .  ..................... 
Bioins t r u n e n t a t i o n  and Man- 
Machine Technology - Advance- 
ment of teclinology through 
development, test and u t i l i z a -  
t i o n  of b io ins t rumen ta t ion ;  
b ioassay  concepts;  medical,  
phys io log ica l  , and performance 
measurement equipment; and 
human augnent a t i o n  devices  

---- 
---- 

such as t e l eope ra to r s . .  .......... 
Tota l ,  Space L i f e  Sciences.  .... 

$8,499,000 

7 , 261 , 000 

4 , 015 , 000 

$19,775,000 

1973 1974 

$34,200,000 $22 , 800,000 

$70 , 300 , 000 $50 , 400 , 000. 

$294,000,000 $220,200,000~ 

$11 , 040 , 000 $ 9  , 700 , 001:) 

7,960,000 7 , 000,00’0 

4,500,000 4 , 300 , OOl:, 

$23,500,000 $21,000,000 
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1972 1973 1974 

Mission Systems and Integration --- 
Mission and Payload Integration - 
S tiidie:; and analyses involving 
low cost payload concepts; develop- 
ment of payload design criteria 
and requirements ; retrieval, repair 
and payload refurbishment studies; 
payload tiraf f ic and capture 
analyses; and payload and carrier 
vehicle characteristic analyses.. . $10,500,000 $6,000,000 $5,500,000 

S or  t ie ],ab/~oncep t Verification 
- TestinF; - Support of definition 
studies including design and 
cons truc:ti.on of engineering mock- 
ups; design, analysis and testing 
of atmclspheric cooling concepts; 
subsystem design studies; and 
concept verification testing 
involving the integration and 
veri f ica. t i on o f operational 
concepts..... - - -  

---- 

..................... 6,000,000 2,500,000 

---- Advanced Development - Develop- 
ment of long lead items, experi- 
mental systems, and operational 
techniques; establishment of 
specifications and design require- 
ments for planned and potential 
manned space flight programs; 
and technology development involv- ........ a/ 9,000,000 7 ,5  00 , 0 00 ing Space Tug requirements - 

Space Station ..................... 7,100,000 - - -  - _.- 

Integration ................... $17,600,000 $21,000,000 $15,500,000 

-- 

T'otal, Mission Systems and 
- -- 

- a/ Funded under Apollo in FY 1972 and prior years. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974  ESTIMATES 

SPACE FLIGHT OPERATIONS PROGRAM ~ _ _ _ _  OFFICI?, OF IWALJNED SPACE FLIGTJ - 

FLIGHT SCHEDULE 

PROJECT ~- 

Sky la l )  
S k y l a b  
S k y l a b  
Skyla l )  

A p o l l o  S O y l l Z  

T e s  ir P ro , j ec  t: 

MISS I O N  

Workshop C l u s t e r  
F i r s t  Manned M i s s i o n  
Second Manned Mission 
T h i r d  Manned M i s s i o n  

I n t e r n a t i o n a l  T e s t  Docking  

CALENDAR 
YEAR 

S p r i n g  1973 
S p r i n g  1973 
Summer 1973 
F a l l  1973  

Summer 1975 

RD 1 - 9  



ALSEPs :3 ti111 producing usab le  s c i e n t i f i c  d a t a ,  t h e  P a r t i c l e s  and F i e l d s  
S a t e l l i t e  :Left i n  l una r  o r b i t  by Apollo 15, and Skylab. 

I n  t h e  unmanned space f l i g h t  area, t h e  number of s a t e l l i t e s  r equ i r ing  
suppor t  :in FI! 1974 i s  expected t o  average approximately 40 s a t e l l i t e s ,  arid 
i t  w i l l  be  necessary t o  make cont inuing  adjustments  i n  p r i o r i t i e s  of a l l  
s a t e l l i t e s  supported t o  a s s u r e  adequate  coverage w i t h i n  t h e  t o t a l  STDN ca.p- 
a b i l i t y .  Of t h e  new s a t e l l i t e s  t o  be  launched, t h e  Atmospheric Explorer-X, 
Radi.0 Astronomy Explorer-By Nimbus F, and ATS-F missions w i l l  impose a su.b- 
s t a n t i a l .  workload on t h e  network due t o  t h e i r  unique suppor t  requirements.  
The o v e r a l l  workload f o r  t h e  STDN i s  ind ica t ed  i n  t h e  accompanying cha r t s , ,  

Deep Space Network Operations 

The primary func t ion  of t he  Deep Space Network i s  t o  suppor t  p l ane ta ry  
and i n t e r p l a n e t a r y  space f l i g h t  missions.  I n  t h e  p a s t  t h e s e  missions have 
involved spacec ra f t  t r a v e l i n g  t o  Venus and Mars, d i s t a n c e s  up t o  two bun- 
dred m i l l i o n  mi les  from the  ea r th .  Future  missions w i l l  t r a v e l  t o  J u p i t e r  
and beyond, involving d i s t a n c e s  of s i x  hundred m i l l i o n  m i l e s  and g rea t e r , ,  
A s  a r e s u l t  of t hese  g r e a t  d i s t ances ,  t he  f a c i l i t i e s  i n  t h i s  network which 
r e c e i v e  the da t a  must be a b l e  t o  perform c r i t i c a l  func t ions  using extremely 
low s i g n a l  l e v e l s .  A s  f l i g h t  d i s t a n c e s  cont inue  t o  inc rease  and t h e  missions 
become riore complex, equipment des igns  and computer program techniques a r e  
requi red  i n  t h i s  network which t r u l y  push the  s ta te  of  t h e  a r t  i n  i n t e r -  
p 1 arie t a  ry conmun i ca t i  on s . 

The Deep Space Network: (a )  provides  t r ack ing  da ta  which are used to  
determine a.nd make c o r r e c t i o n s  and changes t o  spacec ra f t  t r a j e c t o r i e s ,  ( b )  
acqui res  engineer ing te lemet ry  d a t a  f o r  determining performance of t he  
spacecraf ' t ,  (c )  t ransmi ts  commands t o  the  s p a c e c r a f t ,  and (d) r ece ives  
and records t h e  s c i e n t i f i c  and engineer ing d a t a  which are  acquired from the  
spacec ra f t .  The network s t a t i o n s  a r e  loca ted  a t  Goldstone, C a l i f o r n i a ;  
Canberra, A u s t r a l i a ;  Madrid, Spain; Johannesburg, South A f r i c a ;  and Cape 
Kennedy, F lo r ida .  

The cont r31  c e n t e r  f o r  t he  Deep Space Network i s  t h e  Space F l i g h t  Operations 
F a c i l i t y  (SFOF) a t  t h e  J e t  Propulsion Laboratory i n  Pasadena, Ca l i fo rn ia .  
%e two b a s i c  types of func t ions  c a r r i e d  ou t  i n  t h e  SFOF a r e  network contx-01 
and missim opera t ions .  In  t h e  p a s t ,  both types of func t ions  were under the  
management r e s p o n s i b i l i t y  of t h e  Of f i ce  of Tracking and Data Acquis i t ion .  
Actual e:c,3eicience over s e v e r a l  years  of suppor t ing  l u n a r  and p l ane ta ry  space- 
f l i g h t  mi-:;s:ioris has  ind ica t ed  t h a t  management r e s p o n s i b i l i t i e s  would be 
c l a r . i f i ed  b~7 sepa ra t ing  the  two types of func t ions .  
t h e  mission ope ra t ions  func t ions  were t r a n s f e r r e d  t o  the  Of f i ce  of Space 

Accordingly, i n  Fy 1973, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT --- SPACE FLIGHT OPERATIONS PROGRAM 

PROGRAM --- OBJECTIVES AND JUSTIFICATION: 

The Space F l i g h t  Operations program inc ludes  Skylab; t h e  ApoLlo Soyuz 
T e s t  P r o j e c t ;  and developmental and suppor t ing  a c t i v i t i e s  conducted under 
Development, T e s t  and Mission Operations;  Space L i f e  Sc iences ;  and Mission 
System.s and I n t e g r a t i o n .  

Skylab ope ra t ions  begin  i n  t h e  Spr ing  of 1973 w i t h  t h e  launch of t h e  
unmanned O r b i t a l  Workshop by a two-stage Sa tu rn  V v e h i c l e ,  followed by 
manned miss ions  us ing  a Sa tu rn  1 B  launch v e h i c l e  and a modified Apollo 
Command and S e r v i c e  Module. The gene ra l  o b j e c t i v e  of t h e  Skylab program i s  
t o  accomplish s c i e n t i f i c ,  t echno log ica l ,  and biomedical i n v e s t i g a t i o n s  i n  
e a r t h  o r b i t .  The Skylab o r b i t i n g  v e h i c l e  c o n s i s t s  of an  S-IVB s t a g e  modified 
i n t o  an  o r b i t i n g  l abora to ry ,  an  Air lock  Module, a Mul t ip l e  Docking Adapter, 
a Telescope Mount, and a docked Command and S e r v i c e  Module. There w i l l  be 
t h r e e  manned v i s i t s  du r ing  an e i g h t  month pe r iod .  The c r e w s  w i l l  conduct 
experiments i nvo lv ing  270 i n v e s t i g a t i o n s  and r ep resen t ing  v i r t u a l l y  every 
s c i e n t i f i c  f i e l d  t h a t  can b e n e f i t  from manned ope ra t ions  i n  n e a r - e a r t h  orbit:. 

The U.S. and t h e  USSR have agreed t o  j o i n t l y  implement t h e  Ap0110 Soyuz 
T e s t  P r o j e c t  t o  develop and tes t  a system f o r  rendezvous and docking of 
f u t u r e  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  use  as a 
s tandard  i n t e r n a t i o n a l  system. B a s i c a l l y ,  t h i s  i s  a manned f l i g h t  exper i -  
ment involv ing  t h e  rendezvous and docking of a manned Apollo s p a c e c r a f t  w i th  
a manned Soyuz s p a c e c r a 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 t h e  U.S. and w i l l  
rendezvous with 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  8c red  t r a n s f e r ,  w i l l  be accomplished. 

Development, T e s t  and Mission Operations encompasses t h e  b a s i c  engineer ing  
and tes t  ope ra t ions  conducted by Manned Space F l i g h t  f i e l d  cent:ers i n  suppo:rt 
of a l l  pro,grains, t oge the r  w i th  t h e  p rov i s ions  f o r  c r e w  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  suppor t  r equ i r ed  f o r  space  f l i g h t  missions.  

Space L i f e  :Sciences complements on-going and planned space a c t i v 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 man 
as an ope ra to r  and c o n t r o l l e r  of hardware i n  space. 
p rovides  f o r  the  r e q u i s i t e  advanced technology development of systems 
designed t o  suppor t  and p r o t e c t  t h e  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. 

Space L i f e  Sc iences  
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Mission S>,s tems 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 h e  planning, 
and prepei-at i o n  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: mission and payload i n t e g r a t i o n ,  S o r t i e  Laboratory 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 ,  and advanced development. 

BAS IS OF I'UND REQUIREMENTS: ________- 

Skylab 

The launch of t h e  Skylah workshop c l u s t e r  t h i s  Spring w i l l  mark t h e  begin- 
ning of z!riot.her s i g n i f i c a n t  space chapter--  t h e  o p e r a t i o n  of a manned space 
l a b o r a t o r y  wi.th a n  e x t e n s i v e  program of s c i e n t i f i c ,  medical ,  and engineer ing  
e xp e I- imen 1: at i. on . 

Four laiinches are planncd; one unmanned S a t u r n  V f l i g h t  and izhree manned 
Sa turn  IE, f l i g h t s .  Additi .onally,  a rescue  c a p a b i l i t y  w i l l  be maintained 
through completion of t h e  1 a s t  manned mission.  The unmanned workshop c l u s t e r  
w i l l  be  1,~urtched from Kennedy Space Center by a two-stage S a t u r n  V launch 
v e h i c l e  arid w i l l  be i n s e r t e d  i n t o  an  o r b i t  of approximately 43'5 .ci.lometers 
(235 naut -tal m i l e s )  a l t i t u d e  and 50 i n c l i n a t i o n .  The c l u s t e r  c o n s i s t i n g  

of t h e  Or t i t e r  Workshop, t h e  Mul t ip l e  Docking Adapter,  t h e  A i r l ~ i c k ,  and t h e  
te lescope  mount w i l l  then  be  a c t i v a t e d  by ground command, and .c lemet rv  d a t a  
w i l l  be eka lua ted  t o  a s s u r e  s u i t a b l e  o p e r a t i o n a l  condi t ions .  'Ipon s u c c e s s f u l  
completicr o f  t h i s  phase and approximately one day l a t e r ,  t h e  f i r s t  crew i n  a 
Command a r d  Service Module w i l l  be  launched by a Sa turn  I B  v e n i c l e .  A f t e r  
rendezvous and docking w i t h .  t h e  workshop, t h e  crew w i l l  t r a n s f e r  t o  t h e  work- 
shop and kegin i n - o r b i t  f l i g h t  o p e r a t i o n a l  a c t i v i t i e s .  A t o t s 1  of thrl-e c r e w s  
w i l l  v i s i t  t h e  workshop over  a per iod  of about e i g h t  months aocl  conducl a 
v a r i e t y  of t a s k s  and experiments i n  a broad spectrum of s c i e n t i f i c ,  technolog- 
i c a l  and t iomedica l  d i s c i p l i n e s .  Mission t i m e  on t h e  f i r s t  v i s i t  w i l l  be  28 
days o r  almost double t h e  mission t i m e  of any previous  U.S. manned f l ig ,h t .  
On t h e  second and t h i r d  v i s i t s ,  t h e  miss ion  t i m e  w i l l  be  increased t o  56 days- 
a g a i r  d o u t l i n g  t h e  prev ious  experience f o r  consecut ive  days i n  space.  

0 

I n  addj-liion t o  e x t e n s i v e  medical and b i o l o g i c a l  experimentat  ion re la ted 
t o  long d u r a t i o n  f l i g h t ,  t h e  crews w i l l  conduct s o l a r  astroncnrf,  e a r t h  
observa t ions  E and s c i e n t i S i c  i n v e s t i g a t i o n s .  

Skylab 

1972 1973 1974 

$174 . 600 . OCO Workshop c: lus t e r  ................ S45 . 7 00 . (;IO0 

Experinuznt development., ........ 49,742,000 35,800,000 18,400,000 

Program support . .  ............... 31,823,000 39,300,000 13 , 400 , 000 

$278 . 40 1 . 000 

Payload i n t e g r a t i o n .  .............. 32,591,000 23,500,000 10 , 000 , 000 

Space ~~eh1.c:I.e~. .................. 136,388,000 228,800 ,OCO 146,300,000 
Operat i-on:; 9,555,000 - -_-_ - - -  .. - - ....................... 

r l  ..otal. . Skylab. ................. $538,500,000 $502,00O,OCO - - $23 3 , 8 00 , 000 
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WorkshoD C l u s t e r  

1972 1973 1974 

O r b i t a l  workshop.. .............. $158,525,000 $93,700,000 $21  . 300,000 
4 , 000,000 

Airlock.. . . . . . .  ................. 77,720,000 56,400,000 1 9 , 600 , 000 
Telescope mount................. 10,908,000 4 , 400,000 800 , 000 -- 

Mul t ip l e  docking adapter  ........ 31,248,000 20,100,000 

Total . . . . . . . . .  ................ $278,401,000 $174,600,000 $45,700,000 _- _- 

The Workshop C l u s t e r  i s  t h e  assembly c o n s i s t i n g  of t h e  O r b i t a l  Workshop, 
t h e  Mul t ip l e  Docking Adapter,  t h e  Air lock ,  and t h e  Telescope Mount. 

The O r b i t a l  Workshop i s  t h e  primary i n - o r b i t  l i v i n g  and working q u a r t e r s  
f o r  Skylab crews. It i s  a modified S-IVB s t a g e  o r i g i n a l l y  designed as t h e  
t h i r d  s t age  of t h e  Sa tu rn  V launch veh ic l e .  It w a s  manufactured by t h e  
McDonnell Douglas Ast ronaut ics  Corporat ion i n  i t s  Huntington Beach p l a n t  
i n  Ca l i fo rn ia .  The O r b i t a l  Workshop i s  equipped t o  house t h e  c r e w  of t h r e e  
a s t r o n a u t s  f o r  un in te r rupted  pe r iods  of up t o  56 days. 

The Mul t ip le  Docking Adapter provides  t h e  docking p o r t s  f o r  t h e  a r r i v i n g  
and depa r t ing  Skylab crews. The primary p o r t  i s  t h e  forward end of t h e  
adapter  module. A cont ingency p o r t  i s  loca ted  on t h e  s ide .  

The Air lock Module cons t ruc t ed  a t  t h e  Eas te rn  Div i s ion  of t h e  McDonnell 
Douglas Ast ronaut ics  Corporat ion i n  S t .  Louis,  Missour i ,  p rovides  t h e  
p re s su r i zed  tunnel  through which t h e  Skylab crews can move between t h e  
Mul t ip le  Docking Adapter and t h e  Workshop. It i s  a l s o  t h e  environmental  
and e l e c t r i c a l  c o n t r o l  c e n t e r  f o r  Skylab, con ta in ing  t h e  c o n t r o l s  f o r  c l u s t e r  
p r e s s u r i z a t i o n  and atmosphere p u r i f i c a t i o n ,  e lectr ical  power and communica- 
t i o n s ,  and t h e  c l u s t e r  malfunct ion alarm system ( t h e  cau t ion  arid warning 
system). 

The Telescope Mount houses a s o p h i s t i c a t e d  space  observa tory  f o r  monitor ing 
and record ing  t h e  sun ' s  behavior  t o  b e t t e r  understand i t s  a f f e c t  on t h e  
e a r t h ' s  environment and on t h e  s o l a r  system. 
c o n t r o l  o r  s t , s b i l i z a t i o n  of t he  e n t i r e  c l u s t e r  and s u p p l i e s  about  h a l f  t h e  
e l e c t r i c a l  power needed f o r  the  c l u s t e r  through i t s  s o l a r  a r r a y s .  

It a l s o  provides  t h e  a t t i t u d e  

FY 1973 funding f o r  t h e  Workshop C l u s t e r  has  supported t h e  completion of 
a l l  f l i g h t  u n i t s ;  f a b r i c a t i o n  and assembly of t h e  workshop, a i r l o c k  module 
and m u l t i p l e  docking adap te r  backup u n i t s  and refurbishment  of t h e  pro to-  
type Telescopte Mount as a backup f l i g h t  a r t i c l e ;  completion of component 
q u a l i f i c a t i o n  t e s t i n g ;  t h e  ex tens ive  assembly and checkout a c t i v i t i e s  which 
are  now i n  progress  a t  t h e  Kennedy Space Center ;  and t h e  c o n t r a c t o r  in-plant:  
support  r equ i r ed  dur ing  the  prelaunch and launch a c t i v i t i e s  and t h e  i n i t i a l  
i n - o r b i t  a c t iv i t i e s  of t h e  Workshop. 
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FY 1974 funds are required for major critical activities required until 
splashdown of the final revisit mission. The key elements of the industrial 
team of specialists established early in the Skylab program will remain 
intact to perform the necessary system engineering and integration; support 
mission operations; to conduct confidence testing of backup hardware in 
support of the orbiting workshop; and to perform the reduction, analysis,, 
and evalsation of flight data including flight anomalies. FY 1974 funding 
will als3 provide for maintaining, through September 1973,  the personnel, 
equipment, and facilities required to support the completion, checkout arid 
launch of the backup Workshop Cluster. In addition, funds are required t:o 
close ou: the cluster contracts upon conclusion of the flight phase of 
Skylab iio t :-vi ty . 

Experiment Development 

1972 1973 - 1974. -. 

Applic:ati.ons and science.. ....... $23,368,000 $18,600,000 $12,100,000 
Technol.ogy and engineering.. ..... 22,724,000 15,600,000 5,200,000 ...................... 1,100,000 Bi.omea:j.ca.l. 3,650,000 1,600,000 - -- 
Tota.1 ........................... $49,742,000 $35,800,000 $18,400,000 - - - 

Approximately 7 0  experiments, utilizing 57 instruments and providing data 
for 270 separate investigations, have been developed for the Skylab program. 
These experiments are installed in the Workshop, Command and Service Modules, 
Multiple Docking Adapter, Telescope Mount, Airlock Module, and Instrument 
Unit. 

Applications and Science embraces three basic areas of earth orbit experi- 
ments: E:art:h Resources, Solar Physics and Astrophysics. 

Earth F.esc)urces - The Skylab Earth Resources Experiment Package will test 
and validate remote sensing techniques and their application t o  the study of 
crop and Sorestry cover; health state of vegetation; types of soil; water 
storage i n  snow pack; surface o r  near surface mineral deposits; sea state; 
sea surface temperature; and the location of likely feeding areas for fish. 
Comprehensive surveys of such resources will provide data to help cope with 
problems such as food supplies, mineral shortages, energy needs, environ- 
ment pollLtion and expanding patterns of human settlements. Acquired data 
will be ccrrelated with information obtained simultaneously about the ground 
truth sites from aircraft and/or from in situ measurements, and will comple- 
ment the Earth Resources Technology Satellite measurements. The data acquired 
with the Earth Resources Experiment Package will be analyzed by 146 Principal 
investigators in the study of 170 specific problems. The individual investi- 
gators are affiliated with private and governmental organizations located I-n 
31 states, the District of Columbia, the Canal Zone, 20 foreign countries, 
and the United Nations. 
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Solair Physics  - The s o l a r  experiments r e p r e s e n t  t h e  f i r s t  s t e p  taken by 
our  coi intry 's  space program tloward a l a r g e  and s o p h i s t i c a t e d  manned space 
observatory?. S ince  t h e  observa tory  w i l l  be  operated above t h e  s h i e l d i n g  
a f f e c t ;  of the  e a r t h ' s  atmosphere, d a t a  of unmatched q u a l i t y  w i l l  be obtained 
and w i l l  apprec iab ly  advance our knowledge of t h e  sun. Skylab a s t r o p h y s i c a i  
experiment;  cover t h e  areas of u l t r a v i o l e t  a i r g l o w  horizon photography; 
gegenschei i / z o d i a c a l  l i g h t ;  p a r t i c l e  c o l l e c t i o n ;  n u c l e a r  emulsion; u l t r a -  
v i o l e t  s t e l l a r  astronomy; g a l a c t i c  x-ray mapping; and u l t r a v i o l e t  panorama. 

The Technology and Engineering experiments i n c l u d e  zero-g systems s t u d i e s ,  
and space environment and material process ing  i n v e s t i g a t i o n s .  Experiments 
o r i e n t e d  toward t h e  i n t e r a c t i o n  of man w i t h  h i s  new zero  g r a v i t y  environment 
involve hall i t a b i l i t y  and c r e w  q u a r t e r s  a s t r o n a u t  maneuvering equipment; crew 
a c t i v i t i e s  and maintenance; manual naviga t ion  s i g h t i n g s ;  and t h e  e f f e c t  of 
crew movemeit on v e h i c l e  s t a b i l i z a t i o n .  

induced, involve r a d i a t i o n  i n  t h e  s p a c e c r a f t ,  thermal c o a t i n g s ,  i n f l i g h t  
a e r o s o l  a n a l y s i s ,  and contamination measurement. 

Experiments designed t o  s tudy  t h e  s p a c e c r a f t  environment, both n a t u r a l  and 

The m a t e r i a l  p rocess ing  i n v e s t i g a t i o n s  w i l l  involve  flammabiytity exper i -  
ments i n  zc,ro g r a v i t y ;  t h e  demonstration of a materials process ing  f a c i l i t y  
f o r  use i n  space;  t h e  s tudy  of t h e  behavior  of molten metals i n  space,  of 
s t r u c t u r e s  fcrmed i n  metals melted and r a p i d l y  s o l i d i f i e d ,  and o f  t h e  j o i n -  
i n g  of metals  by e l e c t r o n  beam welding; t h e  demonstrat ion of t h e  a b i l i t y  t o  
c a s t  h i g h l y  s p h e r i c a l  s t r u c t u r e s  from molten m e t a l ;  a l l o y  c a s t i n g  i n  the  
absence of g r a v i t y  and thermal convect ion t o  o b t a i n  more p e r f e c t  s t r u c t u r e s  
with improvec. s t r e n g t h  c h a r a c t e r i s t i c s ;  and t h e  s tudy  of c rys t a l .  growth by 
growing si.rig1.e c r y s t a l s  t o  produce mater ia l  of e x c e p t i o n a l l y  high chemical 
and c r y s  tal.li.ne p e r f e c t i o n .  The s p e c i a l  c o n d i t i o n  of v i r t u a l  weight lessness  
i n  o r b i t a l .  f l i g h t  makes i t  p o s s i b l e  t o  perform t h e s e  materials process ing  
experiment::;. Melt ing and mixing without  t h e  contaminat ing e f f e c t s  of con- 
t a i n e r s ,  t:he suppression of: convect ion and buoyancy i n  l i q u i d s  and molten 
mater?-al, m c l  c o n t r o l  of voj.ds open t h e  way t o  new knowledge of material  
p r o p e r t i e s  arid p rocesses  arid u l t i m a t e l y  t o  v a l u a b l e  new products  f o r  u s e  on 
ear th . ,  These p o t e n t i a l  products  range from new a l l o y s  wi th  h i g h l y  s p e c i a l -  
ized physics!. p r o p e r t i e s  t o  l a r g e  h i g h l y  p e r f e c t  c r y s t a l s ,  with v a l u a b l e  
e l e c t r i c a L  arid o p t i c a l  p r o p e r t i e s .  

Biomedical - Each manned miss ion  i n  t h e  United States  space program w a s  
b u i l t  upon t h e  cumulative experience of preceding f l i g h t s .  Skylab w i l l  f l y  
men i n  a Larger s p a c e c r a f t ,  w i th  more v a r i e d  a c t i v i t i e s ,  and f o r  longer  
t i m e s  than  any previous f l i g h t .  I t  w i l l  p rovide  t h e  test  condi t ions  under 
which t h e  nedical  e f f e c t s  observed from previous  missions can be  s t u d i e d  
more ~ e x t e n s i v e l y  than  has  prev ious ly  been p o s s i b l e .  

The Skylab Biomedical program c o n s i s t s  of f o u r  p a r t s ,  each designed f o r  
s e p a r a t e  .?ur.?oses : 
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1. The actual stay of three men in space, with the associated operational 
medical rr.onitoring and the observations of crew performance in a wide variety 
of scientific and operational tasks. These observations are designed to 
verify our expectations that man can perform safely and effectively in space. 

2. Medical experiments designed to investigate in depth the physiological 
effects revealed on previous flights. The results of these experiments will 
provide greater understanding of the factors which could limit the duraticm 
of man's stay in space. 

3. Biology experiments designed to study fundamental biological processes 
in the weightless environment which might ultimately be the factors 1imiti.ng 
the survival time of any animal in space. 

4.  Biotechnology experiments directed toward advancing the effectiveness 
of man-machine systems in space operations and improving the technology o f  
space-borne bioinstrumentation. 

FY 1973 Experiment Development funding provides for completion of experiment 
fabrication and testing; the integration and checkout of the equipment in the 
flight stages; the integration of flight type training hardware into the crew 
trainer; retrofit activity; the preparation for data acquisition; the activ- 
ities of principal investigators and contractors during the launch checkout 
period; (and data analysis during the initial operational period of the 
Skylab p r o  jec t. 

FY 1974 Experiment Development funding will provide for: the prelaunch 
and postlaunch activities of principal investigators and contractors; post- 
delivery hardware support; operational experiment data collection and analyses 
during the mission; and for postflight data reduction and analysis up to one 
year after Lhe data has been turned over to the investigators. 

Payload Integration 

1972 1973 1974 

Payload integration.. . . . . . . . . . . . . $32,591,000 $23,500,000 $10,000,000 -- 

Total.. ,,. . . . . . . . . . . . . . . . . . . . . . . $32,591,000 $23,500,000 $10,000,000 - - - - 

Payload Integration activities insure that proper relationships and inter- 
face:; exfist among all elements of the program: the Workshop Cluster, the 
experiment hardware, the launch vehicle, and the Saturn IB/Command and Service 
Modu:Le logistics system. The Martin Marietta Corporation, Denver Division, 
is the pr.ime contractor responsible for the payload integration effort. 
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FY 1975 funding provides  f o r  miss ion  planning and a n a l y s i s  , conf igura t ion  
and i n t e r f a c e  management, support  requirements ,  f l i g h t  planning and f l i g h t  
crew and inan-machine i n t e g r a t i o n ,  mechanics and s t r u c t u r e  a n a l y s i s  , sys  tents 
engineeri.ng :, and documentation, 

FY 1974 funding w i l l  provide f o r  maintenance of c o n t r a c t o r  i n - p l a n t  capa- 
b i l i l - y  nc2c:essai-y t o  support t h e  two manned f l i g h t s  scheduled i n  FE' 1974, a s  
w e l l  a s  i t  p o s s i b l e  rescue  Sa turn  IB/Command and S e r v i c e  Module f l i g h t .  T h i s  
inc ludes  cor1f-i g u r a t i o n  and i n t e r f a c e  management , stowage and governmen1 
f u r n  shed equipment support  , mission o p e r a t i o n s  suppor t ,  systeris engineer ing,  
dynanics c l u s t e r  c o n t r o l  arid thermal ana lyses ,  f a i l u r e  mode and ef fec t . ;  
ana lyses ,  and p o s t f l i g h t  c'ocumentation. 

Program Support  

1972 1973 1974 

Program support . .  ................ $31,823,000 $39,300,003 _. $13,400,000 

7 ' 0  t a 1 .......................... $3 1 , 8 2 3 , 0 0 0 $3 9 . 30 0 . 00 3 $13 . 400 , 0 0 0 - - 

FY 1973 ard FY 1974 Eunding provides  f o r  a wide range of a c t i v i t i e s  o u t s i d e  
of t h e  ma- or prime hardware c o n t r a c t o r  s t r u c t u r e .  Included a r e :  opera t ion  
of t h e  AL t onlatic Checkout E,quipment s t a t i o n  i n  support  of t h e  Telescope Mount 
I t  t h e  Marshal l  Space ] ? L i g h t  Center ;  a n a l y t i c  and d i a g n o s t i c  tcnsting; 
ca l ibra t icm-rocket  d a t a  a n a l y s i s ;  program-wide systems engine2ring i n  suppix- t 
of tl-e Skj.lab Program OEfice; t h e  earth-based astronomy progrmi c1esignc.d t o  
complement t h e  i n - o r b i t  astronomy observa t ions ;  t h e  s t u d e n t  ecperiments 
p r o j e c t ;  2nd reimbursernerii t o  t h e  Department of Defense f o r  cmmtr-act admin- 
i s  t r a  t i o n  s e r v i c e s .  

SDace Vehicles  

1972 1973 1974 -- 

Saturn  b . .  ........................ $4,100,000 $56,600,000 $29,700,000 
Spacecra f t ........................ 52,100 . 000 
Saturn  T B . . . .  ..................... 39,582,000 65,300,000 64,500,000 

92 . 706 . 000 106 . 900 . 000 

T o t a l , .  ........................ ~$136,388,000 $228,800,00(~ $146 , 3OO,OOO __ _- 

The Skylab Space Vehicles  funding covers  t h e  e f f o r t  a s s o c i a r e d  with t h e  
Sa turn  V and Sa turn  LB 1-aunch v e h i c l e s  and modified Apollo spi lcecraf t  u e d  
t o  launch t h e  workshop c l u s t e r  and t o  conduct t h e  manned miss:-ons. The 
b a s i c  space v e h i c l e  hardware w a s  procured as p a r t  of t h e  Apol..o program. 
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Sa tu rn  'J .- The f i r s t  two powered s t a g e s  of t h e  Skylab launch v e h i c l e ,  the  
S-IC and S - I 1  s t a g e s ,  are e s s e n t i a l l y  t h e  s a m e  as those  used on the  Apollo 
Sa tu rn  V missions.  The t h i r d  s t a g e  of t h e  Sa tu rn  V i s  rep laced  by t h e  
O r b i t a l  Workshop. The instrument  u n i t ,  which inc ludes  t h e  t r ack ing ,  command, 
measuring, and te lemet ry  systems, completes t h e  Skylab Saturn V launch veh ic l e .  
There are two Skylab Sa tu rn  V launch v e h i c l e s ,  one t o  launch t h e  workshop 
c l u s t e r ,  the o t h e r  t o  launch t h e  backup workshop i f  requi red .  

Spaceci:aft - Four modified Apollo Command and Se rv ice  Modules are assigned 
t o  t h e  Sk:yrlab missions.  Three are f o r  t h e  primary manned missions.  The 
f o u r t h  i s  t h e  backup rescue  spacec ra f t .  Required s p a c e c r a f t  modi f ica t ions  
have been made t o  accommodate t h e  d i f f e r e n t  o p e r a t i o n a l  and support  r equ i r e -  
ments of Ijkylab inc luding  longer  miss ion  du ra t ion ,  new o r b i t a l  rendezvous 
requirements ,  c l u s t e r  support  requirements ,  mission a t t i t u d e  c o n s t r a i n t s ,  and 
increased  r e t u r n  payload. These mod i f i ca t ions  inc lude  removal of one fue l  
c e l l  and t h e  p rov i s ion  of e l e c t r i c a l  umbi l ica l  connectors  t o  t h e  workshop; 
insul..ation h e a t e r s  and c o n t r o l  w i r ing  i n s t a l l e d  i n  t h e  Se rv ice  Module t o  
permit  long du ra t ion  p r o p e l l a n t  s t o r a g e  a t  low temperature;  removal of t h r e e  
l a r g e  unneeded Se rv ice  Module p r o p e l l a n t  and p r e s s u r i z a t i o n  tanks t o  save 
weight ;  pi-ovision of a b a t t e r y  pack t o  a l low r e a c t i v a t i o n  of t he  Command 
Module pr.1.o~ t o  undocking and r e e n t r y ;  changes t o  t h e  cau t ion ,  warning and 
communicai:ions subsystems t o  f a c i l i t a t e  ope ra t ions  w i t h i n  t h e  c l u s t e r ;  guidance 
and c:ontrol system sof tware  changes unique t o  Skylab; and s p e c i a l  provisiclns 
f o r  experiments t o  be c a r r i e d  i n  t h e  Command and Se rv ice  Module. 

Sat:urn I:B - The Skylab program inc ludes  fou r  Sa tu rn  I B  launch veh ic l e s .  
Three v e h i c l e s  are ass igned  t o  t h e  primary manned miss ions ;  t h e  f o u r t h  w i l l  
be avai la .ble  f o r  a backup o r  rescue  launch. The major components of t h e  
Sa turn  IB launch v e h i c l e  are t h e  S - I B  and S-IVB s t a g e s ,  and t h e  instrument  
u n i t .  The Sa turn  I B  launch v e h i c l e s  w e r e  completed s e v e r a l  years  ago and 
placed i n .  s to rage .  

FY 1973 Space Vehic le  funding provides  f o r  t h e  v e h i c l e  s t a g e  and s p a c e c r a f t  
check.out 2 . c t i v i t i e s  a t  the  Kennedy Space Center ;  c o n t r a c t o r  suppor t ing  a c t i v -  
i t i e s  relti.ted t o  t h e  launch v e h i c l e  engine,  ground support  equipment, and 
v e h i c l e  s j s t ems ;  i n - p l a n t  checkout of t h e  t h i r d  s p a c e c r a f t ;  and t h e  system:; 
i n s t a l l a t i o n  and checkout of t he  re_scue/backup spacec ra f t .  FY 1973 funds 
w i l l  a l s o  provide  f o r  c o n t r a c t o r  i n - p l a n t  f l i g h t  support .  This  inc ludes  
p r e f l i g h t  and p o s t f l i g h t  problem r e s o l u t i o n ,  des ign  suppor t  f o r  modi f ica t ion  
k i t s ,  and l abora to ry  and tes t  support  f o r  q u a l i f i c a t i o n  f a i l u r e  a n a l y s i s .  

FY 1974 Space Vehicle  funding w i l l  p rovide  prelaunch checkout and launch 
support  f c r  t h e  second and t h i r d  r e v i s i t  missions and a r e scue  mission;  and 
f o r  t h e  maintenance of a Sa tu rn  V launch v e h i c l e  t o  permit  launch of a backup 
workshop c l u s t e r  w i t h i n  15 months from a go-ahead dec is ion .  
w i l l  be maintained through September 1973. FY 1974 funding a l s o  provides  
f o r  t he  maintenance of  an  i n - p l a n t  s t a g e  and engine c o n t r a c t o r  f l i g h t  support  
c a p a b i l i t y  t o  r e so lve  anomalies encountered dur ing  launch p repa ra t ions ,  

This  c a p a b i l i t y  
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perform arty necessary modi f ica t ions ,  provide p o s t f l i g h t  a n a l y s i s ,  and t o  
perform l o g i s t i c  support  a c t i v i t i e s .  A d d i t i o n a l l y ,  FY 1974 funding provides  
f o r :  c o n t r a c t o r  i n - p l a n t  support  necessary  d u r i n g  t h e  miss ion  inc luding  
f l i g h t  anc p o s t f l i g h t  support  f o r  guidance and naviga t ion  sof tware and hard-  
ware, and government furn ished  equipment ( i .e . ,  s u i t s ,  a s t r o n a J t  l i f e  support  
assembly, e t c  .) ; and real  t i m e  mission support  by t h e  support  c o n t r a c t o r s .  
Funding w i l l  a l s o  provide  f o r  an  o r d e r l y  phasedown and c o n t r a c t  c loseout .  

Operat i ons  

1972 1973 1974 

- - -  - - .- ....................... Operaticrts $9,555,000 _- 

T c t a l . .  $9.555.000 --- - -._ ........................ _- 
A s  i n  FY 1973,  no funds are being requested i n  Skylab Operat ions i n  

FY 1974. These a c t i v i t i e s  a r e  included i n  Development, T e s t  and Mission 
Operat ions.  

- Apollo Soyuz Test P r o j e c t  

A s  p a r t  c f  t h e  agreement on coopera t ion  i n  space between t h e  United S t a t e s  
and t h e  S o v i e t  Union which Pres ident  Nixon s igned i n  Moscow on May 24, 1972:, 
both c o u n t r i e s  have agreed t o  develop compatible rendezvous and docking 
systems f o r  f u t u r e  genera t ions  of manned s p a c e c r a f t  and t o  conduct a j o i n t  
experimental  f l i g h t  dur ing  1975 t o  t es t  t h e s e  systems. J o i n t  IJS-USSR working 
groups have been meeting on a scheduled b a s i s  t o  review and a g r e e  on t h e  
numberous t e c h n i c a l  and o p e r a t i o n a l  a s p e c t s  of t h i s  j o i n t  missi-on. The test: 
mission,  designated t h e  Apollo Soyuz Tes t  P r o j e c t  (ASTP), w i l l  be  a j o i n t  
f l i g h t  experiment t o  rendezvous and dock a manned Apollo s p a c e c r a f t  w i th  a 
manned Soyuz-type s p a c e c r a f t .  The Soyuz-type s p a c e c r a f t  w i l l  be  launched 
from t h e  USSR p r i o r  t o  launch of t h e  Apollo s p a c e c r a f t .  The Apollo space- 
c r a f t  w i l l  b e  launched from the  U.S. t o  rendezvous wi th  t h e  Soyuz i n  a 
nominal c i r c u l a r  o r b i t  where j o i n t  docked o p e r a t i o n s ,  i n c l u d i n g  crew t r a n s f e r ,  
w i l l  be  accomplished. 

The ASTP mission w i l l  inc lude  t h e  t e s t i n g  of a compatible rendezvous s y s t e m  
i n  o r b i t ;  t e s t i n g  of u n i v e r s a l  docking assemblies;  v e r i f i c a t i o n  of techniques 
from t ransEer  of a s t r o n a u t s  and cosmonauts; a c t i v i t i e s  by U.S. and USSR crews 
i n  doc.ked El ight ;  development o f  exper ience  f o r  t h e  p o s s i b l e  conduct o f  f u t u r e  
j o i n t  f l i g h t s  by U.S. and USSR s p a c e c r a f t ,  inc luding ,  i n  case of n e c e s s i t y ,  
render ing  ilid :in emergency s i t u a t i o n s ;  and t h e  performance of experiments. 

The major U.S. program elements f o r  t h e  ASTP mission inc lude  an  Apollo 
Command ani1 Serv ice  Module, a docking module and docking sys ten i ,  a Sa turn  113 
launch v e h i z l e ,  experiments ,  launch opera t ions ,  and f l i g h t  support  and opera- 
t i o n s .  The docking module and docking system i n c l u d e  a l l  hardhare necessary 
t o  achieve  s-ornpatibility of rendezvous and docking systems w i t E  t he  USSR 
Soyuz- type ;pacecraf t .  The docking module and system w i l l  be  stowed i n  t h e  
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spacecraft: launch adapter 
while in c!art:h orbit in a 
Module on an Apollo lunar 

and extracted by the Command and Service Module 
manner similar to that performed with the Lunar 
mission. The launch is planned for July 1975. 

Apollo Soyuz Test Project 

Comiand m d  service module ....... 
Docking module and docking system 
Experiments.. .................... 
Launch vehicle.... ............... 
Launch operations..... ........... 
Flight support and operations, ... 
Total.......................... 

Command and Service Module --- 

1972 - 
$2,900,000 
3,800,000 - - -  

200,000 

1973 

$15,000,000 
17,400,000 

1,000,000 
--- 
--- 

5,100,000 

$38,500,000 

1974 

$28,300,000 
2 5,7 00 , 001:) 
4,600,OOO 
9 , 500,OO~O 
8 , 500,000 
13,400 ,OO(?- 

$90,000,00~3 -- 

An Apollo spacecraft and a new system consisting of a docking module and 
docking system will be used for the rendezvous and docking test mission. 
The Apollo spacecraft will be a modified version of the Comand and Service 
Module flown during the first several lunar landing missions. The modifi- 
cation:; wilt1 include additional propellant tanks for the reaction control 
system, heaters for thermal control, and the addition of controls and dis- 
plays requi:ced for the proper operation of the docking module and docking 
system. 

FY 1973 fimcling provides for initial spacecraft modification design, develop- 
ment, test m c l  engineering work. FY 1973 funding also provides for engineering 
support:, ground support equipment maintenance and operation, and contract 
adminis trat ion. 

FY 1974 funding will provide for spacecraft modifications; spacecraft launch 
adapter modifications including a truss to accommodate the docking module 
during launch; guidance and navigation requirements; and required ground 
testing. FY’ 1974 funding also provides for engineering support in the areas 
of integration, checkout and reliability of the spacecraft; the maintenance 
and operaticn of spacecraft ground equipment; and contract administration 
services provided by the Department of Defense on a reimbursable basis. 

Docking --- Module and Docking System 

The docking imdule is cylindrical in shape and is approximately 1.5 meters 
(five feet) in diameter and three meters (ten feet) in length. It will serve 
as an airlock for the internal transfer of crewmen between the different 
atmospheres of the two spacecraft. In addition, much of the new equipment 
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w i l l  be  1ocat:ed i n  t h i s  s t r u c t u r e .  The docking module w i l l  be equipped wi th  
r a d i o  comiuni.cations, antennas,  s t o r e d  gases ,  a thermal c o n t r o l  loop, and t h e  
d i sp l ays  and c o n t r o l s  necessary  f o r  s a f e  ope ra t ions  of t h e  two d i f f e r e n t  
p re s su re  levels.  For t h i s  ope ra t ion ,  ha tches  wi th  manual c o n t r o l s  w i l l  be  
i n s t a l l e d  on e i t h e r  end of t h e  module, which i s  sca l ed  t o  handle  two crewmen 
simultaneously.  Addi t iona l ly ,  a new u n i v e r s a l  docking system w i l l  be loca t ed  
on the  forward end of t h e  module and w i l l  be  capable  of func t ion ing  wi th  
i d e n t i c a l  corponents on the  Soyuz-type spacec ra f t .  

FY 1973 funds provide  f o r  i n i t i a l  docking m d u l e  and .docking system design,  
development, tes t  and engineer ing  e f f o r t s  inc luding  engineer ing  support  
a c t i v i t i e s .  

FY 1974 funding w i l l  p rovide  f o r  f a b r i c a t i o n ,  assembly and checkout of t he  
docking m d u l e  and docking system tes t  and f l i g h t  a r t i c l e s ;  r equ i r ed  ground 
q u a l i f i c a t i o n  t e s t i n g ;  and engineer ing  suppor t  i n  t h e  areas of i n t e g r a t i o n ,  
checkout a2d r e l i a b i l i t y .  

E x p e r  iinen t ,3 

FY 1973 a c t i v i t i e s  are be ing  d i r e c t e d  t o  t h e  i d e n t i f i c a t i o n  and d e f i n i t i o n  
of candida;::e ASTP experiments.  

FY 1974 :finding w i l l  p rovide  f o r  t h e  design,  development and t e s t i n g  of 
t h e  experiments s5 lec t ed  f o r  t he  Apollo Soyuz mission. 

A S P  will.  u t i l i z e  r e s i d u a l  Apollo-Skylab .-, Sa tu rn  I B  launch v e h i c l e  hardware. 
The Sa tu rn  IB, c o n s i s t i n g  of an  S - I B  s t a g e ,  S - IVB s t a g e ,  and instrument uni t : ,  
w i l l  launch t h e  s p a c e c r a f t  from t h e  Kennedy .Space Center i n t o  e a r t h  o r b i t  
f o r  rendezvous and docking wi th  t h e  Soyuz spacec ra f t .  

I n  FY 197L., funding w i l l  p rovide  f o r  t h e  d e f i n i t i o n  of r equ i r ed  launch 
v e h i c l e  modi.fications and f o r  design,  development, and t e s t i n g  of a d d i t i o n a l  
s p e c i f i c  hardware requi red  t o  m e e t  t h e  launch v e h i c l e  requiremei1t.s. 

Add i t iona l ly ,  FY 1974 funding w i l l  p rovide  f o r  launch v e h i c l e  support  and 
f o r  the  upda.te of launch v e h i c l e  ground support  equipment and of t he  system 
development f a c i l i t y .  

Launch Operat ions --- 

Test and checkout ope ra t ion  of t he  U.S. space v e h i c l e  w i l l  be  conducted a t  
t h e  Kennedy Space Center  w i t h  launch being accomplished from Launch Complex 
39. 

FY 1974 f m d i n g  w i l l  p rovide  f o r  r equ i r ed  c o n t r a c t o r  support  t o  modify, 
t es t ,  and chec5out t he  launch f a c i l i t i e s  and ground support  equipment and 
t o  make p repa ra t ions  f o r  t h e  launch opera t ions .  
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F l i p h t  S u e o r t  and Operat ions 

F l i g h t  Support and Operat ions provides  f o r  a broad range of e s s e n t i a 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.  

FY 1973 funding provides  f o r :  programmatic engineer ing  support  a c t i v i t  i.es 
involv ing  t h e  crew, t h e  CSM, t h e  docking module and t h e  docking system; 
space s u i t  i n i t i a l  procurement inc luding  mod i f i ca t ions  and r equ i r ed  t e s t i n g ;  
and the 11 rocurement of o t h e r  government furn ished  equipment needed i n  support  
of t h e  mL;s:ion. 

FY 1974 funding w i l l  p rovide  f o r  programmatic engineer ing  suppor t  f o r  the 
CSM, docking module and docking system; maintenance of camera systems; food 
and waste systems, and b io ins t rumenta t ion ;  and CSM f u e l s  and t r a n s p o r t a t i o n .  

Additional. ly,  t h i s  funding provides  f o r  t h e  procurement of government 
furn ished  equipment inc lud ing  space s u i t s ,  crew provis ioning ,  and t e l e v i s i o n .  
Conununica1:ion and docking system tes ts  and eva lua t ions  w i l l  a l s o  be funded, 
as wi.11 t:he u s e  of automatic  checkout equipment u t i l i z e d  p rev ious ly  on Apollo 
and Slkyla.1). 

Development, T e s t ,  and Mission Operat ions 

Development, T e s t ,  and Mission Operat ions provides  f o r  a v a r i e t y  of cornion 
t e c h n i c a l  a c t i v i t i e s  necessary  t o  support  a l l  programs conducted a t  t h e  
Manned S p x e  F l i g h t  f i e l d  cen te r s .  These ac t iv i t i e s  inc lude  research  and 
tes t  opera. t ions,  c r e w  t r a i n i n g ,  launch and f l i g h t  suppor t ,  and t e c h n i c a l  
s e r v i c e s  which suppor t  t h e  d i r e c t  program a c t i v i t i e s  of hardware c o n t r a c t o r s  
and o t h e r  program-unique e f f o r t s .  Support  c o n t r a c t o r s  provide  t h e  unique 
s k i l l s  and c a p a b i l i t i e s  r equ i r ed  t o  suppor t  t h e  l a b o r a t o r i e s  .Ifid o t h e r  
ope ra t iona l  f a c i l i t i e s  l oca t ed  a t  t h e  Manned Spacec ra f t  Center ,  Marsha l l  
Space F l i g h t  Center ,  Kennedy Space Center ,  White Sands Test F a c i l i t y ,  S l i d e l l  
Computer Complex, M i s s i s s i p p i  T e s t  F a c i l i t y ,  and t h e  Michoud Assembly Faci:Lity. 

FY 1974 funding w i l l  cont inue  t o  suppor t  Skylab checkout,  launch, and f l i g h t  
a c t i v i t i e s  i n  a d d i t i o n  t o  suppor t ing  e f f o r t s  involv ing  subsystem des ign ,  
development, and t e s t i n g  f o r  t h e  Apollo Soyuz T e s t  P r o j e c t  and t h e  Space 
S h u t t l e .  

Development, Test, and Mission Operat ions 

1972 - 
Research and tes t  opera t ions . .  ... $(85,022,000) 
C r e w  and f l i g h t  opera t ions . .  ..... (84,318,000) 
Operat ions support . . . . . .  ......... (59,702,000) 
Launch :;:rstems opera t ions . .  ...... (81,514,000) 
OMSI? eng:ineering support . .  ....... (9,325,000) 

Tota l .  ,.. ,,. ..................... $(319,881,000) 

1973 

$80,200,000 
74,900,000 
68,600,000 
70,300,000 

--- 

$294,000 , 000 

1974 

$49,700,000 
61,700,000 
58,400,000 
50,400,000 

- 

- .. - -- 
$220,200,000 I -- 
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Research and Test Operations ---- 
1974 - 1972 1973 

Engineering and test.. . . . . . . . . . . .  $(62,852,000) $60,600,000 $33,300,000 
Appl ica t ions  and science......... (13,162,000) 9,600,000 9,700 , 000 
R e l i a b i l i t y ,  q u a l i t y  and sa fe ty . .  (9,008,000) 10,000,000 - 6 , 700,000 _- 

Total., . ( I .  . . . . . . . . . . . . . . . . . . . . . . $ (85,022,000) $80,200,000 $49,700,000 -- - -- 

As i n  FY 1.973, Research and Tes t  Opera t ions  provides  t h e  NASA in-house 
technical,  suppor t  c a p a b i l i t i e s  necessary  t o  conduct r e s e a r c h  and development 
p r o j e c t s .  These e f f o r t s  cover a wide spectrum of t e c h n i c a l ,  engineer ing ,  
s c i e n t i f i c :  a.nd biomedical d i s c i p l i n e s  i n  suppor t  of Manned Space F l i g h t  
a c t i v i t i e s  a.nd of t h e  e f f o r t s  of o t h e r  program o f f i c e s  of t h e  Na t iona l  Aero- 
nauti.cs a.rtd Space Adminis t ra t ion ,  and o t h e r  Government a g e n c k s ,  which a r e  
undertaken a t  Manned Space F l i g h t  i n s t a l l a t i o n s .  

Engineering and t e s t  suppor t  i s  provided by an experienced in-house r e sea rch  
and tes t  s t a f f  us ing  s o p h i s t i c a t e d  l a b o r a t o r i e s  and tes t  f a c i l i t i e s .  FY 1074 
funding provides  f o r  a l l  t h e  engineer ing  d i s c i p l i n e s  r equ i r ed  t o  suppor t  t h e  
t e c h n i c a l  o b j e c t i v e s  of space f l i g h t  programs a t  t h e  Marsha l l  Space F l i g h t  
Center and t h e  Manned Spacec ra f t  Center. Examples of t h e s e  d i - sc ip l ines  inc lude  
propuls ion ,  s t r u c t u r e s  and materials, l i f e  suppor t ,  in format ion  systems, 
guidance and c o n t r o l ,  and telemetry/communication systems. A c t i v i t i e s  wi t t i in  
t h e s e  d i s z i p l i n e s  inc lude  s t u d i e s  and r e sea rch  e f f o r t  as w e l l  as p lanning ,  
a n a l y s i s ,  development and t e s t i n g  e f f o r t s  on v a r i o u s  components, systems arid 
subsystem,;. 

FY 1974 Euitding i n  the  Appl ica t ions  and Sc ience  area w i l l  i n c l u d e  real t i m e  
suppor t  f o r  t h e  Ear th  Resources Experiment Package t o  be c a r r i e d  i n  t h e  
Skylab O r b i t a l  Workshop, r e sea rch  and development of remote sens ing  and d a t a  
p rocess ing  techniques ,  and demonstration programs showing t h e  r e l evance  of 
remote seri:;irig t o  a g r i c u l t u r e ,  f o r e s t r y ,  hydrology, geology, oceanography, 
and ec:ology. 
a t  t h e  Maruiecl Spacec ra f t  Center t o  ass is t  i n  con t inu ing  a n a l y s i s  of l u n a r  
samples and d a t a ,  and f o r  medical r e sea rch  inc luding  biomedical suppor t  
t o  spacec ra f t  des ign ,  o p e r a t i o n a l  suppor t  r e l a t e d  t o  f l i g h t  crew h e a l t h ,  arid 
space f l i g h t  medical s t u d i e s .  

FY 1974 funding w i l l  a l s o  prcfvide f o r  suppor t  c o n t r a c t o r  e f f o r t  

I n  t h e  a rea  of 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 ,  FY 1974 funding w i l l  suppor t  
e f f o r t s  i m o l v i n g  r e l i a b i l i t y  assurance ,  r i s k  a n a l y s i s ,  tes ts  and checkout of 
space v e h i c l e  and payload systems, subsystems, components and r e l a t e d  suppor t  
equ ip ren t  t o  a s s u r e  t e c h n i c a l  adequacy and performance of i n d u s t r y  i n  t h e  
manufacture, d e l i v e r y ,  t es t  and launch of space  v e h i c l e s  and space  v e h i c l e  
payloads. It provides advanced tes t  and checkout equipment and techniques  
t o  improve product assurance  c a p a b i l i t y  and t o  keep pace w i t h  advancements 
i n  manufacturing processes  <and techniques.  
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C r e w  and F l i g h t  Operat ions 

1972 1973 1974 

Crew. .  ........................... $(22,061,000) $16,600,000 $14,100,000 
Fl igh t . . . .  ....................... (18,665,000) 19,800,000 13,900,000 
Mission control.................. (43,592,000) 38,500,000 33,700,000 

Total. . . . . . . . . . . . . . . . . . . . . .  .... $(84,318,000) $74,900,000 $61,700,000 

The Manned Spacec ra f t  Center i s  the headquar te rs  f o r  a l l  crew and f l i g h t  
opera t ions .  The a s t r o n a u t s  are based a t  t h i s  Center a long  wi th  most of t h e i r  
e s s e n t i a l  t r a i n i n g  equipment inc luding  p r o f i c i e n c y  a i r c r a f t ,  spacec ra f t  
mockups and procedures  s imula tors .  The Manned Spacecraf t  Center i s  a l s o  
r e spons ib l e  f o r  mission s imula t ion  and c o n t r o l  of f l i g h t  opera t ions  from 
s h o r t l y  a f t e r  l i f t - o f f  t o  recovery.  E s s e n t i a l l y  t h e  s a m e  types of a c t i v i t i e s  
funded i n  FY' 1973 w i l l  be  funded i n  FY 1974,  except f o r  program unique i t e m s  
a s s o c i a t e d  wi th  t h e  Apollo Soyuz T e s t  P r o j e c t .  

FY 1974 fcnding w i l l  p rovide  f o r  crew t r a i n i n g ;  hardware update  of s i m u -  
l a t o r s  and t r a i n e r s ;  and p i l o t  equipment. Included i s  t h e  ope ra t iona l  c o s t  
of mission Eimulators ,  p a r t  t a s k  t r a i n e r s ,  and a i r c r a f t  r equ i r ed  f o r  f l i g h t  
p ro f i c i ency .  

I n  t h e  f1j.gk.t ope ra t ions  area, FY 1974 funds w i l l  p rovide  f o r  t h e  broad 
areas of mi.asi.on planning,  f l i g h t  c o n t r o l ,  and ope ra t ion  of t h e  computation 
f ac i l i t : y ,  i.nc1.uding t h e  d a t a  r educ t ion  complex. Also  included a r e  reimburse- 
ments t:o t h e  DOD f o r  t h e  crew and command module recovery c o s t s  a t  the  
complet:ion of t h e  manned miss ions ;  complete update  miss ion  p lanning;  computer 
modi f ica t ions  necessary  t o  conver t  experiment d a t a  t o  tapes  s u i t a b l e  f o r  use  
by principii:- i n v e s t i g a t o r s ;  and real t i m e  update  i n  crew procedures .  

FY 1974 fiincling w i l l  a l s o  provide  f o r  t h e  maintenance and ope ra t ion  of t h e  
Mission Coni-rol Center i nc lud ing  t h e  R e a l  T i m e  Computer Complex, t he  d i s p l a y /  
contro:L sysi-eri, t h e  communication command and te lemet ry  system, the  vo ice  
communicatfhn system, and t h e  mission s imula t ion ,  checkout,  and t r a i n i n g  
sys  tern,. 

Operat ions 13upp o r  t 

1972 1973 1974 - 
Operat ions support..  ............. $(59,702,000) $68,600,000 $58,400,00(1 

Total.......................... $(59,702.000) $68.600.000 $58.400,00(2 

Operat ions #Support c o n s i s t s  of e s s e n t i a l  t e c h n i c a l  suppor t ,  and inc ludes  
t h e  procurement of material and equipment r e l a t e d  t o  t h i s  suppclrt. Essen- 
t i a l l y  the  sane types of ac t iv i t i e s  funded i n  FY 1973 are t o  be funded i n  
FY 1974,  bu t  a t  a reduced l e v e l .  
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FY 1974 funding provides  f o r  a myriad of t e c h n i c a l  s e r v i c e s  a t  t h e  Kennedy 
Space Ceni-ei-, Marsha l l  Space F l i g h t  Center ,  and Manned Spacec ra f t  Center. 
These inc:-!ucle such a c t i v i t i e s  as t e c h n i c a l  f a c i l i t y  maintenance and ope ra t ion ;  
postLauncli re furb ishment ;  r enova t ions ;  r i gg ing ;  c losed  c i r c u i t  t e l e v i s i o n  
monitiorirq; d i r e c t l y  r e l a t e d  t o  t r a i n i n g  and t e s t  f a c i l i t i e s ;  documentation 
and t echni.ca1 r e p o r t  p r e p a r a t i o n ;  l o g i s t i c s  suppor t ;  chemical purging 
s e r v i c e s ;  d e t a i l e d  des ign  and d r a f t i n g  e f f o r t  r equ i r ed  f o r  launch equipment 
and f a c i l i t i e s ;  telecommunications; i nnova t ive  and convention(31 f a b r i c a t i o n ;  
and s t i l l  and motion p i c t u r e  process ing .  Add i t iona l ly ,  t h e  A i r  Force Eas t e rn  
T e s t  Range, which supplements t h e  Kennedy Space Center ope ra t ions  suppor t  hy 
provid ing  t e s t  and launch suppor t  f o r  bo th  manned and unmanned miss ions ,  i s  
reimbursed on a c o s t - i n c u r r e d  b a s i s .  FY 1974 funding w i l l  a l s o  provide  f o r  
t h e  maintenance of t e c h n i c a l  and product ion  f a c i l i t i e s  a t  t h e  White Sands 
T e s t  F a c i l i t y ,  t h e  S l i d e l l  Computer Complex, t h e  M i s s i s s i p p i  Test F a c i l i t y  
and t h e  Michoud Assembly F a c i l i t y .  

Launch Systems Operations 

1972 1973 1974 

Mechanical ground sys  terns.. ...... $ (48,757,000) $36 . 100,000 $27,600,000 
E 1 e(: t r i c: ' 3  1 i n s  t rumen t a t i on 

systen:;. ........................ (32,757,000) 34,200,000 22,800,000 -- 

Tota l .  .......................... $(81,514,000) $70,300,000 $50,400,0080 _- -- 

Launch Systems Operations,  performed a t  Kennedy Space Center,  inc ludes  t h e  
t e c h n i c a l  s e r v i c e s  r equ i r ed  i n  suppor t  of t h e  t e s t ,  checkout and launch of 
space  v e h i c l e s  and payloads.  Also included i s  t h e  ope ra t ion  and maintenance 
of t he  laurch  f a c i l i t i e s ,  complexes, and a s s o c i a t e d  ground suppor t  equipnient:. 
FY 1974 funding w i l l  p rovide  f o r  t h e  same areas of a c t i v i t y  provided f o r  i n  
FY 1973, bu t  a t  a s u b s t a n t i a l l y  reduced level. 

FY 1974 funding provides  f o r  mechanical ground system a c t i v i t i e s  involv ing  
t h e  o p e r a t i o n  and maintenance of launch complex f a c i l i t i e s  and r e l a t e d  equip- 
ment such as -nobile t r a n s p o r t e r s ,  the  conve r t e r  compressor f a 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  systems, pneumatics, 
and Vehic le  Assembly Bui ld ing  a d j u s t a b l e  work p la t forms .  
launch-re l ' l t ed  s e r v i c e s  such as prcipellant handl ing ,  l i f e  suppor t ,  technical. 
shops, chemical c l ean ing  and decontamination and systems s a f e t y  are provided. 

Add i t iona l ly ,  

FY 11374 flintling a l s o  provides  f o r  t h e  o p e r a t i o n  and maintenance of elec- 
trical/elec:i:ronic and launch in s t rumen ta t ion  systems such as au tomat ic  
checkout equipment, o p e r a t i o n a l  vo ice  and TV communications, computation, 
measurement::;, t :elemetrics,  and o t h e r  e l e c t r i c a l / e l e c t r o n i c  systems. 
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Space L i f e  Sc iences  

Space Life Sciences i s  composed of t h r e e  pr imary d i s c i p l i n a r y  elements:  
Space L i f e  Research, L i f e  Support  and P r o t e c t i v e  Equipment, and Bioinstrument- 
a t i o n  and Man-Machine Technology, C o l l e c t i v e l y ,  t h e s e  elements focus on man's 
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  t h e  space environment, and provide  t h e  tech-  
nologica l  base  r equ i r ed  t o  support  t h e  development of systems which permit  
man t o  l i v e  and perform e f f e c t i v e l y  i n  space. 
pursued through ground-based and f l i g h t  r e s e a r c h  programs, provides  f o r  t h e  
s tudy  of man as an  ope ra to r  and c o n t r o l l e r  i n  t h e  space environment f o r  
fundamental s t u d i e s  of l i v i n g  processes  i n  space,  and f o r  advanced techno-Logy 
and developnent of systems r equ i r ed  t o  suppor t  and p r o t e c t  t h e  l i f e  of m a n  
o r  t o  extend h i s  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  
t o  t h e  dlevelopment of in format ion  which can be t r a n s l a t e d  i n t o  des ign  dat:t 
and (criteria f o r  advanced manned space systems and mission ope ra t ions .  

This  m u l t i d i s c i p l i n a r y  program, 

Space L i f e  Sciences 

1974 
I_ 

1973 - 1972 - 
Space 1.;:fe research . .  ............ $8,499,000 $11,040,000 $9,700,000 
L i f e  scippcmt and p r o t e c t i v e  

Biclinstr-unientation and man- 
equ ipnient ...................... 7,261,000 7,960,000 7,000,000 

machine technology ............. 4,015,000 4,500,0013_ 4,300,0!00 

Total. . . . . . . . . . . . . . . . . . . . . . . . . .  $19,775,000 $23,500,000 $21,000,000 _- -- 

Space L i f e R e s e a r c h  

The Space (Shu t t l e  mode of t r a n s p o r t a t i o n  and ope ra t ion ,  w i th  i t s  l a r g e r  
m u l t i d i s c i p l i n a r y  crews, has  generated t h e  requirement t o  develop new 
concepts i n  the component Space L i f e  Research areas of medical., behaviora l  
and b i o l o g i c a l  r e sea rch ,  and space  f l i g h t  experiments.  These concepts  must 
r e f l e c t  new s tandards  of medical s e l e c t i o n  f o r  crew candida tes .  Innovat ive  
concepts  f o r  d a i l y  medical care whi le  i n  f l i g h t  need t o  be developed, and a 
more comprehensive i n t e g r a t e d  coupl ing  of r e sea rch  e f f o r t s  and o p e r a t i o n a l  
medical support  i s  requi red .  I n v e s t i g a t i o n s  of space  f l i g h t  b i o l o g i c a l  
( l i v i n g  organism) e f f e c t s  and changes i n  human body func t ions  are  elements 
of t h i s  program, p a r t i c u l a r l y  as caused by we igh t l e s sness ,  space r a d i a t i o n  
and biologi.ca.1 rhythm (clock) a l t e r a t i o n s .  

FY 1973 funding provided f o r  t h e  con t inua t ion  of medical and behaviora l  
i n v e s t i g a t i o n s  involv ing  the  c r i t i c a l  phys io log ica l  mechanisms t h a t  have 
been i d e n t i f i e d  as having a d i r e c t  bear ing  on man's u l t i m a t e  performance 
c a p a b i l i t y  i n  space f l i g h t .  
t h a t  are suspected (or  a n t i c i p a t e d  wi th  a f a i r  amount of s c i e n t i f i c  c e r t a i n t y )  
of having ,an e f f e c t  on man's adap ta t ion  t o  space f l i g h t  stresses. 
b i o l o g i c a l  ar 'ea of  i n v e s t i g a t i o n ,  p a r t i c u l a r  a t t e n t i o n  has  been pa id  t o  the  

Also  under i n v e s t i g a t i o n  a r e  those  f a c t o r s  

I n  t h e  
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e f f e c t  oE cosmic r a d i a t i o n  on b i o l o g i c a l  systems. Actual  experiments have 
been flown 1x1 Apollo 16 arid 17 t o  b e t t e r  d e f i n e  t h e s e  high energy p a r t i c l e  
e f f e c t s  on Living organisms as had been recommended by t h e  Nat iona l  Acadeny 
of Scieno2s , 

FY 1974 eriphasis i n  t h e  medical program w i l l  cont inue  t o  be on hormonal 
conti-01, body f l u i d  and e l e c t r o l y t e  balance,  and musculoske le ta l  (muscles, 
s k e l e t o n ,  et:c.) , and neurophysiologic  (nervous system) systems as t h e s e  
have been observed t o  undergo changes as t h e  r e s u l t  of weight lessness .  
Longcir dLra t ion  f l i g h t s  n e c e s s i t a t e  a more comprehensive understanding of 
a l l  of these changes and t h e i r  i n t e r r e l a t i o n s h i p s  i n  o r d e r  t o  p r e d i c t  t h e  
t iming of t h e  changes, i n t e r p r e t  t h e i r  s i g n i f i c a n c e ,  and develop e f f e c t i v e  
preventive,  techniques . 

The c l o s e l y  in te r twined  f i e l d s  of behaviora l  and b i o l o g i c a l  research  wil :L 
have increased  demands ).aid upon them as t h e  environmental  cha l lenges  t o  
man i n  prolonged space t r a v e l  become more p r e c i s e l y  def ined .  The FY 1974 
behavioral  program t akes  on new dimensions wi th  t h e  i n i t i a t i o n  of s t u d i e s  
t o  determine t h e  optimum performance c a p a b i l i t y  of t h e  s c i e n t i f i c  exper i -  
menter pa;se?gers. Therefore ,  human c a p a b i l i t i e s ,  performance l i m i t a t i o n s ,  
r e l a t ionsn ip , ;  of t hese  th ings  t o  observed p h y s i o l o g i c a l  changes , and t h e  
techniques 0': mechanisms f o r  coping w i t h  adverse  e f f e c t s  are  a l l  under 
inves tigai:ion. Fundamental- t o  understanding t h e  e f f e c t s  of space f l i g h t  
on man i s  the  d e t a i l e d  i n v e s t i g a t i o n  of b a s i c  b i o l o g i c a l  phenomena as they 
occur i n  o-hei- l i v i n g  systems; hence, t h e  F Y  1974 biology program i s  con- 
t i n u i n g  t h e  p u r s u i t  of know1 edge i n  t h e  areas of developmental and g e n e t i c  
biology,  r e g u l a t o r y  biology,  microbiology and r a d i a t i o n  biology.  

FY 1.974 fur.ding w i l l  a l s o  permit; t h e  i n i t i a t i o n  of des ign  and e v a l u a t i o n  
of p o t e n t i a l  f l i g h t  experiment candida tes  f o r  t h e  Apollo Soyuz Tes t  P r o j e c t  
and t h e  S h u t t l e  program. 

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

L i f e  Support  and P r o t e c t i v e  Equipment a c t i v i t i e s  focus on t h e  advancement 
o f  technology through t h e  development and t e s t i n g  of experiment:al l i f e  
support  and p r o t e c t i v e  devices  e s s e n t i a l  t o  a s a f e ,  h a b i t a b l e  space f l i g h t  
env i  r o  m e n  t . 

FY 1973  ,i=t i v i t i e s  have concent ra ted  on advanced technology clf atmospheric 
r e v i t a l i z a r i o n  processes ,  water and w a s t e  management and food technology. 
Components ,and subsystems have been developed as demonstrat ion models f o r  
f u r t h e r  t e a  t i n g  and eva lua t ion .  I n  t h e  p r o t e c t i v e  equipment area,  e f f o r t  
has  been d i r e c t e d  toward t h e  development of space s u i t  gloves w i t h  increased  
f e e l  and mobil.i.ty and a regenerable  thermal c o n t r o l  back pack f o r  space 
s u i t s .  
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FY 1974 funding w i l l  p rovide  f o r  Environmental Con t ro l l  L i f e  Support 
Systems (ECILSS), and advanced r egene ra t ive  l i f e  suppor t  subsystems develop- 
ment; and crew equipment systems inc luding  advanced e f f o r t s  on space suit:; 
and p o r t a 3 l e  l i f e  suppor t  systems. 

FY 1974 a c t i v i t i e s  i nc lude  t h e  manned t e s t i n g  of t h e  f i r s t  i n t e g r a t e d  
EC/LSS fl- igh t  p ro to type  designed f o r  extended c losed  c y c l e  ope ra t ion ;  t h i s  
e f f o r t  suppor t s  t h e  development and demonstration of S h u t t l e  EC/LSS concepts.  

To i n c r e a s e  system r e l i a b i l i t y  and t o  minimize e lectr ic  c o n t r o l  r equ i r e -  
ments, FE' 151174 e f f o r t s  i n  t h e  area of advanced r e g e n e r a t i v e  l i f e  suppor t  
subsystems clevelopment w i l l  concen t r a t e  on t h e  minimization of component 
p a r t s  through t h e  use  of m u l t i f u n c t i o n a l  dev ices  and s i m p l i f i c a t i o n  of 
des ign .  

Crew equipment systems e f f o r t s  i n  FY 1974 w i l l  focus on advances i n  space 
s u i t s  and p o r t a b l e  l i f e  suppor t  systems. Included w i l l  be the  f a b r i c a t i o n  
and e v a l u a t i o n  of an advanced pro to type  e x t r a v e h i c u l a r  8.0 psi- space s u i t ;  
t h e  c o n t i n u a t i o n  of component technology development and i n i t i a l  p ro to type  
des igns  f o r  nonregenera t ive  p o r t a b l e  l i f e  suppor t  systems f o r  S p a c e  S h u t t l e  
a p p l i c a t i o n s ;  t h e  con t inua t ion  of e f f o r t s  involv ing  r e g e n e r a t i v e  p o r t a b l e  
l i f e  support  subsystems f o r  long term o r b i t a l  manned space f l i g h t ;  and 
flame r e s i s t a n t  e l a s t i c  polymer development ac t iv i t i e s  which w i l l  l e ad  t o  
f a b r i c a t i o n  and e v a l u a t i o n  of a n c i l l a r y  crew equipment. 

Bioin:; trurnentation and Man-Machine Technology ---- 

Bioinstri imentation and Man-Machine Technology inc ludes  s tudy  and advance- 
ment of technology i n  t h e  development, t e s t ,  and u t i l i z a t i o n  of b i o i n s t r u -  
mentation, bi.oassay concepts ,  i n t e g r a t e d  medical,  phys io log ica l  and perform- 
ance measurement equipment and procedures;  t h e  development of technology 
f o r  human augmentation dev ices ,  such as t e l e o p e r a t o r s  f o r  use  3y man, and 
t h e  use of man i n  o t h e r  man-machine systems. 

FY 1973 funding has provided f o r  t h e  development of a ze ro -g rav i ty  c h a i r  
and a p e r s c n a l  couch/habi ta t  concept f o r  t h e  s h u t t l e  o r b i t e r ;  an advanced 
manipulator concept t o  be used i n  s imula t ion  s t u d i e s  of s a t e l l i t e  s e r v i c i n g ;  
a l a b o r a t o r y  model of a s u r f a c e  t e l e o p e r a t o r  w i t h  adap t ive  on-board c o n t r o l ;  
a p ro to type  u r i n e  volume measurement system u t i l i z i n g  p r i n c i p l e s  of thermal 
conduc t iv i ty ;  and a p ro to type  min ia tu re  r e s p i r a t i o n  measurement system f o r  
quan t i f i ca t i0 .n  of pulmonary func t ions .  

FY 1974 E-mding provides  Eor advanced b io ins t rumen ta t ion  technology t o  
d e t e c t  and measure b i o l o g i c a l ,  phys io log ica l ,  and psychologica l  responses 
of man and/or o t h e r  s e l e c t e d  s p e c i e s  t o  t h e  space f l i g h t  environment. 
S p e c i f i c  areas of r e s e a r c h  inc lude  t h e  i n t e g r a t i o n  of developed b i o i n s t r u -  
mentation i n t o  system elements such as t he  I n t e g r a t e d  Medical and Behavioral 
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Laboratory Measurement System (IMBLMS) to measure medical parameters , and 
for the delivery of health care to astronauts during manned space flights 
of extended duration. There will be special emphasis in FY 1974 involving 
the deve Lopment of remotely controlled manipulator and sensor systems (tele- 
ope~*ator!;) technology to augment human sensory and physical control capabil- 
ities in space flight. The role of man as an operator, maintainer, and 
scitmtif'x investigator using Shuttle payloads, and the design of manned 
vehicles far habitability to facilitate work activities will also be studied. 
Additionally, FY 1974 funding provides for the procurement oE an IMBLMS 
unit for field tests in a remote area of the United States. 

Mission Systems and Integration 

Mission Systems and Integration program activity is classified into three 
areas of effort: Mission and Payload Integration, Sortie Laboratory/Concept 
Verification Testing, and Advanced Development. 

Study (efforts under Mission and Payload Integration focus on providing 
data esseTtial to the development of a balanced program of payloads and 
experiments consistent witli the Space Shuttle's configuration and capabil- 
ities. Sortie Laboratory studies involve definition effort on a pressurized 
manned pa:rload carrier and an unpressurized instrument platEorm suitable 
for conduc:ti-ng research and applications activities on Shuttle missions. 
The Concept Verification Testing effort deals with the integration and veri- 
fication of  operational concepts resulting from these definition studies. 
These activities are intended t o  support development of a S0rti.e Laboratory 
by the European Space Research Organization. 

Advanced Development is directed toward development of critical and long 
lead items, experimental systems and operational techniques, and toward 
the establishment of design and technology requirements for potential future 
development programs. I n  FY 1974, a number of tasks will focus on a Space 
Tug which would be a reusable propulsive stage designed to be carried by 
the Shuttle to transport payloads to and from orbits beyond those which tha 
Shuttle c,zn attain. 

Mission Systems and Integration 

1973 - 1972 

Mission and payload integration.. $10,500,000 $6,000,000 
S or 1: ie ].ab oratory /c onc ep t 
vt!r i f i.cat. ion testing ........... --- 6,000,000 

Advanc ea development ............. ---  9,000,000 
Space stztion.. .................. 7,100,000 - - -  

Total .......................... $17,600,000 $21,000,000 

1974 

$5 , 500 , 000 

2 , 5 00 , 000 
7,500,000 

--.- 

$15,500,000 -- _- 
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Mission and Payload Integration 

The broad objective of the Mission and Payload Integration effort is to 
develop mission and payload requirements for research and applications 
missions which can be accomplished using the Shuttle in combination with EL 
Sortie Laboratory or a Space Tug. These requirements must support the goals 
and objectives of prospective users and at the same time assure the compat- 
ibility of interfaces between each payload and carrier vehicle. Accomplish- 
ing this requires the development of innovative ideas, concepts, system 
requireme3t:; and management procedures to assure efficient and economical 
utilization of the capabilities of the Shuttle, Sortie Laboratory, and Tug. 
In recognition of the importance of this activity, the Manned Space Flight 
orgatiizati ion has been realigned to create a Mission and Payload Integration 
group. 

In FY 1.!)73, funding provides support in the areas of materials science 
and nmnuf'act:uring in space, payload integration and technology studies. 
In the materials science and manufacturing area, efforts are focused on 
user reqLi.rements and their impact upon overall shuttle payload planning. 
Payload irttegration includes studies of payload launch support requirements, 
payload cclsting criteria, and the impact of the Shuttle on payload and 
experiment specifications. Technology studies are primarily concerned with 
contamination monitoring, orbital fatigue, and meteoroid exposure measure- 
ments. 

In FY 1974, emphasis will be placed on studies designed to provide data 
for use in the final design of the Shuttle and in the definition of a S0rti.e 
Laboratory and a Space Tug. Corollary studies will provide input to pay1oe.d 
design coxe?ts for effective Shuttle utilization. The major effort will 
focus on refining interface requirements. This data is needed to establish 
valid interface and payload design specifications. Cost trade analyses will 
also be suJported to determine the most economical methods of meeting these 
requirements, utilizing low cost payload design concepts. 

Specific studies and analyses to be funded: 

--- The development of low cost payload concepts. 

--. The development of payload design criteria and requirements. 

- -  Studies on retrieval , repair, and refurbishment of payloads. 
- -  Payload traffic and capture analyses. 
- -  Analyses of the characteristics of the Shuttle, Sortie Lab, and Tug 

and their component elements to determine the impact on payload 
requirements. 

-- Analysis of payload characteristics to establish accommodation modes 
for Shuttle, Sortie Lab, and Tug interfaces. 
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---- Sor t  i e  k b c  ra tory/Concep t V e r i f i c a t i o n  T e s t i n g  

T h e  S o r t i e  Lab w i l l  be  a f l e x i b l e  and economical pressur ized  payload 
module and an  unpressurized instrument  p la t form o r  p a l l e t  t o  be used i n  
conduct i rg  s h o r t  d u r a t i o n  S h u t t l e  r e s e a r c h  and a p p l i c a t i o n s  missions.  The 
S o r t i e  Lab w i l l  permit  a s c i e n t i s t  t o  t a k e  convent ional  ground l a b o r a t o r y  
equipment t o  o r b i t ,  use  i t  i n  h i s  i n v e s t i g a t i o n s  o r  observati-ons,  and ret . irn 
i t  t o  e a r t h  f o r  f u r t h e r  use. This approach w i l l  ach ieve  s i g n i f i c a n t  reduc- 
t i o n s  i n  t h e  c o s t  of o r b i t a l  r e s e a r c h  and a p p l i c a t i o n s  a c t i v i t y .  The Sort:it% 
Lab vi11 b e  used i n  t h e  v e r y  e a r l y  s t a g e s  of S h u t t l e  operaticins. 

I n  FY L973, S o r t i e  Lab e f f o r t s  are  concent ra ted  on in-house d e f i n i t i o n  
of low c o s t  concepts  a t  the Marshal l  Space F l i g h t  Center.  The European 
Space Re:; 2 a x h  Organizat ion (ESRO) has  been performing s i m i l a r  s t u d i e s .  
The c u r r e i t  p l a n  i s  t h a t  ESRO w i l l  des ign  and develop t h e  S o r t i e  Lab. NASA 
s tudy  e f f o r t s  i n  FY 1973 and 1974 w i l l  d e f i n e  requirements and provide  
important: des ign  d a t a  f o r  use  by ESRO i n  t h e  development e f f o r t .  

FY 1974 funds w i l l  be  used f o r  s p e c i a l  t a s k s  i n  support  of t h e  in-house 
Sorti-e La11 d e f i n i t i o n  s tudy a t  t h e  Marshal l  Space F l i g h t  Center.  S p e c i f i c  
t a s k s  inc:.ucle des ign  and c o n s t r u c t i o n  of engineer ing mock-ups; design,  
a n a l y s i s  and t e s t i n g  o f  atmospheric cool ing  concepts ;  and exanina t ion  of 
subsystem designs i n c o r p o r a t i n g  a v a i l a b l e  components. 

Complementing t h e  S o r t i e  Lab a c t i v i t i e s  i s  t h e  Concept V e r i f i c a t i o n  Tes t ing  
p r o j e c t  wflich w i l l  p rovide  a n  i n t e g r a t e d  t e s t  bed f o r  d e f i n i n g  t h e  S o r t i e  
Lab crew-to-experiment i n t e r f a c e s  and w i l l  permi t  t h e  d e f i n i n g  of low c o s t ,  
h igh pay-cff  experiments s u i t a b l e  f o r  S o r t i e  Lab missions.  Long d u r a t i o n  
subsystem concepts w i l l  a l s o  be eva lua ted  and r e f i n e d  under t h i s  p r o j e c t .  

FY 1973 and 1974 funds support  t h e  des ign  and breadboarding of t h e  Concept 
V e r i f i c a t i o n  T e s t i n g  subsystems and elements necessary  t o  provide f o r  a f u l l  
s c a l e  i n t e g r s t e d  t e s t i n g  c a p a b i l i t y  and f o r  experiment appara tus  and simula- 
t i o n s .  

Advanced Deve 1 opmen t ---- 

Advanced Development has  as i t s  o b j e c t i v e  t h e  a p p l i c a t i o n  of r e s e a r c h  and 
advanced technology t o  t h e  s tudy  and development of experiment systems, 
procedures arid o p e r a t i o n a l  techniques which form t h e  basis f o r  s p e c i f y i n g  
t h e  e:Lemeri:s of f u t u r e  p r o j e c t s .  P o t e n t i a l  developments i n d e n t i f i e d  i n  
Mission and Payload I n t e g r a t i o n  s t u d i e s  are t o  be eva lua ted  and t a s k s  
implerientecl when judged t o  be pacing i t e m s  f o r  probable  new miss ion  project:s.  
Data tlevel.oped through s tudy and t e s t i n g  i s  t o  be appl ied  t o  t h e  process  of 
component se l .ec t ion ,  i n t e g r a t i o n  i n t o  systems, and understanding of o v e r a l l  
c a p a b i l i t i e s  and c o s t .  The d a t a  a l s o  provides  support  and ansxers  t o  problem 
i n  on- g0ir.g programs. 
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Present efforts related to the Space Shuttle include pyrotechnic systems, 
avionics on-board checkout, vacuum jacketed cryogenic systems technology, 
internal insulation materials, water impact studies, analysis of bond joint 
edge stress, crack growth behavior, weld bond tank construction, heat pipe 
application, seal material, actuator technology and multipurpose optical 
sensors. Most of these activities, conducted in support of Space Shuttle, 
are to be completed in FY 1973. 

In thl? area of earth orbital and space systems, activity i s  devoted to 
radiator development, on-line checkout of life support systems, autonomous 
navigation systems, energy storage systems, development of short-pulse 
laser te:hnology, on-board consumables management functions, and flame 
resistant Eibrous materials. New effort being initiated will include cyro- 
genic tcxhnology and main and auxiliary propulsion systems applicable to a 
Space Tu,?. 

FY 19?4 funding provides for the continuation of many of the above efforts. 
In addition, new tasks which respond to the challenging technology require- 
ments of a Space Tug will. be initiated. Examples of this work are: develop- 
ment: of criteria for the structural design; demonstration of the effective 
use of c:omposite structures, thin metal structures, advanced meteoroid shields 
and cyrogenic tankage; definition and demonstration of critical fabricatison 
and inspc:ct:ion techniques; and the expansion of the cryogenic technology 
base required to provide the performance, life and operational versatility 
required by a Space Tug. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MANNED SPACE FLIGHT SPACE SKUTTLE PROGFUZ ---- 
SUMMARY OF RESOURCES REQUIREMENTS 

1974 - 1973 - 1972 - 
0rbit:er..  ..................... $15,000,000 $143,500,000 $*377,100,000 
Main engine.. ................ 45,100,000 40,900,000 55,500,000 
S o l i d  rocket. boosters . .  ...... ---  - - -  18,100,000 
Externa l  t:artks.....o......... e -- - - -  24,300,000 
Techno logy a.nd r e  l a  t ed 

Vehic:le axid engine 
deve1oFeier.t.. 26,100,000 15,600,000 - - -  

d e f i n i t i o n  .................. 13,800,000 

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

Total.................... $100,000,000 $200,000,000 $475,000,000 

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

John I'. Kennedy Space 
Cen.t:er.. ............... $300,000 $700,000 $4,100,000 

Itannecl Spacecraf t  Center.  36,100,000 147,300,000 370,000,000 
I la rsha l l  Space F l i g h t  

Cen t:er ................. 59,200,000 48,000,000 97,900,000 
Lewis Re search  Center.  ... 
NASA Headquarters..  ...... 4,250,000 4,000,000 3,000,000 

150,000 - - -  - - -  

TotalE....O.D...O.O...... $100,000,000 $200,000,000 $475,000,000 

HIGHLIGHTS OF BUDGET PLAN 

1972 - 1973 - 
Orb i t e r  - Con t i n u a t  i on  of design,  
developmer.t, t e s t  and engi -  
neer ing  i r .c luding i n i t i a t i o n  of 
s t r u c t u r a l  t es t  a r t i c l e  f a b r i c a -  
t i o n ;  t e s t i n g  of s t r u c t u r a l  compo- 
nen t s ;  t o o l  f a b r i c a t i o n ;  bread-  
board t e s t  ing  and p repa ra t ion  of  
subs] stem s p e c i f i c a t i o n s ;  mockup 
f a b r i c a r i c n ;  s t a r t  of manufacture 
of ground support  equipment; des ign  
gnd develclpment support  e f f o r t  and 

-- 

s h u t t l e  i r t e g r a t i o n . . .  ............ $15,000,000 $143,500,000 

1974 - 

$377,100,000 
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1972 - 1973 - 1974 - 
Main engine- Continuation of 
design anz-tes t activities 
including activation of test 
facilities for component and 
subsystem tests; initiation 
of preburner, turbopump, and 
thrust chamber tests; release 
of engine assembly drawings; 
test engine long lead pro- 
curement; related development 
effort; and propellants to 
support drevelopment testing... $45,100,000 $40,900,000 $55,500,000 

---- Solid rocket boosters (SRB) 
Initiation of SRB design and 
development activities ; design 
and development of thrust 
termination, separation and 
recovery subsystems; start of 
structural and propulsion test 
article fabrication and assembly; 
and modification of propellant 
processing and ground test 
equipment....................., - -- - - -  $18,100,000 

External tanks- External tank 
design and development activities 
leading to preliminary design 
review; tank design including 
subsystems; and activation of 
tank manufacutring tooling and 
equipment..............eoo..... -e- - - -  $24,300,000 

Technologyand related 
development- No FY 1974 - -- funds requested ................ $26,100,000 $15,600,000 

Vehicle andengine definition 
Vehicle and engine definition 
completed in FY 1972........... $13,800,000 - - -  --- 

Total Space Shuttle.......... $100,000,000 $200,000,000 - $47 5,000,000 - 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF' MANNED SPACE FLIGHT ---- 
FLIGHT SCHEDULE 

--- PR OJEC I' MISSION 

Space Shuttle F i r s t  Manned Orbital 
Operational Shuttle 

F l i g h t  

SPACE SHUTTLE PROGRAM 

CALENDAR 
YEAR 

1978 
1979 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT ---- SPACE SHUTTLE PROGW!I __ 

PROGRAM OBJECTIVES AND JUSTIFICATION: ---- 
The Space Shuttle will provide an effective and economical means for the 

United States to utilize and advance its capabilities in space. It will 
provide routine access to space to meet the foreseeable civilian and defense 
needs in the decade of the 1980's and will do so at a reduced cost of space 
operations. This multipurpose space transportation system will open up vast 
new opportunities to utilize the benefits of space for practical applicaticlns 
on earth iand for expanding the frontiers of science. 

The major components of the Space Shuttle system are the orhiter, the main 
engines, :x i  external hydrogen and oxygen tank, and the twin solid rocket 
boosters. 

The orbiter will be boosted into space by the simultaneous operation of 
two solid propellant booster rockets and three high pressure liquid oxygen/ 
liquid hydrogen main engines. 
at an altitude of about 40 kilometers (25 miles) and descending into the 
ocean by parachute for recovery and refurbishment. 
three main engines and the hydrogen/oxygen propellant tank will continue into 
low earth orbit. 
to a predetermined remote ocean site. 

The booster rockets will be reusable, detaching 

The orbiter, with its 

The external tank, which is expendable, will then be deorbited 

The orbit:er will look like a delta winged airplane. It will have a large 
cargo compartment with doors on top which can be opened in orbit to permit 
deployment or recovery of large spacecraft. The cargo-carrying capability 
of the orbiter will lessen weight and volume design constraints which have 
made payloa.ds very difficult and costly to build. In many cases, it will be 
possible to use relatively inexpensive standard laboratory equipment in place 
of specially constructed, highly miniaturized components which are expensive 
to develop and test. 

The orbiter will normally carry a crew of four - the pilot, a co-pilot, a 
systems monitor, and a payload specialist who will check out the satellite 
payloads an3 deploy them in space. 
persons, in:liiding the crew, who will travel in shirt-sleeve ccimfort without: 
space suits. 
launch and landing comparable to today's commercial passenger aircraft which 
are designc.3 €or 2 l / 2  G forces. 

The Shuttle can accommodate up to ten 

Passengers will be subjected to no more than 3G forces during 

App 1 ica t ion s 

The :Shuttle will carry into space virtually all of the nation's civilian 
and military payloads. These include space research and operational payloads 
for private industry, universities, research organizations, the United States 
Government, and national and international organizations. 
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The Space Shuttle flight crew will be able to check out satellites in space, 
make adjustments, and calibrate instrumentation to insure successful operations. 
If necessary, satellites can be retrieved and returned to earth for extensive 
repair and refurbishment. The Shuttle will also make it possible to repair 
a malfunctioning satellite while in orbit. Additionally, the Shuttle can 
be used as a research laboratory to test prototype instrumentation and sub- 
systems in the space environment and then return them to earth for analysis. 

The Shutth will make ground-based space rescue possible wit:h its quick 
response capability and operational flexibility. In some instances, the 
Shuttle may eliminate the need for space rescue by the timely delivery of 
replacement components and equipment. 

To augmeiit the Shuttle's capability and to provide for extended space 
exp1oratioiis:, the development of a Sortie Laboratory is under study. The 
Sortie Lab w i l l  serve as a laboratory for scientists and engineers, making 
it possible for them to accompany their experiments into space for the first 
time and t:o c:onduct research in a "shirt-sleeve" environment. 

Preliminary studies have also been undertaken for a reusable propulsive 
vehicle that would be transported to earth orbit in the Shuttle cargo bay. 
The vehicle, a "Space Tug", could be used to transfer shuttle payloads into1 
higher altitude or synchronous earth orbits, or place payloads on a tra- 
jectory to the planets. After delivery of a payload to higher orbit, the 
tug would xeturn to the Shuttle orbiter and be flown back to earth in the 
Shuttle cargo bay for refueling and reuse. 

Launch and Landing Sites 

The ini.tia1 launch and recovery site will be located at the Kennedy Space 
Center. It will be used for research and development launches and for all 
due east and medium inclination operational launches. 

A second operational site for high inclination and polar missions will be 
located at Vandenberg Air Force Base in California; this base i.s expected to 
be activated in the 1980's. 

BASIS OF FlJND REQUIREMENTS: --- 
Orbiter 

1974 - 1973 - 1972 - 
0rbit:er.. ,,. . . . . . . . . . . . o .  . $15,000,000 $143,500,000 S377,100,000 

Tot:al...........o....o.... $15,000,000 $143,500,000 $377,100,000 
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The orbiter will be a delta-winged airplane-like vehicle capable of landing 
on conventional runways. 
18 meters (60 feet) in length and 4.5 meters (15 feet) in diaieter, and will 
be able to place 29,500 kilograms (65,000 pounds) in a 185 kilometer (100 
nautical mile) due east orbit. 

It will have a cargo compartment measuring about 

The prime contractor, North American Rockwell Corporation, will be respon- 
sible for deaign, development, and production of the orbiter vehicle and wi.11 
support the NASA integration effort involving all elements of the Space Shuttle 
system. Tie external tanks, solid rocket boosters, and air breathing engines 
will be pi:ocured when Space Shuttle systems engineering by the orbiter con- 
tractor ha,; progressed sufficiently to enable NASA to solicit competitive 
proposals for  these system elements. 

Orbiter subsystem contractors are the responsibility of the orbiter prime 
contractor:, ::US ject to approval by NASA. Some subcontracts awarded to date 
include: fmerican Airlines, Tulsa, Oklahoma, for ground maintenance and 
operat:ions support; Grumman Aircraft Engineering Company, Bethpage, Long 
Island, N e w  E’ork, and McDonnell Douglas Company, St. Louis, Missouri, for 
engineering support at the North American Rockwell facility at I)owney, Califor- 
nia; PUT, (:ambridge, ?%ssachusetts, for guidance and navigatioi analysis; 
and Internletrics, Inc., Bost.on, Hassachusetts, for guidance and navigation 
s y  s t enis software developmell t 

Uther orbiter subsystems planned for subcontracting include: the vertical 
stabilizer; wi-ng; mid-fuselage; orbital maneuvering pod and engineJreusable 
carbon-carbon high temperature surface insulation; reusable silica-based 
surface insulation; manual flight control system; data processing and 
software; guidance and navigation systems hardware; environmental control 
system; space radiator; fuel cell power plant; nacelle and pylon for air 
breathing e.ngi.nes; reaction control module tank and engines; cryogenic 
storage sys8t.erri; and the auxiliary power unit. 

FY 1973 funding provides for initial orbiter vehicle design, development, 
test, and engineering activities. Major orbiter vehicle efforts in FY 1973 
include: the completion of fact finding and negotiation and the award of the 
definitive contract for Increment I of orbiter development and system inte- 
gration which includes completion of technical trade studies and the establish- 
ment of a baseline configuration; establishment of program requirements (plans, 
schedules, funding, manpower, facilities); preparation of systems specifications 
for government furnished equipment (solid rocket booster, external tank, air 
breathing engines); initiation of preliminary design, including structural. 
diagrams and substructure layouts, materials selection, cost optimization of 
fabrication; definition of thermal protection system interface requirements 
and initiatbn of procurement of reusable surface insulation materials; 
definition D f  subcontractor responsibilities; preparation of specifications 
for the avionizs system configuration; completion of basic wind tunnel tests 
to suppDrt the systems requirements review; testing of structural components; 
initiation of interaction tests and completion of forward fuselage model tests. 
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FY 1974 funding will provide for the continuation of design, development,, 
test, and engineering activities. Specific tasks will include: initiation 
of orbiter scructural test article fabrication and related testing of 
structural components; release of hardware specifications; procurement of 
structural- members; initiation of tool fabrication; start of fabrication of 
the forward and aft fuselage, crew module, and aeroflight controls; develop- 
ment t:estj.ng of docking mechanisms, including tooling and fabrication of 
development t:est hardware; completion of subsystem design, certification, and 
test requi.i:enients for the orbit maneuver system; start of design and fabri- 
cation of tociling for the interface connecting hardware with the main pro- 
pulsion system; procurement of  test components, initiation of breadboard 
testing and preparation of specifications for operational subsystems including 
electrical power (fuel cells), guidance and navigation, communication and 
tracking, displays and controls, operational instrumentation, and auxiliary 
propulsion units; start of fabrication of mockups to evaluate crew provisions 
and cabin arrangement; fabrication of  development test hardware for the ex- 
ternal tank separation system; initiation of ground support equipment manu- 
facture; completion of hardware modification definition for acceptance checlc- 
out equipment at Palmdale, California; definition of the integrated ground 
test plan for the orbiter and Shuttle system; and orbiter and Shuttle vehicle 
models wind tunnel testing. 

There is a1,so a broad range of NASA effort which is necessary to supplement 
the activities of major design and development contractors. This includes 
associated development tasks, concept verification, technology and operational 
studies, s:iinu:lation requirements, and other program analyses to be performed 
by NASA or by study contractors. This support also involves in-house testing, 
evaluation imd analysis, related engineering and services support and contraxt 
adminic;trat::ion services furnished by DOD. 

I 

FY 1974 funding is also required to provide subscale and full scale sub- 
system test: articles and mock-ups for design evaluation, wind t.unne1 testing, 
simu1at:io n and. operations planning activities; to provide equipment, components 
and mat:eria.l.s for in-house test, evaluation and analysis; and to provide for 
other equipn1en.t such as: Shuttle training aircraft, horizontal flight test 
simulator, Shuttle procedures simulator, and KSC control data facility equip- 
ment. 
propellants for test, checkout, and transportation. 

Funding is also required for logistics support including costs of fuel-s and 

Orbiter development tasks are directed toward selective engineering investi- 
gations of critical subsystems or component hardware which have been demon- 
strated to be feasible in previous technology tasks. These tasks also provide 
the Shuttle Program Office and the NASA technical staff with an independent 
capability to critically evaluate and augment contractor system and subsystem 
developments. These support activities are always keyed to appropriate 
milestones i i  iihe development programs for the orbiter, solid rock boosters 
and external tanks. These activities include the testing of systems, subsyst:ems, 
components, ,md materials to verify design and functional utility prior to 
program decisions. 
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FY 1974 development effort also includes: avionics tasks which will be 
concerned with aeroflight control, guidance and navigation, crew displays 
and controls, instrumentation, communications, checkout, improvements in fi-ie - 
cells, cryogenic storage, and related power systems; thermal protection system 
(TPS) tasks which will provide improved materials for reusable nonmetallic 
surface insulation, reinforced pyrolyzed plastics, and lightweight ablators. 
These TPS tasks are concerned with screening candidate materizls, developing 
processes 2nd characterization of the resulting insulation elements in 
simul2ted re-entry conditions; recovery system study tasks which examine a1 - 
ternate co 1cc2pt:s for deceleration, flotation, retrieval and refurbishment 
techniques ard devices leading to the selection of a final systc:m. Included 
are studies of the effect olf salt water corrosion on the booster case and 
studies tc ebaluate preferred systems for booster deceleration, flotation, 
retrieval End refurbishment techniques and devices; and external tank systern 
tasks whicb are concerned with developing techniques for producing inexpe!ns~-ve, 
lightweight tanks. In addition, NASA is reviewing the need t o  perfom React:ion 
Control System (RCS) developmental support testing. A Manned Spacecraft Cerlter 
test area is being considered for utilization and a minimum of facility modi- 
fications sre anticipated. 
parameters are to be determined to allow NASA to accurately specify the mis:;ion 
characteristics and to fully understand the RCS design requirements. 

Off-limit operating values and other critical 

Main Engine 

1972 

Spacle shuttle main engine.. $45,100,000 

Total.,..,............... $45,100,000 

1973 1974 

$40,900,000 -$55,500,0@ 

$40,900,000 $55,500,000 

The Space Shuttle orbiter vehicle will use three high chamber pressure 
engine:;, de,;igned to operate at a vacuum thrust level of 2,090,560 newtons 
(470,000 pounds) each. 
(LOX/LI-I2) propellants, will provide thrust to the orbiter from lift-off through 
earth orbit:;al insertion. The present development plan provides for delivery 
of the firs]: engines for certification testing in CY 1976 and a .€light readiness 
review prior t:o the first manned orbital flight (FMOF) at the end of CY 1'378. 

These engines, which use liquid oxygen/liquid hydrogen 

The engines have been designed to use a staged combustion cycle in which 

The exhaust from the preburners is supplemented by 
propell ants entering the engine are raised to high pressure by turbopumps 
powered by preburners. 
the fuel used for cooling the engine and by an additional oxidizer and this 
mixture is then burned in the main combustion chamber. Mixture ratio control 
and throttling capability are provided. 

The contra.ct was awarded to Rocketdyne with authority to proceed being issued 
on April 5 ,  1972. 
1972. This contract provides for the delivery of three propulsion tests and 
24 flight configured engines. 
used during the 

A definitive contract was negotiated and signed on August 11, 

Seven of the flight configured engines will be 
DT&E phase of the orbiter contract. 
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FY 1973 effcirt is being devoted primarily to engine design and the start of 
major subsystems tests. The overall engine preliminary design review (PDF.) 
was held in September 1972. Specific FY 1973 tasks include: release of 
component and subsystem design drawings for major test items; preparation of 
design drawings for fabrication of hydraulic servoactuator mechanisms; lab- 
oratory and bench tests involving the preburner oxidizer system, oxidizer 
turbomachinery, thrust chamber, hot gas manifold, heat exchanger, and inter- 
connect devices; and the start of fabrication of components and subsystems for 
test programs, including the ignition system, preburners, injection system, 
nozzle assembly, combustion chamber and nozzle assembly, oxidizer turbopump, 
fuel turbopump, and controller assembly. Two major subcontracts were awarded 
in FY 1973 by Rocketdyne to Minneapolis-Honeywell, Inc., for the controller 
and to Hydraulic Research for the hydraulic actuators and filter assembly. 
FY 1973 funding is also required for rehabilitation and modification of the 
Santa Susana and Canoga Park test facilities in the Los Angeles, California, 
area. 

FY 1974 fu:nding will provide for the continuation of design and test activities 
now underway and the initiation of others including: the activation of Salnta 
Susana and Canoga Park test facilities for component and subsystem tests; 
instal1at:ilm and checkout of component and subsystem test equipment; assembly 
and delivery of components and subsystems to test facilities including the 
LOX/LI-12 turbines, inducers, ignition system, LH2 bearings, prcburner assembly, 
combustion chamber and nozzle assembly, fuel turbopump, and the controller 
assembly; ignition system tests; initiation of preburner, turbopump, and thrust 
chamber sulisystems testing; release of engine assembly drawings; procurement 
of long-lead hardware for deliverable test engines; start of fabrication of 
the engine controller subsystem and hydraulic servoactuator mechanism; start 
of fabrication of the engine test units for the first hot firing in early 
CY 1975; d!esi.gn and procurement of servoactuators to support engine contrac:tor 
testing at. the Mississippi Test Facility; and the construction and operation 
of the engine: avionics breadboard. The first test engine will be delivered 
to the Mississippi Test Facility in preparation for the first 'engine test 
firing; in 1975. 
support development and component testing. NASA development tasks are pri- 
marily concerned with instrumentation, increased high chamber ;pressure, study 
of thermal properties of cryogenic propellants under very high pressure, and 
monopropellant and biopropellant reaction control system engine studies. These 
tasks will be directed toward extending engine life and reusability. 

Additionally, FY 1974 funding provides for propellants to 

Solid Rocket Boosters 

Solid rocket boosters.. . . . 
Total................... 

1972 - 1974 - 1973 

- --- $18,100,000 I 

--- $18,100 , 000 - - 
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The boo.;ter elements of t h e  v e h i c l e  system w i l l  c o n s i s t  of two r e u s a b l e  
s o l i d  roc1cet:s a t t ached  t o  t h e  e x t e r n a l  p r o p e l l a n t  tank. The s o l i d  rocke t  
boos t e r s  [SE:B) burning i n  p a r a l l e l  w i t h  t h e  o r b i t e r ' s  main engines,  w i l l  
provide t h e  impulse necessary  t o  t h r u s t  t h e  o r b i t e r  from l i f t - o f f  t o  boost:er 
s tag ing .  A t:h.rust t e rmina t ion  c a p a b i l i t y  w i l l  be  provided as ti s a f e t y  .Eac:tor 
i n  case  of zbor t .  The SRE'S w i l l  be  designed f o r  water recovery,  r e f u r b i s h -  
ment and reu.se. 
f i r s t  SRB's f o r  q u a l i f i c a t i o n  t e s t i n g  i n  1976, and d e l i v e r y  oE i n i t i a l  f l i g h t  
hardware i n  1978. 

The p resen t  development p l a n  provides  f o r  deli.very of the  

FY 1973 funding provides  f o r  p r e - c o n t r a c t  award activit ies.  This allows 
e f f o r t  t o  determine p re l imina ry  des ign  concepts  and system s p e c i f i c a t i o n  d a t a  
l ead ing  tcr a procurement: s p e c i f i c a t i o n .  
ment o f  long- lead  i t e m s  (case  m a t e r i a l s )  w i l l  b e  s t a r t e d  on t i m e .  

This w i l l  i n s u r e  t h a t  t h e  procure-  

During FY 1974 t h e  SRE, c o n t r a c t o r  w i l l  be  s e l e c t e d .  FY 197L- funding w i l l .  
provide f o r  i n i t i a t i o n  of des ign  and development of t h e  SRB a r d  f o r  completion 
of t h e  pre l iminary  des ign  review. Design and development of t h e  major SRB 
subsystem:; such as t h r u s t  t e rmina t ion ,  s e p a r a t i o n  and recovery ,are a l s o  in.- 
cluded. 17.S 1974 funding wi.11 a l s o  provide f o r  t h e  s t a r t  of f a b r i c a t i o n  and 
assemhly o E  t he  s t r u c t u r a l  and propuls ion  test  a r t i c l e s ;  and mod i f i ca t ion  of 
prope -1ant: pi-ocessing and ground test  equipment. 

Externa l  Tanks 

1972 1973 1974 

Externa l  tanks. .  ........ --- - - -  $24,300,000 

Total............... .. $24.300.000 

The e x t e r n a l  tank  s u p p l i e s  hydrogen and oxygen p r o p e l l a n t s  f o r  t h e  o r b i t e r  
main engines  from l i f t - o f f  t o  e a r t h  o r b i t  i n s e r t i o n .  A f t e r  tei-mination of 
main engine f i r i n g ,  t h e  expendable tank i s  sepa ra t ed  from t h e  o r b i t e r  v e h i c l e  
and r e - e n t e r s  t h e  e a r t h ' s  atmosphere i n  a predetermined, remote loca t ion .  
Major tank  su5systems inc lude  t h e  p r e s s u r i z a t i o n ,  feed ,  s epa ra t ion ,  and r e t r o -  
rocke t  r e e n t r y  systems, a s s o c i a t e d  e l e c t r o n i c  c o n t r o l s  and mounting bracket.:; 
f o r  t h ?  o r b i t e r  and SRB. The p re sen t  development p l an  provide: f o r  
of t h e  ini: iaL tes t  a r t i c l e s  i n  l a t e  1975 and d e l i v e r y  of t h e  f i r s t  f l i g h t  
configured tank i n  1977. 

During FY 1!)74 t h e  tank c o n t r a c t o r  w i l l  be s e l e c t e d .  FY 1974 funding w i l l .  
b e  r equ i r ed  f o r  des ign  and development of t h e  tank, l ead ing  t o  a pre l iminary  
des ign  review l a t e  i n  FY 1974. The des ign  of t h e  e x t e r n a l  tank and tank  
subsystrems l a i l l  p rogress  t o  t h e  p o i n t  where i t  w i l l  be p o s s i b l e  t o  begin  
f a b r i c a t i o n  of' t h e  s t r u c t u r a l  and propuls ion  tes t  a r t i c l e s  i n  t h e  f i r s t  q u a r t e r  
of FY 1975. E'k' 1974 funding a l s o  provides  f o r  a c t i v a t i o n  of tank  manufacturing, 
t o o l i n g  and equipment. 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSIONS PROGR@ ---- 
SUMMARY OF RESOURCES REQUIREMENTS 

1974 - 1972 1973 

Adv.anced mission s tud ie s . .  .......... $1,500,000 $1,500,000 $1,500,000 

Tl3tal . . . . .  ........................ $1.500.000 $1.500.00.Q - $1.500,0oQ - 

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

John IF. Kennedy Space Center.  ..... $150,000 - -. - $200 , 000 

Marsha11 Space F l i g h t  Center. .  .... 1,150,000 $1,500,000 300,000 ................. --- -- - 200,oog NASA Headquarters - 

Nsnnetl Spacecraf t  Center.  ......... 200 , 000 - - -  800 , 000 

Tota l .  .......................... $1.500.000 $1.500.00Q S1.500.OC)o - _- 

HIGHLIGHTS OF BUDGET PLAN 

Advanced missions ---- 
Advanced missions s t u d i e s  o f :  

programs whi(:h can b e  accomplished us ing  
t h e  space izransportat ion system; S h u t t l e  
perfoimanc:e up ra t ing  and o p e r a t i o n a l  
c o s t  reduc:t:ion; s a f e t y  gu ide l ines  f o r  
manned space systems; and development 
of c o s t  arui lysis  techniques ........... $1.500.000 $1.500.000_ $1.500,000 - -_ 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

---- OFFICE O;? MANNED SPACE FLIGHT ADVANCED MISSIONS PROCXAM 

PROGRAM OBJECTIVES AND JUSTIFICATION - : ---- 
The objec,.t.ives o f  t h e  A-dvanced Missions program are :  (I) t:o p e r f o m  

analyses  o f  p o s s i b l e  new manned space f l i g h t  missions and sy:;t:ems; (2)  
t o  c.0ndu.c.t those  s t u d i e s  necessary t o  support  near- term and hr-term 
i n t e g r a t e d  program planning;  and (3) t o  assess f u t u r e  programs and 
requ.irements f o r  t h e  purpose of  e s t a b l i s h i n g  t h e  requirements  f o r  tech-  
nologica l  advances needed f o r  t h e  conduct of  t h e  f u t u r e  missions.  

---- BASIS OF FUND REQUIREMENTS : 

-- Advanced M i s s  i o n  S tudies  

1972 - 1973 -- 1974 - 
Advancd mission s t u d i e s  . . . . . . . . . . . . $1,500,000 $1,500 , 000 $1 , 500,000, 

To ta:! . . #, ". . . . . . . , . . . ., . . . . . . . . . . . $1.500.000 ~ 1 . 5 0 0 . 0 0 0  $1,500.000 -- _- 

The futriire course o f  thi.s n a t i o n ' s  manned space  f l i g h t  program i.s n o t  
on ly  cont::lngent on t h e  development of new program concepts and requirements 
f o r  f u t u r e  space systems, b u t  a l s o  on t h e  s a f e  and c o s t  e f f e c t i v e  u t i l i z a t i o n  
o f  space system hardware al-ready a v a i l a b l e  or  i n  t h e  development cyc le .  A d -  
vanced mi.ssi.on a c t i v i t i e s  a . r e  dedica ted  t o  t h i s  end and involve  t h e  c o n t i n u a l  
in-house rev'i.ew and s tudy a f  c u r r e n t  and proposed manned space f l i g h t  programs. 
These, e f f o r t s  a r e  d i r e c t l y  supported by i n d u s t r y  through t h e  performance of 
conceptual des ign  s t u d i e s  and system ana lyses .  Technical  d a t a  r e s u l t i n g  
f rom c o n t r a c t o r  e f f o r t s  coupled wi th  in-house s tudy r e s u l t s  provides  t h e  
base  f o r  a s s e s s i n g ,  d i r e c t i n g ,  and a s s u r i n g  t h e  e x i s t e n c e  o f  ii v i a b l e  
manned space f l i g h t  progra-m. 

FY 1973 funding i s  being used t o  cont inue  s t u d i e s  o f  t h e  Space Tug element 
of t h e  Space Transpor ta t ion  System and Tug a p p l i c a t i o n s .  A l t e r n a t i v e  upper 
s t a g e  concepts  a r e  being assessed  a g a i n s t  t ime-re la ted  missior  requirements 
and progr,3mniitic c o n s t r a i n t s .  
i n t e r i m  Tu? system s t u d i e s  dominate t h e  FY 1973 program. 

Cryogenic and e a r t h  s t o r a b l e  p r o p e l l a n t  

FY 'L974 Euriding w i l l  p rovide  f o r  advanced mission s t u d i e s  in  t h e  fol lowing 
areas : 
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Programsand Systems f o r  t h e  1980's - Based on t h e  mode of space 
t r a n s p o r t a t i o n  envisioned f o r  t h e  1 9 8 0 ' s ,  s t u d i e s  w i l l  be  conducted t o  
examine new programs which can be  implemented u t i l i z i n g  t h e  space t r a n s -  
p o r t a t i o n  sys tem,  These s t u d i e s  w i l l  b e  supported by i n v e s t i g a t i o n  of 
t he  Iz'easT1)il-ity of  S h u t t l e  performance up ra t ing  and o p e r a t i o n a l  c o s t  re- 
duc t  Lon. 

- Safety a- Proposed manned systems w i l l  b e  s tud ied  t o  provide  gu ide l ines  
i n  t h e  pl.anr;.ing f o r  s a f e t y  provis ion  i n  those  systems, 

---- Cost/Per.formance S tudies  - Cost performance s t u d i e s  w i l l  be  continued t o  
imprcwe t f e  agency 's  a b i l i t y  t o  estimate t h e  c o s t  of new programs. 
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RESEARCH AND DEVELOPMENT 

FLSCAL YEAR 1974 ESTIMATES 

BUDGET SLJMMARY 

OFFICE 01: MfWNED SPACE FLI:(;HT --_- --- 

SLPlMARY OF RESOURCES REQUIREMENTS - 

1973 - 1972 

Spacecraft:... ............ $120,006,000 $50,400,000 

- a/ 
__ a/ 

Sa turn  V . . . . . . . . . . , . . . . . .  157,996,000 26,300,000 
0pera.tiona.. 310,326,000 
Advarced c.evelopment.. 12,872,000 

............. ... - 
Tota l  .................. $601,200,000 $76,700,000 -- -- 

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 :  - -.__--_ 

John F. Kennedy 

Manned S ?acecraf t 

Knrsh.311 Space 

Goddard Ijpac e 

Jet Propulsion 

Arnes Research 

Langl ~ ! y  R e  s ea rch  

Lewis I:es ea rch  

NASA 't!eadquarters. 

Space ",enter- 

Center.  0 0  0 0  . e .  

F l i g i t  Center- 

F l i g h t  Center- 

Laboiratory. 

Cent:t:r. .......... 
CentcZr. . . . . 
Centc!r.. . . . 

$145,600,000 $3,000,000 

233,925,000 44,300,000 

204,205,000 24,300,000 

130,000 - - -  

38,000 - -- 
100,000 - - -  
370,000 - - -  
165 , 000 - - -  

-- 16,667,000 5,100,000 

$601.200,000 $76.700.000 -- 

- HIGHLIGHTS OF BUDGET PLAN 

1974 -- 

The planned o b j e c t i v e s  of t he  Apollo program have been accomplished. 
FY 1974 funding i s  no t  requi red .  

- a/ Funded .md80r Space F l i g h t  Operations. 
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PROGRAM ACCOMPLISHMENTS ---- 

The Apollo misssions came to a safe and successful conclusion with the 
splashdown of Apollo 1 7  on December 19 ,  1972.  The completion of Apollo 
ushers in a new era of unlimited opportunities to multiply the returns from 
space operations and to extend the frontiers of knowledge about our own 
planet and m r  solar system. Apollo represented a giant step forward in 
exploring oJter space and bringing the benefits of space down to earth. The 
capabilities required to reach into outer space created new knowledge and 
skills, inproved techniques and products, and provided unparalleled advances 
in science and technology. The impact of these achievements has already 
been ref Lec Led throughout society--in science, medicine, aviation, computers, 
industry, communications, and management--and will continue t o  spur advances 
in the yems to come. 

The roozs of the Apollo accomplishments go back to the pioneering pre- 
decessor programs, Mercury and Gemini. Mercury, which began in 1958,  demon- 
strated that: man could survive in space. Six successful Mercury flights 
were conclucted in 1960 and 1961.  The Gemini program proved that men and 
equipment: could maneuver, link up in space, and conduct productive activities. 
Ten manned Gemini flights of increasing complexity were conducted during 1965  
and 1.966. The national commitment to accomplish a manned lunar landing and 
return by the end of 1969 was made on May 25, 1961. This goal set in motion 
the most challenging scientific and engineering feat ever attempted by a 
society, and marshalled the skills and talents of over 300,00f3 men and women 
in 20,000 firms and universities across the nation. Despite the magnitude 
of the challenge and the early setbacks, a dedicated Apollo team moved 
steadily toward a common goal. From the first Saturn V flight in November 
1967,  to the first circumlunar mission in December 1968,  and on to the lunar 
landing missions beginning in July 1969,  with Apollo 11, the momentum built: 
up at a rapid rate, 

After Apollo 11, man returned to the moon another five times. Each suc- 
cessive Apollo mission capitalized on the previous flights and improved th'e 
quality of the scientific information acquired. These missions created a 
reservoir of data that scientists will continue to analyze foi- many years 
in the future. It is anticipated that the results of these scientific in- 
vestigations will substantially advance our knowledge and aid in solving the 
mysteries of our solar system. 

Following are some of the significant highlights of the Apollo program: 

Total flights to the Moon 9 
Landings on the lunar surface 6 
Astronauts on the lunar surface 1 2  
Lunar d isti2nce traversed--Rover 90  km (Approx. 55 mi.) 
Lunar sianp Les returned 387 kg (Approx. 851 l h s . )  
Laser reflectors emplaced and in use 3 
Seismome teirs emplaced and functioning 4 
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The scient::ifj.c d a t a  acqui red  by t h e  Apollo program are so abundant and 
v a r i e d  t h a t  t:heir f u l l  va lue  can no t  y e t  be a c c u r a t e l y  assessed  and apprec ia ted .  
It can be s t a t e d  t h a t  man now has  a f i r s t  o r d e r  understanding of  another  
planet:. 
important  new information about t h e  e a r t h  and the  sun. Based on pre l iminary  
a n a l y s i s  of t h e  Apollo 17 d a t a  and t h e  r e s u l t s  of prev ious  miss ions ,  a few 
major s c i e n t i f i c  conclus ions  can be s t a t e d :  

Not on ly  do w e  know much more about t h e  moon, b u t  we have gained 

1. The moon i s  a complex heterogeneous body t h a t  has  been p i l r t l y  o r  wholly 
m e l t e d  t o  f'orm d i f f e r e n t  minera l  l aye r s .  

2. The highlands of t h e  moon are made up of  rocks  composed :Largely of  t h e  
mineral  a n o r t h i t e .  These calcium-aluminum r i c h  rocks  c o n t r a s t  chemical ly  wLth 
t h e  mare bas in  b a s a l t s .  

3. Very o l d  rock material, r ep resen t ing  p i eces  of  t h e  luna r  c r u s t  formed 
very  soon a f t e r  t h e  formation of t h e  moon, i s  evidenced i n  several samples. 

4. The ages of  s o i l  samples from a l l  Apollo and Luna missions are c l u s t e r e d  
i n  t h e  range (of 4.2 t o  4.7 b i l l i o n  years .  However, t h e  Apollo 16 crew ob- 
t a ined  rock samples which were i n  t h e  3.9 b i l l i o n  year  age bracke t .  

5. An A]?olLo 16 s o i l  sample taken from t h e  bottom of a t rench ,  where i t  
w a s  protectzed,, appears  t o  con ta in  a r e l a t i v e l y  h igh  abundance of t h e  materials, 
water, methane, and hydrogen cyanide9thought t o  be t h e  remains of i n t e r a c t i o n  
of t h e  moon wfth a comet. 

6. Seismic v e l o c i t i e s  a t  t h e  Descartes landing  s i t e  are c h a r a c t e r i s t i c  
of b r e c c i a  t e r r a i n  and support  t h e  conten t ion  t h a t  t h e r e  are no layered  
volcani-c rocks near  t h e  s u r f a c e  a t  t h i s  site. 

7. We can now say wi th  h igh  confidence t h a t  i n t e r n a l  moonquakes a r i s e  
from g r e a t  depth,  800-1,000 km (500-620 m i l e s ) ,  i n d i c a t i v e  of a r e l a t i v e l y  
cool  i n t e r i o r  a t  t h a t  depth.  

8. Prel iminary a n a l y s i s  of an impact event  which occurred on August 28, 
1972,  on the:  l una r  f a r s i d e ,  and which s e n t  seismic waves through t h e  moon, 
shows evidence of t h e  p o s s i b l e  presence of molten rock i n  t h e  deep i n t e r i o r  
of t h e  moor!-.approximately 1,000 km (620 m i l e s )  - poss ib ly  i n  a s s o c i a t i o n  w i t h  
a small l una r  core.  

9. During t i m e s  of s o l a r  f l a r e  a c t i v i t y ,  t h e r e  i s  an increased  abundance 
of  s o l a r  i r o n  and o t h e r  heavy elements leav ing  t h e  sun a t  low ene rg ie s  re- 
la t ive  t o  t h e  l i g h t  elements such as hydrogen and helium. 

10. The  western maria are unusual ly  h igh  i n  nea r  s u r f a c e  r a d i o a c t i v i t y .  
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11. Measurement of the potassium-to-uranium ratio indicated that the ent:ire 
lunar surface appears to be characterized by a value',ranging from 2,500 tol 5,000 
clearly distinct from a terrestrial value of about 10,OOOo This supports the 
argument 1-hat the moon did not separate from the Earth. 

12. An :inc:rease in the amount of polonium (a product of the radioactive 
decay of radon) over the Sea of Fertility, as detected by the Apollo 16 
particle spectrometer, may indicate very recent volcanic gas venting in that 
region. 

13. Ana1.ys:is of the laser altimetry profiles from Apollo 16 confirms the 
earlier observation of the offset oi i c e  iililar center of mass (about 2 km, 
1.2 miles, towards the earth and about 1 km eastward), and g i v e s  the mean 
lunar radius as 1,737.8 km (about 1,080 miles). 

14. The role of meteorite impacts in creating ancient lunar landforms has 
been underestimated. In addition, we now have the first, and largely unex- 
pected, evidence that impact processes are capable of creating surfaces with 
many of the same characteristics as those created by volcanic processes. 

15. The indigenous lunar fossil magnetism is lunar-wide, but it is not 
represented by a simple dipole field as in earth's magnetism. The lunar 
magnetic field is contained in crustal rocks that have been subsequently 
broken and reoriented. 

16. The lunar surface was used as an astronomical observatory on Apollo 
16 for an instrument called a far ultraviolet camera/spectrometer. 
show ,a huge mount of dissociated oxygen in the outer portions of the earth's 
atmosphere that may represent an important source of the atmosphere's free 
oxygen. 

The data 

The voyage of Apollo 17 was indeed a fitting culmination to the beginning; 
of mankind's exploration of space. Apollo leaves a lasting legacy of 
commitment, competence and challenge as testimony to the creative capacity 
of this nai'ion. Consistent: with the national commitment made in 1961, the 
Apollo program succeeded in creating a broad-based capability in the skills, 
facilities:, and equipment necessary to conduct operations in space, to expa.nd 
the frontiers of science and technology, and to use the benefits of space fcor 
a1 1 mankind. 
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Programs - 

KATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE PROGRAMS 

(Thousands of Dollars) FY 19'73 
Fund :j 

Applied FY 1974 
to Budget 

Budget Plan FY 19'74 Authority 
FY 1972 FY 1973 FY 1974 Program Requested 
- 
-- 

Physics and astronomy. 110,100 126,200 95,000 
Lunar and Fslanetary 

Launch vehicle procure- 
exploration. ........ 291,500 331,969 312,000 

ment................ 151,300 221,000 177,000 

Total............... 552,900 679,169 584,000 

30 , 400 64,600 

.I-- 312,000 

600 176,400 

31,000 553,000 

-- 

-- -- 

ss 1 

491-314 0 - 7 3  - f 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAPI --- 
SuMMclRY OF RESOURCES REQUIREMENTS 

1972 1973 1974 

Large obser7rat:ories.. ............ $45,400,000 $47,815,000 $18 ,100yO~)0  
O S 0  ............................. (18 ,600,000)  (20 ,300,000)  (10,000,000) 
OAO.,  .......................... (13 ,400,000)  (5 ,700,000)  (3 ,100,000)  
HEAO ............................ (13 ,400,000)  (21 ,815,000)  (5 ,000,000)  

Orbi tirig exp lo re r s .  .............. 22,600,000 33,151,000 33,100,000 
Sub-orbital .  programs.. ........... 21,690,000 25,100,000 25 , 000 , 000 
Support: ing iic t: i v i  t i e  s ............ 1 8  , 800,000 20 , 410 , 000 20,134,000 

T o t a l . .  ...................... $110.100.000 $126.200.000 $95,000,000 

FY 1973 funds app l i ed  t o  FY 1974 program ................ -30,4OO,OC!Q 

.......................... $64,60O.OC,O Budget: a u t h o r i t y  reques ted . .  _- 

---- Distribut:j.on of Program Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Center . . . . .  
Marshall  Space F l i g h t  Center .  
Goddard Space F l i g h t  Center . .  
Je t  Propuls ion  Labora tory . .  .. 
Wallops S t a t i o n . . . . .  ......... 
Ames Research Center . . . . . . . . .  
Langley Research Center . . . . . .  
NASA Headquarters ............ 

$626 , 000 
14,438,000 
67,266,000 

490 , 000 
2 , 620,000 
5 , 005 , 000 
1 , 575 , 000 

18,080,000 

$130,000 
23,330,000 
68,106,000 

677 , 000 
2 , 670,000 
6 , 895 , 000 
4 , 555 , 000 

19 , 837,000 

Tota l . . .  ................... $110,100,000 $126,200,000 

HIGHLIGHTS OF BUDGET PLAN 

Large Observa tor ies  
Orb it i n g z o l  ar Observa tor ies  

Spacecraf t  des ign ,  develop- 
ment, and t e s t i n g ;  OSO-I  

Experiment development f o r  
O S O - I ,  d a t a  a n a l y s i s  f o r  
OSO-7 and p r i o r  miss ions ,  
and f u t u r e  missions ........ 6 , 450,000 4,978,000 

@.so> 

t o  be launched i n  1974 ..... $12,150,000 $15,322,000 

$125 , 000 
8 , 7 85 , 000 

55 , 535 , 000 
660,000 

2 , 640 , 000 
6 , 730,000 
2,783,000 

17,742 , OO!? 

$95,000.000 - 

$6 , 800 , 000 

3,200,000 
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1972 1973 1974 - 
Del t:a (Launch Vehicle 

Procurc:me.n t ) .............. 
Tota.]., os0 .............. 

Orb i t ing  Astronomical 
Observa tor ies  (OAO) 
Spacec ra f t  t e s t i n g  and 
---- 

support: f o r  launch of  

Experiment E inc luding  d a t a  
a n a l y s i s ,  o r b i t a l  
operat.j.orls, and Gues t 
Obserxrer Program. ......... 
Vehicle Procurement). ..... 

OAO-Cy 8/21/72,. .......... 

A t  1 as / Centaur (Launch 

Total., OAO.. ............ 
High E:nerp;y Astronomy 

Ob s erva t:or i.e s (HEAO ) 
Spac:ecraft des ign  and 

deve 1 opmen t of HEAO A 
and B fo r  launch i n  
1976 and 1977.. ........... 

Experiment des ign  and 
deve1cq)ment f o r  missions 
A and I) and p r e d e f i n i t i o n  
st:udiec; flor Mission C .  
The HE&O series w i l l  
s tudy the  un ive r se  i n  
t h e  h igh  energy range of 
t tie e 1. C:C t:r omagne t i c  
spec t I' urn. ................ 
prograri. ................. 

---- 

Redefini.tion of HEAO 

Total., HEAO ............ 
Total., Large 

Observa tor ies .  ..... 

(---)  ($1,100,000) ($3,00O,OOC!) 

$18,600,000 $20,300,000 $10,000, OOCl 

8,697,000 2,069,000 

4,703,000 3,631,000 3,100,OOCl 

(2,200,000) (100,000) ( - - - )  

$13,400,000 $5,700,000 $3,1OO,OOC! 

2,900,000 8,500,000 

10,500,000 10,315,000 __- .  

---  3,000 , 000 5,000,000 

$13,400,000 $21,815,000 _S5,000,00C! 

$45,400,00 0 $47,815,000 $18,100.00(! 
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1972 - 1973 - 1974 

Orb i t ing  Explorers  
Atmospheric Boundary Ex- 
p l o r e r s  
Three missions i n  t h e  

Atmosphere Explorer  (AE) 
series schedule  f o r  launch 
i n  1973 and 1975 . . . . .  ..... 

................. (2 , 800 000) curement) (800 , 000) (5 ,000,000)  

$8  , 350 , 000 $16 , 000 , 000 $13 000 , 000 
Delta (Launch Vehic le  Pro- 

I n t e r p l a n e t a r y  and Mag- 
ne tosphe r i c  Boundary 
Exp 1 o r  egg 
I n t e r p l a n e t a r y  Monitoring 

P la t form (IMP) series ; 
inc ludes  IMP-H launched 
i n  1972 and IMP-J develop- 
ment; a l s o  inc ludes  an 
i n t e r n a t i o n a l  coopera t ive  
e f f o r  t w i  t h  ESRO- -Magneto- 
sphe r i c  Mo ther/Daughter 
mission and H e l i o c e n t r i c  
near-<ear th  i n t e r p l a n e t a r y  
probe; a n a l y s i s  of d a t a  
from p r i o r  missions and 
advanced s t u d i e s  of 
p o t e n t i a l  f u t u r e  miss ions . .  

Delta (-Launch Vehic le  
P r ocu r emen t ) ............... 

Magnet ospker ic  Explorers  
Dual A i r  Density and Hawkeye 

missions , a coopera t ive  
mission wi th  West Germany 
(AEROS - launched i n  Dec . 7 2 )  
and ana1:ysis of d a t a  from 
o t h e r  .ni  s s ions  p rev ious ly  
1 aunclied ................... 

Scout (lL auiich Veh i c  l e  
P.rocujr ement) ............... 

5 , 310,000 2,800,000 2 500 , 000 
( - - - I  ( - - -> (--- '  I) 

2,581 , 000 5 , 061 000 3 , 950 , 000 

(400,000)  (2 ,400,000)  (500 , 000) 

Astronomy-Ed Astrophysics  
Exp 1 o r  e:? 
Small Astronomy S a t e l l i t e  

(SAS) and Radio Astronomy 
E:~ploirer (RAE) series; 
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1972 - 
a l s o  inc ludes  i n t e r n a t i o n a l  
coopera t ive  m i s s  i ons  w i  t:h 
the Net:her.I.ands ( A N S ) ,  
Uni-ted Kingdom (UK-5) ,  arid 
ESRO (1:lJE). Analysis  of 
d a t a  from o the r  missions 
1aunchcA p r i o r  t o  FY 1973 
and f o r  advanced s t u d i e s  
of potent:-al f u t u r e  
mission,;.  ................... $6,359,000 

ment) ........................ (1 ,300 ,000)  

ment) ........................ (2 ,700,000)  

D e l t a  (Laimc:h Vehic le  Procure- 

Scout (Launch Vehicle  Procure-  

'Tot a 1, Orb i t ing  Exp 1 or  er s . . $2 2.600.000 

Sub-Orbita L P:rograms 
Sounding 3ocke t s -Con t inuai: ion  

of sub - x - l ~ i t a l  rocket-borne 
exlserirnen ts .  ................ $18,000,000 

Airborne Re sear ch -0per a t i on ----- 
of an in f r a red  t e l e scope  
i n  a C-141 a i r c r a f t ,  and 
continued s t u d i e s  i n  i n -  
f r a r e d  astronomy from 
o the r  ,sir Zraf t .............. 2 , 690,000 

r ogr am- Supp o r  t f o r 
b a l l o o i - b x n e  experiments 

B a l l  oon --- 
of va r ious  types ............ 1,000,000 

Total., Sub-orb i ta l  Programs $21.690.000 

Supporting A c t i v i t i e s  
Supporting Research and 
and Technolopy ( SRT) - ---- 

Support f o r  t h e  develop- 
ment of theory ,  ins t rument  
development, suppor t ing  
l abora to ry  s t u d i e s ,  and 
ground-based obse rva t ions . .  . 15,402,000 

1973 - 

$9,290,000 

(3 ,500,000)  

(4 ,200,000)  

$33,151,000 

$20,000,000 

4,100,000 

1,000,000 

$25.100.000 

14,826,000 

1974 

!; 1 3 , 6 5 0 ,000 

(---I 
-- ( [900,000)1 

$33,100.000 

$20 J 000,000 

4,000,000 

1,000,000 

~$25,000.000 

13,300,000 
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1972 - 1973 - 1974 - 
Data Analysis-Continuat ion 

of s t u d i e s  of d a t a  obtained 
from var ious  missions and f o r  
t he  p repa ra t ion  and s to rage  
of da t a  i n  the  Nat ional  Space 
Science Data Center (NSSDC).. $5,008,000 $5,000,000 $5,000 , 000 

- Payload Def in i t ion- for  
S h u t t l e  Research Laboratory/ 
Observatory .................. 500 , 000 

I 
--- 308,000 

Tot:al ,  Supporting 
$18.800.0@ A c t i v i t i e s . . . . . . . . . . . . . . .  $20.410.000 $20.134.000 - 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF :SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM ---- 

FLIGHT SCHEDULE 

P ROJ EC T ---- MISSION 
CALENDAR 

YEAR - 
Large Observator ies  : 

Sola I: Ob s errra t o r  ies os0 - I 1974 

High Energy Astronomy 
Observator ies  Under s tudy F i r s t  f l i g h t  no 

ear l ie r  than 1976 

Explorers  ( In,-'Luding 
I n  t e r n a t  iona'l Cooperative 
S a t e  11 i t e  s ) 2 - 4 launches pe r  year  

Suborbi ta l  Programs : 

Sounding Rockets 
Balloon Fli,Zhts 

80 - 90 launches pe r  yea r  
50 - 60 launches pe r  year  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF SPACE SCIENCE --- PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM --- OBJElCTIVES 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  inc rease  
our knowledge and understanding of the  e a r t h ' s  space environment, t he  
sun, t h e  s tars ,  and o t h e r  c e l e s t i a l  bodies.  Under t h i s  program, r e sea rch  
i s  being cor.ducted t o  i n v e s t i g a t e  the  e a r t h ' s  upper atmosphere and 
ionosphere;  t h e  magnetosphere and t h e  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-ray, gamma r a y ,  u l t r a v i o l e t ,  i n h 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 obse rva to 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  atmosphere, g ive  us  a unique 
opportuni ty  t o  s tudy the  sun and o the r  ce les t ia l  bodies .  These i n v e s t i -  
ga t ions  a r e  t h e  b a s i s  f o r  i nc reas ing  our knowledge of t h e  fundamental 
laws 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 h e  environment of t h e  
e a r t h  . 

To achieve the  o b j e c t i v e s  of t h e  Physics  and Astronorny program, NASA 
uses  techniques ranging from t h e o r e t i c a l  and l abora to ry  r e sea rch  through 
a i r c r a f t ,  klalloon and sounding rocke t  f l i g h t s  t o  s m a l l  explorer  s p a c e c r a f t ,  
l a r g e  automated obse rva to r i e s ,  and manned spacec ra f t .  Research teams 
involved i n  t'ris program a r e  loca t ed  a t  NASA f i e l d  c e n t e r s ,  o ther  
Governnlent I a b o r a t o r i e s ,  u n i v e r s i t i e s ,  and i n d u s t r i a l  l a b o r a t o r i e s .  
Foreign par t i c  i p a t i o n  i s  encouraged wi th  t h e  p a r t i c i p a t i n g  country pro-  
v id ing  i t s  sha re  of t h e  c o s t s .  

The i.nforniat.ion obta ined  and t h e  technology developed i n  t h e  .?rogram 
are macle 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 echn ica l  community f o r  a p p l i -  
c a t i o n s  anc. f o r  advancement of s c i e n t i f i c  r e sea rch ,  educa t ion ,  and 
technoLogy . 



BASIS OF I? JNI)  REQUIREMENTS :: ---- 
Large Observa tor ies  

1974 1973 1972 

$12,150,000 
6,450,000 

Orbi t ing  h l a r  Observa tor ies  
(OSO) 
O S 0  Spacecraf t  ............... 

E x p e c iinen t s .............. 0 S 0 
$6,800 , 000 

3,200, 000 --- 
$15 , 322, OOCl 

4,978,000 

!;lo, 000,  ';lo(! Sub to ta l  O S 0  ............... $20,300,  OOC! $18,600,000 

Orbi t ing  Astronomical 
Observator ies  (OAO) 
Spacecraf t  ................... 
Experiments .................. 

$2 , 069,000 
3 ,631,  OOC! 

$8,697,000 
4,703 , 000 

.. - .- 

Sub to ta l  OAO.. .  ............ $3,100;000 _-- $5,700,00(1 $13,400,000 

High Energy Astronomy 
Cib s er va t o r  ies (HEAO) 
Spacecraf t  .................. 
Elxper i men ts  ................. 
R.edef i n i  t i o n  of HEAO program 

$8 , 500,000 
10 , 315 , 000 

3,000 , 000 

$2,900,000 
10,500,000 

- -- 

$13,400 , 000 

$5 , 000,000 --- 

Sukt.ota1 HEAO ............. $21,815,000 

Subt.ota1 Large Observa- 
t o r i e s . .  .............. $45,400,000 $47 , 815 , 000 $1 8 , 1 00 , 00 0 

(Launch Vehicle  Procurement 
program) : 
1)e l ta  ( O S O ) .  ................ 
Centaur (OAO). .............. 

(1,100,000) 
(100, o o g  

(---I 
(2 ,200,000)  

Tota l  ( Inc luding  Launch 
1'ehj-c les ) ............... ($21,100,000) -- --- ($49,015,000)  - ($47,600,000)  

Orb i i:ing !;ol-ar Observa tor ies  (OSO) 

The obJec t ive  of t he  O S 0  program i s  t o  o b t a i n  new knowledge of the sun,  
t he  :solar i n t e r a c t i o n s  with t h e  e a r t h ' s  atmosphere, and sun-ac t iva t ed  
t e r r e s t rh l  phenomena over: a broad range of the e lec t romagnet ic  spectrum 
no t  de tec ta l i le  by ground-based obse rva to r i e s .  
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The OSO's have 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  
e a r t h ,  and have expanded man's understanding of t h e  n e a r e s t  star and i t s  
e f f e c t s  on t h e  e a r t h .  

OSO-7, l a n c h e d  i n  1971,  cont inues  t o  provide d e t a i l e d  s t u d i e s  of t he  
s o l a r  coron.a, and t h e  spectrum of s o l a r  and cosmic X-rays. 

F i s c a l  Year 1973 funds are being used f o r  i n - o r b i t  ope ra t ions  and reduct i lm 
and a n a l y s i s  of d a t a  from t h e  OSO-7 mission and f o r  development: of t h e  OSO-1: 
spacec ra f t  and s c i e n t i f i c  instruments .  

F i s c a l  Year 1974 funds w i l l  be  used t o  cont inue  t h e  development and 
f a b r i c a t i o n  e f f o r t  on t h e  O S O - I  s p a c e c r a f t  inc luding  the  b a s i c  s t r u c t u r e ,  
i n t e r f a c e s  f o r  experiments,  power systems, te lemet ry ,  c o n t r o l  and d a t a  
handl ing s y s t e m s  as w e l l  as observatory i n t e g r a t i o n  and environmental  
tests. FY 1974 funds w i l l  a l so  be used t o  cont inue  the  development and 
f a b r i c a t i o n  of t he  i n d i v i d u a l  ins t ruments  f o r  t he  OSO-I mission,  t o  cont inue  
t h e  OSO-7 i n - o r b i t  opera t ions ,and  t o  provide  f o r  t h e  a n a l y s i s  of t he  d a t a  
obtained from t h a t  mission. 

Orbi t ing  Astronomical Observa tor ies  (OAO) 

The OAO program has provided astronomers wi th  accu ra t e ly  s t a b i l i z e d ,  
automated space obse rva to 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 imar i ly  i n  the  u l t r a v i o l e t  r eg ion  of t h e  e lec t romagnet ic  spectrum,, 

More than four  yea r s  a f t e r  launch, OAO-2 cont inues  t o  make major c o n t r i -  
bu t ions  t o  our understanding of t h e  un ive r se  by providing t h e  f i r s t  extended 
observa t ions  of t h e  u l t r a v i o l e t  s p e c t r a  of t h e  b r i g h t e r  and n e a r e r  celestial. 
o b j e c t s  . 

The last 'af t h i s  series of obse rva to r i e s ,  OAO-3 (Copernicus),  was  
launched i n  August 1972. OAO-3 c a r r i e s  t h e  Pr ince ton  Univers i ty  81 
cent imeter  ( 3 2  inch) t e l e scope  system and t h e  Univers i ty  College of 
London instxurnent t o  i n v e s t i g a t e  celest ia l  X-ray sources .  These 
instruments  provide h igher  s p e c t r a l  r e s o l u t i o n  than those flown on OAO-2 
i n  o rde r  t o  study i n  d e t a i l  t h e  composition, t h e  abundance, and the  t e m -  
peratuice d:istribution of the  i n t e r s t e l l a r  gas  from which stars are formed. 

F i s c a l  Y e i a r  1973 funds supported t h e  launch and opera t ion  of OAO-3 and 
a n a l y s i s  of  d a t a  obta ined  by t h e  Pr ince ton  experiment;  i n  a d d i t i o n ,  OAO-2 
opera t ion  mid d a t a  a n a l y s i s  w a s  cont inued f o r  t he  Wisconsin experiment,  
and the  d a t a  from t h e  Smithsonian Ast rophys ica l  Observatory Telescope 
experiment war; publ ished.  

F i s c a l  Y w i r  1974 funds w i l l  support  OAO-2 and OAO-3 i n - o r b i t  opera t ions  arid 
provide f o r  d a t a  processing and a n a l y s i s  of d a t a  obta ined  by the  s c i e n t i f i c  
experiment:;. Support i s  also provided f o r  a Guest Observer program t o  provide 
an oppor tuni ty  f o r  a d d i t i o n a l  astronomers t o  use  OAO t o  s tudy  ce1est : ia l  ob jec t s .  
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High Enerpy Aatronomy Observa tor ies  (HEAO) 

The bas ic  s c i e n t i f i c  o b j e c t i v e  of t h e  High Energy Astronomy Cbservatory 

This program has  t h e  
prograin i s  t o  explore  t h e  prev ious ly  i n a c c e s s i b l e  regimes of t h e  c e l e s t i a l  
X-ray and gamna r ay  sources  and of cosmic ray  f lux .  
p o t e n t i a l  fo r  a major impact on our understanding of newly discovered 
energy pro(-esses and c r e a t i o n  of matter. 
phenomena such as quasars ,  p u l s a r s ,  novas, and supernovas w i l l  b e  g r e a t l y  
increased .  T i i s  program of i n v e s t i g a t i o n s  has  been given the  b ighes t  
p r i o r i t y  by va r ious  advisory  boards,  inc luding  the  P r e s i d e n t ' s  S c i e n t i f i c  
Advisory C m n c i l  and the  Nat ional  Academy of Sciences (Woods Hcllle Summer 
Study) . 

The understanding of observed 

The Fy 1973 budget r eques t  included funding t o  cont inue  devel-opment 
on two observa tory-c lass  s p a c e c r a f t  and r e l a t e d  experiments,  and d e f i n i t i o n  
s t u d i e s  on t w 3  add i t iona l  missions.  A s  p a r t  of t h e  a c t i o n s  rec ,uired t o  
reduce Governnent spending i n  FY 1973, development e f f o r t  on t h e  HFAO 
p r o j e c t  has  been suspended. The a c t i o n  taken w a s  l i m i t e d  t o  suspension 
because of the  importance of t h e  program o b j e c t i v e s ,  and a c t i o n  was 
immediately i n i t i a t e d  t o  r e d e f i n e  and r e d i r e c t  t he  s p e c i f i c  approach. 
F i s c a l  Year 1974 funds w i l l  b e  used f o r  d e f i n i t i o n  and design a c t i v i t y  
pursuant  t o  t h e  e f f o r t  t o  achieve the  approved HEAO o b j e c t i v e s  through 
a lower c o s t  approach. 

Orb i t ing  Explorers  

Atmospheric boundary 
explorers  .................... 

I n t e r p l a n e t a r y  and magneto- 
spher ic  boundary exp lo re r s . .  . 

Magne tosF he r  i c  exp l o r  el: s ....... 
Astronomy and a s t rophys ic s  

exp lo re r s  .................... 
S u b t c t a l ,  Orb i t ing  

E X F l O r e r S  ................ 
(Launch Vehicle  Procurement 

program) : 
Delta . . . . . . . . . . . . . . . . . . . . . . . .  
scout . . . . . . . . . . . . . . . . . . . . . . , .  

Total ( i nc lud ing  Launch 
Vehic les )  ................ 

1972 

$8,350,000 

5 , 310 , 000 
2 , 581 , 000 

6,359,000 

$22,600,000 

(2,100,000) 
(3,100,000) 

($27,800.000) 

1973 

$16 , 000 , 0 

2 , 800,000 
5,061 , 000 

9,290,000 

$33,151,000 

(8 , 500,000:) 
(6  , 600 , 000:) 

($48.251.000:) 

1974 

,000 , 0100 

2 , 500 , OlUO 
3 , 950 , 000 

- 13 , 650,0!2 

$33,100,000 

( 2 , 800,000 ) 
_ _  (1,400 _--L-_ 000) 
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The Exp1.orer program makes u s e  of r e l a t i v e l y  s m a l l  s p a c e c r a f t ,  each 
dedica ted  to s p e c i f i c ,  problem-oriented o b j e c t i v e s ,  thus  enabl ing  the  
design of t he  s p a c e c r a f t  and t h e  parameters  of t h e  o r b i t  t o  be optimized 
t o  m e e t  each ob jec t ive .  Problems i n  X-ray, gamma r a y  and r a d i o  astronomy, 
atmospheri.c: and ionospher ic  phys ics  , r a d i a t i o n  b e l t s  , magnetospheric 
boundaries; :, and i n t e r 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. 
This  program a l s o  provides  a major means f o r  coopera t ive  missions wi th  
o t h e r  Government agencies  and o t h e r  c o u n t r i e s  , where mutual program 
object ives:  can be m e t  wi th  t h e  coopera t ing  p a r t y  paying i t s  own cos t s .  

Explorer. s p a c e c r a f t  are launched a t  a rate of about two t o  four  missions 
per  yea r ,  17it:h both Delta and Scout launch veh ic l e s .  

I n  €Y 1974, funds w i l l  be used f o r  t h e  fol lowing Explorer  missions:  

Atmospheric: Boundary Explorers  

Atmosphere Explorers  (AE) are aimed a t  i n v e s t i g a t i n g  t h e  d e t a i l e d  processes  
which occuir a.s a r e s u l t  of s o l a r  energy abso rp t ion  by t h e  e a r t h ' s  upper 
atmospherf.  Three missions are planned f o r  launch dur ing  t h e  1973-1975 
t i m e  periclcl, each of which w i l l  be equipped wi th  an on-board propuls ion  
system t o  permit  v a r i a t i o n s  i n  o r b i t a l  a l t i t u d e  a t  t h e  upper limits 
of the  e a r t h ' s  atmosphere. This w i l l  permit  t h e  A E ' s  t o  d i p  lower i n t o  
t h e  e a r t h '  E; a.tmosphere than any previous  s a t e l l i t e ,  thus  making p o s s i b l e ,  
f o r  t h e  f i r s t  t i m e ,  sys temat ic  s t u d i e s  of t h e  r eg ion  where most of t h e  
s o l a r  r a d i a t i o n  i s  absorbed and where most of t h e  sun-induced photo- 
chemistry ciccurs. 
sounding rocke t s ,  which are l i m i t e d  by the  du ra t ion  of t h e  f l i g h t  and the  
area of coverage. 

This reg ion  has  p rev ious ly  been i n v e s t i g a t e d  only by 

F i s c a l  Yemar 1974 funds w i l l  be  used f o r  launch and i n - o r b i t  opera t ion  
of AE-Cy a r .a lys i s  of d a t a  from AE-C experiments ,  and con t inua t ion  of work 
on A E - D  and E .  

I n t e r p l a n e t a r y  --- and Magnetospheric Boundary Explorers  

The I n t e r p l a n e t a r y  Monitoring P la t form (IMP) series w a s  e s t a b l i s h e d  
f o r  t h e  purpose of long-term observa t ions  of ear th-sun  r e l a t i o n s ,  
p a r t i c u l a r l y  the  o u t e r  magnetosphere, t h e  magnetosheath, and the  i n t e r -  
p l ane ta ry  medium. 
( I M P - H  - Explorer  47) w a s  s u c c e s s f u l l y  launched i n  September 1972. 
System. d e f i n i t i o n  s t u d i e s  are underway f o r  both a planned magnetospheric 
physics  mission and a h e l i o c e n t r i c  nea r -ea r th  i n t e r p l a n e t a r y  probe. 
two p r o j e c t s ,  which toge the r  form an i n t e r r e l a t e d  mission,  involve  a 
coopera t ive  e f f o r t  w i th  t h e  European Space Research Organizat ion (ESRO). 

The most r e c e n t  s p a c e c r a f t  i n  t h e  IMP series 

These 
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F i s c a l  Y e a r  1974 funds w i l l  p rovide  f o r  a n a l y s i s  of d a t a  from IMP-H and 
IMP-I  (Expl.orc?r 43 launched i n  March 1 9 7 1 ) ,  con t inua t ion  of work on IMP-J 
and f o r  sel.c~ci:ion of payload and i n i t i a l  hardware work f o r  t h e  magnetospherix 
Mother,’Daugliter s p a c e c r a f t  and t h e  h e l i o c e n t r i c  nea r -ea r th  i n t e r p l a n e t a r y  
probe. 

Magne tosphc?~: i c  Explorers  

Magnetosp1iei:ic exp lo re r s  are used f o r  i n v e s t i g a t i o n s  of t h e  uppermost 
l a y e r s  of t h e  e a r t h ’ s  atmosphere, t h e  Van Al len  r a d i a t i o n  zones,  and 
e l ec t r i c  and magnetic f i e l d s  around the  e a r t h .  These missions a l s o  
s tudy ques1::ioris such as how charged p a r t i c l e s  e n t e r  and leave t h e  e a r t h ’ s  
magnetosphc:re:, and how changes i n  t h e  energy output  from the  sun a f f e c t  
t h e  near  - ea r th  environment. 

This catc?goi:y of Explorer -c lass  missions inc ludes  t h e  newly launched 
AEROS (December 1 9 7 2 ) ,  a coopera t ive  mission wi th  West Germany, as w e l l  
as t h e  Dual. A i r  Density and Hawkeye missions which are i n  t h e  hardware 
phase of dc~7el.opment. Also included f o r  FY 1974 funding i s  t h e  a n a l y s i s  
of d a t a  from o t h e r  missions prev ious ly  launched. 

Astronomy a i d  Astrophysics  Explorers  

These exp:lol-ers provide  t h e  means f o r  ca r ry ing  ou t  as t ronomical  s t u d i e s  
r e l a t i n g  t o  the  sun, stars, g a l a x i e s  and p l a n e t s  which do n o t  r e q u i r e  compleR 
astronomica:l obse rva to r i e s .  Included h e r e  are t h e  S m a l l  Astronomy S a t e l l i t e s  
(SAS); t h e  llaclio Astronomy Explorers ;  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 is an i n t e r n a t i o n a l  coopera t ive  e f f o r t  w i th  t h e  United Kingdom 
and ESRO; and coopera t ive  astronomy missions wi th  t h e  United Kingdom and 
t h e  Neirherl.;mcls (UK-5 and A N S ) .  The most r e c e n t  mission w a s  Explorer  48 
(SAS-B:I, which w a s  successfu1.ly launched i n  November 1972. ME-1% i s  
schedu:ted f o r  launch i n  1973. 

Fisca l  Y e a r  1974 funds will.  support  t h e  con t inua t ion  of work on SAS-C; 
t he  cont inua t ion  of acquis i t : ion,  p rocess ing ,  r educ t ion  and a n a l y s i s  of d a t a  
from operat::iorial sa te l l i t es ;  t h e  development and cons t ruc t ion  of t he  IUE; 
and cont inua t ion  of work on UK-5 and A N S .  

Suborb i t a l  Programs 

1972 1973 1974 - 
Sounding :rockets..  ............. $18,000,000 $20,000,000 $ ~ o ~ o o ~ , ~ ~ ~ ~  
Airborne .re search  .............. 2 , 690 , 000 4,100,000 4 , 000 , OCllO 
Balloon pi:ogram. ............... 1,000 , 000 1,000 , 000 1 , 000, ocig 

....................... $25,00OIOC!Q Tota l . .  $21.690.000 $25.100.000 -- 
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S0undin.P Roc.kets --- 

A s  i n  pas t  yea r s ,  sounding rocke t s  w i l l  be  u t i l i z e d  as a va luab le  and 
versat i le  tclol f o r  s c i e n t i f i c  r e sea rch  i n  t h e  space environment. S tud ie s  
w i l l  cont inue  i n  t h e  t r a d i t i o n a l  s c i e n t i f i c  d i s c i p l i n e s ,  inc luding  cosmic 
d u s t  and i n t e r p l a n e t a r y  matter s t u d i e s ,  magnetospheric phys ics ,  s te l lar  
astronomy and s o l a r  astronomy. 

The spec i f ’ i c  o b j e c t i v e s  of t he  Sounding Rocket program are as fo l lows:  

1. To conduct a coordinated program t o  s tudy  t h e  n a t u r e ,  c h a r a c t e r i s t i c s ,  
and composition of t h e  upper atmosphere, ionosphere,  and n e a r  space up t o  one 
e a r t h  r ad ius ;  t he  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 te l lar  r a d i a t i o n  on t h e  upper atmosphere and ionosphere;  and the  n a t u r e ,  
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 he  sun, stars, and o t h e r  
ce les t ia l  o t  jects ,  w i th  f l i g h t  requirements  which cannot be covered by o r  
do n o t  r e q u i r e  long d u r a t i o n  s a t e l l i t e  observa t ions .  

2. To support  t he  b a s i c  o b j e c t i v e s  of t h e  Physics  and Astronomy programs 
by providing the  means f o r  ob ta in ing  measurements a t  a l t i t u d e s  too low f o r  
sa te l l i tes  but  too h igh  f o r  ba l loons ;  f o r  f l i g h t  t e s t i n g  ins t rur ien ts  and 
experiments being developed f o r  f l i g h t  on sa te l l i t es ,  obse rva to 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  ver t ical  p r o f i l e s  i n  
c o r r e l a t i o n  wi th  c u r r e n t l y  o r b i t i n g  spacec ra f t .  

3. To provide means f o r  improving t h e  t e c h n i c a l  competence i n  space  
techniques o f  new experimenters ,  and suppor t  personnel  i n  space sc i ence  
experimentat ion,  both on a domestic and an i n t e r n a t i o n a l  coopera t ive  b a s i s  
a t  minimum expense. 

The c u r r e n t  level of funding i n  t h e  Sounding Rocket program provides  f o r  
80 t o  90 f l i g h t s  per  year .  

I n  the  magnetospheric phys ics  area, cont inued emphasis has  been p laced  
on lower ionospher ic  measurements (low a l t i t u d e  measurements which can 
only be done wi th  sounding rocke t s )  and ver t ica l  scans c o r r e l a t e d  wi th  
sa te l l i t e  measurements. Inc reas ing  emphasis i s  being p laced  on the  
coord ina t ion  of near-s imultaneous launching of i nd iv idua l  rocket: payloads.  

I n  t h e  i n t e r p l a n e t a r y  dust/cometary phys ics  area, several rocke t s  w e r e  
launched during t h e  Giacobinid meteor showers i n  October 1972. 

Continuing emphasis i s  p laced  on stellar astronony i n  both t h e  u l t r a v i o l e t  
and X-ray reg ions .  Many observa t ions  w i l l  extend t h e  earlier measurements 
on s a t e l l i t e s  such as UHURU and OAO-2. 
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Of s i g n i f i c a n t  i n t e r e s t  t o  s o l a r  astronomy w i l l  be  t h e  launch of sounding 
rocke t s  during t h e  Skylab mission. They w i l l  be  used f o r  c o r r e l a t i v e  measure- 
ments and f o r  t he  c a l i b r a t i o n  of s o l a r  ins t ruments  aboard t h e  Skylab space-  
c r a f t .  

New e f f o r t  h a s  been i n i t i a t e d  on payload development of a g r a v i t y  probe 
which w i l l  measure the  g r a v i t a t i o n a l  r e d  s h i f t  by comparing t h e  frequency 
s h i f t  of Pio nydrogen maser c locks ,  one loca ted  on t h e  ground and one 
placed i n  a b s l l i s t i c  t r a j e c t o r y  as a rocke t  probe. 

F i s c a l  Year 1974 w i l l  see a con t inua t ion  of t hese  e f f o r t s  w i t h  emphasis 
on the  coo:rdination of  rocke t  launches and on c o r r e l a t i o n  wi th  s a t e l l i t e  
observat ions.  S p e c i f i c  e f f o r t s  of t h i s  type inc lude  an expedi t ion  t o  
A u s t r a l i a  € o r  southern  sky observa t ions  and a series of coord ina ted  launches 
from Wallops S t a t i o n  t o  s tudy i n  d e t a i l  t h e  atmospheric s t r u c t u r e  and 
dynamics i n  t h e  upper atmosphere between 70 and 160 km ( 4 3  and 100 mi l e s ) .  

Airborne r e sea rch  wi th  instrumented j e t  a i r c r a f t  b r idges  t h e  gap between 
ground-based experiments and those  r e q u i r i n g  ba l loons ,  rocke t s ,  and space  
v e h i c l e  sys  :erns. The ope ra t iona l  f l e x i b i l i t y ,  t h e  d i r e c t  p a r t i c i p a t i o n  
of sc ien t i s : s , . ,  and the  l a r g e  payload capac i ty  wi th  the  a b i l i t y  f o r  extended 
observation:; over any geophysical  area have made p o s s i b l e  e x c e l l e n t  s c i e n t i f i c  
r e s u l t s  and c o r r e l a t i o n s  wit:h NASA's sa te l l i t e  systems. The Airborne Research 
program i s  demonstrating an approach which may be a p p l i c a b l e  t o  space s h u t t l e  
opera t ions  :in the  f u t u r e .  

The Physics  and Astronomy Airborne Research p r o j e c t  emphasizes t h e  support  
of i n f r a r e d  astronomy and i n v e s t i g a t i o n s  of t h e  phys ics  of t h e  aurora  and 
airglow. I h f r a r e d  (IR) astronomy of t h e  sun, p l a n e t s ,  and g a l a x i e s  wi th  
s m a l l  t:elesc:opes has  been undertaken from t h e  CV-990 and Lear J e t  a i r c r a f t .  
A l a r g e r  IF. t e lescope ,  9 1  CITL (36 inches ) ,  has  been b u i l t  f o r  observa t ions  
from a C-14.1.A j e t  a i r c r a f t .  This  I R  observa tory  i s  a f u l l - s c a l e ,  manned 
faci1i t :y .  The t e l e scope  w i l l  ope ra t e  through an open p o r t ,  and w i l l  be  
separat:ed from t he  astronomers by a p re s su r i zed  w a l l .  This w i l l  permit  
t h e  ast:ronceiers t o  work i n  a comfortable ,  s h i r t - s l e e v e  environment. The 
Airborne I R .  Observatory w i l l  become a dedica ted  n a t i o n a l  f a c i l i t y  f o r  
i n f r a r e d  ast:ronomy i n  l a te  1973. 

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  Lear Jet program 
u t i l i z i n g  a 30-cm (12 inch)  te lescope .  This  program c u r r e n t l y  involves  
ten  groups clf astronomers.  Based on t h e  l a r g e  number of proposa ls  f o r  
t he  use of t he  91-cm Airborne I R  Observatory,  as many as 20 groups w i l l  
probably be us ing  t h i s  f a c i l i t y .  
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The FY 1973 Airborne Research program funds have been used t o  complete the  
cons t ruc t ion  and ope ra t iona l  t e s t i n g  of  t h e  Airborne I R  Observatory on t h e  
C-141A.  FY 1973 funds a l s o  provided f o r  con t inua t ion  of t h e  Lciar Jet  
astronomical  program and t h e  suppor t  of t h e  CV-990 Giacobinid Meteor Shower 
Expedition. 

The FY 1974 a i rbo rne  r e sea rch  budget w i l l  be  used mainly t o  o p e r a t e  the  
Airborne I R  Observatory. These ope ra t ions  r e q u i r e  t h e  suppor t  f o r  t h e  
ast ronomical  groups,  t h e  a c q u i s i t i o n  of subsystems, and t h e  opera t ion  of 
t he  C-141A. ,4 study of t h e  comparison of t h e  ope ra t ion  of t h e  Airborne 
I R  0bservator:y i n  r e l a t i o n  to t h e  S o r t i e  Mode ope ra t ion  of an  observatory 
placed i n  o r b i t  by t h e  Space S h u t t l e  i s  a l s o  planned. The L e a r  Jet  pro-  
gram w i l l  be  cont inued,  and s p e c i a l  geophysical  exped i t ions  for  p o l a r  
reg ions  , a u r o r a l  and a i rg low s t u d i e s  and coord ina ted  observa t ions  wi th  
sa te l l i t es  a r e  planned. 

Balloon Pro,gr ixm 

I n  t h e  development 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  ins t rumenta t ion  
i n  t h e  spac? environment and t o  make observa t ions  a t  a l t i t u d e s  which are not: 
a c c e s s i b l e  to  rocke t s  and spacec ra f t .  I n  many i n s t a n c e s ,  i t  i s  less ex- 
pensive 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 .  Approximately 
one miLliori d o l l a r s  has  been expended annual ly  t o  suppor t  50 - 60 ba l loon  
f l i g h t s  a year .  This  estimate inc ludes  ba l loons ,  launch s e r v i c e s ,  t r ack ing ,  
and recover:?. Funding f o r  t h e  experiments i s  provided from Supporting 
Research and Yechnology (SR&T). The FY 1974 r e q u e s t  w i l l  suppor t  a level 
of  e f f o r t  iy~proximately equal  t o  FY 1973, a l though some decrease  i n  t o t a l  
number of F l i g h t s  may be experienced due t o  t h e  increased  emphasis on 
l a r g e r  ball.oons and correspondingly h ighe r  a l t i t u d e  requirements.  

Supporting Act iv i t ies  

1972 - 
Supporting r e sea rch  and 

Data ana lys i s . . . . . . . . . . . . . . . . . .  5 , 008,000 
technol.ogy (SR&T) ............ $15,402,000 

Payload de f i n i  t ion ,  ............ --- 

Total..  ..................... $20.410.000 

Supporting I;:esearch and Technology (SR&T) 

This e f f o r t  enhances the  o v e r a l l  s c i e n t i f i c  and 

1973 1974 

$14,826,000 $13,300,000 
5,000,000 

500 , 000 -- 
5 , 000 , 000 

308 , 000 

$20.134.000 $18.800.00Q -- 

t echnologica l  r e t u r n  from 
NASA f l i g h t  p r o j e c t s  and he lps  a s s u r e  t h e  cont inued v i a b i l i t y  of t he  f u t u r e  
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r e sea rch  program i n  space sc ience .  The o b j e c t i v e s  can be 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  va lue  of c u r r e n t  
space ncissiclns by supplementary simultaneous ground-based observa t ions ;  
(2) development of t h e o r i e s  t o  exp la in  observed phenomena and p r e d i c t  new 
ones; and ( 3 )  opt imiza t ion  of t h e  r e t u r n  expected from f u t u r e  msssions by 
problem d e f i n i t i o n ,  development of advanced experiments and concepts ,  and 
t h e  c a r e f u l  d e f i n i t i o n  of proposed new missions.  

The work i n  space phys ics  i s  l a r g e l y  devoted t o  support  of r e sea rch  
related t o  phys ics  of t h e  e a r t h ' s  environment. I t  inc ludes  s tudy of t he  
sun-ear th  environmental  f a c t o r s ,  as w e l l  as e x t r a s o l a r  f a c t o r s  such as 
cosmic rays .  Research supported i n  t h e  f i e l d  of astronomy involves  the  
s tudy of the 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. Research t a sks  
inc lude  s t u d i e s  of t h e  s o l a r  spectrum and t h e  in f luence  of t h e  sun on 
i n t e r p l a n e t a r y  and p l ane ta ry  environments, instrument  development, and 
l abora to ry  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  phys i ca l  p rocesses  p e c u l i a r  
t o  the  sun. Also  included are s o l a r  r a d i o  astronomy, r e sea rch  t a sks  
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  s o l a r  system inc luding  observa t ion  
by ground-based and bal loon-borne te lescopes ,  and r a d i o  astronomy and 
instrument  development. Theore t i ca l  s t u d i e s  of  stars, g a l a x i e s ,  i n t e r -  
s te l lar  and i n t e r g a l a c t i c  mat te r ,  and advanced development work on  
experimental  t e s t s  of t h e  v a l i d i t y  of E i n s t e i n ' s  Theory of Re1at:ivity 
are a l s o  supported i n  t h i s  a rea .  

About 200 t a sks  are being supported a t  u n i v e r s i t i e s ,  nonprof i t  and 
i n d u s t r i a l  research  i n s t i t u t i o n s ,  NASA c e n t e r s  and o t h e r  Government 
agencies  i n  25 s ta tes  and t h e  Dis t r ic t  of Columbia. 

Durins FY 1974, cont inued Isupport w i l l  be  given t o  those  tasks  which a r e  
c r i t i c a l  t o  na in t a in ing  a f i r m  base  f o r  a v i a b l e  Physics  and Astronomy pro-  
gram. Of s p e c i a l  s i g n i f i c a n c e  i s  the  con t inua t ion  of s t u d i e s  f o r  advanced 
astronomical  ins t rumenta t ion  involving l a r g e  o p t i c a l  systems. The Large 
Space Telescope (LST) , a mu1 t ip le -purpose  3-meter (118 inch)  t e l e scope ,  
w i l l  provide the  c a p a b i l i t y  €or  pursuing a very broad range of Froblems. 
Because of i t s  h igh  r e s o l u t i o n  and l a r g e  l i g h t  c o l l e c t i n g  area, t h i s  
instrument w i l l  be a b l e  t o  r e x h  g a l a x i e s  a t  d i s t a n c e s  as much a s  t e n  
t i m e s  t i o s e  a v a i l a b l e  t o  the  ' 5 - m e t e r  (200 inch)  t e l e scope  a t  the Hale 
Observatory 3n Mt. Palomar. D e f i n i t i o n  s t u d i e s  are i n  progress .  These 
inc lude  the  3pt i c a l  t e l e scope  assembly and t h e  support  sys  terns niodule. 
Cont inust ion oE t he  work s t a r t e d  on t h e  mi r ro r  blank w i l l  provide 
v e r i f i c a t i o n  t h a t  t h e  s u r f a c e  can be pol i shed  t o  the  e x t e n t  requi red  f o r  
t he  LST. E:c?ei:iment d e f i n i t i o n  w i l l  involve  the  s c i e n t i f i c  community i n  
def in ing  the  ins t ruments  t o  1112 placed  behind t h e  primary mir ror .  It i s  
a l s o  planned t o  cont inue  advanced technologica l  development , s x h  as t h i r d  
genera t  ion rrros f o r  t h e  p r e c i s e  po in t ing  and s t a b i l i z a t i o n  requirements .  
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Data A n a l p i s  --- 
The purpose 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 our  i n v e s t -  

ment i n  Spttce Science 
continued o p e r a b i l i t y  of a number of  s p a c e c r a f t  w e l l  beyond t h e i r  planned 
l i f e t i m e s .  Support  i s  provided t o  r e sea rch  us ing  e x i s t i n g  d a t a  wi th  
emphasis ori s t u d i e s  involv ing  the  c o r r e l a t i o n  of  d a t a  from simultaneous 
observa t ions  obta ined  from several satel l i tes ,  sounding rocke t s  o r  ground- 
based obse rva to r i e s .  Limited ope ra t ion  of o l d e r  s p a c e c r a f t  i s  au thor ized  
f o r  spec ia l  i n v e s t i g a t i o n s  and f o r  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 a s  unexpected encounters  w i th  comets o r  ex t r ao rd ina ry  s o l a r  f l a r e  
a c t i v i  ry  . 

r ep resen ted  by t h e  l a r g e  d a t a  base  acqui red  and the 

F i s c a l  Y e a r  1974 funds w i l l  p rovide  suppor t  f o r  about  80 p r i n c i p a l  
i n v e s t i g a t c r s  a t  approximately 45 i n s t i t u t i o n s ,  inc luding  NASA f i e l d  
cen te r s .  

The opera t ion  of t h e  Nat iona l  Space Science Data Center (NSSIIC) i s  a l s o  
supported under t h i s  p r o j e c t .  The NSSDC, l o c a t e d  a t  t h e  Goddard Space 
F l i g h t  Center (GSFC), w a s  e s t a b l i s h e d  t o  serve as a c e n t r a l  r e p o s i t o r y  
and c lear inghouse  of  s c i e n t i f i c  d a t a  i n  i t s  reduced form r e s u l t i n g  from 
space i n v e s t i g a t i o n s .  I n v e s t i g a t o r s  are expected t o  prepare  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  f o r  depos i t  i n  t h e  NSSDC. 
The amount of d a t a  t o  be handled has  increased  s t e a d i l y  each year .  

Payload D e f i n i t i o n  

P lans  are being prepared f o r  ope ra t ing  n a t i o n a l  Phys ics  and Astronomy 
re sea rch  f a c i l i t i e s  on the ,Space  S h u t t l e  by providing t h e  c a p a b i l i t y  
f o r  conducting unique experiments o r  observa t ions  of s p e c i f i c  phenomena. 
These Eaci:Lit:ies w i l l  encompass both l a b o r a t o r i e s  and obse rva to r i e s  
configured ,as s h u t t l e  payloads and opera ted  by s c i e n t i s t s  on t h e  s h u t t l e .  
Each pi3ylOi2d could be flown several t i m e s  pe r  y e a r  and have an ope ra t iona l  
1 i f e t i rne  c oinpar ab l e  w i  t h  t r a d i t i o n a l  ground - based f aci  1 i t  ies . 

The payload:; are o r i e n t e d  t o  the  conduct of b a s i c  r e s e a r c h  i n  t h e  d i s c i p l i n e  
areas of a:; tronomy, s o l a r  phys ics ,  a s t rophys ic s ,  magnetospherics and atmos- 
p h e r i c  phys.icr;. 
can be conducted most e a s i l y  from t h e  Space Shu t t l e .  A t  p re sen t ,  seven 
s p e c i f i c  dedica ted  payloads have been i d e n t i f i e d  covering in f r a red  astronomy , 
o p t i c a l  astroriomy, X- and Gamma r ay  astronomy, s o l a r  physics ,  high energy 
cosmic ray  phys ics ,  plasma physics  and environmental  p e r t u r b a t i o n ,  and 

The proposed r e sea rch  w i l l  r e q u i r e  space observa t ions  and 

tmospheric: c:iences. 

This program w i l l  b u i l d  on t h e  exper ience  and accomplishments of on-going 
f l i g h t  project :s ,  inc luding  t h e  Skylab mission. FY 1974 funding w i l l  be used 
f o r  payload. st :udies and experiment d e f i n i t i o n .  
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RESEARCH AND DEVELOPMENT 

FISCAL Y E L U  1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM ---- 
SUMMARY OF RESOURCES REQUIREMENTS 

1974. -. 1973 - 1972 

M a r i n e r . . . . . . . . . .  ................... 
Viking, .............................. 
Outer p l ane t s  miss ions . .  ............ 
Pioneer /Hel ics  ...................... 
Supporting r e sea rch  and technology/ 

advanced s t u d i e s . . . . .  ............. 
Plane tary  astronomy.. ............... 
Data a n a l y s i s  ....................... 
Plane tary  quarant ine  ................ 
Plane tary  f l i g h t  support  ............ 
Lunar sc ience  opera t ions  ............ Lunar sample a n a l y s i s  ............... 

$61,600,000 
176,200,000 

9 , 165 , 000 
15,264,000 

19,218,000 
4 , 800,000 
3 , 053 , 000 
2 , 200,000 

$38 , 953 , 000 
229 , 381 , 000 

7 , 000 , 000 
12 , 235,000 

18 , 900 , 000 
4 , 800 , 000 
3 , 500 , 000 

15,000,000 
2 , 200 , 000 

- .*- 

$8,900,000 
201,200,000 

32,200,000 
7 , 700 , 000 

1 6,5 0 0,000 
3 , 700 , 000 
9 , 700 , 000 
1 , 500 , 000 

4 , 600 , 000 
4,000,!)00 

22 , 000 , 000 

T o t a l . . . .  ......................... $291.500.000 $331.969.0(10 - $312.000.~00() --- 

---- 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 :  

Manned Spscecraf t  Cen te r . . . . . . . .  $425 , 000 $350 , 000 $11 , 398,I:)OO 
25 , (300 -_.- Marshall  ;Space F l i g h t  Center . .  .. 247 , 000 

Goddard S.?ace F l i g h t  Center . .  ... 4,804,000 4,791,000 4 , 441 , 000 
Jet PrcspuLsion Laboratory. .  ..... 75,952,000 64,771,000 59,689,000 
Wallop:; S t a t i o n  ................. 50 , 000 65 , 000 65,1100 
Ames Research Center . .  .......... 12 , 407 , 000 
Langley Research C e n t e r , .  ....... 173,680,000 226,541,000 191,008,000 
NASA He sdpuar t e r s  ................ 18,805,000 19,695,OClO - 32,967,000 --- 

17 , 537 , 000 15 , 756 , 000 

‘rota:l. .  ........................ $291,500,000 $331,969.00Q S312.0OO.@Q - -- 
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HIGHLIGHTS OF BUDGET PLAN 

1973 - 1972 

Mariner 

Mariner Mars  1971 
Mission opera t ions  f o r  b a s i c  90 

day o r b i t a l  pe r iod  and extended 
mission ope ra t ions  f o r  an addi -  
t i o n a l  n ine  months. . . . . . .  .......... 

P r o j e c t  management and p r o j e c t  
in tegra . t ion  ........................ 

Hardware d.evelopment of two 
s p a c e c r a f t  launched i n  May 1971.. .. 

Subt0ta.1.~ Mariner Mars 1971.. .. 
Mariner Ve.nus/Mercury 1973 
Spacecraf t d e s i g n ,  development , 

and tes t  1ea.ding t o  d e l i v e r y  t o  KSC 
i n  June 1973.. . . .  ................... 

Science i r s t rumen t s  t o  r e t u r n  
u l t r a v i o l e t  and v i s u a l  t e l e v i s i o n  
p i c t u r e s ,  atmosphere and ionosphere 
d a t a ,  and t b e r m a l  maps from both 
Venus and Mercury .................. 

Mission opera t ions  p repa ra t ions  
f o r  mission beginning i n  
November 1 9 5 3 . . . . . . . . . . . . . . . . . . . . . .  

Sub t o  t a l  , Mariner Venus/Mercury 1973 

Atlas/Cent.aur (Launch Vehic le  ----- 
Procuremen t ) ................... 

Tota l ,  Mariner. .  ............. 
Viking 

Orbi t.er 
Spacecraft:  des ign ,  development , 

and test leading  t o  d e l i v e r y  of 
two spacec ra f t  t o  KSC i n  e a r l y  
1975...  ............................ 

Science ins t ruments  t o  o b t a i n  
p l ane ta ry  d a t a  , inc luding  water 
vapor and thermal mapping, f o r  
a t  l e a s t  th ree  months .............. 

$13,420,000 

3 , 390 , 000 

190 y 000 

$17.000.000 

38,100,000 

5 , 400,000 

1 100,000 

$44.600.000 

(7,800,000) 

$61.600.000 

$31,400,000 

5,600,000 

$3 , 871 , 000 

3 , 575 , 000 

$7.446.0(>0 

26 , 600 , 000 

3 , 300 , 000 

1 , 607 , 002 

$3 1.50 7. OQQ 

(6 000 , OON) 

$38.953. OQQ - 

$65 , 600 , 000 

8 , 700,000 

1974 - 

1,900 , (IO0 

1 , 500,000 

5,500,000 

$8.900,000 

(300 , 002) 

$8,900,000 -- 

$61,300,000 

8 , 800 , 000 
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1974 - 1973 - 1972 - 
Lander 
Spacecraf t  design,  development, and 
-- 

tes t  leading t o  d e l i v e r y  of t h r e e  
s p a c e c r a f t  t o  KSC e a r l y  i n  1975 . .  .... $88,800,000 $103,900,000 $85,000,000 

Science ins t ruments  t o  t r ansmi t  
b i o l o g i c a l ,  geo log ica l ,  meteoro- 
l o g i c a l ,  and o the r  d a t a  from t h e  
su r face  of Mars t o  e a r t h  f o r  90 
days ................................. 39,400,000 38,700,000 23,700,000 

P r o j e c t  Management and P r o j e c t  
I n t e g r a t i o n  ...................... 11 , 000 , 000 12 , 481 , 000 22 , 400 , 000 

T i t a d c e n t a u r  (Launch Vehic le  
Procurement) ..................... (10,100,000) (35  , 500,000)  - (29 ,500,  _-- L)OO) 

Tota l ,  Viking..  ................ $176.200.000 $229.381.0(B $201.200.j10() - --- 

Outer  P l a n e t s  Missions --- 
Spacecraf t  D'esign and Development 
Spacecraf t  system des ign ,  us ing  

e x i s t i n g  Ma:riner/Viking subsystems 
where p o s s i b l e ;  r equ i r ed  des:ign 
modif icat ioi i  and new technology 
devel opinen t :s ; procur emen t of . . . . s p a c e c r a f t  :;.lb:;ys t e m s .  ............... $6 100 000 $4,200 000 $19,900 000 

Science - Instruments  t o  co ' l l ec t  -- 
d a t a  on compx: i t ion  and s t r u c t u r e  
of atmospherss,  r a d i a t i o n  b e l t s  
and magnetic:. f i e l d s  of J u p i t e r  and 
Sa turn ;  n a t u r e  of S a t u r n ' s  r i n g s  

.............. and i t s  s a t e l l i t e ,  T i t an  1,600,000 1 , 600 , 000 9 , 100 , 0~00 

P r o j e c t  Management and Mission 

Deta i led  mission des ign ,  coord i -  
- D e s i i  

na t ed  wi th  seltscted sc i ence  in-  
ves t iga t ion , s  ........................ 1,465,000 1 , 200 , 000 3 , 200 , 000 

- Titan/Centaur  (Launch Vehicle  .................... (---) (----) (9,700,1300) procurement) - - 
$7,000.000 $32.200.1:)00 - -  Tota l ,  O u t e r  P lane ts . . . . . . . . . .  $9.165.000 
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----- Pioneer/Hel ios  

Pioneer  6 - 9  ----- 

197.3 -_ 1972 - 19'74 -- 

Operat ions. .  .................... $600,000 $400, COO $200 .) 000 

s c i e n t i f i c  d a t a  on magnetic tapes . .  . $600 , 000 $400,000 $200,000 

t e s t i n g  of Pioneer  G systems ........ 7,164,000 5 , 270,000 1,700,000 

Re(:.lzipt and r educ t ion  of 
- 

Pioneer  F/G ----- 
SDacecraf t 

Fab15c:ation and acceptance 

SI c i  ence ---- 
Analysis  of s c i e n t i f i c  d a t a  

co l l ec t ed  during the  F and G 

missions ............................ 2 , 900,000 2,400 , 000 1,800 , 000 

Support of t he  F and G 
missions a t  t he  Space F l i g h t  
Operat ions F a c i l i t y  and Deep 
Space Network by c o n t r o l l i n g  
the  s p a c e c r a f t ,  t r ack ing  i t ,  and 

record ing  d a t a  on magnetic tapes  ... 2 , 100,000 1,900,000 2,500,Og 

Operat i ons  - 

- 
Subto.ta1, Pioneer  F/G....,.. $12,164,000 $9,57O,OC,O $6,000,~?0(! 

Hel ios  A i ~ ~ d  B ----- 
S c i enc e -- 

T e s t  and i n t e g r a t i o n  i n t o  
spacecraft:  of experiments f o r  
f i r s t  mission. Assembly and 
tes t  of  experiments f o r  second 
mission ............................. 1,720,000 1 , 525 , 000 

Operat ions  
660,000 

Softwa.re design f o r  mission - 

opera t ions  and d a t a  ana lys i s . . . . . . .  780,000 740 , 0012 840 , 0 9  

Sub to ta l ,  Hel ios  A and B...,. $2,500,000 $2,265,000 $1,500,000 

-_I_ Centaur (Launch Vehicle  
Procurement) . . . . . . . . . . . . . . . . . . .  (12,200,000) (16,500,00(~) (30,000,000) - 

$7 .700 .0m - Tota l ,  Pioneer/Hel ios . . . . . . . .  $15.264.000 $12.235.000 
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Supporting Research and Technology/ 
Advanced S tud ie s  ----- 
Lunar Science ----- 

S c i e n t i f i c  s t u d i e s  t o  under- 
s t and  the  clrigin of t h e  moon and 
the  ea . r th . . . . . .  ..................... 

P 1 an.e tary Science -- - 
Support:s r e sea rch  i n  p l a n e t a r y  

atmospheric. phenomena; p l ane ta ry  
geology, inc luding  geochemistry,  

-- P l a n e t a r 1  - Advanced Technical  
geophysics ,  a.nd photogeology ........ 

Deve 1 o1)rnen t 
Assures t :echnological r e a d i -  

ness  and performs d e t a i l e d  advanced 
planning f o r  candida te  p l ane ta ry  
missions ............................. 

-- -- 

Plane t  ar:vJLdvanced S t ud ie s  
. Evalual-es f e a s i b i l i t y  of 

p o t e n t i a l  f u t u r e  s c i e n t i f i c  
missions IN p l a n e t s ;  develops up- 
to -da te  mission oppor tuni ty  ca t a log .  
- Exobiology 

Supports r e sea rch  toward 
understand in!; t h e  con t r o l l i n g  
f a c t o r s  i n  t h e  o r i g i n  of l i f e ,  and 
deterininin;$ the uniqueness of l i f e  
on e a r t h . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tota l ,  Support ing Research 
and Technology/Advanced 
S tud ie s . . . . . . . . . . . . . . . . . . . . .  

--- PlanetarLAstronomy 
Ground-based astronomy suppor t  

of t he  p l ane ta ry  exp lo ra t ion  pro-  
gram ob jec t ives  ..................... 

Data Analysis  -- 
Support of s c i e n t i s t s  ana lyz ing  

d a t a  of f l i g h t  programs a f t e r  t h e  
i n i t i a l  per iod  funded i n  t h e  b a s i c  
mission ............................. 

--- Plane t a r y Q u a r a n  t i n e  
A.11 f e a s i b l e  measures t o  avoid 

the  t ransf .er  of v i a b l e  terrestr ia l  
l i f e  f o r m  t o  t h e  p l a n e t s  ........... 

1972 - 

$2,347,000 

4,936 , 000 

6 , 835,000 

1 , 200,000 

3,900,000 

$19,218,000 

4,800 , 000 

3.053.000 

2 , 200 , 000 

1973 - 

$2 , 900,000 

4,700,000 

6 , 200,000 

1 , 200 , 000 

3,900, OOJ 

$18,900 , 000 - 

4,800,000 - 

3,500.  (300 - 

2,200,'300 - 

1974 - 

$2 , 300 , 000 

4,500,000 

5,200,,000 

1 , 200 ;, 000 

3,300,000 

$16,500,000 

3,700.000 -- 

9.700.000 
-7 

1.50O. 000 -- 
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1972 - 1973 1974 - 
Plane ta ry  -- F:l i gh  t Suppor t 

d i sp lay  c a p a b i l i t y  t o  suppor t  
telemecry, t racking ,  and command 
func t ions  f o r  a l l  p l a n e t a r y  space- 
c r a f t .  -- 

Basic computer process ing  and 

............................... $1 5 . 0 00 . OOQJc $2 2 . 000 . 0 0 3  - _- Lunar Sample Analys is  
Support: s c i e n t i f i c  a n a l y s i s  of 

t he  luna r  materials r e t u r n e d  t o  e a r t h  
4,6OO,OQ(J** - - -  .......................... - - -  

-- by Apol lo . .  - - 
Lunar Science Operations ---- 

Operate t h e  s t i 11 func t ion ing  
Apollo ALSE:I''s and s u b s a t e l l i t e ,  
and the Lunar Laser Ranging expe r i -  
merit................................. --- --- - 4 000 Om** - 

J; F i s c a l  Y e a r  1972 and p r i o r  funding included under Tracking and Data 
Acqu i s i t i on  program. R e s p o n s i b i l i t y  f o r  t h i s  a c t i v i t y  w a s  t r a n s f e r r e d  
t o  the  Of f i ce  of Space Sc ience  dur ing  FY 1973. 

fc* F i s c a l  Year 1973 and p r i o r  funding included i n  t h e  Apollo program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXP1,ORATSON PROGIWI --- ---- 
PROGRAM IIBJXTIVES 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  t h e  
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  sat:ellites, 
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 goal  of t h i s  exp lo ra t ion  i s  t o  understand the  o r i g i n  and evo lu t ion  
of t h e  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 terrestrial  environment. The p l ane ta ry  program 
employs 
by, o r b i t ,  and land on o the r  bodies  i n  our s o l a r  system. The luna r  program 
u t i l i z e s  ground-based astronomy and d a t a  from the  Apollo seri-es t o  i n -  
v e s t i g a t e  the  composition and n a t u r e  of l una r  materials and phenomena. 

ground-based astronomy as w e l l  as automated s p a c e c r a f t  which f l y  

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 igh ly  success fu l ,  beginning wi th  t h e  f i r s t  v i s i t  t o  another  
p l a n e t ,  the  Mariner 2 f lyby  of Venus i n  1962, and cont inuing  wi th  the  
f i r s t  success fu l  o r b i t i n g  of Mars i n  November 1971 by t h e  Mariner 9 .  I n  
March 1972, Pioneer  10 w a s  launched and has  provided the  f i r s t  measurements 
of t h e  i n t e r p l a n e t a r y  medium beyond Mars and through the  Ast(3roid B e l t .  
It w i l l  con t inue  on f o r  t he  f i r s t  f lyby  of t he  myster ious g i a n t  p l a n e t  
J u p i t e r .  Pioneer  G i s  planned t o  fo l low wi th  launch i n  A p r i l  1973. In 
l a t e  1973, another  Mariner s p a c e c r a f t  w i l l  be launched t o  f l y  by Mercury, 
u t i l i z i n g  t h e  increased  v e l o c i t y  achieved by a close swingby of  Venus. 
Two coopera t ive  US/German s p a c e c r a f t ,  He l ios  A&B, w i l l  be  lgiinched i n  1974 
and 1976 t o  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  i n t e r p l a n e t a r y  space i n  c l o s e  
proximity t o  the  sun. Knowledge of Mars and i t s  environment w i l l  be  ex- 
panded by' t he  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  anc land  on t h e  Martian s u r f a c e  i n  1976. I n  1977, two Mariner 
spacecraf ' t  w i l l  be  launched t o  f l y  by J u p i t e r  and i t s  sa te l l i t es  and 
then c0nt . inu.e  on t o  study Sa turn  wi th  i t s  r i n g s  and s a t e l l i t e s ,  thereby 
extending; man's f r o n t i e r  of knowledge about  t h e  s o l a r  system t:o t h e  outer  
p l a n e t s  . 
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BASIS OF FIE) REQUIREMENTS: 

Mariner 

1972 

Mariner Venus/Mercury 1973.. ...... $44,600,000 
Marher Mars 1971 ................. 17,000,000 

To ta l ,  Spacecraf t  and Support  ... $61,600,000 

At l a s  Centaur (Launch Vehicle  
Procurement program) ............ ($7,800,000) 

To ta l ,  ( inc luding  launch 
v e h i c l e )  .................... ~$69.400.000) 

1973 1974 

$31,507,OOO $8 , 900,000 
- . - -  _- 7,446,000 

$38 , 953 , 000 $8 , 900 , 000 

( $6 , 000, (m) ( $300,000) 

($44.953. (E) ($9.200.0800) _- 

The Mariner series of s p a c e c r a f t  has  been and cont inues  t o  be a most important  
t o o l  i n  p l ane ta ry  exp lo ra t ion .  These s p a c e c r a f t  have evolved from t h e  204 i4:g. 
(450 l b . )  Nariner  2,  used f o r  man's f i r s t  success fu l  f lyby mission t o  another  
p l a n e t ,  t o  t he  1,000 kg. (2 ,200 l b . )  Mariner Mars 1971 (Mariner' 9)  which wa!; 
s u c c e s s f u l l y  i n s e r t e d  i n t o  Mars o r b i t  i n  November 1971. During FY 1973, 
Mariner 9 completed i t s  extended mission,  ope ra t ing  s u c c e s s f u l l y  over 259 
days i n  o r b i t  a f t e r  completion of i t s  90 day primary mission. Mariner 9 
has  proven ga r s  t o  be a h igh ly  active p l a n e t ,  bo th  meteoro logica l ly  and 
geo log ica l ly  m d  has  mapped 100% of i t s  s u r f a c e  t o  a r e so lu t ion  of I km. 
(0.6 m i l e s ) .  

Mariner -__I.-.- VeiiJs,/Mercury 1973 

Spaclzcraft. ........................ $38,100,000 $26,600,000 $ ~ , 9 0 0 , 0 ~ ~ 0  
Science :insi:ruments. ............... 5 , 400,000 3,300,000 1 , 500,000 
Miss ion o ;?era t ions . .  ............... 1,100,000 1,607,0@ 5 , 500 , 000 

............................. $44.600.000 $31.507.000 $8.900.0OCJ To ta l  

A s i n g l e  modified Mariner s p a c e c r a f t ,  t o  be launched i n  l a t e  1973, w i l l  f1.y 

- -  -- 

by both Venus and Mercury i n  1974. 
i t  t o  Venus:, the  MVM 1973 s p a c e c r a f t  w i l l  u t i l i z e  Venus' g r a v i t y  t o  r e c e i v e  
an i nc rease  i n  speed and change i n  t r a j e c t o r y  so  t h a t  i t  w i l l  a l s o  f l y  by 
Mercury, t he  c:losest  p l a n e t  t o  our Sun. The s p a c e c r a f t ,  launched by an 
Atlas Centaur,  w i l l  t ransmit:  u l t r a v i o l e t  and v i s u a l  t e l e v i s i o n  p i c t u r e s  , 
atmospheric d a t a ,  and thermal.. maps from both p l ane t s .  Add i t iona l ly ,  i t  w i l l  
i n v e s t i g a t e  tk.e space environment i n  the  unexplored reg ion  between Venus and 
Mercury, am1 w i l l  provide va.luable experience f o r  f u t u r e  mul t i -p l ane t  gravitry- 
a s s i s t  t r a j e c t o r i e s .  Following i n i t i a l  Mercury encounter ,  t h e  spacec ra f t  

Using t h e  s a m e  rocke t  needed t o  launch 
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w i l l  go i n t o  a h e l i o c e n t r i c  o r b i t  i n  which i t  w i l l  aga in  encounter  Mercury 
176 days a f t e r  t h e  f i r s t  encounter .  This  w i l l  a f f o r d  a va luab le  oppor tuni ty  
t o  v e r i f y  and expand t h e  i n i t i a l  s c i ence  measurements, and t o  i n v e s t i g a t e  
t h e i r  t i m e  dependence. 

Funds reques ted  w i l l  be  used as fol lows:  

Spacec ra f t -  The major ac t iv i t i e s  dur ing  FY 1973 w i l l  be  t h e  assembly 
of both t ' h e  test and f l i g h t  s p a c e c r a f t ,  and t h e  system level t :esting of  
t hese  spacec ra fe  by the  system c o n t r a c t o r ,  t he  Boeing Company, i n  Kent, 
Washington. System level t e s t i n g  v e r i f i e s  t h e  compa t ib i l i t y  of t he  sub- 
systems and ins t ruments ,  and checks o v e r a l l  s p a c e c r a f t  system performance. 
Complete assembly of t h e  f l i g h t  s p a c e c r a f t  i s  scheduled f o r  e a r l y  May 
1973, followed by system l e v e l  and environmental  t e s t i n g  during June-Ju ly  
1973, which w i l l  p rovide  f i n a l  v e r i f i c a t i o n  of t h e  s p a c e c r a f t ' s  r ead iness  
t o  perform i t s  mission.  

Major a c t i v i t i e s  i n  FY 1974, fol lowing environmental  t e s t i n g ,  inc lude  
preshipmer.t reviews i n  August 1973, and t r a n s f e r  of t h e  fligh.: s p a c e c r a f t  
t o  Kennedi. Space Center  f o r  launch p repa ra t ion .  The spacecraEt  w i l l  be  
launched during the  October-November 1973 oppor tuni ty ,  and w i l l  encounter  
Venus i n  e a r l y  February and Mercury i n  l a te  March 1974. 

--_- Science Instruments  - FY 1973 e f f o r t s  focus on f a b r i c a t i o n  2nd acceptance 
t e s t i n g  of the sc i ence  ins t ruments ,  and assembly i n t o  t h e  test  and f l i g h t  
spacecraft:.  

Af t e r  I.iiurtch, s c i e n t i f i c  d a t a  w i l l  be r e tu rned  during the  i n t e r p l a n e t a r y  
t r a n s i t  and encounter  phases of t h e  mission. Over 5,000 TV p i c t u r e s  w i l l  
be  r e tu rned  t o  provide good coverage of both Venus and Mercury. F i s c a l  
Year 1974 sc ience  funds w i l l  be  used f o r  a n a l y s i s  of t hese  d a t a ,  and t o  
produce s c i e n t i f i c  papers  and r e p o r t s  by t h e  sc i ence  i n v e s t i g a t o r s .  

--- Mivsior iOperat ions - During FY 1973, ac t iv i t i e s  i n  mission ope ra t ions  
inc lude  d e t a i l  des ign ,  sof tware  development, and d e f i n i t i o n  of t r ack ing  
and d a t a  ,systems requirements ,  Detail design inc ludes  the  d e f i n i t i o n  
of a d e t a i l e d  mission sequence and d e f i n i t i o n  of ope ra t iona l  procedures .  
Documentation w i l l  be  publ i shed  and computer programs w i l l  be developed 
f o r  t e s t ,  suppor t ,  and c o n t r o l  of t he  s p a c e c r a f t  systems. 

During FY 1974, Mission Operat ions System (MOS) ac t iv i t i e s  w i l l  concen- 
t r a t e  on t r a i n i n g  f o r  and conduct of f l i g h t  opera t ions .  Af t e r  t h e  t r a i n i n g  
cyc le  from .July through mid-October 1973, t h e  MOS team w i l l  support  launch 
ope ra t ions ;  t r a c k ,  command, and receive d a t a  from t h e  s p a c e c r a f t  during 
the  t r a n s i t  per iod  between p l a n e t s ;  and support  24 hour ope ra t ions  dur ing  
encounters  of Venus and Mercury. 
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Viking 

19 74 --- 1973 - 1972 - 
Orb i t e r  s p a c e c r a f t . .  ............. $31,400,000 $65,600,000 $61,300,8000 
Orb i t e r  sc ience . .  ................ 5,600,000 8,700,000 8,800 !, 000 
Lander spacec ra f t .  ............... 88,800,000 103,900,000 85,000,00@ 

........... 12,481,000 22,400,000 pro  j e(: t i n t e g r a t i o n .  11,000,000 

Lander sc ience .  .................. 39,400,000 38,700,000 23,700,000 
Project:  management and 

- -~ 
Tot:al.. ...................... $176,200,000 $229,381,000 $ ~ ~ ~ y ~ O ~ ~ ~ ~ ~  

Tit:an Ckint:aur (Launch Vehic le  
E’rocu.r.enient program). .......... ($10,100,000) ($35,500,000) ($29,500,000) -- 

Tot a1 ( inc lud ing  1au.nch 
v e h i c l e s )  .................. ($186.300.000)~$264.881.0~30)($230.700,~) - - 

The o b j e c t i v e  of t h e  Viking program i s  t o  s i g n i f i c a n t l y  advance our knowledge 
of t h e  p l z n e t  Mars by means of observa t ions  from Martian o r b i t  and d i r e c t  
m e a s u r e m e n t s  i n  t he  atmosphere and on t h e  su r face .  The Viking 1975 mission 
w i l l  g r e a t l y  expand the  exp lo ra t ion  of Mars i n i t i a t e d  by t h e  ear l ie r  Mariners.  
Emphasis b r i l l  be p laced  on ob ta in ing  b i o l o g i c a l ,  chemical,  and environmental  
f a c t o r s  r e l e v a n t  t o  t he  ex i s t ence  of l i f e  on t h e  p l ane t .  

Two Viking s p a c e c r a f t  w i l l  be  launched i n  1975 by Ti tan/Centaur  launch 
veh ic l e s .  Each s p a c e c r a f t  w i l l  c o n s i s t  of an O r b i t e r  and a Lander. When 
the  s p a c e c r a f t  arr ive a t  Mars i n  t h e  summer of 1976, each O r b i t e r  w i l l  p l ace  
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. The Lander w i l l  
s epa ra t e  from the  O r b i t e r  about 10 days a f t e r  arrival a t  Mars and descend 
through t h e  atmosphere t o  the  su r face .  A f t e r  s o f t  l anding ,  t he  Lander w i l l .  
t r ansmi t  b i o l o g i c a l ,  geo log ica l ,  meteoro logica l ,  and o the r  s c i e n t i f i c  d a t a  
t o  e a r t h  f o r  a t  least  90 days. Instruments  on t h e  O r b i t e r s  w i l l  o b t a i n  d a t a  
on dynamic p l ane ta ry  processes  and w i l l  r e l a y  Lander d a t a  back t o  e a r t h .  

During FY 1973, funds were used t o  complete t h e  des igns  of 
the  Lander and O r b i t e r ,  purchase a l l  p a r t s  and materials, f a b r i c a t e  and t e s t  
development models of  t he  subsystems and ins t ruments ,  f a b r i c a t  e and test  a 
complete Emct iona l  model of t h e  s p a c e c r a f t ,  and begin the  d e t a i l e d  planning 
necessary  t o  conduct t he  mission.  The peak manpower p o i n t  i n  the  program was 
passed i n  December 1972. 

Funds reques ted  f o r  FY 1974 w i l l  be used as fol lows:  
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Orb i tey 

Spacec ra f t  Development - Q u a l i f i c a t i o n  tests w i l l  be  completed on a l l  
of t h e  subsystems, proving t h a t  they w i l l  perform proper ly  under t h e  ex- 
pected envi.ronmenta1 condi t ions .  A complete p r o o f - t e s t  O r b i t e r  w i l l  be 
assembled 2 n d  t e s t e d  t o  prove t h e  adequacy of t h e  design as a whole. 

A specia.1. p r o o f - t e s t  launch of t h e  Ti tan/Centaur  v e h i c l e  w i l l  be  h e l d  
e a r l y  i n  1974- t o  t e s t  t h e  combined performance of t h e  launch v e h i c l e  wi th  
a s imulated Viking spacec ra f t .  

The subsystems f o r  t h e  two f l i g h t  s p a c e c r a f t  w i l l  be  assembled and 
s t a r t e d  through t h e i r  acceptance tests. Assembly e f f o r t  w i l l  begin on the  
f i r s t  comp:-et:e Orb i t e r  f o r  t he  f l i g h t  mission.  

Science Instruments  - Orb i t e r  s c i ence  ins t ruments  are two t e l e v i s i o n  ---- 
cameras, ;in i n f r a r e d  spectrometer  f o r  water vapor mapping, and an i n f r a r e d  
radiometer  f o r  thermal mapping. During t h i s  per iod ,  t h e  pro totype i n s  t r u -  
ments w i l l -  r e c e i v e  t h e i r  f i n a l  q u a l i f i c a t i o n  tests. A l l  f l i g h t  ins t ruments  
w i l l  be assernbled and subjec ted  t o  acceptance tes ts ,  i n  p repa ra t ion  f o r  
being i n t e g r a t e d  i n t o  t h e  f l i g h t  s p a c e c r a f t  . 
Lander -- 

Spacecraf t  Development - Tests w i l l  be  completed f o r  t h e  pro to type  Lander 
model:; used .in system i n t e g r a t i o n ,  s t a t i c  loading ,  and dynamic loading test:s. 

The Proof 'rest Lander Capsule (PTC) w i l l  complete assembly ope ra t ions  
and s ta r t  through i t s  tor t i ious tes ts  t o  show f u l l  compliance wi th  a l l  
design requirements .  The Eirst fue l ed  Radioisotope Thermoelectr ic  
Generator (RIIG) w i l l  be rece ived  from the  Atomic Energy Commission and 
undergo c3mpa t ib i l i t y  t e s t s  with  the  Lander models. Two RTG's  w i l l  supply 
power t o  each f l i g h t  Lander. 

The f i r s t  Lander f l i g h t  capsule  w i l l  be assembled completely and begin 
i t s  f i n a l  acceptance tes ts .  

---- Science Instruments  - Lander sc i ence  instruments  are p r imar i ly  d i r e c t e d  
toward determining whether l i f e  e x i s t s ,  has  e x i s t e d ,  o r  can e x i s t  on Mars. 
To t h a t  end, a number of ins t ruments  are being developed t o  measure va r ious  
Martian phenomena, i n v e s t i g a t i o n  of which w i l l  c o n t r i b u t e  t o  the b a s i c  
ques t ions  of l i f e  on t h e  p l a n e t .  Three s e p a r a t e  biology experiments w i l l  
s u b j e c t  a s o i l  s ample  t o  environments which s t i m u l a t e  organic  growth. Using 
r a d i o a c t i v e  carbon compounds and gas  chromatography, gas  exchanges w i l l  be 
monitored t o  determine i f  metabol ic  processes  are tak ing  p l a c e .  



Other s c i e n t i f i c  i n s t rumen ta t ion  inc ludes  a gas  chromatograph/mass 
spectrometer  f o r  molecular a n a l y s i s  of t h e  s o i l  and atmosphere, two f a c s i m i l e  
cameras, e.n X-ray f l u o r e s c e n t  spectrometer  f o r  i no rgan ic  a n a l y s i s  of t h e  s o i l ,  
meteorology ins t ruments ,  a seismometer, a mass spectrometer  and r e t a r d i n g  
poten.t ia1 ana lyzer  f o r  upper atmosphere composition, and p res su re  and 
temperature sensors  f o r  atmospheric s t r u c t u r e .  

A l l  inst:ruments w i l l  complete i n d i v i d u a l  q u a l i f i c a t i o n  t e s t s  dur ing  t h i s  
per iod .  1.n gene ra l ,  t h e  subcon t rac to r s  bu i ld ing  the  ins t ruments  w i l l  d e l i v e r  
i n  FY' 1974 the  s p e c i f i c  ins t ruments  used i n  t h e  PTC and f i r s t  f l i g h t  capsules .  
Thus, e f f o r t  on the  ins t ruments  w i l l  be n e a r l y  completed, l eav ing  only the  
assembly and. d e l i v e r y  of t he  ins t ruments  f o r  t h e  l a s t  two f l i g h t  capsules .  

Pro j ec t MA.agemen t and Pro j ec t I n t e g r a t i o n  

The Office. of Space Science,  NASA Headquarters,  i s  r e s p o n s i b l e  f o r  over-  
a l l  nlanagc!me.nt of t h e  Viking program. The Langley Research Center i s  
responsib1.e f o r  p r o j e c t  management. The Jet  Propuls ion  Laboratory i s  
responsib1.e f o r  t he  O r b i t e r  and the  Mart in-Mariet ta  Corporat ion i s  the  
prim! cont:rz.ctor f o r  t h e  Lander and systems i n t e g r a t i o n .  The L e w i s  Research 
Center is: r e spons ib l e  f o r  t h e  launch veh ic l e .  

I n  FY 1.974, p r o j e c t  management w i l l  be  p r imar i ly  concerned -with over -  
s ee ing  t h e  qua l i fy ing  and proof t e s t i n g  of a l l  s p a c e c r a f t  hardware. The 
va r ious  subsystems and systems must be  shown t o  func t ion  toge the r  proper ly  
under: all. expected condi t ions .  

The important  f i n a l  design review w i l l  be  he ld  f o r  t h e  launch and f l ighl :  
operat ion$;  systems. Work w i l l  cont inue  i n  mission planning f o r  developing 
t h e  cletai.:.ecl r u l e s  , sequences , and o rgan iza t ions  needed f o r  conducting the  
missions.  F i n a l  c e r t i f i c a t i o n  w i l l  occur f o r  t h e  f l i g h t  ope ra t ions  sof tware.  
System t e s t i n g  of t h e  ground d a t a  system w i l l  begin.  

Outer P l a n e t s  Missions 

1972 - 
Project: management, mission des ign ,  

Spacecri3ft des ign  and development.. 6,100,000 
Science . .  ........................... 1 600 000 

and ope ra t ions . .  ................. $1,465,000 

T i t an  Centaur (Launch Vehic le  
I?r ocu:eernen t program) ............. (---) 

T o t a l  ( inc luding  launch 
v e h i c l e s ) .  ................... ($9,165 .OOO) 

1973 - 

$1,200,000 
4,200,000 
1,600,000 

$7,000,000 

(---I  

($7.000.000) - 

$3 , 20U ,000 
1 9,900 , 000 

9 100 , 000 

$32 , 200 , 000 

( $ 9  700 , 000) 

($41.900.000) 
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The Outer P l a n e t s  Missions program ("Mariner J u p i t e r - S a t u r n  1977") i s  
d i r e c t e d  tcward the  exp lo ra t ion  of J u p i t e r  and Sa turn  us ing  two modified 
Mariner- type spacec ra f t .  The Space Science Board of t h e  Nat ions1 Academy 
of Sciences hs.s endorsed the  Outer P l a n e t s  Missions program as "a  s t rong  
and f l e x i b l e  program which i s  a reasonable  next  s t e p  i n  p l ane ta ry  
exp 1 o r a  t ior. . If 

I n  aclditi.on t o  ob ta in ing  information on t h e  two g i a n t  p l a n e t s  and on the  
i n t e r p l a n e t a r y  medium, t h e  t r a j e c t o r i e s  of  t hese  s p a c e c r a f t  w i l l  be  designed 
t o  y i e l d  c l o s e  f lybys  of S a t u r n ' s  r i n g s  and of va r ious  massive sa t e l l i t e s  
of both p l a n e t s .  One target .  w i l l  be  S a t u r n ' s  s a t e l l i t e ,  T i t a n ,  which i s  
comparable i n  s i z e  t o  t h e  p l a n e t  Mercury and i s  t h e  only s a t e l l i t e  i n  the  
s o l a r  systeri  known t o  possess  an atmosphere. 

The s p a c e c r a f t  w i l l  be launched i n  1977 and w i l l  encounter J u p i t e r  about 
Llsing t h e  g r a v i t y - a s s i s t  swingby technique,  t he  1 1 / 2  yea r s  a f t e r  launch. 

spacecl-af t vi1.1. be  a c c e l e r a t e d  by J u p i t e r  s g r a v i t y  t o  a t t a i n  t h e  
v e l o c i t y  r equ i r ed  f o r  t h e  t r i p  t o  Sa turn .  Sa turn  encounter  w i l l  occur 
about 3 1/51 t o  4 yea r s  a f t e r  launch. The dua l - spacec ra f t  mission p l an  
w i l l  have the  f l e x i b i l i t y  t o  a l low a d i f f e r e n t  f lyby t r a j e c t o r y  a t  Sa turn  
f o r  t he  second s p a c e c r a f t ,  based on d a t a  acquired from the  f i r s t  f lyby .  
This s t r a t e g y  proved extremely b e n e f i c i a l  on the  Mariner 1969 mission.  

Two :.denI:.ical s p a c e c r a f t  based p r imar i ly  on Mariner/Viking O r b i t e r  designs 
w i l l  be used making maximum use of l e f t o v e r  Viking hardware where poss ib l e .  
The s p a c e c r a f t  are 750 kg. (1,650 l b s . )  class v e h i c l e s ,  t h r e e - a x i s  s t a b i l i z e d ,  
uti1iz:tng 1:he Atomic Energy Commission's Multi-Hundred Watt Radioisotope 
Thermoe1ecti:ic: Generators  (MHW-RTG' s)  f o r  power , and ca r ry ing  approximately 
75  kg. (165 11)s.) of ins t ruments .  The launch v e h i c l e  w i l l  be  the  T i t a n  
Centaur.  

During Fs! 1973, t he  d e t a i l e d  des ign  of t he  mission i s  cont inuing,  a long 
wi th  re f in tment  of t h e  s p a c e c r a f t  system design.  I n  response t o  an 
"Announcement f o r  F l i g h t  Opportunity" t o  the  s c i e n t i f i c  community , some 
77 proposa:! 5 w r e  rece ived  from which a complement of f l i g h t  i n v e s t i g a t i o n s  
has been s e l e c t e d  involv ing  11 s e p a r a t e  i n v e s t i g a t i o n  areas. Those i n v e s t i -  
g a t i o n  team; which w e r e  s e l e c t e d  are ca r ry ing  out  a more d e t a i l e d  sc i ence  
def in i : ion  in(€ cos t  n e g o t i a t i o n  phase a f t e r  which the  f i n a l  sc ience  s e l e c t i m  
w i  1 1 be made . 

Fund:; reques ted  i n  FY 1974 w i l l  be used as fo l lows:  

P r o j e c t  Kmagement and -- Mission Design - E f f o r t  w i l l  cont inue  on the  detai:Lecl 
design of izhe mission a t  t he  J e t  Propuls ion Laboratory,  which i s  respons ib le  
f o r  pro  j ec.3 mimagement . 

Spacecra E t Design and Ceve lopment - Deta i l ed  s p a c e c r a f t  sys  tern design e f f o r t  
w i l l  be continued wi th in  the  c o n s t r a i n t  of us ing ,  where p o s s i b l e ,  e x i s t i n g  
Viking sub:;qs : e m s .  Addition.; w i l l  be  made t o  Viking procuremer t s  f o r  commor- 
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o r  near-common subsystems, thereby acqu i r ing  subsystems a t  minimum c o s t .  
Development (of e s s e n t i a l  new subsystem des igns  w i l l  cont inue.  

-- Science - The d e t a i l e d  sc i ence  d e f i n i t i o n  phase f o r  t h e  11 s e l e c t e d  
i n v e s t i g a t i o n s  w i l l  be completed and t h e  f i n a l  s c i ence  s e l e c t i o n  confirmed,, 
F i n a l  implemtmtation c o n t r a c t s  f o r  t h e  sc i ence  i n v e s t i g a t i o n s  w i l l  be  
executed. 

Pioneer  /Hel ios  

1974. -. 1973 - 1972 - 
----. Pioneer  6-  g . . . . . . . . . . . . . . . . . . . . . . .  $600,000 $400,1300 $2001,000 

Operat ions ...................... 600 , 000 400 , 000 200,000 

--_-- Pioneer  10 and G . . . . . . . . . . . . . . . . . .  12,164,000 9 , 5 70, ~)oo 6 , 000 , 000 
Spacecraf t  ...................... 7,164,000 5 ,2  7 0 , 000 1,700,000 
Science ......................... 2 , 900,000 2,400 , 000 1 , 800,000 
Operat ions ...................... 2,100,000 1,900,000 2 , 500,000 

----- Hel ios  A and B . . . . . . . . . . . . . . . . . . . .  2,500,000 2 , 265 , OOJ 1,500,000 

Operat ions.  ..................... 780.000 74Q&QQ ,840.Q 
Science. .  ....................... 1 , 720 , 000 1,525,000 660,000 

:Sub t o  ta l .  ..................... $15 , 264,000 $12 . 235 ,C@O $7 . 700,000 

Centaur (:Launch Vehicle  
Procureinent program). ........... ($12,200,000) ($16,500,000) ($30,OOO,OJO~) 

Pioneer  1.0 and G .................. (6,800,000) (600 , 000) ( 100,000) 
Hel ios  A and B .................... (5,400,000) (15,900,000) (29,900,000) 

Total. ( inc luding  launch ................... ($27,464,000) ($28 .735 ,00)  1$37.700,ooO) vett icl .es) - - 
Pioneer  6-9. 

The Fioneer  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  da.ta on t h e  n a t u r e  of t he  i n t e r p l a n e t a r y  environment in  t h e  reg ion  
0.75 and 1.1 AU from the  sun. 
m i l e s ,  the-mean d i s t a n c e  between t h e  e a r t h  and t h e  sun.)  

(One Astronomical Unit,or AU, i s  (93 m i l l i o n  

RD 6-14 



Operati= -. F i s c a l  Year 1973 funds and t h e  funds r eques t ed  f o r  FY 1974 are 
needed t o  support  f l i g h t  ope ra t ions  and t o  prepare  magnetic d a t a  tapes .  These 
d a t a  represent:  t:he information necessary  t o  cont inue  the  s tudy of t h e  n a t u r e  
of  t he  irtterp1.artetary environment near  e a r t h  as w e l l  as t o  provide a co r -  
r e l a t i o n  wi th  s i m i l a r  information obta ined  from Pioneer  10 on i t s  t r i p  t o  
J u p i t e r .  

Pioneer  10 ;inti G 

Objec t ives  of t h e  Pioneer  10 and G missions are t o  conduct explora tory  in -  
v e s t i g a t i o n s  of t h e  i n t e r p l a n e t a r y  medium beyond the  o r b i t  of 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  and meteroi-ds) 
of t he  Astero id B e l t  and measure the  environmental  and atmospheric 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  J u p i t e r .  A s  t h e  Pioneer  s p a c e c r a f t  passes near  J U F i  ter ,  instruments  
w i l l  measure the  magnetic f i e l d s ,  e lec t romagnet ic  emissions,  charged pa r t i c l e : ;  
and therinal ba lance  a s s o c i a t e d  wi th  t h i s  l a r g e s t  p l a n e t  of t he  s o l a r  system. 
Pioneer  F was lsunched i n  March 1972 and has  been renamed Pioneer 10. The 
s p a c e c r a f t  i s  e s s e n t i a l l y  through t h e  Astero id  B e l t ,  and d a t a  rec:eived thus 
f a r  from meteroid h i t  counts  i n d i c a t e  no concen t r a t ion  of  d u s t  arid s m 2 l l  
p a r t i c l e s  i n  the  Belt. Pioneer  G i s  scheduled f o r  launch i n  A p r i l  1973. 

Spacecraf t  - Fiscal  Year 1973 funds are being used t o  analyze tihe f l i g h t  
performance of Pioneer 10 and t o  complete t h e  cons t ruc t ion  and test of Pioneer 
G.  These funds w i l l  a l s o  suppor t  launch ope ra t ions  f o r  Pioneer  G .  During FY 
1974, funding will support  t he  a n a l y s i s  of f l i g h t  performance of both Pioneer  
10 and G .  

-- Science - F i s c a l  Year 1973 funds are being used t o  complete co i i s t ruc t ion  and 
t e s t i n g  and t:o support  t h e  launch of t h e  Pioneer  G instruments .  These funds 
a l s o  support  t h e  a n a l y s i s  of t h e  Pioneer  10 s c i e n t i f i c  da t a .  During F i s c a l  
Year 195'4, funt.ing w i l l  suppor t  a n a l y s i s  of d a t a  from both Pioneer  10 and G .  

Operat ions -- - F i s c a l  Year 1973 funds are being used f o r  f l i g h t  opera t ions  of 
Pioneer 10 arid t o  support  p repa ra t ion  and test  of systems f o r  Pioneer  G .  They 
w i l l  be used t o  cont inue  f l i g h t  ope ra t ions  f o r  both Pioneer  10 and G i n  FY 
1974. 

Hel ios  A and B ----- 
The Hel ios  p r o j e c t  i s  an i n t e r n a t i o n a l  coopera t ive  p r o j e c t  between t h e  

Governments of t h e  United S t a t e s  and West Germany. I t s  s c i e n t i f i c  o b j e c t i v e s  
are t o  inve:; t i g a t e  t h e  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  the  Idirection of and c l o s e  t o  t h e  sun t o  w i t h i n  about 0.3AU. The space-  
c r a f t  w i l l  be developed and b u i l t  i n  West 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, w i l l  weigh about 364 kg. (800 l b s . )  and w i l l  c a r r y  about 
55 kg. (120 l b s . )  of s c i e n t i f i c  instruments .  Three of  the  t en  s c i e n t i f i c  
ins t ruments  w i l l  be  suppl ied  by U.S. i n v e s t i g a t o r s .  NASA w i l l  provide the  
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launch .vehicle  and t h e  t r ack ing  and d a t a  systems f o r  t he  f i r s t  phase of t he  
mission. West German t e c h n i c a l  personnel  w i l l  c o n t r o l  t h e  s p a c e c r a f t  
opera t ions  and ope ra t e  t h e  t r ack ing  systems and acqu i re  the  d a t a  during 
t h e  l a te r  mission phases.  

Science - Fiscal Year 1973 funds are being used t o  support  t e s t i n g  of t h e  
engineer ing inodels, cons t ruc t ion  and t e s t i n g  of t h e  pro to type  models, and 
support  of tne e f f o r t  necessary  t o  i n t e g r a t e  the  t h r e e  U.S. experiments 
wi th  the  s p a c e c r a f t  and t h e  ground d a t a  systems. During FY 1974 
t hese  eEfo r t ;  w i l l  cont inue  and, i n  a d d i t i o n ,  f a b r i c a t i o n  and t e s t  of 
f l i g h t  hardware w i l l  be  supported.  

Operat ions - Mission ope ra t ions  planning and development of t he  necessary  
procedures and sof tware  are being supported i n  FY 1973. These e f f o r t s  w i l l  
cont inue  i n  :?Y 1974. 

!%)porting Research and Technology/Advanced S tud ie s  

1973 1974 - 1972 - 
Lunar science!. ..................... $2 . 300 . 000 
Plane ta ry  sc ience .  ................. 4 , 500 , 000 
Exobiology.. ........................ 3 , 900,000 3 , 900,000 3 , 300 , OClO 
Plane ta ry  advanced s t u d i e s . .  ....... 1 , 200 , 000 

$2 . 347,000 
4 ,'9 36 , 000 

1 , 200,000 

$2 . 900 , 000 
4,700 , 000 
1 , 200 , 000 

Plane ta ry  ad\ranced t e c h n i c a l  
. ...................... devel  opnien t: 6,835,000 6 , 200,000 5 , 200, OCg 

Tota l . .  ........................ $19.218.000 $18.900.000 S16.50O.OCQ - 
The Suppor1:in.g Research and Technology (SR&T) and Advanced S tuldies programs 

f u r n i s h  e s s e n t i a l  support  f o r  planning and conducting the  f l i g h t  missions.  
They provide a base  f o r  de f in ing  s c i e n t i f i c  o b j e c t i v e s  and mission concepts ,  
and estab1i:;li s c i e n t i f i c  competence which can be drawn upon f o r  f l i g h t  
experiments,  and t h e  assurance  of technologica l  and planning r ead iness  a t  
t h e  time of p r o j e c t  s tar ts .  

Lunar S c i e n g  - With the  success fu l  completion of t he  Apollo program, 
emphasis f o r  Lunar Supporting Research and Technology has  s h i f t e d  from f l i g h t  
mission support  t o  a n a l y s i s  and i n t e r p r e t a t i o n  of t h e  weal th  of s c i e n t i f i c  
d a t a  t h a t  has been acqui red  from Apollo as w e l l  as the  earlier Ranger, Sur-  
veyor and O r b i t e r  p r o j e c t s .  SR&T funding i n  FY 1974 w i l l  be  d i r e c t e d  t o  
providing the necessary  sc i ence  base  f o r  more e f f e c t i v e  a n a l y s i s  and syn thes i s  
of t he  d a t a  acquired from t h e  lunar  experiments.  Act iv i t ies  t o  be supported 
inc lude  t h e o r e t i c a l  and analog s t u d i e s ,  pe t rogene t i c s ,  and l abora to ry  s imula t ions .  
These act ivi t ies  w i l l  be  c a r r i e d  ou t  a t  a number of t h e  NASA c e n t e r s ,  o the r  
f e d e r a l  l a b o r a t o r i e s  and u n i v e r s i t i e s  around t h e  country.  Research and sup- 
p o r t i n g  ac t iv i t ies  of t h e  Lunar Science I n s t i t u t e  (Houston, Texas),  e s t a b l i s h e d  
through t h e  Yat iona l  Academy of Science and t h e  Un ive r s i ty  Space Research 
Assoc ia t ion  a r e  a l s o  supported under t h i s  p r o j e c t .  
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Plane tary  Science - The p l a n e t a r y  atmospheres p r o j e c t  suppor ts  r e s e a r c h  
i n  atmospheric phenomena of t he  p l a n e t s ,  inc luding  t h e  e a r t h ' s  upper 
atmosphere, and of t h e  gaseous phenomena a s s o c i a t e d  wi th  comets.. I n  FY 
1974, emphasis w i l l  be  p laced  on developing experiments f o r  s p a c e c r a f t  
exp lo ra t ion  of the  o u t e r  p l a n e t s ,  and t h e  l abora to ry  and t h e o r e t i c a l  
s t u d i e s  r equ i r ed  t o  suppor t  t he  f l i g h t  experiments.  Work w i l l  be  cont inued 
on the  d i r e c t - e n t r y  probe i n v e s t i g a t i o n  of t he  atmospheres of Venus and 
J u p i t e r .  

Another a rea  f inanced under P lane ta ry  Supporting Research and Technology 
i s  the  planetology p r o j e c t ,  which suppor ts  r e sea rch  i n  t h e  i n c r e a s i n g l y  
important  f i e l d  of p l ane ta ry  geology, inc luding  geochemistry,  geophysics 
and phcltogecilogy. A s  t h e  p l a n e t a r y  program progresses  from ear th-based  
observa t iona l  d a t a  t o  f lyby  and o r b i t e r  d a t a ,  and i n  1975 t o  d a t a  from 
Mars l ande r s ,  planetology r e sea rch  w i l l  p l ay  a more important  r o l e  i n  
determining tt.e na tu re  and p r o p e r t i e s  of t he  p l a n e t s .  I n  FY 1974, emphasis 
w i l l  be placec. on the  development of ins t rumenta t ion  f o r  remote sens ing ,  
and on geologi.ca1, geochemical and geophysical  s t u d i e s  of Mars and t h e  
ou te r  p l a n e t s .  

Exobiologjr -- The exobiology r e sea rch  p r o j e c t  has  t h e  dua l  o b j e c t i v e s  of 
understrandi.ng the  c o n t r o l l i n g  f a c t o r s  i n  t h e  o r i g i n  of l i f e ,  and determining 
the  uni-queness of l i f e  on e a r t h .  The r e sea rch  ranges from the  a n a l y s i s  of 
f o s s i l  remains and s imula t ion  of p l a n e t a r y  atmospheres and o the r  environmental  
extremes , t o  t h e  development: of automated l i f e  d e t e c t i o n  equipment f o r  
experirnenta:ion on p l ane ta ry  su r faces .  I n  a d d i t i o n  t o  the  b i o l o g i c a l  i n -  
teres t i n  P2ars , l abo ra to ry  experiments now sugges t  t h a t  organic  s y n t h e s i s  
may be o c c u i ~ h g  on J u p i t e r  ,. The development of pro to type  in s t rumen ta t ion  
f o r  exobio:logic s t u d i e s  on t h e  Mart ian s u r f a c e  i s  needed as a p recu r so r  t o  
f l i g h t  instruments  f o r  f u t u r e  Mars landers .  Some of the  l i f e  d e t e c t i o n  and 
organic  ana ly  zical techniques developed i n  v a r i o u s  l a b o r a t o r i e s  are now 
being converted i n t o  engineer ing  models of f l i g h t  ins t ruments  f o r  t e s t i n g  
and f l i g h t  i n  missions such as t h e  1975 Viking mission t o  Mars. Second- 
genera t ion  experiments f o r  post-Viking missions a r e  a l s o  being i n v e s t i g a t e d .  

- Plane tary  Aldvanced S tud ie s  - I n  t h e  P lane ta ry  Advanced S tud ie s  p r o j e c t ,  
t he  f e a s i b i l i t y  of p o t e n t i a l  f u t u r e  s c i e n t i f i c  missions i s  eval.uated, new 
approaches t o  mission implementation are examined, and an up- to-da te  ca ta logue  
of mission o p p o r t u n i t i e s  i s  developed. I n  EY 1973, s t u d i e s  arc: being conduc:tt?d 
on: (1) s o l a r - e l e c t r i c  missions t o  comets and a s t e r o i d s ;  (2)  o u t e r  p l a n e t  
o r b i t e r  and probe miss ions ;  (3) r ada r  mapping s p a c e c r a f t  f o r  Venus; ( 4 )  Mars 
s u r f a c e  sample r e t u r n  missions;  (5) space s h u t t l e  imp l i ca t ions  f o r  p l a n e t a r y  
s p a c e c r a f t ;  and (6) methods f o r  reducing t h e  c o s t  and weight of p l ane ta ry  
spacec ra f t .  I n  FY 1974, i t  i s  planned t o  cont inue  i n v e s t i g a t i o n  of s o l a r -  
e lec t r ic  comet and a s t e r o i d  missions,  Mars s u r f a c e  sample r e t u r n  missions,  
and ou te r  p l a n e t  o r b i t e r  and probe miss ions ,  and t o  i n t e n s i f y  Cnves t iga t ion  
of space s h u t t l e  imp l i ca t ions  f o r  t h e  p l ane ta ry  program. Addi t iona l  candida te  
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s t u d i e s  f o r  EY 1974 inc lude :  s m a l l  rov ing  veh ic l e s  f o r  post-Viking Mars 
explorat ior t ,  missions t o  the  sa te l l i t es  of t he  ou te r  p l a n e t s ,  and 
the  poten t i . a l  f o r  c o s t  reduct ion  i n  enforced commonality i n  f u t u r e  space- 
c r a f t  subsys t e m s .  

PlanetaryAdvanced Technical  Development (ATD) - These funds a r e  used 
t o  assure technologica l  r ead iness  and t o  perform d e t a i l e d  advance planning 
f o r  candida te  p l ane ta ry  missions.  ATD i s  c l o s e l y  keyed t o  p r o j e c t  s tar t  
schedules .and t o  advanced s t u d i e s  f o r  i d e n t i f i c a t i o n  of long-lead c r i t i c a l  
technologies .  Timely i d e n t i f i c a t i o n  and advanced development of c r i t i c a l  
technologies  t i e d  t o  fo re seeab le  mission requirements permits  more accu ra t e  
e s t ima t ing  lof mission funding requirements  and more e f f i c i e n t  use  of pro- 
j e c t  fiinds during development. 

The major enphasis  i n  N 1973 has been on p repa ra t ion  f o r  probe and o r b i t e r  
missions t o  Vcmus and on the  technologies  f o r  f u t u r e  low-cost Mariner and 
Pioneer class missions t o  the  ou te r  p l ane t s .  P lans  f o r  FY 1974 a r e  t o  cont inue 
emphasi.s on t he  technologies  f o r  t he  optimum u t i l i z a t i o n  of spinning and th ree -  
a x i s  st:abilj.zed s p a c e c r a f t  t o  achieve c o s t - e f f e c t i v e  probe and o r b i t e r  missions. 

Plane ta ry  Astronomy 

1972 - 1973 - 1974 - 
Plane tary  a s t rono  my.............. $4,800,000 $4,800,000 $3,700,000_ 

Tota l  .......................... $4.800.000 $4.800.000 $3.700.00Q -- 

This  lcont inuing program makes important  c o n t r i b u t i o n s  t o  t h e  s c i e n t i f i c  
explora t ion  D f  t he  s o l a r  system by observa t ions  of the  p l a n e t s  and o t h e r  
s o l a r  system o b j e c t s  from t h e  v i c i n i t y  of e a r t h .  New obse rva t i ca  t echn i -  
ques, ins t rwnents ,  and p la t forms  make i t  p o s s i b l e  t o  acqu i r e  information 
about t he  pl i inets  from the  v i c i n i t y  of e a r t h  t h a t  w a s  p rev ious ly  poss ib l e  
t o  ob ta in  on’ty by probes t o  the  p l a n e t s  themselves. Observations are now 
made from ai.rpl.anes, ba l loons ,  r o c k e t s ,  and e a r t h - o r b i t i n g  sa te l l i t es  a s  
wel l  as from ground-based obse rva to r i e s .  
i n f r a r e d ,  ra.clio and r ada r  astronomy, observa t ions  can be made a t  almost 
all wave1engt:hs. Resu l t s  from the  p l ane ta ry  astronomy program both 
supplement and complement the  p l ane ta ry  f l i g h t  programs. 

Using the  techniques of o p t i c a l  , 

The ob jec t ives  of t h e  program are accomplished through r e sea rch  p r o j e c t s  
which are c a r r i e d  out  by astronomers and o the r  s c i e n t i s t s  l oca t 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 the r  o rgan iza t ions .  I n  N 
1974,  approximately 40 r e sea rch  p r o j e c t s  w i l l  be  conducted, ranging i n  
s i z e  from the  work of a s i n g l e  i n v e s t i g a t o r  t o  l a r g e  mul t i f ace t ed  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 he  r e sea rch  p r o j e c t s  a r e  
of a cont inuing n a t u r e  and are supported over s e v e r a l  years .  
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Major emphasis w i l l  be  on s t u d i e s  of t h e  p l a n e t  Mercury and t h e  o u t e r  p l a n e t s  
from J u p i t e r  through P lu to .  This emphasis r e f l e c t s  our increased  knowledge 
of  Venus and Mars and a need f o r  a d d i t i o n a l  in format ion  on the  o t h e r  p l a n e t s  
t o  support  upcoming f l i g h t  programs. 

I n  the  a r e a  of instrument  development, a NASA-supported a d d i t i o n  of a h igh  
power r a d a r  system a t  the  Nat iona l  Astronomy and Ionosphere Center a t  Arecibo, 
Puer to  Rico, a Nat iona l  Science Foundation (NSF) f a c i l i t y  opera ted  by Cornell. 
Un ive r s i ty ,  i s  underway. Completion of t h e  r a d a r  system w i l l  i n c r e a s e  t h e  
p l ane ta ry  astrmomy r a d a r  c a p a b i l i t y  t o  t h e  p o i n t  where s c i e n t i s t s  w i l l  be  
a b l e  t o  "map" the  s u r f a c e s  of Mercury, Venus, and Mars i n  consiclerab'ly g r e a t e r  
d e t a i l  than p resen t ly  p o s s i b l e ,  as w e l l  as s tudying  t h e  s u r f a c e  p r o p e r t i e s  
of several .Jovian s a t e l l i t e s .  

Data Analysis  

1974 - 1973 - 1972 

Lunar dat.a a n a  
P l ane ta ry  d a t a  

Tota l . .  . . . . . 

y s i s . .  . . . . . . . . . . . . . $2,100,000 $ ~ , 3 0 0 , 0 0 ~ ~  
a n a l y s i s  ........... 1,400,000 1,400,000 :I, 400, OOCz 

$1,653,000 

................... $3.053.000 $3.500.000 $9.700 .OOQ -- 

The Data Analysis  program provides  f o r  t he  suppor t  of s c i e n t i s t s  ana lyz ing  
the  resu l t s  of f l i g h t  experiments a f t e r  t h e  e x p i r a t i o n  of t h e  per iod  of fundi.ng 
by the  f l i g h t  y o j e c t .  It a l s o  provides  suppor t  f o r  s c i e n t i s t s  n o t  a s s o c i a t e d  
with the  f l i g h t  p r o j e c t  t o  ana lyze  d a t a  obta ined  from f l i g h t  i n v e s t i g a t i o n s .  

The long term o b j e c t i v e  of Data Analysis  i s  t o  i n t e r p r e t  t he  s c i e n t i f i c  
d a t a  acqui red  by s p a c e c r a f t  missions and t o  inco rpora t e  the  r e s u l t s  i n t o  the  
t h e  growing body of knowledge about  t h e  c h a r a c t e r i s t i c s  and hist:ory of t he  
moon and the  p l ane t s .  During FY 1974, t h e  e f f o r t  w i l l  be  heav i ly  concent ra ted  
on a n a l y s i s  of t he  weal th  of d a t a  r e tu rned  f romMariner  9 during i t s  very 
active 11 months i n  Mart ian o r b i t .  

--- Lunar Data Analysis  and Synthes is  - With t h e  success fu l  completion of Apollo 
17, t he  Apollo program has ended. I n i t i a l ,  l i m i t e d  d a t a  r educ t ion  and a n a l y s i s  
by p r i n c i p a l  i n v e s t i g a t o r s  has  been funded by t h e  Apollo program (Apollo funding 
f o r  t h i s  a c t i v i t y  i n  FY 1973 amounted t o  $12,760,000). However, the  vast  body 
of acqui red  Appollo d a t a ,  as w e l l  as cont inuing  a d d i t i o n a l  d a t a  from the  s t i l l  
opera t ing  A113110 luna r  experiments,  and d a t a  from t h e  p a s t  automated luna r  
f l i g h t  programs, r e q u i r e  a major program of s tudying ,  ana lyz ing ,  and synthes iz ing .  
During the El ight  phase of t h e  program, t h e  primary s c i e n t i f i c  e f f o r t  w a s  e x -  
pended in rixlucing and ana lyz ing  t h e  r e s u l t s  of i n d i v i d u a l  experiments ,  There 
i s  an increased  need now f o r  r e s e a r c h e r s  wi th  broad s c i e n t i f i c  backgrounds t o  
u t i l i z e  the  clarra from many d i E f e r e n t  experiments ,  inc luding  t h e  r e s u l t s  of 
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the  sample a.nalysis program, t o  syn thes i ze  o r  p u t  t oge the r  a l l  t hese  r e s u l t s  
i n  order  t o  b e t t e r  understand t h e  major problems of t h e  o r i g i n ,  h i s t o r y ,  and 
p r e s e n t  er.vironment of t he  moon and, u l t i m a t e l y ,  t he  s o l a r  system. This  
s y n t h e s i s  program w i l l  be t h e  major s c i e n t i f i c  payoff from t h e  luna r  f l i g h t  
programs. 
and throughout t he  u n i v e r s i t y  systems are a l r eady  a c t i v e l y  s tudying and i n t e r -  
p r e t i n g  t h e  d a t a  as i t  becomes a v a i l a b l e  t o  them. Addi t iona l  s c i e n t i s t s  w i l l  
be added t o  t h i s  program by means of an "Announcement of Research 0pportuni. t ies" 
t o  be c i r c u l s t e d  i n  t h e  Spr ing  of 1973. 

Well q u a l i f i e d  s c i e n t i s t s  a t  NASA c e n t e r s ,  i n  o the r  Federa l  agencies  

Data a n a l y s i s  through mid-FY 1974 by Apollo p r i n c i p a l  inves t : iga tors  i s  
funded under the  Apollo program; con t inua t ion  f o r  t h e  remainder of FY 1974 
of t h e i r  ma: lys i s  and r e p o r t i n g  i s  a p a r t  of t h i s  budget i t e m  i n  FY 1974. 
Appropriate  r educ t ion  of photographic  d a t a  and product ion of ca r tog raph ic  
products  f o r  s tudy and f o r  u se  by l u n a r  i n v e s t i g a t o r s  are s i g n i f i c a n t  
suppor t ing  func t ions .  

P l ane ta ry  -- I Data Analys is  - I n  FY 1974, Plane ta ry  Data Analys is  w i l l  p rovide  
f o r  reduct ion of  d a t a  from Mariner missions t o  Mars and Venus, inc luding  i n  
p a r t i c u l a r  t h e  r e s u l t s  ob ta ined  by t h e  very  success fu l  o r b i t e r  mission t o  
Mars completed i n  late October 1972. These r e s u l t s  w i l l  be  used i n  the  
prepara t ion  of a set of  maps desc r ib ing  the  geology of t he  surEace of Mars. 
Data i n t e r p r e t a t i o n  work w i l l  a l s o  be cont inued on t h e  r e s u l t s  from 
Pioneer missions i n  i n t e r p l a n e t a r y  space,  and e a r t h  sa te l l i t e  and sounding 
rocket  missions i n v e s t i g a t i n g  t h e  upper atmosphere of e a r t h .  

P l ane ta ry  Quarant ine 

1972 - 1973 - 1974 - 

S2.200.000 $1.500.000 $2,200.000 - T o t a l . .  , . # .  , . . . . . . . . . ... . . . . . . . . 
The sea rch  for l i f e ,  i t s  o r i g i n  o r  i t s  remnants on the  o t h e r  p l a n e t s  of our  

s o l a r  systeni, i s  a h igh  p r i o r i t y  goa l  of space exp lo ra t ion .  E s s e n t i a l  t o  
t h i s  search i s  t h e  prevent ion  of l a r g e  scale r e p l i c a t i o n  on the  t a r g e t  p l a n e t s  
of t e r res t r ia l  l i f e  forms c a r r i e d  t h e r e  by our  s p a c e c r a f t .  To accomplish 
t h i s  o b j e c t i v e  a l l  outbound automated p l ane ta ry  exp lo ra t ion  missions must 
conform t o  't i o l o g i c a l  c o n s t r a i n t s  based on i n t e r n a t i o n a l  agreements. 

Research i n  p r i o r  yea r s  has  emphasized the  development of techniques f o r  
achieving and maintaining s t e r i l i t y  of launched s p a c e c r a f t .  
do, however, add t o  mission c o s t  and i n c r e a s e  r i s k .  Research i n  FY 1974, as 
i n  FY 1973, w i l l  focus on u t i l i z a t i o n  of t h e  n a t u r a l  environment: through 
which the  s p a c e c r a f t  must pass t o  a i d  i n  achiev ing  s t e r i l i t y .  

These techniques 
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To provide adequate  suppor t  f o r  f l i g h t  p r o j e c t s ,  p l ane ta ry  qua ran t ine  
monitoring opera t ions  w i l l  cont inue  t o  i n c r e a s e  wi th  a matching decrease  
i n  r e sea rch .  Thorough eva lua t ion  of t h e  mic rob ia l  popula t ion  on a l l  t h e  
space . f l i gh t  hardware of t h e  Pioneer  G and Mariner Venus e rcu ry  missions 

hardware w i l l  be i n i t i a t e d .  De ta i l ed  knowledge of t h e  number and spec ie s  
of t he  micrDbas on and i n  s p a c e c r a f t  be fo re  s t e r i l i z a t i o n  o r  launch i s  
e s s e n t i a l  t D  maximum econony i n  qua ran t ine  opera t ions .  

w i l l  be  conducted and eva lua t ions  o f  t he  b i o l o g i c a l  popu I" a t i o n s  of Viking 

P lane ta ry  F l i g h t  Support  

1972 - 1973 - 1974 - 
--- $15 , OOO,O(g $22 , 000,~000 Plane ta ry  f l i g h t  suppor t . .  ......... - 
--- $15.000.00~ $22.000.000 - - Tota l . . .  ......................... 

Plane tary  F l i g h t  Support  i s  a new i t e m  i n  t h e  Space Science budget i n  FY 1974. 
I n  FY 1973, and p r i o r  y e a r s ,  funding requirements  f o r  a c q u i s i t i o n  and ope ra t ion  
of  the com.puters, d i s p l a y  devices  and o the r  equipment necessary  t o  conduct 
p l ane ta ry  Flrogram ope ra t ions  was inc luded  i n  t h e  Tracking and Data Acquis i t ion  
budget: reqc.est .  Because of t he  s p e c i f i c  n a t u r e  of t h e s e  requirements  i n  sup- 
p o r t  of p l m e t a r y  programs, r e s p o n s i b i l i t y  w a s  t r a n s f e r r e d  t o  the O f f i c e  of 
Space Science on J u l y  1, 1972, and a funding t r a n s f e r  was made i n  t h e  FY 1 9 7 3  
0perat: ing Iiudget t o  a l i g n  funding r e s p o n s i b i l i t y  wi th  program r e s p o n s i b i l i t i e s .  

The funding; provides  f o r  a c t i v i t i e s  and equipment a s s o c i a t e d  wi th  mission. 
tes t ,  simcil.at:ion, and t r a i n i n g ;  t h e  c o n t r o l  of  s p a c e c r a f t  and mission opera.tions 
during f l igh t : ;  and the  process ing ,  d i s p l a y ,  a n a l y s i s  and d i s t r i b u t i o n  of daita 
rece ived  lironi t h e  s p a c e c r a f t .  

F i s c a l  Year 1973 funds are being used t o  suppor t  ac t iv i t ies  p r imar i ly  
a s s o c i a t e d  wi th  t h e  P ioneer ,  Mariner Mars 1971 and Mariner Venus/Mercury 
1973 project:;,  and t o  i n i t i a t e  an expansion of ground support  c a p a b i l i t y .  
This  :mgmentation of computing and d a t a  d i s p l a y  equipment i s  r equ i r ed  t o  
provide  no t  only s imultaneous suppor t  t o  t hese  Pioneer  and Mariner b u t  a l s o  
t o  more coinp:Lex f u t u r e  missions.  The Viking missions , i n  p a r t i c u l a r  , w i l l  
r e q u i r e  siinu:ltaneous ope ra t ion  of and d a t a  a c q u i s i t i o n  from four  h igh-da ta-  
r a t e  s p a c e c r a f t  (two O r b i t e r s  and two Landers) .  

During IFf 1974, t h e  mission c o n t r o l  computing f a c i l i t y  w i l l  cont inue  t o  
suppor t  t h e  f l i g h t  ope ra t ions  of  Pioneer  6 through 10, i n  a d d i t i o n  t o  the  
Pioneer G and Mariner Venus/Mercury 1973 missions.  The f a c i l i t y ' s  f l i g h t  
opera t ions  c (spabi1 i ty  for Hel ios  A w i l l  be  implemented; t ra ini .ng f o r  t h e  
suppor t  of Viking f l i g h t  ope ra t ions  w i l l  be  i n i t i a t e d ,  and t h e  d e t a i l e d  
design anld i n i t i a l  implementation of t h e  Viking mission c o n t r o l  computing 
support  w i l l  be  accomplished. 
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Lunar Sample Analys is  

1974 - 1973 - 1972 - 
.............. --- --- $4,600,000 Lunar sarnple a n a l y s i s .  - 

--- Tota l .  .............................. e-- $4,600 , 000 
I 

The : ;c ient i : i ic  r e sea rch  a s s o c i a t e d  wi th  t h e  a n a l y s i s  of lunar  materials i s  
d i r e c t e d  toward answering t h r e e  major unsolved problems : (1) formation and 
e a r l y  bombardment of t he  moon; (2) d i f f e r e n t i a t i o n  and thermal h i s t o r y  of the  
moon; and ( 3 )  h i s t o r y  of the  sun and poss ib ly  of o the r  o b j e c t s  i n  the  Galaxy, 
as recorded i n  the  luna r  su r face .  All of these  are r e l a t e d  t o  t h e  o r i g i n  
of e a r t h  and o t h e r  p l a n e t s .  

The <analysis  of t h e  r e tu rned  samples i s  a worldwide e f f o r t ,  b u t  only domestic 
i n s t i t u t i o n s  are funded through t h i s  p r o j e c t .  Because the y i e l d ,  both of samples 
and s c i e n t i f i c  r e s u l t s ,  has  been of even g r e a t e r  magnitude than a n t i c i p a t e d ,  t he  
f i r s t  genera t ion  of a n a l y s i s  has  n o t  y e t  been completed. Even wi th  t h i s  l i m i t e d  
a n a l y s i s ,  t h e  l una r  s c i ence  community has  a l r eady  acknowledged t h a t  t h e i r  
s c i e n t i f i c  vi~ewpoint concerning t h e  n a t u r e  of t he  o r i g i n ,  t he  age,  and the  
p r o p e r t i e s  of t h e  moon has  been thoroughly transformed. 

Sample anal .ysis  focuses  on four  areas: minera logica l  and p e t r a l o g i c a l  ; 
geochemical and nuc lea r  (aging and d e t e r i o r a t i o n ) ;  phys i ca l  measurements, 
o r  body p r o p e r t i e s ;  and biochemical.  

A s c i e n t i f i c  competence has  been e s t a b l i s h e d ,  both i n  s c i e n t i s t s  and r e sea rch  
f a c i l i t i e s ,  t h a t  w i l l  be  a p p l i c a b l e  and b e n e f i c i a l  t o  o the r  s t u d i e s  of our 
environment. 
problems r e q u i r e s  o rde r ly  and cont inued a n a l y s i s  of t h e  samples. 
reques ted  f o r  FY 1974 i s  necessary  t o  cont inue  t h e  progress  t h a t  has  a l r eady  
produced s o  much new s c i e n t i f i c  knowledge. 

The e s s e n t i a l  knowledge and d a t a  r equ i r ed  t o  answer t h e  unsolved 
The funding 

Lunar Science Operat ions 

1972 - 1973 - 1974 - 
--- --- $4,000,000 Luna.r sci .ence ope ra t ions . .  ......... 

Tota l .  --- ........................... .$4.000.000 - - -- 

Three set:s  of lunar  s c i e n t i f i c  experiments cont inue i n  opera t ion :  laser 
ranging which.  provides  d a t a  f o r  t h e  s tudy  of t h e  dynamics of tlne earth-moon 
system, t h e  phys ics  of t he  e a r t h  and the  moon, and t h e  processes  of g r a v i t a t i o n  
and re1at i .vi t .y;  and the  ALSEP (Apollo Lunar Science Experiment Packages) and 
o r b i t a l  s u h s a . t e l l i t e  experiments which provide d a t a  f o r  s tudy  o f  t h e  i n t e r n a l  
s t ruct :ure ,  g r a v i t y  and f i g u r e  of t h e  moon, t h e  i n t e r n a l  temperature and 

RD 6-22 



r a d i o a c t i v i t y ,  t he  chemical composition of the  i n t e r i o r ,  t he  s e i s m i c i t y ,  
and the  magnetic f i e l d s .  

In one area a lone ,  t h a t  of magnetic p r o p e r t i e s ,  t he  experimental  d a t a  has 
changed completely the  hypotheses concerning luna r  magnetic f i e l d s  through 
two major d i scove r i e s :  t h a t  t h e r e  e x i s t s  f o s s i l  magnetism on t he  moon, and 
that: e lectromagnet ic  induct ion  of t he  moon leads  t o  the  formst ion of a we l l  
def ined ,  time-dependent magnetosphere. 

Through the  l a s e r  ranging,  i t  has  been p o s s i b l e  t o  develop a more accu ra t e  
ephemeris of t he  moon, as w e l l  as a more p r e c i s e  l i b r a t i o n  model of t he  moon. 
Through these ,  we w i l l  even tua l ly  be a b l e  t o  deduce the  i n t e r i o r  makeup of 
t he  moon. 
a n a l y s i s  of t he  t e c t o n i c  p l a t e  movement of t he  e a r t h .  I n  support  of t h i s  
ranging . ac t iv i ty ,  observa t ions  w i l l  cont inue a t  McDonald Observatory on a 
r e g u l a r  b a s i s ,  and the  second ranging s t a t i o n ,  on M t .  Haleakala  i n  Hawaii, 
w i l l  become ope ra t iona l  i n  1973. The understanding of t he  p l a t e  movement:; 
i s  bas i c  to  fo recas t ing  se i smic  d i s tu rbances ,  o r  any a c t i v i t y  r e s u l t i n g  
from moveinents of t h e  e a r t h ' s  c r u s t .  

The l a s e r  ranging information a l s o  c o n t r i b u t e s  important ly  t o  the  

The ALSEP experiments a r e  cont inuing to  produce u s e f u l  da t a .  
of the  sc::lence instruments  r e q u i r e s  continued funding i n  FY 1974. 

The operat:ion 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES I 

BUDGET SUMMARY 

---- OFFICE OF SPACE SCIENCE LAUNCH VEHICLE PROCUREMENT PROGRAM- 

SUMMARY OF RESOURCES REQUIRGMENTS 

1972 - 1973 - 1974 - 
S C O U t . . . . . . . . . . . . . . . . . * . . . . . .  $15,100,000 $15 , 700,000 $12,000,000 

T i t a n  IIIC................... 9,000,000 5,500,000 ..... 
Centaur...................... 82,200,000 120,700,000 115,000,000 
Delta....................*... 41,000,000 76,000,000 46,000,000 

Supporting r e sea rch  and 
technology/advanced s t u d i e s  4,000,000 3,100,000 4,000 dl00 -- 

Total................,.,. $151,300,000 $221,000,000 $17 7,000,000 

FY 197:3 funds appl ied  t o  FY 1974 program. .................... -600,000 
Budget (au thor i ty  requested. .  ................................. $ 1 7 6 , 4 O O , C ~  - 

Dis t r ibu t ion .  of Program Amount by I n s t a l l a t i o n :  --- 
J0h.n F. Kennedy Space Center 2,786,000 2,651,000 3,600,000 
Marshall Space F l i g h t  Center 921,000 502,000 1,800,000 
Goddard Space F l i g h t  Center 40,257,000 74,315,000 44,540,000 

Langley Research Center.. , . .  14,722,000 15,158,000 12,080,000 

2,2 80,000 NASA Headquar t e r s* .*** . . . *=*  11,239,000 

Total...................,. $151,300,000 $221,000,000 $177,000,000 

Jet Propuls ion Laboratory ... 852,000 760,000 800,000 

L e w i s  Research Center....... 80,523,000 119,012,000 111,900,000 

--__ __-_- 8,602,000 _ _  - 
-- -- 

HIGHLIGHTS OF BUDGET PLAN 
scout  

Incremental  funding of 
hnrdwa re procur  &en t i n  

B ia l  A i r  Density,  German, 
AlVS , Hawkeye, and 
Gravi ty  ]?robe miss ions . .  . $5,600,000 $7,000,000 

SllppOKt Of s s ,  ms, 

$1,400,000 
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Scout (Coned) 
Management and 

engineer ing support ,  
test  and checkout, 
launch ope ra t ions ,  
maintenance, and f i e l d  
support................. 

Major improvements t o  
the  f o u r t h  s t a g e  
guidance (and upper 
s t a g e  motor. No improve- 
m e n t s  a r e  planned f o r  FY 
19'73 and l?Y 1974 ......... 

Tota:L Scout. ........... 
Centaur 

Incremen ilal- funding 
of hardware procurement: 
i n  support  of Viking, 
Mariner Venus/Mercury 
1973, 1Iel.ios and 
Pioneer ................. 
engineer ing support ,  
t E! s t arid c hec kou t , 
launch opera t ions ,  
ma.intenance, and f i e l d  
support......O.......... 

Major i m F  rovement s 
encompassing t h e  
improved Centaur, 
T i t a n  Centaur 
i n t e g r a t i o n  and proof 
f l i g h t ,  and s e l e c t i v e  
redundancy.............. 

Management and 

Total  Centaur......... 

Delta 
Incremental  funding of 

hardware procurement i n  
support  o f  RAE, Atmosphere 
Explorers, ,  Nimbus, GEOS, 
OSC), Tire:; N, ERTS, SMS, 
and CTS missions.  

1972 - 1973 - 1974 - 

$9 200 000 $8,700,000 $ LO, 600,000 

--- - .. - 300 , 000 _- 
$15,100,000 $15,700,000 $12,000,000 - - 

32,300,000 58,100,000 69 , 500,000 

16,000,000 23,100,000 33,700,000 

33,900,000 39,500,000 1 1,800,000 _- 

$82,200,000 $120,700,000 $115,000,00~ 

9,600,000 23,500,000 14, 500,0001 
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1972 1973 1974 

Delta (Cont 'd) - -- 
Management and 

engineer ing  support ,  
test  and checkout, 
launch ope ra t ions ,  
maintenance, and 
f i e l d  support....... 

R e l i a b i l i t y  improvements 
t o  f i r s t  and second s t a g e  
pneumatics, second s t a g e  
hydrau l i c s ,  guidance 
components, POGO 
suppression. ........ 

T o t i ~ l  Delta.. ....... 
Ti tan  111:C --- 

1nc:remental funding of  
hardware procurement 
and r e l a t e d  services 
from ITSAY f o r  t h e  ATS-F 
m i s s i c m .  ............... 

Tota.1 T i t a n  IIIC, .... 
SupportingJesearch and 

Technology/Advanced 
S tud ie s  
Exp1orator.y and app l i ed  
r e sea rch  and s p e c i f i c  
s t u d i e s  i n  t h e  fo l lowing  
1 auiic h v s h i c  l e  t echno log ica l  
discipl ine: ; :  

I_- 

Advanced s tud ie s .  ...... 
Propuls ion  and energy 

c onver s ion.  .......... 
Guidance, c o n t r o l ,  and 

navi.gat:ion.. ......... 
I n s  trunien t a t  i on and 

e 1 ec t :ronics,  ......... 
S t r u c t u r e s  and 

mater ia  1 s ............ 
Vehicle engineer ing. .  .. 

Total  Support ing Research 
and Technology/Advanced 
Studie;s ............... 

$14,600,000 

16,800,000 

$41,000,000 

9,000,000 

$9,000,000 

$1,535,000 

1,187,000 

803,000 

125,000 

350,000 - - -  

$4,000,000 

$36,800,000 $26,200,1900 

15,700.000 5.300.000 

$76,000,000 $46,000,000 - - 

$1,235,000 $1,5 3 5,000 

1,275,000 1,3 69,000 

112,000 596,000 

90 , 000 115,000 

100,000 100,000 
288,000 285,000 

$3,100,000 $4,000,000 - - 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF SPACE SCIENCE ---- PROCUREMENT PROGR@ - 
PROGR4M 0:B JEC T I  VE S AND JUS T I  F ICAT I ON : 
_I_--- 

The Launch Vehicle Procurement program o b j e c t i v e  i s  t o  provide launch 
v e h i c l e s  mid launch s e r v i c e s  t o  support  automated space mission requirement:s. 
Program ac:lrivities inc lude  t h e  procurement of v e h i c l e  hardware, launch 
se rv ices ,  engineer ing  and maintenance suppor t ,  and t h e  development, as requi red ,  
of improved v e h i c l e  systems and ground support  equipment. I n  add i t ion ,  e f f o r t s  
are urtdert:akan i n  t h e  areas of Support ing Research and Techno1 ogy/Advanced 
S tud ie s  t o  d e f i n e  f u t u r e  miss ion  requirements  and t o  i n v e s t i g a t e  new techno- 
l o g i c a l  developments. Vehicles  c u r r e n t l y  procured are: Scout,  Delta, Centaur,  
and T i t a n  IIIC. 

The FY 1974 budget r eques t  f o r  t h e  Launch Vehicle Procurement program i s  
comprised of t h r e e  major c a t e g o r i e s :  (1) Vehicle hardware, (2)  Supporting 
a c t i v i t i e s ,  and (3) Product improvement. Funding r e l a t e d  t o  v e h i c l e  hardware 
i s  i d e n t i f i a b l e  wi th  s p e c i f i c  miss ions  and inc ludes  such i t e m s  as s o l i d  
rocke t  motors, boos te rs ,  upper s t a g e s ,  shrouds,  a d a p t e r s  and miss ion  p e c u l i a r  
hardware. 
f o r  launch, guidance and c o n t r o l  services, prelaunch and post launch engi -  
neer ing  a n a l y s i s ,  t r a n s p o r t a t i o n ,  p rope l l an t s ,  and range  support  cos t s .  The 
suppor t ing  scizivities funding e f f o r t  d i f f e r s  from t h e  v e h i c l e  hardware ca tegory  
i n  t h a t  re:;~wrce requirements  are d i r e c t e d  t o  r e c u r r i n g  c o s t s  which are 
operat ional-  i n  na tu re ,  r a t h e r  than  t o  t h e  procurement of a s p e c i f i c  number of 
end i t e m s  o.E hardware produced. Product improvement, t h e  t h i r d  category,  
provides  support  t o  i n s u r e  t h e  r e l i a b i l i t y  of t h e  launch v e h i c l z  system and its 
a s s o c i a t e d  ground support  equipment. 

The suppor t jng  a c t i v i t i e s  ca tegory  inc ludes  prepara t  ion  of hardware 
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BASIS OF IWNl) REQUIREMENTS: ---- 
scout 

1974 
-, 1972 1973 

~rdware*........... ......... $5,600,000 $7 , 000 , 000 $1 , 400 , 000 
Support i.ng activities ........ 9 , 200,000 8,700,000 10 , 600,000 
Major improvements. 300,000 _- e - -  - _- .......... 

..................... $12,000,000 Total. $15,100,000 $15,700,000 - 
Scout is a four-stage, all solid propellant launch vehicle. It is the 

smallest launch vehicle employed by NASA, and is used to launch lighter-weight 
payloads on a wide variety of missions, such as atmospheric and space probe:;, 
high speed reentry experiments and small satellites. The vehicle is approxi.- 
mately 22.4 meters in length (73 feet) and the first stage booster has a 
diameter of 1.14 meters 3.75 feet. It is capable of placing a 180 kilogram 
pound) payload in a 556 kilometer (300 nautical miles) orbit. Since 
September 1967, the Scout has sustained a 100% successful launch record in 
the last 28 launches. 

Fund:; requested for FY 1974 will be used as follows: 

-- Hardware.. Funds will be utilized to initiate and/or continue hardware 
procurement to support SAS-C, Dual Air Density, Hawkeye/Neutral Point Explorer, 
and Gravity Probe missions. 

Supporting ktivities- Engineering and technical support, vehicle test and 
checkout, launch operations, and maintenance of launch facilities and ground 
equipment w i l l  be funded to support the launch schedule. 

Improvemet.ts,- No improvements are planned in FY 1973 and FY 1974. 
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Centaur 

1974. -. 1973 - 1972 - 
Hardware ................... $32,300,000 $58,100,000 $69,500,000 
Supporti.ng ac t iv i t ies .  .... 16,000,000 23,100,000 33,700,000 ........ 11,800,000 Major inilnxwements 33,900,000 39,500,000 --- 

$82,200,000 $120,700,000 $115,000,000 --- _-- 
Centaur i s  a h igh  performance upper s t age ,  t h e  most powerful upper s t a g e  

used by NA5A f o r  automated missions.  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  h igh  energy miss ions ,  p a r t i c u l a r l y  luna r ,  p lane tary ,  and 
synchronous o r b i t s .  The Atlas Centaur v e h i c l e  i s  40 meters (131 f e e t )  i n  
length  and has  a diameter  of 3.1 meters (10 f e e t ) .  

A new conf igu ra t ion ,  t h e  'Titan Centaur,  i s  being developed t o  support  t h e  
Viking missio:2 and f o r  o t h e r  heavy payload o r  high energy missi.ons beyond 
t h e  l i f t i n g  c a p a b i l i t y  of A t l a s  Centaur. This T i t an  Centaur,  planned f o r  
ope ra t iona l  use  i n  1974, w i l l  be 49 meters (160 f e e t )  and w i l l  have a 
payload s h r m d  diameter  of 4.3 meters (14 f e e t ) .  

Fund:; reques ted  f o r  FY 1974 w i l l  be used as fol lows:  

-- Hardware- Incremental  funding of hardware procurement f o r  t h e  Viking, 
Helios,  ant1 Mariner Venus I Mercury 1973 missions w i l l  be cont inued.  Atlas  
and T i t an  ]:::I boos te r s  as w e l l  as t h e  Centaur second s t ages  are procured wi th  
these  funds,  

SuDDortins! ActivitieE- Funding w i l l  be u t i l i z e d  t o  purchase management 
and engineerin.g support ,  launch support  opera t ions ,  f i e l d  services ,and t o  
main ta in  f a c i l i t i e s  and ground equipment. 

Improvements- A major product  improvement e f f o r t  f o r  Centaur,and t h e  
i n t e g r a t i o n  e f f o r t  w i t h  t h e  T i t a n  111 booster* are being cont inued dur ing  
FY 1973 and FY 1974. The Centaur improvement Program c e n t e r s  p r imar i ly  on 
a new e l e c t r o n i c  and electrical  system which i s  aimed a t  inc reas ing  o v e r a l l  
v e h i c l e  r e l i a b i l i t y ,  mission f l e x i b i l i t y ,  and performance. A second improvement 
e f f o r t  bein,g cont inued i s  t h e  i n t e g r a t i o n  of  t h e  Centaur s t a g e  wi th  t h e  USAF 
T i t a n  111 boDs ter family,  and t h e  es tab l i shment  of an  operationa.1 c a p a b i l i t y  
a t  t h e  Eastern Test Range t o  provide a v e h i c l e  wi th  t h e  payload c a p a b i l i t y  
f o r  mission:; such as Viking. To provide confidence f o r  t h e  Viking mission,  21 

Ti tan  Centaur proof f l i g h t  i s  planned f o r  early 1974, t o  be followed by use  
of t h i s  vehic l t?  combination f o r  t h e  Helios-A mission p r i o r  t o  t h e  Viking 
miss ions  . 
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Delta 

1972 - 1973 - 1974 -- 
Jhrdware................... $9,600,000 $23,500,000 $14,50O,OOO 
Supporting activities,..... 14,600,000 36,800,000 26,200,000 ........ 5,30O,OOO Major iinp~rovement s 16,800,000 15,700,000 

$46,000,000 
_I__- 

'Total.................... $41,000,000 $76,000,000 

The De:Lta launch vehicle is the most used vehicle in the NASA launch vehicle 
family. It is presently operational wieh two and three stage configurations 
and a mul-tiburn second stage capability. The first stage is an elongated Thor 
booster with 3, 6 or 9 strap-on solid motors for thrust augmentati.on. 

The sec:oncl-stage Delta, improved to provide a multiple restart capability, 
uses an i.ner.tia1 guidance system for guiding the first stage booster and the 
second st:age Delta. The third stage utilizes the Thiokol TE-364 spherical 
solid mot:or which is spin stabilized. 
confi.gurat:ion is approximately 35.05 meters in length (115 feet) and has a 
diameter of 2.44 meters (8 feet). 
payload (3,900 pound) into a 556 kilometer (300 nautical mile:) orbit. 

This vehicle in its three stage 

It is capable of placing a 1,772 kilogram 

e 

Funds requested for FY 1974 will be used as follows: 

-- Hardware- Funds will be used to continue and/or initiate hardware procurement 
to support the OSO-I, Tiros-N, ERTS-B, SMS-B, Nimbus-F, CTS-C, and AE missions. 

Supporting Activities- Necessary technical and engineering support, to 
sustain vehicle test and checkout and launch operations and to support 
maintenance (of launch facilities and ground equipment, will be provided. 

Improvements- ---- Product improvement will be limited to reliability improve- 
ments only and will include attitude control and hydraulics f a r  the second 
stage, the inertial guidance system, suppression of POGO effects on the first 
stage, and minor miscellaneous hardware improvements. These improvement 
efforcs were initiated in prior years and are being continued in FE' 1974. 
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Titan IIIC 

1972 - 1973 - 1974 - 
Hardware.................... $9,000,000 $5,500,000 --- 

T~tal~...................~ $9,000,000 $5,500,000 - - -  

The Titan 111 is a four-stage solid and liquid fuel vehicle developed and 
managed by the United States Air Force. NASA is using this veh.icle for the 
synchronous altitude Applications Technology Satellite (ATS F) mission to 
take advantage of its performance for direct injection into synchronous orbit. 

No FY 19'74 funds are required to complete the vehicle procurement and 
support of  the remaining ATS mission which is planned for launch in 1974. 
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Supporting Research and Technolopy/Advanced Studies - 

1972 1973 1974 

Advanced studies................ $1,535,000 $1,235,000 $1,535,000 
Propulsion and energy conversion 1,187,000 1,275,000 1 , 3  6 9,000 
Guidance, control and navigation 803,000 11 2 , 000 5 9 6,OO 0 
Instrumentation and electronics. 125,000 90,000 115,000 

Vehicle engineering............. - - -  288,000 285,000 
Structures and materials........ 350,000 100 , 000 100,000 

$3,100,000 $4,000,000 - - Total......................... $4,000,000 

Through technical research and studies, the Supporting Research and Technology/ 
Advanced Studies project provides the information required by NASA Management 
for decisions concerning future launch vehicle developments arid im.provements to 
support new sutomated missions. 

In FY 1973, new studies have been directed at determining the applicability 
of existing expendable launch vehicle upper stages for the space shuttle. An 
advanced study continuing from FY 1972 has as its objective the definition oE 
a solar electric propulsion stage for potential application to both expendable 
launch vehicles and the space shuttle. 

Funds requested for FY 1974 will be utilized as follows: 

- - - - ~  Advanced Studies- Studies of optimum launch vehicle families, stages, arid 
low cost design concepts will be continued to identify future automated 
launch vehicle development required to maintain an economical and reliable 
transportation system. The most promising concepts identified in the FY 1 9 7 3  
study program will be investigated in greater depth. The appl.ication of 
chemical and nonchemical propulsion systems to launch vehicle upper stages 
will a l s o  De considered. 

PropulsgLand Enerpy Conversion- Effort will be continued on the design, 
fabrii:atio.n, and test firing of a dual mode rocket motor capable o f  two 
different thrust levels by the use of monopropellant and bipropellant systems. 
Analysis of solar electric propulsion system capabilities will. be Identified 
and critic:,sl technological problems will be investigated. 

Guidance, Control and Navigation- Development, test, and evaluation of 
strapdown guidance system components will continue. Further research will be 
done in t h  area of astrionic-spacecraft interfaces, and the utilization of 
new e Lectrcmfic techniques will be investigated. 

Ins1~rumentation and Electronics- Research will be continue?. in nondestructive --- 
testing techniques for electro-explosive devices, including both squibs and 
fuses a, 
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--_- StriicturI3s and Materials- Development and evaluation of cortcepts to 
thermally decouple insulation penetrations in cryogenic propellant tanks 
caused by 7Ja:Lving and structural supports will be continued. 

--- Vehicle Esineering- Analytical studies aimed at precise identification of' 
the irnpaci of unmanned launch vehicles on the environment will be continued. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF APPLICATIONS SPACE APPLICATIONS PROGRg ---- 

SUMMARY OF RESOURCES REQUIREMENTS 

Weather and c l i m a t e  ............. 
P o l l u t i o n  monitoring ............ 
Earth r e sources  survey.. . . . . . . . . 
Earth and ocean phys ics  ......... 
Space process ing  ................ 
Communications................... 
Earth observa tory  s a t e l l i t e  

s t u d i e s . . . . . . .  ................ 
S h u t t l e  experiment d e f i n i t i o n . .  . 
Appl i ca t ion  s tud ie s . . . . . . .  ...... 

1972 

$45,451,000 
2,369,000 

74,746,000 
4,163,000 

59,771,000 

1973 

$60,450,000 
4,400,000 

56,900,000 
7 ,500 , 000 --- 

58,450,000 

1 , 000,000 --- 

1974 

$5'1 :,'loo , OO(3 
13,900,000 
42 , 600,000 
10 , 700,000 
:3,100,00~:, 

22 , 100 , 000 

:3 , 000 , 000 

2,000,00(~, 
4 , 500 , 000 

T o t a l , . . , . . . . .  .............. $187.500.000 $188.700.000 $153,000,000 

FY 1973 funds a p p l i e d  t o  FY 
F'Y 19'7'1 :Program.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -6,000,000 

Budget l k i tho r i ty  Requested.. . . . . . . . . . . . . . . . . . . . . . . . . . $147 .OOO.OO(~ 

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

John 1'. Kennedy Space Center 
Manned Spacec ra f t  Center..  . . 
Marshall  Space F l i g h t  Center 
Goddard Space F l i g h t  Center. 
Wallop:; ! ; ta t ion.  . . . . . . . . . . . . 
Jet Piropulsion Laboratory. .  . 
Arnes Research Center..  . . . . . . 
Langley Research Center..  . . . 
L e w i s  Research Center. .  . . . . . 
NASA Headquarters..  . . . . . . . . . 

$25 , 000 
12,385,000 

345 , 000 
152,086,000 

2,829,000 
1 , 100,000 
1 ,542 , 000 
3,595 , 000 
3,520 , 000 

10,073,000 

$150,000 
14,482,000 

310 , 000 
147,424,000 

6 , 022 , 000 
681 , 000 

3 , 030,000 
6,996 , 000 
3,994,000 
5 611 000 

$300 , 000 
18,959 , 000 

5,580 , 000 
94,251,000 

4,689,000 
1. , 847 , 000 
6 , 986,000 
8 , 552,000 
4 , 450,  OOCI 
7 , 386 , O O g  

T o t a l . . . . . . . .  ........,..... $187.500.000 $188.700.000 $153.000.00C! 
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- HIGHLIGHTS OF BUDGET PLAN 

1972 1973 

Weather arid C l i m a t e  ---- 

1974 .-- 

--_- A l l  Weather Atmospheric Soundings 
Experimrent S a t e l l i t e  (NIMBUS 5&q 

Spacecraf t  des ign ,  f a b r i c a t i o n  and 
tes t  lead ing  to  t h e  launch of NIMBUS 
F i n  1974... ...................... $9,969,000 $15,440,000 $10,165,0'30 

Advanced instruments  f o r  d e t e r -  
minat ion o f  t h e  v e r t i c a l  s t r u c t u r e  
of  t h e  atmosphere.. ............... 7,637,000 11,778,000 5,050,01:)0 

Ground c o n t r o l  operatf-ons f o r  
missions beginning i n  l a t e  1972.. 519,000 1,082,000 1,185 , 000 

Delta (Launch Vehicle  Pr'ocure- 
ment)..  ............o............. (1,300,000) (4,000,000>8 (400,000 :I 

$28 300,000 &l6,400.0(],0 _- Tota l ,  NIMBUS 5&F. . . . . . . . . . . .  $18,125.000 - __ 

Opera t iona l  Temperature Sounding 
Sa t e l l  i t  e (TIROS -N) ---- 
Spacecraf t  des ign  and develop- 

ment i n i t i a t i o n  leading  t o  launch 
i n  1977.......................0.. 

Sensor development t o  provide  
c a p a b i l i t y  f o r  making advanced 
atmos.pheric :soundings and !sea- 
s u r  f a c e  t enpera t u r  e m e a  s u r e  - 
ments . . . . . . . . . . . . . . . . . . . . . , . . . . . .  

--- $1,500,000 

--- 2,550,000 2,760,000 

Ground :; t a t i o n  equipment f a b r i -  
ca t ion . .  ..... ,,. ............ ,.. ..... 200,000 500,000 --- 

Del ta (Iiiurich Vehicle  Procure- 
ment) ........ ,.. .................... (---) (---) (3,00O,oc!Q) 

Total: ,  TIROS-N.. .............. --- $4.250.000 &O.OOO. 000 -- 
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1972 - 
Cloud Imagng from Synchronous 

S a t e l l i c e s  (SMS A&B) 

Spacecraf t  des ign ,  development 
and tes t  lead ing  t o  launch of  
one s p a c e c r a f t  i n  1973 and one 
i n  1974.......................... $11,892,000 

SE:nsors, t o  provide  cont inuous 
high r e s o l u t i o n  day and n i g h t  
c loud cotrer data. . . . . . . . . . . . . . . . .  3,524,000 

Fa.bricotion and i n s t a l l a t i o n  of 
1 , 484 , 000 ground s t:a t.ion equipment. ........ 

Delta (Launch Vehic le  Procure- 
ment:).. .......................... (1,700,000) 

Total.,  SMS.....o.O ........... $16.900.000 

Opera t i o r G .  Sa te l l i t e  Improve- 
ments -- 
Advanced sensor  des ign  work 

and s t u d i e s  t o  improve susbsystem 
and operat i .ona1 procedures  f o r  
TIROS ani1 SMS o p e r a t i o n a l  sys -  
t e m  inc luding  advanced i n s  t r u -  
men t:s t o  provide  ve r t  ica 1 temp er - 
a t u r e  sound ings  from synchronous 
a1 ti.tudE:s. ....................... $1,948 . 000 

Pos t  1a.unch suppor t  f o r  TIROS -M 
miss;ion.....................~.oo~ 202,000 

To ta l ,  Opera t iona l  S a t e l l i t e  

Global AtEctspheric Research Pro- 
Improvements............. .. $2.150.000 

g r a m  ((;AFLp) 

Data syst:ems t e s t  support . .  .... $100,000 

800,000 Si.mula.t:isn s t u d i e s  ............. 

1973 - 

$12 , 809 , 000 

2,447 , 000 

1 , 044 , 000 

(1 , 000,000_) 

$16.300,008 - 

$1 , 640,000 

$1.640 .OOQ 

$1,500,000 

1,160,000 

1974 - 

$5,849,000 

628 , 000 

523 , 000 

(3 , 500,000) 

$7.000.000 - 

$3,000,000 

--- 

$3.000.000 

$3 , 500 , 000 

1 , 750,000 
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19 74 1973 1972 

GARP A.t:lantic t r o p i c a l  e.xperi- 
ment: support  (GATE). ............. $300,0013 

700,00'2 

$3.660.003 -- 

Techno l.og,y development ......... $850 000 

$1.750.000 Tota.]., C:A.RP. ................. 
--- Met eoro l . c ~ . c a  1 Soundings Rocket 

Pr.0gra.m - 

Procuremmt and launch of re- 
search  sc)ur.ding rocket:;. ......... $700,000 $200 003 $500,000 

Deve1opmen.t of sounding rocke t  
syst:ems .......................... 800,000 

200 I 000 - .-- 

350,003 

950, (IO? 

300,000 

500,000 Fie ld  experiment support . .  ..... 
Total., Meteorological  

Sound i.ngs.. ................ $1 .500.300 $1.500.000 

- Design amd Development &-Advanced 
- Expericier.ta1 I n s t r u m e z s  

Desigr. ar.d development a f  f u t u r e  
experimerita.1 f l i g h t  ins t ruments  t o  
meet: fut:ure instrument  requirements.  
This i nc ludes  t h e  f a b r i c a t i o n  o f  
eng i n e e r  in@; mod e l  s ............... $412,000 - $500.000 - $400.00 _- 2 

Adva.nced. techniques i n  observ ing  ---- 
arid fo recas t ing . .  .............. $4.614.000 ---- $5.700.000 

$51 ? TOO ! 000 Total., Weather and C l i m a t e . .  . $45.451,000 

Po 11.11 ticlri Monitoring ---- 
0cea.nographic and A i r  Po l lu t ion  

OtiserviQ, S a t e l l i t e  (NIMBUS G) --- 
Spat ec ra  f '  t d es ign  and d eve lop  - 

ment: f o r  launch i n  197.7 .......... I - -  $5,000,000 



1972 1973 1974 - 
I n i t i a t i o n  of sensor  develop - 

ment which w i l l  a l low measurements 
of  a tmospheric  and oceanographic 
parameters  on a g loba l  b a s i s . .  ... --- --- $4,000,000 

.............. --- --- $9.000. 000 T o t a l ,  NIMBUS G - 

Design and Development o f  Advanced 
&per i m e n t a l  I n s  trumen t s 

Design and development of f u t u r e  
experimental  f l i g h t  ins t ruments  t o  
m e e t  Euture instrument requirements .  
This  .include:; t h e  f a b r i c a t i o n  of 
engineer ing  models........,...... $391.000 $2.100.000 $2.200.000 - 

Sensor d e f g i t i o n  and f e a s i b i l i t y  
---- evalua t ions .  ................... $1.978.000 $2.300.000 $2.700.000 - 

T o t a l ,  P o l l u t i o n  Monitoring.. $2.369.000 $4.400.000 $13.900.00@ - 

Earth Resources Survey --- 
Earth Reso.g:es Techno logy S a t e l l i t e s  

(ERTS) 

Spacecraf t  development and f a b r i -  
c a t i o n  f o r  ERTS-B miss ion  i n  1976 $19,383,000 

Sensor development t o  provide  
imagery and (earth r e sources  d a t a  
f o r  a g r i c u l t u r e ,  geology, hydro- 
logy, oceanography and geography 14,742 , 000 

Ground (Isti3 handl ing  and mission 
ope ra t ions  and gene ra t ion  of  image 
products  ......................... 15,616,000 

$5,582,000 $2,200 , 000 

4 , 391 , 000 

5,575,000 

Support '3f i n v e s t i g a t o r s  con- 
duc t ing  experiments and develop- 
ing  techniques t o  u t i l i z e  ERTS 
data. . . . . . . . . . .o. . . . . . . . . . . . . . . . .  2,339,000 17,052,000 

3 , 970 , 000 

700,000 

5 , 530 , 000 
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1973 1974 1972 

Delta  (Launch Vehicle  Procure- 
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ($3 ,500 ,000)  ( $ 3  , 400, OCS) 

- $12.400 ,a@ $32.600.000 -- Tota l ,  ERTS.. . . . . . . . . . . . . . . . .  $52,080.000 

Earth O'Jservations Ai rc r ; ;€ t  Pro- 
E?!! 

A i r c r d f  t ope ra t ions  and l o g i s  t i c s  
i n  support  o f  ERTS, EREP and r eg iona l  
prosram,;.. . . . . . . . . . . . . . . . . . . . . . .  $5,540,000 $7,425,000 $6,710,000 

A i r c r i l f  t sensor  development 
arid procgr  2tnent.. ............... 1 , 790,000 1 , 100,000 1 , 650,000 

A i r c r a f t  equipment maintenance 
arid mod i f  i l x  t i on .  ............... 2,725,000 2 , 300,000 

---I-- 4 625 000 

$16.000 ,a@ - 

3 , 050,000 

2 , 1 4 0 ,  O C g  

$13.000 &CQ -- 

Data hsnd'ling and procl3ssing. . 2,295,000 

Tota l ,  A i r c r a f t  Program.. ... $12.350.000 

- Design and Development o E Advanced 
Exper i nen t a1 Instruments  - 

Design and development of  f u t u r e  
experimentg31 f l i g h t  ins t ruments  t o  
m e e  t f u t i r  3 i n s  trumen t r lequi r emen t s . 
This inc ludes  t h e  f a b r i c a t i o n  o f  
engineer ing models,. ............. $427.000 $1,550,000 $1.600.000 - 

- DaLa pro-easing and i n t e r p r e t a t i o n ,  
--- ilives t b i t i o n s  and sen:Lor d e f i n -  
ition...,..........O.........O. $9.889.000'  -- $12.600,,000 

$42.600 

- 

Tota l ,  Earth Resource:; Survey $74,746,000 

Earth an13 Ocean Physics  ---- 

--- GEOS 1&2 - Completion of  ope ra t ions  
and da ta  r educ t ion  and ana lyses . .  $1.125.000 $1.300,0O(J __ 



1972 - 1973 - 1974 - 
Ocean Dynamics Monitoring 

S a t e l l i t e  (GEOS-C) ---- 

Spacecraf t  des ign ,  develop- 
ment and t e s t  l ead ing  t o  
launch i.n 3.974.. ................. $1 . 232 . 000 $2,400 , 000 $2,400 , 000 

Ins t runientat ion t o  provide  more 
accu ra t e  geometric measurements of  
t h e  eartF.'s s u r f a c e  and g r a v i t a t i o n a l  
field.................o..o....... 443 , 000 1 , 800 , 000 700 , 000 

Ground suppor t  p repa ra t ion  f o r  
mission heg,inning i n  1974. ....... 200 , 000 300,000 --- 

Delta (Launch Vehicle  Procure- 
ment:) ............................ (1,000,000) (2 ,700,000) - ( - - -) 

Total., GEOS-C ................ $1.675.000 $4.400,00Q $3.400.000 

Terres trJ&l. Measurement Referencing 
---- S a t e l l i t e  (IAGEOSl 

Spacec.i:a f t des ign  and development --- l ead ing  t o  launch i n  1976.. ...... --- $1 , 200 , 000 

Development of i n s t rumen ta t ion  
f o r  more p r e c i s e l y  determining 
p o i n t  l o c a t i o n s  on t h e  e a r t h ' s  

--- --- 300 LOOc surfiace. ......................... - 

................ --- -.. - - $1.500.000 Total., IAGEOS - 

Experimerz Data Analys is  

Data anaI.ysis of GEOS, IAGEOS 
and r e l a t e d  ground -based =veri-  
ments. (,. - $2 .. 700.000 --- ....................... .. - -- --- 

Design arid Development of  Advanced 
Exp er irnen ta  1 I n s  trumen t s - 
Des-ign arid development of  f u t u r e  

experimerital f l i g h t  ins t ruments  t o  
m e e t  f u t u r e  instrument  requirements.  
This inc.1.ud.e~ t h e  f a b r i c a t i o n  of  
engineer ing mod e l  s $261,000 $400 000 - ............... $300. OOQ - 
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1974 .- 1972 1973 

Measurement s y s t e m s ,  fo rec . a s t ing  ---- ........ $2.700,000 - techniques and modeling $1,102,000 $1.500,000 - - - __ 

T o t a l ,  Earth and Ocean Physics $4.163,000 $7 ? 500 , 000 _- .$10.70O.Oi[,O -- 

................. --- ($3 .100 .000 :~ "  - -Q. - l O O , O ( , O  
-1. 

;\Funded under Space F l i g h t  Operations 

Comnunicat i ons  ~ - - - -  

ATS 1-5 - Operations and d.sta -- -._ .. a n a l y s i s  ......................... $1.450.000 $1.200.000 

Mu1 t i  -Us  er Communications Exp e r i  - ---- 
ment S a t e l l i t e  (ATS-F)- ---- 

Spa c ec r a f t d es i gn , d eve 1 opmen t 
and t e s t  lead ing  t o  launch of  t h e  
s p a c e c r a f t  i n  1974.. ............. $26,443,000 $35,846,000 $12,5OO,O[)O 

Ins  trumenta t i o n  development f o r  
communications experiments a t  syn- 
chronous a l t i t u d e s  such as u s e r  
hea 1 t:h ae.d educat ion t e 1 ec o m u n i  - 
caticlns experiments and advanced 
s p a c e c r a f t  subsystems demons t r a -  
tions.................. .......... 18,543,000 13,512,000 3,000,000 

procurement and modif tca  t i o n  o f  
ground s t a t i o n  equipment.. ....... 2,726,000 2,742 , 000 500,000 

T i t a n  I I I - C  (Launch Vehicle  .................. Procurement)... (9 ,000 ,000)  ( 5 , 5 0 0 , 0 0 0 )  (---) 

To t a l ,  ATS -F. ................. $47.7 12.000 $52,100.000 ~ 1 6 . 0 0 0 , 0 ~ , 0  - _- 

Cooperative Appl ica t ions  S a t e l l i t e s  
(CAS)- -  

CAS-A - Completion of  o p e r a t i o n s ,  - -- __ __ d a t a  reduct ion  and a n a l y s i s  ...... $100 , 000 $100.000 

Scout (CAS-A Launch Vehicle  Procure- 
ment) ............................ ($1 .400.000)  ( - - - )  :--.-f=:~) 
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1974 -- 1973 1972 

CanadianCoopera t ive  S a t e l l i t e  
GE:Q 

$500, ClOO $500,000 Spacecriaf t s tud ie s . .  ........... $100,000 

'Deve'l ~pinent  of experiments, primar - 
i l : y  h igh  power broadcas t  t ube  and 
r e l a t e d  components.. ............. 2,400,000 2 , 2  7 5 , Cl 00 

425, ClOO 

1,950,000 

650,000 Groun3 ~system s t u d i e s  --- .......... 
:Delta ((Launch Vehicle  

Prcxure.nent). ,. (---) .......... ......... (2,800,000) 

$3.200.000 - 

(1,600,000) 

$3.100.000 

Experiments Coordinat ion and Op- 
eration:;  Support t o  u s e r s  i n  

cointnun i c a t  i ons  experiments va 1 i - 
d a t i o n  and ope ra t ions  f o r  ATS-F 
and C A S - C . . . . . . . . . . . . . . . . . . . . . . . .  --- 

-- 

T r a f f i c  Mimagement S tudies  - --- 
Studies  i n  Support o f  DOT/FAA.. --- 

--- Radio I a t e r f e r e n c e  & Propagat ion 
Progrdm,..............,........ $1.600.000 

Design i z l  Development of Advanced 
&per imental  Instruments  

1)esign and development of f u t u r e  
experimental  flight ins t ruments  t o  
meet fwture instrument  requirements .  
This  i nc ludes  t h e  f a b r i c a t i o n  of 
enginetcirig models.. ............. $909.000 $650.000 - 

$1 . 000 .om - 
$58.450.000 - 

Systems Technology and Studies . .  . $5.500.000 

To ta l :  Communications.. ...... $59,771.000 

--- 
_I_ -~ 

322,100 .ooo -~ 

Mu1 t i d  isci- 
--- Sate1:Lit:e (EOS) - Def in i t i on  

. $1.000.000 --- $1.000. om - $3.000.000 

$4.500.000 -- S h u t t l e  Fxperiment Def in i t i on .  o . .  --- ---- 
$2.000.000 -- 
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RESEARCH AND DEVELOPMENT 

'FISCAL YEAR 1974 ESTIMATES 

OFFICE OF APPLICATIONS ---- 
FLIGHT SCHEDULE 

PKOJECT MISS I ON ---- 
Weather arid C l i m a t e :  --- 

All. Weather Atmospheric Sound- 
ing  Experiments Launch of NIMBUS F 

SPACE APPLICATIONS PROGRe 

Operati.ona1 Temperature 
Sound ::ng Launch of TIROS-N 

Cloud 1:rnaging from Launch of  SMS-A 
!~ynchi~orious Sa t e l l  i tea Launch of SMS-B 

Met: eoro :log ica 1 Sounding 
Rock e 1s s Launch about  280 annual ly  

Po l lu t ion  Moni t o r i n q  : --- 
0ceanog::aphic and A i r  P o l l u t i o n  

Observing S a t e l l i t e  

Earth Resources Survey : ---- 
Earth Resources Technology 

Sa t  e1.I i tes 

Earth and Ocean Physics:  --- 
Ocean Dynamics Monitoring 

:Sat e l  'I i t e  

Terres t r i a  1 Mea s u r  emen t 
Re f e r  8mc  ing  Sa t e l  1 i t e 

Comiinica t i ons  : ---- 
M U ~  t i - I J  sei: Communications 

&per  iment S a t  e l  1 i t  e 

Canadian Coop e ra  t i v e  
Satel  l i t e  

Launch of NIMBUS G 

Launch of  ERTS-B 

Launch of  GEOS- C 

Launch of  LAGEOS 

Launch of  ATS-F 

Launch of  CAS-C 

CALENDAR 
YEAR 

1974 

1977 

1973 
1974 

1977 

1976 

1974 

1976 

19 7 4  

1975 RD 8-10 



ITOS'** 

Launch of INTELSAT-IV 
series 

Launch of ITOS D-G 

CALENDAR 
YFAR 

1973-1975 
(Subject  t o  
ca 11 -up by 
COMSAT) 

1973-1974 
(Subject  t o  
c a l l  -up by 
N 0 - W  

* Comanmic,stions S a t e l l i t e  Corporation (COMSAT) Funded 

Jwr National  Oceanographic and Atmospheric Adminis t ra t ion (NOM) Funded 
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RESURCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF APPLICATIONS ---- SPACE APPLICATIONS PROGlm 

PROGRAM OBJ'ECTIVES AND JUSTIFICATION: ---- 
The goal  of t h e  O f f i c e  of  Appl ica t ions  i s  t o  conduct r e sea rch  and develop- 

ment 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  of space  techniques f o r  
t h e  13eneEit o f  mankind. General ly  t h e s e  R&D ac t iv i t i e s  a re  p a r t  of one o.E 
t h e  fol lowing d i s c i p l i n e  areas : Weather and C l i m a t e ;  P o l l u t i o n  Monitoring; 
Earth Resouixes Survey; Earth and Ocean Physics  App l i ca t ions ;  Space Pro- 
cess tng;  Cormunications; o r  M u l t i d i s c i p l i n a r y  Act ivi t ies .  In each o f  
t h e s e  are ' is ,  programs are  being planned t o  make s u b s t a n t i v e  con t r ibu -  
tion:; t o  So'Lving 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  mean 
savings o f  ' l i f e ,  p roper ty ,  and money through e f f e c t i v e  d i s a s t e r  warning sys- 
t e m s  and proper planning i n  many ac t iv i t i e s  such as a g r i c u l t u r a l  and t r a n s -  
p o r t a t i o n  e n t e r p r i s e s .  To enhance t h e  achievement of a c c u r a t e  p r e d i c t i o n  
capab i l i t i e : ; ,  t h e  Weather and C l i m a t e  program o b j e c t i v e s  a r e  t o :  (1) i m -  
prove t h e  c a p a b i l i t y  f o r  p r e c i s i o n  temperature  measurements t o  h ighe r  a l t i -  
tude:;; ( 2 )  demonstrate  a new class  of  s a t e l l i t e s  t h a t  w i l l  p rovide  continuous 
viewing, (la17 and n i g h t ,  of c louds and weather  cond i t ions  frorr. synchronous 
o r b i t s ;  (:3) develop improved in s t rumen ta t ion  f o r  t h e  Nat iona l  Oceanographic 
and htmo:;pheric Adminis t ra t ion  (NOAA) ope ra t iona l  s a t e l l i t e s  t o  extend the  
capabi1it:T f o r  making a c c u r a t e  g l o b a l  temperature  measurements a t  vary ing  
a l t i t u d e s ,  
t i o n  f o r  a Long-range f o r e c a s t i n g  c a p a b i l i t y  u t i l i z i n g  numerical  models of  
t h e  atmosphere. In  a d d i t i o n ,  improved shor t - te rm p r e d i c t i o n s  w i l l .  r e s u l t  
from t h e  :real t i m e  viewing of  severe atmospheric d i s tu rbances  such as tornadoes 
and 1iurri-c:aries and a s s o c i a t e d  weather  condi t ions .  

The achievement of t h e s e  o b j e c t i v e s  w i l l  h e l p  provide  t h e  founda- 

--- P o l l u t i o n  Monitoring: Man must l e a r n  t o  achieve  p rogres s  wh i l e  l i v i n g  i.n 
harmony w i t h  h i s  environment. 
of t h i s  t:asE:. Within t h i s  area, t h e  Appl ica t ions  program has  set t h e  f o 1 l . o ~ -  
ing  objec:t ives:  (1) determine t h e  p r e s e n t  composition of t h e  atmosphere 
f o r  u s e  a:; i t  b a s e l i n e  agai.nst  which t h e  long-term t rend  of  atmospheric 
pollutant::; can b e  measured; (2)  
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 ;  (3)  i nco rpora t e  t h e  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 o  c i r c u l a t i o n  and 
re1at:ed erivironmental q u a l i t y  models. 

Po l lu t ion  monitor ing i s  an  important  aspect: 

monitor  changes i n  t h e  composition from 

Meeting t h e s e  o b j e c t i v e s  w i l l  c o n t r i -  
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b u t e  t o  our  knowledge of how t o  c o n t r o l  man's impact on h i s  environment fclr 
t h e  p r e s e i ~ a t i o n  of  a wholesome s tandard  of  l i v i n g  on t h i s  p l ane t .  

Ear th  KtEmrces 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  b e  surveyed and t h a t  systems f o r  w i se ly  
managing t h e i r  e x p l o i t a t i o n  b e  cons t ruc ted .  I n  t h e  Earth Resources Survey 
area, t h r e e  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 t h e  capab i l -  
i t i e s  f o r  remotely sens ing  e a r t h  resources  from a i r c r a f t  and s p a c e c r a f t  i n  o rde r  
t o  pcrrfomi c:omprehensive eco log ica l  and environmental  surveys ;  (2)  t o  apply 
t h i s  new 1:ec:hnology t o  meeting u s e r  requirements  i n  a g r i c u l t u r e ,  f o r e s t r y ,  
oceanography, geology, hydrology, geography, and car tography;  and (3) t o  
develop t h e  technology f o r  managing l a r g e  q u a n t i t i e s  of remotely sensed da ta  
-- t ransmiss ion  , process ing  , i n t e r p r e t a t i o n ,  and d i s  semina t i o  n . Achieving 
t h e s e  objc?ct:ives w i l l  p rovide  a n  informat ion  base  f o r  u s e  i n  xanagement of 
t h e  world.' s resources .  

Earth a r k o c e a n  Physics  Appl ica t ions  (EOPAP) : Earthquakes .are one of  
n a t u r e ' s  nlost t e r r i f y i n g  phenomena caus ing  l a r g e  scale d e s t r u c t i o n  and l o s s  
of l i f e  when. they occur  wi th  g r e a t  i n t e n s i t y  nea r  l a r g e  popula t ion  cen te r s .  
EOPAI' involves  t h e  a p p l i c a t i o n  of space techniques t o  o b t a i n  important da t a  
f o r  understanding ear thquakes t h a t  cannot b e  obta ined  by convent ional  s u r -  
f a c e  measurements. For  example, a major c o n t r i b u t o r  t o  ear thquakes i s  the  
motion of t h e  l a r g e  s o l i d  p l a t e s  t h a t  make up t h e  e a r t h ' s  c r u s t .  The use  
of space t:ec.hniques w i l l  permi t  monitor ing t h e s e  c r u s t a l  motions over  r eg iona l  
and i.nter.c:on.tinental d i s t a n c e s .  
varia.ti0n.s i n  t h e  e a r t h ' s  p o l a r  motion as w e l l  as v a r i a t i o n s  i n  t h e  ear th ' : ;  
ro ta t : ion  1-at.e. 

Space techniques w i l l  a l s o  permit  monitoring 

Very important  t o  t h e  m a r i t i m e  i n d u s t r i e s  and communities i s  a c c u r a t e  i n -  
forma.tion on sea s t a t e  and s u r f a c e  condi t ions .  EOPAP i s  a l s o  concerned wi th  
developing; t h e  b a s i c  technology t o  monitor,  r e p o r t ,  and p r e d i c t  ocean dynamic 
condi t ions  on a g l o b a l  scale. 

Space Processing:  The u l t i m a t e  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  space  f l i g h t  t o  p repa re  and process  materials i n  
ways t h a t  a r e  n o t  p o s s i b l e  o r  economically p r a c t i c a l  on e a r t h .  The eventual  
b e n e f i t s  clf t h e  program are  expected t o  include,  new knowledge of  materials 
and technclogy improvements d i r e c t l y  a p p l i c a b l e  t o  i n d u s t r i a l  processes  on 
t h e  ground a s  w e l l  as unique high-technology products  produced i n  space f o r  
u s e  on e a r t h .  

Communications Appl ica t ions  : Having recognized t h e  p o t e n t i a l  b e n e f i t s  of 
communications sa te l l i t es  from t h e  incep t ion  of  t h e  space age ,  t h e  NASA 
Appl ica t icns  program has  engaged i n  a vigorous r e sea rch  and dlmelopment e f f o r t  
f o r  t h e  p a s t  decade t h a t  has  c l e a r l y  demonstrated t h e  v i a b i l i t y  of s a t e l l i t e -  
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based comnunications systems. 
forward t h e  r e sea rch  and development necessary  f o r  f u t u r e  c o n m n i c a t i o n s  
sa te l l i t es ,  Under t h e s e  circumstances,  t h e  FY 1974 Communications 
program is cha rac t e r i zed  by NASA gradua l ly  phasing o u t  i t s  research  and 
development ac t iv i t i e s  i n  Communications Appl ica t ions  ; however, t h e  ATS-F 
f l i g h t  p r o j e c t  w i l l  b e  cont inued through i t s  i n i t i a l  demonstrat ion of educa- 
t i o n a l  and h e a l t h  care program us ing  t h e  community broadcas t  c a p a b i l i t i e s  ofi 
t h e  ATS-:F system. 

P r i v a t e  i n d u s t r y  i s  now i n  a p o s i t i o n  t o  c a r r y  

BASIS O F  FlJlXD REQUIREMENTS : ---- 
Weather and C l i m a t e  

1972 - 
A l l  weather a tmospheric  sound- 

ing exp erimen t s a t  e l  li t es 
(NIMBUS 5&F) ................. $18,125,000 

Opera t iona 1 temperature  sound - 
Cloud imaging from synchronous 

sa te l l i t es  (SMS A & B ) . . . . . . . . .  16,900,000 
Operation*sl s a t e l l i t e  improve- 
ments.....'.o..........,...... 2,150,000- 

Global atmospheric r e sea rch  
program (GARP).O............. 1 750,000 

Meteorolo,gical  soundings rocke t  
program.......o.............. 1 , 500,000 

Design and development of  ad-  
vanced experimental  i n s t r u -  
ments...............o,o.~o~m. 412,000 

Advanced techniques i n  observing 

--- ing s a t e l l i t e  (TIROS-N)..... . 

and forecas t ing . . ,  ........... 4,614,000 

Total........o............. $45,451,000 

1973 - 

$28 , 300 , 000 

4 , 250 , 000 

16  , 300 , 000 

1 , 640 , 000 

3 660 , 000 

1 , 500 , 000 

400 , 000 

4,400,00(! 

$60.450. OOC! 

19 74 

$16 , 400 , 000 

10 , 000 , 000 

7 y 000 , 000 

3 , 000 , 000 

7 , 000 , 000 

1 , 500 , 000 

500 , 000 

5,, 700,OI 

$51.100.000 -_ 
The convergence of t h r e e  mainstreams of  a c t i v i t y  has  opened up new p o s s i b i l -  

i t i e s  f o r  extending t h e  pe r iod  of  weather  f o r e c a s t i n g  t o  as much as two weeks. 
These are: (1) t h e  deve'lopment of more p r e c i s e  a tmospheric  f o r e c a s t i n g  
models; (2) 
worldwide obse rva t ions  of t h e  weather  needed i n  t h e  forecast i .ng models ; and 
(3) 
range fo recas t s .  

t h e  development of t h e  s a t e l l i t e  c a p a b i l i t y  t o  provide  t h e  

t h e  development of h tgh  speed computing techniques t o  provide  t h e  long- 

From t h . e  e a r l y  1960's  when t h e  f i r s t  TIROS weather  s a t e l l i t e  w a s  launched, 
improved s a t e l l i t e  c a p a b i l i t i e s  have been developed which d a i l y  serve t h e  
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weather  services of  t h e  United S t a t e s  and of  t h e  e n t i r e  world. The launch 
of N W - 2  Opera t iona l  Satell i te on October 15, 1972, added t h e  c a p a b i l i t y  
t o  o b t a i n  measurements of  t h e  atmospheric  temperature  over  areas of  t h e  
e n t i r e  g lobe  wherever c louds do n o t  i n t e r f e r e  wi th  t h e  measurements. The 
launch of  NIMBUS 5 on December 11, 1972, demonstrated f o r  t h e  f i r s t  t i m e  
t h e  capabj.1i.ty of measuring t h e  atmospheric  temperature  and of mapping land 
and ocean s u r f a c e  f e a t u r e s  through cloud cover .  It w i l l  be  followed i n  t h e  
summer of: 1974 w i t h  t h e  launch of  NIMBUS F t o  cont inue  t h e  development of  
improved i t  1 7 .  -weather a tmo sphe r i c  temperature  measuring c a p a b i l i t i e s  . The 
Synchronous Meteorological. S a t e l l i t e  (SMS) w i l l  soon in t roduce  another  sat:- 
e1lit:e o p e r a t i o n a l  system designed f o r  con t inua l ly  surveying .weather systems. 
This syst:em w i l l  monitor  shor t - te rm phenomena such as  s e r i o u s  storms, i .e. , 
hur r i canes  , tornadoes , and l a r g e  thunderstorms. I n  a d d i t i o n ,  a l l  t h e s e  
s a t e l l i t e  systems w i l l  serve t h e  World Weather program and t h e  Global A t -  
mospheric: Research program (GARP), a n  i n t e r n a t i o n a l  experiment t o  demonstrate  
t h e  c:apab:ilj.ty of  extending weather  f o r e c a s t i n g  from two days t o  as much a s  
two weeks,, 

NASA p a r t i c i p a t i o n  i n  t h e  World Weather program and GARP, w i t h  NOAA as  t h e  
l e a d  agency: i nc ludes  t h e  development of  space weather  ins t ruments  and t h e  
development of  techniques f o r  handl ing  t h e  l a r g e  q u a n t i t i e s  of  d a t a  r equ i r ed  
f o r  ex tens ion  of weather  f o r e c a s t  per iods .  

.During I’Y 1974, NASA programs i n  p u r s u i t  of t h e s e  o b j e c t i v e s  w i l l  i nc lude  
t h e  development and launch of  NIMBUS F t o  cont inue  t h e  R&D f l i g h t  a c t i v i t i . e s  . 
and of t h e  p re -ope ra t iona l  Synchronous Meteorological  S a t e l l i t e  (SMS) f o r  
t h e  day-and-night obse rva t ion  of  c loud cover on a nea r  continuous b a s i s  w i th  
t h e  c a p a b i l i t y  of  d e t e c t i n g  severe storms; f u r t h e r  development of space r e l a t e d  
segments of t h e  Global Atmospheric Research program and t h e  United S t a t e s  
p a r t i c i p a t i o n  i n  t h i s  program; and development of  an  advanced ope ra t iona l  
meteoro1ogic:al s a t e l l i t e  (TIROS-N) f o r  t h e  improvement of  long-range weath.er 
predi-ct ion which w i l l  serve as a b a s i c  obse rva t iona l  p la t form f o r  GARP. 

- A I 1  Weather Atmospheric Sounding Experiments (NIMBUS 5&F) 

1972 - 1973 - - 1974 

~ p : ~ ~ e ~ ~ : i a f t . .  ................... $9,969,000 $15,440,000 $10,165,000 
Sensor ;and d a t a  a n a l y s i s . .  ..... 7 , 637,000 11,778,000 5,05 0,000 
Ground opera t ions . .  ............ 519,000 1 , 082,000, 1,185 , 000 

‘rotal . .  ....................... $18,125,000 $28,300,000 $16,400,000 

- 

Delta (Launch Vehicle  Procure- 
rnent program). ............... (1 . 300 . 000) (4,000 , 000) (400 , 000) 

Tot:al ( i nc lud ing  launch ............... 19,425.000) ($32.300.000) (S16.800.Ol)  v e h i x l e s ) .  ($  -. 
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The o b j e c t i v e s  of t h e  NIMBUS 5&F miss ions  a re  t o  f l i g h t  test  senso r s  de-  
signed t o  extend s a t e l l i t e  measurements of t h e  atmosphere 's  ve r t i ca l  temper - 
a t u r e  and mois ture  conten t  t o  cloud covered areas and t o  h ighe r  a l t i t u d e s  
than have h e r e t o f o r e  been poss ib l e .  These s p a c e c r a f t  c a r r y  a combination of 
newly developed and proven sensors  ope ra t ing  a t  i n f r a r e d  and microwave f r e -  
quencies .  
atmospheric processes  and i n t e r a c t i o n s  t o  improve long-term weather  fo recas t ing .  
The NIMBUS F experiments d a t a  are  e s p e c i a l l y  w e l l  s u i t e d  f o r  u s e  wi th  t h e  
Global Atmc s p h e r i c  Research program (GARP) which w i l l  make major c o n t r i b u t i o n s  
t o  p r e c i s e  weather fo recas t ing .  

These atmospheric soundings a re  needed f o r  b e t t e r  understanding of 

F i s c a l  Yemar 1973 funds were u t i l i z e d  t o  complete t h e  i n t e g r a t i o n  and tes t  
of t h e  NIMIUS 5 s p a c e c r a f t  systems and experiments and f o r  checkout a c t i v i t i e s  
lead ing  t o  t h e  success fu l  launch of  t h e  s p a c e c r a f t  i n  December 1972. Fiscal 
Year 1973 funds a l s o  provide  f o r  a c q u i s i t i o n  and a n a l y s i s  of  NIMBUS 4&5 d a t a  
and continued development and assembly of t h e  NIMBUS F s p a c e c r a f t  and expe r i -  
ments. 

F i s c a l  Year 1974 funds w i l l  provide f o r  i n t e g r a t i o n  and t e s t  of NIMBUS F 
experiments and s p a c e c r a f t  systems and f o r  a c t i v i t i e s  lead ing  1:o launch of 
t h i s  s p a c e c r a f t  i n  1974. 
and a n a l y s i s  of t h e  d a t a  from ins t ruments  aboard t h e  NIMBUS 5 Hpacecraft .  

Funds are  a l s o  r equ i r ed  f o r  cont inued a c q u i s i t i o n  

- Operat ional  Temperature Sounding S a t e l l i t e  (TIROS-IQ 

1974 - 1973 - 1972 - 
Spacecraf t  ..................... --- $1,500,000 $6 , 740 , 000 
Sensors. . . . . . . . . . . . . . . . . . . . . . . .  --- 2 , 550 , 000 2 , 760 , 000 
Ground oper , s t ions  .............. --- 200,000 500,000 

Total.......oo...o........... --- $4,250,000 $10,000,000 

Delt,a (Launch Vehicle  Procure- 
(---) (---) (:3 , 000, OOQ) m e n t  p r og.ram) ................ 

Tota l  ( i nc lud ing  launch 
v e h i c l e s )  ................ --- ($4.250.000) ($13.000. OOQ) 

A f t e r  t h e  m i d - 1 9 7 0 ' ~ ~  t h e  Improved TIROS Opera t iona l  S a t e l l i t e  (ITOS) w i l l 1  
no longer  be ;able t o  m e e t  t h e  d a t a  requirements  of  t h e  Nat ional  Operat ional  
Meteoro1og.ica.L S a t e l l i t e  system i n  t e r m s  of accuracy and d a t a  ga the r ing  
c a p a b i l i t y  . TIROS-N, t h e  t h i r d  gene ra t ion  o p e r a t i o n a l  pro to type ,  w i . 1 1  meet 



t h e s e  requirements  by g iv ing  h i g h e r  r e s o l u t i o n  imagery covering a l a r g e r  
p o r t i o n  of t .he spectrum. S p e c i f i c a l l y ,  TIROS-N w i l l  p rovide  d a t a  on a t -  
mospheric temperature  and mois ture  p r o f i l e s  as w e l l  as space environment 
monitor ing da ta .  The TIROS-N innovat ions  w i l l  involve  reduced d a t a  r ecep t ion  
t i m e s ,  more r e l i a b l e  space-to-ground communications l i n k s ,  improved d i g i t a l .  
handl ing  of mboard  d a t a ,  and a n  increased  o p e r a t i o n a l  l ifetime. 

During FY 1973, des ign  s t u d i e s  have been i n  progress  on key ins t ruments  
of  t h e  TIROS-N system; t h e  advanced, ve ry  h igh  r e s o l u t i o n  radiometer  (AVHRR) 
and TIROS-N Operat ional  Vertical Sounder (TOVS). 

I n  FY 1974, development of  t h e  sensor  and hardware s u b s y s t e m  w i l l  con- 
t i n u e  and, i n  a d d i t i o n ,  s p a c e c r a f t  development w i l l  be  i n i t i a t e d .  

Cloud Imaging from Synchronous S a t e l l i t e s  (SMS A&IQ 
(Synchronous Meteorological  S a t e l l i t e s )  

1974 - 1973 - 1972 - 
Spacecraf t .  .................... $11 . 892 . 000 $12 . 809,000 $5,849,000 
Sensors........................ 3 , 524,000 2,447 , 000 628,000 
Ground operat ions. . . .  .......... 1 , 484,000 1,044,000 523,000 

Total . .  ...................... $16,900,000 $16,300,000 $7 , 000,000 

Delta (Launch Vehicle  Procure- 
ment program) ................ (1,700,000) (1 , 000, 000:) (3,500,000) 

To te.1 ( i nc lud ing  launch ................ 10.500.000) 

Short-term f o r e c a s t i n g  i n  r e l a t i v e l y  l o c a l  areas can be  helped immeasurably 

v e h i c l e s )  ($18.600.000) ($17.300.000) ($  - 

by near-cont inuous obse rva t ion  of sho r t -du ra t ion  and o f t e n  severe weather  
f e a t u r e s  and phenomena. These phenomena a re  f r equen t ly  of such a s i z e  and 
have such a b r i e f  l i f e t i m e  i n  comparison t o  t h e  l a r g e - s c a l e  systems t h a t  they 
pass  through t h e  r e l a t i v e l y  c o a r s e  mesh of t h e  convent iona l ,  Zand-based ob- 
s e r v a t i o n a l  network and low a l t i t u d e  satel l i tes .  Such shor t - te rm weather 
f o r e c a s t i n g  requirements  w i l l  b e  m e t  by t h e  SMS as a r e s u l t  oE t h e  c a p a b i l i t y  
of i t s  V i s i b l e  and I n f r a r e d  Spin-Scan Radiometer (VISSR) t o  provide  day-and- 
n i g h t  P i c t u r e s  of n e a r l y  t h e  e n t i r e  Western Hemisphere every h a l f  -hour. 
Add i t iona l ly ,  t h e  SMS system provides  f o r  t h e  c o l l e c t i o n  o f  environmental  
d a t a  from sens ing  p la t forms  a t  remotely loca ted  sites. Both r a w  and pro-  
cessed  environmental  d a t a  can b e  d i s t r i b u t e d  t o  s m a l l  r eg iona l  f o r e c a s t i n g  
o r  warning s t a t i o n s  by us ing  t h e  d a t a  r e l a y  c a p a b i l i t i e s  of SMS. SMS-A i s  
planned f a r  launch i n  l a t e  1973. SMS-B w i l l  fo l low by approximately fou r  
months. I u r i n g  FY 1973, t h e  SMS f l y a b l e  p ro to type  model (SMS-A) w i l l  be 
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f a b r i c a t e d ,  assembled, i n t e g r a t e d ,  and t e s t e d .  The assembly, i n t e g r a t i o n ,  
and t e s t i n g  of  the V i s i b l e  and I n f r a r e d  Spin-Scan Radiometer (VISSR) p ro to type  
model and f i r s t  f l i g h t  model w i l l  a l s o  b e  accomplished. SMS-B w i l l  b e  f a b r i -  
ca t ed ,  assembled, and i n t e g r a t e d .  I n  FY 1974, SMS-A and SMS-B w i l l  be  test:ed 
and launched from t h e  Easter T e s t  Range (ETR). 

Opera t iona 1 Sa t e l  1 i t es Improvemen t s 

1974 - - 1972 1973 

Opera t iona I. sat  e l  1 i tes improve - ........................ $1,640,000 $3,000,000 ments. $2,150,000 

...................... S3.000.00Q $2.150.000 $1.640.000 - Tota l  

A s  i n  p a s t  yea r s ,  t h i s  program w i l l  cont inue  t o  provide  t h e  necessary re- 
sourct!s t o  permit  NASA t o  cope wi th  t e c h n i c a l  problems encountered i n  t h e  
Improved I1:LROS Operat ional  S a t e l l i t e  (ITOS) series f o r  t h e  Nat iona l  Opera- 
t ional .  Met:eor'ological S a t e l l i t e  system. This  i nc ludes  engineer ing  ana lyses  
of f l i .gh t  d a t a  i n  areas such as t h e  b r u s h l e s s  motors, s p a c e c r a f t  d a t a  hand- 
l i n g  systems, and a t t i t u d e  c o n t r o l .  I n  a d d i t i o n ,  FY 1974 funds w i l l  be  used 
t o  mai.ntairt and update  t h e  ITOS checkout c e n t e r  as w e l l  as cont inue  t o  
support  a c t : i v i t i e s  a s s o c i a t e d  wi th  improvements t o  t h e  o p e r a t i o n a l  meteoro- 
l o g i c a l  s a t : e l l i t e  system,both s p a c e c r a f t  and ground system. Recent expe r i -  
mental r e s u l t s  show t h a t  accuracy of  d a t a  incorpora ted  i n  mathematical  a t -  
mospheric n lode ls  used i n  numerical  weather  p r e d i c t i o n  must b e  increased i f  
t h e  f o r e c a s t  service t o  the  p u b l i c  i s  t o  be  improved. Better,  near-continuous 
0bservat ior .s  a r e  an a b s o l u t e  n e c e s s i t y  t o  t h e  achievement of an improved 
atmospheric rr,.odel f o r  l o c a l  areas, shor t - te rm f o r e c a s t s  and environmental  
warning s e r v i c e s  cove r ing  t h e s e  s h o r t  l i v e d  and o f t e n  severe weather  phenomena. 
NOAA has  s t a t e d  t h e  n e c e s s i t y  of having a n  atmospheric  temperature  measuring 
instrument  loca t ed  aboard a geos t a t iona ry  s a t e l l i t e  pos i t i oned  over  t h e  
Western Hemisphere. This e s s e n t i a l  instrument  would permi t  t h e  probing of  
t h e  atmosphere once each hour and would be  of  i nva luab le  a s s i s t a n c e  i n  de-  
ve loping  improved p r e d i c t i o n s  and warnings of severe, shor t -per iod  weather  
events  such as hu r r i canes  and tornado-producing cloud systems. Accordingly,  
i n  FY 1973, t h e  f e a s i b i l i t y  of  adding a temperature  sounder c a p a b i l i t y  t o  
t h e  p re sen t  V i s i b l e  and In f r a red  Spin-Scan Radiometer (VISSR) w i l l  be  s t u d i e d ,  
F i s c a l  Year 1974 funds w i l l  be  used t o  i n i t i a t e  t h e  development of  an  engin- 
ee r ing  model of t h e  VISSR. 

Global Atmospheric Research Program (GARP) 

1972 - 1973 - 1974 - 
Data systems test  suppor t . .  .... $100,000 $1,500,000 $ 3  , 500,000 

m e n t  support . .  ............... --- 300,000 1 , 000,000 
Technology support . . . . . .  ....... 850,000 700,000 7 50,00(1 

........... Simulation s tud ie s . .  800,000 1,160 , 000 I, 750,000 
GARP A t l a n t i c  t r o p i c a l  expe r i -  

$7.000. OOQ 'rota:L.. .................... $1.750.000 $3,660.000 
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The major o b j e c t i v e s  of  t h e  Global Atmospheric Research program (GARJ?) are  
improving the  accuracy and the  l eng th  of t i m e  over  which w e a t h e r  f o r e c a s t s  
r e a l i s t i c a l l y  can b e  made, a s s e s s i n g  t h e  f e a s i b i l i t y  of l a r g e - s c a l e  weather 
modif i c a t i m ,  and determining t h e  long-term e f f e c t s  of  p o l l u t a n t s  on t h e  
atmosphere. I n  pursuing t h e s e  o b j e c t i v e s ,  t h e  program w i l l  c e n t e r  on t h e  
fol lowing tasks :  (1) t h e  design and t e s t i n g  o f  a series of mathematical  
models of the  atmosphere 's  behavior  t o  permi t  an  i n c r e a s i n g l y  p r e c i s e  des-  
c r i p t i o n  of  s i g n i f i c a n t  atmospheric processes  and t h e i r  i n t e r a c t i o n s ;  and 
(2)  measurement and experimental  s t u d i e s  of t h e  atmosphere to  provide  t h e  
d a t a  t h a t  are requ i r ed  f o r  t h e  des ign  o f  such models and t h e  t e s t i n g  of t h e i r  
v a l i d i t y .  An in te ragency  and i n t e r n a t i o n a l  e f f o r t  i s  necessary t o  execute  
these  t a s k s  provid ing  f o r  t h e  u s e  of  both convent ional  ground-based d a t a  
ga the r ing  techniques and satel l i tes .  The Nat iona l  Oceanic and Atmospheric 
Adminis t ra t ion  (NOAA) i s  coord ina t ing  U.S. ac t ivi t ies  i n  GARP wi th  t h e  World 
Meteorological  Organizat ion (WMO) . NASA i s  suppor t ing  NOAA i n  t h e  conduct 
of  t h e  U.S. p o r t i o n  of  t h e  program. The most s i g n i f i c a n t  FY 1974 a c t i v i t y  
f o r  which 'VASA has  been ass igned  primary r e s p o n s i b i l i t y  i s  the des ign  and 
implementation of  t h e  Data Systems T e s t  (DST). The elements c f  t h e  DST a r e :  
(1) the ties ign and implementation of  an  experimental  worldwide Observing 
Sys tein i n  t eg-ra t i n g  o p e r a t i o n a l  sa te l l i t es  , convent iona l  obseru ing  sys  t e m s  , 
experimental  sa te l l i t es ,  ba l loons ,  and o t h e r  nonconventional observing 
c a p a b i l i t i e s  programmed f o r  t h e  1973-1975 t i m e  frame; (2) the development 
of a GARP In teg ra t ed  Processing System (GIPS) c o n s i s t i n g  of l a r g e - s c a l e  
computing anti d i s p l a y  c a p a b i l i t i e s  t o  process  t h e  enormous amounts of d a t a  
obta ined  ti.ming t h e  DST as w e l l  as dur ing  t h e  F i r s t  GARP Global Experiment 
(FGGE); ( 3 )  t h e  development and implementation of  a DST Management System 
incorpora t ing  experimental  and o p e r a t i o n a l  d a t a  from t h e  Global Observing 
System t o  b e  processed by t h e  GIPS; and (4) t h e  planning f o r  a d a t a  u t i1 iza t : ion  
program. 
FGGE, scheilu'led f o r  1977. NASA w i l l  p rovide  d e t a i l e d  planning f o r  t h i s  pro-  
gram as w e l l  as space - re l a t ed  technology development i n  support  o f  t h i s  
experiment . 

Planning and a s s o c i a t e d  r e sea rch  w i l l  b e  a c c e l e r a t i n g  toward t h e  

During FY 1974, s imula t ion  s t u d i e s  w i l l  concen t r a t e  on t h e  a s s i m i l a t i o n  
of  sa te l l - i t e  d a t a  i n  gene ra l  c i r c u l a t i o n  models and o p e r a t i o n a l  f o r e c a s t  
models anti w i l l  t e s t  t h e  e f f e c t i v e n e s s  o f  combinations of  da ta  from sat-  
e l l i t e s  and o t h e r  sources ,  w i t h  s p e c i f i c  a p p l i c a t i o n  t o  t h e  D a t a  Systems 
Tes t  and t ? e  F i r s t  GARP Global Experiment. NASA w i l l  p rovide  obse rva t iona l  
suppor t  t o  t h e  GARP A t l a n t i c  Tropica l  Experiment dur ing  June-August 1974. 
Meteorological  d a t a  from t h e  geos t a t iona ry  SMS s a t e l l i t e  w i l l  p rovide  essen- 
t i a l  d a t a  both f o r  r e sea rch  purposes and f o r  t h e  o p e r a t i o n a l  deployment of 
p r o j e c t  ship:; and a i r c r a f t  dur ing  t h e  conduct of  t h e  experiment. 
a l s o  provide  an a i r c r a f t  f o r  i n  s i t u  observa t ions  i n  support  clf t h e  GARP 
A t l a n t i c  Tropica l  Experiment. Technology development dur ing  FY 1974 w i l l  
concen t r a t e  on t h e  es tab l i shment  of a r e f e r e n c e  level i n  t h e  Southern 
Hemisphere and t h e  de te rmina t ion  of wind p r o f i l e s  i n  t h e  t r o p i c s .  The 

NASA w i l l 1  
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Trop ica l  Winds Energy Conversion Reference Level  Experiment (TWERLE) on 
NIMBUS F i s  t h e  most promising method f o r  ob ta in ing  s i g n i f i c a n t  t r o p i c a l  
winds d a t a .  Development of  a satellite-carrier ba l loon  subsystem, f o r  t h e  
measurement of wind p r o f i l e s  i n  t h e  t r o p i c a l  r eg ions ,  w i l l  be  continued wi th  
t h e  Nat iona l  Center f o r  Atmospheric Research. Fu r the r  e f f o r t s  t o  develop 
techniques f o r  t h e  de te rmina t ion  of  wind f i e l d s  from s e q u e n t i a l  sa te l l i te  
cloud p ic t i i res  are  planned. 

Meteorological  Soundings Rocket Programs 

1971i. --. 1973 - 1972 - 
Research sounding rockets . . . . .  . $700 , 000 $200,000 $500,000 
Soundtig rocke t  systems . . . . . . . . 350,000 800,000 300 , 000 
Fie ld  experiment support . .  . . . . . 500 , 000 950, OClg 200 ., 000 

$1.500.000 To ta I. ,, . . . . . . . . . . . . . ,,. . . . . . . . $1.500.000 $1.500.00.Q - - 
Upper a i r  p o l l u t i o n  and i t s  e f f e c t  on man’s h e a l t h  and on t h e  

stratosp1ie1:e r e q u i r e s  exp lo ra t ion  of t h e  composition and chemical processes  
i n  t h e  upper atmosphere. This  r e sea rch  i s  u rgen t ly  needed t o  o b t a i n  i n f o r -  
mation on t h e  e f f e c t  of h igh  a l t i t u d e  v e h i c l e s  on t h e  upper atmosphere. In 
FY 1974 about  30 Nike Cajun, Arcas, and Boosted Dart type  sounding rocke t s  
w i l l  b e  ‘Launched a t  widely sepa ra t ed  si tes t o  o b t a i n  t h e  necessary  da t a .  

Expansion of  t h e  worldwide upper atmosphere c l ima to log ica l  d a t a  base  and 
knowledge of  t h e  g loba l  upper atmosphere c i r c u l a t i o n  are requi red .  The us/ 
USSR agreements f o r  space  coopera t ion  inc lude  a n  agreement on t h e  e s t a b l i s h -  
ment of  a n  Eastern and Western Hemispheric Meridional Network o f  meteorol.og- 
icaE rocket: s t a t i o n s ,  exchange o f  d a t a  and i n v e s t i g a t i o n  of t h e  processes; 
chai:actei:in:ing t h e  phys ica l  s ta te  of  t h e  s t r a t o s p h e r e  and mesosphere. To 
meet: t h e  i n t e n t  of  t h i s  agreement, t h e  program inc ludes  e f f o r t s  toward t h e  
es tab l i shment  of a n  expanded Western Hemispheric Meridional Rocket Network. 
New sites are planned t o  be  e s t a b l i s h e d  i n  B r a z i l  and i n  Argent ina i n  a 
coope ra t ive  program. 
ment: o f  E L  s i t e  a t  McMurdo Sound, An ta rc t i ca .  

e l l i t e  remote senso r s  t o  ass is t  u s e r s  of  s a t e l l i t e  d a t a  t o  determine t h e  
accuracy w i t h  which sa te l l i t e  in s t rumen ta t ion  can sense  r a d i a t i o n  tempera- 
t u r e s  w i t h i n  t h e  upper reg ions  of t h e  atmosphere. I n  FY 1974 about  250 
rocke t s  c f  t h e  Boosted Dart type  w i l l  be  launched from Wallops S t a t i o n  and 
fo re ign  s i t e s  t o  o b t a i n  t h e  r equ i r ed  da ta .  
e f f o r t  on t h e  development and f l i g h t  t e s t  of a s o l i d  s t a t e  p res su re  t r a n s -  
ducer  and t h i n  f i l m  temperature  sensor .  These two i t e m s  a re  f o r  u se  on t h e  
improved economical rocke t  system t h a t  w i l l  p rovide  b e t t e r  observa t ions  t o  ‘3 

h ighe r  a l t i t u d e .  

Act.ion w i l l  a l s o  b e  i n i t i a t e d  leading  t o  t h e  e s t a b l i s h -  

Rocket d a t a  are  r equ i r ed  a l s o  f o r  comparison wi th  d a t a  obta ined  from s a t -  

There w i l l  a l s o  b e  cont inued 
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.-- Design and Development of Advanced Ikperimental  1nsti:uments 

1972 1973 1974 

Design and development o f  ad-  
vanced experimental  i n s  t r u -  
ments,....................... $412 , 000 S400,OOO $500,000 

To t i 2 1  . . $400,000 S500.000 - 
The o b j e c t i v e s  of  t h i s  program are t o  develop cand ida te  ins t ruments  f o r  

f u t u r e  f l i g h t  miss ions  on a i r c r a f t ,  manned and unmanned s p a c e c r a f t ,  and t o  
develop t h e  requirements f o r  f u t u r e  NASA missions.  These a c t i v i t i e s  minimize 
problems, c o s t  and l ead  t i m e  on f l i g h t  p r o j e c t s  by developing t h e  necessary  
ins t ruments  p r i o r  t o  commitment t o  a f l i g h t  p r o j e c t .  

These a c t i v i t i e s  provide  a number of  major program b e n e f i t s ,  e.g. ,  i t  
f a c i l i t a t e s  t imely s e l e c t i o n  of  payloads wi th  proven concepts  f o r  Euture 
missions;  i t  permi ts  des ign  and concept  eva lua t ion  a t  minimum c o s t ;  t h e  
s o l u t i o n  of <design problems under t h i s  e f f o r t  reduces t h e  l i ke l ihood  of 
f l i g h t  schedule  de l ays  and c o s t s  e s c a l a t i o n s  dur ing  t h e  p r o j e c t  development:. 

I n  t h i s  program, a number of experiments are now be ing  developed t o  meet 
o b j e c t i v e s  and missions i n  weather  and climate f o r  t h e  mid and l a t e  1970's .  
These experiments w i l l  improve measurement of t h e  e a r t h ' s  atmosphere and 
ocean s u r f a c e  p r o p e r t i e s .  One ins t rument  developed i n  t h e  program i s  cap- 
a b l e  of m e a s n i n g  t h e  temperature  of  t h e  e a r t h ' s  atmosphere from t h e  s u r -  
f a c e  t o  an  a l t i t u d e  of  80 JCm (50 m i l e s ) .  The instrument  permi ts  measurements 
t o  be  made r e g a r d l e s s  of t h e  cloud cover ,  s i n c e  t h e  microwave emissions 

u t i l i z e d  are  i n s e n s i t i v e  t o  clouds.  

%bo o t h e r  developments have provided t h e  key f o r  measuring oceanographic 
parameters  e s s e n t i a l  t o  understanding ocean atmosphere interac: t ions.  The 
importance of  t h e s e  developments i s  t h a t  p r e d i c t i v e  weather  models f o r  t h e  
f u t u r e  w i l l  have t o  treat  t h e  oceans and atmosphere as a s i n g l e  system. A 
microwave instrument  i s  being developed t o  s tudy t h e  p r o p e r t i e s  of  t h e  ocean 
s u r f a c e  i n  conjunct ion  w i t h  t h e  n a t u r a l  thermal emissions.  
t h i s  work has  been experimental  s u b s t a n t i a t i o n  of  t h e  theory t h a t  wind 
d i r e c t i o n  AS w e l l  a s  speed can be  measured from space.  

Orte r e s u l t  of 

The Lower Atmospheric Composition and Temperature Experiment: (LACATE) w i l l  
measure g l o b a l l y  t h e  ver t ical  and h o r i z o n t a l  d i s t r i b u t i o n  of water vapor,  
ozone, n i t r i c  a c i d ,  n i t r o u s  oxide ,  methane, and n i t r o g e n  d iox ide  i n  t h e  
upper t roposphere and lower s t r a t o s p h e r e .  The experiment w i l l .  a l s o  provide  
v e r t i c a l  temperature p r o f i l e s  w i th  improved accuracy and resol .ut ion.  The 
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improved p r o f i l e s  w i l l  m e e t  GARP requirements  f o r  g loba l  numerical  weather  
pred ic t ion . .  

In FY :L974, w e  w i l l  cont inue  t h e  above developments and i n i t i a t e  expe r i -  
ments fo:c measuring a d d i t i o n a l  a tmospheric  parameters  from geos t a t iona ry  
a l t i t u d e  on a cont inuous b a s i s .  

Advanced Techniques i n  Observation and Forecas t ing  

1974 
-I 

1972 1973 

Advanotzd techniques i n  obser -  
v a t i o n  and fo recas t ing . .  . . . . . . $4,614,000 $4,400,000 $5,70O,OOO 

To ta:L . . . . . . . . . . . . . . . . . . . . . . $4.614.000 $4.400.000 - ~- $5.70O.000 

The fosxu; i n  N 1974 w i l l  be  t h e  es tab l i shment  of  a b a s i s  f o r  s p e c i f i c a t i o n  
of remote sens ing  techniques t o  improve t h e  c a p a b i l i t y  of obse rva t iona l  :;YE;- 
t e m s  t o  meet meteoro logica l  requirements .  An a d d i t i o n a l  important  a c t i v i t y  
w i l l  b e  the  development o f  remote sens ing  techniques f o r  t h e  measurement o f  
t he  a tmospheric  s t r u c t u r e ,  suspended matter, a i r  s u r f a c e  in t :e rac t ions ,  and 
s u r f a c e  :onditions such a s  s o i l  mois ture  w i t h  t h e  proper  r e s o l u t i o n  and 
frequency of observa t ions .  
o f  sensors  f o r  t h e  d e t e c t i o n  and s u r v e i l l a n c e  of severe storms p r imar i ly  from 
geostat i lxxlry s a t e l l i t e s  wi th  s p e c i a l  emphasis on t h e  i d e n t i f i c a t i o n  of ,t:or- 
nado-producing thunderstorm c e l l s .  This  c a p a b i l i t y  i s  expec.ted t o  be a n  i m -  
p o r t a n t  stl3p toward t h e  i d e n t i f i c a t i o n  and e a r l y  warning of s eve re  storms. 

A necessary  requirement w i l l  b e  t h e  development: 

I n  suppor t  of t h i s  development, t h e  r equ i r ed  r e sea rch  t o  understand and 
determine the  atmospheric  e f f e c t s  and processes  involved i n  t h e  atmosphe-ric 
behavior  i , 3  being done. The processes  t o  be  s tud ied  inc lude  the  dynamics 
of t he  atmosphere on d i f f e r e n t  scales ranging from g l o b a l ,  long-term behavior  
t o  l o c a l  severe  storms of  s h o r t  du ra t ion .  The knowledge de r ived  from th8Ese 
s t u d i e s  v i 1 1  be app l i ed  t o  t h e  des ign  and development of  sensor  and obser -  
v a t i o n a l  techniques which w i l l  b e s t  c h a r a c t e r i z e  t h e  s t a t e  of t h e  atmosphere 
and t o  t h e  development oE sa t e l l i t e  systems t o  m e e t  t h e  requirements o f  t h e  
na t iona 1 csmmuni t y  . 

In FY 1974, w e  w i l l  a l s o  con t inue  development of g loba l  c i r c u l a t i o n  models, 
i nc lud ing  model s imula t ion  of severe storms and de termina t ion  of t h e  energy 
coupl ing between t h e  ocean s u r f a c e  and t h e  atmosphere and t h e  atmospheric 
energy balance.  The development of  models of  t h e  atmosphere are  r e q u i s i t e  
t o  t h e  understanding o f  a tmospheric  processes  and t o  development of s a t e l l  i t e  
observing techniques and s a t e l l i t e  systems. These models w i l l  a l s o  provide  
a b a s i s  f o r  t he  development of t h e  proper  types of sensors  and s a t e l l i t e  
systems and t h e  de te rmina t ion  of t h e  frequency of observa t ion .  
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P o l l u t i o n  Monitoring 

1972 1973 1974 

Oceanographic and a i r  p o l l u t i o n  
obse rva t ion  s a t e l l i t e  (NIMBUS 
G) ............................ --- - - .- $9,000 , 000 

ments......................... $391,000 $2,100,000 2 , 200,000 

Design and development of  ad- 
vanced experimental  i n s t r u -  

Sensor d e f i n i t i o n  and f e a s i b i l i t y  
evaluations. . . . . . . . . . . . . . . . . . .  1,978,000 2,300,00() 2,700,000 

................ $13.900. @)(J Tota l . . . . . . .  $2.369.000 $4.400.000 - 
The q u a n t i t i e s  of waste products  t h a t  can be d i spe r sed  o r  d i s s i p a t e d  i n  t h e  

e a r t h ' s  atmosphere are n o t  p r e s e n t l y  known and need t o  b e  e s t a b l i s h e d .  
and na tu re  both c o n t r i b u t e  s i g n i f i c a n t  q u a n t i t i e s  of material: ;  t o  t h e  a t -  
mosphere. The types and amounts of  materials i n  t h e  atmosphere can a f f e c t  
t h e  h e a t  ba lance  of t h e  e a r t h  and t h e  a b i l i t y  of t h e  atmosphere t o  suppor t  
l i f e  forms. 

Man 

The p resen t  composition of t h e  atmosphere needs t o  be measured as a b a s e l i n e ,  
and t h e  tr ,ends i n  i t s  v a r i a t i o n  need t o  b e  e s t a b l i s h e d  t o  begin t o  understand 
t h e  long-term t rend  of a tmospheric  c o n s t i t u e n t s .  A knowledge of atmospheric 
c o n s t i t u e n t s  can c o n t r i b u t e  t o  c l ima to log ica l  p r e d i c t i o n  and t h e  de te rmina t ion  
of requirements f o r  p o l l u t i o n  con t ro l .  

Current  l abora to ry  and a i r c r a f t  ins t rumenta t ion  developed under t h e  NASA 
programs have demonstrated t h a t  c o n s t i t u e n t s  such as carbon monoxide, carbon 
d ioxide ,  n i t r o g e n  d iox ide ,  methane, s u l f u r  d iox ide  and o t h e r s  can b e  remotely 
measured a c c u r a t e l y  i n  t h e  presence  of o t h e r  c o n s t i t u e n t s .  Instruments  cap- 
a b l e  of d e t e c t i n g  some of  t h e  important  c o n s t i t u e n t s  have been developed. 
Such ins t ruments  are  now i n  use  on a i r c r a f t  and a t  ground-based s t a t i o n s  t o  
measure t h e  e f f l u e n t s  w i th  p a r t i c u l a r  concen t r a t ion  on j e t  a i r c r a f t  e f f e c t s .  
This measurement program i s  coordinated throughout NASA i n  the  D i s t r i b u t i o n  
and Ef fec t s  of  Minor Atmospheric Cons t i t uen t s  (DEMAC) program. 

Global b a s e l i n e  d a t a  on most c o n s t i t u e n t s  a re  n o t  a v a i l a b l e .  These d a t a  
are  needed t o  determine changes w i t h  t i m e  and l o c a l  v a r i a t i o n s  from normal 
condi t ions .  Global and r eg iona l  monitor ing systems a re  needed. These w i l l  
r e q u i r e  both s p a c e c r a f t  and a i r c r a f t  p la t forms .  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  make a f i r s t  s t e p  i n  g loba l  
atmospheric composition measurements. Future  e a r t h  o r b i t i n g  rnissions w i l l  
p rovide  t h e  c a p a b i l i t y  t o  measure t h e  ver t ica l  d i s t r i b u t i o n  of  t h e s e  gases .  
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I- 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 Gl 

1972 - 1973 1974 - 
Spacecraf t . .  .................... e-- -- .- $5,000,000 
Sensors and d a t a  a n a l y s i s  ....... --- - - .- 4 , 000 LE - 

$9.000.000 - - .- - - -- Total. . . . . . . . . . . . . . . . . . . . . . . . .  --- 
Oceanography and atmospheric  p o l l u t i o n  i n v e s t i g a t i o n s  r e q u i r e  t h e  g loba l  

a c q u i s i t i c n  of r e g u l a r l y  repea ted  remote sensor  measurements which w i l l  be  
provided f o r  t h e  f i r s t  t i m e  by t h e  NIMBUS G mission.  The oceanographic d a t a  
w i l l  b e  a p p l i c a b l e  t o  t h e  problems of  determing t h e  b a s i c  ocean dynamics and 
d e f i n i n g  the i n t e r a c t i o n  between t h e  ocean and atmosphere and t h e  sun. Pre-  
s e n t  oceanographic d a t a  a re  obta ined  s p o r a d i c a l l y  over  widely s c a t t e r e d  areas 
wi th  r epe t : i t i on  measured i n  weeks, months, o r  yea r s  r a t h e r  than i n  days as 
sc i en t i s t s  and u s e r  agencies  cons ider  necessary .  The mission w i l l  provide 
t h e  f i r s t  oppor tuni ty  t o  s tudy  t h e  ocean i n  t h e  same way t h e  stmosphere has  
been s tud ied .  A s u b s t a n t i a l  emphasis w i l l  be  placed on obse rva t ions  o f  t h e  
air-sea boundary. Modelling and f o r e c a s t i n g  of t h e  ocean/atmosphere dynamics 
a re  direct: ly dependent upon such understanding and have d i r e c t  impact upon 
commercia I. f i s h i n g ,  sh ipping ,  and ocean p o l l u t i o n .  Sensors a l r eady  being 
developed w i  11 o b t a i n  d a t a  concerning many of t h e  fol lowing oceanographic 
parameters:  c u r r e n t s ,  sea s ta te ,  s u r f a c e  wind, sea s u r f a c e  temperature ,  
water mas:;, and ocean co lo r .  

Atmospheric p o l l u t i o n  r e sea rch  w i l l  r e l a t e  t o  d e t e c t i o n ,  monitor ing,  and 
measurement of a tmospheric  c o n s t i t u e n t s  and p a r t i c l e  s i z e s .  These d a t a  are  
requi red  t o  determine p o l l u t a n t  sources  and l i f e  cyc les .  
e a r t h ' s  h e a t  ba lance  a re  r equ i r ed  t o  e s t a b l i s h  temperature  b a s e l i n e s  and t:o 
d e t e c t  changes i n  t h e  balance.  

Measurement of t:he 

The senso r s  f o r  NIMBUS G have l a r g e l y  been i d e n t i f i e d  and developed t o  t h e  
a i r c r a f t  engineer ing  model s t a g e  i n  t h e  Design and Development of Fu tu re  
Experimental- Instruments  program, i n s u r i n g  t h e  a b i l i t y  t o  begin s a t e l l i t e  
f a b r i c a t i o n  based on t h e  proven NIMBUS spacec ra f t .  
be  i n i t i a t e d  i n  FY 1974 c o n s i s t e n t  w i t h  a launch i n  t h e  f i r s t  q u a r t e r  of 1.977. 

System developments w i l l  

- Design and Development of Advanced B p e r i m e n t a l  Instruments  

1973 1974 - 1972 - 
Design i m t l  development of advanced 

experimental  instruments . .  .... $391,000 $2,100, octo $2,200,000 

$2.200.000 - Tot,al . . . . . . . . . . . . . . . . . . . . . . .  $391,000 $2.100. ocg - 

RD 8-24 



The o b j e c t i v e s  of  t h e  program i n  t h e  area of  p o l l u t i n g  monitor ing a re  t h e  
development tof remote sens ing  techniques f o r  d e t e c t i n g  and monitor ing the  
concen t r a t ion  and d i s t r i b u t i o n  of n a t u r a l  and man-made atmospheric  and water 
p o l l u t i o n  on a g loba l  and r e g i o n a l  b a s i s .  The advanced experiments r e l a t i n g  
t o  p o l l u t i o n  monitor ing inc lude  a carbon d iox ide  p o l l u t i o n  experiment,  a sen- 
s o r  t o  map t h e  d i s t r i b u t i o n  of gaseous p o l l u t a n t s  i n  t h e  t roposphere on a 
g loba l  scale, and a n  ins t rument  t o  map t h e  d i s t r i b u t i o n ,  concen t r a t ion  and 
type of o rgan ic  matter on t h e  ocean su r face .  Many of  t h e s e  experiments arc: 
be ing  considered i n  advanced planning f o r  f l i g h t s  on s a t e l l i t e  and a i r c r a f t :  
missions t o  monitor p o l l u t i o n  on a r e g i o n a l  b a s i s .  In  EY 1974, w e  w i l l  con- 
t i n u e  t h e  a b w e  developments and w i l l  i n i t i a t e  development o f  s enso r s  t o  de- 
t ec t  and monitor a tmospheric  and water p o l l u t i o n .  

Sensor Def in i t i on  and F e a s i b i l i t y  Evaluat ion 

1972 - 1973 - 1974 - 
Sensor d e f i n i t i o n  and f e a s i -  

b i l i t y  evaluation... . . . . . . . . . . .  $1,978,000 $2,3OO,OOQ $2,700 , 000 

$2.700.000 $2.300.000 -- Tota l . .  ...................... $1.978.000 

This  r e sea rch  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 space  techniques t o  t h e  
monitoring and measurement of a tmospheric  environmental  qual i . ty  i n  t h e  t ropo-  
sphere and s t r a t o s p h e r e .  I n  a tmospheric  p o l l u t i o n  sens ing ,  we a re  i n v e s t i -  
g a t i n g  pass ive  u l t r a v i o l e t ,  i n f r a r e d ,  and microwave techniques f o r  remote 
sens ing  of atmospheric gaseous c o n s t i t u e n t s  from a i r c r a f t  and s a t e l l i t e s  arid 
d e f i n i n g  the  ins t ruments  requi red .  The research  a l s o  include:; t h e  development 
of  remote and i n  s i t u  techniques f o r  t h e  de te rmina t ion ,  d i s t r i b u t i o n ,  and compo- 
s i t i o n  of gases  and p a r t i c l e s  i n  t h e  atmosphere. The l a b o r a t o r y  r e sea rch  will 
provide  t h e  spec t roscop ic  d a t a  needed t o  d e t e c t  and determine t h e  amounts of 
such subs tances  as n i t r o g e n  d ioxide ,  s u l f u r  d ioxide ,  and carbon monoxide i n  
t h e  atmosphere. 

The purpose of  s tudying  t h e  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  i s  t o  o b t a i n  an under- 
s tanding  clf s t r a t o s p h e r i c  a i r  chemistry and phys ics  f o r  t h e  eva lua t ion  and i n -  
te rpre ta t i .on  of  s a t e l l i t e  measurements i n  terms of atmospheric  q u a l i t y .  This 
r e sea rch  w i l l  e s t a b l i s h  a b a s e l i n e  of  contaminants,  e v a l u a t e  the  e f f e c t  of 
contaminar.ts on the  s t r a t o s p h e r i c  s t r u c t u r e  and behavior ,  and eva lua te  the 
e f f e c t  of a r t i f i c i a l  p e r t u r b a t i o n s  such as  h igh  a l t i t u d e  v e h i c l e  f l i g h t s .  

Some of t h e  techniques t h a t  are  be ing  developed f o r  a i r c ra f t  measurements 
of t h e  upper atmosphere composition are an  e l e c t r o n  s c a t t e r i n s  spectrometer  
coup1 ed w i t h .  a gas  chromatograph f o r  measurement of trace c o n s t i t u e n t s ,  a 
means o f  usi.ng resonance s c a t t e r i n g  and f luo rescence  f o r  observing n i t r i c  
ox ide  and o p t i c a l  and chemical / luminscent  methods f o r  t h e  measurement of ozone. 
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I n  a d d i t i t m ,  t h e r e  i s  t h e  improvement of  ground-based remote measurement 
techniques of s t r a t o s p h e r i c  ozone. 

In  support  of t h i s  program are  d e f i n i t i o n  and planning s t u d i e s  t o  d e f i n e  
atmospheric q u a l i t y  measurement systems r e q u i r i n g  t h e  NASA c a p a b i l i t i e s  t o  
t h e  development and demonstrat ion of a g loba l  a tmospheric  environmental  q u a l i t y  
monitor ing (and measurement system requ i r ed  t o  m e e t  t h e  needs of t h e  cornuni ty  
i n  t h e  c o n t r o l  and p r e d i c t i o n  of t h e  environmental  e f f e c t s  of n a t u r a l  and 
human a c t i v i t i e s .  This  w i l l  involve  sensor  mod i f i ca t ion  and development, 
contaminant source  ana lyses ,  mission ana lyses ,  c a l i b r a t i o n  s t anda rds  devel.op- 
ment and systems engineer ing.  

Earth Resources Survey 

1973 - 1972 - 
Earth resources  technology sa t -  

Earth observa t ions  a i r c r a f t  p ro-  

Design and development of advanced 

Data process ing  and i n t e r p r e t a -  

e l l i t e s  (ERTS 1&B) ............ $52,080,000 $32,600,000 

gram.......................... 12,350,000 13 , 000,000 

experimental  instruments . .  .... 427,000 1,550,000 

t i o n  i n v e s t i g a t i o n s  and sensor  
d e f i n i t i o n .  ................... 9,889,000 9,7 5 O,OC>o 

$56,900. O i a  ...................... - Tota l .  $74.746.000 

1974 - 

$12,400,000 

16,000,000 

1,600,000 

12,600,000 

$42.600.000 

Balancing man's r e source  requirements  and the  p r e s e r v a t i o n  of h i s  environ-  
ment i s  klecoming p rogres s ive ly  more d i f f i c u l t .  The key t o  cont inued progress  
i s  i n  t h e  wise management and c a r e f u l l y  planned u s e  o f  resources .  The p rese r -  
v a t i o n  of t h e  environment depends on us ing  r e sources  wi th  accep tab le  a l t e r a t i o n  
of n a t u r a l  f e a t u r e s .  
and environmental  information t o  provide  a b a s i s  f o r  a s s e s s i n g  s u i t a b i l i t y  of 
land uses .  
po l lu t ior . ,  h a r v e s t ,  and mod i f i ca t ion  of spawning grounds; a thorough knowledge 
of t hese  r e l a t i o n s h i p s  i s  c r i t i ca l .  Earth r e sources  sa te l l i t es  w i l l  c o n t r i -  
bu te  important  in format ion  i n  t h e s e  areas needed by Federa l ,  State  and l o c a l  
agencies  t o  b e t t e r  manage t h e  uses  of n a t u r a l  resources .  

A t  p r e s e n t  t h e r e  i s  no adequate  inventory  of resource  

Ocean p r o d u c t i v i t y  depends on how man impacts marine l i f e  through 

The E a r t h .  Resources Technology S a t e l l i t e  (ERTS-l), launched i n  J u l y  1972,  
i s  provid ing  d a t a  f o r  i n v e s t i g a t i o n s  being conducted i n  f o r e s t r y ,  ag r i cu l . t u re ,  
geol.ogy , oc. eanography , ecology and environmental  qua li t y  . 
coverage provided by ERTS-1 permi ts  i n v e n t o r i e s  of  r e sources  and de termina t ion  
of  s;urfa.c:e changes r e s u l t i n g  from human and n a t u r a l  ac t iv i t i e s .  Resu l t s  from 

Repe t i t ive  sa t:el li t e 
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t hese  i n v e s t i g a t i o n s  w i l l  form t h e  b a s i s  f o r  follow-on a p p l i c a t i o n s  of ERTS- 
type in fo rna t ion  by u s e r  agencies .  

The ERTS-B c a p a b i l i t y  t o  sense  h e a t  r a d i a t e d  by s u r f a c e  f e a t u r e s  w i l l  be  
v a l u a b l e  i n  Locating, mapping, and measuring p o l l u t i o n  i n  l a r g e  l akes ,  bays,  
and e s t u a r i e s .  Data on s u i t a b i l i t y  of  s o i l  f o r  c u l t i v a t i o n  arid the  e a r t h ' s  
geo log ica l  s t r u c t u r e  w i l l  a l s o  be  provided. 

The E a r t h  Observations A i r c r a f t  a c t i v i t i e s  are p r imar i ly  t o  provide ground 
t r u t h  imagery f o r  Skylab and ERTS i n v e s t i g a t i o n s .  I n  a d d i t i o n ,  t he  a i rc raf t  
support  sensor  development and f l y  d i s a s t e r  survey missions f o r  which NASA's 
unique c a p a b i l i t i e s  a r e  requi red .  

The c a p a b i l i t y  t o  provide  ocean c o l o r ,  ocean temperature ,  arid sea  s t a t e  
measurements f o r  e a r t h  resources  purposes w i l l  be i n i t i a t e d  by t h e  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).  The Earth Observing Sa te l l i t e  
(EOS) which i s  c u r r e n t l y  i n  t h e  d e f i n i t i o n  phase i s  expected t o  provide i m -  
proved measurements i n  a l l  d i s c i p l i n e  areas of e a r t h  resource:; survey. 

Earth Resources Technology S a t e l l i t e  (ERTS l&lQ 

1974 - 1973 - 1972 - 
Spacecraf t .  ..................... $19 . 383 . 000 $5 , 582 , 000 $2,200,000 

Ground operat ions. . .  ............ 15,616,000 5 , 5 7 5 , 0 00 700,000 
I n v e s t i g a t i o n s  .................. 2,339,000 17,052,000 5,530 ,= 
Sensors... . . . . . . . . . . . . . . . . . . . . . .  14,742,000 4 , 391 , 000 3 , 970,000 

. . . . Tota l .  ......................... $52 080 000 $32 600 000 $12 ,400,000 

Delta (Launch Vehicle  Procurement 
progra,m). ..................... (3,500,000) (3,400,OOG) (200,000) 

To t a  1 ( inc luding  launch 
vehicles).. . . . . . . . . . . . . . . .  ($55.580.000) ($36.000.00Q) - ($12.600.000) - 

The ERTS-1 s a t e l l i t e ,  launched i n  J u l y  1972, i s  acqu i r ing  images of t h e  
e a r t h  f o r  a p p l i c a t i o n s  i n  areas such as a g r i c u l t u r e ,  f o r e s t r y ,  geology, ocean- 
ography, c!cclogy, and environmental  q u a l i t y .  A wide range o f  domestic and 
forei.gn i r tves t iga t ions  have been s e l e c t e d  t o  demonstrate p r a c t i c a l  a p p l i c a t i o n s  
of t h i s  data. f o r  d e t e c t i n g ,  mapping, measuring, and a s s e s s i n g  e a r t h  resources  
and envircmiental  condi t ions .  Photographic and computer processing of t h e  d a t a  
i s  requi red  p r i o r  t o  making t h e  d a t a  a v a i l a b l e  t o  t h e  use r s .  

The capabi . l i ty  of EXTS-B w i l l  be  increased  over t h a t  of ERTS-1. This  i n -  
creased c.apa.bility w i l l  a l low measurement of t h e  h e a t  r a d i a t e d  from land and 
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water surfac:es, bo th  day and n igh t .  
between objects as w e l l  as temperature  changes w i t h  t i m e  p rovide  a means t.o 
observe i.riportant phenomena n o t  o therwise  p o s s i b l e  t o  observe from space.  
ERTS-B images w i l l  be  used t o  l o c a t e ,  map, and measure 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  i n d i c a t e d  by temperature  changes, and t o  provide informat ion  
about: t h e  q u a l i t i e s  of  s o i l s  and n a t u r e  of  geo log ica l  s t r u c t u r e s .  I n v e s t i g a t i o n s  
of  processes.  r e l a t i n g  t o  ocean s h o r e l i n e  changes and ocean c u r r e n t s  a f f e c t i n g  
coast:al land. and water uses  w i l l  a l s o  b e  conducted. 

The measurements of  temperature  d i f f e r e n c e s  

The 

In  FY 1.974., w e  w i l l  cont inue  t o  receive, process ,  and d i s t r i b u t e  ERTS-1 
d a t a  t o  t h e  i n v e s t i g a t o r s .  W e  a l s o  w i l l  i n i t i a t e  t h e  developinent of t h e  t e m -  
perat:ure sens ing  in s t rumen ta t ion  on ERTS-B. 
w i l l  be  cmmpleted and s t o r e d  u n t i l  they a re  requi red  f o r  f l i g h t  i n  1976. 
Maint.enanc:e and p e r i o d i c  t e s t  w i l l  be  performed t o  ensure  f l i g h t  wor th iness .  

ERTS-B subsystems now i n  assembly 

Earth Observat ions A i r c r a f t  Program 

1974 - 1972 1973 

Earth ok 'servat ions a i r c r a f t  
progra.m....................... -$12,350,000 $13,0OO,OOl~ $16,000,000 

$l3.000.00Q .$16.000.000 -- Tota,l . . . . . . . . . . . . . . . . . . . . . . .  $12.350.000 

Since i t s  i ncep t ion  i n  1965, t h e  Earth Observations A i r c r a f t  program (EOAP) 
has  served e s s e n t i a l l y  as a t es t  bed f o r  evolving remote sens ing  techniques 
and sensor development. In  t h i s  r o l e  NASA remote sens ing  a i r c r a f t  provided 
t h e  major source  of d a t a  f o r  u n i v e r s i t y ,  in-house and o t h e r  government agency 
i n v e s t i g a t o r s  who were explor ing  t h e  remote sens ing  techniques i n  f o r e s t r y ,  
a g r i c u l t u r e ,  geology, geography, oceanography, ecology, and environmental  
q u a l i t y .  
produced a marked s h i f t  i n  emphasis i n  t h e  EOAP toward t h e  suppor t  of i n -  
v e s t i g a t i o n s  a s s o c i a t e d  wi th  d a t a  acqui red  by e a r t h  obse rva t ions  s p a c e c r a f t .  

The launch of  ERTS-1 and t h e  forthcoming launch of  Skylab have 

In i t s  new r o l e ,  t h e  a i r c r a f t  i s  considered t o  be  a v i t a l  e:Lement of  a re- 
mote sens ing  system u t i l i z i n g  space,  a i r b o r n e  and s u r f a c e  observa t ions  i n  
achiev ing  research  o b j e c t i v e s  a s s o c i a t e d  w i t h  t h e  above e a r t h  sc i ences  d i s -  
c i p l i n e s .  

Approximately 85% o f  t h e  e x i s t i n g  a i r c r a f t  program c a p a b i l i t y  i s  be ing  
devoted t o  suppor t  o f  ERTS-1 i n v e s t i g a t i o n s  wi th  t h e  remainder a s s o c i a t e d  wi th  
suppor t ing  r e sea rch  and technology, s enso r  development and demonstrat ion f l i g h t s ,  
and d i s a s t e r  survey f l i g h t s  f o r  which NASA's  unique c a p a b i l i t i e s  are  needed. 
This  t rend  w i l l  cont inue  i n  FY 1974, a l though t h e  number o f  f l i g h t s  requi red  t o  
support  t h e  t o  t a l  program w i l l  i n c r e a s e  sharp ly  s i n c e  t h e  a i r c r a f t  survey re- 
quirements f x  ERTS and Sk:ylab run  concur ren t ly  dur ing  t h a t  per iod.  
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To meet t h e s e  increased  requirements ,  w e  w i l l  (1) i n c r e a s e  t h e  u t i l i z a t i o n  
of  t h e  e x i s t i n g  a i r c r a f t  f l e e t ,  (2) 
c r a f t ,  and (3) accelerate d a t a  outputs .  A i r c r a f t  c a p a b i l i t y  w i l l  be  improved 
by t h e  a d d i t i o n  of p o s i t i o n a l  nav iga t ion  systems i n  t h e  two high a l t i t u d e  
a i r c r a f t  and by procurement of a d d i t i o n a l  sensors  requi red  to support  ERTS 
and Skylab. 

modify and o p e r a t e  a second RB-57B a i r -  

The impact of  ERTS and Skylab i s  such t h a t  r eg iona l  s t u d i e s  i n  cooperat ion 
w i t h  State and l o c a l  agencies  can no longer  be supported by Manned Spacecraf t  
Center (MSC) and Ames Research Center (ARC) a i r c r a f t .  For t h i s  reason,  we 
w i l l  u se  a v a i l a b l e  and su rp lus  government a i r c r a f t  on a r e g i o n a l l y  dedica ted  
bas is. 

Because (of t h e  a i r c r a f t  I s  ex tens ive  f l i g h t  hours ,  t h e  NASA NP-3A a i r c r o f  t 
This  a i r c r a f t  r e p r e s e n t s  one- th i rd  of may need t o  be rep laced  o r  modified.  

t he  c a p a b i l i t y  a t  MSC and t h e  only  a i r c r a f t  instrumented pri.mari'ly f o r  ocean- 
ographic  siirvey work. 

Design and Development of Advanced Experimental Instruments  

1972 - 1973 19'74 -- 
Design and development of  ad- 

vanced experimental  i n s t r u -  
ments. ......................... $427,000 $1,55O,ClOO ~1,60O,OOO 

To t a l . .  ..................... $427.000 --- $1.600.000 

A num't)<x of  instruments  are now being developed t o  m e e t  u s e r  requirements 
i n  t h e  e a r t h  resources  d i s c i p l i n e s .  It i s  p r e s e n t l y  planned t h a t  t h e s e  ex- 
periments be  u t i l i z e d  i n  t h e  mid and l a t e  1970's  missions of NIMBUS G,  EOS, 
and t h e  Shut t le .  These experiments w i l l  a l low measurements of such paramet:ers 
as sea s t a t e ,  sea s u r f a c e  temperature,  sea s u r f a c e  co lo r ,  e f f l u e n t s  i n  es- 
t u a r i e s  and streams, and t h e  c h a r a c t e r i s t i c s  of  s u r f a c e  m a t e r i a l s .  The ex- 
periment!; a r e  a t  va r ious  s t a g e s  of development wi th  two having a l r eady  been 
t e s t e d  from a i r c r a f t :  t h e  radiometer-scatterometer, t o  determine sea s t a t e  

and sea s u r f a c e  windf ie lds ;  and a pass ive  microwave radiometer ,  t o  a c c u r a t e l y  
measure water temperatures  from a i r c r a f t  f l i g h t s .  

In  FY :1974, w e  w i l l  cont inue  development of  t h e s e  instruments  and i n i t i a t e  
development o f :  (1) instruments  f o r  measuring s o i l  moisture ,  an important 
f a c t o r  i.n a g r i c u l t u r e ,  geo log ica l  and meteoro logica l  i n v e s t i g a t i o n s  ; and (2 )  
advanced microwave ins t rumenta t ion  t o  improve a l l  weather and day/n ight  ob- 
s erva tiori. 
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- Data Process ing  and I n t e r p r e t a t i o n ,  and Sensor D e f i n i t i o n  

1972 - 1973 - 1974 - 
Data process ing  and i n t e r p r e t a t i o n ,  

and serisor d e f i n i t i o n . .  . . . . . . . $9,889,000 $9,750,000 $12,600,0@ 

Tota.1.. . . . . . . . . . . . . . . . . . . . . . . $9.889.000 $9.750.000 $12.600.000 - 

The o b j e c t i v e s  o f  t h e s e  act ivi t ies  are t o  provide  t h e  u s e r s  needed advances 
i n  remotely sensed d a t a  process ing  and i n t e r p r e t a t i o n  techniques and d e f i n i t i o n  
of  f u t u r e  sensors .  

Emphasis of r e sea rch  i n  FY 1973 has  centered  on f o s t e r i n g  t h e  d i r e c t  i n -  
volvement of  agencies  r e spons ib l e  f o r  resources  management a t  t h e  r eg iona l  
level,  suppor t ing  c e n t e r s  o f  exce l l ence  act ivi t ies  which promote t h e  ad-  
vancement of  s enso r  and d a t a  process ing  s t a t e - o f - t h e - a r t ,  and conducting 
r e sea rch  t o  t z p l o r e  t h e  p o t e n t i a l i t i e s  of and t o  p repa re  f o r  f u t u r e  Earth 
Resources Isuixey systems . 

Activi t ies  i n  FY 1974 w i l l  i nc lude  con t inua t ion  o f  t h e s e  fundamental re- 
search  inv tzs t iga t ions  wi th  emphasis placed on developing models and a p p l i c a t i o n  
demonstrat ions.  

For remote sens ing  technology t o  be  u s e f u l ,  i t  must b e  adap tab le  i n t o  an  
a p p r o p r i a t e  e a r t h  sc i ence  model (e.g., hydrology) and a n  a p p r o p r i a t e  resoui:ce 
management model (e.g., r iver and f lood  con t ro l ) .  An immediate o b j e c t i v e  of  
t h e  EBS prlDgram i s  t h e  development of  models which w i l l  p rovide  a c a p a b i l i t y  
t o  tes t  t h e  r e s u l t s  o f  contemplated a c t i o n s  and a l t e r n a t i v e s .  Information 
der ived  frDm such models w i l l  ass is t  i n  t h e  des ign  of informat ion  systems 
which i n  turn  w i l l  l e ad  t o  improved models. The development of  u s e f u l  models 
w i l l  b e  emphasized i n  FY 1974. 

A d i f f i c u l t  t a s k  i n  r e sea rch  and development i s  t h e  t r a n s f e r  and acceptance 
of  new technology. Demonstration p r o j e c t s  such as t h e  Southern C o r n  Leaf 
B l igh t  Experiment serve as cogent and p r a c t i c a l  means o f  moving r e sea rch  from 
t h e  l abora to ry  t o  t h e  u l t i m a t e  use r .  P o t e n t i a l  demonstrat ion p r o j e c t s  have 
been i d e n t i f i e d  f o r  FY 1974 which w i l l  po r t r ay  t h e  p r a c t i c a l  usefu:Lness of 
remote sens ing  technology. 

Earth and Ocean physics 

1974 - 1973 - 1972 - 
Earth and ocean dynamics monitor ing 

s a t e l l i t e  (GEOS-C).. .......... $1,675,000 $4 , 400 , 000 $3 , 400 , i000 
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1972 - 1973 - 1974 - 
t 

Terrestrial measurement r e f e r -  .... 1 encing satel l i te  (LAGEOS). --- - -. $1 , 500,000 
2 , 700 , 000 Experiment d a t a  analysis , . . . . . .  . --- - - -. 

Design and development of ad- 
vanced experimental  i n s  t r u -  
ments.D.................,..... $261,000 $300 , 000 400,600 

Measurement systems and fore-  
c a s t i n g  techniques ............ 1 , 102,000 1 , 500 , 000 2 , 700,000 

Geodetic sa te l l i tes  (GEOS 1&2)... 1,125,000 1 , 300, OOC! - 
Total...........,............ $4.163.000 $7.500 .. 000 $10.700. 0m - 

The Earth and Ocean Physics  Appl ica t ions  program (EOPAP) i s  designed t o  merge 
t h e  d i s c i p l i n e  of  geophysics and oceanography w i t h  space  techniques t o  provide  
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  t h e  p r e d i c t i o n  of  ocean s u r f a c e  cond i t ions  on a 
g loba l  b a s i s  and ear thquake hazard assessment  toward t h e  u l t i m a t e  goal  of  pre- 
d i c t i o n  and a l l e v i a t i o n .  

The Ocean Dynamics Monitoring S a t e l l i t e  (GEOS-C) program w i l l  demonstrate  
new systea.s and techniques  t o  b e  used i n  EOPAP. The o b j e c t i v e s  are t o  p r o -  
v i d e  (1) an a c c u r a t e  geometr ic  d e s c r i p t i o n  o f  t h e  e a r t h ' s  surEace, (2) a 
more p r e c i s e  mathematical  d e s c r i p t i o n  of t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d ,  and 
(3) determine t h e  v a r i a t i o n s  i n  t h e  geometry of t h e  ocean s u r f a c e ,  t h e  s o l i d  
e a r t h ,  the g r a v i t y  f i e l d  and o t h e r  geophysical  areas. This more a c c u r a t e  d a t a  
i s  e s s e n t i a l  t o  t h e  accomplishment of t h e  EOPAP o b j e c t i v e s .  

The LAGE:OS program inc ludes  a very  dense (high mass t o  area r a t i o )  s a t e l l i t e  
which w i l l  p rovide  a permanent r e f e r e n c e  p o i n t  i n  a ve ry  s t a b l e  o r b i t .  It w i l l  
permi t  very  a c c u r a t e  range measurements and w i l l  b e  t h e  f i r s t  s a t e l l i t e  com- 
p a t i b l e  wi.th t h e  extreme p r e c i s i o n  e a r t h  motion measurements r equ i r ed  f o r  
c rus t .a l  motion and ear thquake s t u d i e s .  

Experiment: Data Analysis  provides  f o r  a n a l y s i s  o f  a l l  d a t a  obta ined  i n  the  
Earth and Ocean Physics  App l i ca t ions  program, inc lud ing  d a t a  obta ined  i n  e a r t h -  
based experi.ments and s a t e l l i t e  experiments,  f o r  a p p l i c a t i o n  t o  such problems 
as  monitor ing sea s ta te ,  mapping ocean c u r r e n t s  and g l o b a l  c i r c u l a t i o n  p a t t e r n s  , 
monit:oring a. wide range  o f  dynamic d i s tu rbances  of t h e  oceans,  i n t e r a c t i o n  
between 0cea.n and atmosphere, and a v a r i e t y  of  earth motion f a c t o r s  r e l a t i n g  
t o  earthquakes.  

Measureriertt Systems and Forecas t ing  Techniques ac t iv i t i e s  invo lves  t h e  
es tab l i shment  of a base  of  a n a l y t i c a l  and experimental  t echniques  and f e a s i -  
b i l i t y  demonstrat ions which are requ i r ed  f o r  t h e  o r d e r l y  development and fm- 
p1ementat::lon of  t h e  Earth and Ocean Physics  App l i ca t ions  program. 
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Earth and Ocean Dynamics Monitoring S a t e l l i t e  (GEOS-C) 
(Formerly Geode t i c  Sa t  e l l  i t es ) 

1974 - 1973 - 1972 - 
Spacecraft...................... $1,232,000 $2,4OO,OOC~ $2 , 400 , 000 

700 , 000 
Ground operat ions. .  ............. --- 200, OOCl 300, OOJ 
Sensors......................... 443 , 000 1 , 800 , OOCl 

Tota l . .  $1,675,000 $4 , 400 , OOGi $3 , 400,000 ....................... 
D e l  ta (L,suiich Vehicle  Procure- 

ment program). ................ (1,000,000) (2,700 ,OOC!) (---) 

Tota I ( inc luding  launch ................. ($3.400.000) v e h i c l e s )  ($2.675.000) ($7.100.00C!) - 
The GEOS-C program w i l l  demonstrate  new systems and techniques  t o  be  used 

i n  EOPAP. The o b j e c t i v e s  are t o :  (1) demonstrate  t h e  f e a s i b i l i t y  of  mapping 
t h e  topography of  t h e  ocean s u r f a c e  w i t h  a s a t e l l i t e - b o r n e  radar a l t i m e t e r ,  
(2)  
f i e l d ,  and (3)  i n v e s t i g a t e  s o l i d - e a r t h  dynamic phenomena such as  polar-motion 
and ea r th - ro  t a t i o n  v a r i a t i o n s ,  e a r t h  t i d e s  , and c o n t i n e n t a l  d r i f t  theory  wi th  
p r e c i s i o n  laser ranging. 

provide  a mre p r e c i s e  mathematical  d e s c r i p t i o n  of  t h e  e a r t h ' s  g r a v i t a t i o n a l  

Experimeits inc lude :  (1) a p r e c i s i o n  r a d a r  a l t imeter  t o  measure t h e  ocean 
s u r f a c e  topography and sea s ta te  (wave h e i g h t )  , (2) s a t e l l i t e - t o - s a t e l l i t e  
t r ack ing  u.tiI!izing ATS-F i n  synchronous o r b i t  t o  demonstrate  t h e  d i r e c t  
measurement o f  t h e  e a r t h ' s  g r a v i t y  f i e l d ,  (3) p r e c i s i o n  laser t r a c k i n g  de-  
te rmina t ion  of p r e c i s e  l o c a t i o n s  on t h e  e a r t h ' s  su r f ace ,  and ( 4 )  in te rcom-  
pa r i sons  o f  new and e s t a b l i s h e d  techniques.  The major FY 1974 e f f o r t s  inc'lude 
t h e  integra3t:ion of ins t ruments  and s p a c e c r a f t  and acceptance  t e s t  p r i o r  t o  
shipment to the Western Test Range f o r  launch i n  1974. 

Terrestrial Measurement Referencing S a t e l l i t e  (LAGEOS) 
(Laser Geodetic S a t e l l i t e )  

1974 - 1972 1973 - 
$1 , 200 , 000 Spacecraf t . .  --- ---. .................... 

Ikperimeit:;.  .................... - -- ---I 300 d,oO 

--- - - -, $1.500.000 - Total , ,  ..,,..................... 
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The LAGEOS program w i l l  i nc lude  a ve ry  dense laser r e f l e c t o r  s a t e l l i t e  which 
w i l l  p rovide  a permanent r e f e r e n c e  p o i n t  i n  a ve ry  s t a b l e  o r b i t  f o r  p r e c i s i o n  
ear th-motion measurements; e.g. , c r u s t a l  motions, f a u l t  motions, p o l a r  motion 
and e a r t h - r o t a t i o n  v a r i a t i o n s  , s o l i d  e a r t h  t i d e s  and o t h e r  f a c t o r s  a s s o c i a t e d  
wi th  ca r  thquakes . 

The sa t e l l i t e  i s  a .6 m e t e r  (2 f e e t )  diameter  b a l l  weighing 680 kilograms 
(1500 pounds:) , covered wi th  approximately 500 laser co rne r  ref l e c t o r s .  The 
s p h e r i c a l  ,shape of t h i s  very  dense sa te l l i t e ,  coupled wi th  i t s  r e l a t i v e l y  
h igh  circulair  p o l a r  o r b i t ,  w i l l  minimize o r b i t a l  u n c e r t a i n t y  and a t  t h e  same 
t i m e  meet measurement goa l s  on a g loba l  s c a l e .  
expected u,sable l i f e t i m e  o f  a t  least  50 yea r s .  

The s a t e l l i t e  w i l l  have an  

The LAGEOS program w i l l  u l t i m a t e l y  permit  very  a c c u r a t e  measurements t o  
determine p o s i t i o n s  of p o i n t s  on t h e  ea r th .  
dedica ted  texxclusively to  h igh -p rec i s ion  laser ranging and w i l l  p rovide  t h e  
f i r s t  oppor tuni ty  to  a c q u i r e  laser - ranging  d a t a  t h a t  i s  no t  degraded by e r r o r s  
o r i g i n a t i n g  i n  t h e  t a r g e t  sa te l l i te .  These high-accuracy range measurements 
from t h i s  pe~manen t  o r b i t i n g  r e f e r e n c e  p o i n t  w i l l  be  used t o  accomplish marly 
o f  t h e  extreme-precis ion ear th-motion measurements r equ i r ed  f o r  t h e  under- 
s t and ing  o E ear thquakes.  

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

A cons ide rab le  amount of  program planning and des ign  spec i f i . ca t ions  have 
been completed. Deta i led  o p t i c a l ,  mechanical, and thermal ana.lyses have been 
performed, t oge the r  w i t h  comprehensive s t u d i e s  of  t h e  i n f l u e n c e  of spacecraft:  
des ign  t o  t h e  range measurements. However, a d d i t i o n a l  t a s k s ,  inc luding  the 
de t enn ina t ion  of  t h e  most economical method of  f a b r i c a t i n g  l a s e r  corner  re- 
f l e c t o r s  tl3 meet t h e  des ign  s p e c i f i c a t i o n s ,  are y e t  t o  be performed. 

I n  IT 1974: w e  w i l l  i n i t i a t e  des ign  and development of t h e  s p a c e c r a f t  
and laser i:elilectors t o  be launched i n  1976. 

Experiment Data Ana 1 y s i s  

1972 - 1973 1974 

$2,700,000 Experiment d a t a  a n a l y s i s .  * .  . . . . . -e- --- 
--- --- $2,700.000 

t o  ana lyze  a l l  d a t a  
obta ined  i n  t:he Earth and Ocean Physics  App l i ca t ions  program, inc lud ing  dat:a 
ob ta ined  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 t h e s e  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 ear thquake hazard 
assessment: arid a l l e v i a t i o n ,  mapping ocean c u r r e n t s ,  monitor ing sea s ta te  an.d 
o t h e r  ocean dynamics e f f e c t s ,  ocean c i r c u l a t i o n  and t h e  i n t e r a c t i o n s  between 
ocean and atmosphere. 

- Tota l .  #, . . . . . . . . . . o . .  . *. . . . . . . 
Experiment Data Analys is  has  t h e  fol lowing o b j e c t i v e s  : 
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I n  FY 197[+, d a t a  from experiments,  both ear th-based and sa te l l i t e ,  w i l l  b e  
analyzed t o  (determine a p p l i c a b i l i t y ,  f e a s i b i l i t y ,  and l i m i t a t i o n s  i n  provid ing  
s o l u t i o n s  t o  t h e s e  problems. Data from experiments w i l l  b e  analyzed t o  e s t a b l i s h  
t h e  re la t ive  m e r i t s  of competing techniques .  and t h e  a p p l i c a t i o n s  of acqui red  d a t a  
t o  t h e  development o f  a n a l y t i c a l  models f o r  ear thquake hazard assessment and 
f o r  understanding ocean dynamic cond i t ions  such as ocean current:  t r a n s p o r t  
and c i r c u l a t i o l i .  
q u a n t i t i e s  of t he  d a t a  obta ined  from p r i o r  and planned f l i g h t  missions t o  
d e r i v e  e s s e n t i a l  information f o r  t h e  development of methodology, systems, 
and a n a l y t i c a l  techniques f o r  f u t u r e  systems. 

Also included are t h e  a n a l y s i s  and s y n t h e s i s  of  t h e  l a r g e  

-- Des91 and Development of Advanced Experimental Instruments  

1974 - 1973 - 1972 - 
Desig-n and development of advanced 

experirnentxl instruments. . . . . .  $261,000 $300,000 $400,000 

$261 .OOO 

I n  N 1974, we w i l l  complete ongoing and i n i t i a t e  new ins t ruments  requi red  
f o r  f u t u r e  Earth and Ocean Physics  App l i ca t ions  missions.  
advances i n  pulse-compression r a d a r  f o r  h igh  p r e c i s i o n  sea s t a t e  measurement 
t h a t  meet f h e  ilser needs w i l l  b e  made. 

For example, 

Measurement Systems and Forecas t ing  Techniques 

1972 - 1973 - 1974 - 
Measurement systems and f o r e -  

c a s t i n g  techniques............ $1,102,000 $1,500,000 $2,700,002 

$1.102,000 $1.500.000 - $2.700.0051 -- 

The o b j e c t i v e s  of Measurement Systems and Forecas t ing  Techniques 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  
demonstrat ions which are r equ i r ed  f o r  t h e  o r d e r l y  development arid implementation 
of  t h e  E a r t h  and Ocean Physics  Appl ica t ions  program. 

This p o r t i o n  of t h e  Earth and Ocean Physics  App l i ca t ions  program w i l l  pe r -  
form a s e r i e s  of  in te rconnec ted  t a s k s  inc lud ing  t o t a l  systems s t u d i e s  f o r  t h e  
Earth and Ocean Physics  Appl ica t ions  program and des ign  s t u d i e s  of s a t e l l i t e l  
ground systems and experiments. The funding w i l l  suppor t  t h e  es tab l i shment  
of measurement requirements  as they re la te  t o  t h e  des ign  of new senso r s  and 
subsystems. Also,  s t u d i e s  w i l l  b e  conducted t o  develop methodologies f o r  
assembling ear thquake hazard assessment and ocean dynamics mode:ls. To support  
t h e  v a l i d a t i o n  of  s a t e l l i t e  d a t a ,  ground t r u t h  and f o r e c a s t i n g  techniques w i l l  
be  f u r t h e r  developed. 
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Space Process ing  

1974 - 1973 - 1972 - 
Advanced experiment d e f i n i t i o n  

and development.. ............. --- ($3,100,000)* $3,100,000 

Total  ........................ --- ($3.100 .OOO) $3.100.000 - 

*Funded cinder Space F l i g h t  Operat ions 

The u l t i m a t e  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 h e  unilque c h a r a c t e r -  
i s t ics  of  space  f l i g h t  t o  p repa re  and p rocess  materials i n  ways t h a t  are 
n o t  possib1.e o r  economically p r a c t i c a l  on ea r th .  The eventua l  b e n e f i t s  of 
t h e  program a r e  expected t o  inc lude  new knowledge o f  materials and improve-, 
ments d i rec : t ly  a p p l i c a b l e  t o  i n d u s t r i a l  p rocesses  on t h e  ground a s  w e l l  as 
unique products  produced i n  space f o r  u se  on earth. 

The space  process ing  a c t i v i t y  w i l l  involve  a con t inu ing  evo lu t ion  of  r e sea rch  
experiment d e f i n i t i o n ,  experiment development , ear th-based and space-based 
experi.menti!tion l ead ing  t o  f l i g h t  demonstrat ion of v a r i o u s  phys ica l  and 
procedural  a s p e c t s  of space process ing  techniques.  Following t h e s e  demon- 
s t r a t i . ons ,  i t .  i s  envisioned t h a t  i n d u s t r y  w i l l  proceed wi th  o p e r a t i o n a l  
e x p l o i t a t i o n  of t h i s  new space  f r o n t i e r .  

The FY 15174. e f f o r t  w i l l  b u i l d  on t h e  exper ience  gained i n  Apollo and Skylab 
and wi.11 irtcI.ude engineer ing  development and r e sea rch  suppor t  i n  t h e  areas 
of met:als and. composite m a t e r i a l s ,  b i o l o g i c a l  materials, g l a s s  and ceramics;, 
and crys ta l .  growth. 
r e sea rch  arid d e f i n i t i o n  and development of f u t u r e  space  process ing  expe r i -  
ments and equipment. I n  a d d i t i o n ,  t h e  program w i l l  focus  i n t e r e s t  w i t h i n  
u s e r  groups em t h e  p o t e n t i a l  b e n e f i t s  to  be  de r ived  from t h e  a p p l i c a t i o n  
of space  f l i g h t  t o  work i n  materials s c i e n c e  and technology. Fu r the r ,  i t  
w i l l  i nc lude  t h e  d e f i n i t i o n  of f u t u r e  space  miss ions  involv ing  space pro-  
ces s ing  inc lud ing  S h u t t l e  missions.  

These a c t i v i t i e s  w i l l  be  p r i m a r i l y  d i r e c t e d  toward 

Communications 

1974 - 1973 - 1972 - 
Mult i  -us er communiqa t i o n  expe r i -  

Canadian coope ra t ive  sa te l l i t e  

Experiment E; coord ina t ion  and 

mental. s a . t e l l i t e  (ATS-F). ..... $47,712,000 $52,100,000 $16,000,000 

(CAS-C;l.. ..................... 2,500,000 3 , 200,000 3 , 100 , 000 

ope ra t ion  support .  ............ --- -e- 3,000 , 000 
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1972 

Appl i c a t t o n s  technology sat- 

Cooperative a p p l i c a t i o n s  sa t e l l  i t  e 

Design aiil3 development of ad-  
vanced experimental  i n s t r u -  

Radio i n t e r f e r e n c e  and propa- 
1 , 600,000 

Systems t d i n o l o g y  and techniques 5 , 500,000 

e l l i t e  (ATS 1-5).............. $1,450,000 

(CAS-A'). . , . . . . 0 .  100,000 

ments.,, ....................... 909 , 000 

gat ion. ,  .. ,,. ................... 
--- Traf Eic mmagement s tud ie s . .  .... 

Tota l . .  ,,. .................... $59.771,000 

1973 

$1,200,000 

100 , 000 

650 , 000 

--- 
1 , 000 , 000 

200,000 

$58,450,000 

1974 

With t h e  o b j e c t i v e s  t h a t  have guided NASA's Communications program f o r  over  
a decade n e a r l y  achieved,  f i s c a l  and manpower r e sources  dedica ted  t o  t h i s  
program w i l l  be phased ou t  over  t h e  n e x t  few y e a r s  and e f f o r t s  focused on 
o t h e r  NASA prDgrams where t h e  research  and development requi re r ien ts  f o r  
meeting n a t i o n a l  needs a re  more p re s s ing  and demanding. 
program has  been cha rac t e r i zed  by t h e  conduct of a broad-based program of  
r e sea rch  and a p p l i c a t i o n s  technology development and demonstrat ions which 
has  f u l f i l l e d  NASA's r e s p o n s i b i l i t i e s  under t h e  Communications S a t e l l i t e  A c t  
o f  1962. In  implementing t h i s  program, NASA has  cooperated w i t h  o t h e r  govern- 
ment agencies  i n  applying space-derived technology t o  m e e t  thei-r  requirements  
f o r  co?.ununications and da.ta t ransmission,  and wi th  o t h e r  c o u n t r i e s  i n  t h e  ad-  
vancement ,and u t i l i z a t i o n  o €  space- re la ted  technology. 

The Communications 

A s  t h e  r e d i r e c t i o n  of e f f o r t  from Communications t o  o t h e r  agency o b j e c t i v e s  
begins  t o  taks  p l ace ,  t he  FY 1974 Communications program w i l l  cont inue  t o  be 
dynamic and t o  produce v i t a l  technology f o r  t h i s  na t ion .  During t h e  next  
f i s ca l  yea r ,  the Appl ica t ions  Technology S a t e l l i t e - F  mission w i l l  e n t e r  f i n a l  
development s t a g e s  lead ing  up t o  i t s  launch i n  t h e  s p r i n g  of 1974. This sa t -  
e l l i t e  i s  designed t o  t e s t  advanced techniques inco rpora t ing  new hardware 
f e a t u r e s  such a s  a l a r g e  space e r e c t a b l e  antenna wi th  h igh  p o i n t i n g  accuracy 
i n  o r d e r  t o  conduct app l i ca  t ions  experiments i n  community braodcas t ing  i n  s i x h  
areas as h e a l t h  and educat ion.  Also dur ing  t h e  coming f i s c a l  yea r ,  NASA w i l . 1  
cont inue  t o  work wi th  Canada i n  prepar ing  and bu i ld ing  t h e  Canadian Appl icat: ions 
Sa te l l i t e - ( ; ,  designed t o  t e s t  communications experiments demonstrat ing h igh  
power broad:a,;t technology and scheduled f o r  launch i n  1975. 'I'he F'P 1974 
program w i l l  a l s o  be  cha rac t e r i zed  by t h e  con t inua t ion  o f  suppor t  oE u s e r  
agency experiments.  
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- Multi-User Communications Experiments S a t e l l i t e  (A’I’S-F) 
(Formerly Appl ica t ions  Technology S a t e l l i t e )  

1972 1973 1974 

SpacecraEt. ..................... $26,443,000 $35,846,000 $12,500,000 
Instrumentation... . . . . . . . , . . . . . . .  18,543,000 13,512,000 3 , 000 , 000 
Ground s t a t i o n  procurements and 

modif i c , s t i ons . .  2,726,000 2 , 742 , 000 500 , 000 - ............... 

T i t a n  I I I - C  (Launch Vehicle  
(--.-) - Procurement program). o. ,, -.. o . .  (9,000,000) (5,500,000) 

‘Total ( i nc lud ing  launch 
vehicles). . . . . . . . . .  ........ ($56.712.000) ($57.600.000) ($16.000.000) - 

The o b j e c t i v e s  o f  t h e  ATS-F program a re  t o  tes t  advanced technologies  and 
conduct s p e c i f i c  a p p l i c a t i o n s  and sc i ence  experiments f o r  maximizing t h e  
communicatims use  o f  t h e  synchronous o r b i t .  A s  a p a r t  o f  t h e  ATS-F mission,  
space technology w i l l  be  app l i ed  t o  m e e t  unique educa t iona l  and pub l i c  ser- 
vices infonnaitional needs i n  ind iv idua l  d i s c i p l i n e s  such as h e a l t h  and educa- 
t i o n  aiid t o  determine the  u t i l i t y  of  s a t e l l i t e  systems t o  m e e t  t h e  a i r c r a f t  
and sh ip  na-r igat ion and t r a f f i c  c o n t r o l  needs. Also t o  b e  accomplished a re  
demonstrat ion experiments involv ing  t h e  t r ack ing  and acqu i r ing  of d a t a  from 
ano t h  er sa tl31 :L i t e , GEOS -C . 

The ATS-I? s p a c e c r a f t  development w i l l  make c o n t r i b u t i o n s  t o  advanced tech-. 
no logies  having t o  do wi th  l a r g e  space e r e c t a b l e  antennas possess ing  h igh  
p o i n t i n g  accuracy and h igh  ga in  narrow beams. 
ferometry tlzchniques , methods f o r  p r e c i s i o n  s t a t i o n  keeping, s o l a r  a r r a y  de-. 
ploymerit, and laser  s a t e l l i t e  communications are  included.  With r e spec t  t o  
experimentat ion,  t h e  hea l th / educa t ion  experiment of  t h e  Department of  Heal th ,  
Education, aiid Welfare and t h e  Corporation f o r  Publ ic  Broadcast ing w i l l  be  
supported.  In t h i s  experiment , ground-based ac tv i t ies  involv ing  t h e  develop- 
ment o f  programmatic m a t e r i a l  and t h e  a n a l y s i s  of r e s u l t a n t  d a t a  w i l l  be  funded 
by Heal th ,  :3ducation, and Welfare and t h e  Corporat ion f o r  Publ ic  Broadcasting. 

I n  a d d i t i o n ,  s t u d i e s  of  i n t e r -  

The Pos i t fon  Locat ion and A i r c r a f t  Communications Experiment (PLACE) t o  b e  
conducted i n  coord ina t ion  wi th  t h e  Department of  Transpor ta t ion  n e c e s s i t a t e s  
t h a t  t h e  dcwel.opment of  unique a i r c r a f t  and ground equipment be  completed. 
During FY 7.!)74, t h e  PLACE transponder  w i l l  b e  i n t e g r a t e d  wi th  the  ATS-F space- 
c r a f t .  I n  a d d i t i o n ,  FY 1974 funding w i l l  p rovide  f o r  f l i g h t  systems tests o f  
t h e  ATS-F s p a c e c r a f t  i nc lud ing  experiments and f l i g h t  acceptance level environ- 
mental  test:;. The i n t e g r a t i o n ,  i n s t a l l a t i o n ,  and checkout o f  a l l  experiments 
f o r  t h e  ATS-F mission w i l l  be  achieved. Funding w i l l  a l s o  suppor t  p repa ra t ion  
of t h e  ATS-I’ s p a c e c r a f t  f o r  launch i n  1974. The i n i t i a l  post launch ope ra t ions  
of  t h e  ATS-1’ experiments w i l l  be  supported a long  wi th  t h e  r educ t ion  and a n a l -  
y s i s  of t h e  f i r s t  d a t a  r e tu rned  by t h e  spacec ra f t .  
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Canadian Cooperat ive S a t e l l i t e  (CAS -C) 

1972 - 1973 - 1974 --. 

$100 , 000 $500 , 000 $500 :, 000 Spacecraf t  s tud ie s . .  ... ,, ........ 
2 , 275,000 1 ,9 50 :) 000 

Ground systems s tud ie s . , ,  ........ --- 425,000 6 50 :,OC,O 
kper i tnen  t s . .  ................... 2,400,000 

‘rota:L,. ........................ $2 . 500,000 $3,200,000 $3, LOO :, 000 

Delta (Launch Vehicle Procure- 
inent .?rogram). ................. (---) (2 , 800,002) (1 , 600 :,OCIO) 

Tota l  ( inc luding  launch 
v z h i c l e s )  .................. ($2.500.000) ($6 .OOO .OOQ) - ($4.700 .lgg) 

The Canadian Department of Communications (DOC) and NASA en tered  i n t o  a 
Memclrandum o f  Understanding i n  A p r i l  1971 t o  launch a Canadian Cooperative 
S a t e l l i t e  (CAS-C) i n  1975 t o  f l i g h t  tes t  c e r t a i n  advanced coimnuni- 
c a t i o n s  technologies .  The o v e r a l l  o b j e c t i v e  of  t h e  project:  is t o  advance 
t h e  s t a t e - o f  - t h e - a r t  i n  s p a c e c r a f t  and r e l a t e d  ground-based technologies  r e l -  
evant t o  f u t u r e  communications and o t h e r  s a t e l l i t e  a p p l i c a t i o n s  systems. 
Canada w i l l  p rovide  funding support  f o r  t h e  s p a c e c r a f t  development. NASA’s 
prime r e s p o n s i b i l i t y  is f o r  development of  t h e  high power t r a n s m i t t e r  tube  
and a s s o c i a t e d  equipment and f o r  t he  launch of t he  s p a c e c r a f t .  Canada and 
t h e  United States  w i l l  sha re  equa l ly  i n  t h e  communications experiment t i m e  
a v a i l a b l e .  

A f t e r  the  s a t e l l i t e  i s  placed i n  geos t a t iona ry  o r b i t ,  NASA and DOC w i l l  
conduct communications experiments u t i l i z i n g  a h igh  power 12  GHz s p a c e c r a f t  
t ransponder .  
domestic sa te l l i t es ,  t h e  i n v e s t i g a t i o n  of t h e  u s e  of f requencies  above 10 G-Iz 
i s  considered u rgen t  by t h e  Federa l  Communications Commission (FCC), Of f i ce  
of Telecommunications Pol icy  (OTP) , Department of  Defense CDoD) , Department 
of S ta te  (DoS), and NASA. 

The s p a c e c r a f t  i s  designed f o r  experimental  communications wi th  small t e r -  
minals  a t  t h e  12/14 GHz frequency bands a l l o c a t e d  f o r  space kroadcas t  and 
s a t e l l i t e  communications s e r v i c e s  a t  t h e  World Adminis t ra t ive  Radio Confe1:ence 
i n  1971. 
services to Canada, review and eva lua t ion  of s p a c e c r a f t  des ign ,  and t h e  con- 
duc t  o f  f l i g h t  tests.  
experirnerii:~ inc luding  more e f f i c i e n t  power tubes and ve r sa t i l e  s o l a r  power 
panel  a r r a y s .  

I n  view of f u r t h e r  crowding t h e  spectrum below 10 GHz by 

NASA funding i n c  Ludes t h e  suppor t  o f  s p a c e c r a f t  s t u d i e s ,  adviso~:y 

The s p a c e c r a f t  w i l l  conduct f l i g h t  t e s t s  o f  technol.ogy 

F i sca l  Year 1973 funds a r e  r equ i r ed  t o  cont inue  h igh  power tube  development 
inc luding  t h e  des ign ,  f a b r i c a t i o n ,  and tes t  of t h e  engineer ing  model. o f  t h e  
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Transmi t te r  Experiment Package (TEP). 
t o  f a b r i c e t e  and test  t h e  f l i g h t  conf igu ra t ion  engineer ing t e s t  model of  t:he 
TEP, f a b r t a t e  and test  t h e  p ro to type  TEP, and i n i t i a t e  f a b r i c a t i o n  of  t h e  
f l i g h t  mot1e:L TEP. 

F i s c a l  Year 1974 funds w i l l  be requi red  

F i s c a l  Year 1974 e f f o r t  w i l l  i nc lude  planning and procurement of t h e  
ground stiztjion system and provid ing  f o r  r equ i r ed  mod i f i ca t ion  and procurement 
of  s p a r e  p a r t s .  

Experiments Coordinat ion and Operat ions Support 

19 74. -. 1972 1973 

Experimmts coord ina t ion  and .......... --- --- $3,000,000 opera t ions  support . .  - - 
...................... $3.000.000 Total. ,  --- - - - --- 

The ob:jeci:ive of  t h i s  e f f o r t  i s  t o  cont inue  s tudy,  r e sea rch ,  and eva1uat:ion 
ac t iv i t i e s  necessary  f o r  accomplishing t h e  ATS-F and CAS-C mission ob jec t ives .  
E f f o r t s  w i l l .  cont inue  i n  providing a proper  t e c h n i c a l  i n t e r f a c e  wi th  i n v e s t i -  
ga t ions  i n  such areas as s a t e l l i t e  t e l econfe renc ing  systems, educa t iona l  t :e le-  
commumica5ons systems , small te rmina l  technology, improved on-board signa.l  
d a t a  process ing  techniques,  r a d i o  frequency i n t e r f e r e n c e  and communications 
syst tms ana1.ysis and d a t a  c o l l e c t i o n  i n  o r d e r  t o  a s s u r e  t h e  u t i l i z a t i o n  of 
t h e  unique c a p a b i l i t i e s  of  ATS-F and CAS-C i n  a h igh ly  e f f e c t i v e  way. 

In  1969, NASA made a p u b l i c  o f f e r  t o  t h e  u s e r  community t o  u s e  the  cap- 
a b i l i t i e s  of  t h e  Appl ica t ions  Technology S a t e l l i t e s  (ATS) 1, 3, and 5 space- 
c r a f t  i n  o r b i t  a f t e r  t h e  NASA experiments are  completed. 
cedures  e s t ab l i shed ,  t he  experimenter must b e a r  t h e  ground expenses. This 
o f f e r  has  rece ived  s u b s t a n t i a l  response.  

Under the pro-  

Ekperiments conducted by non-NASA groups inc lude  f e a s i b i l i t y  experiments 
i n  t h e  use  of s a t e l l i t e  communications t o  ass is t  i n  remote m e d i c a l  d iagnoses  
and consu:ltation, computer and f i n g e r p r i n t  d a t a  exchange, d i s t r i b u t i o n  o f  
i n s t r u c t i o n a l  t e l e v i s i o n  and Computer Aided I n s t r u c t i o n  (CAI), and p o s i t i o n  
de te rmina t ion  of v e h i c l e s .  

A v a i l a b i l i t y  of s p a c e c r a f t  w i th  g r e a t l y  increased  c a p a b i l i t y ,  such as t h e  
Multi-User Communications Experiment S a t e l l i t e  (ATS-F) and t h e  Canadian 
Cooperative S a t e l l i t e  (CAS-C), w i l l  r e s u l t  i n  a d d i t i o n a l  responses  
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t o  u t i l i z e  t h e  experiment o p p o r t u n i t i e s  represented .  
resources ,  u s e r s  r e q u i r e  informat ion  from NASA on developing txperiment  re- 
quirements , determining which experimental  s p a c e c r a f t  a re  s u i t a b l e ,  i d e n t i f y i n g  
c r i t i ca l  mi l e s tones  and r e source  requirements ,  developing experiment p l ans  
and procedures  , and developing ope ra t ing  procedures  and eva lua t ion  techniques.  
F i s c a l  Year 1974 funds are  requi red  t o  cont inue  t h e  development of  information 
f o r  e f f e c t i v e  u s e r  experiments programs r e l a t e d  t o  ATS-F and CAS-C a f t e r  t h e  
NASA experiments a r e  completed. 

To e f f e c t i v e l y  use  these 

--- Nul t i d i s c i p l i n a r y  Earth Ob se rv ing  S a t e l l i t e  (EOS) D e f i n i t i o n  

1974 - 1973 - 1972 - 
EOS defi.nit:ion s tudies . . .  . .. .... $1,000,000 $1,000,000 $3 , 000 , ClOO 

Tc~tal................e.a...... $1.000.000 $1.000.000 $3.000.000 -- 

The Mult:j.di.sciplinary Earth Observing S a t e l l i t e  which i s  be ing  s tud ied  w i  11 
incorpora t e  major advances i n  in s t rumen ta t ion  which w i l l  y i e l d  many p r a c t i c a l  
benef i . t s  tcb mankind. Current  p l ans  envis ion  several groups o f  s enso r s  being 
flown toget:her so t h a t  simultaneous measurements can b e  made i.3 1977 and 
fol lowing t:ime per iod .  Of t h e s e  groups,  t h e  thematic  mapper a.id t h e  mul t i -  
s p e c t r a l  mi.crowave imaging radiometer  a r e  i d e n t i f i e d  as having p a r t i c u l a r  
promise. Ekoth r e q u i r e  more e a r t h  viewing area and power than is a v a i l a b l e  
on p resen t  e a r t h  observ ing  spacec ra f t .  

A thematic  mapper i s  needed t o  i d e n t i f y  and d e s c r i b e  t h e  c h a r a c t e r i s t i c s  of 
s u r f a c e  f e a t u r e s  i n  g r e a t e r  d e t a i l  and v a r i e t y  than p r e s e n t  technology a l lows ,  
The m u l t i s p e c t r a l  scanner ,  a similar f l i g h t - t e s t e d  ins t rument ,  u ses  four  bands 
of the  spectrum t o  i d e n t i f y  types of  vege ta t ion ,  s o i l ,  mineral:;, water ,  and 
cons t ruc t ions .  The thematic  mapper advances t h e  c a p a b i l i t y  o f  i t s  predecessor  
by scanning t h e  e a r t h  i n  seven s p e c t r a l  bands t o  o b t a i n  b e t t e r  d e f i n i t i o n  o f  
s u r f a c e  f e a t u r e s  and t h e i r  more p r e c i s e  i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n .  

The m u l t i s p e c t r a l  microwave imaging radiometer  (MMIR) w i l l  f unc t ion  i n  t h e  
presence  of cloud cover ,  a e r o s o l s ,  and water vapor abso rp t ion ,  which are  
s e r i o u s  handicaps t o  obse rva t ion  o f  s u r f a c e  f e a t u r e s .  C e r t a i n  phenomena 
such as sea i c e ,  sea state,  ocean b r i g h t n e s s ,  temperature ,  s a l i n i t y ,  and s o i l  
mois ture  are  p o t e n t i a l l y  d i r e c t l y  measurable us ing  m u l t i s p e c t r a l  microwave 
methods. Like t h e  u s e  of t h e  v i s i b l e  and i n f r a r e d  p o r t i o n s  of  t h e  spec t r a ,  
microwave must be  used i n  several f requencies  t o  s e p a r a t e  t h e  v a r i o u s  e f f e c t s  
t h a t  are observed a t  t h e  receiver. The MMIR w i l l  employ f i v e  bands as  t h a t  
number appears  t o  o f f e r  t h e  g r e a t e s t  promise f o r  space experiments. 

Mult i spec  trill v i s i b l e  , i n f r a r e d ,  and microwave i n s  trumenta t i c m  wi th  t h e s e  
capab i l i t i l e s  r e q u i r e s  more power and e a r t h  viewing area than ha.s been availab1.e 
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on previclus p o l a r  o r b i t i n g  e a r t h  obse rva t ion  satell i tes.  In  add i t ion ,  
suppor t ing  sensors ,  of t h e  same type  needed f o r  atmospheric q u a l i t y  research ,  
a r e  needed t o  determine c h a r a c t e r i s t i c s  of t h e  atmosphere, so e s s e n t i a l  t o  
i n t e r p r e t : a t i o n  of  t h e  d e t a i l e d  d a t a  from t h e  o t h e r  sensors .  
sensor  ins t rumenta t ion  r e q u i r e s  t h e  development of an  obsemiatory-class  sat-  
e l l i t e  t o  accomplish mission ob jec t ives .  

This  soph i s t i ca t ed  

Several  EOS missions to  suppor t  t h e  b a s i c  d i s c i p l i n e s  o f  E i r t h  Resources, 
Meteorology, Oceanography, and P o l l u t i o n  Monitoring are  a n t i c i p a t e d .  R e s u l t s  
from these  experiments would be incorpora ted  i n t o  operational1 programs as 
appropr ia te .  The EOS s p a c e c r a f t  w i l l  be  compatible wi th  S h u t t l e  and con- 
ven t iona l  launch veh ic l e s .  

Shu tt 1 e Experiment D e f i n i t i o n  

1974 --. 1973 - 1972 - 
S h u t t l e  experiment d e f i n i t i o n . .  . --- - -. - - $4,500,000 

- -. - $4.500.000 -- - - --- Total. . , ,  .... O . . . . . O . . . . . . . . . . .  

The advent  of t h e  Space S h u t t l e  i n  t h e  l a t e  1970's  w i l l  in t roduce  a new 
e r a  i n  t h e  economy and f l e x i b i l i t y  of Space Appl ica t ions  endeavors. These 
f e a t u r e s  arc: i n t r i n s i c  i n  the  easy access  to  space i n  t h e  l a r g e  volume and 
weight-cai:rjring c a p a b i l i t i e s  of  t h e  s h u t t l e ,  and p a r t i c u l a r l y  i n  t h e  ab i l i . t y  
t o  r e t u r n  payloads t o  ea r th .  Of p a r t i c u l a r  u t i l i t y  t o  many Appl ica t ions  
a c t i v i t i e s  w i l l  be  t h e  u t i l i z a t i o n  of  t h e  s h u t t l e  i n  a s o r t i e  mode where 
modul.es acccmmodating i n v e s t i g a t i o n s  i n  a p a r t i c u l a r  d i s c i p l i n e  can be f e r r i e d  
t o  o r b i t  alclng wi th  man t o  e x t r a c t  t h e  most d a t a  from b r i e f  inves t iga t ions '  and 
then re turned  t o  e a r t h  f o r  updat ing and f o r  i n j e c t i n g  c u r r e n t  r e s u l t s  i n t o  
f u t u r e  mission planning.  
f l ex ib i1 i t : y  and c o s t - e f f e c t i v e  p la t form f o r  experiments i n  o r b i t  t h a t  our  
r e sea rch  a i r c r a f t  have provided a t  a l t i t u d e s  w i t h i n  t h e  atmosphere. S tudies  
have been made i n  r e l a t i o n  t o  many Appl ica t ions  d i s c i p l i n e s  which show the  
p o t e n t i a l  e f f i c i e n c y  w i t h  which many i n v e s t i g a t i o n s  can be  accommodated. It 
i s ,  however, necessary t o  d e f i n e  more e x p l i c i t l y  t h e  s p e c i f i c  equipment t o  
be  i n t e g r a t e d  i n t o  t h e  s o r t i e  module as a gene ra l  purpose l abora to ry  i n  a 
d i s c i p l i n e  and then t o  d e f i n e  t h e  i n t e r f a c e s  and t h e  d e t a i l e d  ope ra t ing  
techniques t o  be  involved i n  t h e  s h u t t l e  accommodation. Work needs t o  be 
i n i t i a t e d  now i n  a l l  of t h e  p o t e n t i a l  uses  f o r  Space Appl ica t ions  in  o rde r  
t o  a s s u r e  compa t ib i l i t y  as t h e  s h u t t l e  and t h e  s o r t i e  modules are developed 
and t o  thereby provide a v a i l a b i l i t y  of t h i s  h igh ly  promising i n v e s t i g a t i v e  
technique e a r l y  i n  t h e  s h u t t l e  t i m e  per iod.  

The s o r t i e  mode would provide  t h e  same kind of 
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Appl ica t ions  S tudies  

1974 - 1973 - 1972 - 
Appl ica t ions  studies............ --- - - -. $2,000,000 

Total.. . . . .O... .OOOO..OOO...O. -_-. $2,000.000 

Future  occasions f o r  applying space-derived technology and know-how f o r  the 
b e n e f i t  of asnkind a r e  very  much dependent upon connnunicating e f f e c t i v e l y  wi th  
u s e r s ,  cons t ruc t ing  systems f o r  providing usab le  d a t a  on a t imely b a s i s ,  and 
c l e a r l y  de f in ing  new oppor tun i t i e s .  Consequently, t h e s e  Appl ica t ions  Stud Lea 
w i l l  enable  NASA t o  i d e n t i f y  u s e r s  and t h e i r  needs and requirements and, i n  
response,  t o  ana lyze  and eva lua te  o t h e r  promising a p p l i c a t i o n s  ., I n  a d d i t i o n ,  
t h i s  e f f o r t  w i l l  a l low NASA t o  i d e n t i f y  and d e f i n e  new concepts  t h a t  f a l l  
w i th in  NASA's area of e x p e r t i s e  and t o  i n i t i a t e  i n v e s t i g a t i o n s  of new approaches 
as w e l l  a s  a l t e r n a t e  a p p l i c a t i o n s  of  new systems and technologies .  

More s p e c i f i c a l l y ,  i n  r ecogn i t ion  o f  t he  importance o f  ensur ing  t h a t  space 
a p p l i c a t i o n s  r e sea rch  and development a c t i v i t i e s  respond t o  the  use r  and i n  
p a r t i c u l a r  t h e  State,  r eg iona l ,  and l o c a l  communities, s t u d i e s  w i l l  be  i n i t i a t e d  
t o  determine and eva lua te  va r ious  methods f o r  i d e n t i f y i n g  u s e r s ,  u s e r  spokes- 
man, and use r  needs and problems. 

Also,  i n  view of t h e  need and the  importance of  providing t o  t h e  use r  a s  
exped i t ious ly  a s  p o s s i b l e  the  b e n e f i t s  t h a t  a r e  a v a i l a b l e  to  him as a r e s u l t  
of t h e  space a p p l i c a t i o n s  program a c t i v i t y ,  s t u d i e s  w i l l  be  undertaken t o  
i n v e s t i g a t e  techniques f o r  d a t a  i n t e r p r e t a t i o n  and information handl ing t h a t  
w i l l  b e t t e r  execute and f a c i l i t a t e  t h e  t r a n s f e r  of b e n e f i t s  ob ta inab le  from 
space-derived da ta .  

F i n a l l y ,  s t u d i e s  w i l l  b e  conducted t h a t  w i l l  determine t h e  f e a s i b i l i t y  ofi 
developing s y s t e m s  having t o  do wi th  energy conserva t ion  techniques , uncon- 
ven t iona l  energy sources ,  urban t r a n s p o r t a t i o n  systems and modes, and wasta 
d i s p o s a l  and energy recovery f o r  municipal systems. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1974 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

AERONAUTICS AND SPACE TECHNOLOGY PROGRAMS 

(Thousands of Dollars) FY 1973 
Funds 
Applied FY 1974, 
to Budget 

Budget Plan FY 1'974 Authority 
FY 1972 FY 1973 FY 1974 Program Requested 

Aeronautical research 

Space research and 
and technology. ..... 109 340 

technology .......... 74,365 

p ropul sion. . . . . . . . . . 29 , 806 
Nuclear power and 

Total... . .... . ...... 213,511 

150 , 640 
64,760 

17,100 

232,500 

171 000 25,000 146 , 000 
65,000 65,000 - ..- 

4,0010 - - .. 4,000 - 
240,000 29 , 000 - 211,000 -- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY -- 

SUMMARY OF RESOURCES REQUIREMENTS 

AERONAUTICAL RESEARCH AN1 
TECHNOLOGY PROGRAM 

1972 1973 - 1974 

Research and t:echnology base. .  ...... $69,440,000 $75,559,000 $79,001,000 
Systems and des ign  s tudies . . . . . . . . . .  5,700,000 7 ,444  , 000 5 , 473 , 000 
Systems and ex:perimental programs... 34,200,000 67,637,000 86,526,000 

FY 1973 funds app l i ed  t o  EY 1974 program.. . . . . . . . . . . . . . . . . .  . -25,000 , 000 

Budget a u t h o r i t y  reques ted  ................................... $146.000.00(J 

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 :  --- 
Manned Spacecraf t  Center . . . . . . . .  
Marshal l  Space F l i g h t  Center.. . .  
Jet  Propuls ion Laboratory ....... 
Wallops S t a t i o n  ................. 
Ames Resea:rch Center.. . . .  ....... 
F l i g h t  Research Center. .  ......... 
Langley Xesearch Center.  ......... 
Lewis  Research Center. .  ......... 
Headquartei:~. .................... 

-- - 
$1,115,000 
1 , 449,000 

60,000 
31,914,000 

9 , 977 , 000 
31,666,000 
29,166,000 

3 , 993 , 000 

$205,000 
880 , 000 

1 , 172,000 
91  , OOCl 

32,479,000 
11,665,0001 
46,788,000 
54,493,000 

2,867 , 000 

$199,000 
900 , 000 
850 , 000 

50 , 000 
40,216,000 
1 3 , 85 3 ,000 
60,290,000 
53 , 241 , 000 
- 1,401,002 

Tota l  .......................... $109.340.000 $150.640.000 $171.000.000 - _- 
HIGHLIGHTS OF BUDGET PLAN 

Research and Technology Base 

Materials .- Easic r e sea rch  and 
development s t u d i e s  on metals , 
ceramics, pol.yn~ers and com- 
p o s i t e s  of those materials t h a t  
w i l l  l e ad  t o  improved h igh  
temperature p r o p e r t i e s  and 
r e l i a b i l i t y . .  ....................... $5,800,000 $5,414,000 $6,595,000 
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1972 - 1973 - 
Structui=- - Advancement of tech-  

nology f o r  f u t u r e  s h o r t  and long haul  
t r a n s p o r t a t i o n  systems and a i r  defense 
systems i n  a r e a s  of h igh  temperature 
s t r u c t u r e s ,  composite s t r u c t u r e s ,  
a n a l y s i s  zinc1 design,  and s t r u c t u r a l  
dynamics. ............................ $3,800,000 $5,500,000 

Avionic:: - Appl ica t ion  of advanced 
theory t o  av ion ic  systems design;  
develop technology f o r  V e r t i c a l  Take- 
O f f  and Landing (VTOL) automated 
f l i g h t ,  p i l o t  warning, c o n t r o l  and 
d i sp lay  f a r  improving genera l  a v i a t i o n  
a i r c r a f t  s a f e t y ;  a p p l i c a t i o n  of active 
c o n t r o l  technology t o  advanced t r a n s -  

3,000 , 000 p o r t  a i r c r a f t  design .................. 2,600,000 

Propuls ion - E f f o r t s  support ing 
engine,  engine components, and 
n a c e l l e  improvements aimed a t  i m -  
proved perfoirmance, p o l l u t i o n  and n o i s e  
reduct ion ,  and weight and c o s t  
reduct ion  ............................ 19,340,000 26,557,000 

Aerodynain&s - Programs t o  inc rease  
understandhq; and p r e d i c t a b i l i t y  of 
complicated aerodynamic and f l i g h t  
dynamic phenomena t o  provide i m -  
proved vehic1.e design c r i t e r i a . .  ..... 12,900,000 8 , 800 , 000 

1974 -- 

$6,357,000 

3 , 154,000 

26,348,000 

8,864,000 

Configurati.ons - Vehicle  con- 
f i g u r a t i o n  programs t o  provide 
technology base f o r  genera l  
aviati .on a i . r c r a f t  wi th  improved 
s a f e t y  and f l i g h t  c h a r a c t e r i s t i c s ;  
f o r  Short  1'ak.e-Of f and-Landing 
(STOL), VTOL, and r o t o r c r a f t  
veh ic l e s  with improved c a p a b i l i t y  
f o r  s h o r t  haul  a p p l i c a t i o n s ;  f o r  
long haul  t r a n s p o r t s ;  and f o r  
m i l i t a r y  f i g h t e r ,  bomber, and 
missile s y s t e m  ..................... 19,800,000 19,800,000 20,463,000 
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1972 - 1973 1974 - 
L i f e  S c i e r g g  - Research and tech-  

nology r e l a t i v e  t o  t h e  r e l a t i o n s h i p  
between man and advanced ae ronau t i ca l  
systems. .............................. $3,100,000 $3,100,000 $3,766,000 

A i r c r a f t  Cperat ions - Development of 
r e f i n e d  knowledge of t h e  atmosphere 
(low l e v e l  winds, high a l t i t u d e s ,  
turbulence)  f o r  improved v e h i c l e  
design and ope ra t ing  procedures and 
develop s o l u t i o n s  t o  problems 
spawned by c u r r e n t  a i r c r a f t  
opera t ions  ( s l i p p e r y  runways, l i g h t n i n g  
e f f e c t s ,  tu rbulence  d e t e c t i o n ,  f i r e ,  
c rash)  i n  the  f l i g h t  and runway en- 
vironments ............................. 2,100,000 3,388,000 - 3 , 454,OCg 

Tota l  K8isearch and Technology 
Base. ............................ $69.440.000 $75.559.000 XI9 . O O l , O O O  - - 

Systems and I>esign S tud ie s  

Systems S tud ie s  - Examination 
and a n a l y s i s  of new ideas  f o r  
ae ronau t i ca l  missions and systems. 
Included i n  IT 1974 are low d e n s i t y  
s h o r t  hau l  ah- t r a n s p o r t a t i o n  
s e r v i c e ,  and s h o r t  haul  STOL systems..  $1,600,000 $2,903,000 $3,586,000 

Design S tuc lkz  - E f f o r t s  focused 
on l i f t - f a n  research  a i r c r a f t  t o  
de f ine  near  t:erm re sea rch  a i r p l a n e  
program, and advanced technology 
t r a n s p o r t  t o  determine technology 
requirements t h a t  r e q u i r e  
a d d i t i o n a l  in-depth s tudy ............. 4,100,000 4 541,000 1,887,000 

$7.444.000 25.473.00Q -- Tota l ,  Systems and Design S tud ie s  $5.700.000 

Systems and 1:xperimental Programs 

Experiment& Engine Programs 

Experimental Quiet  Engine f o r  
Conventional Eke-Of f and Landing 
A i r c r a f t  - T e s t  program of t h i s  
engine completed i n  E'Y 1973 .......... $5,000,000 $949 , 000 
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Q u i e t  , Clean Shor t -Haul Experimental 
Engine (QCSEE) - Five year  e f f o r t  t o  
develop and demonstrate no i se  levels 
of 95 EPNdB a t  500 f e e t  ............... 

1972 - 1974 - 1973 - 

--- $1,868,000 $4,000,000 

Enpine Refan Program - To i n v e s t i -  
g a t e  and demonstrate no i se  reduct ion  
modi f ica t ions  t h a t  a r e  r e t r o f i t t a b l e  
t o  cu r ren t  j e t  a i r c r a f t . . .  ............ ---  21 , 000 ~)oo 18 000,OO~ 

Sub to ta l ,  Experimental Engine 
Programs ................... $5.000.000 $23.817.000 $22.000.000 

F l i g h t  Experiments Programs 

C - 8  Augmentor - Wing Research 
A i r c r a f t  - Proof-of-concept f l i g h t  
tests of auginentor wing powered- 
l i f t  concept t o  provide technology 
base;  develop design and c e r t i -  
f i c a t i o n  c r i t e r i a ,  and ope ra t iona l  
procedures f o r  turbofan STOL 
t r a n s p o r t s . .  $2,200,000 $1,350,000 $529,000 .......................... 

F-8 Tran ,W)r t  Technology F l i g h t  
Experiment - F l i g h t  v e r i f i c a t i o n  
of high-speed s u p e r c r i t i c a l  wing 
completed :in FY 1973. Follow- 
on e f f o r t  izerminated i n  FY 1973. .  ..... 1,000,000 2 , 729 , 000 

YF-12 F l L i i t  Experiments Program - 
A j o i n t  USBF/”ASA f l i g h t  t e s t  program 
t o  i n v e s t i g a t e  p r e d i c t i o n  techniques 
and p r o b l e m  of c i v i l  and m i l i t a r y  
long range a i . r c r a f t  i n  regimes of 
struct:ures, ,  p ropuls ion  systems, and 
aerodynamic:s, wi th  emphasis on the  
l a t t e r  two i n  FY 1974 2,900,000 5,542 , 000 .................. 5,499 , 000 

T r a n s o n i c d i r c r a f  t Technology (TACT) 
F l i g h t  Experiment -- - A j o i n t  NASA/USAF 
program t o  determine the  a p p l i c a b i l i t y  
of t he  s u p e r c r i t i c a l  wing concept t o  
a swept  wic.g a i r c r a f t .  The a i r c r a f t  
w i l l  be f i r s t  flown i n  i t s  normal A i r  
Force mode f o r  b a s e l i n e  information 
and again a f t e r  being r e t r o f i t t e d  wi th  .................. a s u p e r c r i t i c a l  wing 100,000 7 34,000 1,122,000 
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1972 - 1973 - 1974 -- 
Fly-By-Wjz: Experimental Program - 

Development and experimental  f l i g h t  
test  of r e l - i ab le  c o s t - e f f e c t i v e  
d i g i t a l  e1.cxt:ronic f l i g h t  c o n t r o l  
systems f o r  advanced a i r c r a . f t . .  ....... $1,000,000 $2,124,000 $1,180,000 ' 

CompositcG t r u c t u r e s  F l i g h t  
Experiment - W i l l  provide a c t u a l  
f l i g h t  service experience con- 
cern ing  fat . igue behavior ,  main- 
tenance requirements  , and i n -  
s p e c t i b i l i t y  of selective com- 
p o s i t e  re inforcement  of metal  
a i r c r a f t  s t r u c t u r e s  us ing  the  
USAF C-130 a i r p l a n e  and the  
Army CH-54 h e l i c o p t e r  ................. 2,000,000 2,029 , OC,O 1 , 000 &l~ 

Programs.. ...................... $9 . 200,000 $l4,508,0C,O . $9, 33OLO0O 
S u b t o t a l ,  F l i g h t  Experiments 

- -- 

Research/Experimental Vehic le  - 
Program 

Rotor Systems Research A i r c r a f t  - 
Def in i t i on ,  d e t a i l e d  des ign ,  i n i t i a t e  
procurement. c f  r e sea rch  a i r c r a f t ,  
(a j o i n t  Army/NASA program). Acqui- 
s i t i o n  of the  new type  a i r c r a f t  w i l l  
a l low f l i g h t  tests t o  demonstrate t h e  
f l i g h t  a p p l i c a b i l i t y  of advanced r o t o r  
concepts from hovering t o  f a s t  ................... convent ional  f l i g h t  

T i l t  Rotor Research A i r c r a f t  - 
Define veh i  z 3  based on r e sea rch  
da ta .  Design and f a b r i c a t e  re- 
search  v e h i c l e  ( J o i n t  Army/NASA 
program). To conduct proof of 
concept eva lua t ion  and f l i g h t  

700 , 000 1 , 6 14 , 000 5 , 266 , 000 

re sea rch  i n  t f i l t  r o t o r  technology.. ... 400 , 000 1 , 637,000 5,345 , 000 

Quiet  Expcg-mental STOL Transpor t  
Research A i r ~ l - a n e  (QUESTOL) - NASA's 
QUESTOI, program has been cance l led  i n  
FY 1973. A r e sea rch  and technology 
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1972 - 
e f f o r t  i s  cortti.nuing under the  quiet 
propulsi.ve -1j.f t: technology program 
i n  FY 1974 which i s  app l i cab le  t o  
STOL a i rc raf t : . . .  ...................... $14,600,000 

Sub t:o tal .  ., Research/Experi.men t a l  
Vehicle  Progr am.. . . . . . . . . . . . . . . .  $15.700.000 

Operating Systems Experiments 
Programs 

Noise Reduction F l i g h t  Pro- 
cedures  Experiments - Technology 
f o r  and demonstration of n o i s e  
abatement f l i g h t  pa ths  f o r  
e x i s t i n g  j e t  t r a n s p o r t s  and f o r  
advanced a i r c r a f t  opera t ing  i n  
an upgraded a i r  t r a f f i c  c o n t r o l  
s y s t  em................................ 300 , 000 

Terminal Configured Vehicle  
ODerations Experiments - Demon- 
strate technology of ae ronau t i ca l  
a spec t s  of a n  advanced a i r  t r a f f i c  
con t ro l  system. Designing i n t o  
f u t u r e  a i r c r a f t  a new terminal  
c a p a b i l i t y  t o  be compatible wi th  
the  p o t e n t i a l  of t h e  new Federa l  
Aviat ion Adminis t ra t ion (FAA) a i r  
t r a f f i c  con t ro l  ground au tomat ion- . . . .  400 , 000 

V e r t i c a l  Take-Off and Landing 
(VTOL) Operatinll Systems Experiments -Develop 
av ionics  technology and opera t ing  d a t a  
pecu l i a r  t o  VT0:L a i r c r a f t  ope ra t ing  
i n  an advanced air t r a f f i c  c o n t r o l  
system with emphasis on automatic 
landing systems.. .  .................... 300 , 000 

Short  ‘rake-Of:€ and Landing (STOL) 
Operating S y s s n s  Experiments - A 
j o i n t  DoT/NASA program t o  develop 
and conduct f Light experiments 
with advanced naviga t ion  , guidance , 
and c o n t r o l  concepts f o r  a l l -  
weather STOL opera t ions .  .............. $3,300,000 

Experimen1:s Programs.. .......... $4.300.000 - 
Sub t o  t a l ,  Operating Sy s tems 

1973 - 1974 

--._ - _- $3,339,000 

$6.590.000 S1_0.611.OOQ 

2 , 924,000 

4,753,000 5 , 000 , 000 

643,000 800 , 000 

$2,702,000 $4,667,000 

$11.022.000 $14,585.000. 
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1972 19 74 -_- 1973 - 
System TecJtnology Programs 

AdvancedSupersonic  Technology - 
To provide an expanded supersonic  
technology base  i n  t h e  t echn ica l  
ar,eas cri1:ic:al t o  any f u t u r e  
cons ide ra t ions  f o r  an environmental ly  
accep tab le  and economically v i a b l e  
supersonic: t :ransport . .  ................ ---  $11 , 700 , 000 $28,000,000 

Q u i e t  P ropu l s ive -L i f t  Technology - 
Generate  a foundat ion of q u i e t  pro- 
pulsi.ve l i f t .  technology in  suppor t  
of c i .v i l  and. m i l i t a r y  t r a n s p o r t  
deve1.opmertt having improved approach, 
landing ,  t:ak.e-of f ,  clirnbout and a i r -  
p o r t  area. low-speed maneuvering 

......................... - - -  --- 2 , 000,00~ c a p a b i l i t i e s .  - 
Sub t o t a I , Sy s t e m s  Techno logy - - -  $11,700,000 $30,000,000 l?rogram,, .......................... 

Totill:,  Systems and Experimental 
T?rograms.. .................... $34,200.000 $67,637 .OOO m d u ,  --- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH ANJ 
TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES - AND JUSTIFICATION: 

The FY 1974 Aeronaut ics  program i s  d i r e c t e d  t o  main ta in ing  our i n t e r n a t i o n a l  
technologica l  s u p e r i o r i t y  i n  c i v i l  and m i l i t a r y  a v i a t i o n .  Within t h i s  con tex t ,  
t he  p r i n c i p a l  o b j e c t i v e s  of t he  FY 1974 program are: ( a )  t o  reduce t h e  environ-  
mental  p o l l u t i o n  a t t r i b u t e d  t o  a i r c r a f t  through t h e  development of q u i e t ,  
p o l l u t i o n - f r e e  engines  and p r o p u l s i v e - l i f t  systems, and refineraent of a i r c r a f t  
ope ra t iona l  procedures  around te rmina l  areas; (b) decrease  a i r  t r a f f i c  congest ion 
and de lay  time wi th  increased  s a f e t y  through technology f o r  improved a i r p o r t s ,  
a i r  t r a f f i c  c o n t r o l  systems and te rmina l  configured v e h i c l e  concepts ;  (c )  
proceed wi th  t h e  i n v e s t i g a t i o n  and demonstrat ion of n o i s e  reducing design 
modi f ica t ions  a p p l i c a b l e  t o  e x i s t i n g  propuls ion  systems on narrow-body c iv i l -  
j e t  t r a n s p o r t  a i r c r a f t ;  (d) provide an expanded supersonic  technology base  
i n  those  t echn ica l  areas c r i t i c a l  t o  t h e  p o t e n t i a l  f u t u r e  development of an  
environmental ly  accep tab le  and economically v i a b l e  supersonic  t r a n s p o r t ,  thus  
providing the  knowledge and maintaining t h e  op t ions  f o r  an informed f u t u r e  
dec i s ion ;  ( e )  cont inue  test  programs on r o t o r  v e h i c l e s ,  advanced h e l i c o p t e r s ,  
and a s soc ia t ed  technology f o r  t he  Vertical Take-Off and Landing (VTOL) and 
Shor t  ' rake-off and Landing (STOL) a i r c r a f t  of t h e  1980 ' s ;  ( f )  p rovide  a s s i s t a n c e  
t o  the  m i l i t a r y  through r e sea rch  and technology and proof -of -concept a c t i v i t i e s  
aimed a t  removing technologica l  o b s t a c l e s  from c u r r e n t  developments and a t  
provid ing  f u t u r e  op t ions .  J o i n t  and/or coord ina ted  programs wi th  o t h e r  agencies  
such as Department of Defense and Federa l  Avia t ion  Administration/Department (of 
Transporta  tioin w i l l  cont inue.  

The FY 1974 Aeronaut ics  program w i l l  be  conducted w i t h i n  the  contex t  of 
t h r e e  major program ac t iv i t i e s  i n i t i a t e d  i n  FY 1973, namely: ELesearch and 
Technology Base, Systems and Design S tud ie s ,  Systems and Experimental  Programs. 
I n  consonance wi th  t h e  major technology o b j e c t i v e s  under t h e  Research and 
Technology Base, NASA w i l l  maintain a vigorous a c t i v i t y  i n  i t s  fundamental r o l e  
of conducting b a s i c  r e sea rch  and developing t h e  technology f o r  new c a p a b i l i  t:ies 
and missions which are n o t  p r e s e n t l y  amenable t o  more p r e c i s e  c le f in i t ion .  
Emphasis w i l l  remain i n  bu i ld ing  a s o l i d  technology base  embrac:ing such d i s -  
c i p l i n e s  as m a t e r i a l s ,  s t r u c t u r e s ,  av ion ic s ,  a i r b r e a t h i n g  propuls ion ,  
aerodynamics, v e h i c l e  conf igu ra t ion ,  a e r o n a u t i c a l  l i f e  s c i ences ,  and a i r c r a f t  
ope ra t ing  systems, from which whole veh ic l e /ope ra t ing  systems/pilot-passenger- 
environment i n t e r a c t i n g  concepts  may emanate and be analyzed.  These t o t a l  
concepts w i l l ,  i n  t u r n ,  be t e s t e d  and proven as e i t h e r  a s i n g l e  o r  a series 
of sys  t e m s  3r experimental  programs. 
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Among s p e c i f i c  experimental  programs cont inuing  i n  FY 1974 w i l l  be:  (1) 
a f i v e  year  e l f for t  t o  develop and demonstrate  a q u i e t ,  c l e a n  shor t -haul  
experimental  engine wi th  maximum n o i s e  levels of 95 EPNdB a t  500 f e e t ;  ( 2 )  
an engine E m  program to  i n v e s t i g a t e  and demonstrate  n o i s e  r educ t ion  
modi f ica t ions  t h a t  are r e t r o f i t t a b l e  t o  c u r r e n t  j e t  engines  such as t h e  
JT8D; { 3 )  advanced supersonic  technology program designed t o  y i e l d  
t h e  d e s i r e d  answers t o  t h e  riumerous problems a f f e c t i n g  any f u t u r e  cons ide ra t ion  
f o r  a 1J.S. I3upersonic t r a n s p o r t ;  ( 4 )  a j o i n t  USAF/NASA YF-12 f l i g h t  experiment. 
program t o  i n v e s t i g a t e  p r e d i c t i o n  techniques and problems of c i v i l  and m i l i t a r y  
long-range a i r c r a f t  i n  t he  supersonic  speed regimes; ( 5 )  two j o i n t  Army/NASA 
resea rch  a i r c r a f t  programs (Rotor Systems Research A i r c r a f t  and T i l t :  Rotor 
Research A i  rciraf t programs) i n v e s t i g a t i n g  r o t o r s  and r o t o r  a i r c r a f t  f o r  
v e r t i c a l  l i E t  concepts ;  ( 6 )  a f ly-by-wire  experimental  f l i g h t  test  program 
i n v e s t i g a t i n g  r e l i a b l e  c o s t - e f f e c t i v e  d i g i t a l  e l e c t r o n i c  f l i g h t  c o n t r o l  
systems f o r  advanced a i r c r a f t ;  ( 7 )  a series of ope ra t ing  systems experiments 
p rogram de;igned t o  f l i g h t - - t e s t  and demonstrate  t h e  technology f o r  advanced 
av ion ic s  systems i n  a i r c r a f t ,  t o  reduce n o i s e  through (opt imized)  f l i g h t  
pa th  procediires around te rmina l  areas, and t o  g i v e  a i r c r a f t  the necessary  
compa t ib i l i t y  wi th  an advanced, f u l l y  automated a i r  t r a f f i c  c o n t r o l  system. 
The QIJI2STO1, p r o j e c t ,  begun i n  FY 1973 t o  develop an experimental  a i r c r a f t  
f o r  the  pur po 3e o f inves t i g  a t ing  p r  opul s ive - 1 i f  t technology app  1 i cab  1 e 
t o  s h o r t - h a d  t r a n s p o r t s  intended f o r  c i v i l i a n  use  i s  being cance l l ed .  
I n s t e a d ,  a qu ie t  p r o p u l s i v e - l i f  t technology program a p p l i c a b l e  t o  conventional.,  
as w e l l  s h o r t  o r  reduced take-of f  and landing  v e h i c l e s  w i l l  be cont inued as 
a systems teclinology program. 

BASIS OF FUYD REQUIREMENTS : -- 
-- Research and Technolopy Base 

Materials r e sea rch  and technology.. . 
Avionics research and technology.. .. 
S t r u c t u r e s  r e sea rch  and technology..  

P r o p u l s i o i  r e sea rch  and technology. . 
Aerodynamic 13 r e sea rch  and technology 
Configurat ions research  and 

technology ........................ 
L i f e  sciences r e sea rch  and 

technology ........................ 
A i r c r a f t  operat  ions  research  

and technology. ................... 

1972 

$5,800,000 
3,800,000 
2,600,000 

19,340,000 
12,900,000 

19,800,000 

3,100 , 000 

2,100,000 

Tota l  ........................... $69.440.000 

1973 - 
$5,414,OClO 

5,500 , OClO 
3,000,000 

26,557, OClO 
8 800 , OClO 

19  , 800 , 000 

3 , 100, OClO 

3,388,OCg 

$75,559,  OCQ - 

1974 - 
$6 , 595 , 000 

6 , 357 , 000 
3,154,000 

26 , 348,000 
8 864 , C100 

20 , 463 , 000 

3 , 766 , 000 
3 , 454, (21 

$7 9.001. QJOO --- 
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Materia1.s Re:;eEtrch and Technology 

The aeronauti.ca1 materials r e sea rch  and technology program involves  t h e  
s tudy  arid improvement of materials wi th  t h e  o b j e c t i v e s  of reducing the  
s t r u c t u r a l  weight of a i r c r a f t ,  improving t h e i r  performance, incr 'easing 
t h e i r  longevi ty  and r e l i a b i l i t y ,  and improving economy of opera t ion .  The 
elements of t he  program inc lude  b a s i c  r e sea rch ,  d i s c i p l i n e  r e sea rch  and 
technology, and systems r e sea rch  and technology. 

One aspect: of t h i s  work i n  FY 1974 w i l l  focus on bu i ld ing  up t h e  s t o r e  of 
b a s i c  knowledgc~ of materials. It w i l l  involve  examining t h e  a tomic-sca le  
behavior of  a1l.oys , coa t ings  and r e f r a c t o r y  compounds , and i t s  r e l a t i o n s h i p  
t o  t h e i r  mechanical , s t r u c t u r a l  and e l e c t r o n i c  p r o p e r t i e s .  

Procedures wf-11 a l s o  be developed and v e r i f i e d  f o r  p r e d i c t i n g  the  u s e f u l  
l i f e  of materials. New techniques w i l l  be developed i n  f r a c t u r e  mechanics, 
t he  app:Licat::ion of l i f e - p r e d i c t i o n  parameters and t h e  s tudy  of t h e  e f f e c t s  
of aggres s ive  environments such as those  conta in ing  hydrogen. 

High perfo:cmmce polymers w i l l  be  developed and cha rac t e r i zed  f o r  service 
as adhesives  and coa t ings .  S tud ie s  of composite materials w i l l  inc lude  
i n v e s t i g a t i o n s  of advanced f i l amen t s  , high  temperature polymeric and m e t a l  
mat r ices ,  and adhesives  f o r  composite j o i n i n g  and at tachment .  Fab r i ca t ion  
methods, evaLuation of mechanical and chemical performance, and nondes t ruc t ive  
eva lua t ion  1x13 d e t e c t  in te rna l -  f laws and debonding between m e t a ' l s  and com- 
p o s i t e s  w i l l  d s o  be  emphasized. 

H e a t - r e s i s t a n t  n i c k e l - ,  coba l t - ,  i ron - ,  and t i tanium-base a l l o y s  w i . l l  be 
i n v e s t i g a t e d  f o r  u se  i n  a i r b r e a t h i n g  power p l a n t s .  Advanced techniques 
such as d i s p e r s i o n  s t rengthening ,  pre-a l loyed  powder process ing ,  u n i 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  and e u t e c t i c  s o l i d i f i c a t i o n  w i l l  be  used t o  o b t a i n  proper ty  
improvements. P r o t e c t i v e  coa t ings  w i l l  be  developed t o  minimize high 
temperature rei3ction wi th  t h e  environment. Ref rac tory  ceramic compounds 
w i l l  a l s o  be s ixd ied  f o r  a p p l i c a t i o n  i n  vanes and o t h e r  hot-end components. 

S t r u c t u r e s  Research and Technology 

The ae ronaJ t i ca1  s t r u c t u r e s  r e sea rch  and technology program i s  d i r e c t e d  
toward the development of supe r io r  shor t -haul  and long-haul t r a n s p o r t a t i o n  
systems t h a t  are economical and acc iden t  f r e e ,  and toward t h e  maintenance 
of pre-eminence i n  a i r  defense  systems. The elements of t h e  program en- 
compass b a s i c  r e sea rch ,  d i s c i p l i n e  r e sea rch  and technology, and systems 
r e sea rch  and technology. The s t r u c t u r e s  a c t i v i t y  inc ludes  the  a n a l y s i s  of 
complex s h e l l  s t r u c t u r e s ,  t h e  development of novel s t r u c t u r a l  concepts f o r  
wi ths tanding  the  high temperatures  encountered i n  hypersonic  f l i g h t ,  s t r u c t u r a l  
a n a l y s i s  and dl.sign, s t r u c t u r a l  dynamics, s t r u c t u r a l  i n t e g r i t y ,  and t h e  
development and demonstrat ion of composites i n  s t r u c t u r a l  a p p l i c a t i o n s .  
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Stud ies  indilcate t h a t  s i g n i f i c a n t  payoffs  i n  " r e tu rn  on invest:ment" may be 
poss ib l e  by the  in t roduc t ion  of composites i n  t h e  a i r f r ames  arid engines  
of l a r g e  comnercial  t r a n s p o r t  a i r c r a f t .  

The emphasis on composite s t r u c t u r e s  i n  FY 1974 w i l l  cont inue  t o  b u i l d  
confidence i n  t h e  r e l i a b i l i t y  of such s t r u c t u r e s  through i n v e s t i g a t i o n s  
of t h e  behavior of composites , l abo ra to ry  t e s t i n g ,  and service demonstrations.  
Various types of f i l ament  ,and ma t r ix  combinations w i l l  be  i n v e s t i g a t e d  t o  
e s t a b l i s h  s t r e n g t h  c h a r a c t e r i s t i c s ,  f a t i g u e  and f r a c t u r e  behavior ,  and e f f e c t s  
of long t i m e  s e r v i c e  exposure. 

Analysis  and l abora to ry  experiments w i l l  be conducted t o  i n v e s t i g a t e  the  
e f f e c t s  on s t r u c t u r a l  i n t e g r i t y  and enhance p r e d i c t i o n  of u s e f u l  l i f e  of 
v e h i c l e  s t r u c t u r e s  where stress concen t r a t ions ,  v a r i e d  load h i s t o r i e s ,  
and extreme environmental condi t ions  e x i s t .  

During FY 1974 i n v e s t i g a t i o n s  w i l l  be conducted both in-house and under 
c o n t r a c t  t o  i d e n t i f y  a c t i v e l y  cooled systems t h a t  can cope wit:h the  severe 
thermal environment t o  be experienced by t h e  a i r f r ame  and propuls ion  system 
of a hypersonic veh ic l e .  

I n  the  a r e a  of a n a l y s i s  ,and des ign ,  t h e  technology f o r  automating pre1im:i.n- 
a r y  and d e t a i l e d  design processes  w i l l  cont inue  t o  be developed. Two high  
p r i o r i t y  t h r u s t s  w i l l  be toward t h e  i n c l u s i o n  of f a t i g u e ,  frac:ture and 
f l u t t e r  cons ide ra t ions  i.n ,automated des ign  systems. Maintenance and improve- 
ments t o  NASrRAN w i l l  cont inue.  

Avionics Research and Technolopy 

Avionics perform a l l  a i r c r a f t  guidance, c o n t r o l ,  and sens ing  func t ions  and 
serve as the  i n t e r f a c e  wi th  e x t e r n a l  commununication and nav iga t ion  system!;. 
The primary ob jec t ives  of the av ion ic s  r e sea rch  and technology pro!, T r a m  are 
t o  inc rease  a i r c r a f t  performance p o t e n t i a l ,  provide g r e a t e r  a i . rcraEt  
ope ra t iona l  f l e x i b i l i t y ,  and t o  improve a i r c r a f t  r e l i a b i l i t y  t:hrough develop- 
ment and v a l i d a t i o n  of a design base  f o r  advanced d i g i t a l  av ion ic s  systems. 
These systems w i l l  permit  new a i r c r a f t  con f igu ra t ions  and c a p a b i l i t i e s  that .  
can maintain U.S. l e ade r sh ip  i n  long-haul t r a n s p o r t a t i o n ,  w i l l  a l low 
r e l i a b l e  automated ope ra t ion  f o r  complex a i r c r a f t  such as VTOI,, and w i l l  
enable  genera l  a v i a t i o n  a i r c r a f t  t o  s a f e l y  p a r t i c i p a t e  i n  t h e  a i r  t r a f f i c  
env ir  onme n t . 

I n  FY 1974, pre l iminary  (design s t u d i e s  of  a c t i v e l y - c o n t r o l l e d ,  reduced- 
weight a i r c r a f t  con f igu ra t ions  w i l l  be  i n i t i a t e d  and a c t i v e  contro:l  system 
design gu ide l ines  w i l l  be  formulated and i n v e s t i g a t e d  through cont inua t ion  
of a s soc ia t ed  computer/hardware s imula t ions .  The a p p l i c a t i o n  of opt imal  
guidance and c o n t r o l  theory t o  four-dimensional guidance and automated 
landing w i l l  be eva lua ted  f o r  t he  C - 8  Buffa lo  r e sea rch  a i r c r a f t .  Related 
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e f f o r t s  on automated VTOL av ion ic s  w i l l  cover des ign  of a f a i l - o p e r a t i o n a l ,  
low-cost i n e r t i a l  nav iga t ion  system; w i l l  i n i t i a t e  development of breadboard 
i n t e r f a c e  equipment f o r  l ow-a l t i t ude  nav iga t ion ;  and w i l l  eva lua te  new 
f l i g h t  d i s p l a y  approaches f o r  automated systems monitor ing and management. 
The j o i n t  u n i v e r s i t y  research e f f o r t  on gene ra l  a v i a t i o n  av ion ic s  w i l l  focus 
on guidance and c o n t r o l  techniques which i n c r e a s e  gene ra l  a v i a t i o n  s a f e t y  
under instrument  f l i g h t  condi t ions .  Development of a low-cost s t a b i l i t y  
augmentation system and a f l i g h t  d i r e c t o r ,  which can s i g n i f i c a n t l y  reduce 
p i l o t  worklcad, w i l l  be  continued. Innovat ive  approaches t o  t h e  design 
of an a i rbo rne  atomic clock which o f f e r s  new c a p a b i l i t i e s  i n  cormunication 
and nav iga t ion ,  and the  a n a l y t i c a l  d e f i n i t i o n  of s c a t t e r i n g  phenomena t o  
improve the  measurement of v i s i b i l i t y  i n  fog and r a i n  w i l l  be  undertaken. 
Close l i a i s o n  w i l l  be maintained wi th  o t h e r  o rgan iza t ions  and agencies .  

Propuls ion Research and Technology 

Propulsior.  r e sea rch  and technology i n  FY 1974 w i l l  emphasize n o i s e  and 
p o l l u t i o n  reduct ion  as we l l  as t h e  improvement of t h e  performance of a l l  
propuls ion  Eystem components and the  s tudy of component i n t e r a c t i o n s .  
Advanced propuls ion  systems f o r  t h e  1980's  and 1990 ' s  w i l l  a l s o  be 
considered.  

The no i se  r e sea rch  w i l l  be i n  t h r e e  areas; n o i s e  genera t ion  sources ,  
n o i s e  propagat ion,  and n o i s e  suppression devices .  The goa l  of i:he program 
i s  t o  evolve the  technology and determine the  economic and performance 
p e n a l t i e s  f o r  achiev ing  a i r c r a f t  n o i s e  levels 10 t o  20 PNdB below cu r ren t  
FAR 36 levels. Acoust ic  performance w i l l  be measured on a series of low 
p res su re  ra.t:io fans  f o r  powered l i f t  p ropuls ion  systems. Surface/  j e t  
interac: t ion.  n o i s e  mechanisms w i l l  be s t u d i e d  i n  g r e a t e r  depth.  A computer 
program will .  b e  s t a r t e d  t o  p r e d i c t  n o i s e  from a complete propuls ion  system, 
includi.ng duct. propagat ion and r a d i a t i o n  of no ise .  Work on son ic  i n l e t s  
w i l l  cont inue  and designs w i l l  be  t e s t e d  on the  NASA q u i e t  CTOL engine 
and on a 30-inch h igh  p res su re  r a t i o  fan  r i g .  NASA w i l l  work wi th  and 
support: the  Department of T ranspor t a t ion  and o t h e r  Government agencies  on 
e f f o r t s  suppor t ing  je t  no i se  reduct ion .  

The a i r c r a f t .  p o l l u t i o n  problem i s  two-fold,  t h e  p r e d i c t i o n  and r educ t ion  
of engine eniissions,  and the d i s t r i b u t i o n  and chemistry of po l l i l t an t  emissions 
a f t e r  t:hey 1.eave the  engine.  Basic s t u d i e s  of p o l l u t a n t  formation chemistry 
i n  combustion processes  w i l l  be conducted. Mechanisms and techniques f o r  t h e  
control.  and r educ t ion  of n i t r i c  oxide,  carbon monoxide, hydrocarbon and smoke 
emissions w i l l .  be inves t iga t .ed .  The clean combustor program, s t a r t e d  i n  FY 
1973, w i l l  complete i t s  f i r s t  phase of sc reening  concepts f o r  llswer emission 
of oxides  of n i t rogen  and o the r  p o l l u t a n t s .  This program w i l l  'culminate 
i n  engine t:est:s of a low-pol lu t ion  combustor i n  FY 1976. A pro to type  
i n s t a l l . a t i o n  w i l l  be made in .  FY 1974 of an instrument  package  or^ a Boeing 
747 a i r c r a f t  t h a t  w i l l  au tomat i ca l ly  measure and record  minor atmospheric 
constituent::; dur ing r e g u l a r  commercial f l i g h t s .  The 747 f l i g h t s  are p a r t  
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of a g loba l  ilir ampling program s t a r t e d  i n  FY 1972 and which w i l l  be conducted 
over a per iod  of several y e a r s ,  even tua l ly  involv ing  10 t o  15 a i r c r a f t  i n s t a l -  
l a t i o n s .  A l s o ,  i n  FY 1974, NASA w i l l  p rovide  t h e  C l i m a t i c  Impac t  Assessment 
program of t h e  Department of Transpor ta t ion  wi th  a p r e d i c t i o n  of emission 
levels out  t:o 1.990, based on cyc le  p r e d i c t i o n s  and technology ex t r apo la t ion .  

Work on propuls ion  system components w i l l  cont inue  t o  be a major p a r t  of 
t h e  propulsi.on r e sea rch  and t.echnology e f f o r t .  
program w i l l .  inc lude  h igh  temperature t u r b i n e  l i f e  p r e d i c t i o n ,  h igh  
p res su re  rat:::o compressor s t ages  wi th  increased  s t a l l  margin, s to i ch iomet r i c  
combustors, nixed compression i n l e t s ,  low-noise exhaust  nozz le s ,  high speed 
gea r s ,  shaft::;, and bea r ings ,  h igh  temperature  l u b r i c a n t s  and h igh  performance 
components f o r  s m a l l  m i l i t a r y  and c i v i l  a i r c r a f t  gas t u r b i n e  engines  
improving cornponent performance w i l l  be  t e s t e d  i n  small-scale and f u l l - s c a l e  
r i g s  , wind t:imnels and f l ight : .  Avai lab le  a n a l y t i c a l  techniques f o r  p r e d i c t i n g  
component performance w i l l  a l s o  be  improved. 

I n  FY 1974, t h e  (component 

CollcePts for? 

Research will. be continued f o r  providing t h e  technology needed f o r  combining 
h igh  performance components j.nto complete systems wi th  optimized 
opera t ing  c h a r a c t e r i s t i c s .  Work w i l l  cont inue  t o  e s t a b l i s h  a genera l  base of 
low-cost engine technology f o r  a p p l i c a t i o n  t o  turbo  j e t  and turbofan engines  
i n  the !jOO t o  I-,OOO pound t h r u s t  c l a s s .  Bui lding on the  low-cost component 
technology e , ; tabl ished t o  dat:e, an experimental  ordnance engine has  been 
f a b r i c a t e d  f o r  t he  Navy. Upon completion of a l t i t u d e  chamber performance 
tests a t  L e w i s  Research Center,  t h e  engine w i l l  be  f l i g h t  t e s t e d  by the  
Navy a t  the  Naval Weapons Center,  China Lake. Performance tes ts  of t h e  
hypersonic rest:arch engine w i l l  a l s o  be completed t h i s  y e a r .  Fur ther  re- 
search  w i l l  he  conducted i n  FY 1974 leading  toward a hydrogen-fueled, 
regenera t ive ly-cooled  engine des ign ,  wi th  no v a r i a b l e  geometry, u t i l i . z i n g  
swept lead ing  edges and f u e l  i n j e c t o r  s t r u t s  t o  reduce cool ing  requirements.  

S tud ie s  w i l l  cont inue  on the assessment of mission requirements ,  propulsiori  
technology Ii13eds, and engine component and system c h a r a c t e r i s t i c s  t h a t  w i l l  
be needed f o r  advanced missions.  

Aerodynamics R e s  ear ch and Techno 1 opy 

The development of s a f e r  and more e f f i c i e n t  advanced a i r c r a f t  systems 
r e q u i r e s  a con.tinuing program of b a s i c  aerodynamic r e sea rch ,  I n  o rde r  t o  
reduce c o s t  2nd t i m e  i n  ground and f l i g h t  tests,  i n t e n s i v e  r e sea rch  b r i l l  

con t inue  on the development of numerical  methods and computer programs 
which can be used accu ra t e ly  and e f f i c i e n t l y  f o r  t h e  s tudy of aerodynamic 
problems, both two- and three-dimensional ,  throughout t h e  range of f l i g h t  
speeds. Turbulent boundary l a y e r  modeling experiments w i l l  be  pursued t o  
provide empir ica l  i npu t s  t o  enable  the  computer programs t o  acccunt  f o r  
s i g n i f i c a n t  v i s c o s i t y  effect: ; .  
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The in t roduc t ion  of very  l a r g e  a i r c r a f t  i n t o  t h e  n a t i o n ' s  t r a n s p o r t a t i o n  
system 'has aggravated t h e  wake turbulence  problem. Emphasis i n  t h e  r e sea rch  
w i l l  be given t o  seeking ways of a l l e v i a t i n g  t h e  hazards  of wake turbulence 
through the  c o n t r o l  of t r a i l i n g  v o r t i c e s  a t  t h e i r  source.  

Research aim'ed a t  producing improved a i r f o i l s ,  h igh  l i f t  devic:es and 
o the r  a i r c r a f t  components t h a t  may improve t h e  performance of a i . r c r a f t  a t  
a l l  f l i g h t  speed regimes w i l l  cont inue.  

The mixed flow t r anson ic  speed range cont inues  t o  pose s e r i o u s  aerodynamic 
problems t o  a l l  b u t  low speed a i r c r a f t  f l i g h t  systems. Of p a r t i c u l a r  concern 
i s  the  problem of c o r r e c t l y  s imula t ing  aerodynamic flow i n  the  t r anson ic  speed 
range i n  wind tunnels .  Research w i l l  be  conducted t o  improve test techniques 
and c o r r e l a t i o n  between v iscos i ty-dependent  d a t a  obta ined  from scale model 
tests i n  wind tunnels  w i th  f l i g h t  d a t a  a t  f u l l - s c a l e  Reynolds numbers. These 
s t u d i e s  w i l l  inc lude  t h e  e f f e c t s  of model suppor t  i n t e r f e r e n c e s ,  tunnel  w a l l  
c o n s t r a i n t s ,  f low q u a l i t y ,  as w e l l  as des ign  techniques t o  minin ize  :such 
e f f e c t s .  

Means w i l l  be sought t o  minimize t h e  n o i s e  genera ted  by sources  on a i r c ra f t :  
o the r  than i t s  propuls ion  system i n  order  t o  o b t a i n  t h e  f u l l  b e n e f i t s  of engi.ne 
q u i e t i n g  procedures.  

Research w i l l  be d i r e c t e d  t o  improve t h e  c a p a b i l i t i e s  of i n f l i g h t  s imula t ion  
us ing  the  General Purpose Airborne Simulator  and ground-based s imula t ion  f o r  
handl ing q u a l i t i e s  research  t o  improve t h e  ease and s a f e t y  of f l y i n g .  Ana ly t i ca l  
and experimental  e f f o r t s  w i l l  be  d i r e c t e d  t o  improving dynamic response 
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  angles  of a t t a c k  a t  and beyond t h e  s t a l l .  

Conf igurat ic lns  Research and Technolopy 

The aerodynamic c h a r a c t e r i s t i c s  , inc luding  performance, s t a b i l i t y  and 
c o n t r o l ,  har.dling q u a l i t i e s ,  s t a l l  and sp in ,  and crashworthiness  of d i f f e r e n t  
representa t i .ve  genera l  a v i a t i o n  a i r c r a f t  w i l l  be  documented and analyzed; 
advanced c0r.f i g u r a t i o n s  inco rpora t ing  innovat ive  propuls ion  and c o n t r o l  systems 
w i l l  be evaluated.  

S t a t i . c  r i g ,  a c o u s t i c  chamber, and two-dimensional wind tunnel  tests of t h e  
e1ement:s of ad.vanced powered l i f t  Shor t  Take-Off and Landing (S'IIOL) and 
Reduced. Take-Off and Landing (RTOL) concepts  w i l l  be  c a r r i e d  out: in-house 
and under c o n t r a c t  by Ames  and Langley Research Centers .  The most promising 
optimunily-integrated ve r s ions  w i l l  be  s t u d i e d  us ing  complete wind tunnel  
models reprsse .n ta t ive  of t r a n s p o r t  conf igu ra t ions .  F l i g h t  dynamics s t u d i e s  
o f r e p  r e s en t:a t. ive S TOL t r a n s  p o r  t s w i  1 1 cont inue  u t i  1 i z i ng  ground -bas ed 
simu1at:ors and inc lude  a j o i n t  program wi th  t h e  FAA to  d e f i n e  STOL eer t i -  
f i c a t i o n  cr i ter ia .  S imi l a r  s t u d i e s  w i l l  be  c a r r i e d  ou t  on promising l i f t -  
fan VTOL t r a n s p o r t  and j e t - l i f t  m i l i t a r y  a p p l i c a t i o n s .  F l i g h t  research  i n  
t h i s  area wil l .  inc lude  handl ing q u a l i t i e s  s t u d i e s  us ing  t h e  X-14 and X-22 
v a r i a b l e  s t a b i . l i t y  a i r c r a f t .  
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I n  a j o i n t  program wi th  t h e  Army, con t r ac t ed  and in-house b a s i c  s t u d i e s  
w i l l  be  cont inued t o  enable  p r e d i c t i o n  of  r o t o r  a i r l o a d s ,  performance, 
and n o i s e  i n  hover and forward f l i g h t .  Wind tunnel  and wh i r l  tower tests 
w i l l  be  made a t  Langley and Ames Research Centers  of advanced r o t o r  concepts 
us ing  both s m a l l -  and l a r g e - s c a l e  models. Ames in-house and con t r ac t ed  
s t u d i e s  t o  de r ive  t i l t  prop-ro tor  systems having improved performance 
and dynamic characterist ics w i l l  be  cont inued;  r e l a t e d  ground-based s imula tor  
s t u d i e s  w i l l  a i d  i n  de f in ing  f l i g h t  c o n t r o l  and s t a b i l i z a t i o n  s:ysterns, and 
handl ing q u a l i t y  requirements  f o r  t ilt  r o t o r  a i r c r a f t .  

I n v e s t i g a t i o n s  of  advanced Conventional Take-Off and Landing (CTOL) 
t r a n s p o r t s  w i l l  concen t r a t e  on wind tunnel  tests and a n a l y s i s  t o  eva lua te  
aerodynamic performance, s t a b i l i t y  and c o n t r o l  of fixed-wing concepts  
i nco rpora t ing  s u p e r c r i t i c a l  aerodynamics f o r  e f f i c i e n t  ope ra t ion  i n  t h e  
M=0.90 t o  0.98 regime, and of an obl ique  ( v a r i a b l e  yaw) wing concept which has  
promise f o r  a c r u i s e  Mach number of about 1 .4  toge ther  w i th  e x c e l l e n t  te rmina l  
area f l i g h t  c h a r a c t e r i s t i c s  ( q u i e t ,  e f f i c i e n t ,  modest runway requirements) .  
Some of the  gene ra l i zed  i n v e s t i g a t i o n s  of aerodynamic c o n t r o l s  and r e l a t e d  
components f o r  g u s t  and maneuvering load c o n t r o l ,  as w e l l  as f o r  con t ro l  
configured systems, w i l l  have a p p l i c a t i o n  t o  a broad speed regime up t o  
M=4 o r  5. 

Heat ing,  s t a b i l i t y ,  c o n t r o l  and performance a n a l y t i c a l  and experimental  
s t u d i e s  w i l l  be cont inued t o  provide  a conf igu ra t ion  technology base pursuant  
t o  the  aerodynamic design of e f f i c i e n t  hypersonic  a i r c r a f t .  Enphasis w i l l  'be  
on tests t o  determine engine-airframe i n t e r a c t i o n s  inc lud ing  jet  exhaust  
e f f e c t s ,  

S tud ie s  a t  Langley Research Center t o  advance t h e  technology f o r  m i l i t a r y  
a i r c r a f t  and missiles w i l l  provide a background of  aerodynamic d a t a  f o r  use 
i n  performance eva lua t ions  and i n  making va r ious  t r a d e - o f f  a n a l y s i s  of d i f f e r i n g  
systems wi th  emphasis on improvement of performance, s t a b i l i t y  and con t ro l  
c h a r a c t e r i s t i c s ,  e s p e c i a l l y  a t  h igh  angles  of a t t a c k .  The j o i n t  United 
Kingdom/NASA Vectoring i n  Forward F l i g h t  program w i l l  cont inue  i n t o  Phase IT 
i n  which t h e  opera t ing  envelope of a Harrier a i r c r a f t  w i l l  be  extended by use  
of  aerodynzmically balanced nozz les .  Thrust  vec to r ing  and i t s  e f f e c t i v e n e s s  
i n  combat maneuvers w i l l  be  eva lua ted  i n  t h e  D i f f e r e n t i a l  Maneuvering 
Simulator z t  Langley Research Center.  F l i g h t  tests of a supersonic  Remote 
P i l o t e d  Research Vehicle  w i l l  be  conducted a t  F l i g h t  Research Center f o r  
h igh  angle  of a t t a c k  i n v e s t i g a t i o n s .  The missile conf igu ra t ion  s t u d i e s  w i l l  
i n v e s t i g a t e  such important  v a r i a b l e s  as body shape, and wing and t a i l  planform 
and locaticin which w i l l  enable  more e f f e c t i v e  missile c o n t r o l .  Apart  from t h e  
above gene ra l i zed  conf igu ra t ion  s t u d i e s ,  NASA w i l l  cont inue  t o  provide sub- 
s t a n t i a l  a s s i s t a n c e  a t  the  r eques t  of t h e  m i l i t a r y  services i n  so lv ing  pro- 
blems of m i l i t a r y  a i r c r a f t ,  missiles and weapon systems i n  a l l  t h e  ae ronau t i ca l  
d i s c i p l i n e s  using N A S A ' s  wind tunne l s ,  s imu la to r s ,  computational c a p a b i l i t y  
and researc:h personnel  e x p e r t i s e .  
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L i f e  Sciences Research and Technolopy 

The ae ronau t i ca l  l i f e  sc iences  program i s  concerned wi th  providing a 
r e sea rch  end technology base f o r  s o l u t i o n s  t o  human problems blocking or  
impeding the  growth of a i r  t r anspor t a t ion .  One major focus of t h e  program 
is  t o  develop c r i t e r i a  t o  a s su re  the  acceptance of a i r c r a f t  no i se  exposure 
and operat:ions by the  pub l i c ,  Another major focus i s  t o  develop automated 
f l i g h t  management cockpi t  technology t o  guarantee  the  s a f e t y ,  economy, 
and effect : iveness  of new a i r  t r a n s p o r t a t i o n  systems. 

The pub1. i~  acceptance,  or psychoacoust ics  program, i s  conducted a t  t he  
Langley Research Center.  Langley personnel  have taken the  lead  over t he  
las t  ten yea.rs i n  developing no i se  exposure c r i t e r i a  and i n  de f in ing  
cornuni ty  a t . t i t udes  about a i r c r a f t  opera t ions .  The major t h r u s t  of t he  
program i s  t:o (1) r e f i n e  a i r c r a f t  n o i s e  measurement u n i t s  t o  i3ccount f o r  
a i r c r a f t  employing propuls ive  -1if  t techniques , (2) determine the sub- 
jective b e n e f i t  of var ious  n o i s e  reduct ion  techniques,  (3) determine 
acceptab le  sonic  boom exposure l e v e l s  , and ( 4 )  c h a r a c t e r i z e  t h e  in f luence  
of f e a r  of a i r c r a f t  c rashes ,  background no i se ,  and number of opera t ion  
e f f e c t s  OIL shaping community a t t i t u d e s  about a i r c r a f t  no i se  and ope ra t ions .  

Program; t:o remove the  growth c o n s t r a i n t s  of c i v i l  a i r  t r a n s p o r t a t i o n  
r e q u i r e  t h e  in t roduc t ion  of new c o n t r o l  and d i s p l a y  systems t O  a complex, 
high workl.oad, cockpi t  environment. Unless the  complete cockpi t  i s  
completely def ined ,  t h e  b e n e f i t s  of t he  new system may n o t  be r e a l i z e d .  
A technology base i n  computer and graphics  systems i s  nea r ly  i n  hand t o  
permit  requi red  cockpi t  reconf igu ra t ion .  By applying t h e  techniques 
and methodo1.ogy of human f a c t o r s  engineer ing,  i t  w i l l  be p o s s i b l e  t o  
demonstrate t he  s a f e t y ,  economy, and e f f e c t i v e n e s s  of computer-based 
cockpi t  systems f o r  t he  genera t ion  of a i r c r a f t  of t he  1980's. Ames  
Research Center has t h e  lead  i n  de f in ing  automated f l i g h t  management 
cockpi t  t e c h o  logy. 

A i r c r a f t  (*rations Research and Technology 

The ob jec t ives  of t h i s  cont inuing program a r e  t o  provide f o r  the  development 
of techniques and procedures which w i l l  y i e l d  information of a s c i e n t i f i c  
and t echn ica l  na tu re  by which improvements can be e f f e c t e d  i n  a v i a t i o n  s a f e t y ,  
i n  f l i g h t  t e s t  ins t rumenta t ion ,  and i n  understanding a i r p o r t  p o l l u t i o n  and 
a i r f i e l d  t r a f f i c  mechanisms. Co l l ec t ive ly ,  t hese  e f f o r t s  should y i e l d  r e s u l t s  
of s i g n i f i c a n c e  t o  cont inuing the  inc rease  i n  ope ra t iona l  s a f e t y  and e f f i c i e n c y  
l e v e l s  i n  c i v i l  and m i l i t a r y  a i r c r a f t  through increased  understanding of 
hazard avoidance design and opera t ions .  

A i r c r a f t  opera t ions  r e sea rch  and technology a c t i v i t y  embraces both b a s i c  
r e sea rch  ,and systems technology e f f o r t s .  I n  t h e  b a s i c  r e sea rch  area, programs 
w i l l  be continued i n  FY 1974 t o  ob ta in  d a t a  on t h e  i n t e n s i t y ,  e x t e n t ,  and 
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frequency of occurrence of atmospheric pe r tu rba t ions  wi th  a view towards the  
establishment: of boundaries of s a f e ,  economical f l i g h t  and rea l i s t ic  design 
c r i t e r i a .  These FY 1974 e f f o r t s  cont inue previous s t u d i e s  of fog, low level 
winds and h igh  a l t i t u d e  turbulence.  I n  the  system technology a rea ,  programs 
w i l l  b u i l d  on EY 1973 progress  and be continued i n  s t u d i e s  o f :  (1) a i r p o r t  
p o l l u t i o n  as inf luenced both by a i r c r a f t  opera t ions ,  and l o c a l  meteorological  
f a c t o r s ;  (2)  improved con t ro l  of a i r c r a f t  on the  runway i n  order  t o  i n c r e a s e  
t h e  r a t a  of a i r p o r t  opera t ions ;  ( 3 )  minimization of runway occupancy t i m e ,  
i n  order  t o  reduce te rmina l  congest ion;  ( 4 )  avoidance o r  reduct ion  of hazards  
associat:ed wi th  f l i g h t  ope ra t ions ,  such as: s t ruc tu ra l /mechan ica l  f a i l u r e s ,  
a i r c r a f t :  wake and atmospheric turbulence encounters ,  i n - f l i g h t  i c i n g ,  l i g h t n i n g  
s t r i k e s ,  in - f l i .gh t  and pos tc rash  f i r e s ,  r o t a t i n g  machinery component f a i l u r e s ,  
and high energy s o l a r  f l a r e  par t ic les  ( r a d i a t i o n )  i n  order  t o  d i r e c t l y  improve 
s a f e t y ;  and development of new concepts and techniques f o r  a i r c r a f t  f l i g h t  
test instrummt.at ion required f o r  r e sea rch  purposes. 

Systems and Design S tud ie s  

1972 - 1973 - 1974 - 
Systen  s t u d i e s . .  .................. $1,600,000 $2,903,000 $3,586,000 
Design s t u d i e s . .  .................. 4,100 , 000 4,541,000 - 1,887 , 000, 

........................ $7.444.000 s5.473.000, Total . . .  $5.700.000 - 
System S tud ie s  --- 

Aeronauticii l  System S tud ie s  promote t h e  success fu l  t r a n s f e r  of technology 
produced i n  the  Research and Technology (R&T) Base i n t o  t o t a l  systems f o r  
f u t u r e  exper:imcmtal programs. Elements of t h i s  a n a l y t i c a l  c a p a b i l i t y  e x i s t  
throughout a.L1 t echn ica l  disc: ipl ines .  These i n v e s t i g a t i o n s  provide guidance 
f o r  program d i r e c t i o n  and balance,  focus aeronaut ica l  program re levance  on 
perceived n a t i o n a l  needs,  inc:orporate e f f e c t i v e  means f o r  eva lua t ing  opt ions  
p r i o r  t o  commitment of major funding and support  an adequate design base f o r  
f u t u r e  programs. Such s t u d i e s  a l s o  provide feedback t o  the  ongoing R.&T 
Base program. They a l s o  i d e n t i f y  a t t r a c t i v e  opt ions  and "high payoff"  areas 
and suggest  Euture design s t u d i e s .  They h e l p  a s s u r e  t h a t  NASA i s  working 
on the  " r igh t "  problems. A1t:hough t h i s  a c t i v i t y  i s  predominantly in-house,  
i t  is supported by some s p e c i f i c  con t r ac tua l  a c t i v i t i e s  t h a t  inc lude  i n  
EY 1974 :  

( a )  Air Transpor ta t ion  Systems Study focusing on t h e  problem of providing 
s h o r t  haul  a i r  t r a n s p o r t a t i o n  t o  l i g h t l y  populated or  remote a r e a s  of t he  
U.S. , by s t d y i n g  the  s h o r t  haul  market p lus  candida te  system and v e h i c l e  
concepts of .Eer:ing s a f e ,  comfortable and economical s e rv i ce .  This study 
responds t o  C i v i l  Aviat ion Research and Development (CARD) P o l  icy Study 
reconunendati ons . 
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(b) Low-Density Shor t  Haul To ta l  System Synthes is  Study which i n  con- 
junc t ion  wi.th t h e  above e f f o r t ,  i n v e s t i g a t e s  t h e  f e a s i b i l i t y  and economics 
of providing enroute  and te rmina l  nav iga t ion  systems f o r  remote areas of 
t h e  U.S. This  s tudy responds t o  the  recommendations made by t h e  CARD P o l i c y  
s tucly . 

(c:) Shor t  Take-Off and Landing System Study which i n  FY 1974 w i l l  cont inue 
follow-on i n v e s t i g a t i o n s  of select areas of concern i d e n t i f i e d  i n  the  FY '1973 
e f f o r t  wi th  emphasis on de f in ing  r e d i r e c t i o n  of  technology development e f f o r t  
c o n s i s t e n t  wi th  s tudy r e s u l t s .  I n  FY 1974, STOL system s t u d i e s ,  f o r  example, 
will.  cons ider  several levels of  n o i s e  c o n s t r a i n t s  unique t o  va r ious  a i r p o r t s  
and t h e i r  c:ommunities around t h e  na t ion .  These a i r p o r t s  w i l l  be  ca tegor ized  
i n t o  several groups depending on permissable  n o i s e  f o o t p r i n t s .  Various 
c l a s s e s  of candida te  STOL a i r c r a f t  w i l l  be  examined i n  terms of compa t ib i l i t y  
wi th  a number of r e a l i s t i c  n o i s e  c o n s t r a i n t  levels wi th  t h e  s i m  of ident iEying 
a "c:ommori denominator" type of  a i r c r a f t  which w i l l  m e e t ,  op t imal ly ,  l o c a l  
and r eg iona l  n o i s e  c o n s t r a i n t s ,  s a t i s f y  a i r p o r t  requirements ,  and y e t  be 
amenable t o  quan t i ty  product ion necessary  f o r  economic v i a b i l i t y .  

Desipn S tud ie s  

AdvancedTransport  Technology System Studies .  I n i t i a l  system s t u d i e s  
addressed long-haul t r a n s p o r t s  having convent ional  take-of f  .and landing 
c h a r a c t e r i s  t ics  emphasizing c r u i s e  performance and i d e n t i f i e d  c r i t i c a l  
technology needs required.  t o  achieve  s i g n i f i c a n t  economic b e n e f i t s .  
Addi t iona l  s t u d i e s  are requi red .  

A s tudy of design concepts  us ing  technology advances prove:n t o  be p r a c t i c a l  
and c o s t - e f f e c t i v e  t o  respond t o  f u t u r e  te rmina l  area requirlements without  
unduly pena l i z ing  c r u i s e  performance i s  under way. 

A second s tudy  has  been undertaken, d i r e c t e d  toward t h e  f e a s i b i l i t y  of us ing  
l i q u i d  hydrogen as f u e l .  The i n c e n t i v e  f o r  t h i s  e f f o r t  i s  a s e r i o u s  n a t i o n a l  
concern about t h e  s t e a d i l y  r i s i n g  c o s t  and eventua l  dep1etio:n of petroleum- 
based f u e l s .  

L i f t - F a n A i r c r a f t  Design Studies .  Conceptual des ign  s t u d i e s  w i l l  be  
cont inued tinder c o n t r a c t  by the  Ames Research Center t o  assess t h e  effect : ;  
of nia j o r  design parameters on promising advanced c i v i l  VTOL t r a n s p o r t s  
which could be  developed by the  mid-l980's,  t o  examine p o t e n t i a l  m i l i t a r y  
VTOI, a i r c r a f t  concepts u t i l i z i n g  l i f t - f a n  and l i f t / c r u i s e - f s n  propuls ion,  
and t o  assess p o s s i b i l i t i e s  of  a l i f t - f a n  r e sea rch  a i r c r a f t  program which 
could have h igh  i n t r i n s i c  va lue  f o r  bo th  c i v i l  and m i l i t a r y  advanced a i r c r a f t  
deve1opmmt.s. The s t u d i e s  w i l l  be  c l o s e l y  a l l i e d  wi th  wind tunnel  and s imula tor  
i n v e s t i g a t i o n s  of VTOL a i r c r a f t  i n  t h e  Conf igura t ion  Researc'n and Technology 
program. 
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Systems and Experimental Programs 

1974 - 1972 - 1973 

$23,817,000 

- 
Experimental Engine Progra m s . . . . . . . . .  $5,000,000 

Quie t ,  c l e a n  shor t -haul  

Engine r e f a n  program..... .......... 
CTOL experimental  q u i e t  engine.  . . . . 

e x p e r i w l t a l  engine (QCSEE) . . . . . . - - -  
--- 

,5 , 000 , 000 

1,868,000 
21,000,000 

949 , 000 

4 , 000,000 
18 , 000,000 

- 9, 330, 000, 14,508,000 F l i g h t  Experiments Progr am........... 9,200,000 

C - 8  augmentor wing r e s e a r c h  
a i rc raf t . . . . . . . . . . . . . . .  .......... 2,200,000 

YF-12 f l i g h t  experiments program... 2,900,000 
TACT ( t r a n s o n i c  a i r c r a f t  

Fly-by-wire experimental  program... 1,000,000 
Composite s t r u c t u r e s  f l i g h t  

experiment ....................... 2,000,000 
F-8 t r a n s p o r t  technology f l i g h t  

experiment ....................... 1,000,000 

technology) f l i g h t  experiment .... 100 , 000 

1 , 350,000 
5,542 , 000 

529 , 000 
5 , 499 , 000 

734,000 
2 , 124,000 

:I , 122 , 000 
Z , 180 , 000 

2,029 , 000 'I , 000 , 000 

2 , 729,000 

10,611,000_ 6,590,000 Research/Expziment Vehicle  Program. 15,700,000 

Rotor syst.em.s research  a i r c r a f t . .  . . 700 , 000 
T i l t  r o to r  r e s e a r c h  a i r c r a f t . .  . . . . . 400 , 000 
Quiet. experimental  STOL a i r c r a f t  

(QVESTOL) ........................ 14,600,000 

1 , 614,000 
1 , 637 , 000 

5 , 2 66 , 00 0 
5,345 , 000 

3,339,000 

11,022,000 - 14,585 , 002 Operating Sys tems Experiments Program 4,300,000 

Noise reduct:ion f l i g h t  procedures 
exper imen t: . . . . . . . . . . . . . . . . . . . . . . . 300,000 

Terminal cortf igured v e h i c l e  
opera t ions  experiments . . . . . . . . . . . 400 , 000 

VTOL operati-ng systems experiments.  300 , 000 
STOL opera t ing  system experiments.. 3,300,000 

2 , 924,000 4,118,000 

4 , 753 , 000 
643 , 000 

2 , 702 , 000 

5 , 000 , 000 
800 , 000 

4,667 , 000 

- 30 ,000 ,00~  

- 2,000 , 000 
28,000,000 

11,700,000 --- Sys t e m  Technol-ogy Programs. . . . . . . . . . . -. 
11,700,000 

- -- 
Advanced supersonic  technology.. . . . --- 
Quiet  propul-sive l i f t  technology.. . - -- 

$67.637.000 B6.526.OCQ _- - Total . . . . . . . . . . . . . . . .  ........... $34.200.000 
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Experimental Enpine Programs 

Q u i e t ,  CleekShort-Haul  Experimental Engine (QCSEE) 

Powered l if t  propuls ion  system technology f o r  f u t u r e  h igh  pe formance om- 
mercia l  jet: t r a n s p o r t s ,  c o n s t i t u t e s  a major o b j e c t i v e  of t he  Nd4SA propuls ion  
r e sea rch  arid technology e f f o r t s .  One of t h e  most s i g n i f i c a n t  pacing elements 
of a t:echnj.ca.lly and economically f e a s i b l e  powered l i f t  a i r c r a f t  i s  a q u i e t ,  
c lean  and h ighly  e f f i c i e n t  propuls ion system. 
technology element f o r  which less can be p red ic t ed  wi th  c e r t a i n t y  than f o r  
any ot:her 1:ec:hnology element: of powered l i f t  a i r c r a f t .  

The propuls ion  system is the  k.ey 

During F'l' 1972 and FY 1973, var ious  propuls ion systems f o r  Ex te rna l ly  Blown 
F lap ,  and Augmentor Wing powered l i f t  a i r c r a f t  w e r e  examined through s t u d i e s  
supported by experimental  r e sea rch  on low n o i s e  engine components and systems 
t o  determine which powered l i f t  p ropuls ion  system concept would provide the  most 
needed and f r u i t f u l  areas f o r  engine r e sea rch  and technology. A s  a r e s u l t  of 
t he  s t u d i e s  and experimental. research ,  i t  became clear t h a t  t he  p r i n c i p a l  
technology ques t ions  and u n c e r t a i n t i e s  i n  t h e  Augmentor Wing propuls ion  
system l i e  p r imar i ly  i n  the  unique i n s t a l l a t i o n  c h a r a c t e r i s t i c s  (high p res su re  
duct ing,  va lv ing ,  t h r u s t  r eve r s ing  and augmentor f l a p )  r a t h e r  than i n  t h e  
engine i t s e l f .  However, t he  technology s t a t u s  f o r  t he  very  q u i e t ,  very h igh  
bypass r a t i o  engines  f o r  e x t e r n a l l y  blown f l a p  p r o p u l s i v e - l i f t  a p p l i c a t i o n s  
i s  a source of major uncert:ainty p a r t i c u l a r l y  wi th  r e fe rence  t o  t h e  t r u e  
impact of t he  extremely low n o i s e  requirement on the  design of t he  propuls ion 
system and on i n s t a l l e d  weight and performance. Therefore ,  t h e  QCSEE program 
has been s t r u c t u r e d  t o  i n t e g r a t e  and demonstrate t he  technology r equ i r ed  f o r  
very  high bypass r a t i o  engines ,  s i n c e  t h i s  addresses  t h e  g r e a t e s t  need and 
probides  t h e  most f r u i t f u l  oppor tuni ty  f o r  powered l i f t  engine technology 
advancemen:. The d e f i n i t i v e  es tab l i shment  of t h e  technology base f o r  t h e  
QCSEE prograrn w i l l  r e q u i r e  a complete experimental  p ropuls ion  system de- 
monstrat ion and v e r i f i c a t i o n  using c r e d i b l e ,  f u l l  scale h igh  performance 
hardware. 

The QCSEE experimental  engine des ign  w i l l  i nco rpora t e  the  advanced no i se  
and p o l l u t i o n  reduct ion  techniques needed t o  meet the  s t r i n g e n t  n o i s e  and 
p o l l u t i o n  'Levels expected f o r  f u t u r e  powered l i f t  a i r c r a f t .  

The QCSE.3 program i s  n o t  d i r e c t e d  towards t h e  development of an  engine 
f o r  f l i g h t  and the  experimental  engine r e s u l t i n g  from QCSEE w i l l  n o t  be flown. 
The QCSEE program provides  f o r  c l o s e  coopera t ion  and coord ina t ion  wi th  t h e  
A i r  Force in  t h e i r  development of t he  Advanced Turbofan Engine demonstrator ,  
t o  i n su re  t h a t  every reasonable  oppor tuni ty  f o r  des ign  commona.lity and mutual. 
c o s t  savings can be taken. 
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Engine Refari Frogram 

The o b j e c t i v e  of t h i s  program is  t o  apply NASA n o i s e  r educ t ion  technology 
t o  t h e  e x i s t i n g  propuls ion  systems on narrow-body c i v i l  j e t  t r a i l spo r t  a i r c r a f t .  

This program w i l l  demonstrate t h e  n o i s e  r educ t ion  p o s s i b l e  by modifying t h e  
e x i s t i n g  propuls ion  systems on narrow-body two- and three-engine  a i r c r a f t .  
The modi f ica t ion  c o n s i s t s  of r ep lac ing  t h e  e x i s t i n g  two-stage fans  of t he  
JT8D engine wi th  la rger -d iameter  s i n g l e - s t a g e  f ans  and i n s t a l l i n g  these  modified 
engines  i n  a c o u s t i c a l l y  t r e a t e d  n a c e l l e s .  These mod i f i ca t ions  w i l l  r e s u l t  i n  
s m a l l  performance changes.  
a r e  s i g n i f i c a n t l y  g r e a t e r  than those  achievable  by t h e  use  of n a c e l l e  a c o u s t i c  
t reatment  a1 one. 

?%e n o i s e  r educ t ions  p o s s i b l e  wi th  t h i s  approach 

This experimental  demonstration program i s  c l o s e l y  keyed t o  f u t u r e  FAA 
rulemaking a c t i o n s  d i r e c t e d  a t  n o i s e  reduct ion .  Program o b j e c t i v e s  and 
schedules  are coordinated t o  provide maximum suppor t  t o  FAA. Technical  
informa.tion has  been and w i l l  cont inue  t o  be provided t o  Environmental 
P ro tec t ion  Agency. 

Modificati.0n.s of t h e  JT8D engine are being developed by P r a t t  and Whitney. 
Propuls ion zystem i n s t a l l a t i o n s  f o r  t h e  727, 737, and DC-9 are being designed 
by Boeing ar.d McDonnell Douglas. Ground tests of  t h e  modified .JT8D engine 
i n  one o r  mare a c o u s t i c a l l y  t r e a t e d  n a c e l l e s  w i l l  be  conducted e a r l y  i n  
calendar  yezr  1974. Design c o n s u l t a t i o n  i s  being provided by American and 
United A i r l i n e s .  The program i s  managed by the  L e w i s  Research Center .  

- F l i g h t  Experiments Program 

C-8 AugmentccWing Research A i r c r a f t  

F l i g h t  t e s t s  i n i t i a t e d  i n  FY 1973 a t  t h e  Ames Research Center w i l l  be  
completed i n  FY 1974 wi th  t h e  modified C - 8  r e s e a r c h  a i rcraf t  t o  v e r i f y  t h a t  
t he  aerodynamic l i f t  i nc rease  found i n  prev ious  wind tunnel  t e s z s  of t h e  
augmentor wing concept i s  ob ta inab le  i n  f l i g h t  and can be t r a n s l a t e d  i n t o  
b e t t e r  take-off  and landing performance; t o  document climbout,  descen t ,  and 
n o i s e  c h a r a c t e r i s t i c s ;  and t o  d e f i n e  the  s a f e  o p e r a t i o n a l  boundaries  and 
procedures  f o r  t h e  a i r c r a f t .  A 50-hour f l i g h t  i n v e s t i g a t i o n  wi:Ll a l s o  be 
conducted t c ,  s tudy i n  d e t a i l  j e t  STOL handl ing  q u a l i t i e s  dur ing  IFR l and ings ,  
inc luding  examination of curved, d e c e l e r a t i n g  approaches,  and means of 
i n t e g r a t i n g  the  f l i g h t  c o n t r o l s  t o  s impl i fy  t h e  p i l o t  c o n t r o l  t a s k  and 
reduce h i s  work load during such opera t ion .  The v e h i c l e  w i l l  then b e  ready 
as a f a c i l i t y  f o r  f u r t h e r  handl ing q u a l i t i e s  r e sea rch  and f o r  gene ra l  STOL 
ope ra t ing  s y s t e m s  experiments t o  be supported j o i n t l y  wi th  DOT .in a s e p a r a t e  
program. 
Department c f  Indus t ry ,  Trade and Commerce e f f o r t  t o  examine t h e  c h a r a c t e r i s t i c s  
of t he  j e t  augmentor wing concept s p e c i f i c a l l y  and powered- l i f t  STOL concepts  

T h e  o v e r a l l  program i s  a con t inua t ion  of a j o i n t  NASA-Canadian/ 
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i n  genera l .  The r e s u l t s  w i l l  a i d  i n  the  development of design and c e r t i f i c a t i o n  
c r i t e r i a ,  and i n  the  es tab l i shment  of  terminal  area opera t ion  pr'ocedures f o r  
powered- l i f t  t r a n s p o r t  a i r c r a f t .  

YF-12 F l i g h t  g g e r i m e n t s  Program 

The j o i n t  lJSPLF/NASA f l i g h t  experiments program us ing  YF-12 a i r c r a f t  w i l l  be 
continued t o  eva lua te  c u r r e n t  a n a l y t i c a l  techniques,  provide the  b a s i s  f o r  
improved design p r e d i c t i o n  techniques , and provide s o l u t i o n s  f o r  unknown problems 
uncovered i n  f l . igh t .  Cor re l a t ion  and eva lua t ions  of f l i g h t  loads measurements, 
loads p r e d i c t i o n  inc luding  a e r o e l a s t i c i t y  and thermal e f f e c t s ,  and s t r u c t u r a l  
a n a l y s i s  f o r  f l e x i b l e  h o t - s t r u c t u r e  a i r c r a f t  w i l l  be conducted a t  the  Ames and 
F l i g h t  Keseai:ch Centers.  A t  t he  F l i g h t  Research Center ,  i n l e t  d:ynamic measure- 
ments such a:; p re s su res ,  flow f l u c t u a t i o n s ,  and flow d i s t o r t i o n s ,  w i l l  be 
obtained i n  : f l ight  a t  both t r anson ic  and supersonic  speeds and w i l l  be compared 
t o  wind tunnel  s c a l e  *model r e s u l t s  a t  Ames Research Center and f u l l - s c a l e  tests 
of a coniplete i n l e t  system i n  the  windctunnel a t  L e w i s  Research Center. Mutual 
i n t e r a c t i o n s  of t h e  YF-12 propuls ion system and a i r c r a f t  w i l l  be  eva lua ted  a t  
F l i g h t  Keseaixh Center.  A t  Langley Research Center,  p r e c i s e  l abora to ry  measure- 
ments on a t e s t :  body w i l l  be performed a t  supersonic  speeds of a v a r i e t y  of 
parameters i.n boundary l a y e r  development. These d a t a  w i l l  be analyzed and 
c o r r e l a t e d  wi th  those  of  f l i g h t  tests made a t  F l i g h t  Research C e n t e r  on the  
i d e n t i c a l  test  body t o  provide a b e t t e r  a n a l y t i c a l  r ep resen ta t ion  of t he  
physics  of t he  supersonic  boundary l aye r  process .  

The unique c a p a b i l i t i e s  of t he  YF-12 a i r c r a f t  w i l l  a l s o  be used f o r  r e sea rch  
o r i en ted  t o  the  advanced supersonic  technology program i n  t h e  a reas  of 
s t r u c t u r e s  arid propuls ion.  
a i r c ra f t :  t i t an ium and composite pane ls ,  a complete loads  a l l e v i a t i o n  and modal 
suppression c o n t r o l  system, an i n l e t  shock s t a b i l i z a t i o n  system, and an i n -  
t eg ra t ed  air: trame/propulsion c o n t r o l  sys  t em.  
technology eirperiments a rea ,  t he  YF-12 funds support  only the  ope ra t iona l  
expenses a s soc ia t ed  wi th  the  a i r c r a f t .  

Prepara t ions  w i l l  be made t o  inco rpora t e  i n  the  YF-12 

I n  the  advanced supersonic  

Transonic Ai:ccraf t Technolopy (TACT) F l i g h t  Experiment 

This j o i n t  A i r  Force/NASA program i s  c r e a t i n g  the  d a t a  base for swing-wing 
a i r c r a f  1: u t i l i z i n g  the  s u p e r c r i t i c a l  wing concept. The program encompasses 
mathematical. s t u d i e s ,  wind tunnel  tests,  and f l i g h t  experiments,  Most of the 
wind tunnel  s t u d i e s  have been conducted and f l i g h t  tests of t h e  basic  (un- 
modified) F-:LlIA t e s t  a i r c r a f t  have been completed. With the  b a s e l i n e  
f l i g h t  t e s t s  completed, t he  a i r c r a f t  w i l l  be modified wi th  a s u p e r c r i t i c a l  
wing-sei: and subsequent ly  f l i g h t  t e s t e d  i n  FY 1974. 
i n s t a l l a t i o n  w i l l  be accomplished by the-  F l i g h t  Research Center.  
This  i s  bein): clone i n  consonance wi th  t h e  A i r  Force which i s  procuring the  
s u p e r c r i t i c a l  wing-set  and w i l l  perform wind s ta t ic  load t e s t i n g ,  dynamic 
ana lyses ,  and genera l  engineer ing support .  Later i n  the  program, the  A i r  

The s u p e r c r i t i c a l  wing 
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Force w i l l .  supply f u e l ,  chase p lanes ,  and a tes t  p i l o t .  The f l i g h t  test  
spectrum of t e s t i n g  w i l l  explore  h igh  angles  of a t t a c k ,  high r o l l  angles ,  
and c:spec::al.ly t he  combination of each. These tests w i l l  be accomplished 
from ground level t o  maximum a l t i t u d e  a t  subsonic ,  t r anson ic ,  and supersonic  
speeds. Ilanagement of the  program w i l l  t r a n s f e r  from the  A i r  Force t o  NASA 
wi th  the  del. ivery of t he  s u p e r c r i t i c a l  wing t o  t h e  F l i g h t  Research Center .  
F l i g h t  tests w i l l  be conducted j o i n t l y  wi th  A i r  Force and NASA p i l o t s .  
r e l a t i o n s  between the  b a s e l i n e  and TACT f l i g h t  t e s t  r e s u l t s  a i d  wind-tunnel 
t e s t  resu:.ts w i l l  be  made. 

C o r -  

This program w i l l  provide t h e  d a t a  base  f o r  t h e  a p p l i c a t i o n  of s u p e r c r i t i c a l  
technology t:o f u t u r e  mi1it:ary combat a i r c r a f t  and f u t u r e  c i v i l  a i r c r a f t  t h a t  
may u t i l i z e  v a r i a b l e  sweep. 

Fly-By-Wire Experimental Program 

The object. ive of t h i s  program i s  t o  provide t h e  component aAd subsystem design 
and t:es t experience r equ i r ed  f o r  c i v i l i a n  and m i l i t a r y  implementation of advanced 
r e l i a b l e  D i g i t a l  Fly-By-Wire (DFBW) f l i g h t  c o n t r o l  systems which w i l l  permit  
g r e a t e r  ope ra t iona l  c a p a b i l i t y  and s i g n i f i c a n t l y  increased  performance of fu tu re  
a i r c r a f t .  
hydraul ic  c o n t r o l  systems by e l e c t r i c a l  w i r e s  and d i g i t a l  pro1:essors , o f f e r s  
t he  minim:.zation of a i r c r a f t  loads  and r educ t ion  i n  drag ,  thus ,  providing the 
corners tone  f o r  development of a s soc ia t ed  reduced weight a i r c r a f t  des igns  wi th  
major economic and performance advantages.  I n  a d d i t i o n ,  DFRW systems, once 
developed arid demonstrated,  can be app l i ed  t o  new a i r c r a f t  clesigns through 
sof tware changes and minor modi f ica t ions ,  y i e l d i n g  l a r g e  development c o s t  and 
t i m e  savings.. 

D i g i t a l  f ly-by-wire  f l i g h t  c o n t r o l ,  which r ep laces  p re sen t  mechanical/ 

Phase 11, c:omprises tests of a s ingle-channel  Apollo-derived DFBW system .in- 
s t a l l e d  i n  i t  F-8C a i r c r a f t .  wi th  an analog f ly-by-wire  backup system t o  ob ta in  
e a r l y  DFBII da t a .  Phase I B  w i l l  r e p l a c e  the  Apollo hardware wi th  a i r c r a f t -  
compatibl.e, c o s t - e f f e c t i v e  d i g i t a l  components and w i l l  eva lua te  the  r e s u l t a n t  
system performance i n  f l i g , h t  t o  e s t a b l i s h  a design base f o r  D.FBW component 
and subsystem hardware. The i n i t i a t i o n  of a follow-on Phase I1 program i n  
t h e  f u t u r e  would then use  these  design d a t a  f o r  t h e  development and f l i g h t  
v e r i f i c a t i o r .  of a f u l l y  redundant ,  c o s t  compet i t ive  DFBW system compatible 
wi th  commerc:ial a i r c r a f t  a p p l i c a t i o n s .  Primary focus of t h e  ;?rogram i s  on 
1eadershi.p i n  long-haul subsonic  t r a n s p o r t s  wi th  a p p l i c a b i l i t y  t o  supersonic  
t r a n s p o r t s ,  supe r io r  V/STOL and advanced f i g h t e r s  and bombers. During FY 
1974, f e a s i b i l i t y  tests of t he  f i r s t  all-FBW system i n  any a i r c r a f t  w i l l  be  
compl.eted ur.der t he  Phase IA e f f o r t .  The Phase I B  pro to type  3FBW a i r c r a f t  
hardware, b a e d  on the  c r i te r ia  der ived  from the  Phase I A  tests w i l l  be 
devel.oped ac.d i n s t a l l e d  in .  t he  F-8C. I n i t i a l  f l i g h t s  of t h i s  system are 
planned f o r  e a r l y  FY 19'75. 
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Composite S t r u c t u r e s  F l i g h t  Experiment 

The o b j e c t i v e  i s  t o  g a i n  f l i g h t  s e r v i c e  o p e r a t i o n a l  exper ience  by means 
of i n s t a l l k g  primary and secondary composite s t r u c t u r e s  i n  r e p r e s e n t a t i v e  
types of a i r c r a f t .  The components i n s t a l l e d  are redesigned and s u b s t i t u t e d  
f o r  metal s t r u c t u r e  t o  achieve supe r io r  s t r u c t u r a l  performance such as weight  
saving and improved 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  o b t a i n a b l e  from composites. 
Curren t ly ,  an Army CH-54B h e l i c o p t e r  wi th  composite r e i n f o r c e d  fuse lage  
i s  i n  f l i gh t .  eva lua t ion  phase and a c e n t e r  wing box i s  being designed f o r  
i n s t a l l a t i o r t  cn two A i r  Force C-130 a i r p l a n e s .  During FY 1974, f a b r i c a t i o n  
of the  C-130 wing boxes w i l l  be completed. Laboratory s t r u c t u r a l  tests and 
p re -de l ive ry  f l i g h t  tests w i l l  be completed i n  FY 1975. Following completion 
of t e s t i n g ,  t h e  a i r c r a f t  w i l l  e n t e r  r o u t i n e  s e r v i c e  ope ra t ion ,  .and t h e  
performance of t h e  wing boxes w i l l  be  monitored f o r  s e v e r a l  yea r s .  The 
r e s u l t s  of t.his exper ience  w i l l  provide v a l u a b l e  d a t a  f o r  fu tur le  a p p l i c a t i o n  
of composite s t r u c t u r e s  i n  c i v i l  as w e l l  as m i l i t a r y  a i r c r a f t .  

Research/Experimental  Vehic le  Program 

Rotor Sys tenEResearch  A i r c r a f t  

The expancling r o l e  of t h e  h e l i c o p t e r  i n  both  c i v i l i a n  and m i l i t a r y  a p p l i -  
c a t i o n s  has genera ted  requirements  which exceed t h e  c u r r e n t  s t a t e - o f - t h e - a r t  
of r o t a r y  wing technology, F l i g h t  tests of promising advanced concepts 
have been ccmlucted by bu i ld ing  a new a i r c r a f t  o r  modifying an e x i s t i n g  a i r -  
c r a f t  f o r  each. concept,  bu t  t h i s  i s  c o s t l y  i n  t i m e  and money and o f t e n  g ives  
less than adequate  r e s u l t s .  

NASA and the: Army have been i n v e s t i g a t i n g  a l t e r n a t e  approaches f o r  ob ta in ing  
adequat:e and t imely test  r e s u l t s  of advanced concepts  i n  f l i g h t  wi thout  t h e  
excessi.ve t i m e ,  c o s t ,  o r  d a t a  l i m i t a t i o n s  of t h e  "one a t  a t i m e "  approach. 
Both agencies  have concluded t h a t  a s p e c i a l l y  designed r e sea rch  a i r c r a f t  i s  
needed w i t h  adequate  ins t rumenta t ion  t o  o p e r a t e  over a wide range  of test 
cond i t ions  to test  a v a r i e t y  of advanced r o t o r  concepts  i n  t h e  real  
environment: of f l i g h t .  The Rotor Systems Research A i r c r a f t  w i l l  f u l f i l l  
t h i s  need. 

NASA/Army in-house and c o n t r a c t o r  predes ign  s t u d i e s  were conducted 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 an advanced r e s e a r c h  v e h i c l e  and t o  d e f i n e  
t h e  c h a r a c t e r i s t i c s  of and requirements  f o r  t h e  f l i g h t  v e h i c l e ,  t h e  
f l i g h t  test c o n t r o l  system, and t h e  r e sea rch  in s t rumen ta t ion  systems. 
Request: f o r  Proposa ls  (RFP) w i l l  be  i s sued  i n  March 1973 f o r  t h e  des ign  
and f a b r i c a t i o n  of two r e sea rch  a i r c r a f t .  Cont rac t  award w i l l  be  i n  t h e  
second q u a r t e r  FY 1974 wi th  des ign  and component f a b r i c a t i o n  being c.arried 
ou t  throughout: FY 1974. F i r s t  f l i g h t  is  scheduled f o r  e a r l y  1976. 
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The Rotor Syst.ems Research A i r c r a f t  p r o j e c t  is  j o i n t l y  funded. The P r o j e c t  
Of f i ce  i s  loca ted  a t  Langley Research Center and i s  j o i n t l y  s t a f f ’ ed  w i t h  NASA 
and Army perscnmel. 

T i l t  Rotor Reaeaxch A i r c r a f t  

The A m y ,  Ai.r Force, NASA and indus t ry  have been pursuing t i l t  ’rotor  technology 
f o r  many years .  The tilt  r o t o r  concept o f f e r s  t h e  b e s t  oppor tuni ty  f o r  extending 
t h e  proven perfcrmance c a p a b i l i t y  of t h e  h e l i c o p t e r .  Conceptual ly ,  t h e  t i l t  
r o t o r  possesses  t h e  b e s t  c h a r a c t e r i s t i c s  of both t h e  h e l i c o p t e r  and t h e  fixed-wing 
a i r c r a f t .  

The o b j e c t i v e  of a j o i n t l y  funded and managed NASA/Army program i s  to 
design and f a b r i c a t e  two tilt r o t o r  a i r c r a f t  t o  conduct a proof of  concept 
evaluaticln anc. t o  conduct r e sea rch  i n  f l i g h t  t o  provide  t h e  technology needed 
f o r  commercial and m i l i t a r y  a p p l i c a t i o n s .  

Two con.tract:ors have been s e l e c t e d  f o r  a pre l iminary  des ign  competi t ion 
which w i l l  1ea.d t o  t h e  award of a s i n g l e  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  a i r c r a f t  i n  l a t e  FY 1973. Engineering des ign ,  material pro-  
curement, t oo l ing ,  and manufacturing w i l l  be  c a r r i e d  ou t  through FY 1974, wi th  
a i r c r a f t  r o l l c u t  and f i r s t  f l i g h t  scheduled f o r  t h e  second and f o u r t h  q u a r t e r s  
of FY 1976, r e spec t ive ly .  

Operating Systems Experiments Program 

Noise Reducti.cn F l i g h t  Procedures Experiment 

The o b j e c t i v e s  are (1) development of  o p e r a t i o n a l  av ion ic s  systems, r e f i n e -  
ment of ope ra t iona l  procedures,  and demonstrat ions of  o p e r a t i o n a l  f e a s i b i l i t y  
of  t h e  two-segment n o i s e  abatement f l i g h t  pa ths  which are accepta1)le by t h e  
a i r l i n e s  and p i l o t s  f o r  r o u t i n e  scheduled ope ra t ions  and (2) a n a l y s i s ,  
s imula t ion ,  and f l i g h t  tests i n  order  t o  reduce t o  p r a c t i c e  o t h e r  techniques.  
Although noise  r educ t ion  f l i g h t  procedures  have shown t h e  p o t e n t i a l  f o r  
s i g n i f i c a n t  n c i s e  reduct ion  and the  procedures  are w e l l  w i t h i n  t h e  performance 
c a p a b i l i t y  of c u r r e n t  j e t  t r a n s p o r t s ,  t h e s e  procedures  impose new requirements  
on p i l o t  d u t i e s  and workload, on p i l o t  d i s p l a y s ,  on t h e  guidance and naviga-  
t i o n  systems, and on the  a i r c r a f t  c q n t r o l  system. A s u b s t a n t i a l  e f f o r t  i s  
r equ i r ed  before  s u i t a b l e  av ion ic s  can be equipped and s u f f i c i e n t  exper ience  
gained so t h a t  they are accepted by t h e  a i r l i n e s ,  t h e  p i l o t s ,  and FAA f o r  
r o u t i n e  opera t ions  i n  instrument  weather as w e l l  as clear weather .  I n  N 
1973, the  program included the  development and s ta r t  of f l i g h t  eva:Luation of 
two-segment av ion ic s  us ing  Instrument  Landing System (ILS) co- loca ted  
Distance Measuring Equipment (DME) and barometr ic  a l t i t u d e  f o r  ver t ica l  
guidance i n  a B-727 aircraf t : .  
eva lua t ion  of two-segment av ion ic s  us ing  three-dimensional  area 
naviga t ion  f o r  guidance will. be  conducted i n  a DC-8 long-haul  narrow- 
bodied j e t  t r anspor t .  

I n  FY 1974, development and f l i g h t  

Evaluat ion of B-727 two-segment av ion ic s  i n  
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scheduled seirvice w i l l  be-made by several a i r  carriers. 
t o  determine t h e  a p p l i c a b i l i t y  of a two-segment approach over t he  e n t i r e  f l e e t  
of j e t  ~ i r a n s p o r t s .  Development and f l i g h t  eva lua t ions  w i l l  s t a r t  on o t h e r  
techniques such as d e c e l e r a t i n g  approaches and use  of t he  c a p a b i l i t i e s  of 
t he  microwave landing system being developed by Federa l  Avia t ion  Adminis t ra t ion.  

S tud ie s  w i l l  be made 

Terminal ConIigured Vehic le  Operat ions Experiments 

I n  a companion program t o  t h e  Federal  Avia t ion  Adminis t ra t ion  a i r  t r a f f i c  c o n t r o l  
automation pirogram, NASA will. d e f i n e  and demonstrate t he  technology f o r  
a i r c r a f t  and av ion ic s  performance needed f o r  e f f i c i e n t  te rmina l  area 
ope ra t ion  wi.:h advanced a i r  t r a f f i c  management concepts.  The requirements 
t o  ope ra t e  safely and wi th  r e g u l a r i t y ,  independent of weather ,  i s  i n -  
c r eas ing ly  important  i n  o v e r a l l  economics of c i v i l  a v i a t i o n  Operations.  
A t  t he  same .:irie, however, t h e  j e t  a i r c r a f t  must be c o n v e r t e r f i n t o  a v e h i c l e  
which i s  a b e t t e r  neighbor ,  more e f f i c i e n t  i n  t h e  te rmina l  area phase of 
f l i g h t ,  and capable  of h igh  accuracy i n  four-dimensional te rmina l  a r e a  
t r a j e c t o r i e s ,  The combinations of s t e e p  and curved descents  and 1and.ings 
i n  adverse  weather cond i t ions  wi th  s u f f i c i e n t  p r e c i s i o n  f o r  s a f e  t r a f f i . c  
s epa ra t ion  and maximum runway capac i ty  u t i l i z a t i o n  r e q u i r e  a d e f i n i t e .  
advance i n  t h e  s t a t e - o f - t h e - a r t  i n  a i rbo rne  naviga t ion ,  guidance and c o n t r o l ,  
and a c l o s e r  i n t e g r a t i o n  of t h e  av ion ic s  wi th  the  propuls ion ,  aerodyn.amics, 
and s t r u c t u r e s  subsystems of t h e  a i r c r a f t .  This  program w i l l  develop a i r -  
borne sys ten:; t echnologies  (naviga t ion ,  guidance, c o n t r o l ,  and displa.ys) 
f o r  advanced a i r c r a f t  t o  reduce t i m e  o f  f l i g h t ,  e s t a b l i s h  schedule  r e l i a b i l i t : . y ,  
a s su re  compai:ibility w i th  t h e  f u t u r e  a i r  t r a f f i c  environment and cont : rol  
f a c i l i t i e s ,  ant1 a s s u r e  acceptance by a i r l i n e  p i l o t s .  I n  FY 1973, aer0dynamic.s 
and f l i g h t  c o n t r o l  s imula t ions  are being conducted t o  eva lua te  a i r c r a f t  per -  
formance l i m i t a t i o n s .  
a i r c r a f  I: performance c h a r a c t e r i s  t ics and ground and a i r b o r n e  e l e c t r o n i c  
system c a p a b : i l i t i e s  w i l l  be made. F l i g h t  experiments w i l l  be  started. i n  
FY 1974 t o  p l a c e  r e a l i s t i c  bounds on t h e  new concepts ,  eva lua te  c r i t i . c a 1  
systems and procedures ,  demonstrate systems ope ra t ions ,  and t o  ga the r  d a t a  
on a c t u a l  al-:l-weather ope ra t ions  i n  Category I11 opera t iona l  cond i t ions  
( ze ro  f o o t  dec i s ion  h e i g h t ,  1.50 f o o t  runway v i s u a l  range) .  I n  order  t o  
provide a u t h e n t i c i t y  t o  these  eva lua t ions  and demonstrat ions , a B-737 a i r -  
c r a f t  w i l l  be uniquely modified and equipped t o  i n v e s t i g a t e  p re sen t  and 
f u t u r e  a i r p o r t  environments, automatic  systems, d i s p l a y s ,  d i g i t a l  tec.hniques, 
r e l i a b i l i t y ,  arid p i l o t i n g  t e c h i q u e s  and procedures.  The Wallops -Langley 
CTOL Aircrali.: F l i g h t  Research F a c i l i t y  w i l l  be e s t a b l i s h e d  i n  FY 1974. , 
us ing  the  fac:il.ities of both Langley Research Center and Wallops S ta t : ion ,  
which w i l l  con ta in  appropr i a t e  system elements i n  a framework so that:  t h e  
re la t ive  e f f e c t s  of change i n  va r ious  system elements on p r e c i s i o n  c o n t r o l ,  
p i l o t  workload:. and a v a i l a b l e  margins of s a f e t y  can be measured. 

Parametr ic  s e n s i t i v i t y  and trade\!-off s t u d i e s  between 
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VTOL 0pei:at:ing - Systems Experiments 

This program involves  the  development of advanced, f l e x i b l e  naviga t ion ,  
guidance,, and c o n t r o l  av ion ic s  which w i l l  be used i n  s imula t ion  and f l i g h t  
experiments t o  i n v e s t i g a t e  ope ra t iona l  procedures and system concepts 
which can improve t h e  ope ra t iona l  e f f i c i e n c y ,  p u b l i c  acceptance,  s a f e t y  
and r e l i . ab i . l i t y  of VTOL v e h i c l e  shor t -haul  t r anspor t a t ion .  Major emphasis 
w i l l .  be placed on providing the  av ion ic s  f o r  automatic  take-of f  and landing 
of VTOL veh ic l e s .  The f i r s t  f u l l y  automatic  landings by a f u l l - s c a l e ,  
manned h e l i c o p t e r  a t  a predetermined spo t  was made by Langley Research 
Cent:er, i n  February 1972. Although t h i s  accomplishment w a s  performed using 
l abora to ry  type equipment, i t  i s  considered a major mi les tone  i n  a cont inuing 
research  program aimed a t  permi t t ing  h e l i c o p t e r s  and f u t u r e  VTOL veh ic l e s  
t o  f l y  r o u t i n e  missions under poor v i s i b i l i t y  i n  an advanced a i r  t r a f f i c  
c o n t r o l  environment. ' f ie advanced, f l e x i b l e  naviga t ion ,  guidance, and 
con t ro l  6.vionics system w i l l  be i n s t a l l e d  i n  a h e l i c o p t e r  which w i l l  be 
used i n  IY 1974 t o  develop, by f l i g h t  experiments i n  the  te rmina l  a r ea ,  
a da t a  ba.se f o r  use by indus t ry  and Government i n  e s t a b l i s h i n g  system 
concepts,  design c r i t e r i a  and opera t ing  procedures f o r  VTOL a i r c r a f t ,  VTOI, 
p o r t s ,  VT'OL landing guidance systems, a i rbo rne  av ion ic s ,  f l i g h t  con t ro l  
systems, and a i r  t r a f f i c  con t ro l .  

- STOL Operating Systems Experiments 

The ob jec t ives  of t h i s  program are being c a r r i e d  out  jointl!y wi th  the  
FAA/DOT under a program known as t h e  J o i n t  DOT/NASA STOL Operating 
Experiments program, which r e f l e c t s  common i n t e r e s t s  i n  the  development 
and i n v e s t i g a t i o n  of a i r c r a f t  and e l e c t r o n i c  technologies ,  ope ra t iona l  
procedures,  and system concepts which can improve the  ope ra t iona l  e f f i c i e n c y ,  
pub l i c  acceptance,  s a f e t y ,  and r e l i a b i l i t y  of STOL v e h i c l e  shor t -haul  trai-is- 

p o r t a t i o n .  An advanced i n t e g r a t e d  av ion ic s  and d i sp lay  system (STOTAND) 
was developed i n  FY 1972 and FY 1973 t o  perform naviga t ion ,  w i d a n c e ,  and con 
t r o l  i n  f l i g h t  and ground s imula t ions .  Unique flexibility has been obtained 
by the  use of a s i n g l e ,  gene ra l  purpose d i g i t a l  computer f o r  a l l  naviga t ion ,  
guidance, con t ro l  and d i s p l a y  computation. The development has requi red  
s p e c i a l  approaches t o  hardware and sof tware i n  order  t o  provide a'L1 of the  
des i r ed  advanced c a p a b i l i t i e s .  The f i r s t  STOLAND equipment k r i l l  be i n s t a l l e d  
i n  a C-8A BJ f fa lo  during the l as t  q u a r t e r  of FY 1973, and f l i g h t  experiments,  
which have .3een defined j o i n t l y  by FAA and NASA, w i l l  s tar t .  I n  IT 1974, 
t he  second lSTOLAND system w i l l  be i n s t a l l e d  i n  a C-8A Buffalo modified i n t o  
an augmentor wing j e t  STOL r e sea rch  a i r c r a f t .  The f l i g h t  experiments i n  
these  a i r c r a f t  and s imula t ion  w i l l  i n v e s t i g a t e  such th ings  as accuracy 
with which ,specif ied prof.iLes can be flown, t he  a i r c r a f t  response 
c h a r a c t e r i s  t i c s  i n  f l y i n g  the  p r o f i l e s ,  landing f l a r e  and touchdown per -  
formance, p i l o t  workload, systems func t ioning  and r e l i a b i l i t y ,  t he  e f f e c t  
of STOL a i r c r a f t  on the  a i r  t r a f f i c  c o n t r o l  system, and information which 
can be u w d  t o  develop design c r i t e r i a  and ope ra t iona l  procedures f o r  STOI, 
opera t ions .  
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Sys tems  Technology. Programs - 
Advanced S 9 e r s o n i c  Techno:& 

The o b j e c t i v e  of t h e  advanced supersonic  technology program, i n i t i a t e d  i n  
FY 1973, i s  to provide  an expanded supersonic  technology base  i n  the  t echn ica l  
areas c r i t i c a l  t o  t h e  f u t u r e  development of an environmentally accep tab le  and 
economica’Lly v i a b l e  supersonic  t r a n s p o r t  so t h a t  i f  i t  i s  determined t o  be i n  
t h e  n a t i o n a l  interest t o  cons ider  such a development program. t h e  information 
upon i,ihich t o  base a dec i s ion  w i l l  be  a v a i l a b l e .  
sonic  tecliiio’logy program addresses  environmental  concerns by r e sea rch  on n o i s e  
minimization and a i r  p o l l u t i o n ,  and t h e  economic v i a b i l i t y  a spec t s  by a i r f rame 
system s t u d i e s  and advances i n  t h e  t echn ica l  d i s c i p l i n e s  of propuls ion ,  
s t r u c t u r e s  arid materials, aerodynamics, and s t a b i l i t y  and c o n t r o l s .  

The advanced super-  

An advanced supersonic  t r a n s p o r t  p ropuls ion  system must s a t i s f y  many 
d i f f e r e n t  ope ra t iona l  requixements such as h igh  t h r u s t  and low n o i s e  a t  
take-of f  , high  e f f i c i e n c y  dur ing  subsonic  hold  and c r u i s e ,  arid high. e f f  i- 
c iency  during supersonic  c ru i se .  I n  FY 1973, broad paramet r ic  s tud. ies  are 
underway o:E candida te  convent ional  and v a r i a b l e - c y c l e  engine concepts.  
Engine def:inj.tion s t u d i e s  and a pre l iminary  design phase of t h e  most 
promising concepts w i l l  be  i n i t i a t e d  i n  FY 1974. Noise suppression nozz les ,  
c u r r e n t l y  being i n v e s t i g a t e d  under t h e  Department of Transpor ta t ion-Federa l  
Avia t ion  Aimfin i s tr a t i on/ Super s on i c  Trans por t Fo 11 ow- on program i n  ground - b a s e d 
f a c i l i . t i e s ,  w i l l  be  evaluat.ed by t h e  Lewis Research Center i n  f l i g h t  tests 
of a modified F-106B a i r c r a . f t  i n  FY 1974. The advanced supersonic  p o l l u t i o n  
re  du c t: ion  1: e c:hno 1 ogy p r  ogr  a.m comp 1 emen t s t h e  DOT C 1 i m a t  i c Impact A s s  e s srnen t 
Program (CIA€’) and i n  FY 1974 t h e  e f f o r t s  w i l l  be expanded t o  include com- 
bus to r  polI .utant  s t u d i e s  a t  supersonic  c r u i s e  cond i t ions  and combustors 
designed t o  minimize the  product ion of oxides  of n i t r o g e n  a t  high a l t i t u d e s .  
The s t : ra tospher ic  je t  wake experiment program which combines l abora to ry  tes t s ,  
theory,  anti f l i g h t  tests wi.11 be  cont inued i n  FY 1974 t o  provide da.ta which can 
be used t o  assess the  environmental  impoact of  j e t  emissions on t h e  s t r a tosphe re .  

The des ign  of an economically v i a b l e  supersonic  t r a n s p o r t  r e q u i r e s  
reduced s t r u c t u r a l  weight f r a c t i o n s  a t t a i n a b l e  though the  a p p l i c a t i o n  of 
advanced cclncepts, design t o o l s ,  and r e l a t i v e l y  new materials. In-depth 
s t u d i e s  w i l l  be cont inued i n  FY 1974 t o  determine t h e  b e s t  s t r u c t u r a l  
approaches t o  the  h igh ly  aerodynamic e f f i c i e n t  arrow-wing conf igu ra t ions  
and conf igu ra t ions  i d e n t i f i e d  i n  t h e  a i r f r ame  systems s tudy  wi th  emphasis 
on thermal stress, s t a t i c  a e r o - e l a s t i c i t y ,  and f l u t t e r .  Automated (design 
techniques which would s i g n i f i c a n t l y  reduce t h e  manpower and flow t i m e  re- 
qui red  t o  c a r r y  o u t  v e h i c l e  des ign  i t e r a t i o n s  i n i t i a l l y  s t a r t e d  i n  FY 1973 
wi th  t h e  development of an automated f l u t t e r  and f r a c t u r e  module w i L l  be  
continued. 
supersonic  technology ve r s ion  of IPAD ( I n t e g r a t e d  Program f o r  Aerospace 
Vehic le  Design).  Titanium technology must be  advanced beyond t h e  p re sen t  

These design modules w i l l  be  incorpora ted  i n  an advanced 
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s t a t e - o f - t h e - a r t  t o  minimize s t r u c t u r a l  weight.  
t o  t i t an ium a l l o y  s t r u c t u r e s  were i n i t i a t e d  i n  FY 1973. Fabr i ca t ion  of  
s t ruc t :ura l  pane ls  w i l l  cont inue  i n  E'Y 1974 and t h e  pane ls  w i l l  be  subjec ted  t o  
a c c e l e r a t e d  a.nd rea l  t i m e  tests of s t r e n g t h ,  f a t i g u e  and f r a c t u r e ,  and c y c l i c  
hea t ing  under supersonic  f l i g h t  condi t ions .  A high  temperature  composite 
materials program similar  t o  t h e  t i t an ium components program will a l s o  be 
conducted. The materials w i l l  i nc lude  both boron and g r a p h i t e  f i b e r s  i n  
both epoxy and polymide r e s i n s  and boron-aluminum composite materials. 
P resen t  f u e l  tank sealants do n o t  provide t h e  service l i f e  r equ i r ed  f o r  t h e  
temperatures  t o  be encountered i n  t h e  Mach number range of i n t e r e s t  f o r  an 
advanced s t p e r s o n i c  t r anspor t .  The Ames Research Center program on f u e l  tank 
sealants w i l l  cont inue  t o  syn thes i ze ,  c h a r a c t e r i z e ,  and vu lcan ize  s e a l a n t  
e las tomers  and then select  the  optimum s e a l a n t s  f o r  ground tests i n  FY 1974 
and f l i g h t  tests i n  FY 1975. 

Fabr i ca t ion  methods a p p l i c a b l e  

The h igh ly  swept arrow-wing conf igu ra t ion  concept  i s  currentl ty being s tud ied  
a t  t h e  Langley Research Center t o  i n c r e a s e  i t s  aerodynamic e f f i c i e n c y  a t  
supersonic  c r u i s e  and improve t h e  c o n f i g u r a t i o n ' s  low speed c h a r a c t e r i s t i c s .  
I n  FY 1974, ex tens ive  wind tunnel  tests w i l l  be  conducted t o  support  fol low- 
on arrow-wing concepts.  Also,  improved t h e o r e t i c a l  methods a t  bo th  subsonic: 
and supersonic  speeds,  p a r t i c u l a r l y  a t  c r i t i c a l  o f f -des ign  f l i g h t  cond i t ions ,  
w i l l  be  developed and v a l i d a t e d  and used i n  t h e  design and a n a l y s i s  of advanced 
supersonic  conf igu ra t ions .  The technology e f f o r t  s t a r t e d  i n  FY 197.3 t o  develop 
des ign  methods f o r  u se  i n  de f in ing  p r a c t i c a l  minimum boom conf igu ra t ion  con-. 
c e p t s  w i l l  con t inue  i n  FY 1'974. I n  a d d i t i o n ,  Langley Research Center w i l l  
conduct a program t o  e s t a b l i s h  cr i ter ia  desc r ib ing  son ic  boom exposure levels 
which are accep tab le  t o  c.onununities. Sub jec t ive  response d a t a  w i l l  be 
obta ined  and c o r r e l a t e d  wi th  son ic  boom s i g n a t u r e  c h a r a c t e r i s t i x s  and 
occurrence e f f e c t s  beginning i n  FY 1974. 

The s t a b i l i t y  and control: ;  technology programs a t  t h e  Ames Research Center 
w i l l  concen t r a t e  on p i lo t - in - the - loop  s imula t ions  of proposed cont ro l -con-  
f igu red  v e h i c l e  concepts t o  d e f i n e  accep tab le  levels of handl ing  q u a l i t i e s  
f o r  safe ope ra t ion  i n  a l l  f l i g h t  modes. P i l o t e d  motion s imula tor  s t u d i e s  
w i l l  a l s o  be conducted t o  i n v e s t i g a t e  t h e  a c c e p t a b i l i t y  of candida te  re- 
dundant: c o n t r o l  system concepts  i n  terms of t h e  c o n t r o l  system s t a b i l i t y  
and responses  i n  normal ope ra t ion  and t h e  a b i l i t y  of t h e  p i l o t  t o  d e t e c t  
and react t l ~  f a i l u r e  i n  t h e  systems. 

The i3dvanl:eti supersonic  technology a i r f r ame  systems s t u d i e s  w i l l  d e f i n e ,  
assess, and promote t h e  development of advances i n  supersonic  technologies  
most l i k e l y  t o  r e s u l t  i n  a q u i e t ,  c l ean ,  and economically v i a b l e  supersonic  
t r a n s p o r t .  Following the  E4! 1973 d e f i n i t i o n  of technologies ,  a c y c l e  
beginning i n  IT 1974 of i nc reas ing ly  d e t a i l e d  "preliminary" des ign  s t u d i e s  
w i l l  exerci:;e t h e  technologica l  i n p u t s  from a l l  o t h e r  advanced supersonic  
techno:togy program elements w i th  p r i n c i p a l  emphasis on propuls ion/ai . r f rame 
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i n t e g r a t i o n .  The unique c a p a b i l i t i e s  of t h e  YF-12 a i r c r a f t  w i l l  be  used i n  
Fy 1974 f o r  f l i g h t  r e sea rch  o r i en ted  t o  t h e  advanced supersonic  techno1og.y 
program i n  the  areas of s t r u c t u r e s  and propuls ion.  
i n  FY 1974 t o  f l i g h t  test t i t an ium and composite pane ls  and 130 demonstrate t he  
f e a s i b i l i t y  of an i n l e t  shock s t a b i l i z a t i o n  system i n  f l i g h t , .  
programs involving the  des ign ,  f a b r i c a t i o n ,  and YF-12 f l i g h t  t e s t s  of 
an i n t e g r a t e d  a i r f ramelpropuls ion  c o n t r o l  system and a complete lfoads a l l e v i a t i o n  
and modal suppression c o n t r o l  system, w i l l  be conducted, 

P repa ra t ions  w i l l  be inade 

During FY 1.9'74 

Q u i e t  P ropu l s ive -L i f t  Technology 

The o b j e c t i v e  of t h i s  program i s  t o  gene ra t e  a foundat ion of q u i e t  pro- 
p u l s i v e - l i f  t technology t o  support  development of c i v i l  and m i l i t a r y  t r a n s p o r t s  
w i th  the  ad\rantages of improved approach, landing ,  t akeof f ,  cl imbout,  and ai .r-  
p o r t  area liw-speed maneuvering c a p a b i l i t i e s .  This  technology i s  a p p l i c a b l e  
t o  convent ional- ,  reduced-,  and shor t - t akeof f  and landing (CTOL, KTOL, and 
STOL) systems. It o f f e r s  t he  p o t e n t i a l  of e f f i c i e n t ,  q u i e t ,  and s a f e  opera t ion  
i n  s t e e p  and h ighly  maneuverable approach and climbout f l i g h t  pa ths ,  and 
represent , ;  an e s s e n t i a l  key t o  community n o i s e  r educ t ion ,  terminal. a i r  cort- 
g e s t i o n  r e l i e f  , and the  c r e a t i o n  of an improved, environmentally a ~ c e p t a b 1 . e ~  
short:-hau 1 air t r a n s p o r t  system. 

Analytical .  and wind tunnel  i n v e s t i g a t i o n s  of t h e  aerodynamic and propuls ion 
system aspec t s  of a1ternat : ive turbofan p r o p u l s i v e - l i f t  concepts w i l l  be 
continued i n  FY 1974, toge ther  wi th  d e f i n i t i o n  of p o t e n t i a l  low-cost f l i g h t  
r e sea rch  v e h i c l e  approaches t o  f u l f i l l m e n t  of t he  q u i e t  p r o p u l s i v e - l i f t  
r e sea rch  o b j e c t i v e s  which r e q u i r e  f l i g h t  t e s t i n g .  This e f f o r t  w i l l  inc lude  
p repa ra t ion  f o r  p a r t i c i p a t i o n  i n  f l i g h t  t e s t i n g  of t h e  A i r  Force Advanced 
Medium STOL Transport  p ro to types  as one means of ob ta in ing  necessary propuls ive-  
l i f t  f l i g h t  da ta .  

The. e f f o r t  involves  a c t i v i t y  a t  a l l  of t he  Aeronaut ics  and Space Technology 
Centers ,  with Ames Research Center s e rv ing  i n  the  l e a d  capac i ty .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE -- OF AERONAUTICS AND SPACE TECHNOLOGY SPACE RESEARCH AND 
-- TECHNOLOGY PROGl& 

SUMMARY OF RESOURCES REQUIREMENTS 

1972 - 
Research and technology base....... $64,565,000 
Systems and des ign  s tudies . . . . . . . . .  700 , 000 
Systems and experimental  programs.. 9 , 100 , 000 

Total. . .  ......................... $74,365,000 

--- 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 :  

Manned Spacecraf t  Center. . . . . . .  $2,202,000 
Marshal l  Space Flight: Center. .  . 8 , 140,000 
Goddard Space F l i g h t  Center. .  .. 3,935,000 
J e t  Propuls ion Laboratory ...... 16,268,000 
Ames Research Center.. . . . . . . . . .  7,173,000 
F l i g h t  Research Center.. . . . . . . .  1 , 215,000 
Langley Research Center.. . . . . . .  16,255,000 
L e w i s  Research Center.......... 16,654,000 
NA.SA H.eadquarters.. ............ 2 , 523,000 

Total.. . . . . . . . . . . . . . . . . . . . . . .  $74,365,000 

1973 - 
$49,425,000 
1 , 230 , 000 

14,105,000 

$64,760.000 

$300,000 
5,465,000 
3,555,000 

13,389,000 
6,699,000 
1 , 382,000 

13,835,000 
18,817,000 
1 , 3 18 , 000 

$64,760,000 

HIGHLIGHTS OF BUDGET PLAN - 

Materials - Basic and a p p l i e d  
research  st:ud.ies aimed a t  i n c r e a s -  
i n g  t h e  lorig l i f e  performance and 
r e l i a h i l i t y  of materials i n  t h e  
space envirortment... . . . . . . . . . . . . . . .  $8,700,000 $6,360,000 

S t r u c t u r e s  - Development of 
advanced s t r u c t u r a l  concepts  
and s t ruc tura  1 dynamics tech-  
nology, inc:luding thermal 
p r o t e c t i o n  system and deploy- 
a b l e  space s t ructures . . . , . . . . . . . . . .  9 , 000,000 5,2 75 , 000 

1974 

$54,675,000 
1 , 300 , OOC) 

- '3,025 , 002 

$690 , 000 
3 , 340 , 000 
4,035,000 

11,672,000 
'7 ,7 3 9 , 000 
1,050,000 

15,018,000 
210 , 8 38 , 000 

618, OO!, - 
$65,000,000 _- -- - - 

$6 , 5 3 0 , 000 

5 , 721,000 
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1972 

Guidance, CcG:rol and Information 
Systems - Development and evalua- 
t i o n  e f f o r t  i n  t he  areas of p r e c i s e  
guidance anti c o n t r o l  of space 
v e h i c l e s  and experiments;  s t o r a g e  
and process ing  of da t a ;  h igh  d a t a  
rate i n f o m i t i o n  t r a n s f e r ;  imaging 
and measuring;, and r e l i a b l e ,  long- 
l i f e  e l e c t r o n i c  components and 
systems.. ........................... $14,065,000 

Propuls ion -. Chemical and e lec t r ic  
propuls ion  technology advancements. 15,300,000 

Power - Advancements i n  s o l a r  a r r a y ,  
b a t t e r y ,  f u e l  c e l l  and power process-  
i ng  technology.. ................... 7,500,000 

Entry  - Aerothermodynamic and 
thermal p r o t e c t i o n  system e f f o r t  f o r  
s o l u t i o n  t o  t h e  problems of high- 
speed e n t r y  arid f l i g h t  of space- 
c r a f t  i n  atmospheres of eart:h and 
o t h e r  p l a n e t s ,  ..................... 8,300,000 

S a f e t y  - Sa:Iet:y research  i n  aero-  
n a u t i c s  and space i s  cont inued under 
t h e  space  propuls ion  program i n  t h e  
R&T base  i n  F'J! 1974. The s a f e t y  
d a t a  bank i s  supported under t h e  FY 
1974 app 1 i c a t  i ons  technology. ...... 1,700,000 

Tota l ,  Research and Technology 
Base...,........................ $64,565,000 

Systems and &:sign S tud ie s  - 
Analysis  and s tudy t o  i d e n t i f y  
technology i:ec[uirements f o r  focus- 
i ng  technology programs and i d e n t i -  
f i c a t i o n  of new areas of oppor tun i ty  $700,000 

Total., Systems and Design S tud ie s  $700,000 

1973 - 1974 

$12,330,000 $138,816,000 

9,380,000 12,859,000 

6,898,000 6,448,000 

8,532,000 91,301,000 

$49,425,000 $54,675,000 - 

$1,230,000 $1,300,000 

$1,230,000 $1,300,000 - - 
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1974 - 1973 - 1972 - 
System Technology Programs.......... $467,000 $1 ,5 00 ,000 - - -  - 

High Energy Laser Technology 
Program - Research on h igh  energy 
laser sys terns and laser t ransmis-  
s i o n  of power i n  space. . . .  ........ - - -  467,000 I., 500,000 

F l i g h t  Experiment Programs. ......... $1,500,000 4,815,000 1. 225 000 

S ynchronoils L a s  er  Communi ca  t ions  
Experiment: -. Discontinued i n  
FY 15174 due t o  c a n c e l l a t i o n  of 
t h e  ATS-G spacec ra f t . .  ............ 800,000 3,000,000 

Atmospher ic  F l i g h t  Experiments - 
F l i g h t  t es t s  of X-24B e n t r y  
veh ic. 1 e t o  a. s s e s s performance, 
handl ing  c[ua. l i t ies ,  o p e r a t i o n a l  
f a c t o r s ,  m d  control cha rac t e r -  
i s t i c s  i n  t h e  low supersonic  t o  
subsonic  speed regimes... ......... 700,000 1,068,000 1 , 050,000 

(SPHINX) Space Plasma High Voltage 
In t e rac t ingExper imen t  - F i n a l  
assembly and q u a l i f i c a t i o n  f o r  
f l i g h t  test i n  FY 1974. ........... - - -  593,000 74,000 

--- Meteoroid Technology S a t e l m  - 
Data reduct ion  and a n a l y s i s  of 
s a t e l l i t e  data. . . . . . .  ............. ---  154,000 101,000 

Spacecraf t /PTLoad Programs. ,, ....... 3,200,000 2,920,000 QOO, 000 

Low Cost PzLoads  Program -. 
Focuses on reducing c o s t s  of 
f u t u r e  payloads through use  of 
s h u t t l e  c a p a b i l i t i e s  and s tandard-  
i z a t i o n  of subsys terns.. ........... 
Elec t r ic  A i g - l i a r y  Propuls ion  - 
Ion t h r u s t e r s  and pulsed plasma 
t h r u s t e r s ,  funded under t h e  
space propuls ion  program start-  
ing  i n  FY 1-97’4.. .................. 1,400,000 

- - -  3,100,000 

690,000 
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1972 - 
Space S t o r a b l e  Propuls ion  - Space 
s t o r a b l e  p ropu l s ion  technology 
program funded under t h e  space  
p ropu l s ion  program s t a r t i . n g  i n  
FY 1.974....... .................... $1,800,000 

TransportaiAm Programs. ............ 2,400,000 

S o l i d  Rocket Motors - Sol.id rocke t  
motor technology program funded 
under the space  propuls ion  program 
s t a r t i n g  i n  FY 1974. ............... 1,300,000 

S o l a r  E l e s r i c  Propuls ion  - S o l a r  
array-powered ion  engine system 
funded under t h e  space  p ropu l s ion  
program s t a r t i n g  i n  FY 1974....... 1,100,000 

Applicatioris Technology.,.... ....... 2,000,000 

C i v i l  Ap@.cations - Uses NASA 
capa.bilitiy t o  assist  i n  t h e  so lu-  
t i o n  of p u b l i c  s e c t o r  problems.. .. 2,000,000 

A p p l i c a t i G s  Data Systems Support - 
Provides suppor t  f o r  t h e  Aerospace 
S a f e t y  Da.ta Bank and t h e  d a t a  
management f o r  t h e  e a r t h  resources  
survey  program.................... --- 

Tota l ,  Systems and Experimental 
Programs ...................... $9,100,000 

1973 

$2,230,000 

2,653,000 

1,081,000 

1974 - 

- - I -  

- -, - 

1,572,000 - - .- 
3,250,000 3,200,000 

1,987,000 1,700,000 

1,263,000 - 1,500 ,OOO_ 

$14,105,000 $9,025.000_ 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY -- SPACE RESEARCH AND 
TECHNOLOGY PROGRAM ~- 

PROGRAM -- 0BJECTI:VES AND JUSTIFICATION : 

The goa l s  of t h i s  program are designed t o  b u i l d  a technology base  which 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 .  The FY 1974 program 
i s  expressed i n  terms of t h r e e  coherent  ou tput  ac t iv i t i e s :  Research and 
Technology Base; Systems and Design S t u d i e s ;  and Systems and Experimental 
Programs. ?Tie fundamental work of t h e  Space Research and Technology program 
i s  concentrated i n  t h e  R&T Base and i s  aimed a t  provid ing  a n  understanding 
of p h y s i c a l  Flhenomena p e r t i n e n t  t o  space programs. It inc ludes  -research 
concerned w i t h  material  p r o p e r t i e s  and behavior ,  lasers and o t h e r  o p t i c a l  
phenomena, m a t e r i a l s  and techniques f o r  improved e l e c t r o n i c  devices ;  gas 
dynamics and aerothermodynamics phenomena a s s o c i a t e d  w i t h  p l a n e t a r y  atmos- 
p h e r i c  e n t r y ;  combustion processes ,  f l u i d  dynamics, plasma c h a r a c t e r i s t i c s ,  
i o n  o p t i c s ,  and d ischarge  c h a r a c t e r i s t i c s  a s s o c i a t e d  wi th  chemical anld 
e l ec t r i c  propuls ion;  and b a s i c  understanding and improvements i n  t h e  theory 
and technology of chemical power producing machines and s o l a r  power conver- 
s i o n  materials. The Research and Technology Base a l s o  inc ludes  appl ied  
r e s e a r c h  programs which u t i l i z e  t h e  fundamental technology developed by t h e  
b a s i c  r e s e a r c h  i n  t h e  development o f :  improved materials and s t r u c t u r e s ;  
t h e  a n a l y t i c a l  and numerical  techniques f o r  des igning  complex s t ruc tu - re s ;  
guidance, contrDl  and information systems; thermal p r o t e c t i o n  systems; 
propuls ion  and power f o r  e a r t h  a p p l i c a t i o n s  , space s c i e n c e  and f u t u r e  p lanetairy 
programs. 

A low $cost paryloads technology program has been included as a r.ew a c t i v i t y  
under Systems and Experimen.ta:L Programs. 
reducing t h e  ' cos t s  a s s o c i a t e d  wi th  space f l i g h t  experiments.  Of speci-a1 
concern w i l l  b e  t h e  s t a n d a r d i z a t i o n  of instrument  packages o r  subsystems and 
e l i m i n a t i o n  or r e d u c t i o n  on t h e  number of redundant and backup s y s t e m s  through 
increased  re1 i a b i l i t y .  Another a c t i v i t y ,  a high energy laser technology 
program, p r e v i o u s l y  incorpora ted  under t h e  R&T Base, i s  being exp1ici t : ly  
i d e n t i f i e d  t h i s  y e a r  as a syst:ems technology program. A number of programs 
have been terminated,  reduced o r  r e d i r e c t e d  due t o  changing emphasis and t i m e  
schedules  i n  NASA's o v e r a l l  space program, and t o  permit  t h e  i n c l u s i o n  of 
h i g h e r  p r i o r i t y  e f f o r t s .  I n  t h e  area of propuls ion ,  t h e  space s t o r a b l e  pr0gra.m 
i s  being terminated because it:s a p p l i c a t i o n  t o  t h e  p l a n e t a r y  program h.as moved. 
downstream s i g n i f i c a n t l y .  The s o l i d  rocke t  motor, e l e c t r i c  a u x i l i a r y  propuls ion ,  
and solar. e l e c t r i c  propuls ion  e f f o r t s  are being moved back t o  t h e  R&T Base a t  
reduced 7.eveI.s f o r  similar reasons , whi le  t h e  synchronous laser cmmuni.cat%on 
Program, p r e v i o u s l y  included i.n t h e  FY 1973 program, has  been terminated due 
t o  t h e  ca.ncel3.at.ion of t h e  ATS-G s a t e l l i t e  on which i t  was  scheduled t o  fly. 

This  e f f o r t  w i l l  be  aimed at: 
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The FY 1974 program w i l l  a l s o  cont inue  e f f o r t s  t o  d e f i n e  s p e c i f i c  pub l i c  
s e c t o r  problems t o  which space technology can be  app l i ed ,  t o  develop concep- 
t u a l  s o l u t i o n s ,  and t o  demonstrate t h e  f e a s i b i l i t y  of s e l e c t e d  concepts .  
This a c t i v i t y  i s  funded under t h e  a p p l i c a t i o n s  technology ( c iv i l  app l i ca -  
t i o n s )  program i t e m .  

I n  : ;um.?y:,  t h e  Space Research and Technology program shows an  o v e r a l l  
reduct ion  in the  Systems and Experimental Programs ca tegory  and a correspond- 
ing  inc rease  i n  t h e  R&T Base. This  i s  t h e  r e s u l t  of t h e  s e v e r a l  migra t ions  
t o  t h e  R&T Base ind ica t ed  p rev ious ly  p l u s  some o f f s e t t i n g  t e rmina t ions  and 
new a d d i t i o n s  t o  t h e  l i s t  of experimental  programs. The n e t  effect :  i s  t h e  
s a m e  1.evel. of e f f o r t  f o r  t he  remainder of t h e  R&D Base i n  FY 1974 t h a t  w a s  
programmed i n  FY 1973. 
between the  amount of e f f o r t  devoted t o  t h e  fundamental technology encompassed 
by t h e  R&T Base and t h e  nearer term o b j e c t i v e s  of t h e  Systems and E:xperimerital 
Programs. 

BAS IS OF FUND REQUIREMENTS : 

The proper  ba lance  w i l l  cont inue  t o  be sought 

--- 
Research and Technology Base - 

1972 

Mate r i a l s  r e sea rch  and technology. $8,700,000 
S t r u c t u r e s  r e sea rch  and technology 9,000,000 
Guidance, c o n t r o l  and information.  

systems research  and technology. 14,065,000 
Propuls ion research  and technology 15,300,000 
Power research  and technology ..... 7,500,000 
Entry r e sea rch  and technology..... 8,300,000 
Sa fe ty  r e sea rch  and technology.... 1,700,000 

Total . . . . . . . . . . . . . . . . . . . . . . . .  ... $64,565,000 

1973 

$6,360,000 
5,275,000 

12,330,000 
9,380,000 
6,898 , 000 
8,532,000 

650,000 

$49,425,000 

1974 

$6,530,000 
5 , 7 2 1,000 

13 , 81 6 , 000 
1 2 ,8 5 9 , 000 

6,448,000 
9,301,000 

- - ._ 

Materials -- Research and Technolopy 

The m a t e r i a l s  program f o r  space combines b a s i c  r e sea rch ,  d i s c i p l i n e  r e sea rch  
and technology, and systems r e s e a r c h  and technology i n t o  a n  i n t e g r a t e d  e f f o r t  
which i s  focused toward fu lEi l lment  of NASA's needs f o r  present: and f u t u r e  
space missions.  The more bas i c  r e sea rch  i s  d i r e c t e d  toward s o l u t i o n  of 
m a t e r i a l s  pro3lems t o  enhance t h e  c a p a b i l i t y  f o r  bo th  advanced d i s c i p l i n a r y  
and systems research  and technology. Although a primary goal  i s  r e sea rch  and 
technology i n  prepara t ion  f o r  f u t u r e  miss ions ,  a l a r g e  p o r t i o n  of t h e  program 
i s  i n  support  of cu r ren t  space e f f o r t s .  
t o  t h e  s h u t t l e  akd r e l a t e d  experimental  programs by work on s h u t t l e  materials 
and thl? e f  Eec ts of environmental  hazards  on materials. The unmanned prograrns 
r ece ive  sup3ort  from programs concerned w i t h  materials behavior i n  e a r t h  
o r b i t a l  sy:; terns technology. 

Direct suppor t  i s  given,  f o r  example, 
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During FY 1!274 b a s i c  materials r e sea rch  w i l l  cont inue  t o  seek increased  
Understanding of t he  e l e c t r o n i c ,  molecular ,  and atomic s t r u c t u r e s  of s o l i d s  
and surface:;  and r e l a t i n g  t h i s  understanding t o  material p r o p e r t i e s .  Such 
r e sea rch  w i l l  a i d  i n  the  development of materials and devices  f o r  both manned 
and unmanned spacec ra f t .  

Development of materials capable  of wi ths tanding  t h e  hazards  of t h e  space 
environment w i l l  be continued. Improvements i n  h e a t  p ipes  and thernlal c o n t r o l  t 

su r faces  wi:!1 be inves t iga t ed .  The meteoroid environment w i l l  a l s o  cont inue  
t o  be measui:ecl. High temperature  materials w i l l  be i n v e s t i g a t e d  f o r  t h e  
r e e n t r y  theimal p r o t e c t i o n  systems of advanced spacec ra f t .  High temperature  
bear ings ,  seal .s ,  and lubr icamts  w i l l  a l s o  be s t u d i e d  f o r  a p p l i c a t i o n  t o  r o t a t -  
i ng  mac:hinery and aerodynamic c o n t r o l  systems. Composite materials w i l l  a l s o  
be designed and f a b r i c a t e d  t o  reduce t h e  weight of s p a c e c r a f t  and thei.r 
payloads.  

S t r u c t u r e s  I t g e a r c h  and Technology 

The space s t r u c t u r e s  R&T program primary o b j e c t i v e s  involve  development of 
new s t r u c t u r e s  concepts ,  advanced a n a l y t i c a l  methods, and experimental  tech-  
n iques  needed f o r  f u t u r e  space systems. 
advances i s  explored i n  pre l iminary  des ign  and experimental  i n v e s t i g a t i o n s  t o  
demonstrate performance and provide  s o l u t i o n s  t o  p o t e n t i a l  problems. The 
r e s u l t s  of some of t hese  a c t i v i t i e s  are a p p l i c a b l e  t o  c u r r e n t  a i d  near - te rm 
space s y s t e m  and o t h e r s  t o  advanced systems r e q u i r i n g  new approaches t o  
achieve  f e a s i b i l i t y  o r  enhance c a p a b i l i t y .  

App l i ca t ion  of t h e s e  technology 

A major p o r t i o n  of t h e  r e c e n t  e f f o r t  has been devoted t o  space s h u t t l e  
s t r u c t u r a l  des ign  and dynamics technology. I n  FY 1974,  t h e  magnitude of 
s h u t t l e  a c t i v i t i e s  i n  t h i s  program w i l l  be  decreased;  those  remaining w i l l  
be concent ra ted  on v e r i f i c a t i o n  of i n t e g r a t e d  thermal p r o t e c t i o n  systems and 
s t r u c t u r e  by eKperiments i n  unique NASA f a c i l i t i e s  and on c r i t i ca l  dynamic 
f a c t o r s  r e l a t e d  t o  s h u t t l e  development. 

I n  s t ruc tura .1  dynamics, emphasis w i l l  be  g iven  t o  reducing the  c o s t  of 

The c o n t r o l  of 
s p a c e c r a f t  through improvements i n  loads  p r e d i c t i o n  and response techniques 
and through more r a t i o n a l  q u a l i f i c a t i o n  tes t  procedures .  

. l iqu id-s t ruc : ture  i n t e r a c t i o n s  and h igh  temperature  e f f e c t s  on v i b r a t i o n  w i l l  
a l s o  be inves t iga t ed .  
space Vehicle  Design (IPAD) program w i l l  begin,  and t h e  maintenance and 
improvement program f o r  NASA S t r u c t u r a l  Analysis  (NASTRAN) w i l l  con t inue ,  
inc luding  t h r e e  dimensionial h y d r o e l a s t i c  c a p a b i l i t y  i n  support: of  t h e  s h u t t l e  
veh ic l e .  

The development of t h e  I n t e g r a t e d  Progran f o r  Aero- 
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S i g n i f i c a n t l y  increased  emphasis i s  needed i n  such areas as s t r u c t u r a l  
concepts  f o r  l a r g e  space -e rec t ab le s ,  s h u t t l e  payloads,  and composite s t r u c -  
t u r e s  unique t o  space systems. F a b r i c a t i o n  of l a r g e r  models of f u r l a b l e  
antennas f o r  p l a n e t a r y  missions w i l l  be  undertaken t o  permit  l abo ra to ry  
experiments tlrhj-ch w i l l  confirm t h e  technology r ead iness  f o r  f u l l - s c a l e  design 
of l a r g e  antenria s t r u c t u r e s .  

E f f o r t s  w i : l 1  be expanded on development and t e s t i n g  of p re s su re  v e s s e l s  
and o t h e r  space system s t ruc t :ures  us ing  advanced composites. ( In  s t r u c t u r a l  
dynamics;, a d d i t i o n a l  emphasis w i l l  be  given t o  v i b r a t i o n  environments, con t ro l  
and isol .a t ion of v i b r a t i o n ,  high-temperature  e f f e c t s ,  and c o n t r o l  of l i q u i d -  
s t r u c t u r e  i n t e r a c t i o n s ,  automated des ign  methods, and f i n i t e  element a n a l y s i s  
techniques.)  
of many s h u t t l e  payloads as well as o t h e r s  t o  be launched p r i o r  t o  shut : t le  
ope ra t iona l  avai l a b  i 1 i t y  . 

These problem areas w i l l  be  c r i t i c a l  f o r  des ign  and ope ra t ion  

Guidance, Control  - and Information Systems Research and Technology 

E l e c t r o n i c  devices  and s y s t e m s  provide  t h e  i n t e r f a c e s  between man and 
machine which permit  inanimat:e v e h i c l e s  and mechanical systems t o  perform as 
ex tens ions  of man's i n t e l l e c t :  i n  a l i e n  o r  h o s t i l e  environments. Research and 
developnient act: ivit ies i n  t h e  guidance, c o n t r o l  and information systems 
program are d i r e c t e d  toward a t t a i n i n g  reduced c o s t ,  increased  r e l i a b i l i t y ,  
improved performance and new c a p a b i l i t i e s  f o r  t h e  e l e c t r o n i c  systems used i n  
space exp lo ra t ion  and a p p l i c a t i o n  programs. Program emphasis c e n t e r s  on the  
development of technology t o  enhance the  d e t e c t i o n ,  t r a n s f e r  and t r a n s l a t i o n  
of d a t a  i n t o  u s e f u l  information,  guidance and c o n t r o l  systems f o r  long- l ived  
e a r t h  o r b i t a l  and p l a n e t a r y  spacec ra f t ,  and t h e  e l e c t r o n i c  components and 
techniques used t o  create func t iona l  systems. 

During FY 1974, development of new e l e c t r o n i c  devices  f o r  sens ing ,  s t o r i n g  
and d i sp lay ing  information w i l l  cont inue  wi th  emphasis on s o l i d  s t a t e  d i s p l a y s  
and m a t e r i a l s  f o r  o p t i c a l  mass memories. Advances i n  r o b o t i c s  arid a r t i f i c i a l  
i n t e l l i g e n c e  w i l l  be app l i ed  t o  a n  autonomous roving v e h i c l e  t o  twalu.ate 
problems and demonstrate p o t e n t i a l  u t i l i t y .  Development of low c o s t  guidance, 
c o n t r o l  and s t a b i l i z a t i o n  systems w i l l  cont inue  wi th  emphasis on s tandard ized ,  
modular components f o r  e a r t h  o r b i t a l  and p l a n e t a r y  spacec ra f t .  Research on 
o p t i c a l  memory systems and processors  t o  provide  s t o r a g e  and handl ing  capabi l - .  
i t i e s  f o r  the l a r g e  masses of d a t a  t o  be encountered i n  ope ra t iona l  e a r t h  
observa t ion  sa te l l i t es  w i l l  cont inue.  Development of components and techni -  
ques f o r  improving the  ga in ,  bandwidth and t r a n s m i t t e r  power of riicroisave 
communication systems w i l l  cont inue  wi th  p a r t i c u l a r  emphasis on h igher  
frequency systems t o  conserve bandwidth and provide  expanded c a p a b i l i t y  f o r  
ope ra t iona l  systems. Research on lasers and development of  o p t i c a l  components 
t o  provide v e r y  wide band, h igh  d a t a  rate o p t i c a l  communication ].inks between 
e a r t h  o r b i t a l  sa te l l i t es ,  d a t a  r e l a y  satel l i tes  and ground s t a t i o n s  w i l l  be 
pursued. 
i n t e g r a t e d  c i r c u i t  a r r a y s  t:o reduce c o s t s  and provide  l o n g - l i f e ,  r e l i a b l e  

A program t o  automate t h e  f a b r i c a t i o n  and t e s t i n g  of l a r g e  :scale 
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e l e c t r o n i c  components and subsystems w i l l  be  i n i t i a t e d .  Development of high 
r e s o l u t i o n  senso r s  f o r  p l a n e t a r y  imaging and remote measurement of environ- 
mental  c h a r a c t e r i s t i c s  of t h e  e a r t h  w i l l  cont inue  wi th  emphasis on the  
a p p l i c a t i o n  of s o l i d  s t a t e ,  tunable  lasers and charge-coupled-devices tech-  
nology. Techniques, sensors  and systems t o  improve t h e  accuracy and flex- 
i b i l i t y  of deep space guidance and nav iga t ion  systems w i l l  be developed t o  
permi t  e x p l o r a t i o n  of t h e  o u t e r  p l ane t s .  A program t o  improve r e l i a b i l i t y  
and lower costs  of on-board d a t a  s t o r a g e  systems w i l l  be  i n i t i a t e d  wi th  
emphasis on t h e  d e f i n i t i o n  of  system c h a r a c t e r i s t i c s  and t h e  a p p l i c a t i o n  of 
magnetic "bubble" memory technology as a s o l i d  s ta te  replacement f o r  mechanical 
t ape  r eco rde r s .  Coordinat ion of t h e s e  r e sea rch  and development a c t i v . i t i e s  w i l l  
be e f f e c t e d  through formal and informal  in te rchanges  wi th  o ther  Government 
agencies  and . joint  support  of in te ragency  advisory  groups where appropr i a t e .  

Propuls ion -- l iesearch and Technology 

The broad o b j e c t i v e s  of t h e  chemical and e l e c t r i c  propuls ion  research  and 
technology program are: (1) t o  d iscover  and explore  very  advanced concepts  
lead ing  t o  na:lor i nc reases  i.n space v e h i c l e  performance; (2)  to advance t h e  
key component technologies ;  and, ( 3 )  t o  e v a l u a t e  and demonstrate the  f eas -  
i b i l i t y  of s e l e c t e d  advanced systems. P a r t i c u l a r  emphasis i s  being p laced  o n  
f a c t o r s  such a s  r e u s a b i l i t y  and s t a n d a r d i z a t i o n  t h a t  w i l l  l ead  t o  reduced 
f u t u r e  mission c o s t s .  

I n  FY 197L- t h e  advanced concepts  program w i l l  focus on atomic and m e t a l l i c  
hydrogen, l a s e r  h e a t i n g  of p r o p e l l a n t s ,  and a c t i v a t e d  spec ie s  of helium and 
oxygen i n  a search  f o r  chemical rocke t  performance i n  t h e  spec iEic  impulse 
range of 500-2000 seconds,  Experimental hardware designed i n  FY 1973 f o r  
producing s e v e r a l  of t h e  a c t i v a t e d  spec ie s  i n  ve ry  small q u a n t i k i e s  w i l l  be 
b u i l t  and t e s t e d .  

Work w i l l  cont inue  on t h e  pacing technologies  f o r  chemical rocke t s ,  ranging 
from resea rch  on combustion, f l u i d  dynamics and polymer chemistry,  t o  t he  
technology o f  l o n g - l i f e  components and materials, zero-g propelLant t r a n s f e r ,  
and very  h igh  mss f r a c t i o n  s o l i d  motors. 

The e l e c t r i c  propuls ion  r e sea rch  and technology program i s  aimed a t  
inc reas ing  performance through a b e t t e r  understanding of i on  and plasma 
a c c e l e r a t i o n ,  t h r u s t e r  l o s s  mechanisms and d u r a b i l i t y  l i m i t s .  Basic s t u d i e s  
of ion  o p t i c s ,  magnetic f i e l d  e f f e c t s ,  etc. ,  w i l l  be cont inued i n  FY 1974. 
I n  a d d i t i o n ,  t h e  technology of l o n g - l i f e ,  vec to rab le  t h r u s t e r s  t o  ope ra t e  
a t  more than  double p re sen t  t h r u s t  d e n s i t i e s  w i l l  be developed. Tests 
explor ing  e fEec ts  of engine c l u s t e r i n g  w i l l  be  completed i n  F Y  1974 and t h e  
use  of a l t e r n a t e  p r o p e l l a n t s  w i l l  be inves t iga t ed .  S p e c i a l  emphasis w i l l  
cont inue  t o  be given t o  vehic: le /solar  e l e c t r i c  propuls ion  subsystem c:haracter.- 
i z a t i o n  and ope ra t iona l  support  sof tware  requirements  a s s o c i a t e d  wi th  low 
t h r u s t  missi.ons. 
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The system eva lua t ion  and f e a s i b i l i t y  program w i l l  cont inue  toward the  
u l t i m a t e  goal. of demonstrating: (1) reusab le  oxygen-hydrogen technology 
leading  t o  470-second s p e c i f i c  impulse and h igh  mass f r a c t i o n s  f o r  app l i ca -  
t i o n s  such as a Space Tug; ( 2 )  a modular e lec t r ic  primary propuls ion  system 
capable  of performing d i f f i . c u l t  f u t u r e  missions such as cometary rendezvous, 
direct :  f lybys  t o  t h e  o u t e r  p l a n e t s  i n  any yea r ,  o r  geosynchronous niissions 
t h a t  are not  p r a c t i c a l  w i t h  e x i s t i n g  launch v e h i c l e s  o r  a s i n g l e  1a.unch 
S h u t t l e ;  arid ( 3 )  e l e c t r i c  a u x i l i a r y  (station-keeping/altitude c o n t r o l )  
propul.sion, inc luding  li.Ee t e s t i n g  of nor th-south  s t a t ion -keep ing  ion  engine 
experiments t o  be flown on t h e  ATS-F s p a c e c r a f t .  I n  a d d i t i o n ,  grou.nd tes t i .ng  
and eva1uat:ion of s m a l l  pu lsed  and hydraz ine  r e s i s t o j e t  a t t i t u . d e  cont:rol  
t h r u s t e r s  w i l l  be c a r r i e d  out .  

Included i n  t h e  propuls ion  program i s  a s a f e t y  r e s e a r c h  e f f o r t  t o  o b t a i n  $3 
b e t t e r  understanding of t h e  hazards ,  and t o  improve t h e  s a f e t y  of NASA and con- 
t r a c t o r  opera t ions  a s s o c i a t e d  wi th  cryogenic  p r o p e l l a n t s  and r e l a t e d  systems. 

Power -- Research and Technology 

The o b j e c t i v e s  of t h e  s o l a r  and chemical power technology program i n  t h e  
next  s i x  years  are to :  (1) reduce system c o s t s  by 50%; (2)  reduce system 
weight by 50%; (3)  i nc rease  system e f f i c i e n c y  100%; and (4) i n c r e a s e  system 
l i f e  by 100%. The r e s u l t s  of t h e s e  a c t i v i t i e s  w i l l  be t o  reduce t h e  c o s t s  
of s p a c e c r a f t  power syste.ms both d i r e c t l y  and i n d i r e c t l y .  Imp1-oved uni formi ty ,  
r e p r o d u c i b i l i t y  and r e l i a b i l i t y  of devices  w i l l  reduce t h e  need f o r  t e s t i n g  
ar'd e v a l u a t i o i ,  r i c t i v i t i e s  whose c o s t s  f a r  exceed those  of t he  devices  being 
t e s t e d .  Longer s h e l f  l i f e  and cyc le  l i f e ,  h ighe r  r a d i a t i o n  r e s i s t a n c e ,  ana 
reduced weight ,  a l l  necessary  f o r  deep space e x p l o r a t i o n  i n  any case ,  w i l l  
b e n e f i t  o r b i t a l  missions,  a l s o ,  by reducing t h e  need f o r  redunclancy and f o r  
r e p a i r  and replacement of p a r t s  o r  even t o t a l  s p a c e c r a f t .  

The p r i n c i p a l  goal  i n  t h e  s o l a r  area i s  t o  c u t  c o s t s  by a t  l e a s t  !io';/,, 
whi le  a l s o  doubling r a d i a t i o n  r e s i s t a n c e  and ob ta in ing  50% more power dens i ty .  
Emphas is ai: L e w i s  Research Center i s  on new c e l l  types ,  wrap-around c o n t a c t s ,  
and p l a s t i c  covers.  Je t  Propuls ion Laboratory i s  s t r e s s i n g  the  50 a r a t t l l b  
a r r a y ,  s tandard  module design,  and coord ina t ing  s t a n d a r d i z a t i o n  e f f o r t s  on 
a nation-wide b a s i s .  
wh i l e  i-ncreasj.ng s t a c k  l i f e  t:o 10,000 hours.  L e w i s  Research Center  i s  working 
on improved ccimponents , such as c a t a l y s t s  and matrices, wh i l e  i d e n t i f y i n s  
present: lif-e- I imi t ing  f a c t o r s  and searching  f o r  ways t o  e l i m i n a t e  them. 

Work on f u e l  c e l l s  a i m s  a t  c u t t i n g  costs /kw by 90% 

Ba t t e ry  eSfclrts are d i r e c t e d  towards doubl ing energy d e n s i t y  and lif 'e; and 
towards developing a c a p a b i l i t y  f o r  r e l i a b l e  l i f e  p r e d i c t i o n .  
i s  pursued a t  Goddard Space F l i g h t  Center by improvements i n  q u a l i t y  conLrol and 
dev i s ing  new t e s t  methods, L e w i s  Research Center  i s  developing t h e  l i g h t e r  
weight b a t t e r i e s  and tougher s e p a r a t o r s  needed f o r  t h e  f i r s t  t w ~  goa ls .  J e t  
Propuls ion  Laboratory i s  working on non-gassing c e l l s  as w e l l  a s  p l a s t i c  
seals, both aimed a t  very  long s tand  and ope ra t ing  l ives  f o r  detsp space 
missions.  

This las t  goa.l 
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Corrrpreherisive ana lyses  have shown t h a t  s i g n i f i c a n t  b e n e f i t s  , p a r t . i c u l a r l y  
i n  rel-iabi:-it:y, and inc reased  power c a p a c i t y ,  as w e l l  as reduced o v e r a l l  
power system c o s t  and weight,  are r e a l i z a b l e  through use  of a h ighe r  v o l t a g e  
d.c. electi-ic power process ing  and d i s t r i b u t i o n  subsystem. Power p rocess ing  
r e sea rch  arid development w i l l  focus on t h e  technology f o r  v o l t a g e  transforrna- 
t i o n  and r egu la t ion ,  and continued development of needed c o n t r o l  and p r o t e c t i o n  
devices  f o r  multi-kw, h ighe r  v o l t a g e  d.c. e l e c t r i c  power sys t ens .  

Entry Research and Technology 

The o b j e c t i v e s  of t h e  e n t r y  technology program are d i r e c t e d  toward an  
understanding and t i m e l y  s o l u t i o n  of aerothermodynamic and h e a t  p r o t e c t i o n  
problems r e l a t i n g  t o  des ign  and o p e r a t i o n  of p l a n e t a r y  probe s p a c e c r a f t  and 
e a r t h - o r b i t a l  veh ic l e s .  The program i s  composed of t h r e e  elements:  b a s i c  
r e sea rch  wt-ich i s  d i r e c t e d  toward a t t a i n i n g  a b e t t e r  unders tanding  of t h e  
behavior a r d  p r o p e r t i e s  of h igh  energy f l u i d  flows a s s o c i a t e d  w i t h  spacecraEt 
f l i g h t ;  d i s c i p l i n e  r e sea rch  and technology, which d e a l s  w i th  t h e  development 
of new aercdynamic and hea t  p r o t e c t i o n  system technology r equ i r ed  f o r  e a r t h -  
o r b i t a l ,  p l a n e t a r y  s p a c e c r a f t ,  and launch v e h i c l e  des ign  and ope ra t ion ;  and 
e n t r y  system technology, which i s  aimed a t  gene ra t ing  aerotherrnodynamic 
technology suppor t  f o r  major NASA f l i g h t  programs and miss ions  such as t h e  
Space S h u t t l e  and p l a n e t a r y  e x p l o r a t i o n  probes. 

Using va r ious  aerothermodynamic r e sea rch  f a c i l i t i e s  and high-speed advanced 
computers, sone of t h e  major t a s k s  i n  b a s i c  r e s e a r c h  t o  be  c a r r i e d  out  by the 
Ames and Langley Research Centers and t h e  J e t  Propuls ion  Laboratory w i l l  d e a l  
w i t h  s tudy  and a n a l y s i s  of equ i l ib r ium and nonequi l ibr ium flow f i e l d s ,  high 
temperature gas transport . ,  and shock l a y e r  convec t ive  and r a d i a t i v e  h e a t  
t r a n s f e r .  These Centers w i l l  a l s o  conduct exper imenta l  and a n a l y t i c a l  inves-  
t i g a t i o n s  t o  determine aerodynamic s t a b i l i t y ,  c o n t r o l ,  and performance of 
p l a n e t a r y  probes and advanced e a r t h - o r b i t a l  v e h i c l e s  w i th  emphasis Ion t h e  
des ign  of a b l a t i v e  h e a t  s h i e l d s  f o r  p r o t e c t i o n  a g a i n s t  ve ry  high r a d i a t i v e  
hea t ing  dur ing  p l a n e t a r y  en t ry .  Extens ive  wind tunne l  t e s t i n g  w i l l  be c a r r i e d  
ou t  i n  support  of t h e  Space S h u t t l e  t o  e v a l u a t e  v e h i c l e  aerodynamic hea t ing ,  
s t a b i l i t y ,  performance and c o n t r o l ,  and t r a j e c t o r y  parameters.  The Ames and 
Langley Research Centers w i l l  a l s o  c a r r y  out  a coord ina ted  program to e v a l u a t e  
and t e s t  r eusab le  s u r f a c e  i n s u l a t i o n  S h u t t l e  h e a t  s h i e l d s .  A s  t h e  r equ i r ed  
suppor t  f o r  t i e  S h u t t l e  becomes less demanding, r e sea rch  e f f o r t s  w i l l  s h i f t  
t o  development of technology f o r  advanced e a r t h - o r b i t a l  v e h i c l e  des ign .  

%;terns and Design S t u d i e s  

1972 1973 1974 -~ 

Sys terns and Design S tud iea . .  . . . . . . . $700,000 $1,230,000_ $1.,300,000 
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Systems and Design S t u d i e s  

The advanced concepts and missions s t u d i e s  he lp  promote t h e  success fu l  
t r a n s f e r  of technology produced i n  t h e  R&T Base i n t o  t o t a l  systems f o r  f u t u r e  
experimenta.1 programs. Such ana lyses  examine new t echno log ie s ,  v e h i c l e s  and 
miss ions ,  t h e i r  t e c h n i c a l  requirements as w e l l  as a n t i c i p a t e d  n a t i o n a l  needs, 
and s e r v e  t o  assess promising op t ions  inc lud ing  c o n s t r a i n t s  such as t i m e  and 
funding alc'ng wi th  ext,ernal f a c t o r s .  
t h e  ongoing R&T Base program. 

Such s t u d i e s  a l s o  provide  feedback t o  

The r e s u l t s  of t h e  space systems s t u d i e s  a i d  i n  t h e  sc reen ing  and s e l e c t i o n  
of promising approaches t o  important problems and t h e i r  s o l u t i o n s  from a v a s t  
a r r a y  of a l t e r n a t i v e s .  Such s t u d i e s  he lp  d e f i n e  o b j e c t i v e s  and p r i o r i t i e s .  
They provide  a n a l y t i c a l  measures of expected outcomes of cand ida te  programs 
be fo re  c o s t l y  investment i s  made i n  hardware and t e s t i n g .  They i d e n t i f y  
a t t r a c t i v e  op t ions  and "high payoff" areas and sugges t  f u t u r e  des ign  s tudie : s .  

I n  FY 1974 cons iderable  e f f o r t  w i l l  be a p p l i e d  t o  t h e  s tudy  of u s e r  i n t e r -  
a c t i v e  systems and system concepts  t o  achieve  improved performance a t  lower 
c o s t s .  The development of new system a n a l y s i s  t o o l s  w i l l  Luliti.nue, i n  orde:r. 
t o  meet t h e  n'eeds f o r  developing b e t t e r  methods f o r  mission ana.lysi:; and 
computerized systems engineer ing  techniques.  

New and innovat ive  concepts  w i l l  con t inue  t o  r e c e i v e  a t t e n t i o n .  Spec ia l  
emphasis w i l l  be  p laced  on t h e  u t i l i z a t i o n  of space i n  terms of removing 
t e c h n i c a l  and economic c o n s t r a i n t s  by i d e n t i f y i n g  t h e  b e n e f i t s  and payoffs  
poss ib  Le i n  t h e  f u t u r e  through new space technology, 
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%:ems and Experimental Programs 

System Technology Programs.. ..... 
High energy laser technology.. . 
- F1 igh t E:xp eriment Programs. ...... 

A.tmospheric f l i g h t  experiment.. 
(SPH1h.X) Space plasma high 

v o l t a g e  i n t e r a c t i o n  exper i -  
ment. . . . . . . . . . . . .  ............ 

Meteoroid technology sa te l l i t e .  
Synchronous laser communica- 

t i o n s  experiment. ............ 
SpacecraftIPayload Programs - ...... 

Low c o s t  payloads .............. 
Space s tDrab le  p ropu l s ion , .  .... E l e c t r i c  a u x i l i a r y  propuls ion . .  

T ranspor t a t ion  Programs. .......... 
S o l i d  rocket motors.. ........... 
S o l a r  e l e c t r i c  propuls ion . .  .... 

Appl ica t  ions Technology. .......... 
C i v i l  iip1)l i c a t  ions .  ............ 

suppor t . .  .................... Ap p 1 i c i3 t i ons d a t a s y s t e m s  

Tota l . . . . . . . . . . . . . . . . . .  ...... 

1972 

- - -  

$1,500,000 
700 , 000 

800 , 000 

3 , 200 , 000 

1 , 400 , 000 
1 , 800 , 000 

- - -  

2,400 , 000 
1 , 300 , 000 
1,100,000 

2,000,000 
2 , 000 , 000 

$9,100,000 

197 3 1974 

$467,000 $1,500,000 
1,500,000 467 , 000 

4 , 8 1 5  , 000 
1 , 068 , 006 

- 1,225,000 
1 , 050 , 000 

593,000 7 4  , 000 
154,000 101,000 

3 , 000 , 000 - _.- 

2,920,000 - 3,100 , 000 

690 , 000 
2 , 230 , 000 

- - -  3 , 100 , OC% 
- .. - 
- .. - 

- _. - -_- 2 , 653 , 000 
1 ,08 1 , 0 06 
1 , 5 7 2 , 0 OCi 

- .. - 
-_.- 

3,250 , 000, 3,200 , 000 
1,987,000 1 , 7  00 , Ots 

1 , 263,000 - 1 , 500,000 _- 

$14,105,000 $9,025,000 -- -- -- - -- 

%stem Technology Programs 

High Ehergy Laser Technology 

The r e l a t i \ e l y  new f i e l d  of high energy lasers has  expanded r ap id ly  and 
has given prcmise of a wide range of a p p l i c a t i o n s .  The a b i l i t y  of lasers 
t o  transmit i n t e n s e  beams o f  energy over g r e a t  d i s t a n c e s  opens i n t e r e s t i n g  
p o s s i b i l i t i e s  f o r  space missions.  S a t e l l i t e s  may r e c e i v e  power from a laser 
beam t r ansmi t t ed  from a c e n t r a l  power source.  O r b i t - t o - o r b i t  s h u t t l e s  and 
o t h e r  s p a c e c r a f t  may be p rope l l ed  by laser powered rocke t  motors. 

To i n v e s t i g a t e  t h e  app l . i cab i l i t y  of h igh  energy lasers t o  q i s s i o n s  i n  
space,  NASA i s  conducting a laser technology program wi th  emphasis given t o  
t ransmiss ion  o f  power by h igh  energy lasers i n  space.  
on the  technology r equ i r ed  t o  provide  long- l ived  laser systems t o  ope ra t e  i i r i  

Major emphasis w i l l  5e 
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t h e  space environment, and r e sea rch  on high-energy (short-wavelength) laser 
concepts artd r ece ive r / conve r t e r  concepts  t o  t ransform laser beams t o  e l ec -  
t r i c a l  energy o r  t h r u s t .  S t u d i e s  w i l l  a l s o  be conducted of l a r g e  s i z e  
o p t i c a l  systems t o  determine t h e  d i s t a n c e  l i m i t s  f o r  t r a n s m i t t i n g  l a s e r s  
beams of s e v e r a l  d i f f e r e n t  wavelengths. This technology e f f o r t  i s  a l l i e d  
w i t h  t h e  r e sea rch  on lasers conducted i n  t h e  e l e c t r o p h y s i c s  r e sea rch  program 
and w i l l  mske f u l l  use of l a s e r  technologies  be ing  e s t a b l i s h e d  throughout the 
Nation under laser programs i n  o t h e r  agencies.  

-- F l i g h t  Experiment Programs 

Atmospheric F l i g h t  Experiments --- 
Following completion of t h e  M2-F3 Lift ing-Body f l i g h t  researc!; program i n  

mid-FY 1 9 7 3 ,  a new v e h i c l e  des ign  w i l l  be eva lua ted  i n  a ser ies  of € l i g h t  
t e s t s  a t  t h e  F l i g h t  Research Center.  F l i g h t  test,s and suppor t ing  work w i l l  
be conducted m d e r  a new program des igna ted  t h e  e n t r y  technolog,y conf igura-  
t i o n  prograln. The v e h i c l e  is des igna ted  t h e  X-24B and i s  basec on extensivt: 
work c s r r i e d  lout by t h e  A i r  Force F l i g h t  Dynamics Laboratory.  Information 
i s  needed on terminal a r e a  performance (low supersonic  speeds t o  landing)  
of conf igu ra t ions  p o t e n t i a l l y  a p p l i c a b l e  t o  advanced spacec ra f t  and h igh  
performance f i g h t e r  a i r c r a f t .  

The ].ow supersonic  and subsonic aerodynamic c h a r a c t e r i s t i c s  of the  X-24B 
w i l l  b e  eva:.uated i n  a j o i n t  program between NASA and t h e  A i r  Force. The 
program w i l - .  be  c a r r i e d  ou t  by t h e  F l i g h t  Research Center and w i l l  span 
approxj.mate1.y two yea r s  from t h e  f i r s t  scheduled f l i g h t  i n  l a te  FY 1973. 
The X-il4B v e h i c l e  was f a b r i c a t e d  by mod i f i ca t ion  of t h e  X-24A p rev ious ly  
used i n  t h e  l i f t i n g - b o d y  f l i g h t  r e s e a r c h  program. The v e h i c l e  has a l i f t  
over drag  r a t i o  (L/D) of approximately 2.5. A launch mode s imi l a r  t o  t h a t  
used i n  prev ious  l i f t i n g - b o d y  f l i g h t  t es t s  w i l l  be used. Ob jec t ives  of t h e  
f l i g h t  test program are t o :  assess performance, handl ing  q u a l i t i e s ,  and 
ope ra t iona l  f a c t o r s ;  t o  determine c o n t r o l  c h a r a c t e r i s t i c s  and assess r equ i r e -  
ments f o r  ftitLre v e h i c l e s ;  and t o  determine and assess any unpredicted problems. 

(SPHINX:) Spz.ce P l a s m a  H i &  - Voltage I n t e r a c t i o n  Experiment 

The o b j e c t i v e  of t h e  SPHINX p r o j e c t  i s  t o  o b t a i n  engineer ing  and f l i g h t  
d a t a  necessary t o  des ign  h igh  v o l t a g e  systems t h a t  can be exposed d i r e c t l y  
t o  t h e  space environment such as f o r  communication s a t e l l i t e s .  I n  a d d i t i o n ,  
i t  i s  expected t h a t  t h e  f l i g h t  d a t a  w i l l  s e r v e  as a r e fe rence  set f o r  f u t u r e  
ground t e s t i n g  , 

The SPHINX p r o j e c t  c o n s i s t s  of p lanning ,  developing, q u a l i f y i n g ,  and f l y i n g  
a s m a l l  (165 lb . )  s e l f - c o n t a i n e d ,  a u x i l i a r y  s a t e l l i t e  us ing  t h e  Ti tan /Centaur  
proof f l i g h t  as t h e  launch v e h i c l e  i n  1974. It  w i l l  c a r r y  experiments t o  
i n v e s t i g a t e  t h e  i n t e r a c t i o n  between high v o l t a g e  (up t o  1 6 K V )  s u r f a c e s  and 
t h e  space plasma. Project: management i s  a t  t h e  L e w i s  Research Center.  
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During FY 1973, t e s t i n g  of t h e  dynamic model of t h e  s p a c e c r a f t ,  and of 
t h e  f l i g h t  configured experimental  system package (ESP) and s p a c e c r a f t  bus 
w e r e  completed. I n  FY 1974, f i n a l  assembly of t h e  ESP wi th  t h e  s p a c e c r a f t  
bus and t h e i r  q u a l i f i c a t i o n  as a complete s p a c e c r a f t  w i l l  be completed wi th  
d e l i v e r y  t o  t h e  Eas t e rn  T e s t  Range (ETR) scheduled f o r  t h e  end of FY 1973. 

Meteoroid lechnolopy S a t e l l i t e  -- 
A t  1 1 : l O  a.n. EDT on August 13, 1972 t h e  Meteoroid Technology S a t e l l i t e  

(MTS) was launched from Wallops I s l and  by a fou r - s t age  Scout D launch v e h i c l e  
i n t o  a n  e l l i p t i c a l  o r b i t  w i t h  a p e r i g e e  of 495.8 km (268 nm) and an  apogee of 
814.5 km (440 nm). The o r b i t  i n c l i n a t i o n  i s  a nominal 38 degrees  and t h e  
o r b i t a l  per iod  approximately 98 minutes. The s p a c e c r a f t  i s  expected to  have 
a minimum Lifetime of one year .  The primary o b j e c t i v e  of t h e  MTS i s  t o  
e v a l u a t e  t h e  e f f e c t i v e n e s s  of a t y p i c a l  bumper-protected m u l t i - s h e e t  space- 
c r a f t  s t r u c t u r e  f o r  meteoroid p r o t e c t i o n .  This i s  t h e  f i r s t  i n f l i g h t  t e s t  
of t h e  bumper concept. Although o p e r a t i o n a l  anomalies have developed wi th  
t h e  spacecrs f  t ,  i t  i s  expected t h a t  t h e  primary o b j e c t i v e  w i l l  be  accomplished. 

This p r o j e c t  suppor ts  t h e  o b j e c t i v e  of i n v e s t i g a t i n g  space  environmental 
hazard:; by f l i g h t  t e s t i n g  p r o t e c t i v e  concepts.  The focus i s  ort space  
experiments aimed a t  developing meteoroid p r o t e c t i o n  i n  long- l ived  space l a b s  
and s ta t ion : ; .  Funds beyond FY 1973 are f o r  d a t a  r educ t ion  and a n a l y s i s .  

S T c e c r a f t / P a y l o a d  Programs 

Low Cost Pairloads 

The NASA space eva lua t ion  program i s  a new e f f o r t  w i t h  t h e  purpose. of 
extendi-ng t:he u s e f u l  work of t h e  space program w i t h i n  t h e  l i m i t s  of it:s 
a v a i l a b l e  budget. 

Historical . ly,  t h e  c o s t s  of space systems have been r e l a t i v e l y  high. Among 
t h e  reasons  f o r  t h e  h igh  cos t  are  t h e  c o n s t r a i n t s  of weight and volume l i m i t a -  
t i o n s ,  t h e  h igh  degree of au tomat i c i ty  and r e l i a b i l i t y  r equ i r ed ,  and t h e  
i n a b i l i t y  t o  r e p a i r  o r  reEurbish  space equipment once launched. These con- 
s t r a i n t s  nec:essitated ta i lormade  equipment t o  f i t  t h e  r equ i r eme i t s  of approved 
m i s s  ions .  

The advent c f  t h e  s h u t t l e  launch system w i l l  r e l i e v e  o r  e l i m i n a t e  many of 
t h e s e  c o n s t r a i n t s .  Re l i e f  of weight and volume, f o r  example, w i l l  permit a 
des igne r  t o  s e l e c t  from proven conse rva t ive ly  designed equipmeni: when con- 
f i g u r i n g  a r.ew s p a c e c r a f t  o r  payload, even when t h e  equipment exceeds h i s  
s p e c i f i c  requirements o r  c a p a c i t i e s .  

Accordingly, NASA has i n i t i a t e d  a program of i d e n t i f y i n g  a ser ies  of 
”s tandard ized”  subsystems t h a t  w i l l  f u l f i l l  a m a j o r i t y  of our f u t u r e  r e q u i r e -  
ments. These s tandard  subsystems inc lude  power, communications:, d a t a  proces-  
s i n g ,  s t a b i l i z a t i o n  and a t t i t u d e  c o n t r o l  propuls ion .  S i g n i f i c a n t  economies 
w i l l  r e s u l t  i n  developing s p a c e c r a f t  and payloads because t h e  c o s t s  (of des ign ,  



devel.opment, q u a l i f i c a t i o n  t e s t i n g ,  and documentation can  be amortized a g a i n s t  
s e v e r a l  u s e r s  of these subsystems. 

I n  addit:ion, t h e  a b i l i t y  of t h e  s h u t t l e  t o  r e f u r b i s h  s p a c e c r a f t  promises 
t h e  economies of extended u s e f u l  l i f e  of our space systems, w i th  a t t e n d a n t  
c o s t  savings i n  t h e  s h u t t l e  era. NASA i s  engaged i n  s t u d i e s  t o  modularize 
f u t u r e  space. systems and subsystems t o  f a c i l i t a t e  such refurbishment.  

I n  FY 1 9 7 4 ,  a f t e r  d e f i n i n g  a p p r o p r i a t e  ranges of subsystem c a p a b i l i t i e s ,  
engineer ing  models of t h e  s e l e c t e d  l i n e s  of s t anda rd  Subsystems w i l l  be 
designed znd b u i l t .  I n  subsequent yea r s ,  t h i s  work w i l l  l e ad  t o  development 
and q u a l i f i c a t i o n  of f a m i l i e s  of s t anda rd  subsystems o r  subsystem modules, 
which w i l l  b e  used whenever p o s s i b l e  on a l l  f u t u r e  s p a c e c r a f t  and payloads. 
This s i g n i f i c a n t  change i n  our approach t o  s p a c e c r a f t  development w i l l  r e s u l t  
i n  s u b s t a n t i a l  sav ings  i n  t h e  c o s t  of f u t u r e  space systems. 

Appl ica t ions  Technology 

C i v i l  Appl ica t ions  - 

The O f f i c e  of Aeronautics and Space Technology, Application:; Technology 
Of f i ce  uses  NASA c a p a b i l i t y  t o  he lp  s o l v e  p u b l i c  s e c t o r  problems. It i s  
p r i m a r i l y  a sys t ema t i c  e f f o r t  t o  t r a n s l a t e  broad s t a t emen t s  of p u b l i c  prob1.ems 
i n t o  workable d e f i n i t i o n s .  Probable s o l u t i o n s  are eva lua ted  j o i n t l y  wi th  the  
a p p r o p r i a t e  "user" t o  determine t h e  worth of t h e  s o l u t i o n  i n  tihe ac tua l  
environment. Actual sol.utions must be  implemented by t h e  u s e r  o rgan iza t ion .  

Appl ica t ions  technology e f f o r t  i s  now focused i n  t h r e e  s p e c i f i c  areas: 
p u b l i c  s a f e t y / s e r v i c e ,  environmental  engineer ing ,  and energy management. 

P r i n c i p a l  FY 1974 e f f o r t s  w i l l  involve  t h e  development of computer t o o l s  
t o  a i d  s t u d e i t  counse l ing ,  environmental programs d i r e c t e d  toward urban a i r  
p o l l u t i o n  ao i i i to r ing  and r educ t ion ,  water conse rva t ion  and waste processinp; 
i n  hoinesites and r e c r e a t i o n a l  s i tes ,  and s o l i d  waste upgrading t o  ob ta in  
u s e f u l  products .  Energy managernenc programs w i l l  involve  t h e  development of 
conversion techniques f o r  g e t t i n g  more u s e f u l  work from t h e  sa.me q u a n t i t y  
of hea t  energy and conse rva t ion  techniques which would minimize t h e  amount 
of energy requi red  t o  perform c e r t a i n  func t ions .  

App l i ca t ions  Data Systems Support 

This program con t inues  suppor t  f o r  t h e  Aerospace S a f e t y  Data Bank and t h e  
d a t a  rnanagemtmt f o r  t h e  Ear th  Resources Survey program. Development of 
advanced informat ion  management systems t o  e x p l o i t  and demonstrate t h e  wider 
c a p a b i l i t i e s  of t h e  sof tware  developed f o r  t h e  S a f e t y  Data Bank f o r  assist-, 
i ng  i n  t h e  a p p l i c a t i o n  of technology t o  p u b l i c  needs w i l l  be  continued. 
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The computer sof tware  (NASA Aerospace S a f e t y  Information Systems (NASIS)) 
developed i n  support  of the Aerospace Sa fe ty  Data Bank i s  a genera l ized  
information management system wi th  an  inhe ren t  c a p a b i l i t y  t o  support  a 
v a r i e t y  of o t h e r  needs. Widespread i n t e r e s t  has developed both  w i t h i n  N A S A  
and t h e  t e c h n i c a l  community. A t  t h e  p re sen t  t i m e ,  NASIS i s  being u t i l i z e d  
i n  support  oE t h e  Sa fe ty  Data Bank, t h e  ERSP program, t h e  Carnegie-Mellon 
I n s t i t u t e  mil i s  being app l i ed  by t h e  Food and Drug Adminis t ra t ion  (FDA) i n  
a n a t  ionwil3e information handl ing  system. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET S m Y  

---- OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY NUCLMR POWER AND 
PROPULSION PROGIUP! - 

SUMMARY OF RESOURCES REQUIREMENTS - 
1973 - 1972 - 

Nuclear power. . . . . . . . . . . . . . . . .  $9,306,000 $7,361,000 

E l e c  trophys ics ................ 3,400,000 3,284,000 
Nuclear propuls ion  ............ 17,100,000 6,455,000 

Total  ....................... $29.806.000 $17.100.000 

FY 1973 funds app l i ed  t o  FY 1974 Program 

Budget a u t h o r i t y  r eques t ed 

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

Marshal l  Space F l i g h t  (7 .enter  $513,000 $325,000 
Goddard !Space F l i g h t  Center.  60,000 50 000 
Jet Propuls ion Laboratory.  .. 3,445,000 2,675,000 
Ames Eksearch Center..  ...... 648,000 581,000 
Langley Research Center..  ... 442,000 417,000 

NASA Hkad quar  t er s ........... L e w i s  E:es earch Center..  ..... 24,276,000 12,874,000 
178 000 422 000 

Total.. . . . . . . . . . . .  ........ $29.806.000 $17.100,000 

HIGHLIGHTS OF BUDGET PLAN - 
Research --- and ‘Technology Base_ 

Nuclear PDwlx - I s o t o p e  Brayton ----- 
techno logy t o  extend c a p a b i l i t y  
of r a d i o i s o t o p i c  power modules 
t o  a range Erom several hundred 
wat t s  to  a E a r  k i l o w a t t s .  Z i ro-  
conium hydr ide  r e a c t o r ,  thermion- 
i c  r e a c t o r ,  and r ad io i so tope  gen- 
era t o r  programs are  terminated i n  

$7,361,000 FY 1973.. ........................ $9,306,000 

1974 - 
$‘l ,000,060 

- 3,000,000 _- 

-4 000,000 I 

- - .. 
- -. 

$850,00Cl 
540, OOCi 
341,000 

1,924,000 
- 345,000 

- a, 000.000 

$1,000,000 
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1972 - 1973 - 
Nut 1 ea r-i?ropul s ion - Nuc 1 ear 

propuls ion program terminated ' 

i n  IT 19'73 a s  a r e s u l t  ofi f u r -  
t h e r  s t r e t c h o u t s  i n  NASA pro-  
grams.... ....................... $5,000,000 $6,455,000 

1974 - 

E l  ec t rophys ic  s - P l a  smadynamics 
r e sea rch  a p p l i c a b l e  to  both pro-  
pu ls ion  and power product ion,  re- 
search ai.med a t  genera t ion ,  con- 
ve r s ion ,  and t ransmission of en- 
ergy a t  var ious  wavelengths through 
space and p l ane ta ry  atmospheres; 
sup e r  conduc t o r  s t o  achieve  h igh  er 
t r a n s i t i o n  temperatures wi th  re- 
s u l t i n g  size, weight,  and c o s t  
reduct ions  i n  genera t ion  and t r a n s -  
mission o E  power; and nuc lear  
physics  t:o br ing  theory  c l o s e r  
t o  experiment u l t i m a t e l y  lead ing  
t o  c a l c u l a t i o n s  of nuc lea r  i n t e r -  

acti~ns.*~**.***...*****....**o, 3,400,000 3,284,000 3,000,000 

T o t a l ,  Research and 
Techao:Logy Base.. ......... $1 7.706.000 $17.100.000 5 4.000.  OOC! 

Sys terns and Experimental Programs 

NERVA - NEF:VA engine deve.lop- 
ment t:ermir!ated i n  FY 1972 . .  .... $12,100,000 

Tota l ,  Systems and Experi- 
mental Programs ........... $12.100.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

---- OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY NUCLEAR POWER AND - 
- FROPULSION PR(IGRAM 

PROGRAM OBB,JECTIVES AND JUSTIFICATION : ---- 
The Nuclear Power program i n  FY 1974 w i l l  concen t r a t e  on low power dynamic 

conversi.cm system technology f o r  a p p l i c a t i o n  t o  both space  and t e r r e s t r i a l  
programs. Elec t rophys ics  e f f o r t  w i l l  con t inue  i n  FY 1974 t o  cover the  con- 
duct o f  f'undamental r e sea rch  i n  t h e  gene ra l  area of molecular  energy and 
energy ccnversion and t ransmiss ion .  

The p resen t  program planning environment emphasizes technology programs 
which a r e  a p p l i c a b l e  t o  planned NASA missions.  The cont inuing  reappraisal .  
o f  agency p r i o r i t i e s  d i c t a t e s  t h e  cu r t a i lmen t  o r  te rmina t ion  of programs 
which have long range p o t e n t i a l  t o  missions i n  t h e  d i s t a n t  f u t u r e ,  bu t  arcit 
n o t  requi red  f o r  missions now planned. Accordingly,  t h e  Nuclea'r Propuls ion 
program and most of t h e  Nuclear Power program w i l l  be  terminated i n  FY 1973. 
This inc ludes  Nuclear Propuls ion programs i n  s o l i d  c o r e  r e a c t o r  technology 
and advanced nuc lea r  propuls ion  concepts  such as gas  c o r e  r e a c t o r  propuls ion 
and :Laser-ignited fus ion  propuls ion.  
systems f o r  i n t e rmed ia t e  power levels us ing  t h e  zirconium hydr ide  r e a c t o r  and 
on h ighe r  power levels us ing  the  thermionic  r e a c t o r  concept  have been ter-  
mina t:ed . 

In  t h e  Nuclear Power area,  work on 

BASIS OF FUND REQUIRhWNTS: ---- 
Research and Technology Base - 

1974 - 1973 - 1972 - 
Power research  and 

Pro.puls:im research  and 

Elec t rophys ics  r e sea rch  and 

technolo,3y. ................... $9,306 . 000 $7,361,000 $1 7 000,000 

technology.. .................. 5,000,000 6 455,000 .. --. 

techno Lolgy. .................... 3,400,000 3,284,000 3,000 , 000 

Tota:l.. ..................... $17.706.000 $17.100.000 $4.000. ClOO _- 

Power Resezirch and Technology ---- 
The FY 15174 Nuclear Power program w i l l  c o n s i s t  o f  i s o t o p e  Briayton tech-  

nology. TF i s  technology development e f f o r t  i s  d i r e c t e d  toward extending 
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t h e  b a s i c  c a p a b i l i t y  provided by r a d i o i s o t o p i c  power modules t o  a range of 
from s e v e r a l  hundred w a t t s  t o  a few k i lowa t t s .  The o b j e c t i v e  :is a conversion 
system which combines a f i v e -  t o  ten-year  l i f e  w i t h  a h igh  conversion e f f i c i - -  
ency of 25  t o  30 percent .  Brayton i s  t h e  only ongoing element of  ou r  tech-  
nology program which h a s  t h e  p o t e n t i a l  t o  achieve  such h igh  performance. The 
system w i l l  u s e  t h e  multi-hundred w a t t  (MHW) i so tope  h e a t  source  being deve1.- 
oped by the  AEC and w i l l  provide roughly fou r  t i m e s  t h e  MHW power f o r  about  
t h e  same costs.  

The c u r r e n t  i s o t o p e  Brayton program i s  an  outgrowth of t h e  previous Brayton 
c y c l e  developnent e f f o r t .  'This e f f o r t  l a i d  t h e  sound technologica l  base f o r  
s i g n i f i c a n t  improvement i n  conversion system l i f e  and r e l i a b i l i t y .  The FY 
1974 program w i l l  cont inue  w i t h  t h e  des ign  and procurement of  c r i t i c a l  
experiinen t a l  Zomponents f o r  subsequent development t e s t i n g  . 

Elec trophys ics Research and Technology 

The I2lectroghysics program c o n s i s t s  of r e sea rch  on t h e  phys ics  of gener- 
a t i o n ,  convsrs ion,  and t ransmiss ion  of energy, and emphasizes fundamental 
i deas  and novel  approaches.  This  r e sea rch  has  re levance  t o  innovati-ons i n  
space power arid propuls ion  t o  long-range t ransmiss ion  of  power i n  space,  t o  
communications, and t o  gene ra t ion  and u t i l i z a t i o n  of  energy f o r  t e r r e s t r i a l  
needs.  

A major c:omponent o f  t h i s  r e sea rch  program i s  plasmadynamics which i s  
concerned wi th  understanding t h e  i n t e r a c t i o n s  of h igh  temperature  plasmas 
wi th  e l e c t r i c  and magnetic f i e l d s .  Included i s  r e sea rch  on t h e  cause and 
c o n t r o l  of  i n s t a b i l i t i e s  and t h e  e f f e c t s  of  boundary l a y e r s  i n  magneto- 
plasma-dynamic power gene ra t ion  schemes. S tudies  of non-equi l ibr ium i o n i -  
z a t i o n  a re  a l s o  conducted. Since i n t e n s e  magnetic f i e l d s  a r e  requi red  in 
c e r t a i n  plasmadynamic appa ra tus ,  a t t e n t i o n  i s  given t o  research  r e l a t e d  t o  
superconducting magnets, inc luding  t h e  cons t ruc t ion  of magnets f o r  r e sea rch  
purposes.  

, 
Anot'her component of e l ec t rophys ic s  r e sea rch  i s  quantum e1ect:ronics which 

re la tes  t o  th 'e b a s i c  s c i ence  under ly ing  lasers and t h e  propagat:ion of l i g h t  
beams throuSh matter. New :Laser concepts are  explored covering a wide 
spectrum of wave l eng ths .  
t h e  atmosphere are performed, and measurements are made t o  determine fund- 
amental datiz on r e a c t i o n  ra tes ,  s t a t e  l i f e t i m e s  and c r o s s  s e c t i o n s  f o r  i ons ,  
molecules ,  iznd atoms. These d a t a  a r e  b a s i c  and u n i v e r s a l l y  a p p l i c a b l e  t o  the  
development: arid u s e  of lasers and o t h e r  devices  which depend on t h e  emission 
o r  t h e  absoirpt:ion of  r a d i a t i o n .  Research i s  a l s o  conducted on t h e  i n t e r -  
a c t i o n s  of  h igh  energy p a r t i x l e s  w i t h  matter. 

High-resolut ion spec t rographic  measurements of  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

---- OFFICE OF TRACKING AND DATA ACQUISITION 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 - 1972 

TRACKING AND DATA 
ACQUISITION P R O E E  

Operat ions. .  ................... $201,800,000 $195,700,000 

Support:ing r e sea rch  and 
Equipment ...................... 50,700,000 44,131,000 

technology ................... 11,500,000 8,500,OOQ 

Tc11:aI.. ..................... $264.000.000 $248.331.OOQ 

---- 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 :  

Marsh.al1 Space F l i g h t  Center. $300 , 000 --- 
Godda.rd Space F l i g h t  Center. .  185,530,000 $183,750,000 
Wallclps Stat ion. . . . . . . . . . . . . .  6,458,000 6 , 500 , 000 
Jet Propuls ion Laborato ry.... 57,181,000 43,781 , 000 
F1igh.t  Research Center , . . . . . .  2,614,000 1 , 650 , 000 
Langley Research Center.. . . . .  1 , 065,000 700 , 000 
NASA Headquarters ............ 10,852.000 11,950. OOQ 

T o t a l . . . . .  ................. $264,000.000 $248.331.0013 - 

HIGHLIGHTS OF BUDGET PLAN 

Space f l igh t  Tracking and Data 
Network - Skylab, ASTP, and 

unmanned mission support .  FY 
1974 suppor t  load w i l l  average  
40 satell i tes.  S a t e l l i t e  N e t -  
work and Manned Space F l i g h t  
Network t o  be consol ida ted  
over  s e v e r a l  y e a r s  ............... $1 ,472, 

Deep Space Network - Plane ta ry  
and i n t e r p l a n e t a r y  mission support .  
FY 1974 workload inc ludes  Pionner 
6-9, MW'73, Pioneer  10 & G ...... 38,798,000 

$108 , 700,000 

32 , 000 , 000 

1974 

$198,200,000 
42,700,000 

9,100,000 

$250.000 ,QQQ - 

--- 
$182,300,000 

6,500,000 
46,100,000 
1 , 650,000 

600 , 000 
- 12.850,Qfi 

$108,200,000 

33,700,000 
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Aeronaut ics  and Sounding 
Rocket Support - Support f o r  

WS sounding rocke t  programs and 
FRC and LRC f l i g h t  r e sea rch  
programs. Covers rocke t s ,  a i r -  

--- 

c r a f t ,  and l i f t i n g  bodies  ........ 
Communications - NASA's  g loba l  

comunica  t i o n s  network (NASCOM) 
suppor t ing  a l l  NASA and NASA- 
supported p r o j e c t s .  Skylab and 
MVM'73 ar ' e  major a d d i t i o n s  t o  
FY 1974 requirements  ............. 

---- Data Process ing  - Information 
proc.essirtg f o r  both real  t i m e  
cont:rol 2 n d  a n a l y s i s .  Major new 
image dat:a process ing  f a c i l i t y  t o  
support  ISRTS being opera ted  i n  FY 
1973 and. FE' 1974 ................. 

1972 - 

$5,343,000 

30,768,000 

15,419,000 

To ta.1. . Operations ............ $201.800.000 

Equipmert i; 

Space f l igh t  Tracking and Data 
Natworli -- Procurement f o r  con- 

so 1 i d a  t ed !;pac e f 1 i gh t Tracking 
and Data Network (STDN) i n  sup- 
pori: o f  ongoing and new p r o j e c t  
requirements . ,  .................... $29,152,000 

Deep Space Network - Procure- 
ment f o r  network support  o f  
planetar :?  missions ; inc ludes  
equipme1i.L f o r  dua l  Viking s /c  
suppor t  :in both S- and X--band 
IIU3dil......,,.............r......... 13,335,000 

--- Aeroniiii t ics and Sounding 
Ro ck e t Siippo r t - Pro cu r  emen t 

of in s t rumen ta t ion  f o r  sound- 
i n g  r o c k s t  and ae ronau t i c s  

--- 

program support . .  .................. 4,536,000 

1973 - 

$5 , 500,000 

32 , 000 , 000 

17,500,000 

$195.700.004 - 

$ 2 1  , 000,0~00 

10,800,ClOO 

1974 
_I 

$5,300 , 000 

33,000,000 

18,000,000 

$198.200,000 _-- 

$19,900,000 

12,500,000 

3 - 20rD.000 3,100,000 - a  
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Comunica.t ions - Upgrading 
NASCOM wideband c i r c u i t  

1972 - 

switch.ing c:apabi l i ty  f o r  real 
t i m e  c.ontrcI1 of s p a c e c r a f t .  ...... $2,434,000 

Data Processsing - Continuing 
procurement: of Telemetry &-Line 
Processing System (TELOPS) t o  
handle  inc reased  real time d a t a  
processing, requirements.......... 1,243,000 

Tota l ,  Equipment.. ........... $5 0.700, OOQ 

Supporting Research and 
--A Techno 1013 

T r a c k i n g d l r b i t  Determination, 
and Ground-Based Navigat ion - 

Improved techniques f o r  ground- 
bas ed nav iga t ion  of p l a n e t a r y  
o r b i t e r s ,  'Landers, swing-by, and 

--- 

e a r t h  o r b i t e r  missions. .  .......... $3,063,000 

Spacecra E - t o  -Ground Communi - 
- c a t i o n s  , 2 2 1  eme t r y ,  and Command - 

Trackfng a i d  Data Relay S a t e l l i t e  
System (TDRSS) s t u d i e s  emphasizing 
d a t a  management and d a t a  flow 
i n t e g r a t i o n  ljroblems. Study ex- 
tens ion  o € c a p a b i l i t i e s  t o  handle  
m u l t i p l e  s p a c e c r a f t  suppor t  and 
inc reas ing  d a t a  rates............ 4,583,000 

Network k e r a t i o n s  and Control  
Technology - Study automation 

techniques f 'or improving r e a l -  
time c o n t r o l  techniques ,  and u s e  
of minicomputers f o r  Deep Space 
Network .......................... 2,269,000 

--- Data Handling and Process ing  - 
Def in i t i on  of improved format 
s tandards .  Development of pro-  
ces s ing  s y s t e m s  f o r  imaging d a t a  
from earth r e sources  technology 
s a t e l l i t e s .  Work on h igh  d a t a  
rate s a t e l l i t e  problems .......... 1 , 585 000 

T o t a l ,  SR&T .................. $11.500.000 

1973 - 

$2,431,000 

6,800.000 

$44.131.000 

$2,150,000 

2 , 940 , 000 

1 , 840,000 

1 , 570,000 

$8.500.000 

1974 - 

$2,300,000 

4.800.000 

$42.700.00Q _- 

$2 , 400 000 

3 , 000 , 000 

1,750 , 000 

1,950,000 

$9.100.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

---- OFFICE OF TEACKING AND DATA ACQUISITION TRACKIXG AND DATA 
ACQUISITION PROGRAM 

--- PROGRAM 01) JECTIVES AND JUSTIFICATION: 

The purpose of  t h i s  program i s  t o  provide  respons ive  and e f f i c i e n t  t r ack ing  
and d a t a  a c q u i s i t i o n  support  t o  m e e t  t h e  requirements  of a l l  NASA f l i g h t  
p r o j e c t s .  
coun te rpa r t  t o  t h e  t o t a l  f l i g h t  program of NASA through which t h e  conduct 
of al.1 space f l i g h t  missions i s  c a r r i e d  out .  I n  a d d i t i o n  t o  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  of t h e  D e -  
partment of  Defense, o t h e r  government agencies ,  and o t h e r  coun t r i e s  and 
internat j .ona1 o rgan iza t ions  engaged i n  space r e sea rch  endeavors. 

The Tracking and Data Acqu i s i t i on  program i s  a d i r e c t  and v i t a l  

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  
sounding roc:kets, and research  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  
missj-ons; f o r  l una r  and p l ane ta ry  miss ions ;  and f o r  space probes.  

Types o i  suppor t  provided inc lude :  (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  of v e h i c l e s  i n  space,  (b) a c q u i s i t i o n  of  s c i e n t i f i c  d a t a  
from onboarcl experiments,  (c) a c q u i s i t i o n  of engineer ing  d a t a  on t h e  per -  
formance of s p a c e c r a f t  and launch v e h i c l e  sys t e m s  , (d)  t ransmiss ion  of  
commands 'from ground s t a t i o n s  t o  spacec ra f t ,  ( e )  communication wi th  astrcl- 
n a u t s  and 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 in format ion  between t h e  va r ious  ground f a c i l i t i e s  and cen- 
t r a l  conl:i:oI c e n t e r s ,  and (g) process ing  of  d a t a  acqui red  from t h e  space 
v e h i c l e s .  Such support  i s  essential  f o r  achiev ing  t h e  s c i e n t i f i c  o b j e c t i v e s  
o f  a:L1 fl.:ight miss ions ,  f o r  execut ing t h e  c r i t i c a l  d e c i s i o n s  which must 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  case of 
manned mi:;si-ons, t o  i n s u r e  t h e  s a f e t y  of t h e  a s t r o n a u t s .  

Tracking and d a t a  a c q u i s i t i o n  suppor t  i s  provided by a worldwide network. 
of NASA g-ound s t a t i o n s  and an ins t rumenta t ion  s h i p ,  supplemented by appropr i a t e  
insti:umen;~eci 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  
ground co rmmica t ions  l i n e s ,  undersea cab le s ,  h igh  frequency r a d i o  l i n k s ,  
and communication s a t e l l i t e  c i r c u i t s  which a re  leased  from domestic and 
fo re ign  c:arriers and which provide t h e  c a p a b i l i t y  f o r  ins tan taneous  t rans- .  
mission oi d a t a  and c r i t i c a l  commands between s p a c e c r a 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 States from which t h e  f l i g h t s  a re  d i r e c t e d .  Faci1i t : ies  
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a l s o  a r e  pmvided  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  Eic,, 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 ,  ins t rumenta t ion  f a c i l i t i e s  a r e  provided f o r  
suppor t  of sounding rocket  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  
research  a i r c r a f t .  

m e  Research and Development appropr i a t ion  provides  funds f o r :  (a )  
t he  ope ra t ion  and maintenance of t he  worldwide f a c i l i t i e s ;  (b) 
ment of equipment t o  s u s t a i n  and modify t h e  systems t o  suppor t  cont inuing ,  
new, anld 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  
and development of advanced t r ack ing  and d a t a  a c q u i s i t i o n  equipment and 
techniques.  

t he  procure- 

---- BASIS OF FUND REQUIREMENTS: 

The FY 1974 r eques t  r e f l e c t s  cont inuing progress  i n  reducing support  
c o s t s  through a cont inuing  i n c r e a s e  i n  t o t a l  system e f f i c i e n c y .  During 
FY 1974, t he  suppor t  workload w i l l  cont inue  a t  a high l e v e l  wi th  Skylab, 
Earth Resources Technology Sa te l l i t e ,  and o t h e r  unmanned p r o j e c t  support  
c o n s t i t u t i n g  a s i g n i f i c a n t  ongoing workload. The FY 1974 reques t  a l s o  
inc ludes  funds f o r  cont inuing t h e  conso l ida t ion  of t h e  S a t e l l i t e  and Mannefd 
Space F l i g h t  Networks i n t o  a s i n g l e  Space f l igh t  Tracking and Data Network 
(STDN). T h i s  conso l ida t ion  e f f o r t  w i l l  t ake  p l ace  over  t he  nex t  few yea r s  

w i t h  the  planned conf igu ra t ion  o b j e c t i v e s  t o  be  achieved dur ing  the  per iod 
a f t e r  t h e  end of t h e  Skylab p r o j e c t .  

Operations 

1972 - 
Space f l igh t  t r ack ing  and 

da ta  network ................ $111,472,000 
Deep space network ............ 38,798,000 

rocket  support . .  ............ 5,343 , 000 
Communications......... ....... 30,768,000 

Aeronaut ics  and sounding 

Data process ing  ............... 15,419,000 

Total . .  ................... S201.800.000 

1973 - 

$108,700,000 
32 , 000,000 

5 , 500 , 000 
32  , 000 , 000 
17,5OO,OO(J 

1974 - 

$108,200,000 
33,700,000 

5,300,000 
33,000,000 
18,000,000 

$198.200.000 -- 

The t o t a l  ope ra t iona l  support  workload i n  FY 1974 w i l l  remain r e l a t i v e l y  
heavy wi th  some c o s t  i n c r e a s e s  f o r  Skylab and p l ane ta ry  support .  The 
ope ra t ion  of t h e  two new overseas  64 meter antenna f a c i l i t i ' e s  a long w i t h  a 
gene ra l  i n c r e a s e  i n  s t a f f i n g  i n  t h e  Deep Space Network t o  handle  t h e  t o t a l  
p l ane ta ry  workload c o n s t i t u t e  t h e  major o p e r a t i o n a l  ,impacts i n  FY 1974. 
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Space f l igh t  Tracking and Data Network (STDN) Operat ions 

The conso l ida t ion  of t h e  Manned Space F l i g h t  Network (MSF%) and t h e  
S a t e l l i t e  Tracking and D a t a  Acqu i s i t i on  Network (STADAN) cont inued dur ing  
t h e  p a s t  year .  Once achieved,  t h e  consol ida ted  network (STDN) w i l l  have 
fewer s t a t i o n s  and a s tandard ized  suppor t  c a p a b i l i t y  t o  suppor t  t h e  wide 
v a r i e t y  of f l i g h t  missions.  The new conf igu ra t ion  of s ta t ic ins  and suppor t  
c a p a b i l i t y  i s  p a r t i c u l a r l y  important  i n  accommodating t h e  h igh  d a t a  r a t e s  
and nea r  r e a l  t i m e  c o n t r o l  requirements  of  upcoming miss ions .  
d a t i o n  i s  expected t o  be achieved dur ing  the  per iod  fo l lowing  t h e  end of 
t h e  Skylab program. 

The consol-i  - 

The STDN p r e s e n t l y  c o n s i s t s  of land s t a t i o n s  a t  n ine t een  l o c a t i o n s ,  
four  advanced range ins t rumenta t ion  a i r c r a f t  (ARIA) , and one instrumented 
sh ip .  'Ihe land s t a t i o n s  a r e  loca ted  a t  Fairbanks,  Alaska;  Goldstone, 
C a l i f o r n i a ;  Cape Kennedy, F l o r i d a ;  Kokee Park,  H a w a i i ;  Rosmim, North 
Caro l ina ;  Corpus Christi, Texas; Guam; Ascension I s l a n d ;  Canberra and 
Carnawon, A u s t r a l i a ;  Bermuda; Canary I s l a n d s ;  S t .  Johns,  Newfoundland, 
Canada; Sant iago,  Chi le ;  Quito,  Ecuador; Winkfield,  England; Tananarive,  
Madagascar; Johannesburg, South A f r i c a ;  and Madrid, Spain.  

The s t :a t ion  i n  Newfoundland i s  a t r a n s p o r t a b l e  S-band s t a t i o n  which was 
i n s t a l l e d  r e c e n t l y  t o  provide  Skylab launch suppor t .  It formerly w a s  l o -  
ca ted  o n  Grand Bahama I s l and .  

The former STADAN s t a t i o n  a t  F o r t  Myers, F lo r ida ,  w a s  c losed  i n  June 1972. 
P a r t  of th . e  F o r t  Myers equipment w a s  r e loca ted  t o  t h e  former MSFN s t a t i c i n  
a t  Cape Kennedy t o  provide  a consol ida ted  c a p a b i l i t y .  

PL tra.nsportab1e f a c i l i t y  i s  being modified a t  Goldstone, C a l i f o r n i a ,  
p r i o r  t:o r e l o c a t i o n  t o  Ehrope f o r  App l i ca t ions  Technology S a t e l l i t e  (AT:;) 
F ~;uppoi.-t. This  f a c i l i t y  formerly w a s  l oca t ed  a t  Toowoomba, A u s t r a l i a ,  f o r  
support: of earlier ATS spacec ra f t .  

The BTDN i s  supplemented by o p t i c a l  t r ack ing  s t a t i o n s  opera ted  by t h e  
Smf-thsonian Ast rophys ica l  Observatory.  These s t a t i o n s  provide  spec ia l i zed  
s e i ~ i  c e :j requi red  f o r  prec  i s  ion  o r b  i ta 1 t r ack ing .  

' he  !jTDTJ i s  c u r r e n t l y  suppor t ing  t h e  Particles and F i e l d s  S a t e l l i t e  le f t :  
i n  l una r  o r b i t  by Apollo 15 and t h e  Apollo Lunar Surface  Experiment Packages 
(AISEP:;) : l e f t  on t h e  moon's s u r f a c e  by t h e  Apollo 1 2 ,  14, 15, 16, and 17 
missions.  This workload w i l l  be  increased  s u b s t a n t i a l l y  wi th  t h e  launch of 
t h e  Sky1.aE o r b i t a l  workshop mission i n  t h e  s p r i n g  of  1973. During FY 15174, t h e  
WorkleiCI will cont inue  t o  be  heavy w i t h  suppor t  be ing  provided f o r  a l l  t:he 

RD 12-6 
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ALSEPs still producing u s a b l e  s c i e n t i f i c  d a t a ,  t h e  Par t ic les  and F i e l d s  
S a t e l l i t e  ].eft i n  l u n a r  o r b i t  by Apollo 15, and Skylab. 

In t h e  urtmanned space  f l i g h t  area, t h e  number of sa te l l i t es  r equ i r ing  
suppor t  i.n FY 1974 i s  expected t o  average  approximately 40 satel l i tes ,  and 
i t  w i l l  b e  necessary  t o  make cont inuing  adjustments  i n  p r i o r i t i e s  of  a l l  
sa te l l i tes  supported t o  a s s u r e  adequate  coverage w i t h i n  t h e  t o t a l  STDN cap- 
a b i l i t y .  Of t h e  new s a t e l l i t e s  t o  b e  launched, t h e  Atmospheric Explorer-C, 
Radio Astronomy Explorer-B, Nimbus F, and ATS-F missions w i l l  impose a sub- 
s t a n t i a l  workload on t h e  network due t o  t h e i r  unique suppor t  requirements .  
The o v e r a l l  workload f o r  t h e  STDN i s  ind ica t ed  i n  t h e  accompanyin3 c h a r t s .  

Deep Space Network Operations 

The primary func t ion  of  t h e  Deep Space Network i s  t o  suppor t  p l ane ta ry  
and inte.cp:lanetary space f l i g h t  missions.  I n  t h e  p a s t  t h e s e  m i s :  ions  have 
involved s p a c e c r a f t  t r a v e l i n g  t o  Venus and Mars, d i s t a n c e s  up t o  two hun- 
dred miJ.:lion m i l e s  from t h e  e a r t h .  Future  missions w i l l  t r a v e l  t o  J u p i t e r  
and beyond, involv ing  d i s t a n c e s  of s i x  hundred m i l l i o n  m i l e s  and g r e a t e r .  
A s  EL res8uLt: of t h e s e  g r e a t  d i s t a n c e s ,  t h e  f a c i l i t i e s  i n  t h i s  network which 
receive t h e  da t a  must be a b l e  t o  perform c r i t i c a l  func t ions  Jsing extremely 
l o w  s igns1  levels.  A s  f l i g h t  d i s t a n c e s  cont inue  t o  i n c r e a s e  and t h e  missions 
become r rcre  complex, equipment des igns  and computer program techniques a re  
r equ i r ed  i n  t h i s  network which t r u l y  push t h e  s t a t e  of t h e  a r t  i n  i n t e r -  
p l ane ta ry  communications. 

The Deep Space Network: (a )  provides  t r ack ing  d a t a  which are  ised t o  
determine and make c o r r e c t i o n s  and changes t o  s p a c e c r a f t  tra:i e c t o  Ties , (b)  
acqu i r e s  engineer ing te lemet ry  d a t a  f o r  determining performance o if t h e  
spacecraEt ,  ( c )  t r ansmi t s  commands t o  t h e  s p a c e c r a f t ,  and ( d )  rlxeives 
and reco:cIJs t h e  s c i e n t i f i c  and engineer ing d a t a  which a r e  acquiretl  from the  
s p a c e c r a f t .  The 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., A u s t r a l i a ;  Madrid, Spain; Johannesburg, South A f r i c a ;  artd Cape 
Kennedy, F lo r ida .  

The c o n t r o l  c e n t e r  f o r  t h e  Deep Space Network i s  t h e  Space F l i g h t  Operations 
F a c i l i t y  (SI'OF) a t  t h e  J e t  Propuls ion Laboratory i n  Pasadena, Ca l i fo rn ia .  
The two b a s i c  types of  func t ions  c a r r i e d  o u t  i n  t h e  SFOF are network c o n t r o l  
and missicln opera t ions .  In  t h e  p a s t ,  both types o f  func t ions  were under t h e  
management r e s p o n s i b i l i t y  o f  t h e  Of f i ce  o f  Tracking and Data Acquis i t ion .  
Actual  exFerience over  several yea r s  of  suppor t ing  l u n a r  and p l ane ta ry  space-  
f l i g h t  missions has  ind ica t ed  t h a t  management r e s p o n s i b i l i t i e s  would be  
c l a r i f i e d  by sepa ra t ing  t h e  two types of func t ions .  
t h e  mission ope ra t ions  func t ions  were t r a n s f e r r e d  t o  t h e  Of f i ce  of Space 

Accordingly, i n  Fy 1973, 
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Science.  Althotigh FY 1972 funds f o r  t h e  mission o p e r a t i o n s  func t ions  a re  
included i n  t h e  Deep Space Network ope ra t ions  p r o j e c t ,  FY 1973 and FY 1974 
funds are :inc:Luded w i t h i n  t h e  t o t a l  f o r  t h e  Lunar and Plane tary  program. 

The two new 64 m e t e r  antenna f a c i l i t i e s  nea r  Canberra, A u s t r a l i a ,  and 
Madrid, Spain:, a re  scheduled t o  become ope ra t iona l  a t  t h e  beginning of  FY 
1974. The Deep Space S t a t i o n  a t  Woomera, A u s t r a l i a ,  w a s  c losed  i n  December 
1972 and t h e  workload t r a n s f e r r e d  t o  t h e  Canberra s t a t i o n s .  

During F'J' 1973; t h e  Deep Space Network workload c o n s i s t s  of f i v e  ongoing 
Pioneer  spac:ec:ra.ft, t h e  Mariner 9 mission,  t h e  Apollo 17 miss ion ,  and t h e  
Pioneer G mi.ssion scheduled f o r  launch i n  t h e  f o u r t h  q u a r t e r  of  FY 1973. 
The major port:ion o f  t h i s  workload, r e f l e c t e d  i n  t h e  accompanying workload 
c h a r t ,  w i l l  ccintinue on i n t o  FY 1974 a long  w i t h  t h e  Mariner Venus/Mercury 
1973 which is scheduled t o  be launched i n  t h e  second q u a r t e r  of  FY 1974. 
For t h e  f i r s t  t i m e ,  t h e  Deep Space Network i n  FY 1974 w i l l  b e  requi red  t o  support  
t h r e e  p r i m e  i n t e r p l a n e t a r y  missions (Pioneer  10 and G, Mariner Venus/Mercury 
1973) wi th  e s s e n t i a l l y  t h e  same view per iods  and t h r e e  p l ane ta ry  encounters  
( J u p i t e r ,  Venus, and Mercury). Due t o  t h e  overlapping view per iods  of t h e  
t h r e e  in t e rF  l a n e t a r y  missions , t h r e e  s e p a r a t e  subnets  of antennas w i l l  have 
t o  be  operated i n  t h e  DSN. 

Because of t h e  except iona l  r ece iv ing  system c h a r a c t e r i s t i c s  r equ i r ed  t o  
communicate wi th  d i s t a n t  s p a c e c r a f t ,  t h e  Deep Space Network f a c i l i t i e s  a l s o  
provide  unique suppor t  t o  c e r t a i n  ground-based r a d i o  s c i e n c e  experiments.  
Support of t h e s e  experiments w i l l  cont inue  on a non in te r f e rence  b a s i s  t o  t h e  
f 1 igh  t m i s s  ions .  

The FY 1974 r eques t  i nc ludes  funds f o r  ope ra t ion  of t h e  Deep Space Network 
f a c i l i t i e s  i n  support  o f  the cont inuing  workload. 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 ,  network engineer ing  i s  necessary  
t o  maintain t h e  network t o  m e e t  t h e  requirements  of t he  Mariner VenuslMercury 
1973, Helio:;, Viking, and Mariner J u p i t e r / S a t u r n  1977 miss ions .  

--- Aeronaut ics  and Sounding Rocket Support Operat ions 

Instrumenitation systems a re  maintained and opera ted  i n  support  of t h e  
ae ronau t i c s  and sounding rocke t  programs conducted by Wallops S t a t i o n  and 
t h e  Langley Xesearch Center i n  Vi rg in i a ,  and t h e  f l i g h t  r e sea rch  programs 
of  t h e  Fl ight :  Research Center,  Ca l i fo rn ia .  General purpose f i x e d  and 
mobile t r ack ing ,  te lemet ry ,  d a t a  handl ing ,  record ing ,  t iming, p l o t t i n g ,  and 
communications systems a re  provided as w e l l  as s p e c i a l  purpose o p t i c a l  equip-. 
men t . 

Specia l ized  mobile te lemet ry  and o p t i c a l  equipments are maintained and 
opera ted  when r:eq.uired a t  s e l e c t e d  si tes a long  t h e  eastern seaboard and on 
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Bermuda t o  support  rocke t  f l i g h t s  from Wallops S ta t ion .  Some downrange i n -  
s t rumen t , a t im  i s  operated by t h e  Langley Research Center ,  which a l s o  pro- 
v ides  te lemet ry  s t a t i o n s  (two f ixed  and one mobile) i n  suppor t  of i t s  
ae ronau t i ca l  f l i g h t  programs. 

The mo’bile equipment i s  van-mounted and i s  used n o t  only t o  supplement 
t h e  f ixed  equipment a t  t h e  Centers  when t h e  requirements of a p a r t i c u l a r  
p r o j e c t  (e.:?. , s o l a r  e c l i p s e s )  exceed the  capac i ty  of t h e  i n s t a l l e d  equip- 
ment, bu t  a l s o  i s  deployed t o  remote si tes (domestic, fo re ign ,  o r  sh ip-  
board) , to  meet t h e  geographic requirements  of a p a r t i c u l a r  p r o j e c t .  I n  
a d d i t i o n ,  g:round support  i s  provided by t h e  Churchi l l  Research Range i n  
Canada on a cost-reimbursable  b a s i s .  

The F l i g h t  Research Center ope ra t e s  t h e  Aerodynamic T e s t  Range, cons i s t ing  
of f a c i l f 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. ‘L’hese f a c i l i t i e s  a r e  composed of p r e c i s i o n  r ada r  t r ack ing ,  te lemet ry ,  
and conununications equipments which a r e  used t o  suppor t  h igh  performance a i r -  
c r a f t  research  and development programs of  both NASA and the  A i r  Force. 
Programs supported 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  body p r o j e c t s ,  inc luding  t h e  F-111, F-104, X-24BY C5-A, YF-12, 
F-8, and 17-3.5. 

Communi c a t  ion  s Op e r a  t ion  s 

NASA’ s globa 1 communications network (NASCOM) in t e rconnec t s  t h e  NASA 
t racking  and data a c q u i s i t i o n  f a c i l i t i e s  i n  o p e r a t i o n a l  suppor t  of a l l  NASA 
p r o j e c t s  and p r o j e c t s  of o t h e r  agencies  t h a t  a r e  supported by NASA. It 
in t e rconnec t s  by means of leased  c i r c u i t s  such f a c i l i t i e s  a s  te lemetry and 
command ccmtrol  s i t e s ,  launch a r e a s ,  t e s t  s i t e s ,  and mission c o n t r o l  cen te r s .  
The C0ddar.d Space F l i g h t  Center ope ra t e s  t h e  network and se rves  a s  i t s  major 
switching 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 trunk c i r c u i t r y ,  subswitching c e n t e r s  have been e s t a b l i s h e d  a t  a number 
of domestic and overseas  loca t ions .  

A s  t h e  K’ASA f l i g h t  missions have become more complex i n  terms of increased 
da ta  r a t e s  and r e a l  t i m e  o r  near  real t i m e  c o n t r o l ,  s u b s t a n t i a l  advances arid 
innovat ions have been requi red  i n  communications technology. The use  of 
communications s a t e l l i t e  s e r v i c e  and computerized switching of communica tilm 
c i r c u i t s  a r e  two such examples. Another example i s  t h e  r e c e n t l y  developed 
technique f o r  i nc reas ing  t h e  amount of d a t a  t h a t  can be  t r ansmi t t ed  over a 
normal vo ice  c i r c u i t .  This technique w i l l  be  used i n  suppor t  of Skylab 
which has  a da t a  t ransmiss ion  r a t e  which i s  50% g r e a t e r  than t h a t  of Apollo. 
These innovat ions have allowed f o r  a s i g n i f i c a n t  i nc rease  i n  t h e  comunica t:ions 
d a t a  handling (capaci ty  of t he  NASCOM wi th  a corresponding dec rease  i n  da t a  
t ransmission u n i t  c o s t s .  



To maintain t h e  h igh  l e v e l  of r e l i a b i l i t y  i n  t h e  NASCOM t h e r e  i s  a con- 
t i nu ing  t e s t  program of  a l l  c i r c u i t s  i n  t h e  network. Under t h i s  program a 
s p e c i f i c  number of c i r c u i t s  a r e  t e s t e d  each day; t h e  tests are analyzed and 
t h e  necessary engineer ing and alignment a r e  performed as necessary  so t h a t  
each c i r c u i t  meets an  accep tab le  l e v e l  of performance. I n  t h i s  manner, t he  
network oFera t ing  parameters are matched a g a i n s t  t h e  predetermined r e l i a b i  Lity 
f a c t o r s  tc  ensure high performance l e v e l s .  

The FY 1974 budget r eques t  provides  f o r  meeting t h e  Skylab communications 
requiremer.ts a s  w e l l  as t h e  requirements of  a l l  o t h e r  NASA f l i g h t  p r o j e c t s .  
It a l s o  ir .cludes t h e  necessary funds f o r  t h e  engineer ing  e f f o r t  f o r  sus-  
t a i n i n g  tt e high performance l e v e l s  throughout t h e  network and f o r  ope ra t ing  
the  v a r i o t s  communications f a c i l i t i e s  i n  t h e  U.S. and a t  overseas  l o c a t i o n s .  

Data Processing Operations 

Information received i n  t h e  form o f  t r ack ing  and te lemet ry  d a t a  from 
spacecraf t  must be processed i n t o  a form t h a t  i s  u s e f u l  both to  those  pe r -  
forming t f e  r e a l  t i m e  c o n t r o l  of t he  space v e h i c l e  and those  respons ib le  
f o r  analyzing the  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 the  space-  
c r a f t .  SLpport must be given t o  a wide v a r i e t y  of programs which vary  from 
t h e  small  Explorer s a t e l l i t e s  t o  t h e  l a r g e  and complex Solar  and Astronom- 
i c a l  Obse iva tor ies  and the  Appl ica t ions  and Earth Resources Technology 
S a t e l l i t e s .  

Tracking da ta  a r e  processed t o  provide o r b i t a l  elements which a r e  used 
t o  prepare  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  
r e a l  t i m e  c o n t r o l  of  a spacec ra f t ,  passes of t h e  s p a c e c r a f t  over t h e  
s t a t i o n s ,  and t o  provide p r e c i s e  p o s i t i o n  information t h a t  can be  used by 
the  s c i e n t i f i c  experimenters t o  determine where i n  t h e  t r a j e c t o r y  of t he  
spacecraf t :  t he  s c i e n t i f i c  measurements were made. Telemetry d a t a  must be 
processed t c  : (a)  s e p a r a t e  t h e  information obta ined  from va r ious  s c i e n -  
t i f i c  experiments aboard the  s p a c e c r a f t ,  (b) c o n s o l i d a t e  information from 
each 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 l a t e  
t h e s e  measurements wi th  t h e  p o s i t i o n  d a t a  mentioned above. Processed data  
a r e  t:he Frinlary product of t h e  s p a c e c r a f t  miss ions ,  and i t  i s  through 
reduct ion and ana lyses  of t hese  d a t a  by the  experimenters  t h a t  a b e t t e r  
understanding of e a r t h  and space i s  achieved. 

Upcoming p r o j e c t s  r e q u i r e  ex tens ive  premission o r b i t  s t u d i e s ,  inc luding  
spacecraft:  p o s i t i o n  and a t t i t u d e  p red ic t ions .  S tudies  a r e  a l s o  requi red  
t o  work c u t  ope ra t iona l  methods and procedures t o  be  used dur ing  t h e  a c t u a l  
missi.on c 'perat ions of t hese  complex s p a c e c r a f t .  

'Ihe FY 1.974 budget r eques t  i s  based upon t h e  requirement t o  process  data  
from prevj.ou.sly launched satel l i tes ,  p l u s  a d d i t i o n a l  s a t e l l i t e s  t h a t  a r e  
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scheduled to b e  launched dur ing  t h e  per iod.  !I'he 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  and process ing  o f  d a t a  from t h e  o l d e r  s a t e l l i t e s  are 
under cont inuing  review, and suppor t  has  been terminated o r  c u r t a i l e d  f o r  
a number o f  these .  These suppor t  r educ t ions  are making p o s s i b l e  t h e  sup- 
p o r t  o f  nag s a t e l l i t e s ,  w i th  t h e  except ion of t h e  Earth Resources Technology 
S a t e l l i t e  (ERTS), w i thou t  major i nc reases  i n  d a t a  process ing  c a p a b i l i t y .  

I n  l?Y 19'73:, i t  major new image d a t a  process ing  f a c i l i t y  t o  suppor t  ERTS 
w a s  placed i n  opera t ion .  This  f a c i l i t y  processes  t h e  l a r g e  q u a n t i t i e s  of  
image d a t a  rece ived  from EKTS and provides  photographic  products  t o  t h e  
p r i n c i p a l  i n v e s t i g a t o r s  f o r  a n a l y s i s .  The FY 1974 r e q u e s t  inc ludes  funds 
for.  a ful l .  y e a r  of ope ra t ion  f o r  t h i s  f a c i l i t y .  

Equipment 

1972 

Space f l igh t  t r ack ing  and 
d a t a  network.. .............. $29,152,000 

Deep space network.. .......... 13,335,000 
Aeronaut::ks and sounding 

Conmiunicxi ti.ons. ............... 2 , 434 , 000 
Data prci(:essi.ng. .............. 1 243,000 

rocket: support .  ............. 4,536,000 

Tots.: ...................... $50.700.000 

1973 1974 

$21,000,000 $19,900 , 000 
10 , 800,000 1 2  , 500,OClO 

3,100,000 3,200 , OClO 

2,431,000 2,300, OClO 
6 800 000 4 800,OC!g 

$44.131.000 $42.700.0C!Q _- 

The trac.l:ing and d a t a  a c q u i s i t i o n  suppor t  requirements placed on t h e  net- ,  
works es ta.l) l i .sh.  needs f o r  equipment which a re  e s s e n t i a l  t o  provide  ongoing 
suppor t  t o  approved programs. Funds f o r  equipment a r e  requi red  t o  r e p l a c e  
o b s o l e t e  and worn-out items, t o  modify e x i s t i n g  systems t o  main ta in  cornpati.- 
b i l i t y  wit:l-i c.ha.nges i n  f l i g h t  mission o b j e c t i v e s  and a s s o c i a t e d  s p a c e c r a f t  
instrument.itti .on, t o  i n c r e a s e  t h e  suppor t  u t i l i z a t i o n  and e f f i c i e n c y  of 
exis t i .ng sj'st:ems, and t o  complete o r  provide  new systems r equ i r ed  t o  suppor t  
s p e c i f i c  f1.ight. missions o f  approved programs. 

In  F'Y 1974, t h e  r eques t  i nc ludes  funds f o r  s u s t a i n i n g  t h e  e x i s t i n g  capa- 
b i l i t y  of networks along wi th  equipment a d d i t i o n s  t o  m e e t  t h e  requirements 
of upc.oming p l ane ta ry  programs (Pioneer  G, Mariner Venus/Mercury 1973, 
Hel ios ,  and Viking).  Also included i n  t h e  r eques t  a r e  funds f o r  t h e  con- 
t i n u i n g  e f f ' o r t  t o  provide  a s tandard  network conf igu ra t ion  f o r  suppor t  of 
t h e  advanced post-Skylab e a r t h  s a t e l l i t e  missions such as Nimbus F, I n t e r -  
n a t i o n a l  U1 t r a v i o l e t  Explorer ,  and Atmosphere Explorers  D&E. 'To accommodate 
t h e  inc reas ing  d a t a  handl ing and real  t i m e  c o n t r o l  requirement9,  funds are  
included i r  t he  FY 1974 r e q u e s t  f o r  t h e  phased procurement of .a t e lemet ry  
o n - l i n e  prccess ing  system. 
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Spacef l iFht  Tracking and Data Network Equipment 

The Space f l igh t  Tracking and Data Network (STDN) equipment program en- 
compasses t h e  procurement of equipment and services necessary :  ( a )  t o  
s u s t a i n  t h e  network 's  cont inuing  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  ongoing 
manned space f l i g h t  and 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 a t e l l i t e  
miss ions ,  ( b )  tlo m e e t  new program suppor t  requirements  f o r  new s p a c e c r a f t ,  
and ( c )  t o  cont inue  t o  e f f e c t i v e l y  c o n s o l i d a t e  and s t a n d a r d i z e  t h e  capab i l -  
i t i e s  of the  former S a t e l l i t e  and Manned Space F l i g h t  Networks t o  a s s u r e  
e f f i c i e n t  t r ack ing ,  command, and d a t a  a c q u i s i t i o n  suppor t  f o r  a:L1 e a r t h  
o r b i t a l  and sync'hronous missions i n  t h e  post-Skylab per iod .  

During FY 1974, t h e  network w i l l  cont inue  t o  suppor t  approximately 40 
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 miss ions  wi th  h igh ly  
complex ope ra t iona l  supporr  requirements  - Skylab, t h e  Earth Resources Tech- 
nology S a t e l l i t e ,  as w e l l  as t h e  new Atmospheric Explorer-C, Radio Astron-  
omy Explorer -By and Synchronous Meteorological  S a t e l l i t e s .  To main ta in  t h e  
network 's  r equ i r ed  h igh  l e v e l  of  performance f o r  suppor t  of t h i s  d i v e r s e  
and demanding workload, a cont inuing  equipment mod i f i ca t ion  e f f o r t  i s  r equ i r ed  
i n  N 1974 t o  maintain t h e  q u a l i t y  and r e l i a b i l i t y  o f  t h e  network's systems 
and subsystems. Accordingly,  funds are reques ted  f o r  replacement of f a i l u r e  
prone systems with more r e l i a b l e  u n i t s ,  f o r  equipment mod i f i ca t ions  t o  
c o r r e c t  o p e r a t i o n a l  d e f i c i e n c i e s ,  and f o r  equipment t o  b e  used in  o p e r a t i o n a l  
c o n t r o l  of  t he  network. 
c a t i o n  of t e s t  equipment and f o r  minor equipment mod i f i ca t ions  r e s u l t i n g  
from changes i n  support  requirements  from one mission t o  t h e  next .  

Funds a re  a l s o  reques ted  f o r  p rov i s ion  and modif i -  

Addit ions or modi f ica t ions  t o  network s t a t i o n  systems w i l l  be  completed 
i n  FY 1974 t o  support  t h e  Nimbus F and Atmospheric Explorer-C spacec ra f t .  
In  a d d i t i o n ,  c o n t r o l  c e n t e r  c a p a b i l i t i e s  t o  suppor t  new miss ions  w i l l  be  
augmented, inc luding  systems t o  i n c r e a s e  mul t imiss ion  suppor t  c a p a b i l i t y .  
These augmentations inc lude  t h e  expansion of d i s p l a y  systems f o r  f l i g h t  
maneuver ope ra t ions  c o n t r o l  t o  m e e t  increased  r ea l  t i m e  a t t i t u d e  and o r b i t  
de te rmina t ion  f o r  missions inc luding  Atmospheric Explorer  and t h e  Synchronous 
Meteoro1ogic:al S a t e l l i t e  f o r  i n j e c t i o n  i n t o  synchronous o r b i t .  I n  a d d i t i o n ,  
t h e  con t ro l  c e n t e r  f o r  t h e  Atmospheric Explorer-C s p a c e c r a f t  w i l l  b e  complet.ed. 
Major p i eces  c f  equipment f o r  t h i s  c e n t e r  w e r e  purchased i n  N 1972 and FY 
1973. I n  FI' 1974, t h e s e  p i eces  of  equipment w i l l  b e  i n s t a l l e d  and checked 
o u t  t o  ensure  t h e i r  proper  ope ra t ion  f o r  c r i t i c a l  real t i m e  suppor t  o f  t h a t  
series of  mi.ss ions .  

I n  FY 197[., i t:  i s  planned t o  augment and improve t h e  accuracy of e x i s t i n g  
laser syst:ms;. Very p r e c i s e  t r ack ing  systems a re  a requirement  t o  m e e t  
t h e  object i .ves  olf t h e  GEOS-C and LAGEOS missions as w e l l  as t h e  San Andreas 
F a u l t  Exper'j-ment: (SAFE). 
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Funds a re  requested i n  M 1974 t o  cont inue  t h e  s t a n d a r d i z a t i o n  and s impl i -  
f i c a t i o n  of  network systems i n i t i a t e d  i n  FY 1973 as p a r t  o f  a phased p l an  t o  
combine the  most t echno log ica l ly  advanced c a p a b i l i t i e s  of t h e  former Manned 
Space F l i g h t  and S a t e l l i t e  Networks. Under t h i s  p l a n ,  t h e  b e s t  f e a t u r e s  of 
t h e  t r ack ing ,  te lemet ry ,  command, and d a t a  handl ing  systems which have so 
success fu l ly  supported t h e  Apollo program a re  being combined w i t h  t h e  capa- 
b i l i t i e s  developed f o r  support  of NASA's unmanned s c i e n t i f i c  s a t e l l i t e  pro-  
jects  t o  a s s u r e  e f f i c i e n t  support  f o r  post-Skylab miss ions  such as GEOS-C, 
Orbi t ing  Solar  Observatory-I,  t h e  Apollo Soyuz T e s t  P r o j e c t ,  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,  and o t h e r  space sc i ence  and a p p l i c a t i o n s  programs. 

A s  a p a r t  of t h i s  p l an ,  e f f o r t  has  been i n i t i a t e d  t o  broaden t h e  t r a n s -  
m i t t i n g  c a p a b i l i t y  of t h e  Apollo u n i f i e d  S-band system and t o  s impl i fy  and 
s t anda rd ize  i t s  ranging equipment t o  enable  a l l  network s t a t i o n s  t o  suppor t  
both manned and unmanned miss ions .  This e f f o r t  w i l l  cont inue  i n  FY 1974. 
Add i t iona l ly ,  .work w i l l  be  i n i t i a t e d  i n  FY 1974 t o  modify t h e  te lemet ry  and 
command da ta  processing systems i n  former Manned Space F l i g h t  Network s t a t i o n s  
f o r  compa t ib i l i t y  w i th  unmanned s p a c e c r a f t .  
c a t i o n s  w i l l  assure t h e  c a p a b i l i t y  f o r  suppor t  of 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  a t  a l l  STDN s t a t i o n s  and w i l l  p rovide  t h e  f l e x i b i l i t y  needed t o  
encompass t h e  major i ty  of  new p r o j e c t  command and t e l eme t ry  process ing  re- 
quirements w i t h  #only minor modular a d d i t i o n s  and modi f ica t ions .  

Implementation of  t h e s e  modif i -  

This p l an  f o r  conso l ida t ion  of  Manned Space F l i g h t  and S a t e l l i t e  Network 
systems i s  phased f o r  completion i n  t h e  post-Skylab per iod .  On completion, 
t h e  network 's  equipment conf igu ra t ion  should provide  t h e  necessary  f l e x i b i l i t y  
f o r  e a r t h  o r b i t a l  f l i g h t  p r o j e c t  suppor t  and permi t  economies i n  network 
ope ra t ions ,  l o g i s t i c s  and sof tware  c o s t s .  

Deep Space Network Equipment 

During FY 1974, t he  Deep Space Network w i l l  p rovide  ex tens ive  f l i g h t  and 
prelaunch support  t o  a l a r g e  family o f  p l a n e t a r y  and i n t e r p l a n e t a r y  missions. ,  
Included i n  t h i s  heavy support  workload are  t h e  s t i l l  active Pioneer  space-  
c r a f t  launched during and p r i o r  t o  1968, t h e  J u p i t e r  bound Pioneer  10 space- 
c r a f t ,  as w e l l  as  t h e  upcoming Pioneer  G and Mariner Venus/Mercury missions.  
Equipment aJgmentation and network systems suppor t  w i l l  b e  cont inued a t  t h e  
minimum r e q J i r e d  level t o  a s s u r e  un in te r rup ted  t r a c k i n g  and d a t a  r ecep t ion  
ope ra t ions  to  thlese ongoing miss ions ,  and a t  t h e  same t i m e  p rovide  new n e t -  
work system c a p a b i l i t i e s  f o r  approved p l a n e t a r y  miss ions ,  i n  p a r t i c u l a r  t h e  
m u l t i s p a c e c r a f t  'Viking 1975 mission. Funds reques ted  i n  E'Y 1974 w i l l  a l low 
t h e  needed :ont inui ty  i n  time-phased equipment procurements i n i t i a t e d  i n  
p r i o r  y e a r s  and f o r  o t h e r  modi f ica t ions  necessary  t o  complete t h e  network 
conf igu ra t ion  requi red  f o r  support  of t h e s e  missions.  
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Viking m i s s  ion support  w i l l  r e q u i r e  a number of  a d d i t i o n a l  new c a p a b i l i t i e s  
t o  enable  s i rml taneous  r ecep t ion ,  commanding and d a t a  handl ing  of t h e  m u l t i p l e  
channels  a s soc ia t ed  wi th  t h e  combined dua l  Mars o r b i t e r s  and landers .  In-  
c reased  numbers of receivers a t  t h e  t h r e e  64 meter antenna s t a t i o n s  t o  r e c e i v e  
up t o  t h r e e  telecommunication downlink s i g n a l s  w i l l  be  procured. These re- 
ceivers, of -new des ign ,  w i l l  be  capable  of r e c e i v i n g  s imultaneously both t h e  
S-  and X-band f requencies  t o  b e  t r ansmi t t ed  by t h e  Viking o r b i t e r  s p a c e c r a f t ,  
as w e l l  as t h e  sepa ra t e  S-band lander  communications l i n k .  This  new gener- 
a t i o n  des ign  w i l l  a l s o  provide t h e  Deep Space Network w i t h  t h e  needed a d d i t i o n a l  
performance t o  a s s u r e  support  t o  t h e  more complex and demanding missions planned 
t o  go t o  t h e  o u t e r  p l a n e t s ,  t y p i f i e d  i n i t i a l l y  by t h e  dua l  Mariner s p a c e c r a f t  
t o  J u p i t e r  and Saturn i n  1977. I n  o r d e r  t o  handle  t h e  a d d i t i o n a l  Viking 
te lemet ry  channels r e s u l t i n g  from t h e  increased  number of  downlink s i g n a l s ,  
a d d i t i o n a l  te lemet ry  and da ta  systems w i l l  be  r equ i r ed  t o  handle  t h e  much 
h ighe r  f r e q u m c i e s  of t h e  improved performance X-band sys  t e m .  

Funds a r e  a l s o  requested i n  FY 1974 t o  complete augmentation o f  t h e  micro- 
wave and maser su.bsystems f o r  X-band r ecep t ion  a t  t h e  overseas  64 m e t e r  
s t a t i o n s  which a re  p r e s e n t l y  capable  of S-band ope ra t ions  only.  High power 
S-band trransriit:ter modi f ica t ions  i n i t i a t e d  i n  FY 1973 w i l l  a l s o  be completed 
t o  a l low dua:? up l ink  commanding of  t h e  Viking s p a c e c r a f t .  This increased  
t ransmiss ion  pc)wer w i l l  be necessary  t o  overcome t h e  increased  communication 
d i s t a n c e s  a s soc ia t ed  wi th  t h c  commanding and ranging t o  o u t e r  p l a n e t  space- 
c r a f t .  

The FY 1974 funds requested t o  suppor t  t h e  ongoing f l i g h t  missions are 
r equ i r ed  t o  inaiktain t h e  e x i s t i n g  network systems 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 .  fie t ime-cr i t ical  demands placed on t h e  network by t h e  va r ious  
planned and ~ n p l a n n e d  mission events  a s s o c i a t e d  w i t h  p l a n e t a r y  encounters ,  
and t r a j e c t o r y  and a t t i t u d e  maneuvers n e c e s s i t a t e  t h a t  f a i l u r e - p r o n e  and 
o b s o l e t e  support  equipment modules be  rep laced .  

Add i t iona l ly ,  i n  o rde r  t o  a s s u r e  t h a t  r e l i a b l e  network perfornlance i s  
achieved and t'hat da t a  provided t o  t h e  f l i g h t  mission teams i s  p rope r ly  
v a l i d a t e d  and av , a i l ab le  w i t h i n  r equ i r ed  pe r iods  f o r  i n f  l i g h t  decision-making 
ope ra t ions ,  a d d i t i o n a l  network c o n t r o l  and d a t a  flow equipment w i l l  b e  pro-  
vided f o r  t h e  network c o n t r o l  and monitor ing system. FY 1974 funds a r e  re- 
quested t o  Frovide t h i s  a d d i t i o n a l  c a p a b i l i t y  t o  b e  o p e r a t i o n a l  f o r  t h e  
Viking t i m e  per iod .  

Aeronaut ics  and Sounding Rocket Support Equipment 

A wide v a r i e t y  of f i x e d  and mobile equipment i s  used t o  provide  instrumen- 
t a t i o n  suppcirt: of sounding rocke t s  and r e -en t ry  v e h i c l e s  launched from 
Wallops Sta.t:ion and o t h e r  l o c a t i o n s  and f o r  a e r o n a u t i c a l  f l i g h t  r e s e a r c h  
pro  j ectrs conduct:ed by t h e  F l i g h t  Research Center  and Langley Research Center.  
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To provide ins t rumenta t ion  support  compatible wi th  range u s e r s '  requirements 
f o r  research  t e s t s  conducted a t  Wallops S t a t i o n  and a t  remote si tes us ing  
mobile equipment, maintenance and s p a r e  p a r t s  must b e  provided,  as w e l l  a s  
non-recoverE.ble f l i g h t  hardware, such as onboard antennas,  t ransponders ,  and 
power supp l i e s .  To m e e t  s p e c i f i c  test requirements ,  augmentation of s e l e c t e d  
te lemet ry ,  conmnica t ions ,  command, and da ta  handl ing systems i s  requi red .  
I n  a d d i t i o n ,  rrobile r a d a r  and te lemetry equipment w i l l  be  re furb ished  and 
updated t o  meet t h e  requirements of t h e  Western Hemisphere Meridional Network 
P ro jec t ,  a j o i n t  Argentine-Brazil-United S t a t e s  e f f o r t  implementing a US/USSlZ 
agreement i n  t h e  f i e l d  of  meteorology. 

Telemetry ground s t a t i o n s  a r e  operated by the  Langley Research Center t o  
support  ae ronau t i ca l  r e sea rch  programs. 
a r e  flown from t h e  Wallops and Langley a i r f i e l d s .  Funds a r e  requested i n  
N 1974 t o  procure s p e c i a l i z e d  checkout and d i s p l a y  equipments which are 
necessary t o  adapt  t h e  ground s t a t i o n s  t o  t h e  requirements  of s p e c i f i c  f l i gh t :  
missions.  

'The a i r c r a f t  used i n  these  programs 

The F l i g h t  Research Cen te r ' s  Aerodynamic T e s t  Range c o n s i s t s  of s t a t i o n s  at: 
Edwards, CalifNDrnia, and Ely, Nevada, which support  va r ious  a i r c r a f t  and 1if t : ing 
body p r o j e c t s ,  such as t h e  F-111, F-104, X-24BY C5-A, YF-12, F-8, and F-15. 

Communications Equipment 

The purpose of t h e  NASA Communications Network (NASCOM) i s  t o  provide c o s t -  
e f f e c t i v e  and r e l i a b l e  communications between t r ack ing  s i t e s  , launch a r e a s ,  
and c o n t r o l  cen te r s  i n  suppor t  of a l l  NASA programs. The FY 1974 r eques t  
inc ludes  t h e  nlscessary funds f o r  t he  procurement of equipment t o  maintain 
t h e  i n t e g r i t y  ilnd r e l i a b i l i t y  of t h e  NASCOM network. It a l s o  inc ludes  funds 
f o r  t h e  procmament of equipment t o  improve t h e  e f f i c i e n c y  of  t he  network. 

In  FY 1974, plans  provide f o r  t h e  procurement of a ma t r ix  switching capa- 
b i l i t y  a t  Gotldard f o r  c e n t r a l i z e d  switching of wideband c i r c u i t s  coming i n t o  
and w i t h i n  t h e  c o n t i n e n t a l  U.S. This  w i l l  a l low f o r  more e f f e c t i v e  u t i l i z a t i . o n  
of wideband c i r c u i t s  by al lowing f o r  r e r o u t i n g  and shar ing  of such c i r c u i t s  
by user:; i n  nea r  r e a l  time. Funds a r e  a l s o  requested f o r  t he  a s soc ia t ed  
q u a l i t y  monF.ioi:ing and c o n t r o l  equipment f o r  t h e  ma t r ix  switch.  

A s  i n  prev:Lous f i s c a l  yea r s ,  funds a r e  requi red  t o  s u s t a i n  the  network 
i n  a h igh ly  i:el.iable condi t ion  through equipment replacement,  r e p a i r s  , and 
modif icat ionr; .  To ensure a cont inuing h igh  l e v e l  of  performance, equipment 
i s  necessary  fcir c i r c u i t  q u a l i t y  monitoring and t e s t i n g ,  c i r c u i t  a n a l y s i s ,  
f a c i l i t y  performance, and e r r o r  de t ec t ion .  
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Data Processing Equipment 

I n  FY 1974, funds are  reques ted  t o  complete procurement of t h e  Telemetry 
On-Line Processing System (TELOPS) which w a s  i n i t i a t e d  i n  FY 1973. The 
TELOPS i s  designed t o  m e e t  t h e  d a t a  process ing  requirements  of  f u t u r e  space-  
c r a f t  which a re  cha rac t e r i zed  by g r e a t e r  volume and increased  need f o r  da t a  
i n  rea l  time (o r  n e a r  real  t ime) .  Ne i the r  of t h e s e  requirements  can be  m e t  
economically by t h e  expansion of t h e  p r e s e n t  d a t a  process ing  f a c i l i t y .  

The new s y s t e m  inc ludes  an i n p u t  processor  and a mass s t o r a g e  device ,  both 
ope ra t ing  w i t h  e x i s t i n g  l a r g e  scale computers. The i n p u t  processor  w i l l  re-  
c e i v e , q u a l i t y  check and s t o r e  d a t a  which h a s  been forwarded from t h e  S t a t i o n  
Data Acqu i s i t i on  and Control  systems (STADAC) c u r r e n t l y  being implemented a t  
STDN s t a t i o n s .  'fie mass s t o r a g e  dev ice  w i l l  con ta in  o n - l i n e  approximately 
one y e a r ' s  m r t h  o f  te lemet ry  d a t a  which has  been acqui red  by NASA's s c i e n -  
t i f i c  and a p p l i c a t i o n  f l i g h t  missions.  This  s t o r e d  d a t a  can b e  ex t r ac t ed  
both f o r  real  time mission ope ra t ions  purposes as w e l l  as f o r  nea r  real  
t i m e  appl icat ion: ;  , such a s  s c i e n t i f i c  a n a l y s i s .  

The TELOPS concept w i l l  a l s o  r e s u l t  i n  o p e r a t i o n a l  e f f i c i e n c i e s  by reducing 
t h e  amount o E  d a t a  which i s  a c t u a l l y  processed and t h e  amount of magnetic 
t ape  puh.cha:;,.d:, a long wi th  t h e  a s s o c i a t e d  handl ing  c o s t s .  

FY 1974 ful1d:; a re  a l s o  reques ted  t o  maintain t h e  e x i s t i n g  d a t a  process ing  
systems which a r e  opera ted  18 hours  p e r  day. 
ment must be repl.aced, and normal s u s t a i n i n g  items such as heads f o r  t ape  
decks and caishode ray  tubes must be  purchased. 

Obsolete  and worn-out equip- 

Supporting Research and Technolorn 

1974 - 1973 - 1972 

Tracking , orb i t :  d e  t ermina t ion ,  
and ground-ba.sed nav iga t ion .  . $3,063,000 $2,150,000 $2 , 400,000~ 

Spacecraf t:/'grou.nd communica - 
t i o n s  , t:c!lemetry and command, 4,583,000 2 , 940 , 000 3,000,000 

Network opera t i o n  and c o n t r o l  
technology ................... 2,269,000 1 , 840,000 1 , 750,000 

Data handl ing and process ing . .  . 1,585,000 1,570,000 1,950,000 

Total....................... $11.500.000 $8.500.000 $9,100.c)00 

The o b j e c t i v e  of t h e  Supporting Research and Technology (SRT) program i s  t o  
conduct 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  systems and 
techniques r equ i r ed  t o  provide  new and improved network and d a t a  process ing  
c a p a b i l i t i e s  t o  m e e t  t he  needs of  f u t u r e  missions,and t o  improve t h e  c o s t -  
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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 h e  o v e r a l l  TGrDA suppor t  f o r  t h e  t o t a l  mix 
of NASA f l i g h t  missions.  .Program e f f o r t  i s  consol ida ted  i n t o  fou r  b a s i c  
areas under which major activit ies planned f o r  FY 1974 are as fo l lows:  

Tracking, Orb i t  Determination, and Ground-Based Navigation --- 

New t r ack ing  instrument  c a p a b i l i t i e s  and measurement techniques w i l l  con- 
t i n u e  t o  be  deve'loped t o  meet t h e  more s t r i n g e n t  t r ack ing  and ground-based 
nav iga t ion  needs of f u t u r e  miss ions .  These needs apply  p a r t i c u l a r l y  t o  
p l ane ta ry  o r b i t e r s  and l a n d e r s ,  as w e l l  as t o  o u t e r  p l a n e t  g r a v i t y - a s s i s t e d  
swing-b:y missions,  a l l  of  which impose more s t r i n g e n t  requirements  f o r  ex- 
tremely a c c u r a t e  t r ack ing  and t r a j e c t o r y  de te rmina t ion  da ta .  The geodesy 
and e a r t h  a n d  ocean phys ics  programs a l s o  r e q u i r e  s i g n i f i c a n t  improvements 
i n  t r ack ing  accurac ies  and o r b i t  de te rmina t ion  techniques.  

SPacecraft-to-Ground Communications, T e l e m e t r y ,  and Command 

Studies  and developments t o  extend t h e  c a p a b i l i t i e s  of t h e  space-to-ground 
telecormnunication l i n k s  w i l l  cont inue  i n  N 1974. I n  e a r t h  orb i . ta1  mission 
suppor t ,  improved te lemet ry  c a p a b i l i t i e s  a r e  r equ i r ed  t o  handle  d a t a  ra tes  
of  30 t o  50 ini:Llion b i t s  p e r  second, and h i g h e r ,  f o r  h igh  r e s o l u t i o n  imaging 
d a t a  from ea:rth observa t ion  spacec ra f t .  For p l a n e t a r y  miss ions ,  cont inuing  
developments a r e  r equ i r ed  t o  m e e t  t h e  needs of t h e  more complex f u t u r e  
mission:;. For example, s p e c i a l  t e lemet ry  systems making u s e  of  new modulation 
and s i g n a l  coding techniques are  needed t o  overcome t h e  communications con- 
s t r a in t : ;  a s s o c i a t e d  w i t h  t h e  p l ane ta ry  atmospheres. 
are needed t o  extend communications and cormnand c a p a b i l i t i e s  for  o t h e r  types 
of p l ane ta ry  m:i s :; ions.  

S imi l a r  developments 

Tracking and D a t a  Relay S a t e l l i t e  System (TDRSS) s t u d i e s  w i l l  d e f i n e  t h e  
systems chai:;zcter:istics, inc luding  o p e r a t i o n a l  c o n t r o l  and d a t a  handl ing  
requirements  f o r  implementation of a TDRSS system us ing  two synchronous 
s a t e l l i t e s .  E f f o r t  i n  FY 1974 w i l l  a l s o  inc lude  t h e  development of  space- 
c r a f t  electi :onics systems and antenna ope ra t ing  techniques t o  achieve  adequat:e 
ga in  and discxi-mimation a g a i n s t  i n t e r f e r i n g  s i g n a l s  (RFI) . Work w i l l  cont inue  
on ground st:ati-on system pre l iminary  des ign  and on u s e r  s p a c e c r a f t  communica-. 
t i o n  system des ign  techniques r equ i r ed  f o r  mul t iu se r  t r ack ing  and d a t a  acqui-. 
s i t i o n  suppor t  via TDRSS. 

Network Operat ions and Control  Technology 

Effort: wil.1. 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 monitor ing 
of t r ack ing  and d a t a  a c q u i s i t i o n  suppor t  ope ra t ions ,  both a t  t h e  s t a t i o n s  
and t h e i r  re:;pect:ive network c o n t r o l  cen te r s .  The a i m  i s  improved e f f i c i e n c y  
and ef fec t iveness8  i n  t h e  u t i l i z a t i o n  o f  t h e  o v e r a l l  network system. Features  
f o r  automated monitor ing and c o n t r o l  w i l l  be  examined and developed f o r  those 
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a p p l i c a t i o n s  which a r e  determined t o  be  c o s t - e f f e c t i v e  and necessary  t o  meet 
real time ope ra t ions  requirements.  For example, t h e  use  of s tand  a lone  mini- 
computers f o r  func t iona l  c o n t r o l  of network subsystems i s  proving t o  be an 
economical wa'y t o  i n c r e a s e  s t a t i o n  e f f i c i e n c y  and reduce mission-to-mission 
tu rn  around time. I n  FY 1974, t h i s  e f f o r t  w i l l  b e  extended t o  inc lude  au to-  
mation of network c o n t r o l  c e n t e r  func t ions  i n  both t h e  Deep Space Network 
and t h e  Space f l igh t  Tracking and Data Network. 

Data Handling and Processing 

Studies  and development w i l l  cont inue  r e l a t i n g  t o  d a t a  handl ing and da ta  
process ing  systems and techniques t o  meet t h e  inc reas ing  requirements f o r  
real t i m e  mission c o n t r o l  and u s e r - i n t e r a c t i v e  informat ion  systems. These 
a c t i v i t i e s  w i l l  be concerned p a r t i c u l a r l y  wi th  t h e  problems of high r a t e ,  
on - l ine  da ta  'handling, s to rage ,  and r e t r i e v a l .  Techniques and systems a l s o  
w i l l  be  explored f o r  a f u l l y  d i g i t a l  approach t o  handl ing  and process ing  of 
imaging data from e a r t h  observa t ion  satel l i tes .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF INDUSTRY AFFAIRS AND 
---- TECHNOGE u T IL IZATI ON TECHNOLOGY UTILI.ZATI( )N PROGNi&J 

SUMMARY OF RESOURCES REQUIREMENTS 

1974 - 1973 - 1972 - 
N e w  techno logy i d  en t i f ica t ion  , 

evalua t ion  and p u b l i c a t i o n . .  ..... $950,000 $675,000 V720 , 000 
New technology d isseminat ion . .  ..... 1,180,000 1,125,000 1,125,000 
Techno1og;j app l i ca t ions . .  .......... 2 . 370 . 000 1 . 790 . 000 1,755,000 .. Program wa1.uation and b e n e f i t s . .  500 , 000 410,000 - 400 , 000 

Total., ......................... $5.000.000 $4.000.000 $4.000.000 - 
---- Dis t r ibu t j -on  of  Program Amount by I n s t a l l a t i o n :  

NASA IIea.dquar ters .............. $5 . 000 . 000 $4 . 000 . 000 $4 . ~ o ~ , o ~ ~  

HIGHLIGHTS OF BUDGET PLAN 

1974 - 1973 - 1972 - 
New Techncjlcsy I d e n t i f i c a t i o n ,  

Eva1uat.i.. and Pub l i ca t ion  
I d e n t i 5  and eva lua te  new tech-  

nology; pub l i sh  and d i s t r i b u t e  Tech 
Briefs, t e c h n i c a l  support  packages, 
and o the r  special  pub l i ca t ions . .  .... 950,000 673,000 720,000 

New Techns&p;y Dissemination 
Ef fec t  t:he t r a n s f e r  of aerospace  

technology r e s u l t s  t o  i n d u s t r i a l  
and publ ic  s e c t o r  u s e r s ;  ope ra t ion  
o f  regiona 1 use r -o r i en ted  t r a n s f e r  
s e r v i c e s ,  i nc lud ing  an  increased  
emphasis cn technology t r a n s f e r  
service f o r  S t a t e  and l o c a l  govern- 
ment uni ts . . . . . . . . . . . . . . . . . . . . . . . .  .. 1,180,000 1,125,000 1,125,000 
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1972 - L974 -- 1973 - 
TechnologyAppl ica t ions  

I d e n t i f y  p u b l i c  s e c t o r  problems 
s o l v a b l e  by aerospace technology; 
ope ra t ion  of biomedical and tech-  
nology a p p l i c a t i o n  teams; a p p l i c a -  
t i o n  of  aerospace  technology t o  
pub l i c  s e c t o r  needs and increased  
emphasis 13n !state government o r i -  
ented pro'bleins, inc luding  u s e r  
conf erenc'es. . . . . . . . . . . . . . . . . . . . . . . $2,370,000 $1,790,000 $1,'755,000 

Program E c e J a t i o n  and Bene f i t s  

mentat ion 'of technology t r a n s f e r  
methods, assess economic b e n e f i t s  

Analysis ,  improvement and imple- 

o f aerospa e technology . . , . . , . . . . . 500,000 410,000 1.-00,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

OFFICE OF-GWSTRY AFFAIRS AND 
TECHNOLOGY UTILIZATION ---- TECHNOLOGY UTIL1ZATI:ON -. PROGEM - 

PROGRAM 01&3,2TIVES AND JUSTIFICATION 

The Techno:Logy U t i l i z a t i o n  program t r a n s f e r s  t h e  new knowledge and inno- 
v a t i v e  teclinology r e s u l t i n g  from NASA's  a e r o n a u t i c a l  and space resckarch and 
development program f o r  a p p l i c a t i o n s  i n  indus t ry ,  medicine,  and such pub1ic:ly 
important  ixreas as t r a n s p o r t a t i o n ,  urban development, environmental protect: ion,  
and s a f e t y ,  
developed technology via  t h e  Technology U t i l i z a t i o n  program providgs an  
addi t ional .  r e t u r n  t o  t h e  pub l i c  on i t s  investment i n  N A S A ' s  r esearch  and 
deve1opmeri.i e f f o r t s .  

Developing m u l t i p l e  u ses  of  t h e  n a t i o n ' s  a e r o n a u t i c a l  and spac:e 

The prinmry o b j e c t i v e s  of t h e  NASA Technology U t i l i z a t i o n  progranl are: 
(1) 
and development by encouraging a d d i t i o n a l  u ses  of t h e  knowledge gained i n  
those  progi~anis; (2) t o  sho r t en  t h e  t i m e  gap between t h e  d iscovery  of new 
knowledge and i t s  e f f e c t i v e  widespread use ;  (3) 
i ndus t ry ,  d i s c i p l i n a r y ,  and geographical  boundaries;  and (4) to  develop 
b e t t e r  means of  t r a n s f e r r i n g  technology from i t s  p o i n t s  of o r i g i n  t o  i t s  
p o i n t s  of  pot :ent ia l  use.  

110 i n c r e a s e  t h e  r e t u r n  on t h e  n a t i o n a l  investment i n  aerospace' researc.'h 

t o  move new knowledge ac ross  

I n  FY 1974 t h e  emphasis of t h e  Technology U t i l i z a t i o n  program w i l l  b e  t o  
shor ten  t h e  time between t h e  development of new technology and i t s  use fu l  
a p p l i c a t i c n  i n t o  t h e  market,  p a r t i c u l a r l y  i n  those  areas of pu'blic concern 
f o r  which t:echnological c o n t r i b u t i o n s  f u l f i l l  a c u r r e n t l y  unmet need. 
w i l l  be  inc.reased i n  applying technologica l  s o l u t i o n s  t o  signi Eicant pub l i c  
s e c t o r  needs f o r  demonstrat ion of  u t i l i t y  and eventua l  adap ta t ion  i n  t h e  
marketplace.  

E f f o r t s  

SUMMARY OF RESOURCES REQUIREMENTS ---- 
1972 1973 1974 

N e w  techno 1 ogy iden t i  f ica t ion ,  .......... $720,000 eva lua t ion  and p u b l i c a t i o n  $950,000 $675,000 
N e w  technology disseminat ion. . . . . . . . . .  1,180,000 1,125,000 1,125,000 
Technology a p p l i c a t i o n s  ............... 2,370,000 1,790,000 1,755,000 
Program eva lua t ion  and b e n e f i t s . .  ..... 500,000 410 ,0 (z  . 400,000 

............................. $5.000.000 $4.000. OOCJ .$4.000.0~00 T o t a l  - -  - 



BASIS OF FULJ REQUIREMENTS: 

--- New Technology I d e n t i f i c a t i o n ,  Evaluat ion and Publicat- 

In  response t o  t h e  requirements of Sec t ion  305(b) of t h e  Spac:e AcI:, t he  
Technology 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  ident:ify NASA- 
sponsored s c i e n t i f i c  and t e c h n i c a l  endeavors of p o t e n t i a l  u t i l i . t y  t o  t h e  
nonaerospace s e c t o r  of  t h e  economy. New advances so i d e n t i f i e d - - i n  such 
d i v e r s e  f i e l d s  as nondes t ruc t ive  t e s t i n g ,  cryogenics ,  laser  applicatzions,  
and human f a c t o r s  engineer ing--are  publ ished i n  Tech B r i e f s ,  Ccimpil,itions, 
Handbooks, and Reports.  

New Technolopy Dissemination 

S i x  Regional Dissemination Centers  , l a r g e l y  opera ted  by u n i v e r s i t  ;-es, 
t r a n s f e r  aerospace  technology t o  l a r g e  and small i n d u s t r i a l  f i rms .  
c e n t e r s  employ computerized search-and-match techniques r e s u l t i n g  i i i  t h e  
i d e n t i f i c a t i o . 2  and t r a n s f e r  of  aerospace  technology d i r e c t l y  relevalit t o  
t h e  i n d u s t r i a l  c l i e n t ' s  t e c h n i c a l  needs. 

These 

During FY 1374, p a r t i c u l a r  emphasis w i l l  be  placed on loca t icm ancl 
development of manufaccuring, product ion,  and marketing f o r  tec.hnic:tl devel  -. 
opments r e s u l t i n g  from NASA p a t e n t s  and a p p l i c a t i o n s  engineer ing  p r o j e c t s  
and r e l a t e d  pub l i c  s e c t o r  product  development ac t iv i t ies .  

Based on experience i n  Fy 1972 and 1973 i n  working wi th  economic :;rowth 
and developnent programs of  o t h e r  agencies  , l i m i t e d  experimental  e f  liorts 
t o  provide  te1:hnical in format ion ,  conferences,  and technology t r a n s  iier 
s e r v i c e s  t o  S t a t e  and l o c a l  governments w i l l  be  undertaken on a cos:-shar ing 
b a s i s .  

I n  a d d i t i m ,  sof tware  f o r  s e l e c t e d  computer programs developed i n  t h e  
course  of  IXSD performed f o r  NASA and o t h e r  government agencies  w i l l  be  made 
a v a i l a b l e  tzI : industry,  government and o t h e r  i n t e r e s t e d  u s e r s  th.rouglt t h e  
Computer Software Management and Information Center (COSMIC). 

Technology App l i ca t ions  

NASA-sponso:red p u b l i c  s e c t o r  Appl ica t ions  Teams ass is t  groups conc:erned 
wi th  medicill technology, environmental  p o l l u t i o n ,  urban a f f a i r s  and pub l i c  
s a f e t y  i n  f i e  d e f i n i t i o n  of problems t o  whose s o l u t i o n  NASA aeronaui:ical  
and space  developed c a p a b i l i t i e s  w i l l  c o n t r i b u t e .  

P a r t i c u l a r  Imphasis w i l l  b e  p laced  on technology a p p l i c a t i o n s  pro:; ects 
r e l a t e d  t o  S t a t e  and r eg iona l  needs.  Supporting ac t iv i t i e s  such as  u s e r  
o r i e n t e d  conferences w i l l  be  provided t o  i n s u r e  requirement/solut ior i  matches. 
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Selec ted  p r o j e c t s  w i l l  be  sponsored t o  perform t h e  necessary  appl:i.cations 
engineer ing.  
and a p p l i c a b i l i t y  of  t h e  technology t o  s p e c i f i c  p u b l i c  s e c t o r  needs, ,  
couragement, such as p a t e n t  l i c e n s e s  and p a t e n t  waivers where appropr i a t e ,  
w i l l  be  given t o  p r i v a t e  c o n t r a c t o r s  t o  f u r t h e r  develop techno1ogic:tl s o l u t i o n s  
and p d b l i c  s e c t o r  markets so t h a t  b e n e f i t s  w i l l  be  wide ly  a v a i l a b l e  throughout 
t h e  economy. 

Such p r o j e c t s  are requi red  t o  demonstrate  t h e  e f f e c t i v e n e s s  
En- 

Program Evaluat ion and Bene f i t s  

The e f f e c t  of such f a c t o r s  as t i m e  l ag ,  technology c h a r a c t e r i s t i c : ;  and 
t h e  s t r u c t u r e  of t h e  i n d u s t r y  on t h e  e f f e c t i v e n e s s  of  technology t r i tns fer  
w i l l  be  evaluated.  Ins tances  of e f f e c t i v e  t r a n s f e r  w i l l  b e  documeni:ed. 

Other s t u d i e s  t o  ana lyze  and document impacts and b e n e f i t s  of NASA R&D 
programs w i l l  b e  conducted through c l o s e  l i a i s o n  w i t h  o t h e r  NASA prclgram 
and s t a f f  oEf ices .  These w i l l  i nc lude  both impacts on technolcgy i r i  

c u r r e n t  i n d u s t r i a l  p r a c t i c e ,  as w e l l  as t h e  imp l i ca t ions  of aerospac:e 
technology 3n increased  n a t i o n a l  c a p a b i l i t i e s  s t a t e d  i n  terms o f  p r o d u c t i v i t y  
and economic :growth and change. 
e x h i b i t  materials, conference coord ina t ion ,  and development of matei'ial f o r  
u s e  by t h e  coimunica t i o n s  media. 

Such e f f o r t s  w i l l  i nc lude  developmcznt of  
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