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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

GENERAL STATEMENT 

The Na t iona l  Aeronautics and Space Adminis t ra t ion , e s t a b l i s h e d  
October :L, 1958, conducts space and a e r o n a u t i c a l  a c t iv i t i e s  f o r  peace- 
f u 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  [Jnited 
S t a t e s  1.eaclership i n  r e s e a r c h ,  technology, and u t i l i z a t i o n  i n  t h e s e  
f iel-ds , NASA's programs : 

---ext.end man's knowledge of t h e  e a r t h ,  i t s  environment, t h e  s o l a r  
sys, tern , and t h e  un ive r se  ; 

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

--decc!lclp , o p e r a t e  , and improve manned and unmanned space v e h i c l e s  ; 

--imgrove t h e  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  
wh i l e  minimizing t h e i r  environmental  e f f e c t s ;  

--diss,eminate p e r t i n e n t  f i n d i n g s  widely t o  p o t e n t i a l  u s e r s  ; 

--promote i n t e r n a t i o n a l  cooperat ion i n  p e a c e f u l  a c t i v i t i e s  i n  space; 
a n d  

- - e f f e c t i v e l y  u t i l i z e  a s i g n i f i c a n t  segment of t h e  n a t i o n ' s  
s c i e n t i f i c  and eng inee r ing  t a l e n t s  and f a c i l i t i e s .  

The i n d u s t r i a l  community, under c o n t r a c t s  w i t h  NASA, w i l l  contii iue 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 
of t h e  programs w i l l  b e  pursued w i t h i n  NASA i n s t a l l a t i o n s ,  ot:her 
government agenc ie s ,  u n 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 .  

Appropriat ions totaling: $3,379,000,000 are reques t ed  i n  FY 1973, t o  
suppor t  the! 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 .  
i s  z;wii:im:ed below: 

The budget p l a n  

BUDGET PLAN SUMMARY 

(Thousands of Dollairs) 
19 73 - ______- 19 7 1  19 72 

Obligat iDnal  -- Authori ty  

Research and development ........ $2 , 542,362 $2 , 507 , 700 $2 , 600,900 

700 , 1300 Resea rch  2nd program management. 722,134 726 , 387 - 
Construct ion of f a c i l i t i e s . . . . . .  28,755 52 , 700 7 7 ;:?loo 

-- 

TOTAL BUDGET PLAN.. . . . . . . . . . . . $3,293,251 $3,286,787 $3,379,000 -- - -- 

'TOTAL OUTLAYS.. . . . . . . . . . . . . . . . $3,381,908 $3,181,000 $3,192 , 400 -- -- - - 
AS 1 



MANNED SPACE FLIGHT 

1975 1976 

TA P A ~ I T I ~ I :  ir TI i r  rwni nn ATI  n h i  nr TI lr ~ A A A ~ I  A n-w I e w IU LUIV I I IVUC I nr c n r  LUKA I I VIA ut I nt  IVIWUIV - HruLLu 

0 TO EXTEND M A N ' S  CAPABIL ITY  TO LIVE & W O R K  I N  SPACE - SKYLAB 

0 TO REDUCE SUBSTANTIALLY THE COST OF SPACE OPERATIONS - SHUTTLE 

1977 
MAJOR FLIGHT ACTIVITY 

APOLLO 16 & 17 

SKYLAB- LABORATORY 
-MANNED 

SHUTTLE-TEST FLI GHTS 

- F I R S T  ORBITAL 
ri I AI  IT 
t L l b r l I  

1972 

& A  

1973 

A 
A M  

1974 

I I  
i i  

1978 

1 

A 



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

THE EARTH 
THE SUN 

0 THE PLANETS 
THE UNIVERSE - ASTRONOMICAL OBSERVATORIES 

- VARIETY OF SCIENTIF IC  SATELLITES 
- SOLAR OBSERVATORIES 
- PIONEER, MARINER & V I K I N G  SPACECRAFT 

MAJOR FLIGHT ACTIVITY 
O R B I T I N G  SOLAR OBSERVATORY - OS0 
SOLAR PROBE- HELIOS 
MARINER-  VENUS/ MERCURY 
PIONEER - J U P I T E R  
V I K I N G  - M A R S  LANDER 
OUTER H A N E T S  - JUPITERISATURN 
ASTRONOMICAL OBSERVATORIES - OAO HEAO 
SCIENTIF IC  SATELLITES 

1972 
~~ 

A 

A 
A A  

1973 

A 

A 
A 

AAA 

1974 

A 

AAA 

1975 

A 

A A  

A 
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1976 
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1977 

A A  
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AERONAUTICS 

0 TO MAINTAIN U. S .  LEADERSHIP 

0 TO MEET URGENT DOMESTIC TRANSPORTATION NEEDS 

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

M A J O R  P R O G R A M S  
~ 

SHORT TAKEOFF & LANDING (STOL) EXPERIMENTAL AIRPLANE 

0 QUIET ENGINE FOR STOL AIRCRAFT 

0 QUIET ENGINE FOR CONVENTIONAL AIRCRAFT 

NO1 SE REDUCTION BY FLIGHT PROCEDURES 

ADVANCED A I  R-TRANSPORT TECHNOLOGY 

VERT1 C A L  TAKEOFF & LAND I NG (VTOL) RESEARCH & TEST VEHl  C E S  



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

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

PROGRAM ACTIV IT IES 

H I G H  IMPULSE PROPULSION SYSTEMS 

SYNCHRONOUS LASER EXPERIMENT 

SPACE ELECTR I C POWER TECHNOLCGY 

0 SPACE STORABLE PROPULSION MODULE EXPERIMENT 

0 LIFTING BGDY FLIGHT TESTS 

MATER I ALS, STRUCTURES, GU I DANCE, CCNTROL AND 
I NFORMATI ON SYSTEMS 



NUCLEAR POWER & PROPULSION 

TO DEVELOP SPACE POWER AND PROPULSION SYTEMS AND 

TECHNOLOGY TO MEET REQUIREMENTS OF CURRENT AND FUTURE M I S S I O N S  

PROGRAM A C T I V I T I E S  

ENERGY CONVER S I ON SYSTEMS 

e ADVANCED AND INTERMEDIATE REACTOR POWER SYSTEMS 

0 RADIO1 SOTOPE THERMO-ELECTRI C GENERATORS 

ELECTROPHYSICS 

DEFIN IT ION OF A SMALL (15-20,000 POUND THRUST) 
NUCLEAR ROCKET SYSTEM 

0 M I S S I O N  ANALYSES AND TRADE-OFF STUDIES 



TRACKING & D A T A  ACQUISITION 

0 TO SUPPORT ALL NASA M I S S I O N S  WITH TRACKING, A C Q U I S I T I O N  

OF SCIENTIF IC  AND ENGINEERING DATA, TRANSMISSION OF COMMANDS, 

COMMUNICATIONS AND DATA PROCESSING 

MAJOR A C T I V I T I E S  

SUPPORT: APOLLO AND SKYLAB M I S S I O N S  

40 ACTIVE UNMANNED SATELLITES 

PLANETARY EXPLORATION M I S S I O N S  

TECHNOLOGY UTILIZATION 

TO SPEED AND WIDEN THE D I S S E M I N A T I O N  OF SCIENTIFIC,  

T E C H r ? ~ l ~ l :  I CA 1 AND ENG 1 NEER I NG I NFORMATI ON 



NATIONAL AERONAUTICS AND SPACE AIMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

SIJYHARY OF APPROPRIATIONS 

(T'nousands of iioiiars j 
1972 1973 - - 1971 

Avpropriat ions 
PL. 91-556 
PL. 92-18* PL. 92-78 

Research and Development.. ................. $2,565,000 $2,522,700 $2,600,900 

Construction of Facilities................. 24,950 52,700 77,300 

Research and Program Management..... ....... 7 22.669 722.635 700,800 
Basic appropriation...................... ($678,725) ($722,635) ($700,800) 

*Supplemental appropriation (pay increases) ($43,944) --- --- 
T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3,312,619 $3,298.035 33.379.000 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTMATES 

Research and 
Program 

Management 
Research and 
Development 

Construct ion 
of Fac i 1 it ie  8 Tota l  - F i s c a l  Year 1971 

$2,565,000 --- $24,950 --- Basic Appropriation, PL 91-556. ........ 
Supplemental Appropriation, PL 92-18.. 

$678,725 
+43.944 

$3,260,675 
+43.944 

3,312,619 2,565,000 

-9,075 

24,950 722,669 Tota l  Appropriated,... ............... 
Transfers  between NASA appropriations.. 
Transfer t o  "Operating Expenses 

National Archives and Records 
Service ,It General Services 
Administration (42 USC 2473 (b) 
and 40 USC 471 e t  a l ,  755 (b)) ....... 

+1,200 +7,875 

- 146 - 146 

730,398 

--- --- --- 
-8,046 

-218 

$722.134 

--- 
Total Adjusted Appropriation (Budget 

Authority) ......................... 3,312,473 2,555,925 26,150 

Transfer  of unobligated balance i n  
1972 related t o  reprogramming....,... 

1971 funds applied t o  1972 program..... 
1971 funds appl ied  t o  1970 program..... 
Unobligated R&PM balance ava i l ab le  

i n  1972 to Sept. 30, 1971.. . . . . . . . . . .  
Unobligated balance lapsing.. .......... 

-2,605 
-9,000 
-1,958 

--- 
-9,000 - 1,958 

-8,046 
-218 

Tota l  Budget Plan.................... $2.542.362 
P 
VL 

0 
CL 



NATIONAL AERONAUTICS AND SPACE AMINISTRATION 

FISCAL YEAR 19?3 ESTMTES 

Fiscal Year 1972 

Research and 
Program Research and Construction - Total Development of Facilities Management 

Appropriation, PL 92-78....... ......... $3,298,035 $2,522,700 $52,700 $722,635 

Transfers to other accounts: 
"Operating Expenses, Public 
Buildings Service , I t  General 
Services Administration 
(85 Stat. 124)................... .. -131 

Stabilization Activities (85 

--- --- 
t'Salarieo and Expenses ," Economic . 

--- --- Stat. 641) ......................... -2.000 

Total Adjusted Appropriation 
(Budget Authority) ............... 3,295,904 2,522,700 52,700 

Unobligated R&PH balance available 
to Sept. 30, 1971.................... 

1971 funds applied to 1972 program..... 
4,046 --- 
+9,000 +9,000 --- 
-26.163 -24.000 --- Unobligated balance lapsing..,.. ....... 

Total Budget Plan.................. $3.286.787 s52.700 

Fiscal Year 1973 

Appropriation request (Total Budget 
Plan).... ............................ $3.379.000 $2.600.900 $77.300 

~ 

L - 

-131 

-2 .ooo 

720,504 

+8,046 --- 
-2 . 163 

$700.800 



I n s t a l l a t i o n  

John F . Kennedy Space Center .  NASA .... 
Wnned S p a c e c r a f t  Cen te r  .............. 
H a r s h a l l  Space F l i g h t  Center  .......... 
Goddard Space P l i g h t  Center  ........... 
V a l l o p s  S t a t i o n  ....................... 
Jet Propu l s ion  Labora to ry  ............. 
Ames Research Cen te r  .................. 
F l i g h t  Research Cen te r  ................ 
Lang ley  Research Cen te r  ............... 
Lewis Research Cen te r  ................. 
NASA Headquarters :  

Headquar t e r s  ........................ 
NASA Pasadena O f f i c e  ................ 

Various Loca t ion  a..................... 

R e h a b i l i t a t i o n  and Modi f i ca t ion  ....... 
Minor Cons t ruc t ion  .................... 
F a c i l i t y  P lann ing  and Design .......... 

T o t a l  Budget P l a n  ................... 

NATIONAL AERONAUTICS AND SPACE MHINISTRATION 

FISCAL YEAB 1973 ESTMI\TES 

SUIMARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 

( I n  m i l l i o n s  of  d o l l a r s )  

Research and Development 
. 1971 . 1972 . 1973 

180.8 

629.7 

467.9 
10.9 

149.3 

88.0 
13.7 

102.6 
164.2 

127.5 
(127.5) 

607.e 

(... 1 
... 
... 
... 
... 

2.542.4 

169.9 
453.0 
657.9 

454.7 
13.0 

151.9 

70.0 
13.4 

248.1 
153.5 

122.3 
(122.3) 

(... ) 

... 

... 

... 

... _ _ _  -- 
2.507.7 2.600.9 

195.0 
511.9 
569.4 

455.1 
14.7 

129.6 

96.0 
14.8 

323.9 
178.5 

112.0 
(112.0) 

(... ) 

... 

... 

... 

... 

: ons t ruc t ion  of F a c i l i t i e s  
1971 . 1972 . 1973 . 

. 6 15.2 10.1 . 5 . 6 ... 
... ... 1.5 

1.3 . 6 . 4 
1.9 . 6 

1.2 6.5 1.8 
1.8 ... ... 2.5 . 7 9.7 

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

... ... 
... 

... ... ... 
(... ) (... ) (... ) 
(... ) (... ) (... ) 

5.1 19.6 27.9 

11.5 7.9 11.6 

1.7 ... ... 
- 4.5 - 3.5 L O  

28.8 52.7 - 77.3 
--pP 

Research and Program 
Wna?,emnt . 1971 . 1972 . 1973 

98.4 
111.1 
137.0 

93.0 
10.3 ... 
40.6 
11.1 
75.3 
80.4 

64.9 
(63.4) 

(1.5) 

... 

... 

... 

... - 
722.1 - 

92.0 
110.0 
143.0 

94.0 
10.9 ... 
42.2 
11.3 
77.9 
83.2 

61.9 
(60.6) 

(1-3)  

... 

... 

... 

... - 
726.4 - 

89.3 
106.9 
131.6 

92.0 
10.5 ... 
41.1 
10.8 
76.3 
82.2 

60.1 
(58.9) 

(1.2) 

... 

... 

... 

... 
700.8 - 

T o t a l  
1971 . 1972 .. 1973 
. 
. 
279.8 
719.4 
768.2 

562.2 
21.2 

151.2 

129.8 
24.8 

177.9 
245.3 

192.4 
(190.9 j 

(1.5) 

5* 

11.5 

... 
4.5 

3.293.3 

277.1 
563.0 
800.9 

548.7 
23.9 

151.9 

118.7 
24.7 

326.0 
236.7 

184.2 
(182.9) 

(1.3) 

19.6 

7.9 

... 
3.5 

3.286.8 

294.4 
619.4 
701.0 

547.7 
25.6 

130.2 

138.9 
27.4 

402.7 
270.4 

172.1 
(170.9) 

(1.2) 

27.9 

11.6 

1.7 

1 0  

3.379.0 



d
 

l-l 
4 

\
O

h
 

9
r
3
 

m
u
 

h
d

m
 

h
lo

o
o
 

h
*
*
 

Q
I 

h
 

h
 

cr) 
.)
 

0
 

h
l 

4 
.)
 

m
 

9
 

d
c

o
 

m
u

 
o
u
 

B
 

0
 

h
 

*?
 

"0, 
l-l 
! 

d
 

0
 

d
 

7 
d
 

d
 
4 

d
 

0
 

hl 

i
 

CA 
. . . . . . . . . . . . . . . . . . b . . . . . . . . . 

... 
... 
... 
... 
... 
... 
... 
... 
b

.
*

 
... 
... 
b

.
.

 
0

.
.

 

0
.

.
 

... 
0

.
.

 

... 
... 
0

.
.

 

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

q
:: 
.. 

$
:

:
 

I.( .r; 
.. 

a
.
 

9
) 

.al 
u
 
.
u
 

c 
.

E
 

a
l
k

a
l
 

u
 
a
lu

 

. . . . . . . . . . . . . . . . b 
. . . . . . . . . . . . . . . . . . . . 

.. 
0

.
 

.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
0

.
 

.. 
0

.
 

.. 
.. 
e

.
 

.. 
.. 
e

.
 

0
.

 

.. 
.. 
.. 
0

.
 

.. 
.. 
0

.
 

.. 
.. 
b

.
 

&
.

 
a
.
 

u
rn

 

v
.
 

E,: 

6
:
 

. 
u

-
 

r
l

.
 

. . . . . . . . . . . . . . . . rn . . . . . . . . ... 
... 
... 
... 
... 
.

e
.

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

.
e

 
... 
... 
... 
... 
... 
0

.
.

 

.
.

b
 

... 
... 
.

a
.

 
... 
... 
... 
... 
... 
.*. 
0

.
.

 

... 
.

e
.

 
... 
0

.
0

 

*
&

 
.
&
a
 

a
J

c
a

 
u
 
a
lu

 
C

Z
Z

 

&
"
c
 

v
 x 

ss3
 

3
Z

B
 

b
a

l
m

 

m
I

 
a

J
h

 
&
U
P
,
 

s
l
-
l
 

m 
M

M
 

i3
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . b . . . . . . . . . . . . . . . . . . . . . b . 

k H c-r cn 
w

 
cr) 
h

 
m

 
l-l 

L
l 

4 v
) 

L
i 
al U

 
C

 
9
) 
u
 

s &
 

m
 

aJ 0
 

al 
I
 

li 

A
S 

iL3 



e
 

E
 

a
 

n
 

L
L
) 0

 
0

 
0

 

‘p
 

m
 4
 

0
 

0
 

0
 

m
 

m
 

0
 

0
 

0
 

h
l 

m
 z
 

0
 

0
 
0
 

m
 . c 

0
 

0
 

0
 

0
 

m
 \
 

0
 

0
 

0
 

a3 
(
v
 . 

0
 

c:1 
C
>
 

O
 

0
 

u:l 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

I I I 

I 1 ADMINISTRATOR I 
m m m m m m I  

I 
DEPUTY 

ADMINISTRATOR 

COUNSEL 
GENERAL COUNSLL 

i OFFICE OF I 
PUBLIC 

AFFAIRS 

I 
F A T E  ADMINISTRATOF 
I DEWTIASSOCIATE A D M l N l S T R A l O R  

i 
OFFICE OF 

ORGANIZATION 
AND MANAGEMENT 

A i i o C l A T E  IDMINISTRAIOL 

ADMINISIRATION 

ASI'T ADMINISTPATOII 
I rtcn UTILIZATION I 

ASS' l  ADMINISlR4lOR 

""",dIl*, AIm HoL.,on. 1." 

JOHN F KINNIDV ' A '  SPACt C t N l t I  

SPACE SCIENCE 
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S l A l l O N  
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EXECUTIVE 
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DEPUTY 

ADMl NI STRATOR * +, *I 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration program of re,search arid 
development maintains and advances the United States' position of world 
leadership in aeronautics and space. The major program elements for achiev- 
ing this objective are: 

MANNED-SPACE FLIGHT: A program for the development of a capability for 
peaceful manned space operations and the utilization of that capability 
for earth orbit and lunar missions. 

SPACE --- SCIENCE: 
investigations of the earth, the atmosphere, the moon, the sun, the planets, 
the stars, and interplanetary space. 

An unmanned space flight program directed toward scientjific 

APPLIC.ATIONS: --- 
give needed emphasis to development of spacecraft systems and tlzchnology 
for meteorology, communications, and geodetic and earth resources obser- 
vations. 

Established as a program in its own right during FY 1972 to 

AERONAVECS AND SPACE TECHNOLOGY: 
mental knowledge and technological base for future aeronautics (and space 
programs. 

A sustained effort providing the funda- 

TRACKINLAND DATA ACQUISITION: 
manned and unmanned flight programs. 

The worldwide activity supportiiig the NASA 

TECHNOLEY UTILIZATION: A program that provides for the expeditious public 
availability of scientific, technological and engineering information, and 
concepts which flow from NASA's work. 

MANNED SPACE FLIGHT 

FY 1973 completes the epochal Apollo lunar exploration effort blzgun a 
decade ago; begins the flight mission of Skylab, the first long du.ration 
manned orbiting laboratory; and marks the first year of major activity in 
design and development of the Space Shuttle, the next leap forward in space 
transportation. 

Apollos 1% and 15, in January and July 1971, continued the nation's 
successful exploration of the moon. Among their accomplishmerits were 
vastly increased lunar material and experimental data collection, deploy- 
ment of automatic scientific stations, doubling of staytime, and tenfold 
extension of the range of exploration through use of the lunar rover. 
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Apollos 16 <and 1 7  a r e  designed f o r  maximum s c i e n t i f i c  r e t u r n .  The former 
i s  scheduled f o r  launch i n  t h e  s p r i n g  of 1972 and i s  aimed a t  t he  Desca r t e s  
a r e a .  Apollo 17 i s  scheduled f o r  l a t e  1972. The landing s i t e  f o r  t h i s  missfton 
w i l l  be s e l e c t e d  t o  t a k e  maximum advantage of t h e  r e s u l t s  of the o t h e r  missio~ns 
and t o  make f u l l e s t  use of t he  s c i e n t i f i c  equipment ass igned t o  t h i s  f i n a l  
Apollo miss ion. 

Skylab o p e r a t i o n s ,  encompassing an  8-month per iod beginning i n  thc! s p r i n g  
of 1973, w i l l  m i l d  upon Apollo technology t o  achieve o b j e c t i v e s  i n  l i f e  
s c i e n c e s ,  astronomy, e a r t h  r e sources ,  and technology. The major focits of 
t he  o r b i t a l  mrkshop and i t s  a s s o c i a t e d  experiment systems w i l l  be OIL s t u d i e s  
of t he  sun, of space a p p l i c a t i o n s  i n  surveying e a r t h  r e sources  and ertvironmental 
i n t e r a c t i o n s ,  of use of t h e  space environment f o r  s p e c i a l  p rocesses ,  and of t h e  
e f f e c t s  on msn of long-durat ion space f l i g h t .  The a s t r o n a u t  crews w i l l  rema1.n 
i n  o r b i t  f o r  per iods of up t o  56 days.  

The space s h u t t l e  i s  t h e  key element i n  f u t u r e  space o p e r a t i o n s  i i t  e a r t h  
o r b i t .  The Za r th - to -o rb i t  s h u t t l e  w i l l  provide a r eusab le  v e h i c l e  f o r  p l ace -  
ment, r l s t r i e v a l ,  and s e r v i c i n g  of s a t e l l i t e s ;  s h o r t - d u r a t i o n  manned m i s s i o n s ,  
and d e l i v e r y  oE propu l s ive  s t a g e s  and payloads f o r  high-energy mis s ions .  The 
s h u t t l e  i s  clzsigned t o  in t roduce  new concepts i n t o  space ope ra t ions  t)y making 
flight;to-ocbit-routinel~ a v a i l a b l e  f o r  unmanned payloads and f o r  maimed 
missiofis i n w l v i n g  s c i e n t i s t s  and o t h e r  personnel  who do not  have spcbcial 
a s t r o n a u t  t r3 i i i ing .  The s h u t t l e  w i l l  r a d i c a l l y  reduce the  c o s t  of t i’anspor- 
t a t i o n  to space.  Of even g r e a t e r  s i g n i f i c a n c e  w i l l  be the  savings i I t  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 re l axa t io r i  o f  t h e  
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  imposcbd on 
payload des igne r s .  

SPACE SCIENCE 

The FY 1!2’72 r eques t  r e f l e c t s  emphasis on e x p l o r a t i o n  of t he  e a r t h ’ s  environ-  
ment, t he  s o l a r  system, and t h e  un ive r se  through unmanned s p a c e c r a f t  and r e l a t e d  
ground - ba s ed obse rva t ion .  

A broad 1) rogram of r e s e a r c h  and e x p l o r a t i o n  involving i n t e r n a t  iona 1 cooper- 
a t i o n  w i l l  1113 pursued. Explorer  s p a c e c r a f t  conduct i n v e s t i g a t i o n s  ranging from 
t h e  upper atmosphere t o  t h e  i n t e r p l a n e t a r y  medium. The O r b i t i n g  S o l a r  Observa- 
t o r y  progran w i - 1 1  con t inue  with OSO-I, scheduled f o r  launch i n  1973. The 
O r b i t i n g  As t :  coriomical Observatory,  t o  be launched i n  1972, i s  d i r e c t 6  d p r i m a r i l y  
t o  the  s tudy oF i n t e r s t e l l a r  gases .  A h igh  p r i o r i t y  development effclr t  w i l l  
be i n  progress  on t h e  High Energy Astronomical Observatory (HEAO) designed t o  
i d e n t i f y  and observe gamma, cosmic, and X-ray sources .  

P l a n e t a r y  e x p l o r a t i o n  w i l ’ t  r e c e i v e  major emphasis w i th  completion of t h e  
Mariner 9 mission i n  Mars o r b i t ;  launch o f  t h e  Mariner mission t o  Ver.us and 
Mercury i n  1.973; launch of Pioneer  missions i n  1972 and 1973 t o  explore  t h e  
r eg ion  beyond t h e  o r b i t  of Mars, through t h e  As te ro id  B e l t ,  and i n t o  t h e  
v i c i n i t y  of .Jupi ter ;  and development o f  t he  Viking Mars o r b i t e r  and l ande r  
s p a c e c r a f t  f o r  launch i n  1975. Planning and i n i t i a l  spacecra  E t  and experiment 
e f f o r t  w i l l  be d i r e c t e d  toward Mariner-class  s p a c e c r a f t  missions t o  J u p i t e r  and 
Sa tu rn  i n  t h e  ].ate 1970’s.  
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In the unmanned launch vehicle program, specific emphasis will be applied 
to improvement of the reliability of the Delta and Centaur vehicles., 

APPLICATIONS 

The FY 1973 program will continue to expand the practical application of 
space technology in meteorology, communications, navigation, geodesy, and 
earth resources surveys. The first Earth Resources Technology Satellite 
will be launched in late FY 1972. During FY 1973, data from this satellite 
will be used to conduct experiments while the second satellite is readied 
for launch in FY 1974. At the same time, earth resources aircraft operatioi-is 
will be intensified. 

In meteorology, launch of a Synchronous Meteorological Satellite will 
provide a prototype geostationary satellite. Nimbus-E, scheduled for launch 
in mid-FY 1973, will flight test sensors for determination of the vertical 
structure of the atmosphere. Development will be initiated on TIROS-N, a 
third generation operational weather satellite prototype, planned for launch 
in 1976. 

A new Applications Test Satellite, ATS-F, is scheduled for launch in late 
FY 1973 to flight test a large space erectable parabolic antenna and to con,-. 
duct a number of scientific and technology experiments. Work will continue 
on the Canadian Cooperative Applications Satellite, planned for launch in 1974, 
to provide data on communications in frequency ranges above 10 GHz. 

AERONAUTICS AND SPACE TECHNOLOGY 

The FY 1973 budget request provides for a major increase in aeronautics 
research and technology effort aimed at maintaining U.S. leadership in 
aviation, meeting urgent domestic requirements, and supporting military 
aircraft development. A concentrated effort focuses on a short: take-off 
and landing (STOL) experimental transport aircraft. Quiet engine work will 
be emphasized for the STOL aircraft and for conventional aircraft. Other 
areas of emphasis include noise reduction by improved flight procedures, 
advanced air-transport technology, and vertical take-off and landing (VTOL) 
research and test vehicles. These specific areas of emphasis will be 
supplemented by a strong technology program encompassing materials, 
structures, avionics, propulsion, aerodynamics, configuration studies, 
operating procedures, and life sciences. 

Space research is conducted on materials and structures, power and pro- 
pulsion, information systems, guidance, control, and communications, with 
major effort on laser communications and reliable, long life, and high speed/ 
density components for electronics systems. Emphasis will be r ) l  aced on space 
electric power technology and on high specific impulse propulsion systems. 
The space technology program also supports requirements of the space shuttle 
and planetary flight programs in the areas of thermal protection, aerothermo- 
dynamics, entry technology, and long lifetime componentry. 
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The nuclear propulsion effort is being redirected toward definiti-on studies 
by NASA and AEC of a small nuclear rocket system in the 15-20,000 pound thrust 
class. This activity will be part of a broader program to define arid make 
tradeoff studies of alternative advanced propulsion systems for possible future 
missions to distant planets. Development of the 75,000 pound thrust NEWA 
engine is being terminated in favor of this reoriented program. Nuclear power 
activities will focus in four areas: energy conversion and generat)-on concciin- 
trated primarily on conversion systems for advanced reactors; advanced reactor 
power aimed primarily at in-core thermionic and liquid-metal-cooled reactors; 
intermediate reactor power with emphasis on thermionic power conversion; and 
isotope power centered around radioisotope electric generators. 

TRACKING AND DATA ACQUISITION 

This program furnishes support to NASA space flight programs. Atztivity in 
FY 1972 and 1973 reflects the plans for consolidating the Satellite Network 
and Manned Space Flight Network into a single, consolidated Space F!ight 
Tracking and Data Network. New imaging, data collection, and analysis require- 
ments growing out of high data rate satellites, planetary missions, and earth 
resources monitoring are receiving priority attention. Studies on a Tracking 
and Data Relay Satellite System are continuing. 

- TECHNOLOGY UTILIZATION 

These activities speed and widen the dissemination of scientific, technolog- 
ical, and engineering information and concepts flowing from NASA programs. 
Emphasis has been placed on initiatives in applying research funding and 
technology developments to major current public problems such a s  pollution, 
transportation, and law enforcement, through special government:-university- 
industry teams. 

FUNDING 

The FY 1973 Research and Development program plan discussed in tie budget 
totals $2,600,900,000, an increase of $93,200,000 over FY 197 2, 

Research. and Development outlays in FY 197 3 are estimated at $2, O26,OOO ,000 , 
up $15,000,000 from the $2,411,000,000 estimate in FY 1972. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

RESEARCH AND DEVELOPMENT 
For necessary expenses, not otherwise provided for, including 

resc!arch, development, operations, services, minor construction, 
mal ntenance, repair, [and alteration] rehabilitation and modification 
of real and personal property; and purchase, hire, maintenance, and 
operation of other than administrative aircraft, neceseary for the 
conduct and support of aeronautical and space research and devel- 
oginoent activities of the National Aeronautics and Space Adminis- 
tr,al,ion, [%2,522,700,000] $2,600,900,000, t o  remain available until 
ex ended[: Prouzded, That $39,000,000 of the amount made avail- ad: shall be used only for the NERVA program in fiscal year 19721. 
(46 U.S.C. 8461, et seq.; Department of Houeing and Urban Develop- 
mcrrt; $:pace, Science, Veterans, and Certaan Other Znde endent Agenciee 
A;o,wopriation Act, 1972; additional authorizing %pislation to be 
pro possd.) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

Program a d  Wmncing (in thousands of dollars) 
~~ 

I3udget plan (ainounts for 
rcscorcli and dcvclop wilt actions prograiiiecl) 

(ha t s  and obligations 
Idrntification i o d ~  
27MMlO8-0-I -250 

1971 actual 1072 estimate 1971 rstiinat? 1971 acttin1 1972 estimate 1973 estiinatr 

Program by activitiea: 
Direct program: 

I .  Manned smce flight: .~ 
(a) Apollo.. ......................................... 
(b) Space flight operations.. ........................... 
(c) Advanced manned mission studies.. .................. 

(a> Physics and astronomy ............................. 
(b) Lunar and planetary exploration ..................... 
(c) Bioscience-.. ...................................... 
(d) Launch vehicle development and support.. _ _  __. - -. -. . 

3. Space applications ........................................ 
4. Space and nuclear research and technology: 

(a) Space research and technology. -. . _ _ _  ____. -. _ _  _ _  ~ 

(b) Nuclear power and propulsion. ....................... 
5. Aeronautical research and technology ....................... 

(a) Tracking and data acquisition ......................... 
(b) Sustaining university program ........................ 
(c) Technology utilization ............................... 

Total direct program casts, fund cd..... ............. 

(a) Apollo ............................................. 
(b) Space flight operations- ............................. 

(a) Physics and astronomy .............................. 
(b) Lunar and planetary exploration. _ _ _ _  _ _ _  ____._ ._____ - - 
(c) Bioscience ......................................... 

3. Space applicationa ........................................ 
4. Space and nuclear research and technology: 

!a! Space ruearch and technology-. ..................... 

5. Aeronautical research and tec nology 
6. Supporting activities: 

2, S:ien:lfi: investigations in space: 

Reimbursable program: 
1. Manned space flight: 

2. Scientific investigations in  pace: 

(b) Nuclear power and p r o ~ ~ i o n - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~  -. .- 

(a) Tracking and data acquisition---. ~ -. - - - - - - _ _  . ~ - - - - - - - 
(c) Technology utilization_- _ _ _ _  ......................... 

Total reimbursable program coats. _ _  _ _  - - - - - - - - - - - - _ _  
Total program costs, funded ..................... ... 

Change in selected rmurces I. ................................. 

10 Total. ................................................... 

913,669 601.200 
507.300 682.775 

1,500 I.500 

128.700 
I ,  094.200 

I .  500 

1,012,379 
566.333 

2,416 

750. 000 
641,000 

2. OOO 

257, OOO 
976,100 

1.700 

122,956 i20,600 
172.345 321.093 

12.898 ............ 
78.655 94,537 

177.060 204.020 

180.400 
370,589 

88.181 
223.630 

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

112,891 
175,524 
14.758 

i21.m 
272,593 

a. 700 

160.850 
322,189 

...... 
84.694 

187.267 
91;937 

226,270 

90,000 
35, OOO 

105.000 

86, OOO 
205,Ol I 

79,350 
26. OOO 

125,800 

106.704 75.255 
55.200 27.720 

100.132 110,OOO 

66.060 
21. 100 

163.440 

122.852 
55.300 

109,500 

277,586 
11.553 
5.337 

265, 000 
10, 000 
5. 000 

259,700 
3,000 
4.700 

289,943 264.000 

4. OOO 5. OOO 
2,542,362 2,507.700 

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

-~ -_ 

259.100 

4. OOO 

2.600.900 

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

2,624. OOO 
-- 

2,507,400 2.738.390 

1.782 
625 

1.942 

2.120 
350 

I ,  677 2.950 
650 400 

3,687 2,717 
............ 250 

2.120 
350 

900 

3.727 
631 

2.963 
250 

900 

........................ 
57,593 88,533 

............ 80 
57.530 64.769 

............ 
110,219 

............. 
57,530 

844 200 
18.720 6.900 
6.752 7.750 

............ 1.415 

............ 24.883 
n. ROI-I 2.376 

I ,  205 
9.191 

12.141 

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

............ 
8.800 

300 37 I 
84 

300 159 
............ 229 

70, OOO 96.260 

2.670.900 2.836.650 

2; 670,900 2,661,258 

-- 

____ 
-. -. - - - - - - - - 175.392 

606 300 
28 ............ 

90,557 11o.OOO 
2.632.919 2,617,700 

2,632,919 2,617,700 

____ 
........................ 

70, OOO 140,782 

2.764.782 
-23,784 

__- 
2.577,400 

93,500 

2.740.998 2.670,900 



Finmncin#: 
Receipts and reimbursements from: 

Non-Federal sourca z-- _ _  . -. -. 
Unobligated balance available. start of year: 

For completion of prior year budget plana: 

I I Federal funds-. ............................................. 
14 - - -. -. - - - - -. - - - - -. -. - - -. - 
21 

- 

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

Available to finance new budset plana: Direct. - - - - _ _  . . _ _ _ _  _ _ _ _ _  
22 Unobligated balance transferred from other accounts-.. __..__. ~ __._ 

Reprograming to prior year budget plans. -. -. - - -. - - - - - - -. -. - - - - - 
23 Unobligated balance transferred to other accounts-. - __. - _ _ _  -.- _ _ _  ~ 

24 Unobligated balance availabk. end of year: 

Direct.. ................................................. 
Reimburrable. ............................................ 

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

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

For completion of prior year budget pluu: 

Budget authority. -. 

-47,512 -63.222 -47.355 -47.512 -63.222 -47.355 
-43.045 -46,778 -22,645 -43.045 -46.778 -22.645 

.................................... -108,767 -104.121 ............. 

.................................... -39.812 -30.782 ............. 
9.000 I- 

1.958 ............................................................. 
2.605 .................................... 2,605 ............. 

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

.................................... -l,!Oo ...................... 

.................................... 104,121 ......................... 
- - - - - - - - _ _  - - - - -. - - -. ~. . 

9,000 ............................................................. 
............ ........................ 24,000 ............. 

2,555,925 2,522,700 2,600,900 2,555,925 2,=,7W t,bOO,900 

30.782 .................................... 

__--- 24.000 

Budget authority: 
ro riation. - - - - - - - - ~ _ _  - _ _  _ _  _ _  _ _  - _ _  ~ ~ _ _  _ _  - _ _  - 2.565. 000 2.522.700 2.600.900 2.565,000 2,522.700 2.600.900 

- - - - - . - - - - - - - 9,075 
40 APPJ 
41 Tra erred to other accounts ................................... - -. - - - - - - - -. - - - - - - - - - - -9.075 - - - - - .- - - - - -  

43 Appropri.tion(Idjurt~)-..--.. ............................ 2,555,925 2,522,700 2,(00,900 2,555.925 2,522,7oB Z,WO,WJ 

Relation of obligationr to outlays: 
71 Obligationa incurred. net.- - _ _ _ _  _ _  ~ _ _  -. - - _ _  _ _  - - - -. - - - _ _  - - - 2.6009900 
72 Obligated balance. start of year. 19553.089 
74 Obligated balance, end of year-. -I ,  333.091 - I ,  553,089 - 1,727,989 

90 Outlayr ............................................................................................ 2,630,UIl 2.411.000 2.426.000 

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

2.570.701 
1,392,771 

2,630,998 
I .  333.091 -. -. - - - - - - ~ - ~ - - - - - - ~ _ _  - 

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

NoteiReconci l iat ion of budset plan t o  oblisations: 
1971 d u d  1972 s r f l n ~ f s  1973 r s f h d e  

Total budrat plan ................... 2 ....... 2.632.919 2,617,700 2,670,900 
Deduct portion of budset plan t o  be oblisated in 

Add o b l i ~ a t m n i  of prior year budset piam------ i09.923 i23.298 
_ _ - - - - - -  - ......... .......................... _ - _ _ - - - -  - subsequent year* 81.584 

Total obli8rtions ............. ........ 2,661,258 2,740,998 2,670,900 
1 Selected resourcsa as of June 30 are. as follows: 

1711 
d j u r l -  

1970 n d i  1971 1912 1913 
%ores- _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  54 097 9 015 63 470 63 470 63,470 

92 92 92 
... Unpmid undelivered orders .................... l,OO8:883 :... 845:022 821:238 914.738 

Advance. outst8ndins. ....................... I I ,  981 ....... ----- 
Total selected resources ................ 1,074,961 9.015 908,584 084,800 978,300 

2 deimbur*ement* from non-Federal sources are receipts for services performed on Communic.tion* Salellite 
Corporation project. (42 U.S.C. 2473). 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

SUMMARY 017 RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM BY COGNIZANT OFFICE - ---.-.__ ---- 

F i s c a l  Y e a r  F i s c a l  Y e a r  F i s c a l  Year 
-- OFI'ICE/PROGRAM 19 7 1  1972 l973 -- 

...... $1,422,469,000 $1,285,475,000 $1,224,400,000 - ~- MANNED SPACE FLIGHT. 

................. A ~ o ~ ~ c I ,  913,669,000 601,200,000 128,7OO,OOO 
Space l i l i . g h t  o p e r a t i o n s .  507,300,000 682,775,000 1,094,200,000 
Advanc:ed  m i s s i o n s .  ...... 1,500,000 1 ,5  00 , 0 0 0 1,500,000 

............ 669,40O,OOO 552,900,000 -- -____-- SPACE SC1:ENCE. $398,654,000 
----I_ 

P h y s i c s  and a s t r o n o m y . .  . 115,956,000 110,100,000 156,600,000 

12,898,000 

L u n a r  zinc p l a n e t a r y  

B i  os c i  enc e .  ............. 
L a u n c h  vehic le  

.......... exp 1 o r a t i o n .  144,900,000 291,500,000 321,200,000 
-.-- --- 

........... p r o  c u r e m e n  t 124,900,000 151,300,000 191,600,000 

APPL1CATI:OKS. ............. $166,960,000 $187,500,000 $194,70!3,000 

.... 166,960,000 187,500,000 194,70O,000 Space a p p l i c a t i o n s . .  

AERONAUT I.CS AND SPACE ---- 
TE:CHNCI,OGY .............. $260,336,000 $212,825,000- $249,300,000 

A e r o n a u t i c a l  research 

Space  research and 

N u c l e a r  p o w e r  and 

and technology ........ 100,132,000 110,000,000 163,440,000 

techro logy  ............ 105,004,000 75,105,000 64,760,000 

p r o p L l s i o n  55,200,000 2 7 ,720 ,000 21.,100,000 ............ 
TRACKING AND DATA ------ ............. $264,000,0@ $259 100,000 - ACQUISITION $289,943,000 -L-- 

.... 5,000,000 4 , 00 0 ,000 4 , 000,000 _. -- TECHNOLOGY UTILIZATION - ~ - -  

$2,542,362,000 $2,507,70O,OOO - -  $:?, 600,903,000 -- 
-. - TOTAL BUDGET P L  A N . . . . . . .  
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SPACE ADMINISTRATION 

73 ESTIMATES 

)GET PLAN BY INSTALLATION AND FISCAL YEAR 

f dol lars)  

H - 3 J e t  Ames F 1 igh t Langley L e w i  s - -  
ght Space Fl ight  Propulsion Wallops Research Research Research Research NASA 

Center Headquarters Center Laboratary Station Center Center Center 
I- 

7 7 54 503 --- 5 , a05 --- 1,270 125 37,449 
0 .  2 , 025 7 30 2 10 a ,  180 575 5 , 012 190 32,478 

15 250 4;ro --- --- --- 440 --- 28,349 
15 130 - I. - --- 100 --- 335 165 16,575 
)O --- - .. - --- e--  --- - 0 -  --. 5,l.OO 

IO --- 200 I- 150 6.950 250 4.150 300 , 25.350 

12 475 :3 3 --- 5,805 --- a30 125 9 , 054 
b 5  1,895 7 3 0  210 a , 080 575 4,677 25 15 , 903 
IO --- 230 150 6,950 250 4 ,150  300 20, :! 50 

53 124,022 65,481 1,821 46,981 --- 37,089 64,634 50 , 798 
74 109,255 76, a85 2,635 22,610 --- 191,187 80,435 50,225 
15 111.211 54,897 I- 2.950 21. at36 247.523 104.160 , 62,1053 

65 82,542 2 , 665 1,677 2,425 --- 1,150 --- 22 , 407 

00 66, aoo 5100 2,900 6,300 --- 400 --- 19,900 
82 66,985 4 a9 2,585 4 , a05 --- 1,575 --- 18,853 

163 4,520 60 , 4,39 --- 40 , 456 -0 -  22,885 --- 15,527 
19,750 

..- 3,727 53,597 50 15,586 - 0 -  225 , 910 --- 21,905 
-0 .  173,445 --- 120 4 , 239 75,566 50 1 7  , a05 

940 36, a60 875 --. --- --- 13,026 64,634 6,< 122 
0 - 0  --- --- 16,167 80,435 ll,, 622 372 38,031 1330 

B15 40,684 800 0 - 0  --- --- 21,213 104,160 20 248 

3 30 129,220 1,397 2,498 765 --- 5,715 i , 6ao  12 ., 310 --- 4,280 3,620 10,092 300 150,393 1,100 3,655 1,470 
300 153.155 1.000 I- 5.790 3.575 --- 6.425 4.575 5,905 

330 129,220 1,397 2 , 498 765 --- 5,715 1,680 12,, 310 
300 150,393 1,100 3,655 1,470 --- 4,280 3,620 10,092 
300 153,155 1,000 5,790 3,575 --- 6,425 4,575 5 905 

10 7 6,546 i a  , 803 100 34,440 11,682 57,375 97,702 13 , 553 

900 4.545 20,305 I- 150 63.545 13.175 65,140 69,425 3,115 
575 4,667 l a  , 396 60 37, a06 11,247 46,696 69,195 12,881 

,299 --- 594 --- 20,040 9,552 32,645 31,049 4,953 
I 025 --- 1,160 60 30,844 10,047 30 , 124 29,941 6,799 
1000 --- 1,300 150 56,520 12,375 51,220 39,350 1.,425 

,868 6,333 14 , 615 100 14 , 060 2,130 24 , 165 18,090 7,615 
,075 4,607 14,183 --- 6,484 1 , 200 16,156 16 , 302 5,796 
,200 4,485 15 , 555 --- 6,510 aoo 13,510 14,210 11 , 690 

940 213 3,594 --- 340 --- 565 48,563 985 
60 3,053 --- 478 --- 4 16 22,952 286 

800 60 3,450 --- 515 --- 4 10 15 9 865 --- 475 

385 207,361 63,149 6,437 --- 2 , 005 1,170 --- '9,436 
300 iaa, 350 54 , 770 6,380 --- 1,615 1 , 005 --- ix ,5ao  

5.700 --. 1.400 700 --- 11.600 300 186.250 53 W,, 
--- --. -e- --- --- --. --- - 0 -  4 , 000 --- --. -0 -  --- 5 , 000 --- --. --- --- --- --- - 0 -  --- -.- -e- --- 4.000 

1,722 467,903 149 , 333 io, a56 87,991 13,687 102,619 164,141 127,546 
I , 839 454,690 151,881, 12,940 70 , 066 13,437 248,180 153,440 122,256 
3,215 455,161 129,552! 14,740 95,956 14,825 323,938 178,460 11.2,02 3 
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NATIONAL AERONAUTICS .AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIWATES 

DISTRIBUTION OF RESEARCH AND DEVFZOPMENT :BUDGET PLAN BY INSTALLATION AND F 

PROGRAM 

OFFICE OF MANNED SPA% 
FLIGHT. TWCL 

Apollo 

Space f l i g h t  operations 

Advanced mi.srrions 

OFFICE OF SPAICE SCIENCE. TUTd& 

Physics and astrononrg 

Lunar and planetary c!:xplorati.on 

Bioscience 

Launch vehic le  procurement 

OFFICE OF APPLICATIONS. TOTAL 

Space applications 

OFFICE OF AERONAUTICSAND 
SPACE TECHNOLOGY. TOTAL 

Aeronautical :re sear chi 
and technology 

Space research1 and technology 

Nuclear power and propdsion 

OFFICE OF TRACKING AN? DATA 
ACQUISITION 

OFFICE OF TECHNOLOGY UTILIZATIPJ 

TOTAL BUDGET PI& 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

19 7 1  
1972 
1973 

1971 
19 72 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
19 73 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

TOTAL 

1,422,469 
1,285,475 
1.224.400 

913,669 
601,200 
128,700 

507,300 
682,775 

1,094,200 

1,500 
1,500 
1,500 

398,654 
552,900 

669.490 
115,956 
110,100 
156,600 

144,900 
291,500 
321,200 

12,898 
-0- --- 

124,900 
151,300 
191,600 

166,960 
187,500 
194,700 

166,960 
187,500 
194,700 

260,336 
212,825 
249.300 

100,132 
110,000 
163,440 

105,004 
75,105 
64,760 

55,200 
27,720 
21,100 

289,943 
264 I) 000 

259.100 
4,000 
5,000 
4.000 

2,542,362 
2,507,700 
2,600,900 

(Thousaindrs of dol lars)  

Kennedy Manned Malt shin 11 Goddard J e t  
Space Spacecraft Space ]?'Light Space Fl ight  Propulsion 

Center Center W%&W Center Laboratory 

178,335 586,581 6111, ti47 7 54 503 
166,550 437,135 632,390 . 2,025 7 30 

200 191,350 496.300 499.400 --- 
169,900 454,375 259, €185 250 470 
145,650 254,300 183,945 130 --- 

4.6,l.OO --- --- 7,100 70,400 

8,435 131,631 3510,9112 475 33 
20,750 182,285 44 7,6845 1,895 730 

200 184,050 425,400 452,500 --- 

2,468 1,107 4,253 124,022 65,481 
3,343 1,051 15,274 109,255 76,885 
3.680 725 60,215 111.211 54.897 

2,665 
626 14, 'LIB2 66,985 489 

500 

--- 225 2,i365 82,542 

--- 300 5'9, !SO0 66,800 
--- 

25 685 :I153 4,520 60,439 
425 :! :20 4,239 75,566 --- 
425 .. .. - 3,727 53,597 --- 

2,443 --- 550 36,860 875 
3,343 --- 872 38,031 8 30 
3,680 --- 8115 40,684 800 

--- 13,045 3 30 129,220 1,397 

1.000 
25 12,565 3 00 150,393 1,100 
50 13.925 3 00 153.155 

-I- 

--- 13,045 3 30 129,220 1,397 
25 12,565 3 a10 150,393 1,100 
50 13,925 3010 153,155 1,000 

18,803 6,546 
18,396 --- 2,302 9,575 4,667 

4.545 20.305 --- 1.000 S a g 0  

--- 7,028 19,1017 

--e 7,028 10,868 6,333 14,615 
--e 2,302 8,075 4,607 14,183 --- 900 7,1010 4,485 15,555 

--- 940 213 3,594 --- 4:15 60 3,053 
--e --- 800 60 3,450 

--e 

--- --- 31115 207,361 63,149 
--e --- 300 188,350 54,770 --- --- -I 300 186.250 53.150 

180,803 607,761 629,72 i! 467,903 1.49,333 
453,053 657,83151 454,690 1.5 1,881 169,918 

195,080 511,950 569,215; 455,161 1.29,552 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

1973 - 1972 - P rop,r am 1971 - -- 

Apollo ................... $913,669,000 $601,200,000 $128,700,000 

Spac:e f l i g h t  operations. . 507,300,000 682,775,OuO 1,1394,200,000 

Advanced missions........ 1,500,000 1,500,000 ___ 1,500,000 _- 

Total.. ................ $1,422,469,000 $1,285,475 , ~ O O  - $1,224,400,!)00 _- 

MSF 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE O F  MANNED SPACE FLIGHT ---- -- 

SUMMARY OF RESOURCES REQUIREMENTS ~- 

1971 

Spacecraf t  ...................... $398,147,000 
Saturn V . . . .  .................... 189,059,000 
0pera.tionE ...................... 314,963,000 
Advanced Development ............ 11,500,000 

T o t a l  ......................... $913,669,000 

HIGHLIGHTS OF BUDGET PLAN 

Spacecraft-  ...................... $398,147,000 
- F l i g h t l I o d u l e s  - Completion of 

checkout and launch of Apollo 
1 6  i n  A p r i l  1972; completion 
of sFace c ra f  t hardware de- 
l i v e r  i e s  , checkout and launch 
of A F O ~ ~ O  17 i n  December 1972; 
p rov i s i cn  of space s u i t s ,  l i f e  
support  systems, and o t h e r  
government-f urnished equipment ; 
con t rac to r  in -p lan t  f l i g h t  suppor t  
ac t iv i  t i e s ;  and post-mission 
act ivi- t i  es inc luding  phase-out 
of t h e  luna r  module con t r ac to r .  $245,542,000 

Science Payloads - Completion of 
exper:-ment hardware inc luding  
t:he I.unar sounder,  t i d a l  gravi-  
nieter' . ,mass spec t rometer ,  and 
o t h e r  experiments f o r  Apollo 17;  
i n  teg;i:a t:ion , ope r a t  ion ,  and 
princ:.pal i n v e s t i g a t o r  a c t i v i t y  
on Apo1l.o 1 6  and 1 7  experiments.  106,194,000 

---- 

Ground Sup p o r  t - Engineering --- 
suppoirt of i n t e g r a t i o n  I check- 
o u t ,  and r e l i a b i l i t y  a c t i v i t i e s ;  
ria i n  tenance of checkout equip- 
ment :, t r a n s p o r t a t i o n ,  i n s p e c t i o n ,  
f u e l s  arid p r o p e l l a n t s ,  and con- 
t rac t  adminis t ra t ion .  ........... 46,411,000 

1972 -- 

APO LLO PROGRAM ~ - - - -  

1.973 -- 

$138,792,000 $79,500,000 
14.2,458,000 49 I 200,000 
307,450,000 - 0- 

12,500,000 - 0- -__ -__ 

$601,200,000 __ $128,700 000 __ ---_- 

$138,792,000 .$79,500,000 

$55,033,OQO $43,900,!300 

5 2 ,100 I 000 2 3,000 ,I3 00 

31,659,000 12,h00,000 
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1971  - 
Saturn V $189,059,000 

F l i g h t  Stages - Completion of 
modi f ica t ion ,  in-plant  check- 
out  and de l ive ry  instrument  
u n i t  and propuls ive  f l i g h t  
s t ages  t o  KSC; pre-launch 
checkout and launch a c t i v i t i e s  
a t  KSC,  and con t r ac to r  in-plant  
f l i g h t  support  f o r  t h e  Apollo 
16 and 1 7  missions. .  ........... 161,205,000 

Ground Support - Maintenance and 
update of ground support  equip- 
ment; veh ic l e  i n t e g r a t i o n ;  support  
and sys t ems  engineer ing;  s m a l l  
procurements of s e r v i c e s  & eauiD- 
ment; and in spec t ion  and con t r ac t  
adminis t ra t ion  s e r v i c e s . . . . . . . .  27,854,000 

3pera t ions  ......................... ~ 3 1 4 , 9 6 3 , 0 0 0  
Research '5r T e s t  Operations - 

Engiineering and test a c t i v i t i e s  
a t  M.anned Space F l i g h t  cen te r s ;  
and app l i ca t ion  and sc i ence ,  and 
r e l i . s b i l i t y ,  q u a l i t y ,  & s a f e t y  
a c t i v i t i e s . . . . . . . . . .  ........... 

C r e w  & F l i g h t  Operations - C r e w ,  
f l i g h t  .mission c o n t r o l ,  and 
mission-related a c t i v i t i e s . . . . .  

--__ 

Operation:; Support - On-site 
t echn ica l  s e r v i c e s  a t  Manned 
Space F l i g h t  cen te r s ;  and of f -  
s i t e  t echn ica l  & production 
fac i  L i t y  maintenance a t  t he  
White Sands,Mississippi T e s t ,  
.and Michoud Assembly.. ......... 

Launch % s t e m s  Operations - --- 
Mainitenance and opera t ion  of 
KSC .Lsunch f a c i l i t i e s ;  i n t e -  
g r a t : i m  and checkout; 
opera t ion  of ground support  
equipment; l o g i s t i c s  suppor t ;  
and omduct  of a launch..  ...... 

90 , 015 , 000 

66,229,000 

78,798,000 

65,109,000 

1972 

$142,45 8 ,  OOCJ 

119,480,000 

22 , 9 7 8 , 000 

$30 7 , 45 0 , 000 

9 1 , 5 6 7 , 0 00 

80 , 862 , 000 

60,364,000 

65,332,000 

1973 

$49,200 2s 

b 

38,200,000 

11.000.000 

--- 

- 0-a / - 

-0--a/ - 

-0--a/ - 
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Operation:; i(Cont'd.) 
---3 OMSF Enyirieering Support - 

Systems engineer ing for- 
in teg- ra ted  program tech- 
n i c a l  support  review & 
ana lys i s .  N o  FY 1973 
funds requested.  . . . . . - . . . . 

Advanced 1)evel.opment - S tucly 
& deve;_opnent a c t i v i t i e s  
involvi-ng long l ead  i t e m s ,  
experiri tmtal s y s  terns & 
opt? r a t  i-ona 1 techniques ; 
and establ-ishment of spec i f  i- 
cairions & design requirements.  

_I_-_- 

1971 1972 1973 

-0-a / 

-0-E / 

__ $14 , 812 , 000 $9,325 , 000 

$11,500,000 $12,500,000 -__.-. - 

- a /  Funded under Apollo i n  I'Y 1972 and p r i o r  yea r s .  FY 1973 requirement:s a r e  
included i n  t h e  Development , T e s t ,  and Mission Operations l i n e  i t e m  of 
Space F l i g h t  Operations.  

- b /  Funded under Apollo i n  E'Y 1972 and p r i o r  yea r s .  FY 1973 requirements 
included i n  O r b i t a l  Sys t e m s  SI Payloads l i n e  i t e m  of Space Fl-igl- t Operat ions .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE 017 MANNED SPACE FLIGHT --_- 

FLIGHT SCHEDULE 

MI S S ION 

16 

1 7  

APOLLO PROGRAM --- 

DATE 

A p r i l  1972 

December 19 72 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

APOLLO PROGRAM -~ OFFICE! O F  MANNED SPACE FLIGHT 
_I__--_ -- 
PROGEUM OBJECTIVES AND JUSTIFICATION: - ---- 

W i t h  the  completion of f o u r  s u c c e s s f u l  Apollo l u n a r  exp lo ra t ion  miss ions ,  
w e  have s u b s t a n t i a l l y  increased  our knowledge of t h e  moon and t h e  w l a r  
system. T h e  Apollo 15 mission i n  p a r t i c u l a r ,  because of i t s  g r e a t l y  in- 
creased c a p a b i l i t y  f o r  a s t ronau t  mob i l i t y ,  s u r f a c e  s t ay t ime ,  sample r e t u r n  
and orb i ta l .  s c i ence ,  added as much new d a t a  about t h e  moon and i t s  lenviron- 
ment as the t h r e e  previous missions combined. An even g r e a t e r  da ta  r e t u r n  
is a n t i c i p a t e d  from t h e  two remaining missions:  Apollo 1 6  (Apr i l  1372),  
t o  land  a t  Descar tes  and explore  a highland area; and Apollo 1;' (Del-ember 
1972),  whose landing s i t e  is s t i l l  under review. These f i n a l  two missions 
are designcd t o  acqui re  as much knowledge as poss ib l e  concerning thi? moon 
and t h e  re l .a t ionships  between t h e  e a r t h ,  moon, and sun s i n c e  cu r ren t  planning 
does no t  a r t i c i p a t e  r e t u r n i n g  t o  the  moon before  t h e  1980's.  

The primary s c i e n t i f i c  o b j e c t i v e s  of t h e  Apollo 16 mission are  t o  explore  
f o r  t h e  f i r s t  t i m e ,  t he  luna r  h ighlands ,  emplace a c a r e f u l l y  selectl?d group 
of su r face  experiments and conduct a cont inuing program of o r b i t a l  surveys 
and experiments i n i t i a t e d  during t h e  Apollo 15 mission.  

F i s c a l  year  1973 a c t i v i t i e s  w i l l  b e  devoted p r imar i ly  t o  p repa ra t ion  f o r  
and conduct o f  t h e  Apollo 17 mission.  There are s e v e r a l  candida te  s i t e s  
under cons idera t ion  f o r  t he  Apollo 1 7  mission.  Af t e r  a f u r t h e r  review 
of Apollo 15 d a t a ,  one w i l l  be  s e l e c t e d  mainly on t h e  b a s i s  of i t s  ?otentia:t 
t o  provide t h e  g r e a t e s t  s c i e n t i f i c  r e t u r n  us ing  t h e  new and improveil ex- 
per iments .  

The Apoll o Lunar Science Experiment Package (ALSEP) , t o  be dep1oyi.d during 
t h i s  mission,  i s  be ing  redesigned t o  inc rease  i t s  des ign  l i fe t ime tis two 
y e a r s ,  conpared t o  t h e  one y e a r  l i f e t i m e  of t h e  p re sen t  designs.  Llmg term 
monitoring of t h e  moon has  always been a goa l  of p a r t i c i p a t i n g  s c i e n t i s t s  
s i n c e  s t a t i s t i c a l  a n a l y s i s  based on long t e r m  d a t a  recording is  a major 
requirement f o r  nea r ly  every experiment.  Experience t o  d a t e  wi th  tlie f i rs t  
t h r e e  packages i n d i c a t e s  t h a t  t h e  l i f e  of t h e  Apollo 17 package w i l l  exceed 
t h e  design goa ls .  For in s t ance ,  t h e  Apollo 1 2  package is a l ready  tlqo yea r s  
o ld  and still func t ion ing .  

The t i d a l  gravimeter  t o  be used on t h i s  mission has perhaps Inore ?otentia31 
f o r  d i scover ing  fundamental l a w s  of t h e  universe  than any o t h e r  expi2riment 
w e  w i l l  ha\,e c a r r i e d  a t  any t i m e  i n  t h e  program. This experiment w i l l  seek 
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t o  discover  t h e  na tu re  of g r a v i t y  and perhaps w i l l  prove the  hypothesis  t h a t  
g r a v i t y  is propagated i n  wave form. bonclusive proof of t h i s  c h a r a c t e r i s t i c  
of g r a v i t y  would have a r evo lu t iona ry  e f f e c t  upon s tudy  of this fundamental 
phys i ca l  phenomenon. The experiment w i l l  a l s o  g ive  u s  new i n s i g h t  i n t o  the  
i n t e r n a l  st:i:uc:ture of t he  moon. 

Three s u r f a c e  experiments designed t o  provide t o t a l l y  new information w i l l  
be c a r r i e d  on Apollo 17 :  a m a s s  spectrometer t o  measure the  c o n s t i t u e n t s  
of t h e  l u n a r  atmosphere--the f ind ings  of which w i l l  be c o r r e l a t e d  with the  
f ind ings  of t h e  m a s s  spectrometers  c a r r i e d  previously i n  luna r  o r b i t ;  a 
luna r  e j e c t a  and me teo r i t e s  experiment t o  determine t h e  frequency and energy 
of t h e  sma1.I me teo r i t e s  which cons t an t ly  impact t h e  moon; and a l u n a r  s e i s m i c  
experiment using l a r g e  explosive charges a t  d i s t ances  of s e v e r a l  ki lometers  
from t h e  h i d i n g  s i t e  t o  extend our  knowledge of t he  s t r u c t u r e  and l aye r ing  
i n  the  s h a 1 I . o ~  subsurface of t h e  moon. 

New experiments w i l l  a l s o  be  c a r r i e d  by t h e  Lunar Roving Vehicle.  One 
(Surface Elec t r ica l  P r o p e r t i e s )  w i l l  s ea rch  t h e  subsurface f o r  t r a c e s  of 
water. A se'cand, a traverse gravimeter ,  w i l l  i n v e s t i g a t e  t h e  use of 
g rav i ty  as an exp lo ra t ion  technique and is expected t o  provide an important 
t o o l  i n  developing our  understanding of t he  moon's subsurface stiructiJre. 

I n  additicln t o  the  cameras flown on Apollos 15 and 16,  a new comp1IZment 
of advanced o r b i t a l  experiments has  been assigned t o  Apollo 1 7 .  A three 
frequency, pulsed r a d a r  Lunar Sounder has  t h e  p o t e n t i a l  f o r  i d e n t i f y i n g  
areas where l a y e r i n g  of t h e  l u n a r  c r u s t  exists. The Lunar Sounder w l l l  
provide the  opportuni ty  t o  s tudy t h e  d e t a i l e d  phys ica l  s t r u c t u r e  t o  (depths 
of one ki lorreter  and t o  l o c a t e  regions where subsurface w a t e r  or ice  might 
exis t .  This w i l l  complement and extend several s u r f a c e  experiments.  An 
I n f r a r e d  Scanning Radiometer w i l l  provide,  f o r  t h e  f i r s t  t i m e ,  a high 
r e s o l u t i o n  thermal map of t he  moon including t h e  f a r  s i d e .  
l una r  h o t  s p o t s  and t h e i r  r e l a t i o n s h i p  t o  geologic  f e a t u r e s  may i s o h t e  
regions of poss ib l e  vo lcan ic  a c t i v i t y  o r  areas whose cool ing and heair loss 
are s i g n i f i c a n t l y  d i f f e r e n t  from t h e  norm. The complementary phys icq i l  
p r o p e r t i e s  of t he  s u r f a c e  d a t a  obtained from thermal and Lunar Sound1.r ex- 
periments should allow gene ra l  conclusions about mineralogy t o  be drawn.  
F i n a l l y  a Far Ultra-Violet  Spectrometer w i l l  measure v a r i a t i o n s  i n  tlie 
composition and d e n s i t y  of t h e  lunar atmosphere. Sipce t h i s  experimcmt 
has the  c a p a b i l i t y  of measuring these  v a r i a t i o n s  as a func t ion  of a l l i i tude,  
i t  w i l l  g r e a t l y  extend t h e  knowledge of t h e  l u n a r  atmosphere t h a t  wa:; gained 
through the  use of t h e  Mass Spectrometers on Apollo 15 and 16. 

The 1ocal:ion of 
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SUMMARY OF IWSOURCES REQUIREMENTS : ---- 

-- 1973 - -  1971 1972 

Spacecraf t . .  .................... $398,147,000 $138,792,000 ~~79,500,000 
Saturn V . . . . . . . . . . .  ............. 189,059,000 142,458,000 49,200,000 
Operation:;. ..................... 314,963,000 307,450,000 
Advanced development. ........... 11,500,000 12,500,000 - -  -- 

__-_ 
___- 

T o t a l . . . . . . . .  ................. $913,669,000 

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 Space Center . .  $169,900,000 

MarshslL Space F l i g h t  Center . .  259,885,000 
Goddard Space F l i g h t  Center.  .. 250,000 
.Jet I ? r o ~ ~ u l s i o n  Laboratory.  .... 470,000 
,kes gesearch Center . .  ........ 
Langley Research Center . .  ..... 440 , 000 
L e w i s  Research Center.  ........ 
NASA Headquarters. ............ 28,349,000 

lYann1.3 :Spacecraft Center.  ..... 454,375,000 

--- 
--- 

$145,650,000 
254,300 , 000 
183,945,000 

130,000 
-- - 

100 , 000 
335,000 
165,000 

16,575,000 

$11.28 , 700,000 - -- - - 

$7,100,000 
70,400,000 
46 , 100 , (1100 _ _  -- 

BASIS OF FUND REQUIREMENTS-: ---- 

Spacecraf t  

1973 __ - -  1971 1972 

F l igh t  modules.. ................ $245,542,000 $55,033,000 :,;43,900,000 
Science p.syloads., .............. 106,194,000 52,100,000 23,000,000 
Ground support . .  ................ 46,411,000 31,659,OO~ . 12,600,000 _- 

Tota l . . . . .  .................... $398,147,000 $138,792,000 - - 

Fl igh t  Modules. ---- 

FY 1972 funding supports  t he  hardware con t r ac to r s ’  in-plant and Kennedy 
Space Center e f f o r t s  assoc ia ted  wi th  the  prelaunch,  launch , and postlaunch 
requirements of Apollo 15 and 16 and t h e  i n i t i a t i o n  of prelaunch ‘ i c t i v i t i e s  
f o r  t he  .4po l lo  1 7  mission , and the  procurement and maintenance of government 
furn ished  equipment and o the r  r e l a t e d  procurement , such as spaces l l i t s  and 
po r t ab le  l i f e  support  systems , assoc ia t ed  with t h e  s p a c e c r a f t .  
all major hsrdware d e l i v e r i e s  have been completed, FY 1973 fundinl; is  re- 
quired f o r  F l igh t  Module engineer ing support  , which i s  the  e s sen t  i-al 
con t r ac to r  engineer ing and t echn ica l  e f f o r t  necessary t o  support  [:he f l i g h t  

A Lthough 
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program. Minimum l e v e l s  of c r i t i c a l  s k i l l s  w i l l  b e  maintained t o  a s s u r e  
f l i g h t  s a f e t y  and t o  r e s o l v e  problems which arise during t h e  launch pre- 
p a r a t i o n  and f l i g h t  phases of t he  mission. Tasks which w i l l  be performed 
by c o n t r a c t o r  personnel at the  p l a n t s  and a t  Manned Space F l i g h t  (:enters 
i nc lude  mission suppor t ,  f i e l d  and f l i g h t  problem r e s o l u t i o n ,  f a i  Lure 
a n a l y s i s ,  and r e p a i r  and subsequent r e t e s t i n g .  I n  a d d i t i o n ,  ce r t ' i i n  p e r s m n e l  
are required t o  maintain and c a l i b r a t e  s p e c i a l  test  equipment and t o  mainit a i n  
r equ i r ed  t o o l i n g  and documentation. 

Contractor  engineering support  f o r  t h e  Command and Se rv ice  M0du:l.e w i l l  lie 
provided ~y North American Rockwell a t  Downey, C a l i f o r n i a .  Suppoi't f o r  the 
Lunar Module w i l l  be by Grumman a t  Bethpage, New York. Engineerirtg suppoi:t 
f o r  t he  c3mputer programs i n  the  guidance and nav iga t ion  system w 1 1 1 1  be  
furnished by M I T ,  Boston, Massachusetts and DELCO E l e c t r o n i c s ,  Milwaukee , 
Wisconsin. 

The engineer ing f l i g h t  support  descr ibed above w i l l  be maintain€ d through 
December 1972. After  t h a t  t i m e ,  t h e  Skylab program w i l l  provide funding- t:o 
continue these ac t iv i t i e s  by c o n t r a c t o r s  involved i n  t h a t  program. The 
Apollo progiram funding f o r  FY 1973 w i l l  provide f o r  phase out  a f t e r  t he  
ApolXo 1 7  mi.ssion of a c t i v i t i e s  not  r equ i r ed  f o r  t h e  Skylab progrzim. 

Science 1 2 ~ ~ l o a d s .  --- - 
N 1972 funding is devoted p r imar i ly  t o  t h e  completion and t e s t i n g  of th.e 

f i n a l  experi.ments t o  be flown on Apollo missions;  a c t i v i t i e s  r e l a t e d  t o  the  
checkout, launch and f l i g h t  a c t i v i t i e s  of Apollo 1 6 ;  and the  post-,mission 
d a t a  anal.ysis a s soc ia t ed  with Apollo 12 ,  1 4 ,  15, and 16.  

The Apol.1~1 16 Science Payloads, Lunar Roving Vehicle ,  Lunar Surf ace 
Experiments Package (ALSEP) and O r b i t a l  Experiments, have been de l ive red  
t o  Kennedjr Space Center where they are being prepared f o r  t h e  A p r i l  1972 
mission. T h e  Apollo 1 7  Lunar Roving Vehicle is i n  s t o r a g e  and w i l l  be 
del ivered by the  end of N 1972. The Apollo 1 7  ALSEP w i l l  be d e l i v e r e d  
i n  early E'Y 1973. 
by the  end o f  FY 1972. 

The o r b i t a l  experiments f o r  Apollo 1 7  w i l l  be de l ive red  

FY 1973 Science Payloads funding w i l l  cover completion of experiment 
hardware , i n t e g r a t i o n  of experiments i n t o  t h e  s p a c e c r a f t  i n  p repa ra t ion  
f o r  launch, ope ra t ion  of t h e  experiments during and a f t e r  t h e  mission and 
continued support  of p r i n c i p a l  i n v e s t i g a t o r  a c t i v i t i e s .  

Ground Support. 

M 1972 and FY 1973 funding provides  f o r  engineer ing support: i n  the a r e a s  
of i n t e g r a t i o n ,  checkout and r e l i a b i l i t y  of t h e  s p a c e c r a f t ,  arid thc? mainte- 
nance and op'eration of s p a c e c r a f t  ground automatic checkout equipmtent . 
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Funding a l s o  provides f o r  spacec ra f t  t r anspor t a t ion  requirements ,  acceptance 
in spec t ion ,  f u e l s  and p r o p e l l a n t s  and con t r ac t  admin i s t r a t ion  se rv ices  pro- 
vided by t h . e  Department of Defense. 

Saturn V 

1973 __ - -  1971 1972 

F l i g h t  s t a g e s . .  ................. $161,205,000 $119,480,000 $3i3,200,000 .................. 27,854,000 22 , 9 78 ,OO(t 1 1 , 000 , 001:) __ Ground support  - 

Tota l . . .  ...................... $189,059,000 $142,458,000 

F l i g h t  S t a g e s .  

FY 1 9 7 2  funding provides f o r  s t a g e  con t r ac to r  check-out and 1.auncli of t h e  
Sa turn  V veh ic l e s  f o r  Apollo 15 and 16 a t  Kennedy Space Center and lior 
i n i t i a t i o n  of prelaunch check-out f o r  Apollo 1 7 .  I n  a d d i t i o n ,  t he  funding 
provides f 31: the  con t r ac to r  in -p lan t  support  a c t i v i t i e s  e s s e n t i a l  t o  maintain 
confidence i n  mission s a f e t y  and success .  These requirements involve the  
t h r e e  Sa turn  V s t a g e s ,  t h e  Instrument Uni t ,  and the  rocke t  engines .  The 
b a s i c  in-plant  engineer ing and manufacturing support  provided by stztge and 
engine con t r a c t o r s  includes performing necessary modi f ica t ion  t o  e x i s t i n g  
hardware sy3 t e m s  t o  co r rec t  p r i o r  mission anomalies , r e so lv ing  anomztlies 
encountered during launch prepara t ions  , providing f o r  on l ine  missiori support: 
during the  f l i g h t s  and providing f o r  p o s t f l i g h t  a n a l y s i s  of f l i g h t  tmgineeri-ng 
and perfonnance da ta .  

FY 1973 !Saturn V funding provides  f o r  t he  maintenance of t hese  e s s e n t i a l  
and c r i t i c a l  con t r ac to r  in-plant  f l i g h t  support  e f f o r t s  through December 
1972 t o  meet t h e  prelaunch , launch, and post launch requirements f o r  Apollo 
1 7 .  In add i t ion  t h e  FY 1973 funding provides  f o r  completion of veh ic l e  
check-out m d  launch a c t i v i t i e s  a t  Kennedy Space Center.  The Apollci pro- 
gram funds these  in-plant  and launch s i t e  a c t i v i t i e s  through completion of 
t he  f l i g h t  program i n  December 1972. Af t e r  t h a t  d a t e ,  t h e  necessar)  
a c t i v i t i e s  :in t h i s  area are funded under the  Skylab program. 

Ground Support:. 

Saturn V ground support  funding i n  N 1972 and FY 1973 includes t h e  design 
support  and update of ground suppor t  equipment, v e h i c l e  i n t e g r a t i o n ,  vehic le  
support., systems engineer ing , s m a l l  procurements of services and equipment 
r e l a t e d  t o  t h e  o v e r a l l  v e h i c l e ,  and in spec t ion  and c o n t r a c t  adminis t ra t ion  
s e r v i c e s  provided on a reimbursable b a s i s  by the  Department of 'Defense. 
A l l  t he se  ti.c:ti.vities suppor t  t he  launch of t he  remaining Apollo missions.  
Requirements beyond December 1972 are included i n  the  funds requested f o r  
t he  Skylab program. 
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Operations 

1971 1973 -_- 
--.- Research and test opera t ions .  ..... $90,015,000 $91,567,000 

C r e w  and f l i g h t  opera t ions .  ....... 66,229,000 80,862,000 
OperatFons support .  ............... 78,798,000 60,364,000 
Launch systems opera t ions .  ........ 65,109,000 65,332,000 
MSF engineer ing suppor t . .  14,812,000 9,325,000 .- -_- 

--.- 
--.- 
_-.- 
--.- ......... 
--. - ........................... -_- -_- Total-, $314,963,000 $307,450,0010 .- 

.- 

No funds are being requested f o r  Operations i n  t h e  Apollo program i n  FY 
1973 I Through FY 1972 these  a c t i v i t i e s  which supported t h e  b a s i c  require-,  
ments of all. manned space f l i g h t  programs have been funded under t h e  Apollo 
program. To provide f o r  cont inuing support  of t hese  e s s e n t i a l  a c t i v i t i e s  
during cornpI.etion of t he  Apollo missions and i n i t i a t i o n  of Skylab operaticlns , 
t hese  act.:Lvi.ties are c a r r i e d  i n  N 1973 under t h e  Development, Test and 
Mission Operations l i n e  i tem i n  t h e  Space F l i g h t  Operations progrem. 

Advanced Development 

197 3 --- 1972 --- 1971 

Advanced cievelopment .............. $11,500,000 $12,500,000 --.- 

Advanced development a c t i v i t i e s  r e l evan t  t o  manned f l i g h t  progra.ms have 
been funded wi th in  the  Apollo program i n  FY 1972 and p r i o r  yea r s .  
requi.remertts f o r  FY 1973 are included i n  t h e  O r b i t a l  Systems and Payloads 
l i n e  item under Space F l i g h t  Operations r eques t .  

These 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MANNED SPACE FLIGHT SPACE FLIGHT ;OPERATIONS I ---- 
PROGRAM_ 

SUMMARY OF RESOURCES REQUIREMENTS 

1972 - 1971 - 1973 - 
Skylab .......................... $405,200,000 $545,400,000 $550,500,000 
Space shuttle ................... 7 8 ,. 50 0 , 0 00 100,000,000 230,000,000 
Orbital systems and payloads .... 23 , 600 , 000 17 , 600 , 000 23 , 000,000 
Space life sciences.. ........... (28,600,000) 19,775,000 25 , 500 , 000 
Development, test, and mission 

operaticlns .................... (327,480 , 000) (319 , 050,000) 3,05,200,000 -- 
Total...... ................ $507,300,000 $682,775,000 $1,094,200,000 - 

-I - 
HIGHLIGHTS OF BUDGET PLAN 

Skylab .......................... $405,200,000 $545,400,000 $ 550,500,000 
-- Workshoe - Cluster.. ............ $223,566.000 ~282,300,000 $54,200,000 
Orbital Workshop - Completion 

of f1igh.t unit; fabrication and 
assembly of backup unit; com- 
pletion of component qualifica- 
tion testing; assembly, checkout, 
and launch activities at KSC; 
contractor in-plant activities, 
including pre-launch, launch, 
and post-launch flight support 96,665,000 157,500,000 

--- 

Multiele Docking Adapter - -- 
Completion of manufacture, inte- 
gration, in-plant checkout of the 
prime flight unit, and backup; 
pre-launch activities at KSC; 
in-plant support of pre-launch 
and flight activities ......... 27 , 600 , 000 

Airlock - Completion of test- 
ing, manufacture, and assembly; 
pre-launch checkout; in-plant 
support of pre-flight and flight 
activities. ................... 85,300,000 

__I-- 

29,800,000 

95 , 900 , 000 

9 , 000,000 

83,900,000 145 , 400 , 000 

RD 2 - 1  I 



1971 - 
Skylab (Coiit ' ( 1 . )  
Workshop Cluster (Cont'd.) 
Telescope Mount - Completion 

of flight unit, thermal, and 
vibration tests; refurbishment 
of prototype for backup flight 
unit ; pre-launch checkout ; 
field suppoirt.. ............... $ 14,001,000 

Experime1itI)evelopment ........ $ '  58,565,000 
Appliciltion and Science - 

Completion of experiment hard- 
ware ; priwipal investigator, 
pre- launch checkout, and flight 
data ana:L:ysis activities...... 35 , 608 , 000 
Techno:kDgy and Engineering - 

Completion of experiment hardware; 
principal investigator, pre-launch 
checkout, and flight data analysis 
activities.............. ...... 16,337,000 

Medical - Integration of train- 
ing hardware into crew trainer; 
development and analysis of pre- 
flight baseline control data thru 
testing; principal investigator, 
pre- launc h checkout, and flight 
data analysis activities...... 6,620,000 

Payload Integration - Mission 
planning and analysis, configuration 
and interface management, support 
requirements, flight planning, 
flight cyeimaidmachine integration, 
mechanics and structure analysis, 
and systems engineering and 
documentation................... $ 27,803,000 

Program ::upport - Procurement 
of GSE; telescope mount ACE station 
operation; thermal and vibro- 
acoustic tasting; program-wide 
systems engineering support; comple- 
mentary earth-based astronomy 
program; major hardware transpor- 
tation; and contract admini- 
stration........................ $ 15,050,000 

1972 - 1973 - 

$ 11,100,000 $ 3,9oo,oocl 

$ 45,100,000 $ 2-3,400,00C! + 

21,800,000 1fi~,200,000 

19,900,000 7,000,000 

3,400,000 It., 200,000 

$ 29,800,000 $2:!, 800,000, . 

S 35,200,000 $I., OOO,OOt!- I 
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- 1971 1972 1973 

Skylab (Cont'd.) 
Space Vehicles................ 3 67,699,000 $141,400,000 $:309,100 ,I= 
Saturn V - Completion of vehicle 

modifications and delivery to KSC; 
pre-launch checkout and launch 
activities at KSC; contractor 
engine, GSE, and vehicle support; 
contractor in-plant support of 
pre-lau.nch, launch, and post- 
launch activities............ _- -  

---- 

4,100 , 000 75,100,1:)00 

Spacecraft - Completion of in- 
plant checkout and delivery of 
spacecraft hardware; KSC pre- 

' flight checkout activities on 
three spacecraft, launch of the 
first manned mission; contractor 
in-plant flight support; sub- 
system test and evaluation, and 
spacecraft support, including 
mission analysis .............. 42,040,000 98 , 200,000 168,100,1:)00 

Saturn IB - Completion of stage 
modifications and delivery of stages 
to KSC; pre-launch checkout 
activities on three vehicles and 
launch of the first; contractor 
in-plant flight support 
activities.................... 25,659,000 39 , 100,000 65 , 900 , 000 

---- 

Operations - FY 1973 require- 
ments are included under the 
Development, Test, and Mission ............. Operations line.... $ 12,517,000 $ 11,600,000 2, - - -  -- 

Space Shuttle................... --- $ 78,500,000 $100,000,000 $:loo, 000 , (?E 
Engine Design and Development- 

Continued engine design and develop- 
ment; engine/orbiter interface 
drawings; testing of the ignition 
system, the oxidizer, and fuel 
turbopump; thrust chamber and 
pre-burner testing .............. $ --- $ 31,000,000 $ 50,000,000 

Orbiterlesign and Develop- 
- ment - Initiation of design; 

selected long lead procurement; 
start of structural test article 
fabrication and assembly ........ $ ... $ 2,500,000 $ 90,000,1:)00 
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1971 - 1972 - 1973 - 
Space Shuttle (Cont'd.) 

Completion of definition studies 
and configuration selection; 
initiation of detailed design; 
start of bcloster engine or rocket 
motor development ............... 3 --- $ 1,700,000 $ 40.000.000 

Booster Design and Development - 

Technologyand Related Develop- 
ment - Continued supporting 

development activities in the 
area of avionics, aerothermody- 
namics, structural and thermal 
protection systems, auxiliary 
propulsion: dynamics and aero- 
elasticity: and cryogenics ..... S 10,600,000 $ 45,000,000 $ 20.000.000 

Engine 13z.ni t ion - Shuttle 
main engine definition will be - - - -  completed :in FY 1972 ........... $ 20,900,000 $ 10,800,000 $ 

Vehicle JIiiinition - Vehicle 
definition arid configuration 
selection wi11 be completed in 
FY 1972..,, ...................... $ 47,000,000 $ 9,000,000 $ - - -  
Orbital SlLjtems and Payloads.. . $ 23,600,000 $ 17,600,000 $ 2:!,000,00C! 
Advanceti&?velopment - Develop- 

ment of long lead items, experi- 
mental sys terns , and operational 
techniques; 12s tablishment of 
specificaitioiis and design require- 
ments for planned and potential 
manned space flight programs.. , (11,500,000) (12,500,000) 1:1.,000,000 

Payloads - Definition of manned 
experiments in advanced technology, 
material science, manufacturing, and 
on-orbit payload checkout; space 
shuttle payload integration 
planning ....................... 12,525,000 10 , 500 , 000 

Research and Application Modules - 
Def initioiaf modules and breadboard- 
ing of long lead systems; concept veri- 
fication testing; in-house "Sortie Can" 

Space Station - Current definition 
stud effclrts are being completed in 

preliminary design --- ............. 

FY 1672. ....................... 11,075,000 7,100,000 

lii , 000 , 000 

I5,OOO , 000 

--- 
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1973 - 1972 - 197 1 - 
Space L i f EL&: i enc e s ($ 28,600,000) 3 19,775,000 $25,500,00;0_ 

behavi-oral. :, and b i o l o g i c a l  
r e sea rch  ti:; r e l a t e d  t o  space 
environmenl: , including s t u d i e s  
of t h e  human body, c losed 
environment:, and absence of 
g r a v i t y  e f f e c t s  on b i o l o g i c a l  .......................... a /  systems - 

BiomedicZLResearch - Medical, 

8,777,000 1 2 , 000 , 0010 

L i f e  Suly,ol:t and P r o t e c t i v e  
Systems .- Technology develop- 

ment through t e s t i n g  of l i f e  
support  and p r o t e c t i v e  devices 
including l lreathing atmosphere, 
thermal co i i t ro l  , crew equip- 
ment, food,  water,  and waste ............. a /  management: systems. - 7 , 255,000 8 , 900 , 000 

Bioengineering - Study and tech- 
no 1 ogy ad\riinc ement i n  deve 1 opmen t 
and t e s t  of bioinstruments ,  bio- 
assay concepts,  and i n t e g r a t e d  
bioinstrucwntat ion systems.. .... - a /  3 , 743,000 4,600 , 000 

- a / I n  FY 1 '971,  funding and d i r e c t i o n  of  L i f e  Sciences a c t i v i t i e s  wei:e 
d i s t r i b u t e d  among s e v e r a l  NASA programs. 

DevelopmenL Test ,  and Mission 
Operation,: ...................... ($327,480,000) ($319,050,000) $3(15,200,0(2 

Researchaiid Test Operat ions, .  ($ 90,015,000) (9 91,567,000) $l0,800,0t~ 
Engineering and T e s t  - Eng- 

inee r ing  support  and t e s t  
a c t i v i t h s  a t  MSC/MSFC, i n c l -  
uding developing hardware 
fabricait  ion and assembly 
methods; manufacturing expe r i -  
mental prototype s t r u c t u r e s ,  
models, inockups; t e s t  chamber 
s imula to r s  of zero-G cond i t ions ;  
thermal vacuum environmental 
chamber t e s t i n g ,  and reverberant  
chamber t e s t i n g  t o  v e r i f y  
s t r u c t u r a l  i n t e g r i t y  f o r  f l i g h t  
environment during launch.. ... ( 60,721,000) ( 66,793,000) 1~8,100,000 
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1971 - 
Appl ica t ions  and Science - Support 

of Skylab e a r t h  resources  da t a  
management; Apollo lunar  sc ience  da t a  
a n a l y s i s  a s s i s t a n c e ;  maintenance and 
opera t ion  of c u r a t o r i a l  f a c i l i t y  
( luna r  m a t e r i a l ) ;  s tudy support  i n  
physics and astronomy; medical 
research  and opera t ions .  . . . . . . f $  19,786,000) 

1972 - 1973 -. 

($ 15,392,000) $8 12,400,000 

Re 1 i i 3  bF 1 i t  y , Qua 1 i t  y and 
-- S a f e t y  - Support e f f o r t s  involv- 
--- 

ing r e  L i a b i l i t y  assurance,  r i s k  
analy:; i s ,  t e s t s ,  checkout,  sub- 
system;, components, and support  
equiptnent a s  r e l a t e d  t o  manu- 
f a c t u r e ,  d e l i v e r y ,  pre-launch 
checkout ,  and launch of space 
vehicLes and payloads ......... ( 9,508,000) ( 9,382,000) 10,300,000 

--- Crew and F l igh t  Operat ions. .  . . ($ 77,892,000) ($ 90,162,000) 4; 86,000,900 
Crew - Crew t r a i n i n g ;  i n t e -  

g r a t i o n  of crew a c t i v i t i e s  and 
f l i g h t  mission planning; oper- 
a t i o n a l  c o s t s  of mission simu- 
l a t o r s ,  t r a i n e r s ,  and a i r c r a f t  ( 28,244,000) ( 26,776,000) 19,800,000 

-- 

F l i a h t  - F l i g h t  opera t ions  
activfi t i e s ,  inc luding  mission 
p Lannfiiig , f l i g h t  c o n t r o l ,  oper- 
a t i o n a l  support ,  recovery,  and 
missioa t r a j e c t o r y  development ( 22,414,000) ( 18,478,000) 22,000,,000 

Miss ion Control  - Mission 
c o n t r o l  c e n t e r  maintenance and 
ope ra t ion ,  inc luding  r e a l  t i m e  
computer complex, switchboards 
c ommuii i c  a t ions  e qui  pmen t and 
l e a s e  of land l i n e s ;  con t r ac to r  
t echn ica l  support ;  communica- 
t i o n  :systems s t u d i e s .  ......... ( 27,234,000) ( 44,908,000) 44,200,000 

--- 

Operations Support . .  . . . . . . . . . . ($ 79,094,000) ($ 61,357,000) 
On-Site - Technical s e rv i ces  a t  

MSF c e n t e r s  involving maintenance, 
post-launch refurbishment ,  reno- 
va t ions ,  r i gg ing ,  t r a i n i n g  and 
t e s t  f a c i l i t y  c losed c i r c u i t  TV 
monitor i ng , documentation and 

i;; 57,000,000 
---- 

RD 2-6 



1972 - 197 1 - 1973 - 
Developmcgg, Test, and Mission Operations (Cont'd.) 
Operations Support (Cont'd.) 
On-S i te (Cont d . ) --- 

technical report preparation, 
logistics support, chemical 
purging, telecommunications , 
e le c t r m i  1: component fa br i - 
cation and photo support; 
Air Force Eastern Test Range 
test a-nd launch support ...... ($ 47,384,000) 

---- Off-Site - Maintenance and 
support of technical and manu- 
facturing facilities at White 
Sands 'rest Facility, Mississippi 
Test Facility, and Michoud 
Assembly Facility ............ ( 31,710,000) 

Launch-Systems Operations. ... ($ 65,667,000) 
Mechanical Ground Systems - 

Operation and maintenance of 
launch facilities and equipment, 
including mobile transporters, 
converter compressor facility, 
mobile service structure, pro- 
pellant loading and pneumatic 
systems, altitude chambers, 
vehicle assembly building 
adjustable work platforms; 
services such as propellant 
handlin.g, life support, tech- 
nical shops, chemical cleaning 
and decontamination, and systems 
safety ........................ ( 34,522,000) 

Electrical Instrumentation 
Systems. - Operation and main- 

tenance of electrical/electronic 
systems and launch instrumentation 
systems, such as spacecraft and 
vehicle automatic checkout equip- 
men t , c omp ut a t ion , opera t i ona 1 
voice and Tv communications , 
measurements, and telernetrics. f 31,145,000) 

--- 

($ 45,494,000) $ 42,200,(100 

( 15 , 863 , 000) 14 , 800,000 

($ 66,639,000) S, 81,400,0~ 

( 36,224,000) 45,400,000 

4 30 , 4 15,000) 3 6 , 000 , 000 
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1 9 7 1  - 1972 - 1973 - 
Development,Test, and Mission Operations (Cont'd.) 

OMSF EngiptIring Support - 
A c t i v i t i e s  which have been per- 
formed by Bellcomm, Boeing, and 
General E l e c t r i c  i n  support of 
the Of f i ce  o f  Manned Space F l i g h t  
a r e  being phased o u t . . . . . . . . . . .  ($ 14,812,000) ($ 9,325,000) $ ---  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

SPACE FLIGHT OPERATIONl$ PROGRAI!I -- OFFICE OF "NED SPACE FLIGHT 

FLIGHT SCHEDULE 

PROJECT 

Skylab 
Skylab 
Skylab 
Skylab 

Space Shut t le  

DAT I3 -- MISS I O N  

Workshop Cluster  
F i r s t  Manned Mission 
Second Manned Mission 
Third Manned Mission 

Apri l  L973 
May 1 9  73 
Ju ly  1'973 
0c:tobeIc 1973 

F i r s t  Horizontal  F l igh t  1976 
F i r s t  Manned Orb i t a l  F l igh t  1978 
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FISCAL YEAR 1973 ESTIMATES 

OFFICE O I L B N N E D  SPACE FLImT SPACE FLIGHT OPERATIONS) PROGRAP! 

PROCRAN ~3JrrCTIVES A N D  JUSTIFICATION: 

The Space F l i g h t  Operat ions program inc ludes  t h e  Skylab and Space S h u t t l e  
p r o j e c t s  41s w e l l  as development and suppor t ing  a c t i v i t i e s  in O r b i t a l  
Systems rind Paylmds;  Space L i f e  Sciences and i n  Development, Test and 
Nission Operations,  

F l i g h t  ininsions i n  t h i s  program w i l l  begin i n  A p r i l  1973 with th i e  launch1 
The Skylab kbrkshop, of t he  Skylab, our f i r s t  experimental  rpace s t a t i o n .  

a m o d i f i d  t h i r d  s t age  of a Sa turn  V, provides  l i v i n g  q u a r t e r s  andl a 
labora tory  f o r  t he  s c i e n t i s t / o s t r o n a u t  crews who w i l l  eccupy t h e  ctzbi ta l  
f a c i l i t y . ,  
program y e t  conducted i n  space,  invol9 ing  over 50 experiments in biomedical 
s c i ences ,  earth resources ,  as t ronany,  space physics ,  space enginecr ing,  atid 
manuf ac t u  r ing  technology. 

Three Skylab crews w i l l  c a r r y  wt t h e  m o s t  ex t ens ive  experiment: 

I n  t h e  Latter part @f the  decade, t h e  space s h u t t l e ,  a reusable  veh ic l e  
capable  o f  ca r ry ing  l a r g e  payloads, w i l l  become ope ra t iona l  to prcwide 
e c o n d c i r l  apace t r a n s p o r t a t i o n  to and from e a r t h  o r b i t ,  It is dcsigned t o  
make nea r -ea r th  space more r e a d i l y  accessible f o r  a g r e a t  v a r i e t y  of manned 
and ulm~arrined a c t i v i t i e s .  
sigaificrirnt  con t r ibu t ion  t o  t h e  advancement of space travel,.  I ts  primary 
objective? is  to  provide low cost space t r a n s p o r t a t i o n  v i t h  an ope ra t iona l  
f l e x i b i l i t y  t h a t  w i l l  not  only reduce t r a n s p o r t a t i o n  costs t o  space, but  ti11 
also lead t o  new payload concepts  and lover payload costs. The s t ru t t l e  
development plan a n t i c i p a t e s  t he  f i r s t  manned o r b i t a l  f l i g h t  near  t he  end 
of t h e  decade. 

The space e h u t t l e  r e p r e s e n t s  t h e  s i n g l e  most 

O r b i t a l  Systems and Payloads relates to f u t u r e  e a r t h  o r b i t a l  space f l i g h t  
ueing t h e  space s h u t t l e  and inc ludes  advanced development , payload d e f i n i t i o n ,  
and the restearch and a p p l i c a t i o n  module s tud ie s .  

Coaplamnting a l l  space a c t i v i t i e s ,  underway and planned, is Space L i f e  
Sciences.  
s tudy  and i n v e s t i g a t i o n  of t h e  e f f e c t s  of space on man and e t h e r  'Iliving 
organism6 , and t h e  t r a n s l a t i o n  of t hese  e f  f e c t s  i n t e  meeting mpn'ni requi re -  
ments t o  l i v e  and work e f f e c t i v e l y  i n  space. 

'Phis i n t e g r a t e d  medical and b i o l o g i c a l  program provider, f o r  t h e  

Develorpment , Test and Hission Operations provides  f o r  t he  b a s i c  engineer ing 
and test opera t ions ,  opera t ion  support ,  crew t r a i n i n g ,  launch and f l i g h t  



operations,  recovery, and Department of Defense support required f o r  a l l  
amnned space f l i g h t  programs. 

SUMMARY OF RESOURCES REQUIREMENTS: 

1972 - 1971 - 
Skylab.. ..................... $605,200,000 $545,400,000 
Space shu t t  lle.. .............. 78 , 500,000 100,000 ,OOO 
O r b i t a l  s y s t e m s  and payloads. 23,600,000 17 , 600,000 

Development, test and mission 
Space l i f e  sciences. ......... (28,600,000) 19,7 75,000 

operations.. ............... (327.480.000) (319.050.000) 

Total...................... $507,300,000 $682,775,000 

M s t r i b u t : j z  of Program Amount by Ins t a l l a t ion :  

John F. Kennedy Space Center, 
NASA...................... $8,435,000 

Manned Spacecraft  Center.. .. 131,631,000 
Marsha11 Space F l igh t  Center 350,912,000 
Goddard Space F l igh t  Center. 475,000 
Jet ProlpuLsion Laboratory. .. 33 ,Ooo 
Wallops Station.,........... --- 
Ames Reirearch Center.. ...... 5,805,000 
F l igh t  I[Cesearch Center...... --- 
Langley Rersearch Center.. ... 830,000 
Lewis Reeetarch Center. ...... 125,000 
NASA Headquarters. .......... 9,054,000 

$20,750 ,000 
182,285,000 
447,645,000 

1,895,000 
730,000 
210,000 

575 ,Ooo 
8,080,000 

4,67 7,000 
25 ,OOO 

15,903,000 

1973 - 
$ !!i i ,500,000 

:;!oo ,000,000 
23,000,000 
25,500,000 

$1 094,200 ,000 .- 
%=a& -- 

$:1.84,050,000 
42 5 , 600 ,000 
452,uN),o(w) .. - - 

200,000 
150,000 

6 ,9 50,000 
250 ,cmo 

4,150,000 
300 ,(loo 

20,2 50,000 

BASIS OF FUND REQUIREPENTS: 

Sky lab 

By t h i s  t h e  next year,  we w i l l  be approaching the  f i n a l  phases of emr 
preparationis t o  launch Skylab, eur  f i r s t  experimental space s t a t i o n  rind by 
f a r  the larjpeet manned spacecraf t  we  have ever b u i l t .  The f l i g h t  creiws, 
which w i l l  :Lint Lude physicians,  engineere and s c i e n t i s t s ,  w i l l  car ry  cut the  
most in tens ive  s c i e n t i f i c  experiment program y e t  conducted i n  e a r t h  o rb i t .  

The Skylab pro jec t  i e  designed t o  extend our c a p a b i l i t i e s  i n  space to  gain 
de t a i l ed  undcerstanding of t he  capab i l i t y  of human beings t o  function t f f e c -  
t i v e l y  i n  space for extended t i m e  periods, and to  ca r ry  out  important:. in- 
w t s  t i ga t ions  i n  e a r t h  appl ica t ions ,  astronomy , biomedicine and space technology. 

Skylab mi43sic3ns w i l l  begin i n  Apr i l  1973 with the launch of t h e  umvnned 
It w i l l  be in se r t ed  i n t o  a 

On the  following day, the  f i r s t  elf t he  

Skylab Workellop from the  Kennedy Space Center. 
near-circular  o r b i t  of about 435 kilometers (235 nau t i ca l  miles) witti1 a 
nominal iacl lhtr t ion of 50 degrees. 



Skylab crc!wa w i l l  be launched i n  a modified Apollo Comaond and Service Module 
on a Saturn IB vehicle .  They w i l l  rendezvous, dock with and activate the  
Skylab fen: t he  i n i t i a l  28 day rtaytinle. 
f l i g h t  ph~asa of Skylab, a total  of th ree  crews w i l l  work i n  the Workrhop 
conductirrlb ea r th  obrervationr , s o l a r  astronomy, biomedical and eth,er technlca l  
and e c i e n t i f i c  experiments . 

During the  scheduled eight months 

A i:escw capabi l i ty  is being developed which, although not  providing reaicue 
f o r  a l l  irii1.ure s i t u a t i s n s ,  does provide coverage for the  more probable ones. 
A mdif ic t r t ion  k i t  has been designed to  convert  a Skylab Command and Service 
Module in1:o a rescue vehicle  which can accommodate f i v e  crewmen ia16te.d of 
threct by removing end re loca t ing  stowage lockers  and s u b s t i t u t i n g  two 
additiona’l  crew couches. 
which is docked with the  Workshop Clus te r  becomes disabled,  t h e  cr’ew w i l l  re- 
main in the  o rb i t i ng  Skylab t o  await rescue. 
and !;ervFc:e Wdule w i l l  be converted 8nd launched as e a r l y  as  posr ib le  wit:h 
a two man crew to  r e t r i e v e  the  three  stranded crewmen. 
vehic le  cmd spacecraf t  w i l l  be ava i lab le  to provide a rescue capab i l i t y  f o r  
the  :Last scheduled r e v i s i t  mission. 

Under the  plan, i f  a Collmand and Service1 Xodule 

The next scheduled Camnand 

A backup Siaturn III 

A comp:Letc! backup set of hardware, including experiments, is bejng readted 
t o  be ured in the  event i t  is needed. 
a decis ion capab i l i t y  through the  second manned arlseion--five mont he after 
hunch  oL the  Skylab. 
t o  launch the  backup Workshop within approximately 10 months a f t e l -  t he  decision 
da te .  

Current planning 1 s  booed tia maintaining 

A t  any point  up to t h a t  time, a decis ion em be macle 

Slrylab 

1!)73 -- 1972 - 1971 - 
Werkshop c lur te r . .  ........... $223,566,000 $282 ,u)o,O~ $154,200,000 
Experitrent development. ...... 58,565 ,OOO 45 , 100 ,O00 23,400,000 
Payload integrat ion.  ......... 27,803,000 29 , 800,000 22,800 ,aK) 
Program support. ............. 15,050,000 35,200,000 31,000,000 
Space weh:Lcles.. ............. 67,699 ,OOO 141,600,OOO 309,100,000 
Operationis. 12,517.000 1 1 . 6 0 0 . ~  - --- .................. 

‘Total.. ..................... $405L200,000 

Workshop Cluster 

Orb i t a l  wbrkshop............. $96,665,000 
Multiple (docking ad8pter. .... 27,600 ,OOO 
A i r l o c l k .  ..................... 8s,3oo,o0O 
Telescope mount. ............. 14 .OO 1 .OOO 

Total. ..................... $223,566,000 

$545,400,000 

$157, !BO ,OOO #9 5,9430 ,Ooo 
29,800 ,OOO 9 , ~ , ~  
83,900 ,OOO 45,400,000 
11.1oo.Ooo 3.900.000 

$282,300,000 $154,200,000 -- - 
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The Workshop C lus t e r  is 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  Mult iple  Docking Adapter, t h e  M r l o c k ,  and t h e  Telescope Mount. 

The Orb1 t_a&Workrhsp: 

The O r b d t a l  Workshop is a modified S-IVB s t a g e  o u t f i t t e d  f o r  long du ra t ion  
manned h a b i t a t i o n  i n  e r b i t  and is b u i l t  by t h e  McDonnell Douglas 
Astronaut ic# Corporation i n  i ts Huntington Beach P l a n t  i n  Ca l i fo rn ia .  It 
conta in8  crew provis iens ,  l i v i n g  q u a r t e r s ,  food prepa ra t ion  and waste manage- 
ment faci.1lit:ies and is provisioned to  supper t  a crew of  t h r e e  f o r  a total  
planned eacrrpancp of 140 days over  an e i g h t  aPenth period. 
c e r t a i n  cotperiment hardware and the  necessary support  f a c i l i t i e s  for its 
epera ti on ,, 

It a l e s  conta ino  

During IT 1972, t r a i n i n g  and test hardware d e l i v e r i e s  wi l l  be completed 
and vibrcl-acoustic t e r t i n g  of t h e  dynamic and static test article accom- 
pl ished.  S t a t i c  and meteoroid s h i e l d  t e s t i n g  w i l l  also be completed a t  t h e  
~ r r h a l l  !!puce F l i g h t  Center (MFC). The f l i g h t  u n i t  w i l l  p rogress  through 
equipment i n s t a l l a t i e n  and systems checkout and w i l l  be de l ive red  i n  e a r l y  
Fp 1973. Fabr ica t ion  of t he  backup f l i g h t  u n i t  w i l l  cont inue  wi th  de l ive ry  
planned f e r  late FY 1973. 

FY 1973 funding suppor ts  t h e  completion of t h e  f l i g h t  u n i t ;  f a b r i c a t i o n  
and assembly of t h e  backup u n i t ;  completion of csnponent q u a l i f i c a t i o n  
t e s t i n g ;  *the extensive assembly and checkout a c t l v i t i c s  a t  t h e  Keainedy Sprice 
Center (EX) which begin e a r l y  in  t h e  F i s c a l  Year wi th  t h e  matin8 of t h e  
Workshop t o  t h e  launch veh ic l e ;  and t h e  c o n t r a c t o r  i n - p l a n t  support  requi red  
dur ing  tlrlc prelaunch a c t i v i t i e s  a t  KSC, t h e  launch i t s e l f  and t h e  i n i t i a l  
i n - o r b i t  r c t i v i t i e s  of t he  Workshop. E s s e n t i a l  and cr i t ical  c o n t r a c t o r  in- 
p l a n t  capmbBlity must be r e t a ined  to  provide t h e  a b i l i t y  to so lve  Workshop 
problems t h a t  may occur during the  mission. 
p;SC w i l l  ;begin e a r l y  i n  FY 1973 when t h e  Workshop is stacked on t h e  launch 
vehic le .  
t o  to ta l  in t eg ra t ed  t e s t i n g  and checkout of a l l  elements  of the space v e h i c l e  
and launch late i n  Apr i l  1973. 

The prelaunch oc t iv i lk ies  a t  

Prom t h a t  po in t  on, ex tens ive  checkout ope ra t ions  w i l l  occur lead ing  

W l t i p l e  - E k i n g  Adapter: 

The Mult ip le  Docking Adapter provides  t h e  decking i n t e r f a c e  f o r  t h e  Copasand 
The Mult ip le  Docking Adapter ,  f a b r i c a t e d  and Serv lce  Module to t h e  Workshop. 

a t  NSFC and subsequently de l ive red  t o  t h e  Martin Marietta Corporatfon, )Denver, 
Colorado, f e r  equipaent  i n s t a l l a t i o n  and acceptance t e s t i n g  has  two docking 
ports--an axial port f o r  normal Comaad and Serv ice  Xodulc dockin!! and a 
r a d i a l  port f o r  contingency. I n  a d d i t i o n ,  i t  contains c o n t r o l  and d i sp lay  
consoles  for t he  Telescope Mount and t h e  Ear th  Resources Experiaenit Packa,gc 
t oge the r  with s p e c i f i c  experiment hardware. 

By t h e  end of FY 1972, a l l  t r a i n i n g  hardware w i l l  have been de l ive red ;  
v ib roacous t i c  t e s t i n g  e f  the s t r u c t u r a l  test ar t ic le  w i l l  be completed; and 
t h e  mating Qf t h e  f l i g h t  Mul t ip le  Docking Adapter w i th  t h e  Airlock f o r  
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t e s t i n g  under s imulated f l i g h t  and a l t i t u d e  c o n d i t i s n r  w i l l  be  accowplished. 
Component q u a l i f i c a t i o n  t e s t i n g  w i l l  cont inue ,  and f a b r i c a t i s n  and a Bsembly 
of backup hardware  w i l l  be i n i t i a t e d .  

FY 1973 funds are requi red  to  suppor t  t h e  completion of t he  backup u n i t  
and t h e  a c t i v i t i e s  a t  t h e  Kennedy Space Center  lead ing  t o  the  Workshop launch 
i n  A p r i l  1973. A s i g n i f i c a n t  engineer ing  c a p a b i l i t y  w i l l  a l r s  be r e t a i n e d  a t  
t h e  Mart in  Marietta Denver p l a n t  dur ing  t h e  prelaunch and f l i g h t  phaist of t he  
Skylab p r o j e c t  f o r  problem so lv ing  i n  event  of any malfunct ions i n  t h e  
Mul t ip le  Docking Adapter and its i n s t a l l e d  equipment. 

A i r l o c k :  

The Air lock  provides  a pressur ized  passageway between t h e  Mul t ip le  W k i n g  
Adapter and t h e  O r b i t a l  Workshop. It c o n t a i n s  an a i r l o c k  f o r  astronrrut ex- 
t r a v e h i c u l a r  a c t i v i t y  and t h e  supply,  d i s t r i b u t i o n  and c o n t r o l  c e n t e r  f o r  
c l u r t e r  atmosphere and thermal  con t ro l .  It also c e n t a i n s  the  equipment f o r  
electric power c o n t r o l  and d i s t r i b u t i o n  t o  t h e  Workshop C l u s t e r  and Ithe docktad 
Command and Se rv ice  Module and provides  support  f o r  co~mvunications and d a t a  
handling, i nc lud ing  vo ice  communications wi th  t h e  ground. Dcvelopmenrt, 
manufacture, and test of the Air lock  i s  t h e  r e s p o n s i b i l i t y  of t h e  l4cliknne11 
Douglas As t ronau t i c s  Corporation-Eastern Divis ion,  S t .  Louis, nisseuici. 

F i s c a l  Year 1972 funding i s  being devoted t o  the  completion of t he  one 
"G,  ze ro  "IG," and n e u t r a l  buoyancy t r a i n e r s ;  completion of t he  vibroacoustic: 
t e s t i n g  of t he  s t r u c t u r a l  t e s t  a r t i c l e ;  completion of f a b r i c a t i o n  and assembly 
of t h e  f l i g h t  a r t i c l e  and i n i t i a l  f a b r i c a t i o n  of t he  backup; and the  i n i t i a -  
t i o n  of simulated f l i g h t  and a l t i t u d e  chamber t e s t ing .  

FY 1973 funding i s  requi red  to  complete tests and t h e  r e l a t e d  rework 
a c t i v i t y  on. t he  f l i g h t  ar t ic le ;  complete manufacture and assembly of t he  
backup modu1.e; provide f o r  prelaunch and checkout e f f o r t s  a t  t h e  launch s i t e ;  
and f o r  main ta in ing  t h e  engineer ing  competence t o  support  t h e  p r e f l i g h t  and 
f l i g h t  a c t i v i t i e s  involv ing  the  Airlock. 

Telescope Mount: 

The Telercope Xowt wi th  i t s  solar telescopes w i l l  provide f o r  t he  f i r s t  
U.S. use  of manned solar t e l e scopes  i n  space t o  observe,  monitor and record 
t h e  s t r u c t u r e  and behavior  of t h e  sun, p a r t i c u l a r l y  solar f l a r e  a c t i v i t y .  
p rovides  te!llescope po in t ing  and a t t i t u d e  c o n t r o l 8  f o r  t h e  e n t i r e  clurter. 
solar a r r a y  and b a t t e r y  system supp l i e s  t h e  requi red  electrical power, 
gene ra t ing  nea r ly  12,000 watts when i l l umina ted  by t h e  sun. 
provis ions  for a s t r o n a u t  e x t r a v e h i c u l a r  r e t r i e v a l  and l n r t a l l a t ~ o n  of t h e  f i l m  
used f o r  t h e  31elescope Nount instruments .  

It 
A 

It inco rpora t e s  

I n  FY 197i!, t h e  Telescope Mount trainers were de l ive red  to  t h e  Manned Space- 
c r a f t  Gentes; f a b r i c a t i o n  and test of t h e  s t r u c t u r a l  and thermal  test articles 
were cample!t:cdl; v i b r o a c w s t i c  t e s t i n g  w i l l  be completed; prototype t h e r m a l  
and v i b r a t i o n  t e s t i n g  w i l l  be accomplished; and f a b r i c a t i o n  and checkout of 
t h e  f l i g h t  or t : i c le  w i l l  also be completed. 



FII 1973 funding provides for t h e  completion of  thermal and v i b r a t i o n  t e s t i n g  
of t h e  Te!lLeacope Haunt f l i g h t  u n i t ;  re furbf  shment of t h e  prototype Telescope 
Mount as at backup f l i g h t  art icle;  i n t e g r a t i o n  of t h e  Telescope Mount I n t o  t h e  
space vebric1.e s t a c k  i n  prepara t ion  f o r  t h e  mission launch i n  Apr i l  1973; and 
related f ie  1.d support .  

Experiment Dave l o m e n t  

197'3 -- 1972 - 1971 - 
Applicatiotns and science.  . . . . . . $35,608,000 $21,800 ,OOO $lS,2W,OOO 
Technology and engineering..  . . , 16,337,000 l9,9oo,oO0 7 ,oo(b ,000 
Medical!,, . , . . . . , . . . . . . . . . . 1.200.000 6.620.000 3.400.000 

Xotall ,...,..................... $45,100,000 

A Irrgc2 nimber of experilnental  i n v e s t i g a t i o n s  w i l l  be conducted i n  sciemtce, 
technology, engineer ing  and medical areas us ing  a coaplex a r r a y  of sensormi, 
ins t ruments  and o the r  experimental  equipment. 

Applicat lpna and Science t 

These tmltperiments f a l l  i n t o  t h r e e  gene ra l  ca t egor i e s :  e a r t h  resiources, 
solar ast::rorromy and as t rophys ics ,  
Package ((IERKP) w i l l  permit remote reneing of  ground sites and will. complement 
the  Ear th  Resources Technology S a t e l l i t e  (ERTS) measurements. Coordinated 
ERTS/EREI? w a s u r e m n t r  of s p e c i f i c  ground test eites i n  conjunct ion wi th  air- 
craft u n d e r f l i g h t s  w i l l  provide t h e  means for assessing t h e  f e a s i b i l i t y  and 
va lue  of us ing  remote sensing from space for e a r t h  resources  applli.cations,, 
I n i t i a l  1Slky lab e a r t h  resources i n v e s t i g a t i o n s  w i l l  examine agr1cuH.ture , 
e c o l o w ,  n a t u r a l   resource^, land use ,  and weather on a g l o b a l  bas i s .  Iktct 
acquired from BREP w i l l  permit f u r t h e r  i n v e s t i g a t i o n s  of  t h e  f e a s i b i l i t y  taf 
usfng remote sens ing  to assist in r e g i e n a l  planning and land use  Il.n t h e  Boston 
to  Washington, D. C. c o r r i d o r  ; land use in Brevard County, F lo r ida  '; ana lys i  e 
of marine and c o a s t a l  processes  i n  t h e  P w r t o  Rics-Virgin I s l and  t*:qpPplex; 
highway eag:lneering i n  Maine ; eva lua t ing  ear thquake he'zards i n  Ca 'Ufornia  ; 
evaluatiing water c o l o r  and c i r c u l a t i o n  i n  t h e  Cheaspeake Bay; and i n  many 
o t h e r  a r e a s  such as p o l l u t i o n  assessment and d e t e c t i o n  of t h e  concen t r a t ion  
of geologLca1 and b i o l o g i c a l  n a t u r a l  resources .  

The Skylab Ear th  Resources Expr iment  

Skylab ,wiL1 c a r r y  about 1,OOO kilograms (2,200 pounds) of solar inatrumen- 
ta t ion i i n  t h e  Telescope Wount. 
to  be s tud ied ,  as follows: 

Four b a s i c  f e a t u r e s  of t h e  sun ' s  m i s s i o n  are 

(1) Hydrogen-alpha emission, a red l i g h t  emi t ted  by t h e  hydrogen gar near  
tihe eurface of t h e  sun. 

(2) U l t r a v i o l e t  r a d i a t i o n  emanating from t h e  chromosphere which extend'a 
from 1,600 to  3,200 ki lometers  (1,OOO to  2,OOO mlles) above t h e  8 ~ ~ ' s  
sur face  and has  temperature variation from 3,000°C to  more than  
1100 ,~ooooc. 

(3) X-Ray r a d i a t i o n  from t h e  sun ' s  corona, beginning about 3,200 ki lometers  
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(2,000 m i l e s )  above t h e  s o l a r  su r f ace  and cont inuing  f a r  out i n t o  
space. 
about l,OOO,OOO*C i n  q u i e t  p laces  to  over lO,OOO,OOO*C i n  c ler ta in  
p laces  during solar f l a r e s .  

The corona 's  dens i ty  is l o w ,  b u t  i t s  temperatures  vnmry f r m  

(4) White l i g h t  emissions from t h e  corona. Because of  its high temperature,  
the  corona con ta ins  many f r e e  e l e c t r o n s  t h a t  scatter the  white  v i s i b l e  
l i g h t  r ad ia t ed  from t h e  s u r f a c e  of the sun. The White l i 8 h t  ceronograph 
w i l l  use t h i s  phenomena t o  trace t h e  corona s e v e r a l  miXlion k i lometers  
out €rem t h e  su r face  of t h e  sun. 

I n  add i t ion  t o  the  experiments i n  t h e  Telescope Mount, an X-Ray/lJltra Vio- 
l e t  S o l a r  Photography experiment w i l l  be mounted i n  an a i r l o c k  i n  the w a l l  of 
t h e  workshop t o  produce spectrum p l o t s  of s e l e c t e d  a c t i v i t i e s  a t  slpecific a reas  
of t h e  sun. This combination of solar experiments concen t r a t e s  on observa t ions  
which a r e  not  poss ib le  from ear th  because of  t h e  e f f e c t s  of the atmosphere, 
The r e s u l t s  w i l l  s i g n i f i c a n t l y  advance our  understanding of t he  sun by pro- 
v id ing  information on the  s o l a r  atmosphere, t he  types  of atoms p resen t ,  and 
the  mechaniems through which energy i s  suppl ied  t o  t h e  s o l a r  atmosphere. 
experiments have p o t e n t i a l  a p p l i c a t i o n  i n  improving our understanding of t he  
inpqrt  of the  s u n ' s  a c t i v i t i e s  such as s o l a r  f l a r e s  on communications and 
earthquakes.  
provide a b a s i s  f o r  improved power sources  f o r  use on e a r t h .  

The 

A b e t t e r  understanding of t h e  sun ' s  energy producing process  may 

In FY 1.9'72, t h e  instrument f a b r i c a t i o n  f o r  Appl ica t ions  and Science experi- 
ments wil.1. b e  nea r ly  completed. FY 1973 funding w i l l  provide f s r  completion 
of f a b r i c a t i o n  and t e s t i n g ;  r e t r o f i t  a c t i v i t y  where r equ i r ed ;  t h e  a c t i v i t i e s  
of experiment sponsors ( p r i n c i p a l  i n v e s t i g a t o r s )  and c o n t r a c t o r s  dur ing  t h e  
launch chack.out period; and data a n a l y s i s  dur ing  t h e  i n i t i a l  o p e r a t i o n a l  
period of t h e  Slcylab pro jec t .  

Technolomland Engineering: 

of d a t a  xogerding t h e  e f f e c t s  of t h e  workshop environment on t he  crew i n  term8 
of sa fe ty , ,  comfort and operatioaal e f f ec t iveness .  These experiments w i l l  also 
provide mi understanding of t h e  e f f e c t s  Chat crew movement w i l l  have on t h e  
workshop c l u s t e r  and on t he  a t t ached  experiments.  Spacecraf t  environment 
investigai1:icms w i l l  s tudy the  e f f e c t 6  of r a d i a t i o n  and s p a c e c r a f t  e f f  1uent.r 
on rpacecxaft su r faces  and sensors .  The degrada t ion  of thennal  cclntrol  
coa t ings  wi1.1 also be s tudied .  
b i l i t y  experiments w i l l  be our  f i r s t  i n v e s t i g a t i o n s  i n t o  b a s i c  phys ics  8ndl 
chemistxy i n  space, 
metals, c : rys t a l  growth and how t o  maintain and c o n t r o l  f i r e  €or p r a c t i c a l  uses 
i n  t h a t  emviromnent. It i s  hoped t h a t  such r e sea rch  w i l l  lead t o  t h e  p rac ; t i ca l  
use  of S ~ I I C Q :  f o r  processing a v a r i e t y  of materials, from crystals t o  phamla- 
c e u t i c a  1s ,, 

This  e f f o r t  inc ludes  zero-gravi ty  experiments which w i l l  provide c o l l e c t i o n  

Xaterials processing and zero-gravlity f lamma- 

The t a s k s  w i l l  involve  melting, braz ing  and c a s t i n g  of 

The majlority of t h e  technology and engineer ing  experiment hardware w i l l  be 
de l ive red  irr  FY 1972. 
experiment hardware, to  prepare for d a t a  a c q u i s i t i o n ,  and t o  provide f o r  t:he 

FY 1973 funds w i l l  be used t o  complete t h e  remaining 
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actiuitie!s of 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  and c o n t r a c t o r s  during i n s t a l l a t i o n  
and prelsiunch checkout. 
dur ing  t h i e  i n i t i a l  manning of t h e  workshop. 

Funds w i l l  also be used f o r  a n a l y s i s  of data obtained 

Medical : 

Medical. r t u d i e s  w i l l  i nc lude  a n  i n t e n s i v e  biomedical study of abrmal, 
hea l thy  men and t h e i r  r e a c t i o n s  to  t h e  numerous stresses of space f l i g h t .  

The de l ive ry  of t h e  medical experiment equipment t o  McDonnell Douglas and 
to  Nor th  American w i l l  be completed i n  FY 1972. 
f o r  t he  i n t e g r a t i o n  and checkout of t h e  equipment i n  the  f l i g h t  s t a g e s ;  t h e  
i n t e g r a t i o n  of  f l i g h t  type t r a i n i n g  hardware i n t o  the  crew t r a i n e r ;  t h e  
co l lec t ia in  and a n a l y s i s  of p r e f l i g h t  ground b a s e l i n e  control d a t a  from t h e  
Skylab Medical Experiments A l t l t u d e  T e s t ;  t h e  crew t r a i n e r  and t h e  labora tory  
t e s t i n g  conducted by the  p r i n c i p a l  i n v e s t i g a t o r s ;  t he  preparing O E  methodn, 
procedures and f a c i l i t i e s  f o r  t h e  pO6tf l igh t  a n a l y s i s  of re turned  f l i g h t  
specimens; and t h e  a c t u a l  a n a l y s i s  of i n f l l g h t  and p s t f l i g h t r  d a t a  from the 
f i r s t  Sky l ab  mission. 

FY 1973 funding w i l l  previde 

Payload I n t e g r a t i o n  

19 73 -.- 1972 - 197 1 - 
Payload integration........... $27.803.000 $29.800.000 $22.80(3.000 

Total....................... $27,803,000 $29,800 ,OOO $22,800 ,Ooo 

Skylab r ep resen t s  t h i s  count ry ' s  most ambit ious e a r t h  o r b i t a l  endeavor tnnd 
t h e  Workshop, wi th  i t s  experiment payload, is t he  most complex spacec ra f t  
ever  developed by t h e  United S t a t e s .  Mission success  depends upon t h e  initer- 
a c t i o n  of a l l  elements of t he  program--the Workshop C lus t e r ,  t h e  ci!xperirnemt 
hardware, t h e  launch veh ic l e ,  and the  Sa turn  IB/CSM l o g i s t i c s  8ysl:em. Pay- 
load I n t e g r a t i o n  a c t i v i t i e s  are designed t o  i n s u r e  t h a t  t he  proper r e l a t i o n -  
s h i p s  and i n t e r f a c e s  exis t  so t h a t ,  when in o r b i t ,  t h e  Skylab w i l l  t r u l y  he 
a func t iona l  space laboratory.  The Martin Marietta Corporati.on, Jknver 
M v i r i a n ,  i s  under c o n t r a c t  to  achieve t h i s  payload i n t e g r a t i o n  elffort .  

During FY'r 1972 and 1973, t h e  funding proufdes for mission plarining end 
a n a l y s i s ,  con f igu ra t ion  and i n t e r f a c e  management, support  requirements,  f l . igh t  
planning and f l i g h t  crewrmn/rsachine i n t e g r a t i o n ,  mechanics and s t r u c t u r e  
anaRysis,  systems engineer ing,  and documentation. 

Program Support 

Prograin support . .  ............. $15.0~.000 

'rota:l.. ..................... $l5,0!jO,000 

As i n  1%' ,1972, FY 1973 funding provides  f o r  a 

$35,200,000 $3 1 ,OOO ,000, 

wide range of a c t % . v i t i e s  out- 
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s i d e  the IPM.)OT prime hardware contractor s t r u c t u r e .  
of ground rriipport equipment; ope ra t ion  of t h e  Automatic Checkout Equipment 
S t a t i o n  i n  rupport  of t he  Telescope Mount development a t  t h e  Marshal l  Space 
F l i g h t  Center ;  thermal and v ib roacous t i c  t e s t i n g  a t  t h e  Manned Spacecraf t  
Center ; c a l i b r a t i o n  rocke t  d a t a  a n a l y s i s  ; pragrorn-wide systems engineer ing  
i n  support  of t h e  Skylab program o f f i c e ;  an  ear th-based astronomy program 
derigned to  cooeplement t h e  i n - o r b i t  astronomy observa t ions ;  t r a n s p o r t a t i o n  
of launch v e h i c l e s ,  spacec ra f t  and o t h e r  major component hardware; and t h e  
reimbursemmt t o  t h e  Department of Defense f o r  c o n t r a c t  admin i s t r a t jon  
services. 

Included are pr ocuremerit 

Space Vehic les  

1971 - 1972 - 19 73 
-.I 

Saturn  V..................... 0- - $4,100,000 $75,100 000 
Spacecraf t . .  ................. $42,040,000 98,200,000 168,100,000 
Sa turn  I:B.................... 25,659,000 39,100,000 65,900,,000 

Total..  .................... $67,699,000 $141,400 ,OOO $309, lo0 .E . . . .  

The Space Pehlc les  i t e m  Inc ludes  t h e  Sa turn  launch v e h i c l e s  and modified 
Apollo spacec ra f t  t h a t  are used i n  t he  Skylab p r o j e c t  t o  launch t h e  Uorkrholp 
C lus t e r  and to provide t h e  l o g i s t i c s  system f o r  crew t r a n s f e r  from ri!arth 
t o  t h e  Workrhop and r e tu rn .  

Sa turn  V: 

The Skylab launch v e h i c l e  consists of t h e  f i r s t  two stages-- the S,=IC and Ehe 
S-XI--and t h e  Instrument Unit  of  a Sa turn  V launch vehic le .  Two Salturn V ' s  
have been made a v a i l a b l e  t o  the  Skylab p r o j e c t  from Apollo, one t o  'launch 
t h e  Worksholp C lus t e r ,  t h e  o t h e r  to  provide the  c a p a b i l i t y  to  launch t h e  baclk- 
up c l u s t e r  i f  necesmry.  

F'Y 1972 funding provides f o r  t h e  modi f ica t ions  t o  the Sa turn  V s t a g e s  and 
Inrtrument Unit  necessary t o  meet Skylab requirements.  
de l ive red  t o  Kennedy Space Center (KSC). 

These stageis w i l l  be 

FY 1973 funding w i l l  provide f o r  veh ic l e  a t age  checkout a c t i v i t i e r  a t  t h e  
Kennedy Space Center. 
KSC w i l l  begin e a r l y  i n  FY 1973 in prepara t ion  f o r  t h e  launch in A p r i l  1973,, 
Delivery of backup Sa turn  V hardware to  KSC f o r  s to rage  w i l l  be completed 
dur ing  FY 1.973. The Skylab p r o j e c t  backup p lan  inc ludes  v e h i c l e  checkout 
necessary t.o permit a backup launch wi th in  t e n  months from 8 go ahead de- 
c i s ion .  I b i s  c a p a b i l i t y  w i l l  be maintained f o r  fiwe months fol lowing t h e  
i n i t i a l  Skylab launch. 

Prelaunch checksut of t h e  primary launch v e h i c l e  a t  

Fp 1973 funding also provides  f o r  t h e  maintenance of an i n p l a n t  f l i g h t  
aupport  c a p a b i l i t y  requi red  f o r  t h e  last six months of  RI 1973. 
c a p a b l l i t y  ccrlreists of engineer ing and manufacturing support  providtd by s t age  
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and engine contractors inc lud ing  r e so lv ing  anomolies encountered dur ing  
launch prepara t ions ,  performing any necessary modi f ica t ions ,  providing on-l ine 
mission support ,  p o s t f l i g h t  a n a l y s i s  and l o g i s t i c  support  a c t i v i t i e s .  This 
i n p l a n t  c a p a b i l i t y  w i l l  be funded under t h e  Apollo program through the  f i r s t  
ha l f  of  €7' 1973. The Skylab p r o j e c t  funding provides  f o r  con t inua t ion  of 
these a c t i v i t . i e s  by t h e  Boeing Company f o r  t h e  S-IC s t age  a t  t h e  ntchoud 
Assembly F a c i l i t y ,  New Orleans,  Louisiana; by North American Rockwell f o r  
t h e  S-I1 sJ:ag;e a t  Sea l  Beach, Ca l i fo rn ia ;  and by t h e  IBM Corporation a t  i t s  
Hun t sv i l l e ,  A.labama, f a c i l i t y  for t h e  Instrument Unit. 

Spacecraft . :  

missions arid a f o u r t h  backup/rescue spacec ra f t  are being modified t o  meet 
t h e  unique ope ra t iona l  and support  r equ i r eaen t r  of Skylab r e s u l t i n g  from 
longer misd.on du ra t ions ,  new o r b i t a l  rendeevoue requirements,  Workshop 
support  requirements,  c l u s t e r  a t t i t u d e  c o n r t r a i n t s  dur ing  t h e  mission,  i n -  
c reased  re1t:urn payload c a p a b i l i t y ,  and experiment supper t  requirements.  
These modif ica t ions  include:  removal of one f u e l  cell  and t h e  provis ion  of 
electrical, umbi l ica l  connectors  to  t h e  Workshop; i n s u l a t i o n ,  h e a t e r s  and 
c o n t r o l  wiring i n s t a l l e d  i n  t h e  Serv ice  Wodule to  p e r a i t  long du ra t ion  pro- 
p e l l a n t  s to rage  a t  law temperature;  removal of  t h r e e  l a r g e  unneeded Serv ice  
Module p rope l l an t  and p r e s s u r i z a t i o n  tanks  t o  save weight;  p rovis ion  of a 
b a t t e r y  pack to  allow r e a c t i v a t i o n  of t he  Coamand Module p r i o r  t o  undocking 
and r e -en t iy ;  changes to  t h e  cau t ion ,  warning and camtunicat ions subsystems 
to  f a c i l i t a t e  ope ra t ions  wi th in  t h e  c l u s t e r ;  guidance and control sgstea 
software chranges unique to  Skylab; and special provis ions  f o r  experiments t o  be 
carried in t h e  Command and Serv ice  Module. Modif icat ion,  systems i n s t a l l a t i o n  
and post-mmmfacturing checkout and test of t h e  fou r  Compsand and Serv ice  Modules 
are being accomplished by North h r i c a n  Rockwell a t  Davney, Ca l i fo rn ia .  

Three Apc11l.o Command and Serv ice  Modules as r igned  t o  the  scheduled manned 

During FY' 1972, systems i n s t a l l a t i o n  and checkout vi11 be completed on two 
Coaeurnd and Serv ice  Modules; t h e  t h i r d  f l i g h t  article w i l l  complete systems 
i n s t a l l a t i c w  and begin checkout; and t h e  fou r th ,  t h e  rescue/backup spacec ra f t ,  
w i l l  begin. sys t ems  i n s t a l l a t i o n .  
i n p l a n t  chc!ckout of t h e  t h i r d  lrpacecraft  and t h e  rystems i n s t a l l a t i l o n  and 
checkout on t h e  rescue/backup s p a c e c r a f t ;  to accomplish t h e  ex tens ive  pre- 
launch checkout activities a t  t h e  Kennedy Space Center p r i o r  t o  t h e  launches 
of t h e  i n i t i a l  Skylab mlrs ion i n  A p r i l  1973 and t h e  f i r s t  r e v i s i t  i n  J u l y  
1973; and t o  i n i t i a t e  prelaunch checkout of t h e  f i n a l  r ev i s i t  spacec ra f t .  
Fp 1973 fumding also provides  f o r  subsystem test and eva lua t ion  and spacec ra f t  
support  iac luding m i s s i o n  ana lys i s .  

FY 1973 funds w i l l  be used to  complete 

Saturn  IB: 

Four Saturn I B  launch v e h i c l e s  are involved i n  t h e  Skylab p ro jec t .  Three 

The f o u r t h  v e h i c l e  w i l l  be 
v e h i c l e s  have s p e c i f i c  schedule assignments to  launch t h e  Skylab a s t r o n a u t  
crews who w i l l  opera te  t h e  research  laboratory.  
a v a i l a b l e  for a backup or a resoue launch. The major components of t h e  
Sa turn  IB ( t h e  S-IB s t a g e  manufactured by t h e  Chrys le r  Corporation, t h e  S-IVB 
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manufact:ured by the  McDonnell Drruglas Ast ronaut ics  Corporat ion,  t h e  Instrument 
Unit  manufactured by IBH, t h e  H - 1  and 3-2 engines  developed and b u i l t  by t h e  
Rocketdyne Division of North American Rockwell) were completed s e v e r a l  y e a r s  
ago and placed i n  s torage.  

During FY 1972, t h e  necessary modif icat ion,  refurbishment and checkout of 
t h e  Sa tu rn  I B  hardware t o  a s s u r e  f l i g h t  r ead iness  is being accomplished. Modi- 
f i c a t i o n  and checkout of t h e  f i r s t  of t h e  S-IB stages w i l l  be completed 
duri.ng E71 1.972; modif icat ion of t h e  second w i l l  be completed and i t s  checkout 
s t a r t e d ;  and modif icat ion of t h e  t h i r d  w i l l  be s t a r t e d .  A l l  four S-IVB s t a g e s  
are being; shipped t o  Kennedy f o r  s to rage  during FY 1972 a f t e r  undergoing 
modificeition, refurbishment and checkout. Prelaunch processing on t h e  f i r s t  
S-IVB st:zige! a t  KSC w i l l  begin i n  June 1972. The Instrument Un i t s  w i l l  be sub- 
j e c t e d  t.o a c t i v i t y  similar t o  t h e  s t a g e s ,  with shipments t o  KSC beginning e a r l y  
i n  EY 19173. FY 1973 Saturn I B  funding provides  f o r  a l l  remaining modif icat ion,  
re furb idmemt  , and t h e  major p o r t i o n  of i n p l a n t  and prelaunch checkout 
a c t i v i t i e s  required f o r  t h e  f o u r  Sa tu rn  I B  veh ic l e s .  This funding a lso pro-  
v i d e s  f c w  support ing a c t i v i t i e s  f o r  t h e  engine,  ground support  equipment and 
v e h i c l e  systems con t r ac to r s .  
t o  t:he Iknmedy Space Center. 
and i t  ari.11. be de l ive red  to KSC i n  t h e  e a r l y  p a r t  of t h e  fol lowieg f i s c a l  
year .  
Kennedy to start prelaunch preparat ion.  Also p rede l ive ry  work on1 t h e  re- 
maining t h r e e  Instrument U n i t s  f o r  t h e  Sa tu rn  I B  v e h i c l e s  w i l l  be completed 
i n  FY 19173 and a l l  except  one w i l l  be d e l i v e r e d  t o  t h e  Kennedy Space Center ;  
t h e  f o u r t h  u n i t  w i l l  be held f o r  d e l i v e r y  u n t i l  e a r l y  i n  FY 1974. FY 1973 
funds wi 111 a l s o  provide f l i g h t  support  a t  t h e  c o n t r a c t o r s '  p l a n t s .  F l i g h t  
support  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 ,  design support  
for modi1iic:ation k i t s ,  and l abora to ry  and test support  f o r  q u a l i f i c a t i o n  #and 
f a i l u r e  zinailysis. 

Three of t h e  f o u r  S-IB s t a g e s  w i l l  be de l ive red  
Work w i l l  be completed on t h e  fou r th  S-IB s t a g e ,  

I l ie second and t h i r d  S-IVB s t a g e s  w i l l  be withdrawn from s to rage  a t  

Operations 

11.97 3 
-I- 

1972 - 197 1 - 
--- ................. 0perat:imis.. $12.517 .OOO $11.600 ,OOO .,- 

Total.. ..................... - $12,5 17 ,000 $11,600,000 

N o  funds are being reques ted  f o r  Operations i n  Skylab i n  F Y  19:1'3. These 
a c t  i v i t k s  a r e  included in  the  development, test  and mission opera t ions  l i n e  
i t e r n .  
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SPACE SHUTTLE 

1971 1972 - 

Engine Design and Development --- $31 ,OOO ,000 

Booster Design and Development --- 1,700,000 
Techno logy and Re la t ed  Develop- 

ment ........................ $10,600,000 45 , OOO ,000 
Engine Definition............. 20,900,000 10 , 800,000 

O r b i t e r  Clesfgn and Development --- 2,500,000 

Vehicle' Cef in i t ion . .  .......... 47,000.000 9 .ooo ,ooq 

1973 - -, 

,$SO ,000,000 
90,000,1000 
40 , 000,~000 

20,000,~000 .. - - 

Total.. ...................... $78,500,000 $100,000,000 $200,OOO,OOO - -- - -  - -  
Program Descr ip t ion  

The key t o  f u t u r e  space a p p l i c a t i o n s  and exp lo ra t ion  i s  t h e  Space Shutt ' le--  
t he  f i r s t :  reusable  space veh ic l e .  The S h u t t l e  w i l l  r evo lu t ion ize  the  na tu re  
of space a c t i v i t i e s  by providing a mult ipurpose t r a n s p o r t a t i o n  system f o r  rou- 
t i n e  round t r ip  access t o  near e a r t h  space and by sha rp ly  reducing the  cost and 
comp1exit:y of systems and opera t ions .  
oppor tundt ies  t o  r e a l i z e  the  promise of space f o r  p r a c t i c a l  a p p l i c a t i o n s  on 
e a r t h  and for expanding the  f r o n t i e r s  of science.  

I t s  v e r s a t i l i t y  w i l l  open up v a s t  new 

The S h u t t l e  w i l l  c o n s i s t  of t w o  s t ages :  a boos te r  and an  o r b i t e r .  It w i l l  
take-off l i k e  a rocke t ,  f l y  i n  o r b i t  l i k e  a spaceship ,  and land l i k e  an  a i r -  
plane. The1 o r b i t e r  w i l l  have a d e l t a  wing and w i l l  look much l i k e  a modern 
a i r p l a n e ,  It w i l l  be powered by t h r e e  h igh  p res su re ,  oxygen-hydrogen engines ,  
each with a1 t h r u s t  of 213,000 kilograms (470,000 pounds). 
t h e  s i z e  of' a DC-9. It measures about 36 meters (120 f e e t )  Ln length and has 
a wi.ng 8ipan of 22.5 meters (75 f e e t ) .  P r o p e l l a n t s  f o r  t h e  o r b i t e r  w i l l  be 
c a r r i e d  i n  an  e x t e r n a l  j e t t i s o n a b l e  tank. Two boos te r s  are s t i l l  under con- 
s i d e r a t i o n .  One uses l i q u i d  p rope l l an t s ,  p re s su re  fed engines ,  and i s  r e -  
coverab1.e; t he  o the r  uses  s o l i d  rocke t  motors which would be expelndable. One 
of t h e  two boos ter  op t ions  w i l l  be s e l e c t e d  i n  t h e  s p r i n g  of 1972. Fully 
fue l ed  airid ready f o r  launch, t h e  S h u t t l e  w i l l  weigh approximately 2.3 m i l l i o n  
k i l o g r a m  ( 5  m i l l i o n  pounds) on t h e  launch pad. 

The o r b i t e r  i s  about 

The o r b i t e r  w i l l  have a payload bay t h a t  can  accomnodate payloads up t o  4.5 
meters (::15 f e e t )  i n  diameter  and 18 meters (60 f e e t )  i n  length.  A hatch on 
t o p  of t:he compartment w i l l  open i n  o r b i t  t o  permit deployment ox recovexy 
of l a r g e  spacec ra f t .  

The personnel  compartment i n t e r i o r  of t h e  S h u t t l e  w i l l  be pressur ized  610 

t h a t  t he  crew can t r a v e l  i n  s h i r t s l e e v e  comfort without  spacesuit:s .  No 
special f l i g h t  t r a i n i n g  would be requi red  f o r  passengers  , making i t  possi.ble 
t o  send s c i e n t i s t s ,  doc to r s ,  t echn ic i ans ,  and photographers i n t o  space. 
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The o r b i t e r  w i l l  normally c a r r y  a n  o p e r a t i o n a l  crew of two pilolts and two 
payload handlers.  
s l e e v e  comfort i n  space modules c a r r i e d  i n  t h e  payload bay. The o r b i t e r  id11 
have a nominal seven-day mission c a p a b i l i t y .  
t h e  o r b i t e r  w i l l  be flown back t o  e a r t h  f o r  a n  a i rp l ane - type  landiing a t  t h e  
launch si te.  Other landing f i e l d s  could be  used i n  emergzncies. 

Provis ion can a lso be made t o  c a r r y  passengers i n  sh i r t :  

When t h e  mission is completed, 

The multipurpose S h u t t l e  w i l l  r ep l ace  most p resen t  expendable lraunch velhicles, 
It  w i l l  be capable of c a r r y i n g  i n t o  space v i r t u a l l y  a l l  of t h i s  n.i%tion's 'pay- 
loads,  s c i e n t i f i c  and a p p l i c a t i o n s ,  manned and unmanned, and c i v i l i a n  and 
m i l i t a r y .  It w i l l  a lso accommodate t h e  f u t u r e  needs of comercia1 u s e r s ,  
o t h e r  government agencies ,  and f o r e i g n  governments. 

Its v e r s a t i l e  c a p a b i l i t y  and l o w  o p e r a t i o n a l  cost make i t  o u i t a b l e  f o r  $51 wide 
v a r i e t y  o f  missions. I n i t i a l l y  t h e  S h u t t l e  w i l l  be employed i n :  

---- S a t e l l i t e  Placement and Return 

S a t e l l i t e s  w i l l  be t r anspor t ed  t o  l o w  e a r t h  o r b i t  i n  t h e  ca rgo  lbay where they 
w i l l  be g,iven a f i n a l  checkout a t  the  d e s i r e d  o r b i t  be fo re  beginning t h e i r  
ass igned mission. S a t e l l i t e s  can a lso be r e t r i e v e d  by t h e  Shuttlle and returned 
t o  e a r t h  f o r  mod i f i ca t ion  o r  s e rv i c ing .  

---- &-Orbit Repair and Se rv ic ing  of  S a t e l l i t e s  

Th.e S h u t t l e  w i l l  be a b l e  t o  v i s i t  o r b i t i n g  satel l i tes  f o r  periotdic s e r v i c i n g ,  
including; f i l m  r e t r i e v a l ,  component replacement, and consumable rleplenishment. 

--- Delivery_of Propuls ive S tages  and S a t e l l i t e s  

Propuls ive s t a g e s  and payloads f o r  high energy missions can be del ivered by 
S h u t t l e  t c  l o w  e a r t h  o r b i t s .  A f t e r  a f i n a l  on -o rb i t  checkout t h e  propulsive 
s t a g e  and i t s  payload are removed from t h e  cargo bay and posi t ioned f o r  
launch. The propuls ive s t a g e  w i l l  t r a n s p o r t  t h e  payload t o  a geosynchrontwa 
o r b i t  or t o  escape. 

---I Short  I b r a t i o n  Science and Applications Missions 

The S h u t t l e  can be o u t f i t t e d  t o  conduct s p e c i a l  purpose s h o r t  du ra t ion  
missions.  I n  t h i s  manner, t h e  S h u t t l e  could be a precursor  to  a space s t a t i o n  
f o r  unique e a r t h  o r  sky viewing mission o p p o r t u n i t i e s .  

---- Re search Laboratory 

The S h u t t l e  can a lso serve as a space research laboratory.  The development 
and t e s t i n g  of new components and space systems can  be enhanced by us ing  the 
S h u t t l e  t o  check them out  I n  t h e  environment of space. 
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Space R e m Z g  

The S h u t t l e  w i l l  make ground-based space rescue p o s s i b l e  with i t s  quick 
response c i a . p b i l i t y  and o p e r a t i o n a l  f l e x i b i l i t y .  
may e l i m i n a t e  t h e  need f o r  space rescue by t h e  t imely d e l i v e r y  of rcirplacemerlt 
components and equipment. 

I n  some i n s t a n c e s  t h e  S h u t t l e  

Future  S e ~ e  S t a t i o n  Support 

Eventually the s h u t t l e  can provide support  t o  space s t a t i o n s  t h a t  may be 
placed i n  o r b i t  i n  t h e  fu tu re .  Personnel and ca rgo  can be r o u t i n e l y  t r a n s -  
ported fram e a r t h  t o  a space s t a t i o n  and returned.  

The s h u t t l e  w i l l  be o p e r a t i o n a l  by t h e  end of t h i s  decade. The f i r s t  manned 
o r b i t a l  f l i g h t  i s  planned f o r  1978. 
b i l l i o n  ( i n  c u r r e n t  d o l l a r s )  over a s ix-year  period. 
c lude  a l l  research,  development and test, and eva lua t ion  expenses, 11s w e l l  as 
two f l i g h t  test v e h i c l e s .  I n  a d d i t i o n ,  f a c i l i t y  requirements for dcrvelopmerir 
and ope ra t ions  are est imated t o  cost about $300 mil l ion .  

Development costs are est imated a t  $5.15 
Development costs i n -  

The reusable  space s h u t t l e  w i l l  r a d i c a l l y  reduce t h e  cost of spacc,! operat ions.  
Once i n  ope ra t ion ,  t h e  s h u t t l e  w i l l  d e l i v e r  payloads to o r b i t  a t  a cost of 
about $8 m i l l i o n  per launch. For l a r g e  payloads, t h e  t r a n s p o r t a t i o n  cost t o  
o r b i t  w i l l  be about $100 t o  $150 pe r  pound. 
t r a n s p o r t a t i o n  costs,  a d d i t i o n a l  economies w i l l  be achieved through r educ t ion  
of t h e  number and types  of launch v e h i c l e s  needed t o  support  t h e  n a t i o n ' s  
space e f f o r t ,  and i n  t h e  cost of t h e  satell i tes themselves. With t h e  s h u t t l e ,  
automated s a t e l l i t e s  can be r epa i r ed  or se rv iced  i n  space o r  r e tu rned  to  e a r t h  
f o r  refurbishment and reuse.  Moreover, t h e  s ize  and weight-carryin$: capac i ty  
of  t h e  o r b i t e r  w i l l  f r e e  des igne r s  from c o n s t r a i n t s  which make desigp more 
d i f f i c u l t  and c o s t l y .  This w i l l  make i t  p o s s i b l e  to  use r e l a t i v e l y  inexpensive 
l abora to ry  type equipment i n  p l ace  of s p e c i a l l y  cons t ruc t ed ,  highly miniatur ized 
equipment -which i s  expensive t o  develop and test. 

I n  a d d i t i o n  t o  t h i s  savings i n  

With t h e  sav ings  i n  launch costs, payload costs, and payload deve Lopment t i m e ,  
i t  i s  expected t h a t  t h e  s h u t t l e  w i l l  g r e a t l y  i n c r e a s e  t h e  use of space by 
government agencies  and commerical u s e r s ,  and w i l l  lead to t h e  discovery of 
new uses  f o r  space. 
enhance t h e  use of space f o r  t h e  p r a c t i c a l  b e n e f i t  of  mankind. 
w i l l  be b e t t e r  a b l e  t o  survey t h e  e a r t h ' s  resources ,  monitor and p r e d i c t  
weather, improve worldwide communications, develop improved manufacturing 
processes ,  e n l a r g e  our  knowledge of t h e  e a r t h  and ou r  solar system, and pe r -  
haps even harness  t h e  sun ' s  energy as a source of  p o l l u t i o n - f r e e  energy. 

A primary reason f o r  development of t h e  s h u t t l e  i s  t o  
With i t  we 
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Program Plan  

The FY 1972 budget presented t o  Congress l as t  yea r  provided f o r  s h u t t l e  
engine development and f o r  cont inuing  s t u d i e s  or s t a r t i n g  development on the  
s h u t t l e  i t s e l f ,  depending on t h e  progress  made i n  t h e  s t u d i e s .  
have progressed t o  the  poin t  where a d e f i n i t e  d e c i s i o n  on conf igu ra t ion  con- 
c e p t  has  been made and the  f i n a l  t rade-of f  d e c i s i o n s  necessary t o  h i t i a t e  
development can be made, lead ing  tu  i s suance  t h i s  s p r i n g  of a reques t  f o r  pro- 
posals from prospec t ive  development c o n t r a c t o r s .  

These s t u d i e s  

The s h u t t l e  conf igu ra t ion  concept has  been s e l e c t e d  on t h e  b a s i s  of stud:ies 
involv ing  several NASA c e n t e r s  and more than  a dozen aerospace c o n t r a c t o r s .  
Carefu l  eva lua t ion  of t he  r e s u l t s  of t hese  s t u d i e s  cons ide r ing  t h e  optimum 
balance between system performance c h a r a c t e r i s t i c s ,  t e c h n i c a l  r i s k ,  and c o s t s  
have l e d  t o  s e l e c t i o n  of t h e  d e l t a  wing o r b i t e r  descr ibed  above. 'Phis orbi. ter 
wi th  e x t e r n a l ,  j e t t i s o n a b l e  oxygen/hydrogen tanks  w i l l  be much sma Ller and l e s s  
c o s t l y  t o  develop than the  f u l l y  reusable  o r b i t e r  wi th  i n t e r n a l  tanks  en- 
v i s ioned  i n  t h e  earlier s t u d i e s .  Evaluat ion of t h e  s tudy results has a l s o  
led t o  s e l e c t i o n  of an  unmanned b a l l i s t i c  boos t e r  r a t h e r  than the  inore 
complex a n d  c o s t l y  manned f ly-back boos te r  concept.  

Trade-af'f s t u d i e s  now i n  progress  w i l l  provide t h e  b a s i s  f o r  d e c i s i o n  between 
s o l i d  rocket motors and a recoverable ,  l i q u i d  fue led  boos te r  rising pressure-  
fed  engines.  
by us ing  g a s  p re s su re ,  i n s t e a d  of t u r b i n e  d r i v e  pumps, t o  f o r c e  t h e  p r o p e l l a n t s  
through t h e  engines.  
a parachute landing a t  sea, and be recovered f o r  reuse.  The s o l i d  rocke t  
motors would a l s o  f l y  b a l l i s t i c a l l y ,  b u t  would not  be recoverable .  

I n  t h e  pressure-fed boos te r ,  t h e  propuls ion  system i s  s i m p l i f i e d  

I n  t h i s  concept  t h e  boos te r  w i l l  f l y  b a l l i s t i c a l l y ,  make 

Appl ica t ion  of Funds 

Engine IDenign and Development 

The 213,000 kilogram (470,000 pounds) t h r u s t  engine w i l l  be usecl i n  a clluster 
of t h r e e  on t h e  S h u t t l e  Orb i t e r .  
f o r  deliviery of t h e  f i r s t  engines  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 f i n a l  
f l i g h t  conf igu ra t ion  i n  1977. 

The c u r r e n t  engine development p lan  prowides 

FY 197:2 funds w i l l  be used to s ta r t  engine design.  Long l e a d  p:irocurememt 
of subsy,stein test  equipment and test  ar t ic les  w i l l  also be inFtiat:ed. 

FY 1973 funding w i l l  cont inue engine des ign  l ead ing  t o  a pre l iminary  design 
review i n  t h e  middle of t h e  f i s c a l  y e a r  and w i l l  provide f o r  t h e  istart of 
i g n i t i o n  systems t e s t i n g ,  t h r u s t  chamber and preburner  t e s t i n g ,  and  t h e  oxi- 
d i z e r  and f u e l  tu rbo  pump t e s t i n g .  O r b i t e r h n g i n e  i n t e r f a c e  drawings are 
scheduled f o r  release by the  end of FY 1973. 
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Booster-and O r b i t e r  Design and Development 

The c u r r e n t  planning for  t h e  S h u t t l e  v e h i c l e ,  booster and o r b i t e r ,  a n t i -  
c i p a t e  t h a t  development work by t h e  c o n t r a c t o r s  who are y e t  t o  be s e l e c t e d  
w i l l  begin i n  mid-Calendar Year 1972. 
f l i g h t  terit v e h i c l e s  are scheduled t o  start  i n  1974 w i t h  d e l i v e r y  t o  t h e  
horizontaill t .est s i t e  i n  1976. The f irst  h o r i z o n t a l  f l i g h t  test of t h e  o r h i t e r  
i s  schedurllecl later i n  1976 with t h e  first manned o r b i t a l  f l i g h t  i n  1978. As 
previous1.y s t a t e d ,  a n  o p e r a t i o n a l  c a p a b i l i t y  w i l l  be achieved by t h e  end of 
t h e  decade. 

F a b r i c a t i o n  and assembly of t h e  f i r s t  

FY 197:! funding provides for v e h i c l e  d e f i n i t i o n  e f f o r t  l ead ing  t:o t h e  
beginning: of boos te r  and o r b i t e r  design and development. 

FY 1973 funds w i l l  be used to  proceed wi th  t h e  development e f f o r t .  Detriiled 
design dl:iswkngs f o r  t h e  o r b i t e r  w i l l  be produced. FY 1973 fundine; w i l l  a lso 
provide f o r  long lead procurement, t h e  beginning of f a b r i c a t i o n ,  Hind assembly 
of t h e  s t r u c t u r a l  test  art icle.  FY 1973 funding f o r  t h e  boos te r  iiilso provides  
f o r  d e t a i l e d  design drawings. A t  t h i s  w r i t i n g ,  t h e  booster c o n f i g u r a t i o n  has  
n o t  y e t  been selected. Booster concepts  now under s tudy  i n c l u d e  ~ ~ e s s u r e - f e d  
systems cund s o l i d  rocke t  motor systems. 
work i n  IM '1973 w i l l  a l s o  inc lude  t h e  s ta r t  of t h e  new pressure-fctd engine re- 
quired for  t h i s  type of booster .  

I f  t h e  pressure-fed conccpt i s  adopted, 

Techno'kogy and Related Development 

Technology and Related Development funding provides  f o r  support ing development 
e f f o r t s  i n  t h e  areas of Avionics, Aerothermodynamics, S t r u c t u r e s ,  Thermal Pro- 
t e c t i o n  Systems (TPS) , Auxi l i a ry  Propuls ion,  Dynamics, Aeroe ' l a s t i c i ty ,  and 
Cryogenics. 

I n  FY 1972, emphasis i s  being placed on t h e  development of a v i o n i c s  bread- 
boards;  r e l a t e d  f l i g h t  and ground system s imula t ion  of t h e  f o l l o w h g  items: 
guidance and nav iga t ion  systems, p o s t - r e t r o f i r e ,  r e e n t r y ,  and landing 
systems, d a t a  management, d i s p l a y s  and c o n t r o l  systems, f l i g h t  c o n t r o l  
systems, and on-board self check equipment and systems. A l s o  emphasized a r e  
s t u d i e s  of reusable  s u r f a c e  i n s u l a t i o n  materials; e f f o r t s  r e l a t i n g  t o  h o t  
s t r u c t u r e  c a p a b i l i t i e s ,  i nc lud ing  e v a l u a t i o n  of t h e  United S t a t e s  A i r  Force 
work i n  t h i s  area; demonstrations of f a b r i c a t i o n  techniques;  demonstrations 
of  high temperature bear ings,  l u b r i c a t i o n s ,  and seals;  and a u x i l i a r y  propuls ion 
system s t u d i e s  and component i n v e s t i g a t i o n s  of  v a r i o u s  e a r t h  s t o r a b l e  mono- 
p r o p e l l a n t  and b i -p rope l l an t  system o p t i o n s  f o r  t h e  r e a c t i o n  c o n t r o l  system, 
O r b i t a l  Kaneuvering System, and a u x i l i a r y  propuls ion u n i t  a p p l i c a t i o n s .  
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FY 1973 funding w i l l  allow a n  o r d e r l y  progression from i n i t i a l  a v i o n i c  bread- 
boards and f l i g h t  i n v e s t i g a t i o n s  t o  i n t e g r a t e d  a v i o n i c s  s imula t ion  #and t o  more 
advanced guidance and nav iga t ion  and f l i g h t  c o n t r o l  s imula t ion  i n  a i r c r a f t ;  
continued i n v e s t i g a t i o n  of r eusab le  s u r f a c e  i n s u l a t i o n  materiais and app l i ca -  
t i o n s ;  and t h e  demonstration of cr i t ica l  components and c r i t i ca l  system i n t e r -  
a c t i o n s  f o r  e a r t h  s t o r a b l e  p r o p e l l a n t s  for a u x i l i a r y  propuls ion and e l e c t r i c a l  
power gene ra t ion  systems s u i t a b l e  f o r  long l i f e  and reuse.  

Engine Cgfini t i o n  

No Engine Def in i t i on  funds are being requested i n  FY 1973. 

FY 1972 f'unding i s  being used t o  cont inue Space S h u t t l e  Main Engine e f f o r t s  
and f o r  study of  pressure-fed engines and s o l i d  rocke t  motors .€or u ~ e  i n  the  
d e c i s i o n  process  related t o  the f i n a l  s e l e c t i o n  of t h e  boos te r  conf igu ra t ion .  

Vehicle Jlfini t i o n  

No v e h i c l e  d e f i n i t i o n  funds are requested i n  FY 1973. 

Definitkon e f f o r t s  i n  FY 1972 have concentrated on t h e  s tep-by-slep approach 
t o  v e h i c l e  conf igu ra t ion  t h a t  was descr ibed t o  t h e  Congress i n  t h e  FY 1972 
budget r eques t  and have provided t h e  b a s i s  f o r  t h e  d e c i s i o n s  t h a t  have been 
made on t h e  conf igu ra t ion  concept f o r  t h e  Space S h u t t l e  System. 

O r b i t a l  Systems and Payloads 

Advanced development. ........ ($11,5OO,OOO) ($12,5O0,000) $11,(1)00,000 
Payloads.. ................... 12,525,000 10,500 ,OOO 6 ,000 ,000 
Research and a p p l i c a t i o n s  

modules.................... --- --- 6,000,000 
Space station................ 11.075.000 7.100.000 , --- 

T o t a l  ...................... $23,600,000 $17,600,000 $23 oOO,000 - A 

Orbital System8 and Payloads i n c l u d e s  work relating t o  f u t u r e  manned space 
flights. This work focuses  on Advanced Development, Payloads, and Re8earch 
and Applicat ion Modules s tud ie s .  
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Advanced at-ve lopment : 

Advanced Development i s  d i r e c t e d  toward development of long lead xtems, 
experimental  eystems, ope ra t iona l  techniques,  and toward t h e  establ ishment  
of s p e c i f i c a t i o n s  and design requirements f o r  designated and potential manned 
space f l i g h t  programs. It provides  a b a s i s  f o r  dec i s ions  r e l a t e d  to f u t u r e  
goa l s  w i th in  the space program i n  a d d i t i o n  to  providing support and answers 
t o  problema wl th in  ongoing programs. 

Present  e f f o r t s  i nc lude  t h e  deve lopwnt  and requirements needed to i n t e g r a t e  
nuc lear  pa re r  conversion u n i t s  i n t o  space hardware; i n v e s t i g a t i o n  of solar 
cel l  problems and t h e  development of c e l l  s t a c k  technology; t he  development 
of s t e e r a b l e  microwave phased a r r a y  a t  S-Band to  provide a high datct rate, 
telecolarePunLca t i ons  c a p a b i l i t y ;  development of advanced space computer hardware, 
sof tware,  and computer pe r iphe ra l  device technology ; development of high 
power Short pulse  laser devices  t o  provide c a p a b i l i t y  f o r  more obsen:vatory 
s t a t i o n s  around the  world t o  p a r t i c i p a t e  i n  t h e  lunar  laser ranging program 
thus  f r e e i n g  l a r g e r  obse rva to r i e s  f o r  o t h e r  a c t i v i t i e s ;  development of aero-  
breaking techniques to reduce propuls ion requirements f o r  r e t u r n  t o  earth 
o r b i t  and t o  allow space t u g  missions not  otherwise f e a s i b l e ;  i n  conjunct ion 
wi th  t h e  A i r  Force, t h e  establ ishment  of a po in t  design for a high perforroaace 
engine of about 4,536 kilograms (10,000 pounds) t h r u s t  f o r  considerrrt ion i n  
mul t ip l e  spacc program a p p l i c a t i o n s  inc luding  t h e  Space S h u t t l e  , tuj,;, and UIJI- 

manned upper s t ages ;  i n v e s t i g a t i o n  of docking mechanisms requi red  f o r  i n t e r -  
n a t i o n a l  rlendezvous and docking; and s t u d i e s  r e l a t i n g  to  problems with 
l i gh tn ing  around t h e  launch pad, handl ing and s to rage  of cryogenics  i n  orbit : ,  
atmospheric contamination and son ic  boom. 

I n  FY 1972 and p r i o r  yea r s ,  funding f o r  t hese  advanced development ac t iv i l t i ee  
FY 1973 funding provides IEor t h e  has  been included i n  t h e  Apollo program. 

con t inua t ion  of many of t h e  present  e f f o r t s  descr ibed above. 
t a s k s  which cover  a broad range of space system developments w i l l  bns i n i t i a t e d .  
The development of techniques f o r  and s imula t ion  of manufacturing and u t i  l iza- 
t i o n  of lunar  oxygen i s  one such task.  A b e n e f i t  r e s u l t i n g  from t h i s  develop- 
ment would be t he  reduct ion  of l o g i s t i c s  requirements  i n  luna r  base and space 
propuls ion operat ions.  
and developments i n  onboard maintenance techniques and spacec ra f t  ciimtamination 
con t ro l s .  FY 1973 funding w i l l  0180 provide development of satell i te co l l i -  
s i o n  avoidance techniques and controls which w i l l  provide f u r t h e r  s+afe ty  
margins i n  space f l i g h t .  

Xn a d d i t i o n  new 

F l i g h t  ope ra t ions  w i l l  r ece ive  support  from s t u d i e s  

Pay loads : 

This item1 provides f o r  t h e  experiment d e f i n i t i o n  a c t i v i t i e s  requi red  t o  
i d e n t i f y  and v e r i f y ,  through ground experimentat ion and a n a l y s i s ,  those 
worthwhile payloads and experiments t o  be c a r r i e d  on f u t u r e  Space S h u t t l e  
BiSSiOnS. 

RD 2-31 



Early i d e n t i f i c a t i o n  is necessary to  p lan  and de f ine  a balanced program of 
payloads and experiments, 
committed to a f l i g h t  program, it must be f e a s i b l e  f o r  mis s ions  planned i n  
t h e  program and assessed  f o r  i t s  s p e c i f i c  c o n t r i b u t i o n  t o  t h e  program sb-  
j ec t iveo ,  
jections. S p e c i f i c a t i o n s  f o r  power, temperature ,  volume and stmilair  mission 
cons t ra in t : s  must also be f u l l y  developed. 
i n i t i a t i o n  and cont inua t ion  of  a broad spectrum of d e f i n i t i o n  s tuddes  re- 
l a t e d  t o  !;]pace S h u t t l e  payloads. 

Before a n  experiment can be developed anid 

I n  add i t ion ,  i t  must have -11 def ined  funding and schedule pro- 

FY 1972 funding supportmi t h e  

ET 1973 Caylwds funding provides  f o r  t h e  d e f i n i t i o n  of Manned Space F l i g h t  
experimenctr, and provides f o r  the i n t e g r a t i o n  planning necessary to t h e  
accarrmodafion of sc ience  and a p p l i c a t i o n s  payloads i n t o  t h e  Space S h u t t l e  
system. 
technology, material sc i ence  and manufacturing, gene ra l  r t u d i c s  concerned 
wi th  on-orbi t  payload checkout requirements,  t h e  i m p a c t  of  tho  S h u t t l e  on 
experiment hardware development s p e c i f i c a t i o n s ,  and d e f i n i t i o n  r t u t l i t s  to 
support  t h e  i n t e g r a t i o n  of experiment payloads i n t o  t h e  S h u t t l e .  

S p e c i f i c  FY 1973 requirements i nc lude  d e f i n i t i o n  s t u d i e s  i n  advanced 

Research Applicat ion Nodules: 

This a c t i v i t y  is focused on s tudy  and d e f i n i t i o n  of a fmnily of  itmnncd or 
anan-tended payload carriers that provide f l e x i b l e  and economical paylead 
accormnodations f o r  de l ive ry  t o  e a r t h  o r b i t  by t h e  S h u t t l e .  
of Research and Applicat ion Module8 w i l l  be def ined  so t h a t  it can evolve 
i n  c a p a b i l i t y  frasa an a u s t e r e  s h u t t l e  "sortie can" through lpore s o p h i s t i c a t e d  
dedicated labora tory  and obserwatory f a c i l i t i e s  i n t o  a f u t u r e  spacia s t a t i o n  
colapored of s h u t t l e  launched modules whose development, s t r u c t u r e s  and sub- 
systems evolve from those of t h e  preceding modules. 

The family 

FY 1973 funds w i l l  be focused pr imar i ly  on d e f i n i t i o n  of Research and 
Appl ica t ion  Xodules and w i l l  also support  l imi ted  a c t i v i t y  cont inuing  t h e  
definitialct breadboarding of long lead  systems which were shown by t h e  dc- 
finition citudies to be cr i t ical  to  program accomplishment. Major areas of 
e f f o r t  i nc lude  concept v e r i f i c a t i o n  test act ivi t ies  vhich  w i l l  v e r i f y ,  by 
a c t u a l  t t s t l n g ,  t h e  performance of  t h e  i n t e g r a t e d  S h u t t l e  payload carrier8 
and t h e i r  support ing systems p r i o r  to  cornslitment of t h e s e  rystems to hardware 
des ign  amti f a b r i c a t i o n ;  and in-house prel iminary des ign  of  a s o r t i e  can--ai 
pressurizod and hab i t ab le  module which can be t r anspor t ed  t o  and from o r b i t  
i n  t h e  Shrrtt:le cargo bay. The sortie can  w i l l  provide a simple,  1,ow cost,, 
versatile and economical l abora to ry  and observatory f a c i l i t y  f o r  s h o r t  term 
research  cmtl a p p l i c a t i o n s  i n v e s t i g a t i o n s  and experimentat ion i n  e a r t h  o r b i t  
inside thtr Shu t t l e .  

Space StuJkon: 

The cui:rent Space S t a t i o n  d e f i n i t i o n  s t u d i e s  are be ing  coarpletecll i n  PP 
1972. Uta Flt 1973 funds are being requested €or Space S ta t ion .  
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Space Life Sciences  

1971 - 1972 - 1973 - 
Bieraedical research.......... 00-  $8,777,000 $12 ,Ooo ,000 

syste~ls.................... --- 7,255,000 8,900 ,Ooo 
Life support  and p ro tec t ive  

Bioengineering............... --- 3.743 .om- 4.600.000 

Total .  ..................... ($28,600,000) $19,775,000 

Space L i fe  Sciences i s  composed of t h r e e  primary d i s c i p l i n a r y  elements: 
Biomedical Research, L i f e  Support and P r o t e c t i v e  Systems technology, and 
Bioengineering technology. 
program of advanced research  and technology which d i r e c t l y  support6 t h e  
development e f  rpacec ra f t  and space mission des ign  criteria f o r  advanced 
manned missions.  Space L i f e  Sciences suppor ts  e a r t h  based i n v e s t i g a t i o n s  
us ing  space f l i g h t  environmental ana log ie s  and provides  f o r  t h e  des ign  and 
conduct of i n f l i g h t  experimentation. 

Each e l e a e n t  i s  e t ruc tu red  t o  provide lm cont inuing  

P i  o a ~  d i c8J-g.e sea rch : 

FY 1972 and FY 1973 funding provide f o r  medical,  behaviora l  and b io log ica l  re- 
search  programs. 
which may be inf luenced by the  space environment. For example, card iovascular  
s t u d i e s  w i l l  focus on the mechanisms by which changes i n  body f l u i d  dynamics 
and murcular responses are produced by and fol lowing weight lessness  i n  order  
t o  improve t h e  a b i l i t y  to p r e d i c t  t he  time and course of such changes, t o  
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 to d e f i n e  phyeio logica l  mechanisms for 
eva lua t i ag  the  e f f e c t i v e n e s s  of prevent ive  techniques.  Bone/auscle i n v e s t i -  
ga t ions  w i l l  cont inue t o  acqu i r e  a d d i t i o n a l  d a t a  on t h e  e f f e c t s  of prolonged 
simulated space f l i g h t  a6 a precursor  to  t h e  development of ccountenreesure 
approaches appropr i a t e  to  n u t r i t i o n  and musculoskeletal  func t ions .  
h a v i o r a l  s t u d i e s  w i l l  i n v e s t i g a t e  crew camnand s t r u c t u r e ,  group dynamics, 
s o c i a l  i n t e r a c t i o n  and i n t e r p e r s o n a l  adap ta t ion  i n  c losed  e n v i r o m e n t s  and 
how these  a f f e c t  performance. The s tudy  of d a i l y  rhythm, s l e e p  schedul ing 
and work/reat  cyc le s - - inchd ing  t h e  performance e f f e c t s  of s l e e p  l o s s  and 
rhythm deeynchronization are a180 included i n  behaviora l  s t u d i e s .  
i n v e s t i g a t i o n s  w i l l  inc lude  r a d i a t i o n  biology and associated rpace f l i g h t  
experiment d e f i n i t i o n .  Space f l i g h t  biology experiments are also being de-  
s igned t o  de tena ine  mechanisms by which b i o l o g i c a l  systems are a f f e c t e d  by 
t he  absence of g r a v i t y  and how e a r t h  organisms can  adapt  t o  t h e  a t r e s s e s  a f  
t h e  space environment. 

The medical  program inc ludes  i n v e s t i g a t i o n s  of t l h e  human body 

Be- 

B io log ica l  

- L i f e  Supplort and P ro tec t ive  Systems: 

This i t em provides f o r  t h e  development of advanced technology through t h e  
t e s t i n g  of experimental  l i f e  support  and p r o t e c t i v e  devices  necessary t o  pro- 
vide  a s a f e  hab i t ab le  space f l i g h t  environment. I n v e s t i g a t i o n s  a r e  underway 
on systemei f o r  providing brea th ing  atmospheres; thermal  c o n t r o l ;  crew equip- 
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ment; and food, water, and waste management. 

FY 1972 and FY 1973 funding suppor ts  t h e  development of advanced l i f e  
support  and p r o t e c t i v e  system technology. S p e c i f i c  areas inc lude  t h e  develop- 
a r n t  of water and waste management systems; t h e  development and t e s t i n g  of an  
advanced prototype model of a carbon d ioxide  concent ra tor  which rewmes a very 
high percentage of carbon d ioxide  from an atmosphere; development o:E i n t r a -  
veh icu la r  emergency l igh tweight  spacesu i t  systems technolegy to meet requirce- 
meats f o r  a backup p r e s s u r i z a t i o n  system f o r  encrgency ope ra t ions  itis f u t u r e  
space t r a n s p o r t a t i o n  systems; and, s t u d i e s  involv ing  regenera t ive  po r t ab le  
l i f e  support  system techniques which would r e q u i r e  l e a s  expendables and would 
allow the  crewmen on advanced space f l i g h t s  to  perform e x t r a v e h i c u l m  ac t iv ,L t i e s  
8f  longer  dura t ion ,  

Biocngineer in&: 

Inc ludes  t h e  s tudy and advanccwnt  of technology i n  t h e  development and 
test of b io ins tn tmsnts ,  b ioarsay  concepts  and i n t e g r a t e d  b io ins t rumenta t ion  
oyetcols. 

FY 1972 and FY 1973 bioengineer ing funding provides  f o r  advanced b i o i n r t r u -  
mentation technology to measure or d e t e c t  b i o l o g i c a l ,  psychological  and phyria- 
l o g i c a l  responses  of man and/or  o t h e r  b i o l o g i c a l  species dur ing  space f l i g h t .  
S p e c i f i c  areas of research  inc lude  t h e  i n t e g r a t i o n  of developed biwlinstrunaem- 
t a t i o n  system elements t o  measure medical, psychological ,  and phys io logica l  
parameters during manned space f l i g h t s  of extended du ra t ion ;  and, special 
emphasis i n  FP 1973 involv ing  t h e  developrrent of a remotely con t ro l l ed  mania., 
pu la to r  and i enso r  system t o  augment human sensory and phys ica l  conkrol  
c a p a b i l i t i e s  i n  space f l i g h t .  

Development. Test  and Mission Operat ions 

Development, T e s t  and Mission Operat ions is a new F'Y 1973 l i n e  i t e m  under 
Space P l i g h t  Qperations and inc ludes  the  b a s i c  engineer ing  and test opera t ions  
and opera t ion  support  toge ther  wi th  t h e  crew t r a i n i n g ,  launch systenns opera- 
t i o n s ,  f l i g h t ,  recovery and Departwent of Defense support  requi red  Lor mannsd 
apace f l i g h t 6  r ega rd le s s  of program. 
necessary f o r  s p e c i f i c  missions. I n  FY 1972 and p r i o r  yea r s ,  t hese  capabi- 
lities ware funded almost e n t i r e l y  i n  the  Apollo program. 

It also inc ludes  those activit ies 

Develornoent, Test  and Mission Operations 

1971 - 
Reeearch and test operat ions. .  ( $ 9 0 , 0 1 5 , 0 ~ )  
Crew and f l i g h t  operations, . . ,  (77,892 ,OOO) 
Operations support... ......... (79,094 ,OOO) 
Launch s:pstms operations... . .  (65,667,000) 
OEOSF engineer ing support...... (14.812 .OOO) 

Total....................... ( ~ , , o o O )  

1972 - 
($9 1,567,000) 

(90 , 162,000) 
(61,357 ,ooO) 
(66,639,000) 

(9.325.000) 

($319,050,000) 

1973 

$80,800 ,OOO 
86 ,OOO ,OOO 
57,000 ,Ooo 
81,400 ,OOO 

- 

--- - 
.1!3o5,2oo,o0o 
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Research and T e s t  Operations 

1971 - 19 72 - 1973 -* 

Engineering and test.. . . .. . . . ($60,721,000) ($66,793,000) $58,1OC1,000 

Re LiabP Lity , q u a l i t y  and 
rsafety. *, . . . . . +. . . . . . . 

Appl ica t ions  and science.  . . . . (19,786,000) (15 , 392,000) 12,4oc, ,OOo 

(9.508.000) (9.382.00g) 10.300 .ooo . . . . 
'rota:L.. <, . . . . . . . . + . . . . . . . . ($90,015,000) ($9 1,567,000) $80,8OC~,000 

Rewearch and Tes t  Operations provide t h e  NASA in-house c a p a b i l i i - i e s  necessary 
t o  support  t he  ongoing Apollo and Skylab programs; t o  assist i n  the  d e f i n i t i o n ,  
design and component and subsystem t e s t i n g  a c t i v i t i e s  a s soc ia t ed  wi th  the  Space 
S h u t t l e  ciind t o  undertake p r e d e f i n i t i o n  and d e f i n i t i o n  of f u t u r e  programs. 
Research and T e s t  Operations cover  a wide spectrum of t echn ica l ,  m g i n e e r i n g ,  
s c i e n t i f i c  trnd medical d i s c i p l i n e s  suppor t ing  not  only Manned Space F l i g h t  
a c t i v i t i e s  But a l s o  e f f o r t s  of t h e  o the r  program o f f i c e s  of t h e  Nat ional  
Aeronautics and Space Adminis t ra t ion,  and o t h e r  government agencicbs, whlch 
are irndelr talsen a t  Manned Space F l i g h t  i n s t a l l a t i o n s .  

Program support  is provided by Research and Tes t  Operations through 
d i r e c t i n g  and monitoring h ighly  t e c h n i c a l  system and subsystem development:. 
This  i s  racccmplished by maintaining an  in-house research  and tes t  s t a f f  arid 
the  required l abs  and test equipment t o  a s s u r e  f u l f i l l m e n t  of t e c h n i c a l  needs 
as they r c e l ~ a t e  t o  each program. I n  a d d i t i o n ,  Research and T e s t  Operations1 
a c t i v i t i e s  ttnvolve o v e r a l l  systems engineer ing  and i n t e g r a t i o n ,  s p e c i f i c a t i o n  
and tstandmds management and t h e  a c t u a l  des ign  and development of selected 
hardware i t e m s .  In-house c o n t r a c t o r  support  is provided t o  maintaliin cr i t ical  
s k i  11s needed to opera te  technica  1 f a c i l i t i e s .  
c a p a b i l i t y  t o  so lve  problems and to test systems i s  e s s e n t i a l  t o  t h e  main- 
tenance o f  e f f e c t i v e  management c o n t r o l  over t e c h n i c a l  i npu t s  t o  the  program. 

This  independent hn-house 

Engineer ika  and Test :  

FY 197.3 funding suppor ts  act ivi t ies  I n  a l l  t h e  engineer ing  d iac i .p l ines  re- 
qui red  t o  conduct a space flAght program a t  t h e  l a b o r a t o r i e s  and ctivisionci of 
t h e  fibarehall Space F l i g h t  Center and the  Manned Spacecraf t  Center, ,  Examples 
of t h e  at: t i v i f i e s  included are developing f a b r i c a t i o n  and assembly methodi; 
f o r  rpaccs hardware ; manufacturing experimental  prototype 8 t r u c t u r c s ,  modelis 
and mock-tup8 ; s imula t ing  zero-6 cond i t ions  i n  test chambers; opero t ing  
f a c i  l i t i c t e  tsuch as t h e  thermal-vacuum environmental  chambers t o  skmulate t h e  
space environment ; and opera t ing  t h e  l a r g e  reverberant  test chambm and the 
excitation equipment f o r  high f o r c e  v i b r a t i o n  t e s t i n g  designed t o  v e r i f y  
s t r u c t u r a l  i n t e g r i t y  required f o r  t h e  f l i g h t  environments encountwed during 
launch. 

ApplicatkLtlr and Science : 

FY 197.3 funds provide for Appl ica t ions  and Science a c t i v i t i e s  both a t  N;C 
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and WFC. These a c t i v i t i e s  i nc lude  real time support  for management of d a t a  
from t h e  Earth Resources Experiment Package included in t h e  Skylab p r sg ra r ;  
a s s i s t i n g  tho  s c i e n t i f i c  canmunity i n  the a n a l y o i s  of da t a  acquired f r a a  the  
Apollo missiorrs; maintenance and opera t ion  of the lunar  sample c u r a t o r i a l  
f a c i l i t y  ; providing h ighly  spec ia l i zed  a m l y r e s  i n  as t rononp inc luding  u l t r a -  
v i o l e t  spectroscopy, cosmic ray  physics  and upper atmosphere aeronomy; and 
medical research  and operat ions.  

R e l i a b i l i t y .  _()usrlity and Safety: 

F'Y 1973 funding w i l l  support  e f f o r t s  involv ing  r e l i a b i l i t y  assurance,  r i s k  
a n a l y s i s ,  tecits and checkout of space v e h i c l e  and payload rystems, subrystems, 
components ami r e l a t e d  support  equipment t o  a s s u r e  t e c h n i c a l  adequacy and 
performance o j E  i ndus t ry  i n  t h e  manufacture, d e l i v e r y ,  test and launch of space 
v e h i c l e s  and rspace veh ic l e  payloads. It provides advanced teet  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 wi th  adinancements i n  manufacturing processes  and techniques.  
Qua l i ty  and Sa fe ty  provides  the  personnel  requi red  t o  develop des ign ,  manufacturing 
and ope ra t iona l  requirements and t o  a s s u r e  compliance wi th  these  requi-rements 
through monitoring of t h e  tests and in spec t ion  procedures and through a c t u a l  
t e s t i n g  ;and inspec t ion  when requi red .  This  i t e m  a l s o  provides f o r  s u i v e i l l a n c e  
t o  ensure e f  Eective r e p o r t i n g  of problems and the  s t a t u s  of correctivc! action:;. 

R e l i a b i l i t y ,  

Crew and F l i g h t  Operat ions 

19 73 - 19 72 - 197 1 - 
Crew ......................... ($28,244,000) ($26,776,000) $19~,800,000 
F l i g h t  ....................... (22,414,000) (18,478,000) 22:,0oO,OOO 
Mission control . .  ............ (2 7.234 .OW) (44.908.000) -, 44b 200 .OoC! 

Total...................... ($77,892,000) ($90,162,000) $86~,000,000 - 
The Manned Spacecraf t  Center is t h e  headquarters  f o r  a l l  crew and €:Light 

opera t ions .  
eerential tr lafnlng equipment. 
spacec ra f t  mockups and procedures s imula tors .  The Manned Spacecraf t  Center i a  
also respons lb le  f o r  mission oilnulatian 8nd o t h e r  a s t ronau t  t r a i n i n g  equipment 
loca ted  a t  t h e  Kennedy Space Center. 
Center  wi th  Ltr computer complex and communications link. t o  the t r ack ing  ne t -  
work and o t h e r  worldwide data sources.  The Wrsion Control  Center c o n t r o l s  
f l i g h t  ope ra t ions  from s h o r t l y  a f t e r  l i f t - o f f  to  recovery. The tempo of Crew 
and F l i g h t  Operations w i l l  i n c r e a r e  markedly in FY 1973 t o  accowodatcl! Apollo 
17, t h e  i n i t l a l  Skylab ope ra t ions  and t o  prepare f o r  t h e  second manned aisoiori 
to  the  Skylab rihich w i l l  take p lace  e a r l y  in FY 1974. 

zhe a s t r o n a u t s  are based a t  t h i o  Center a long with most of t h e i r  
Thir equipment inc ludes  prof ic iency  ai i :craf t ,  

Also a t  MSC i o  the Hission Contro l  

I n  add i t ion  t o  b a s i c  expenses t o  support  t h e r e  ope ra t ions ,  t h e r e  a m  requ i re -  
ments t h a t  are d i rec t ed  to  s p e c i f i c  missions such as a i s r i o n  planning,,  i nc lud ing  
t r a j e c t o r y  a a a l g r i r ;  f a i l u r e  a n a l y s i s  and eva lua t ion  of operational performance; 
and recovery opera t ions  which encornpas8 t h e  planning, development and ope ra t iona l  
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phases of recovery a c t i v i t y  inc lud ing  t h e  l o c a t i o n  and retrieval of t he  
a s t r o n a u t s  and spacec ra f t  fol lowing touchdawn. 

Crew: - 
Fy 1973 Eunding w i l l  provide f o r  t r a i n i n g  and i n t e g r a t i e n  of f l i g , h t  crew 

a c t i v i t i e a  wiith t h e  engineer ing design and development of manned spacecraft:  
and with lELight mission planning. Alsa included i s  t h e  operational cost of 
mission sltinu:lators, part t a s k  t r a i n e r s ,  and a i r c r a f t  requi red  for c r e w  
t r a in ing .  

F l igh t :  

FY 1973 leurids W I L L  support  f l i g h t  ope ra t ions  i n  t h e  areas of planning, 
support ,  eirrd a c t u a l  accomplishment of t h e  spacec ra f t  mission from l i f t - o f f  
through rewwery which involves  the  broad areas of mission planning,, f l i g h t  
c o n t r o l ,  sitrd ope ra t iona l  support  inc luding  recovery.  
t ra jec tory ,  development costs are a l s o  included. 

S p e c i f i c  mission 

Mi s s ion  Cent r o l  : 

FY 1973 funding w i l l  provide f o r  t h e  maintenance and opera t ion  of the 
Mission Control  Center inc luding  t h e  Real-Time Computer Complex; l e a s e  of 
land l i n e r ,  switchboards,  and miscel laneous coaununications equipment used 
i n  the  MCC:;, con t rac to r  a s s i s t a n c e  to  so lve  special t e c h n i c a l  probleims i n  
the  miesian c o n t r o l  systems area; and for communications system s t u d i e s .  

Operat ions Support 

1971 - 19 72 - 1973 - 
On site... ................... ($47,384,000) ($45,494,000) ~$42,200,1000 
Off site..................... (31.7 10 .OOO) (15,863 .OOO) ., 14.800,OOO 

T Q t a l . . . . . . . . . . . . . . . . . . . . . .  ($79,094,000) ($6 1,357,000) IO5 7,000,000 

Operations Support funding provides  f o r  approximately 2,000 manyeairs of 
e f f o r t  t o  provide t h e  on and o f f - s i t e  services h ighl ighted  below. Thirtcem 
c o n t r a c t o r s  are involved. The funding a180 provides  f o r  t h e  procurement of 
supp l i e s  and equipment r e l a t e d  t o  these  e f f o r t s .  Funds w i l l  be used as  
follows: 

On S i t e :  

F'Y 1973 funding provides f o r  overall t e c h n i c a l  services a t  the  Kennedy 
Space Center,  Har sha l l  Space F l i g h t  Center,  and t h e  Manned Spacecraf t  Center,  
These inc lude  such a c t i v i t i e s  as special f a c i l i t y  maintenance; post launch 
r e f u r b i s h m a t ;  renovat ions;  r i gg ing ;  c losed  c i r c u i t  t e l e v i s i o n  PPonit:sring 
d i r e c t l y  r e l a t e d  to  t r a i n i n g  and test f a c i l i t i e s ;  documentation and t e c h n i c a l  
report prepartation; l o g i s t i c s  support ;  chemic81 purging s e r v i c e s ;  d e t a i l e d  
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des ign  and d r a f t i n g  e f f o r t  requi red  f o r  launch equipment and f a c i ' l l i t i e s ;  
telecommunications ; e l e c t r o n i c s  component f a b r i c a t i o n ;  and photo support .  
Add i t iona l ly ,  t he  A i r  Force Eas te rn  T e s t  Range supplements t h e  Kennedy Space 
Center  ope ra t ions  support  by providing test and launch support  fox: both 
manned and unmanned miss ions ,  which i s  reimbursed based on c o s t a  incurred.,  

Off S i t e :  

FY 197.3 funding w i l l  provide f o r  t h e  maintenance of t e c h n i c a l  arid preduct ion 
f a c i l i t i c c r  o t  t h e  White Sands Tes t  F a c i l i t y ,  t h e  W s s i s s i p p i  T e s t  Faci l i ty  
and t h e  IYichoud Assembly Fac i  li t y  . 

Launch Systems Operat ions 

1973 
-I 

1972 - 1971 - 
Mechan:lcaL ground systems.. .. ($34,522,000) ($36,224,000) $45,400,000 
E1ectr:Lea I ins t rumenta t ion  

aysttrins, ................... (31,145 .OOO) (30.415.000 36.OOC1.000 

Total .  ..................... ($65,667,000) j$66,639,000) $81 ,40CE 
i 

Launch .eyrstems ope ra t ions  are performed a t  Kennedy Space Center  and incllude 
the  techiviccil s e r v i c e s  requi red  i n  t h e  test and launch ope ra t ions  and the  
ope ra t ion  arid maintenance of t h e  launch f a c i l i t i e s  and ground suppor t  
equipment. 

Utchanicltk(3round Systems : 

FY 1973 funding provides  f o r  t h e  ope ra t ion  and maintenance of launch cooiplex 
f a c i  l i t i t 9 s  and r e l a t e d  equipment such as mobile t r a n s p o r t e r s ,  t h e  conver te r  
caoapreastxr 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 rope l l an t  
loading iiystems, pneumatics, and Vehicle Assembly Building ad j u s t r b l e  work 
platforma,  Addi t iona l ly ,  launch r e l a t e d  s e r v i c e s  such as p rope l l an t  handl.ing, 
l i f e  support ,  t e c h n i c a l  shops, chemical c l ean ing  and decontamination and 
rys terns mf e t y  are provided. 

---- Elec t r i ca ' t  Ins t rumenta t ion  Systems: 

FY 1973 funding provides  f o r  t h e  ope ra t ion  and maintenance of ek.ectrical./ 
e1ectronj.o and launch ins t rumenta t ion  systems such as automatic  ch,eckeut 
equipment, o p e r a t i o n a l  vo ice  and TV comaaunications, computation, ~leasureme!nts, 
telemetries and o t h e r  electrical/e lec t r o n i c  systems. 

OMSF Engineering Support  

1971 - 19 72 - 
OMSF engineer ing  support..... ($14.812.000) ($9.325.O00) 

Total...................... ($14,812,000) -) 

19 73 - 
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The engineering support a c t i v i t i e s  which have been performed by Bellcomn, 
Boeing and General Electric i n  support of the Office of Manned Space Fl ight  
are being, ph,ased out .  Xherefore, no FY 1973 funds are requested. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF l&ANJED SPACE FLIGHT ADVANCED MISSIONS PROGRAg 

SUMMARY OF RESOURCES REQUIREMENTS 

1971 - 
Advanced Wir3sllons.. . . . . . . . . . . . . . . . $1,500,000 

HIGHLIGHTS OF BUDGET PLAN 

1971 - 
Advanced l~iilasions - f u t u r e  program 

concepts and requirements development 
including !;]pace Tug de f in i t i on ,  opera- 
t i o n s  and in t e r f aces ;  and lunar  ex- 
plorat ion,  sprice safe ty ,  and Apollo 
hardware u l t l l i za t ion  studies........ $1,500,000 

1973 - 1972 - 
$1,500,000 e. $lL500, OOC! 

1973 - 1972 - 

$1,500,000 $I, 500,000 
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RESEARCH AND DEVELOPHENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE OF MpmED SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJIWJ'IVES AND JUSTIFICATION : 

Advanced mission a c t i v i t i e s  r equ i r e  a continuing review of cur ren t  and 
fu tu re  manned space f l i g h t  programs and provide a b a s i s  f o r  developing 
program concepts and requirements f o r  fu tu re  space systems. The capab i l i t y  
of indus t ry  is ;  u t i l i z e d  t o  perform conceptual design s tud ie s  anti to provide 
comparative technical  da ta  to supplement in-house a c t i v i t i e s .  The r e s u l t s  
of both in-house and contracted s tud ie s  provide the  necessary information 
to assess arid d i r e c t  the fu tu re  course of t h i s  na t ion ' s  manned space f l i g h t  
program. 

SUMMARY OF _P&S.OURCES REQUIREMENTS : 

1973 - 1972 - 1971 - 
Advanced mis,sion studies.. ........ $1,500,000 $1,500,000 g,, 500,000 

Tot:al... ........................ $1,500,000 $1,500,000 $ ~ , 5 0 0 , 0 0 ~  
pl___l__i -1- 

Dis t r ibu tJEi  of Program Amount by I n s t a l l a t i o n :  

John F. Kennedy Space Center, NASA --- $150,000 $200,000 

29,000 *-- --- 
Manned Spacecraft  Center........ $5 75,000 550,000 500,000 
Marshal 1. Space F l igh t  Center .... 850,000 800,000 800,000 
Goddard Space F l igh t  Center,.... 
NASA Hectdq,uarters.. ............. 46,000 --- --- 

BASIS OF PUl&REQUIREMENTS: 

Advanced Mission Studies  

1973 - 1972 - 1971 - 
Advanced olission studies....,..... $1.500.000 $1,500,000 a,, 500,000 

T o t : a l . . . . , , . . . . . . . . . , . . . * , , . . . . ~  >1.500,000 $1.500,000 $l.,500,000 

F i sca l  Year 1972 funding is being used to emphasize s tud ie s  of advanced 
systems and techniques which Inves t iga t e  standard platforms and support 
systems for  sensor elements t o  be ca r r i ed  on geosynchronous o r b i t ;  space 
t ranspor ta t ion  system s tud ie s  r e l a t ed  to software and hardware required t o  
lower cost apace operat ions;  requirements s tud ie s  f o r  o r b i t a l  operat ions;  
and a study of manned space f l i g h t  goals  designed to formulate requirements 
f o r  f u t u r e  missions. 
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Areas of study t h a t  w i l l  r e c e i v e  emphasis dur ing  FY 1973 a re :  

Tug Operiaions and I n t e r f a c e s  - For f u t u r e  h igh  o r b i t  missions,  t he  re- 
usab le  Space Tug w i l l  b e  a t t ached  to payloads and de l ive red  t o  l o w  e a r t h  
o r b i t  i n s i d e  t h e  Space S h u t t l e  cargo bay. On-orbit  payload d e l i v e r y  and 
r e t r i e v a l  ope ra t ions  t o  be performed by the  Tug w i l l  be examined. 
understandinl; of t h e  s a l i e n t  i n t e r f a c e s  is of v i t a l  importance to  S h u t t l e /  
Tug/Payloads planning and systems d e f i n i t i o n .  
cont inuing  and focused e f f o r t  to understand t h e  p o t e n t i a l  and the  1 equire-  
ments of new t r a n s p o r t a t i o n  modes i n  r e l a t i o n  to payloads and suppctlrt 
opera t ione  #, 

Technical  

Th i s  s tudy a c t i v i t y  is a 

Lunar Sw@ice Missions - Lunar exp lo ra t ion  s t u d i e s  f o r  t he  1980's w i l l  
be coriduct:c?d, The i n i t i a l  s tudy e f f o r t  w i l l  cons ider  o b j e c t i v e s ,  p o t e n t i a l  
u t i l i z a t i o n  of luna r  r e sources  f o r  l o g i s t i c s  support ,  and t h e  econcimics and 
performencx! imp l i ca t ions  of space t r a n s p o r t a t i o n  system elements. 

- Safe ty  Studlies - An i n t e g r a t e d  space program s a f e t y  s tudy w i l l  be conducted 
to  provide! guidance i n  e s t a b l i s h i n g  new s a f e t y  concepts  a s  they r e l a t e  to 
t h e  development of advanced missions.  

---- Addi t iona l  S tud ie s  - Stud ies  w i l l  be conducted i n  support  of t he  Space Tug 
d e f i n i t i o n  e f f o r t ,  Apollo hardware u t i l i z a t i o n ,  new mission requirements  and 
European cxboperative e f f o r t s .  There w i l l  be  continued i n v e s t i g a t i a n s  of 
a l t e r n a t i v e  ope ra t ing  modes wi th  the  r e s u l t i n g  impacts on i n t e r f a c e  requi re -  
ments and systems des igns ,  as  w e l l  as t h e  d i s t r i b u t i o n  of func t ions  among 
f u t u r e  space hardware elements. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE PROGRAMS 

Program 19 71 - 

Physics and astronomy .......... $115,956,000 

Lunar and planetary 
exploration .................. 144,900,000 

Bioscience.. ................... 12,898,000 

Launch vehicle procurement ..... 124,900,000 

Total......................... 8398,654,000 

19 72 

$110,100,000 

291,500,000 

151,300,000 

$552,900,000 

L973 -- 

$151:; , 600 , 000 

32 L , 200 , 001:) 

- 19 1 , 600 , 0013 _- 

ss 1 



RESEARCH AM) DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SE'ACE SCIENCE ---- PHYSICS AND ASTRONOMY P K O G R S  

SUMMARY OF RESOURCES REQUIREMENTS 

1971 - 1972 - 1973 

Large observatories.. .......... $ 40,141,000 $ 45,400,000 $ 79,700,~)OO 
oso.. .......................... (16,931,000) (18,600,000) I ~4,500,~)OO) 
O A O . . . . . .  .................... (23,210,000) (13,400,000) (5,600 , 000) ....................... (13,400 , 000) 1.59 , 600 , 000) HEAO.. (---I 

Orbiting (explorers ............. 25,837,000 22,600,000 3 2 , 000 , 000 
Sub - 0 r b i 11 (3 1 programs ........... 25 , 000,000 
Support in 3 iac t iv i t ies .......... 

24,865,000 21,690,000 
25,113,000 20,410,000 - 1 9,900, OB 

Total..................... $115,956,000 $110,100,000 

HIGHLIGHTS OF BUDGET PLAN 

- Large obs'ervatories...... .... $ 40,141,000 $ 45,400,000 & 79,700,1,)00 
.--- Orbiting Solar Observatories 

(14 , 500 , 1:)OO) (OSO) .................... (16,931,000) (18,600,000) 
Spacecraft design, develop- 
ment, and testing; OSO-I 
to be launched in 1973. 8,315,000 11,383,000 7 , 77 6,[)00 

Experiment development for 
OSO-I, data analysis for 
OSO-7 and prior missions, 
and definition studies 
f o r  future missions.... 8,616,000 7 , 2 17 , 000 6 , 724,000 

Delta (Launch Vehicle Pro- 
curement) .............. (300 , 000) ( 1 , 700 , 000:) (1 , 800,000)  

--- Orbiting Astronomical Observa- 
to8ri.e s (OAO) (23,210,000) (13,400,000 1 ( 5,600 ,000) 
Spacecraft construct ion and 
testing in preparation for 
final launch (OAO-C) in 
niicl- 19 7 2. .............. 13,858,000 8 , 078 , 000 1 , 654 ,~OOO 

Expe L' iment s inc lud i ng data 
analysis, orbital oper- 
ations, and continuation 
of the guest observer 
program. ............... 9 , 352,000 5 , 322 , 000 3,946,000 

............. --- 
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1972 - 1971 - 
LarPe Observator ies  (Cont'd.) 

Atlas/Centaur  (Launch Vehicle 
Prccurement) ............. $ (1,900,000) 

High. Energy Astronomy Observa- 
--- t o r i e s  (WO) ............ $ (---) 
Spacecraf t  design and develop- 

ment of HEAO A&B f o r  launch 
i n  1975 and 1977....... --- 

Experiment design and develop- 
ment f o r  missions A&B and 
d e f i n i t i o n  s t u d i e s  f o r  mission 
C. The HEAO series w i l l  s tudy 
t:he universe  i n  the  high 
energy range of t he  e l e c t r o -  
niagnetic spectrum.. --- 
1%- cic ur  ement ) ........... 

.... 
T i t a n  111 E (Launch Vehicle 

(---I 

0r:biti.rK exp lo re r s .  .......... $ 25,837,000 --- -- Atmos@eric Boundary Explor- 
er:; : 
Thi:ee missions i n  the Atmos- 

phere Explorer (AE) series 
scheduled f o r  launch i n  
:1973, 1975, and 1976... 3 , 300,000 

--- 

Dc!:lta (Launch Vehicle Pro- 
curement ) .............. (1,700,000) 

I n t  e1~1 .ane  t a r y  and Magnet 0-  

sphe r i c  Boundary Explorers : 
I n t e r p l a n e t a r y  Monitoring 

I?latform (IMP) s e r i e s ;  
missions t o  be launched 
:in 1972 and 1973, cont in-  
ued a n a l y s i s  of p r i o r  
Inission r e s u l t s  and ad- 
vanced s t u d i e s  of f u t u r e  
Inies ions.  .............. 

De I t a  (Launch Vehicle Pro- 
cuirement ) .............. (3,000,000) 

7- 

6 , 800 , 000 

Maqne t o s  pher i c  Exp 1 ore  r s : 
Two missions i n  t h e  A i r  Densi ty/  

'InJun series, a cooperat ive 
mission with West Germany 
(AEROS) and a n a l y s i s  of d a t a  
from o t h e r  missions previous- 
l y  launched... . . . . . . . . .  3,669,000 

Scout (Launch Vehicle Pro- 
~curernent ) .............. (100 , 000) 

$ (300,000:) 

$(13,400,000) 

2 , 900,000 

10,500,000 

(1,800,000) 

$ 22,600,000 

8,350 , 000 

(1,500,000) 

5,310 , 000 

(1,400,000) 

2 , 633 , 000 

(3,350,000) 

1973 - 

$ (---:) 

$ (59 , 600 , 0 0 0 )  

29,100,000 

30,500,QOO 

(9,000,000) 

2; 32,000,000 

13,400,000 

(300,000) 

5 , 200 :, 000 

(2 , 500 :, 000) 

5,340,000 

(3,100,000) 
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1971 - 
- Orbiting explorers (Cont ' d  .) 
As t rotlomy and Astrophysics 

Exp:Lortrrs: 
Sma:L 1 Astronomy Satellite 

(:;AS) and Radio Astron- 
omy Explorer (RAE) series; 
a'L so includes internat- 
ioia 1 cooperative missions 
with the Netherlands (ANS) 
and lJnited Kingdom (UK-5). 
Analysis of data from 
oit her missions launched 
prior to FY 1973 and for 
advanced studies of 
pot eiit ia 1 future 
missions......... ...... $ 12,068,000 

Delta (Launch Vehicle Pro- 

Scoiit (Launch Vehicle Pro- 
c ii r einen t ) .............. 
c i i  reinen t ) .............. 

(---) 

(---) 

Sub-0rbki.l programs......... 9 24,865,000 
--- Soundis Rockets-Continuation 

of sub-orbital rocket-borne 
exper iinent s .............. 18,900,000 

and installation of an infra- 
red telescope in a C-141 air- 
craft .and for continued studies 
in infrared astronomy from 
aircraft................. 4,965,000 

balloon-borne experiments of 

A i r bo r ne Re s ea r c h-Con s t r uc t i on 

Ballo'on Program-Support for 
--I 

various types............ 1 , 000 , 000 

Supportilg activities........ $ 25,113,000 
Supporting Research and Tech- 

-- nology (SR&T) -Support for 
the development of theory, 
instrument development, 
supporting laboratory 
studies, and ground-based 
observations............. 17,235,000 

Data Analysis-Continuation of 
studies of data obtained 
from various missions and for 
the preparation and storage 
of data in the National Space 
Science Data Center (NSSDC) 7,878,000 

- 

I__-- 

1972 - 

$ 6,307,000 

(---I 
(450 , 000) 

$ P1,690,000 

18,000,000 

2,690 , 000 

1,000 , 000 

$ 20,410,000 

15,410,000 

5,000,000 

1973 - 

$ 8,060,000 

(2 , 600 , 000) 

(4 , 500,000) 

$;IS, 000,OO~ 

:110 , 000,000 

4,000,000 

1 , 000 , 000 

$l.9,9oo,o(~g 

'!4,900 , O(Y0 

5 , 000 , 000 
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OFFICE OF SPACE SCIENCE --- 

PROJECT ---- 

Large Observator ies :  

So la r  Observator ies  

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

FLIGHT SCHEDULE 

M I  S S I O N  

oso-I 

Astronomical Observator ies  OAO-C 

High Energy Astronomy HEAO-A 
HEAO-B Ob s erva. t o ries 

PHYSICS AND ASTR.ONOMJ’ PROGRAE!, 

Explorers ( Inc lud ing  I n t e r -  4 - 6 launches p e r  year 
nati.ona1 Cooperative 
S a t  e : l l i  t E:S ) 

Suborbi ta l  Programs : 

Sounding Rcl c ke t s 
Ball.oon I U g h t s  

About 9 0  launches p e r  year  
About 50 launches p e r  yea r  

1 9  7 ‘ 3  

19 7 :? 

1 9  7 ‘5 
197 7 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

---- OFFICE OF 3PACE SCIENCE PHYSICS AND ASTRONOMY PROGIWJ 

PROGEUM 0:B JECTIVES AND JUSTIFICATION: ---- 
The major objective of the Physics and Astronomy program is to :increase 

human knowledge of the earth's space environment , the sun, the stars, and 
other cellestial bodies. Under this program, research is being conclucted to 
investigate the earth's upper atmosphere and ionosphere; the magnetosphere 
and the interplanetary medium. Space-based investigation of cosmir: ray, 
gamma ray, ultraviolet, infrared, and radio emissions, not poasibla from 
ground-based observatories because of the obscuring effect of the Izarth's 
atmosphere, gives us a unique opportunity to study the sun and other 
celestial bodies. In this way, we are increasing our knowledge of the 
fundamental laws and principles of nature. 

To gather information on these phenomena, NASA employs techniquas ranging 
from theoretical and laboratory research through aircraft, balloon and sound- 
ing rocket flights to small explorer spacecraft, large automated observatories, 
and manned spacecraft. Research teams involved in this program are located at 
NASA fielc centers, other government laboratories, universities, and 
industrial laboratories. Foreign participation is encouraged with the 
participating country providing its share of the costs. 

The information generated and the technology developed in the program are 
made avai1.able to the scientific and technical community for applications and 
for advancement of future scientific research, education, and technology. 

SUMMARY OF F.ESOURCES REQUIREMENTS : ---- 
1973 -. 1971 1972 

Large observatories . . . . . . . . . . 
Orbit: ing explorers . . . . . . . . . . . 
Sub-orbit:iil programs.. . . . . . . . 24,865,000 21,690,000 2f,,000,000 
Supporting iic t ivi t ies . . . . . . . . 25,113,000 20,410,000 - 1s1,900 , 000 

$ 40,141,000 $ 45,400,000 $ 79,700,000 
25,837,000 22 , 600 , 000 34!,000,000 

Total I, . . . . . . . . . . . . . . . . . . . . $115,956,000 ~110,100,000 $15(:1,600,000 
-I 

RD 4-fi 



---- 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 :  

1973 
-, 

1971 1972 

Manned Spacecraf t  Center . . .  $ 225,000 $ 626,000 
Marshall  Space F l i g h t  Center 2,865,000 14,182,000 
Goddard Space F l i g h t  Center 82,542,000 66,985,000 
J e t  €'repulsion Lahoratory.. 2 , 665,000 489 , 000 
Wallclps S t a t i o n . .  .......... 1 , 677 , 000 2 , 585 , 000 
Ames Research Cen te r . . . . . . .  2 , 425 , 000 4,805 , 000 
Langley Research Center . . . .  1,150,000 1,575,000 
NASA Headquarters .......... 22,407,000 18,853,000 

BASIS OF F'UND REQUIREMENTS: ---- 

Large Observator ies  

1971 1972 

Orb i t ing  So la r  Observator ies  
(OSO) 
O S 0  Spacecraf t  ............ $ 8,315,000 $11,383,000 
O S 0  E,xperiments ........... 8,616,000 7 , 217,000 

Subtcltal OSO..  ............ $16,931,000 $ ~ 8 , 6 ~ ~ , ~ ~ ~  

Orb i t ing  Astronomical Observa- 
t o r i e s  (OAO) 

Experiments 9,352,000 5,322,000 
Spacecraf t  ................ $13,858,000 $ 8,078,000 

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

High Energy Astronomy Observa- 
t o r i e s  (HEAO) 
Spacecraf t  ................ $ --- $ 2,900,000 
Experiments ............... --- 10,500,000 

Subtcltal HEAO. . . . . . . . . . . . .  $ --- $13,400,000 

Sc.btota1 Large Observa- 
t o r i e s . . . . . . . . .  ...... $40,141,000 $45,400,000 

$ 300,000 
59,500,000 
66 , BOO , 000 

500 , 000 
2 , 900 , 000 
6 , 300 , 000 

'$00 , 000 
19,900,000 

1973 -. 

$ 7,776,000 
6,724,000 

$14,500,000 

$ 1,654,000 
3,,946,000 

$ 5,600,000 

$29,100,000 
30, ,500,000 

$59,600,000 

$79,700,000 

(L,aunch Vehicle Procurement 
program) : 
D e l t a  (OSO) ............... ($ 300,000) ($ 1,700,000) ( $  1,800,000) 

Titan I11 (HEAO) .......... ( --- ) ( 1,800,000) ( 9,:300,000) 
1 Centaur (OAO) ............. ( 1,900,000) ( 300,000) ( --- 

T c t a l  ( including Launch 
Vehicles) .  ........... ($42,341,000) ($49,200,000) ($90,500,000) 

-I 

RD 4-6 



Orbiting Solar Observatories (OSO) 

The objective of the OS0 program is to obtain new knowledge of the sun, the 
earth's atmosphere, and sun-activated terrestrial phenomena over a ibroad range 
of the electromagnetic spectrum not detectable by ground-based observatories. 

The OSO's have provided significant discoveries about the sun ani1 the earth, 
and have expanded man's understanding of the nearest star and its iliteractions 
with the earth. 

In FY 1972, OSO-H, now designated as OSO-7, was successfully lauiiched and 
is conducting detailed studies of the solar corona, and the spectrwn of soli2r 
and cosmic X-rays. 

FY 1972: funds have been used for OSO-7 tests, launch, and in-orbit oper- 
ations; for- spacecraft design and development; and for experiment design 
and development for the OSO-I mission. 

FY 1973 spacecraft funds for OSO-I will be used to complete the clesign and 
continue the development and fabrication effort on the basic structiire, inter- 
faces for experiments, power systems, telemetry, control and data hiindling 
systems. ,41so in FY 1973, observatory integration and environmental. tests 
will be initiated. 

FY 1973 experiment funds will be used to continue support of the OSO-7 
in-orbit operations, to provide for the analysis of the data obtainc!d from 
that mission, and for ground-based observations supporting the in-01-bit 
observations. Eight experiment groups will be funded to study the I-esults 
of OS0 data acquisition and correlative ground-based observations. 

OSO-I experiment funds will be used to complete the design and continue 
the developrneint and fabrication of the individual instruments for tliis 
mission. The seven U. S. experiments will enter the manufacturing Ibhase, 
including selection and testing of components. An eighth experimeni:, for 
one of the two major solar pointed investigations, is being funded iind 
developed b y  the French National Center for Space Studies. Definitxon 
studies for future missions will also be funded. 

Orbiting Astronomical Observatories (OAO) 
-. 

-. ~ 

The OAO program provides astronomers with an accurately stabiliztbd, auto- 
mated space observatory for telescopic observations of celestial ob-lects 
primarily i n  the ultraviolet region of the electromagnetic spectrum,, The 
program consists of a series of missions with increasingly sensitivt! and 
precis e spec t roscop ic instrumentation. 

More tha.1 three years after launch, OAO-2 continues to make major contri- 
butions to ouit understanding of the universe by providing the first extended 
observations of the ultraviolet spectra of the brighter and nearest celestial 
ob j ec t :3.  

RD 4-7 



Fi:;cal Year 1972 funds supported the preparation of OAO-C for launch and 
initial operations, and the inflight operations and data analyses of OAO-2. 
FY 1973 funds will provide for launch and support of the in-orbit ciperationls 
of OAO-C, iand the reduction and analyses of data obtained by the scientific 
experiment:;. 

High 13erj::yr Astronomy Observatory (HEAO) 

The sc-ientific objective of the H M O  project is to observe our galaxy arid 
the universe in the X-ray and gamma-ray regions of the electromagnetic 
spectrum ald to measure the energy spectrum and chemical compositicn of the 
corpuscular cosmic radiation. Limited information in each of these areas has 
been obtained from balloon, rocket, and small satellite flights; hclwever, 
heavier and inore sensitive instruments are required for long duration obser- 
vations iE we are to achieve a significant increase in knowledge. 

The HE113 project will provide a total sky survey which is neces$ary to 
describe tne universe. The more sensitive instruments provide a potential 
opportunity to probe deeper into the nature of elementary matter b:r obser- 
vations of  higher energy interactions than now achievable elsewherti. 

The HI590 inissions will provide potential for a major impact on !.he under- 
standing (and development of new energy processes and the creation of matte]:. 
A direct study of matter from outside our solar system will be achxeved. For 
the first tiine from orbit, the nature of matter will be studied ant1 the 
existence of anti-matter will be investigated. 

The understanding of observed phenomena such as quasars, pulsar:;, novas, 
and supernovas will be greatly increased. In addition, HEAO offer:: a high 
potential for surprises from the vast undetected phenomena of the iiniverse. 

This program of investigations has been given the highest priori-ty by 
various advisory boards, including the National Academy of Science; (Woods 
Hole Summer Study), the Astronomy Missions Board, and the Spac:e Program 
Advisory Council of NASA. 

HMO-A will perform a total sky survey in cosmic ray, X-ray, and gamma-ray 
emissions. This first mission will operate in an automated mode using sub- 
systems wh.ich are currently available and experiments which are either fu1l.y 
developed or under advanced development, e.g., balloon payloads. 'Che HEAO-B 
mission will provide pointing capability for improved observations of areas 
of specific interest. 

The HEAO spacecraft must have the capability for carrying the large 
experiment instrumentation required for the surveys. The approximate dirnen- 
sions will be a nine foot octagonal cylinder, thirty feet long. It is 
expected t o  weigh about 9,000-11,400 kg (20-25,000 pounds), carry 'up to 
5,700 kg ( 12,500 pounds) of experiment instrumentation, and requirt? approxi- 
mately 750 watts of power generated by solar cells. The spacecraft will be 
designed for a nominal one year lifetime in a 200 nautical mile orbit. 
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The Tit:an 111 launch vehicle has been identified for the initial missions 
and studies are underway to take advantage of the Space Shuttle capability for 
later miss:lons, i.e. , launch, repairs, and updating. 

The Marshall Space Flight Center (MSFC) is assigned responsibility for, the 
technical management of the HEAO project. 

HEAO-A experimenters have completed their definition phase studies, with 
final flight assignment of HEAO-A flight experiments to be made and design 
and development contracts awarded early in 1972. HEAO-B experiments are 
completing the predefinition studies and entering definiton phase s,tudies of 
approximat:ely one year duration. 

Most of the FY 1973 spacecraft funding will go to the selected prime 
contractor, TRW, Inc. , to complete the design of the spacecraft , tct procure 
long Bead-time items, and to fabricate system qualification units. The 
remaining funds will provide for required supporting activities. 

The maijor portion of FY 1973 experiment funding will be used by selected 
flight: experimenters for the HEAO-A mission to complete the design of their 
instrument:!; and to procure critical long-lead items such as large crystals. 
N 1973 funding will also be used by HEAO-B experiments to complete the defi- 
nition phase and proceed with design and development of their instruments. A 
small amount will also be used for definition studies related to tfie next t.wo 
missions o : E  this planned four mission series. 

Orbiting Explorers 

A trnos phe r ic boundary 
exp lore I: s ................. 

Int:erpl.;int:tary and magneto- 
!; phe1::ic boundary explorer s 

Magnetospheric explorers. ... 
A s  11 ronorny and a s t rop hy s ic s 

explore I: s ................. 
Subtolial!, Orbiting 
Exp :Lore r s ............... 

(Launch Vehicle Procurement 
progl:iim) : 
Ilelta.. .................... 
scout:. ..................... 

Toi-al- (including Launch 
Vehicles). ........... 

1971 1972 

$ 3,300,000 $ 8,350,000 

6 , 800 , 000 5,310,000 
3,669,000 2,633,000 

12,068,000 6,307,000 

$25,837,000 $22,600,000 

($ 4,700,000) ($ 2,900,000) 
( 100,000) ( 3,800,000) 

/( $30 , 637 , 000)  ($29,300,000) 

1973 .-. 

$13 , 4.00,OOO 

5, il00 , 000 
5 , 340 , 000 

8 , (160 , 000 

$32,000,000 

($ 5,~~00,000) 
( 7 , e100 , 000)  

($45,C!OO,OOO) -. 
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- .  
The Explorer program makes use of r e l a t i v e l y  small  s p a c e c r a f t ,  each . 

dedicated t o  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 h e  spacec ra f t  and the  parameters of t h e  o r b i t  t o  be optimized t o  meet 
each ob jec t ive .  Problems i n  X-ray and r a d i o  astronomy, atmospheric and 
ionospheric physics,  r a d i a t i o n  b e l t s ,  magnetospheric boundaries, #and i n t e r -  
p l ane ta ry  space are  being inves t iga t ed  i n  t h i s  way. This program a l s o  provides 
a major means f o r  cooperat ive missions with o t h e r  government ageni:ies and 
o t h e r  c o u n t r i e s ,  where mutual program o b j e c t i v e s  can be met with [:he cooperat ing 
pa r ty  paying i t s  own c o s t s .  

Explorer missions launched i n  p r i o r  years  a r e  s t i l l  providing valuable  
s c i e n t i f i c  information. For example, Explorer 42 has discovered s 3  number of 
previously unknown sources ,  including some X-ray p u l s a r s ,  which al)pear t o  
d i f f e r  i n  some respects from the  more commonly known r a d i o  pu l sa r s .  Other 
exp lo re r  missions studying t h e  physics of  t h e  sun /ea r th  environmeiit have 
mapped i n  broad d e t a i l  t he  i n t e r p l a n e t a r y  region,  t he  e a r t h ' s  magnetosphere, 
s o l a r  and g a l a c t i c  cosmic r ays ,  and o t h e r  phenomena. Future missions a r e  
planned t o  provide a b e t t e r  understanding of t hese  complex solar-1rerrestr i .a l  
r e l a t i o n s h i p s .  

I n  FY 1973, funds w i l l  be used f o r  t h e  following exp lo re r  missions: 

Atmospheric Boundary Explorers 

Atmosphere Explorers (AE) a r e  aimed a t  i n v e s t i g a t i n g  the  cletai led p roc t  'sses 
which occur 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 atmos- 
phere. Three missions are  planned f o r  launch during t h e  1973-19715 time per iod,  
each of which w i l l  be equipped with an onboard propuls ion system 110 permilt 
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 he  upper l i m i t s  of t he  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 ' s  atmoepherl: than any 
previous s a t e l l i t e ,  thus allowing s t u d i e s  of t h i s  i n t e r e s t i n g  region where 
most of the sun induced photochemistry occurs .  This region has previous1:y 
been i n v e s t i g a t e d  only by sounding rocke t s ,  which are  l imi t ed  by Ithe durat.ion 
of t he  f l i g h t  and t h e  a r e a  of coverage. 

The abso rp t ion  of s o l a r  energy i n  t h e  upper atmosphere produces the 

While many of t h e s e  have beeii invest::- 
ionosphere, r e spons ib l e  f o r  long d i s t a n c e  r a d i o  wave propagalion, and a 
l a r g e  v a r i e t y  of complex phenomena. 
gated i n  i s o l a t i o n ,  t he  d e t a i l e d  processes which govern them are iiot understood. 
To i n v e s t i g a t e  the processes which occur as a r e s u l t  of t h e  absor1)tion of s o l a r  
energy, the AE program i s  being implemented by a team of i n v e s t i g * i t o r s  who 
w i l l  make d e t a i l e d  cause and e f f e c t  s t u d i e s  of the incoming s o l a r  r a d i a t i o n ,  
the background n e u t r a l  atmosphere, and t h e  ionized c o n s t i t u e n t s  wliich r e s u l t  
from t h e i r  i n t e r a c t i o n .  These measurements w i l l  be a v a i l a b l e  f o r  the f i r s t  
time on the same s p a c e c r a f t ,  and i n  t h e  a l t i t u d e  region where the  maximum 
abso rp t ion  of s o l a r  energy t akes  place.  

Approximately one-third of t he  FY 1973 funds w i l l  be used f o r  Iexperimeiits 
and two-thirds f o r  f a b r i c a t i o n  of  s p a c e c r a f t  hardware. 
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Interplanetary and Magnetospheric Boundary Explorers '. 
The Interplanetary Monitoring Platform (IMP) series was est.abli,;hed for 

the purpose of long term observations of earth-sun relations, particularly 
the outer magnetosphere, the magnetosheath, and the interplanetary medium. 
Two flights in the IMP series are currently in the hardware phase (IMP-H&J:) 
and advanced studies are planned for two additional missions. 
have mapped in broad detail the interplanetary region, the earth's magneto- 
sphere, solar and galactic cosmic rays, and other complex solar-terrestrial. 
relationships. They have also been used in conjunction with Apollo missions, 
providing early warning of solar flares and increases in solar proton  level.^, 
and making coordinated measurements with Apollo instruments on the moon to 
map the mcon's magnetic field and internal composition. IMP missions have 
also provided the basis for great improvements in sensor and spaceizraft 
technology. The orbits of the IMP-H&J missions were selected to be par- 
ticularly favorable for studies of the geomagnetic tail and of the interplane- 
tary mediLm. 

EarLier IMP'S 

FP' 1973 funds will also provide for analysis of data from :LMP-I (Explorer 
43) launched in March 1971, and for definition studies related to future 
missions, including a mission to investigate phenomena associated cJith 
boundaries in the magnetosphere; and a solar-terrestrial probe of phenomena 
in the solar wind which may affect the earth. 

Magne tospher ic Explorers 

Magnetospheric explorers are used for investigations of the uppermost 
layers of th.e earth's atmosphere, the Van Allen radiation zones, and electric 
and magnet:ic fields around the earth. These missions also study questions 
such as h.ow charged particles enter and leave the earth's magnetosphere, and 
how changes in the energy output from the sun affect the near earth 
envi ronme n t . 

This category of explorer class missions includes Dual Air Density, Injun-F, 
and AEROS,: 8, cooperative mission with West Germany, each in the hardware phase 
of development. Also included for FY 1973 funding is the analysis of data 
from Explorer 45 (SSS-A), San Marco-3, Ariel-4 ( UK-4), and ISIS-2. The latter 
three missions are cooperatives with Italy, the United Kingdoirn, and Canada , 
res p E: c t i w  1 y . 
Astronomy arid As t rophy s ic s Explorers - 

Iriclucled here are the Small Astronomy Satellites (SAS) and the Radio 
Astronomy Explorers (RAE). During FY 1973, hardware development and con- 
struction will continue for SAS-B&C, and for RAE-B. Analysis of clata from 
SAS-A (Explorer 42)  will also be funded. 

Cooperative astronomy missions with the United Kingdom and the Netherlands, 
UK-5 and ANS, will be funded for the development and construction of U. S. 
experiment instruments to be flown on these missions. 



Advanced st:udies are planned to be continued for SAS-D, an ultraviolet 
astronomy ni:;ssion, and for missions to test Einstein's theory of relativity. 

Sub-orbital Programs 

1971 1972 197'3 
--,- 

Sounding rockets.. . . . . . . . . . . $18,900,000 $18,000,000 $2O,OC~O,OOO 
Ai rborne res ear c h . . . . . . . . . . . 4 , OClO , 000 4,965,000 2 , 690 , 000 
Ba1:Loon ?rogram. ... . .... . * .  . 1 , 000,000 1,000,000 - 1, OClO , 000 

Total... .................. $24,865,000 $21,690,000 ~25,0(~0,000 
--,- 

Sounding Rockets 

The obje:t:ives of the Sounding Rocket program can be classed as jiollows: 

1. To c3nduct a coordinated program to study: 
a. rhs nature, characteristics, and composition of the uppei- 

atmosphere, ionosphere, and near space. 
b. rhla effects of incoming energetic particles, and solar artd 

stellar radiation on the upper atmosphere and ionosphere, 
c. Tha nature, characteristics, and spectra of radiation of the 

sun, stars, and other celestial objects, or other astropliysical 
experiments with flight requirements which cannot be covc!red by 
or do not require long duration satellite observations. 

2. To support the basic objectives of the Physics and Astronomy project::; 
by providing the means to flight test experiments being developed for 
flight on satellites, observatories, and space probes, and iii addition, 
to calibrate or obtain vertical profiles in correlation with currently 
orbiting spacecraft. 

3 .  To provide means to improve the technical maturity of graduate students, 
new experimenters, and supportive personnel in space science experim,en- 
tation, both on a domestic and an international cooperative Ibasis. 

A flexible stable of relatively inexpensive vehicles and associated 
supporting instrumentation will continue to be utilized to support the 
scientific instrumentation for the above objectives in the disciplines of 
planetary atmospheres, magnetodynamics, galactic and radio astronomy, and 
solar physics. 

The FY 1973 funding level requested is $20.0 million. Approximately $8 
million of these funds will be used to provide flight experiment payloads for 
some 55 to 60 experimenter groups from universities, NASA centers, and other 
government agencies. The other $12 million will be used to support the 
flights of these payloads, that is, to provide rocket, telemetry pointing 
control, artd mechanical devices associated with the individual flights. A 
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small portic'n of the flight support money will be used to enhance the state of 
the art in rockets, telemetry systems, and pointing control systems. 

The requested budget will permit the following new and additional effort: 

1. Initiation of payload development of a gravity probe which will 
measure the gravitational red shift by comparing the frequency shift 
of two hydrogen maser clocks, one located on the ground ;and one placed 
in a ba.llistic trajectory as a rocket probe. 

2 .  Increas8ed emphasis on stellar and solar astronomy as recommended by 
the Plat ional Academy of Sciences report, "Priorities for Space Research". 
In st:ellar astronomy, additional emphasis will be placed on payloads 
associated with the ultraviolet region of the spectrum, with some 
addit:ional effort on the soft X-ray region of the spectrum nat currently 
being measured by satellites. 

In smliir astronomy, increased emphasis will be placed on correlative 
rockxtt measurements associated with the ATM Skylab project. Specific 
payl.oads will involve collimated X-ray spectroscopy of t'he S U . R .  

3 .  In the area of magnetodynamics, observations from unique geographical 
site:; are proposed. For example, the mechanism whereby solar wind 
part::-c1.es penetrate the magnetosphere has, until recently, been only a 
matt:er of speculation. Recent measurements made on NASA satellites 
have indicated the penetration of solar wind particles throug,h "neutral 
cusp" regions at the magnetosphere boundary at high latitudes. Although 
the above measurements suggest the penetration of solar wind particles 
through neutral cusps and the formation of mid-day aurora, as8 well aEi 
a possible heating mechanism for the high latitude ionosphere, experi - 
mental proof requires the vertical profile measurements whicki can only 
be DIiIde using sounding rockets. 

A s  mentioned previously, some funding will be utilized to update the 
state of the art in supporting systems. It is expected to flight test a new 
vehicle sye tern, the "Astrobee-F", which will be a solid fuel replacement for 
the liquid f u e l  Aerobee and produce a more economical vehicle with increased 
performance a:tlowing longer viewing time for stellar and solar obseivations. 
In addition, advancement in the application of fluidic control for Zolar 
pointing coittrol systems will be undertaken to produce greater reliability 
with s ignficantly better pointing accuracy. 

Air borne Re .s ea r c h 

Airborne research with instrumented jet aircraft bridges the gap between 
ground-based experiments and those requiring balloons, rockets, and space 
vehicle sy!; terns. The operational flexibility, the direct participat ion of 
scientists, and the large payload capacity with the ability for extended 
observations over any geophysical area have made possible excellent scien- 
tific results and correlations with NASA's satellite systems. The liirborne 



research ]program is demonstrating an approach which may be app1ical)le to space 
shuttle and space station operations in the future. 

The Ph:ysics and Astronomy Airborne Research project emphasizes t:he support 
of infrared <astronomy and investigations of the physics of the aurora and 
airglow. Infrared astronomy of the sun, planets, and galaxies witli small 
telescopes has been undertaken from the CV-990 and Lear Jet aircralt. A 
large telescope is now being built for observations from a C-14lA .let aircraft. 

The FY 1972 airborne research funding is almost entirely al1ocai:ed for the 
continuation of the IR telescope construction. 

The FY 1973 airborne research budget is also programmed primarily for the 
IR airborne observatory and will be utilized for the completion of the tele- 
scope and its integration into the C-141A aircraft. The remaining funding 
will be allocated to the development by participating scientists oli experi- 
ment hardwar? to be used with their specific observation programs, to the 
interim continuation of research with the existing airborne telescope system, 
for continuity of scientific research output, and to ensure scienti.fic and 
technological readiness for the C-141 and possible other future sy:;tems 
(e.g. , space shuttle). 

Balloon Program --- 
Balloons play an important role in the Physics and Astronomy program by 

providing timely and relatively low cost flight opportunities for [(a) testing 
proposed satsllite instrumentation in the space environment, (b) o1)taining 
observations at altitudes which are not accessible to satellites, I:C) lifting 
instruments 7dhich are too heavy and voluminous for flight in preseiit auto- 
mated satlollites, (d) utilizing instruments which can be safely rec:overed 
and reused, and (e) obtaining observations for relatively extended periods 
of time (in contrast to short duration rocket flights). Approxima1:ely one 
million dollars are expended annually to support about 50 balloon Ilights a 
year. This estimate includes balloons, launch services, tracking ‘ind 
recovery. Funding for the experiments is provided from Supporting Research 
and Technology (SR&T). 

Supporting Activities 

1971 1972 1’)73 

Supportin,g research and 
technology.. ............. $17,235,000 $15,410,000 $14,‘)00,000 

Data analysis .............. 7,878,000 5,000 , 000 5,000 , 000 

Total........... ......... $25,113,000 $20,410,000 

Supporting Research and Technology/Advanced Studies 

This effort helps assure continued excellence and viability of ./:he future 
programs and increases the scientific and technological returns from current 
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OFFICE OF SPACE SCIENCE ---- 

RESEARCH AND DEVELOWNT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

LUNAR AND PIANETARY 
EXPLORATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 - 1971 - 1972 - 
Mariner ....................... $ 41,840,000 $ 61,600,000 
Viking ........................ 35,000,000 176,200,000 

Pioneer/Helios ................ 41,675,000 15,264,000 
Supporting research and 
technologylddvanced s tudie s>k 18 , 005 , 000 18,236,000 

Planetary astronomy ........... 4,800,000 4,800,000 
Data analysis ................. 3,580,000 3 , 200 , 000 

2,200 , 000 

Outer planets missions........ --- 10,000,000 

--- Planetary quarantine+; ......... 

$ 43 , 000 , 1000 
:!29 , 500,i:)OO 

12 , 500 , 000 
7 , 000 , 1000 

18 , 700 , 000 
4 , 800 , 000 
3 , 500 , 000 

-. 2 , 200,Ol 

......... Total.............. ~144,900,000 $29 1 , 500 , 000 2.3 2 1 , 200 LOOO - 
-I -- 

;t.Planetary Quarantine and the Exobiology part of  SR&T were, in FY 1971, 
part of the Bioscience program. 

HIGHLIGHTS OF BUDGET P U N  

1973 - 1972 - 197 1 - 
Mariner............. .......... $41,840,000 $61,600,000 $43 , 000 , 000 -- 

--- .......... .- Mariner-Mars 1969. 188,000 100 , 000 

---- Mariner Mars 1971. 31,291,000 16,900,000 -- 

Yay 1971................ 21,700,000 200 , 000 - - -  

---- 
.......... 11,400,000 

Hardware development of two 
spacecraft launched in 

Miss8ion operations for basic 

Extended mission operations 

Project management and project 

9 0  day orbital period ... 6,000,000 11,300,000 3 , 500 , 000 

for an additional 9 months --- 2 , 500 , 000 7 , 000 , 000 
integration ............. 3 , 591,000 2 , 900 , 000 900 , 000 
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1973 - 1972 - 1971 - 
Mariner-&nus/Mercury 1973.. $10,361,000 

Spacecraf t  design,  develop- 
ment, and t e s t  leading t o  
d e l i v e r y  t o  KSC i n  June 
1973.............. ...... 

Science instruments 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 le -  
v i s i o n  p i c t u r e s ,  atmosphere 
and ionosphere d a t a ,  and 
thermal maps from both 

M.ission operat ions prepara- 

8 , 661 , 000 

Venus and Mercury. ...... 1 , 600 , 000 

i n  Kovember 1973........ 100 , 000 
t i 0 n . s  f o r  mission beginning 

----- Atlas/Centaur (Launch Vehicle 
Procurement) .............. (3,045,000) 

V i k i n g  ........................ $35,000,000 

Orb i t e r  --. 
Spacecraf t  design,  develop- 

ment, and tes t  leading t o  
d e l i v e r y  of two spacec ra f t  

Science instruments t o  o b t a i n  
p l ane ta ry  d a t a ,  including 
water vapor and thermal 
mapping, f o r  a t  l e a s t  

t o  K S C  i n  e a r l y  1975.. .. 7,100,000 

threme months.. .......... 1,200,000 

Lander 
Spacecraf t  design,  develop- 

ment, and tes t  leading t o  
d e l i v e r y  of t h r e e  space- 
crafit t o  KSC e a r l y  i n  
1975... . . . . . . . . . .  ....... 18,000,000 

Science instruments t o  t r a n s -  
m i t  b i o l o g i c a l ,  geo log ica l ,  
meteorological ,  and o t h e r  
data. t o  e a r t h  f o r  90 days 6,700,000 

- P r o j e c t  Management and P r o i e c t  
I n t e g r a t i o n  ................ 2,000,000 - 

T i t a d c e n t a u r  (Launch Vehicle 
Procurement) .............. (6,100,000) 

$44,600,000 g.1 , 600 , 000 

38,100,000 2 6,600 , 000 

5,400,000 3 , 300 , 000 

1,100,000 1 , 700 , 000 

(6,693,000) ( 6 , 0 89 , 000) 

$176,200 , 000 $22,9,50O,OOC, 

33,900,000 65 , 100 , 000 

6 , 000 , 000 8 , 700 , 000 

88,500,000 102 , 200 , 000 

36 , 600 , 000 35,100,000 

11,200,000 18 , 400 , 000 

(11,200,000) (26,000,000) 
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197 1 

Outer Planets Missions --- $ ---- 
Spacecraf't Design and --- Development ............... -- -- 
Spacecraft system design, 
completion of existing 
subsystem design verifi- 
cation, and required 
design modification and 
new technology develop- 
ments. Preparation of 
space,craft system RFP 

Science..................... --- -- 
Project ManaPement and Mission 
De sign.................... --- - 

Pioneer/Helios $41,675,000 ----- 
----. Pioneer 6 - g . . . . . . . . . . . . . . . . .  1,579,000 

Spacecraft ................ 91,000 
Science................... 535 , 000 
Operation? ................ 953 , 000 
Receipt and reduction of 
sciectific data on mag- 
netic tapes. 

Pioneer I'/G.. ................ 38,196,000 ----. 
Spacecraft... ............. 29,321,000 
Fabrication and acceptance 
testing of Pioneer G 
systems 

Analysis of scientific 
data collected during the 
F&G missions 

Support the F&G missions at 
the Space Flight Operations 
Facility and Deep Space Net- 
work by controlling the 
spacecraft, tracking it, 
and recording data on 
magnetic tapes. 

Science. ................... 8 , 018,000 

Qp e ra tias. ............... 857 , 000 

1972 - 
$10,000,000 

6,000 , 000 

2,000 , 000 

2 , 000 , 000 

$15,264,000 

600,000 
--- 
--- 
600 , 000 

- 12,164,000 
7,209,000 

2,889,000 

2 , 066,000 

1973 

$7,!300 , 000 -. 

4 ,~300 ,000  

1 , 000,000 

2,1300 , 000 

$ 1 2 ,  ,500 , 000 

- 400,000 - - -  
_--  
,400 , 000 

9 ,~300,000 
5 , ,473 , 000 

2 ,  ,430 , 000 

1,  ;39 7 , 000 
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11173 -- 1972 - 1971 

---- Science ............... 1,849,000 2,340,000 1,7!17,000 
Development and tes t  of t h r e e  
U. S .  : ; c i e n t i f i c  instruments  
leading t o  d e l i v e r y  of proto- 
types i ! ~  Germany i n  e a r l y  
FY 1973. Del ivery of f l i g h t  
instrurnenl!s l a t e r  i n  t h i s  
f i s c a l  year. 

(!pere t i o n s  ........... --- 
Review 'of German telecommuni- 

51,000 160,000 51,.3,000 

cation:;  system des ign ,  Prep- 
a r a t i o n  oE t r ack ing  and d a t a  
sy stem:; 

Centinur (:Launch Vehicle Pro- -- 
curemelit) ................ (18,300,000) (11,700,000) (17,3(10,000) 

Supporting Research and Tech- 
nology/Aczziced S tud ie s . .  . .  $ 18,005,000 $ 18,236,000 - $ 18,7C10,000 

............ ----- Lunar Sc ience , .  6,000,000 2,200,000 2,9(:10,000 
I n t e r p r e t  the d a t a  acquired 
from lunair missions.  

Support: s r e sea rch  i n  p l ane ta ry  
atmospheric phenomena; plane- 
t a r y  geology, including geo- 
chemistry,  geophysics, and 
phot ogc:c> 1 og y . 

Plane ta ry  c- Advanced Technical 

P 1 ane t a 1-17 S c i enc e .......... 4,660,000 4,93 6,000 4,7(10,000 -.--- 

Deve loprnent .............. 6,145,000 6,000,000 6,0(10,000 
A s 15 u r  e :; techno 1 og i c a 1 r e  ad i - 
ness  and performs d e t a i l e d  
advanced planning f o r  candi-  
d a t e  p:lmetary missions.  

Evaluates  f ea s i b  i 1 i t y  of 
potent  1-i3 1 f u t u r e  s c i e n t i f i c  
missiori,; to p l a n e t s ;  
develop:; up t o  d a t e  mission 
opport imity c a t a l o g .  

-L-- Plane ta rv  Advanced S tud ie s .  1,200,000 1,200,000 I ,  200,000 



1971 - 
U W - t i J U L l V  

Advanced -- Studies  (Cont d.) 

Exobiolomr_ .................. $ ... --- 
Sup poi? t :; r e  search toward 
under !; t anding the  con- 
f:roll.:ing f a c t o r s  i n  t h e  
o r i g i n  of l i f e ,  and determ- 
i n i n g  t h e  uniqueness of 
l i f e  on e a r t h .  

1972 - 1973 - 

$ 3,900,000 $ 3,900,000 

Planetary-&:tronomy ........... $ 4,800,000 $ 4 , 800,000 $4,800,000. 
Ground-baaed astronomy 

support  of the p l ane ta ry  
explcii-a t:ion program 
objec t i v e s .  

-- Data Analysis -- ................. 9 3,580,000 3 3,200,000 $3,500,000. 
Support of s c i e n t i s t s  analyz- 

ing d a t a  o f  f l i g h t  programs 
a f t e r  th.e i n i t i a l  period 
funded i n  t h e  bas i c  mission. 

Planetary Quarantine .......... 3 ---- .j 2,200,000 $2,200,000 
A l l  f e a s i b l e  measures t o  avoid 

the  t r a n s f e r  of v i a b l e  
t e r r e s t r i a l  l i f e  forms t o  
the  p l ane t s .  
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OFFICE O F  !SPACE SCIENCE ---- 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973  ESTIMATES 

LUNAR. AND PLANETAIS -- 
EXPLORAl'ION PROGRAM 

PROJECT 

P i o n e e r  

---- 

Mariner 

V i k i n g  

Outer  P l a n e t s  
Y i s  s ions  

FLIGHT SCHEDULE 

M I  S S I O N  

P i o n e e r  F 
P i o n e e r  G 
Hel ios  A 
H e l i o s  B 

Venus Mercury 1973 (1) 

Mars 1975 (2) 

J u p i t e r - S a t u r n  (2)  

CAI .ENDAR 
YEAR -~ 

L972 
L973 
L974 
L975 

L973 

1975 

1977 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE OF SPACE SCIENCE 
_.__--- 

LUNAR AND PLANETARY -- 

PROGRAM OBJECTIVES AND JUSTIFICATION ---- 
EXPLORATION I?ROGRAM 

The o b j e c t i v e  of t h e  Lunar and P lane ta ry  Explorat ion program is  the 
s c i e n t i f i c  exp lo ra t ion  of t h e  moon, t h e  p l a n e t s  and t h e  s a t e l l i t e s ,  
a s t e r i o d s ,  comets and t h e  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 luna r  program inc ludes  i n v e s t i g a t i o n s  of l u n a r  material(; and 
phenomena t . t i l i z i n g  ground based astronomy and t h e  Apollo series. 'Che 
goal of the P lane ta ry  Explorat ion program i s  t o  explore  a l l  t h e  plai ie ts  
of our s o l a r  system; t o  understand t h e  o r i g i n  and evo lu t ion  of t h e  
s o l a r  system, t h e  o r i g i n  and evo lu t ion  of l i f e ,  and t h e  dynamic pro(-esses 
t h a t  shape man's terrestrial  environment. The p l ane ta ry  program emliloys 
ground based astronomy and automated s p a c e c r a f t  t o  f lyby ,  o r b i t  ani1 
land on o t h e r  p l a n e t s  i n  our s o l a r  system. 

The p l ane ta ry  and i n t e r p l a n e t a r y  programs have experienced a high 
degree of success  beginning wi th  t h e  Mariner 2 f lyby  of Venus i n  
1962 and cont inuing wi th  t h e  most r ecen t  s u c c e s s f u l  o r b i t  of M a r s  i n  
November 1971 by t h e  Mariner 9 .  Knowledge of Mars and i t s  environm'mt 
w i l l  b e  expanded by t h e  launch of two Viking s p a c e c r a f t  i n  1975 t o  
o r b i t  and land on t h e  Martian s u r f a c e  i n  1976. I n  1973, another  Mariner 
i s  planned t o  f lyby Mercury u t i l i z i n g  t h e  increased v e l o c i t y  achiev1.d 
by a c l o s e  f lyby of Venus. Pioneer F&G launches are planned f o r  
February 1972 and A p r i l  1973 t o  provide t h e  f i r s t  measurement of i n r e r -  
p l ane ta ry  medium i n  t h e  region beyond Mars, t h e  a s t e r i o d  b e l t  and tlie 
mysterious and g i a n t  p l ane t  J u p i t e r .  
c r a f t ,  Hel ios  A&B, w i l l  be  launched i n  1974 and 1975 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  t h e  c l o s e  proximity to the 
sun, about . 3 AU. An astronomical u n i t  (AU) is  t h e  d i s t a n c e  betwelm 
t h e  e a r t h  and t h e  sun o r  93,000,000 m i l e s .  

Two cooperat ive US/Germari spa(-e- 

SUMMARY --- OF RESOURCES REQUIREMENTS 

19 71 1972 1973 -. 

Mariner. . . . . . . . . . . . . . . . . . . . . . . .  $41,840,000 $61,600,000 $43,000,000 
Viking ......................... 35,000,000 176,200,000 229 ,500,000 
Outer p l a n e t s  missions. . . . . . . . .  --- 10 , 000,000 7,000,000 



-- 1973 - -  - -  -1971 1972 

Pioneeir/helios.. ............... $41,675,000 $l5,264,0OO $12,500,000 
S up po I- t: i n  g res ear ch and 

t:echnology/advanced s tudies*.  . 18,005,000 18,236,000 18,700,000 
P lane ta ry  astronomy.. .......... 4,800,000 4 , 800 , 0013 4 , 800 , 000 
Data anal.ysis. .  ................ 3,580,000 3,200 , 000 3 , 5 00 , 000 .......... --- 2 , 200 , 000 2,200,000 P lane ta ry  quarantine* - -  _- 

T o t d . .  ...................... $144,900,000 $291,500,00Q $321,200,000 _- - -  -- 

*Planets.i-y Quarantine and t h e  exobiology p a r t  of SR&T were, i n  FY 1971, 
p a r t  of t h e  Bioscience program. 

Di.strikiut ion of Program Amount by I n s t a l l a t i o n :  

John F. Kennedy Space Center,  
NASA.. ...................... 25,000 

Marshall  Space F l i g h t  Center. 363 , 000 
Godd.ard. Space F l i g h t  Center. .  4,520,000 

Manned Spacecraf t  Center. .  ... 685 , 000 

Jet I 'ropulsion Laboratory.. .. 60,439,000 
Wall.cips S t a t i o n . .  ............ 
Ames Research Center. . . . . . . . .  40,456,000 
Langl.ey Research Center..  .... 22,885,000 
Head.c[ua.r t e rs ................. 15,527,000 

--- 

BASIS OF' FUND REOUIREMENTS: 

Mariner 

Mariner P/,ars 1969... ........... 
Mariner Mars 1971.. ............ 
Mariner Venus Mercury 1973.. ... 

Tota.1. Spacecraf t  and Support. 

At.las (:en t a u r  (Launch Vehicle 
E' r o  cu.remen t program) .......... 

Tota.1. , ( inc lud ing  Launch 
Vehicle) ................... 

188,000 
31,291,000 
10 , 361 , 000 

$41 , 840,000 

($3,045,000) 

($44 , 885 , 000) 

--.- 
425 , 000 

4 , 239 , 000 
75 , 566,000 

50,000 
1 7  , 805 , 000 

17  3 , 4 45 , 000 
19 , 750,000 

220,000 

100 , 000 
16,900 , 000 
44 , 600 , 000 - 

$6 1 , 600 , 000 

( $6 , 69 3 , OOQ 

( $6 8 , 2 9 3 , 000) - - 

-._- 
425 , 000 

3 , 7 2 7 , 000 
5 3 , 59 7 , 000 

50,000 
15,586,000 

225,910,000 
2 1 , 9 05 , 000 

-.-- 

-._- 
11 , 400 , 000 

- 31 , 600 , O!,O 

$43,000,000 

($6,089,000) -- 

Th.e M a r i n e r  series of s p a c e c r a f t  have been a s i g n i f i c a n t  t o o l  i n  the  
planetar),  program. These s p a c e c r a f t  have evolved from t h e  450 pound 
Mariner 2 ,  used f o r  man's f i r s t  s u c c e s s f u l  f l yby  mission t o  m o t h e r  
p l a n e t ,  t.o t h e  2,200 pound Mariner 9 which w a s  s u c c e s s f u l l y  in se r t ed  
i n t o  an o r b i t  of Mars i n  November 1971. 
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1971 19 72 - 1973 
Mariner Mars 1971 ----- 

P r o j e c t  management and pro- 
j ec t  i n t e g r a t i o n . .  ............ $3,591,000 $2,900,000 $900,000 

Spacecra E t  development. ........ 2 1,700,000 200,000 

Extended mission operat ions.  ... --- 2,500,000 - 7,000,000; 

--- 
............ M i s s  ion ope r a t  ions.  6,000,000 11,300,000 28,500 ,0001 

Tota l , .  ........................ $31,291,000 $16,900,000 $11,400,000; -. - 
Mariner 8 was launched from t h e  Eastern T e s t  Range on May 8, 1971, 

bu t  w a s  1 C ) : j t  due t o  a launch f a i l u r e .  Mariner 9 w a s  launched success- 
f u l l y  on Miiy 30, 1971, and w a s  i n s e r t e d  i n t o  o r b i t  around Mars on 
November 13, 1971. A s  of January 13, 1972, over two-thirds of t he  basic  
mission ob:jectives had been accomplished and a l l  s p a c e c r a f t  systems 
were ope ra t ing  wi th in  acceptable  performance margins. A t  t h e  t i m e  o f  
encounter,  t h e r e  w a s  an ex tens ive  dus t  storm on Mars which has  abated 
so  t h a t  WE: are now mapping Mars as planned. Much s c i e n t i f i c  d a t a  has 
been received. We p lan  t o  extend mission ope ra t ions  of Mariner 9 ,  9 
months a f t . e r  t h e  b a s i c  90 day mission i . e . ,  from mid-February 1972 t o  
mid-November 1972. 

Pro-j ect  Management and P r o j e c t  I n t e g r a t i o n  - The Jet Propulsion Lrab- 
o ra to ry  (Lfi?) is  r e spons ib l e  f o r  t h e  accomplishment of t h e  Mariner 
Mars It971 p r o j e c t .  To f u l f i l l  t h i s  r e s p o n s i b i l i t y ,  t h e  p r o j e c t  manager's 
s t a f f  during FY 1972 cons i s t ed  of about 30 personnel.  This number w i l l  
b e  reduced t o  an average of about 15 people during FY 1973. J P I ,  t r ave l ,  
miscellaneous procurement, and support ing s e r v i c e s  are a l s o  funded 
under t h i s  i t e m .  

-. 

Spacecr,aft Development - Spacecraf t  development ac t iv i t i e s  were 
completed i n  N 1972 and no funding is requested i n  FY 1973. 

Mission *.rations - The b a s i c  mission and t h e  a n a l y s i s  of t h e  d z t a  
obtained Eroin t h i s  mission are funded p r imar i ly  with FY 1972 funds.  
However, p repa ra t ion  of t h e  f i n a l  s c i ence  r e p o r t  f o r  t h e  b a s i c  mission, 
which i s  due f o r  pub l i ca t ion  during August 1972 w i l l  b e  funded p a r t i a l l y  
with %y 1973 funds. 

--- 

---- Extended Mission Operations - N 1972 and 1973 funds w i l l  be  used t o  
support  mission operat ions f o r  t h e  extended mission from mid-Februalry 
1972 t o  mjl-November 1972. N 1973 funds w i l l  a l s o  b e  used t o  fund 
sc i ence  support  and d a t a  a n a l y s i s  f o r  t h e  extended mission u n t i l  
J u l y  :L, 19'73, Af t e r  t h a t  d a t e ,  a l l  f u r t h e r  s c i ence  support  and d a t a  
a n a l y s i s  will- be  funded under t h e  Data Analysis p r o j e c t .  
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19 73 - 19 71 19 72 
______- Mariner Venus/Mercury 1973 

Spacecra:it ..................... $8,661,000 $38,100,000 $26,600,000 
S c i e n  ce :ins t rumen t s ............ 1 , 600,000 5,400,000 3,300,000 ........... 1,700,000 Mission operat ions. .  100,000 1,100,000 - 

Tota l .  ........................ $10,361,000 $44,600,000 -. $31,600,000~ - 

A s i n g l e  modified Mariner s p a c e c r a f t  w i l l  b e  used t o  s tudy both kenus 
and Mercury i n  1974. Although t h e  s imi la r i t i es  of Mars, Venus, and 
Earth make t h e  s tudy of t hese  p l a n e t s  important t o  our  knowledge of 
Earth and i ts  p l a c e  i n  t h e  s o l a r  system, t h e  knowledge of o t h e r  p l ane ta ry  
bodies  can al-so make a s i g n i f i c a n t  con t r ibu t ion .  During t h e  1973 
opporl:unit:y, using t h e  same rocket  t h r u s t  r equ i r ed  t o  go t o  Venus, t h e  
spacecraft: ~1.11 be  a c c e l e r a t e d  by Venus' g r a v i t y  and o r b i t a l  v e l o c i t y  
s o  t h a t  i t :  w i l l  a l s o  swing by Mercury and begin t h e  exp lo ra t ion  of t h i s ,  
t h e  cllosesi: p l ane t  t o  t h e  sun. The Mariner Venus/Mercury 73 s p a c e c r a f t ,  
launched by an At las  Centaur, w i l l  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  pic:i:ures , atmosphere and ionsphere d a t a  , and thermal m a p s  f I om 
both Venus arid Mercury. Add i t iona l ly ,  t h e  space environment i n  the 
unexplored regions between Venus and Mercury w i l l  b e  monitored. 

Funds requested w i l l  be  used as follows: 

SpacecraEt. --- During FY 1972, design of subsystems w a s  v i r t u a l l y  
completed and t h e  f a b r i c a t i o n  w a s  s t a r t e d .  During FY 1973, fabriczit ion 
and acceptiance t e s t i n g  of t h e  s p a c e c r a f t  subsystems w i l l  b e  completed. 
The primary a c t i v i t y  a f t e r  d e l i v e r y  of t h e  subsystems t o  t h e  Spacecraf t  
Assembly F x i l i t y  i n  January 1973 w i l l  be  system t e s t i n g .  This a c t i v i t y  
involves t e s t i n g  t h e  compa t ib i l i t y  of t h e  subsystems and instruments  
w i th  each o t h e r  , and v e r i f y i n g  o v e r a l l  s p a c e c r a f t  system performance. 
The test and f l i g h t  s p a c e c r a f t s  are sub jec t ed  t o  s imulated launch and 
space environments as t h e  f i n a l  s t e p  be fo re  t h e  preshipment review 
of t h e  s p a c e c r a f t  i n  June 1973. 

---- Science Instruments.  FY 1972 e f f o r t  focuses on completion of design of 
t h e  sc i ence  instruments .  Fab r i ca t ion  and acceptance t e s t i n g  of t h e s e  
instruments  w i l l  be  completed during N 1973. 
instruments  are de l ive red  t o  t h e  Spacecraf t  Assembly F a c i l i t y  i n  Jzin- 
uary :L973, t h e  system t e s t i n g  w i l l  begin. 

A f t e r  t h e  sc i ence  

--- Mission I l p r a t i o n s .  During N 1973, act ivi t ies  i n  t h e  mission ope ra t ions  
area w i l l  include d e t a i l  design,  sof tware development, and d e f i n i t i o n  of 
t r ack ing  ;aid d a t a  systems c a p a b i l i t i e s .  The d e t a i l  design includes t h e  
def i n - i t i on  of a d e t a i l e d  mission sequence and of va r ious  o p e r a t i o n a l  
procedures such as those f o r  i n f  l i g h t  c a l i b r a t i o n s  and s p a c e c r a f t  
maneuvers, Various documents , such as t h e  "Space F l i g h t  Operations 
P l a n , "  t h e  ":Cnterface Control Document , I t  and t h e  "Master T e s t  Plan!," 
w i l l  be  piililished during t h i s  per iod.  
te lemetry , mission c o n t r o l  , nav iga t ion ,  spacec ra f t  a n a l y s i s  , scienc.e 
a n a l y s i s  , and d a t a  records.  

Software w i l l  b e  developed f o r  
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Viking 

O r b i t e r  s p a c e c r a f t  ............. 
Lander s p a c e c r a f t  .............. Orb i t  e11 E: c ience  ................ 
Lander sc:ience.. ............... 
Pr:ojec:t: management and p r o j e c t '  

in tegrat . ion.  .................. 
Total-. ....................... 

T i t a n  Centaur (Launch v e h i c l e  
1) rocuremen t program) .......... 

Total. ( i nc lud ing  launch 
vehdc 1.es ) ................... 

_- 19 7 1  1972 - 1973 

$3 3 , 9 0 0 , 0 00 
6 , 000 , 000 

$7 , 100 , 00 0 
1,200,000 

$6 5 , 10 0 , 0 0 0 
8 , 700 , 000 

18,000,000 88,500,000 102,200,000 . .  
6,700,000 36,600,OOO 35 , 100,000 

2,000,000 11,200,000 - -  18,400,000 -- 

$2 29 , 500,000 $35 , 000,000 $176 , 200 , 000 

( $6,100,000) ( $11 , 2 00 , 0012) ( - $ 2  6 , 000 , O!,O) 

($41  , 100,000) ($187 , 400 , 001)) - ($255,500,000) -I - 
The Viking 1975 mission w i l l  g r e a t l y  expand t h e  exp lo ra t ion  of Sars 

i n i t i a t e d  by t h e  ear l ier  Mariner missions.  The o b j e c t i v e s  oE t h e  
Viking program are t o  s i g n i f i c a n t l y  advance our  knowledge of t h e  
p l ane t  Mars by means of observat ions from Martian o r b i t  and d i r e c t  
measurements i n  t h e  atmosphere and on t h e  su r face .  Emphasis w i l l  be 
placed clri ob ta in ing  b i o l o g i c a l  , chemical, and environmental Eactors re- 
l evan t  t o  t h e  ex i s t ence  of l i f e  on t h e  p l a n e t .  

Two Vi.E:in.g s p a c e c r a f t  w i l l  be launched i n  1975 by Titan-Centaur veh ic l e s .  
Each spa.c:ec.raft w i l l  c o n s i s t  of an O r b i t e r  and a Lander. 
w i l l .  have t.he c a p a b i l i t y  of p l ac ing  i t s e l f  and t h e  a t t ached  Lander 
i n t o  an o rb ' i t  about Mars. The Lander w i l l  s e p a r a t e  from t h e  O r b i t e r  
about 10 da.ys a f t e r  a r r i v a l  a t  Mars and descend through t h e  atmosphere 
t o  t:he su r face .  The Lander, designed wi th  t h e  s o f t l a n d i n g  technology 
of t:he Surveyors and Apollo l u n a r  modules , w i l l  t r ansmi t  bio:Logical , 
geol.ogica1, meteorological ,  and o t h e r  s c i e n t i f i c  d a t a  t o  earlth f o r  a 
planned 90 days. 
f o r  a t  l e a s t  t h e  same period.  

The O r b i t e r  

Instruments on t h e  O r b i t e r  w i l l  o b t a i n  p l ane ta ry  d a t a  

During FY 1972, program funds w e r e  used t o  begin t h e  detai.Led design 
of t:he Orbi.ter , Lander , and t h e i r  procured systems and instruments  , and 
development tests. 

Funds requested f o r  FY 1973 w i l l  be  used as fol lows:  

Orb i te.1: ---- 

Spac.ecraft Design - The d e t a i l e d  design of t h e  O r b i t e r  w i l l  be  
complete.il, culminating i n  a c r i t i c a l  design review. Drawing:; w i l l  be 
released. t o  begin f a b r i c a t i o n  and assembly of t h e  two development 
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models and one q u a l i f i c a t i o n  model of t h e  s p a c e c r a f t .  One development 
model w i l l  b e  used c h i e f l y  f o r  s t a t i c  and dynamic s t r u c t u r a l  tests, ,  
The o t h e r  w i l l  b e  used i n  thermalvacuum tests which s imula t e  t:he dizep- 
space environments. 

Science Instruments - O r b i t e r  s c i ence  instruments  i nc lude  t e l e l r i s i o n  
cameras, an i n f r a r e d  spectrometer f o r  w a t e r  vapor mapping, and an dn- 
f r a r e d  radiometer f o r  thermal mapping. A l l  ins t ruments  w i l l  c:omplizte 
t h e i r  design phases and be sub jec t ed  t o  a design review. Fabr i ca t ion  
and assembly w i l l  begin f o r  t h e  prototype models. Fab r i ca t ion  w i l : L  
begin on t h e  type-approval models t o  b e  used i n  q u a l i f i c a t i o n  test:-ng. 

Lander 
-.__ 

Spacecraf t  Design - Completion of t h e  d e t a i l  design f o r  t h e  Laiider 
w i l l  occur i n  FY 1973. Af t e r  t h e  complete design has  been reviewecl, 
f a b r i c a t i o n  and assembly w i l l  occur f o r  t h e  thermal,  dynamic, and 
s t a t i c  models used i n  development tests. The Lander system test bi:d 
w i l l  b e  assembled and used €o r  i n t e g r a t i n g  t h e  development models of 
t h e  va r ious  subsystems and sc i ence  instruments .  The high a l t i t u d e  
q u a l i f i c a t i o n  tests of t h e  parachute system w i l l  b e  completed l a t e  i n  
t h e  summer of 1972. Most of t h e  major subsystems and components oli t h e  
Lander w i l l  undergo t h e  f u n c t i o n a l  and environmental tests t o  qual:r.fy 
t h e i r  designs f o r  f l i g h t .  Assembly w i l l  begin f o r  t h e  proof t e s t  i:apsule 
t o  be used l a t e r  t o  q u a l i f y  t h e  complete Lander system f o r  f l i g h t .  

Science Instruments - Lander sc i ence  instruments  i nc lude  f a c s i n i l e  
cameras, a biology instrument ,  a gas chromatograph/mass spectr-ometcz 
f o r  molecular a n a l y s i s ,  meteorology instruments ,  seismometer, m a s s  
spectrometer and r e t a r d i n g  p o t e n t i a l  analyzer  f o r  upper atmosphere com- 
p o s i t i o n ,  and p res su re  and temperature senso r s  f o r  atmospheric s t r i i c tu re .  
The desigris Df a l l  instruments  w i l l  be  completed i n  t h i s  per iod.  Test- 
i n g  of thl2 e a r l y  development instruments  w i l l  b e  completed. F’abri-- 
c a t i o n  and assembly w i l l  be  s t a r t e d  on t h e  instrument models t o  be  used 
i n  s p a c e c r a f t  i n t e g r a t i o n  tests and design q u a l i f i c a t i o n .  

- 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  

T h e  Of f i ce  of Space Science,  NASA Headquarters,  is  r e spons ib l e  f o r  
o v e r a l l  management of t h e  Viking program. Langley Research Center per- 
forms p r o j e c t  management. The Jet Propuls ion Laboratory is  responr;ible 
f o r  t h e  Orbi te r .  The Martin-Marietta Corporation i s  t h e  prime con-- 
t r a c t o r  f o r  the Lander and systems i n t e g r a t i o n .  The L e w i s  Researcli 
Center is  r e spons ib l e  f o r  t h e  launch veh ic l e .  

I n  FY 1973, p r o j e c t  management w i l l  b e  heav i ly  involved i n  reviewing 
t h e  d e t a i l e d  designs of t h e  s p a c e c r a f t  as they are completed. E f f o r t  
w i l l  continule i n  t h e  mission a n a l y s i s  and design areas wi th  much rc!fine- 
ment of t h e  i n i t i a l  mission plans.  Resu l t s  of t h e  1971 missions t o  
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Mars w i l l  be reviewed and t h e  Viking p l ans  modified accordingly.  
w i l l  b e  made f o r  al ternate mission modes and contingency a c t i o n s .  
Development: e f f o r t  w i l l  begin on t h e  computer sof tware t o  b e  used i n  
f l i g h t  operat ions.  

Plans 

Outer P l a n e t s  Missions 

19 7 1  1972 1973 . 
-, 

P r o j e c t  nimagement and mission 

Spacecrafi: design and develop- 

Science. --- 

design..  ....................... --- $2,000,000 $2,000,000 

merit.. ........................... --- 6,000,000 4 , 000,000 .......................... 2,000,000 - 1 , 000 , 000- 

T o t a l . ,  ......................... $10,000,000 -. - $7,000,0001 

Marked d i  Eftzrences e x i s t  between t h e  o u t e r  p l a n e t s  and t h e  more f a m i l i a r  
terrestrial  p l a n e t s  t h a t  must b e  i n v e s t i g a t e d  i f  w e  are t o  understand 
t h e  o r i g i n  ,md evo lu t ion  of t h e  s o l a r  system and t h e  processes  t h a t  
shape man's environment. A unique alignment of t h e  o u t e r  p l a n e t s  i r  t h e  
l a t t e r  h a l f  of t h e  1970's makes f e a s i b l e  a broad range of missions t o  
t h e s e  p l a n e t s  t o  begin such i n v e s t i g a t i o n s .  These mission o p p o r t u n i t i e s  
range Erom the t h r e e  and fou r  p l ane t  "Grand Tour'' missions which w e  
proposed i n  t h e  FY 1972 budget down t o  two p lane t  missions o r  even s8 ing le  
p l ane t  missioris of va r ious  types t o  t h e  n e a r e r  p l ane t s .  

I n  response t o  budget r e s t r i c t i o n s  and advice from s c i e n t i s t s  and t h e  
Congress , 142 have reviewed t h e  Outer P l a n e t s  Missions and have made t h e  
decis ion t o  forego t h e  "Grand Tours" and, i n s t e a d ,  t o  develop a more 
modest program. 
o u t e r  p l a n e t s  f o r  i n c l u s i o n  i n  our program. The most promising of t h e s e  
and the  one 011 which our  budget request  i s  based would involve t h e  iise of 
an improved Mariner s p a c e c r a f t  t o  provide t h e  f i r s t  mission t o  a p l t n e t  
beyond J u p i t e r .  
g r a v i t y - a s s i s t  swingby techniques t o  ga the r  d a t a  a t  J u p i t e r  and Sati im. 
The s p a c e c r a f t  would be  acce le ra t ed  by J u p i t e r ' s  g r a v i t y  and o r b i t a l  
v e l o c i t y  f o r  the t r i p  t o  Saturn,  thus v i e l d i n g  encounter d a t a  on both 
p l a n e t s .  I n  add i t ion  t o  ob ta in ing  information on t h e  p l a n e t s ,  them:,elves, 
and on t h e  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 h e s e  spacecrzift 
could b e  designed t o  y i e l d  c l o s e  f lybys of v s r i o u s  massive s a t e l l i t t i s  of 
both t h e s e  p l ane t s  - a f i r s t  f o r  t h e  o u t e r  p l ane t s .  Exc i t ing  Saturri 
encounters could inc lude  f l y i n g  through t h e  Cass in i  r i n g  d i v i s i o n  aiid a 
very c l o s e  encounter of Sa tu rn ' s  sa te l l i t e ,  T i t an ,  which i s  coniparalile 
i n  s i z e  t o  t h e  p l ane t  Mercury and i s  t h e  only sa te l l i t e  i n  t h e  solai. 
system known t o  possess  an atmosphere. 
c r a f t  would have f l e x i b i l i t y  t o  use a d i f f e r e n t  f lyby t r a j e c t o r y  fo-r t h e  
second s p a c e c r a f t  based on d a t a  from t h e  f i r s t  f l yby ,  as w a s  s o  bencif ic ia l  
on t h e  Mariner 1969 mission t o  Mars. 

We have s t u d i e d  a number of p o s s i b l e  missions t o  the 

r h i s  mission would involve launches i n  1977 us ing  

The mission p l an  with dua l  ::pace- 
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The s p a c e c r a f t  would encounter J u p i t e r  about 1% year s  a f t e r  launch and 
Saturn aboue 3 t o  & yea r s  a f t e r  launch. The launch v e h i c l e  would be  
the Titan 'CIII) (5)/Centaur/Burner I1 combination, 

While th:k mission looks promising w e  are a l s o  examining o t h e r  a t t r a c t i v e  
a l t e r n a t i v e ; .  W e  are reviewing t h e  program wi th  our  i n t e r n a l  s c i ence  
advisor  group:; and with t h e  Space Science Board p r i o r  t o  making a 
f i n a l  (decision t o  a s su re  t h a t  w e  proceed w i t h  t h e  most product ive scien-  
t i f i c  iniss:im. 

During FI 1972 w e  w i l l  d e f i n e  t h e  mission and develop an understanding of 
t h e  t o t a l  resources required t o  c a r r y  out  t h a t  mission. A preliminzlry 
s p a c e c r a f t  design has been undertaken based on Mariner/Viking 0 rb i t c : r  
designs t o  a (depth necessary t o  e s t a b l i s h  performance c a p a b i l i t i e s  :md 
resource requirements. Steps are being taken aimed a t  v a l i d a t i o n  01' t h e  
Mariner/Viking subsystem designs and a t  i d e n t i f i c a t i o n  of s p e c i f i c  
requirements f o r  design changes and new designs.  Other s p a c e c r a f t  design 
opt ions w i l l  a l s o  be  s tud ied .  The Outer P l a n e t s  Science S tee r ing  Gi'oup 
has  m e t  a t  r e g u l a r  i n t e r v a l s  t o  develop a sc i ence  s t r a t e g y  f o r  t h e  irarious 
missions being considered and t o  eva lua te  t h e  c a p a b i l i t i e s  of it widr: class 
of experiments f o r  t hose  missions.  

Funds requested i n  FY 1973 w i l l  b e  used as follows: 

P r o j e c t  Kanagement and Mission Design 

Design of t h e  mission, development of a p r o j e c t  implementation Iplan, 
and a conccrrent  a n a l y s i s  of t h e  t o t a l  r equ i r ed  resources  w i l l  cont inue 
through FY 1973. The func t ions  t o  b e  performed by t h e  va r ious  elements 
of t he  p r o j e c t  w i l l  b e  def ined and analyzed. 
system c o n t r a c t o r  w i l l  b e  defined. 

The r o l e  of t h e  spacel-raft 

Spacecraf t  Design and Development 

E f f o r t s  w i l l  b e  undertaken t o  prepare a Request f o r  Proposals (RFP) 
f o r  t h e  s p a c e c r a f t  system con t rac t .  
and required design modif icat ions w i l l  b e  completed. 
required new technology and new designs w i l l  continue.  
design w i l l .  be undertaken t o  t h e  l e v e l  necessary t o  prepare t h e  spaze- 
c r a f t  system RFP . 

The subsystem design v a l i d a t i o n  
Development oE 

The s p a c e c r s f t  system 

S c i en ce -- 
The sc i ence  experiments w i l l  be  s e l e c t e d  f o r  t h e  mission. The 

se1ect:ed experiments and t h e i r  a s s o c i a t e d  instruments  w i l l  be Eurther 
def ined i n  a sc i ence  d e t a i l  d e f i n i t i o n  e f f o r t .  The experiment c o n t r a c t s  
w i l l  be  signed a t  t h e  end of t h e  f i s c a l  year.  Early sc i ence  s e l e c t i o n  
permits  i nco rpora t ion  of t h e  a c t u a l  payload and i t s  requirements and 
constraint::; i n  t h e  s p a c e c r a f t  RFP. 

_ _  
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Pioneer/Hel ios  

.-.._ ._. 
--. 19  73. - 19  71 1972 - 

................... ----- Pioneer  6-9.. $1,579,000 $600,000 $400 C!Oo --- -.-- !;pace cra f t .................... 9 1  9 000 
!;cience,. ...................... 535,000 
0perai;ions. ................... 953,000 600,000 400,000 

--- -I -- 

----- Pioneer  F and G ................. 38,196,000 12,164,000_ 9,800,000 
!Spaccxr a f t .................... 29,321,000 7,209,000 5,473,000 
Science,  ...................... 8,018,000 2,889,000 2,430,000 
Ope rat ions  .................... 857,000 2,066,000 1,897,000 

Heltios 11 and B .................. 1,900,000 2,500 ,OOO_ 2,300,003 

!; c ience  ....................... 1,849,000 2,340,000 1,757,000 
Ope rat ions  .................... 51,000 160 ,0013- 543 , O ! g  

----- 

Subto ta l . .  .................. $41,675,000 $15,264,0013 $12,500,000 

Centaur (Launch Vehicle  Procure- 
ment program). ................. ($18,300,000)  ($11,70O,OOO) ($17,300,0(30) 

(-.--) Pioneer  F and G ................. (16,300,000) (5 ,400,000)  
(6 ,300 , OO(2) ( 17 ,300,0!10) Hel-ios A and B . .  ................ ( 2 ,000 ,000) 

Tot:al.. ......................... ($59,975,000)  ($26,964,00(2) (229,800,OOO) -z- - -. 

Pioneer  6-9 -___- 
The Pioneer  6 through 9 s p a c e c r a f t ,  launched i n  1965 through 1968 are 

conti.nuin.g t o  ob ta in  sc i ence  d a t a  on t h e  i n t e r p l a n e t a r y  environment i n  
t h e  region of 0.75 t o  1.1 AU from t h e  sun. 
i s  t h e  mean d i s t a n c e  between t h e  e a r t h  and sun o r  about 93 mi.Llion mi les ) .  

(One Astronomical Unit  o r  AU 

Spacecraft-. 
t h i s  category.  

During FY 1973 ,  no funds are requested f o r  e f f o r t  under 

Science.  During FY 1973 ,  funds from p lane ta ry  d a t a  a n a l y s i s  and 
suppclrting r e sea rch  and technology accounts ,  as appropr i a t e ,  will >e 
used f o r  the  a n a l y s i s  of d a t a  by s e l e c t e d  i n v e s t i g a t o r s .  FY :L972 funds 
and t h e  funds requested f o r  FY 1973 ,  are needed t o  c o l l e c t  t h e  d a t s  from 
t h e i r  spacec ra f t  on magnetic tapes .  These d a t a  w i l l  concern changes i n  
interplanemtary space of s o l a r  plasma, cosmic r ays ,  e l ec t r i ca l  and inag- 
n e t i c  f i e l d s  and r a d i o  propagation. Much of t h i s  d a t a  w i l l  be  c o r r e l a t e d  
wi th  similar information gathered from t h e  ins t ruments  on Pioneer  F a t  
widely seplarated p o i n t s  i n  h e l i o c e n t r i c  space.  
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Pioneer F and G ---- 

The f e a s i b i l i t y  of a long range exp lo ra to ry  mission t o  J u p i t e r  and 
beyond w a s  confirmed i n  1968 and t h e  program f o r  two missions w a s  
designated a s  Pioneer F and G. Their  o b j e c t i v e s  are t o  conduct explora- 
t o r y  i n 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 t h e  o r b i t  of 
Mars, t o  detennine t h e  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 meteoroids) of t h e  a s t e r o i d  b e l t  and measure t h e  environmenta.1 a rd  
atmospheric c h s r a c t e r i s t i c s  of t h e  p l ane t  J u p i t e r .  A s  t h e  Pioneer sliace- 
c r a f t  passes w i t h i n  100,000 m i l e s  of J u p i t e r ,  inst ruments  w i l l  rreasui'e 
t h e  magnetic f i e l d s ,  e lectromagnet ic  emissions,  charged p a r t i c l e s  ancl 
thermal balanc,. a s soc ia t ed  wi th  t h i s  l a r g e s t  p l ane t  of t h e  s o l a r  syst e m .  

Spacecraf t .  FY 1972 funds are used f o r  t h e  completion of manufacttire 
and t h e  necessary acceptance t e s t i n g  of t h e  Pioneer F scheduled f o r  
launch i n  l a t e  February 1972, and t h e  continued manufacture and t e s t i n g  
of Pioneer 17. During FY 1973, t h e  Pioneer G w i l l  b e  completed and the 
acceptance t e s t i n g  w i l l  be conducted. Funds are a l s o  provided f o r  the 
reimbursement to  t h e  AEC f o r  t h e  Pioneer G Radioisotope Thermoelectrj c 
Generators (RTGs) . 
-- Science. In FY 1972, t h e  sc i ence  subsystems were built, tested, and 

de l ive red  f o r  I?ioneer F and made ready f o r  Pioneer G. During FY 1973 ,  ' 
t he  sc i ence  instruments w i l l  Ire i n t e g r a t e d  with t h e  Pioneer G spacec ra f t  
and acceptan-e--tested p r i o r  t o  l'aunch. 
experimrx~ter;  w i l l  be provided funds f o r  t h e  a n a l y s i s  of t h e i r  d a t a  
c o l l e c t e d  during most of t h e  c r u i s e  phase of Pioneer F, and t h e  f i r s t  
few months o E  t h e  Pioneer G mission. 

Each of t h e  t h i r t e e n  sc i ence  

Operations.  N 1972 funds support  t h e  p repa ra t ion  and launch of 
Pioneer F p h s  four  months of i n f l i g h t  ope ra t ions .  F l i g h t  operat ions of 
Pioneer F w i L 1  be supported by FY 1973 funds. This e f f o r t  includes t h e  
c o l l e c t i o n  o E  t h e  d a t a  on magnetic t apes .  A l s o  provided f o r  i s  the  
e f f o r t  asso(: ia ted with t h e  ground ope ra t ions  necessary i n  preparat ion f o r  
t h e  Pioneer (; launch such as RF compa t ib i l i t y  t e s t i n g ,  mission s imulat ion 
and opeicational- readiness  t r a i n i n g  and t e s t i n g .  

Hellos A, and B 
-I- 

The Hel ios  p r o j e c t  is  an i n t e r n a t i o n a l  cooperat ive p r o j e c t  between t h e  
governments of t h e  United States and West Germany. I ts  s c i e n t i f i c :  
o b j e c t i v e s  ;tire 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  of and processes  i n  i n t e r -  
p l ane ta ry  space i n  t h e  d i r e c t i o n  of and c l o s e  t o  t h e  sun a t  about 0 . 3  
AU o r  wl-thin t h e  o r b i t  of Merc,ury. The s p a c e c r a f t  w i l l  be  developed and 
b u i l t  i n  Wear: Cermany u t i l i z i n g  consu l t an t s  from t h e  United S t a t e s ,  and 
w i l l  wei-gh about 620 pounds and c a r r y  about 120 pounds of s c i e n t i f i c  
instruments.  Three of t h e  t e n  s c i e n t i f i c  instruments  w i l l  be  suppl ied by 
U.  S .  investi.gat:ors. NASA w i l l .  provide t h e  launch v e h i c l e  and t h e  
t r ack ing  and d a t a  systems f o r  t h e  f i r s t  phase of t h e  mission. The 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  ope ra t ions  and 
ope ra t e  t h e  t r ack ing  systems and acqu i re  t h e  d a t a  during t h e  la ter  mission 
phases. 
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=:ecra:it. --- The Federal  Republic of Germany i s  re spons ib l e  f o r  funding 
t h i s  e f f o r t .  

-- Science.  FY 1972 funds were u t i l i z e d  i n  cont inuing t h e  f a b r i c a t i o n  
and t e s t i n g  of t h r e e  U.S. experiments. During FY 1973, t h e  U.S. teams 
w i l l  be  provided funds t o  f a b r i c a t e  and f u n c t i o n a l l y  test  t h e  protcltype 
and fltight: models. 
spacecraft:,'experiment i n t e g r a t i o n  e f f o r t  i n  Germany. NASA w i l l  con duct 
t h e  q u a l i f i c a t i o n  and systems test f o r  t h e  U.S. experiments using E space- 
c r a f t  simu:Lat:or b u i l t  f o r  t h i s  purpose. 

They w i l l  p a r t i c i p a t e  i n  t h e  a s s o c i a t e d  prototype 

Operations.  During FY 1973, as i n  N 1972, computer sof tware develop- 
ment w i l l  be  funded, as w e l l .  as documentation a t  JPL of Hel ios  program 
and support  Fnstrumentation requirements , p lus  s p a c e c r a f t  and t r a i n i n g  
s imulat ion sof tware requirements. 

Supporting Research and Technology/Advanced S t u d i e s  

19 7 1  1972 - 1973 __ 
Lunar s c ierice ................... $6,000,000 $2,200,000 $2,900,00~0 

P lane ta ry  advance t e c h n i c a l  
P l ane ta ry  science.  .............. 4,660,000 4,936,000 4,700,OC~O 

P lane ta ry  advance s t u d i e s .  ...... 1,200,000 1,200,000 1,2OO,OC~0 
deve 1 opmeri t .................... 6,145,000 6,000,000 6,000,000 

3 , 9 00 , 0010 ..................... Exob iologyk --- 3 , 900 , 000 - _- 
Tota l .  ......................... $18,005,000 $18,236,000 e -, $ 1 8 , 7 O O , O C ~ O  .- 

*The exobiology p r o j e c t  w a s ,  i n  FY 1971, p a r t  of t h e  Bioscience program. 

Supporting Research and Technology and Advanced S tud ie s  p r o j e c t s  are 
t h e  research ac t iv i t ies  which provide support  t o  t h e  f l i g h t  missions by 
providing t h e  base f o r  de f in ing  t h e  s c i e n t i f i c  o b j e c t i v e s  of fu tu re  
missions , ;mcl e s t a b l i s h i n g  t h e  s c i e n t i f i c  c a p a b i l i t i e s  e s sen t i a l -  t c  t h e  
perfoimance of t h e s e  missions.  

Lunar Science 

I n  YY 19'73! l una r  s c i ence  e f f o r t  w i l l  be  t o  i n t e r p r e t  t h e  l a r g e  and 
growing aniourit of d a t a  acquired by luna r  missions,  and t o  inco rpora t e  
t h e s e  resu:t ts  i n  t h e  knowledge of t h e  c h a r a c t e r i s t i c s  and h i s t o r y  clf t h e  
moon. The:;e e f f o r t s  w i l l  i nc lude  t h e  a p p r a i s a l  of automated instrument 
concepts f o r  phys i ca l  and chemical a n a l y s i s  by remote sensing from l u n a r  
o r b i t  and :surface rovers .  Laser ranging from e a r t h  t e l e scopes  t o  c o m e r  
r e f l e c t o r s  on t h e  luna r  s u r f a c e  is  cont inuing t o  determine t h e  r e l a t i v e  
motions of t h e  earth-moon system t o  improve determinat ion of a b s o l u t e  
d i s t a n c e  between p o i n t s  on t h e  e a r t h ' s  s u r f a c e ,  and t o  provide b e t t e r  
understanding of t h e  s t r u c t u r e  and dynamics of t h e  e a r t h .  



Planet lary --- !; cience 

The P lane ta ry  Supporting Research and Technology/Planetary Atmospheres 
program supports  r e sea rch  i n  atmospheric phenomena of t h e  p l a n e t s  in-  
c luding t h e  e a r t h ' s  upper atmosphere , and of t h e  gaseous phenomena 
a s soc i~a ted  with comets. I n  FY 1973, emphasis w i l l  b e  placed 01.1 developing 
experiments f o r  spacec ra f t  exp lo ra t ion  of t h e  o u t e r  p l a n e t s  and the  
l abora to ry  arid t h e o r e t i c a l  s t u d i e s  required t o  support  t h e  f l i g h t  ex- 
periments. work under way d i r e c t e d  a t  t h e  d i r e c t  e n t r y  probe inves- 
t i g a t i o n  of t h e  atmosphere of Venus and i t s  clouds w i l l  be  continued. 

Another area financed under P lane ta ry  Supporting Research and 
Technology i s  t h e  Planetology p r o j e c t  which supports  research in  t h e  
increasing1.y important f i e l d  of p l ane ta ry  geology including geochemistry, 
geophysics and photogeology. A s  t h e  p l ane ta ry  program progresses  from 
e a r t h  based obse rva 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 )Cars 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 t h e  n a t u r e  and p r o p e r t i e s  of t h e  p l a n e t s .  I n  FY 
1973 t h e  emphasis w i l l  be on t h e  development of instrumentat ion f o r  
remote sens,ing geo log ica l ,  geochemical and geophysical s t u d i e s  of Msrs 
and t h e  outer  p l a n e t s .  

Planetary/P.dvanced -- Technical Development (ATD) 

These funds are used t o  a s s u r e  t echno log ica l  r ead iness  and perforin de- 
t a i led  advznce planning f o r  candidate  p l ane ta ry  missions.  It is 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 E i c a t i o n  
of long-le6.d 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 advaiice 
development of c r i t i c a l  technologies  t o  fo re seeab le  mission requireinents 
allows more e f f i c i e n t  l a t e r  use of p r o j e c t  funds. 

Major emphasis i n  N 1972 h a s  been on c r i t i c a l  technologies  r equ i r ed  
f o r  e n t r y  probes i n t o  t h e  atmospheres of Venus and J u p i t e r .  P a r t i c i i l a r l y  
f o r  J u p i t e r ,  severe problems are encountered i n  e n t r y  h e a t i n g  and in 
communication through t h e  dense atmosphere. Plans f o r  ATD i n  IPY 1973 
are t o  continue t h i s  emphasis and i n  a d d i t i o n  t o  develop i n  s u l ~ s t a n ~ r i a l  
depth a t echno log ica l  base  f o r  f u t u r e  low c o s t  Mariner o r  Pioneer-class  
missions t o  both of t h e s e  p l a n e t s  and t o  Saturn.  

Planetary Advanced -- Studies  

I n  t h e  P lane ta ry  Advanced S tud ie s  p r o j e c t ,  t h e  f e a s i b i l i t y  of potential 
f u t u r e  s c i e n t i f i c  missions i s  evaluated and an up t o  d a t e  catalogue of 
mission oppor tun i t i e s  is  developed. I n  N 1972, s t u d i e s  are being 
conducted on: (1) s o l a r  e l e c t r i c  missions; ( 2 )  o u t e r  p l ane t  o r b i t e r  
and probe missions; (3) r a d a r  mapping s p a c e c r a f t  f o r  Venus; ( 4 )  Mer1:ury 
o r b i t e r  m i s s i m ;  (5) comet and a s t e r o i d  missions;  (6) nuc lea r  e l e c t r i c  
missions; and (7) a rendezvous and/or sample r e t u r n  mission t o  Deimosl 
Phobos, t h e  two moons of Mars. I n  N 1973 i t  is  planned t o  continue: t h e  
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investi .gation of o u t e r  p l ane t  probe and o r b i t e r  missions and f1:yby and 
rendezvous/tloc.king missions t o  comets and a s t e r o i d s .  Addit ional  s tudy 
candidates  f o r  N 1973 include:  (1) Mars s u r f a c e  roving v e h i c l e  missions; 
(2)  out:er pl-ar~et sa te l l i t e  o r b i t e r  and/or l ande r  mission; and ( 3 )  Venus 
buoyant: s t a t i o n  and atmosphere mobile v e h i c l e  mission. 

E x o b i o l . ~  

The E:xobi.c)lclgy research p r o j e c t  has dua l  o b j e c t i v e s  of understandigg t h e  
control. l ing 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 t h e  uniqueness 
of l i f e  on e a r t h .  The r e sea rch  ranges from t h e  a n a l y s i s  of f0s:;i.l remains 
and siniulat.j.on of p l ane ta ry  atmospheres and o t h e r  environmental extremes , 
t o  t h e  devel.opment of automat.ed l i f e  d e t e c t i o n  equipment f o r  experimentation 
on p l ane ta ry  su r faces .  
1aborat:ory experiments now suggest t h a t  organic  s y n t h e s i s  may be  occurr ing 
on J u p i t e r ,  which has a p r i m i t i v e  reducing atmosphere. 
of prot:otype instrumentat ion f o r  exobiologic  s t u d i e s  i n  t h e  Marti.an 
s u r f a c e  i s  needed as a precursor  t o  f l i g h t  instruments  f o r  future.  Mars 
l ande r s .  Some of t h e  l i f e  d e t e c t i o n  and organic  a n a l y t i c a l  techniques 
developed i.n var ious 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 - igh t  instruments  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 Vi.k:ing mission t o  Mars. 
Viking misE,j.ors are a l s o  being designed. 

I n  add i t ion  t o  t h e  b i o l o g i c a l  i n t e r e s t  i n  Mars, 

The development 

Second generat ion experiments f o r  post- 

P l ane ta ry  Astronomy 

19 73 19 7 1  1972 - 

Plane ta ry  astronomy . . . . . . . . . . . . . $4 , 800,000 $4  , 800,000 - $4,800,000, 

$4,800,000 $4 , 800,000 $4,800 , 000. -. Tot:al... ...................... 
This prograni 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  exp lo ra t ion  

of t h e  solzu: system by means of observat ions of t h e  p l a n e t s  and o t h e r  
s o l a r  s y s t e n  o b j e c t s  from t h e  v i c i n i t y  of t h e  e a r t h .  
niques, ,  ins t ruments  , and observing platforms make i t  p o s s i b l e  t o  determine 
information about t h e  p l a n e t s  from t h e  v i c i n i t y  of t h e  e a r t h  t h a t  was 
previously thought p o s s i b l e  t o  learn only from probes t o  t h e  p l a n e t s  them- 
s e l v e s .  Observations are now made from a i r p l a n e s ,  ba l loons ,  rocke t s ,  and 
e a r t h  orbit.i.ng s a t e l l i t e s  as w e l l  as from ground based obse rva to r i e s .  
Using t:he techniques of o p t i c a l ,  i n f r a r e d ,  r a d i o  and r a d a r  astronomy , 
observat ions can be  made a t  almost a l l  wavelengths. Resu l t s  from t h e  
p l ane ta ry  astronomy program both supplement and complement t h e  planetary 
f l i g h t  pro€, 'I-am. . 

New observing tech- 

The o b j e c t i v e s  of t h e  program are accomplished through research programs 
which are c:ari:ied out by astronomers and o t h e r  s c i e n t i s t s  locat'ed a t  
NASA center:; , u n i v e r s i t i e s  , obse rva to r i e s  , and o t h e r  organizat i 'ons .  I n  
FY 1973, approximately 40 research programs w i l l  be  supported,  about 10 
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of which wfiL1 be  c a r r i e d  out  a t  NASA cen te r s  and t h e  Jet Propuls ion 
Laboratory ,, 

The progr,amms range i n  s i z e  from s i n g l e  i n v e s t i g a t o r  t o  a l a r g e  multi-  
face ted  reseairch program a t  major obse rva to r i e s  inc luding  McDonald, 
Mauna Kea, Lowell and Catalina observa tor ies .  Supported programs w i l l  
a l s o  inc lude  i n f r a r e d ,  r ad io ,  and r ada r  p l ane ta ry  s t u d i e s .  

Maj 01: emphasis w i l l  b e  d i r e c t e d  toward s t u d i e s  of t h e  p l ane t  Yercury 
and t h e  ou te r  p l a n e t s  from J u p i t e r  through Plu to .  The change i n  
emphasis r e f l e c t s  our increased  knowledge of Venus and Mars and a need 
f o r  additional.  information on t h e  o t h e r  p l a n e t s  t o  support  t h e  -Jpcoming 
f l i g h t  progi:anis. Included w i l l  b e  photography of t he  p l ane t s  t o  s tudy 
atmospheric: dynamics, spec t roscopic  s t u d i e s  t o  search  f o r  trace chemical 
elements i n  p l ane ta ry  atmospheres and t o  s tudy t h e  phys ica l  p r o p e r t i e s  
of t h e  atmclspheres , i n f r a r e d  observa t ions  t o  determine t h e  p lane t  s 
thermal. bal.anc.e, and r ad io  observa t ions  t o  determine t h e  magnitude and 
v a r i a t i o n  of p l ane ta ry  temperatures and t h e  ex i s t ance  and cause of n m -  
thermal. emissi.ons. 
be supported t o  ob ta in  r ada r  maps of t h e  p l a n e t s  as w e l l  as p r o p e r t i ~ s ! ~  
of t h e i r  swfa .ces  such as roughness and d i e l e c t r i c  constant .  

The r e l a t i v e l y  new d i s c i p l i n e  of p l ane ta ry  r ada r  w i l l  

I n  t h e  a rea  o f  instrument development , t h e  p l ane ta ry  astronomy budzet 
f o r  FY 1973 conta ins  t h e  t h i r d  i n s t a l l m e n t ,  $1 m i l l i o n ,  towards t h e  
add i t ion  of a high power r ada r  system a t  t h e  Nat ional  Astronomy and 
Ionosphere Center a t  Arecibo, Puer to  Rico, a Nat iona l  Science Foundalzion 
(NSF) f a c i l i t y  operated by Cornel1 Universi ty .  This program, which 
s a t i s f i e s  a NASA program requirement,  i s  being c a r r i e d  out  i n  conjuni-tion 
with NSF. Completion of t h e  r ada r  system w i l l  i nc rease  t h e  planetarir  
astronomy rada r  c a p a b i l i t y  t o  t h e  po in t  where s c i e n t i s t s  w i l l  be  able? t o  
ob ta in  a radar "picture"  of t h e  s u r f a c e  of Venus wi th  a r e s o l u t i o n  oE 2 
t o  5 k i lometers ,  This w i l l  make poss ib l e  t h e  mapping of t h e  e n t i r e  :loud 
covered s u r f a c e  of Venus a t  s u f f i c i e n t  r e s o l u t i o n  t o  observe i n  some d e t a i l  
f e a t u r e s  such as mountains, craters , etc .  The increased  r ada r  capab i l i t y  
w i l l  a l s o  permit t h e  s tudy  of s u r f a c e  p r o p e r t i e s  of s e v e r a l  of t h e  s8i te l l i tes  
of J u p i t e r  a s  w e l l  as "mapping" Mars and Mercury i n  considerably mori? 
d e t a i l  than p resen t ly  poss ib l e .  

Data Analysis 

1973 - 19 7 1  19 72 

Lunar d a t a  ana lys i s  ........... $2,000,000 $1,800,000 $2 ,,100,000 
1 , 400,000 Plane tary  da t a  a n a l y s i s  ......... 1,580,000 1,400,000 - 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . .  $3,580,000 $3,200,000 $3,500,000 _. 
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The D a t a  Analysis p ' roject  provides  f o r  t h e  support  of s c i e n t i s t s  
analyzing t h e  r e s u l t s  of f l i g h t  experiments a f t e r  t h e  i n i t i a l  per iod of 
funding provided by t h e  f l i g h t  p r o j e c t .  
s c i e n t i s t s  no t  a s soc ia t ed  wi th  t h e  f l i g h t  p r o j e c t  t o  analyze d a t a  obtained 
from f l i g h t  i n v e s t i g a t i o n s .  

It a l s o  provides  support  f o r  

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 h e  s c i e n t i f i c  
d a t a  acquiired by spacec ra f t  missions and inco rpora t e  t h e  r e s u l t s  in1 t h e  
growing body of knowledge of t h e  c h a r a c t e r i s t i c s  and h i s t o r y  of t he  moon 
and planet::;. 

---- Lunar D a t a  Analysis. The a n a l y s i s  of Apollo s c i e n t i f i c  d a t a ,  otkler 
than done i n i t i a l l y  by 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  , w i l l  consme t h e  
ma jo r i ty  o:i t h e  FY 1972 Lunar Data Analysis p r o j e c t .  
cont inue ai: an increased rate i n  FY 1973 as a r e s u l t  of t h e  upcomin,g 
Apollo f l i g h t s  . 

This  i s  expected t o  

--A- Plane ta rv  Data Analysis.  In  FY 1973 as i n  FY 1972, t h e  P lane ta ry  Data 
Analysis proliect w i l l  provide f o r  r educ t ion  of d a t a  from ear l ier  Mariner 
missions t o  Mars and Venus and i n  p a r t i c u l a r  from t h e  Mariner o r b i t e r  
1971 mission!, t h e  Pioneer mi.ssions i n  i n t e r p l a n e t a r y  space,  and e a r t h  
satell!ite imcl sounding rocket missions p e r t i n e n t  t o  s c i e n t i f i c  exp lo ra t ion  
of t h e  e a r t h ' s  upper atmosphere. 

P l ane ta ry  Quarantine 

1971 1972 - 1973 _- 
Plane ta ry  quarantine*. . . . . . . . . . . --- $2 , 2 00 , 000 $; 2 ,2 00 , 000 -. - 

--- $2,200,000 $'2,200,000 
P I 

Tot a l a  I ,  . . . . . . . . . . . . . . . . . . . . . . . 
*In p r i o r  yea r s  , t h e  Planetary Quarantine p r o j e c t  w a s  p a r t  of t h e  E;ioscienc:e 
program. 

The search f o r  l i f e ,  i t s  o r i g i n  o r  i t s  remnants on t h e  o t h e r  planlets of 
our  s o l a r  system i s  a high p r i o r i t y  goal  of space exp lo ra t ion .  E s s e n t i a l  
t o  t h i s  search is  t h e  prevent ion of l a r g e  scale r e p l i c a t i o n  on t h e  t a r g e t  
p l a n e t s  of terrestrial l i f e  forms c a r r i e d  t h e r e  by ou r  spacec ra f t .  To 
accomplish t h i s  o b j e c t i v e  a l l  outbound automated p l a n e t a r y  explorat  ion 
missions must: conform t o  b 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 m a l  
agreement E: a 

Research has developed measures f o r  t h e  assay,  c o n t r o l  and d e s t r u c t i o n  of 
microbial  :Life i n  s p a c e c r a f t  hardware p r i o r  t o  launch from e a r t h  arid 
techniques of maintaining s t e r i l i t y  u n t i l  t h e  c r a f t  reaches deep space. 
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These meas-Jres, however, impose thermal o r  r a d i a t i o n  stresses upon t h e  
spacec ra f t  which add t o  t h e  c o s t  of the mission and increase t h e  hazard 
of equipment f a i l u r e .  

The research  i n  N 1973 w i l l  t u r n  t o  c r i t i c a l  eva lua t ion  of t h e  :iter- 
i l i z a t i o n  e f f e c t s  of fo rces  i n  o u t e r  space t h a t  may s t e r i l i z e  t h e  cluter 
po r t ions  o . E  spacec ra f t  during passage through areas where t h e s e  fo rces  
occur I, The r e s u l t s  of t h e s e  s t u d i e s  w i l l  be  p a r t i c u l a r l y  app l i cab le  
t o  mission:; t o  t h e  o u t e r  p l a n e t s  whose i n t e r p l a n e t a r y  c r u i s e  per iods  of 
two t o  e i g h t  years  w i l l  t ake  t h e  spacec ra f t  through ' regions where t h e r e  
w i l l  be  exposure t o  fo rces  t h a t  may achieve s t e r i l i t y  without  t h e  app l i ca t ion  
of hea t  be:iore launch. S p e c i f i c a l l y  t h e  b i o l o g i c a l  e f f e c t s  of proton 
rad ia t ion! ,  no t  known a t  t h e  p re sen t  t i m e ,  w i l l  b e  evaluated as w i l l  be  the  
e f f e c t s  of bombardment of high energy e l e c t r o n s  i n  t h e  s o l a r  wind. The 
e f f i c i e n c y  of long term exposure of contaminated spacec ra f t  su r f aces  t o  
u l t rav io le t :  i r r a d i a t i o n  w i l l  be  s tud ied  as w i l l  be  t h e  l e t h a l i t y  of r e f l e c t e d  
u l t rav io le t :  energy i n  t h e  l e t h a l  range. The complex problem of k i l l  of 
microbes i n  t h e  i n t e r i o r  of t h e  spacec ra f t  by hea t ing  during ent:ry i n t o  
t h e  p l -ane t ' s  atmosphere w i l l  be  moved toward so lu t ion .  

The trend t.hat has  begun t o  inc rease  p l ane ta ry  quarant ine  opera t  ions  
w i l l  cont inue wi th  a matching decrease i n  research .  Thorough eva lua t ion  
of t h e  mici-okial populat ion on a l l  t h e  space f l i g h t  hardware oE t h e  
Pioneer  F and Mariner Venus-Mercury missions w i l l  b e  conducted whi le  pre- 
l iminary eva lua t ions  of t h e  b i o l o g i c a l  loading of Viking hardware w i l l  be  
begun. Deta i led  knowledge of t h e  number and spec ie s  of t h e  microbes on 
and i n  spac:ecraft be fo re  s t e r i l i z a t i o n  o r  launch is  e s s e n t i a l  1-0 maKimurn 
economy i n  qu.arantine opera t ions .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE OF S;PACE SCIENCE --. BIOSCIENCIL PROGRAM 

PROGRAM 0BJJC:TIVES AND JUSTIFICATION: 

Effec t ive  a t  the  beginning of F i sca l  Year 1972, most of the Life sciences 

The Planetary Bio logy  e f f o r t  
a c t i v i t i e s ;  of the  agency were consolidated i n  the  Off ice  of Uanned Space 
F l igh t  under the  Space L i f e  Sciences program. 
i n  Exobiol.ogy and Planetary Quarantine remains i n  the  Off ice  of Space Science 
and the  Aeronautics port ion of the  former Human Factor Systems 
remains i n  the  Off ice  of Aeronautics and Space Technology. 

SUMMARY OF-RJSOURCES REQUIREMENTS : 

1972 - 1971 - 
Planetary quarantine.............. $2,000,000 --- 
Biosatellite. ..................... 332,000 
SupportXiig research and technology/ 
advanced studies.................. 10.566.000 --- 

--- 

..-- Total,, Ib .......................... $12.898.000 

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

Manned Spacecraft  Center ........ $197,000 

Goddai:ci !Space F l igh t  Center. .... 100 , 000 
Marshs'll Space F l igh t  Center.... 85,000 

Jet P1:opulsion Laboratory. ...... 1,502,000 
Wallop6 Station................. 144 , 000 
A m e s  Research Center............ 4,100,000 

NASA Headquarters. .............. 6,742,000 
Lang1e:y Research Center. ........ 28,000 

program 

1973 - 
- - I -  - - .- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LAUNCH VEHICLE PROCUKEMLNT P R O G I S  ---- 

SUMMARY OF RESOURCES REQUIREMENTS 

1972 - 1971 

Scout ......................... $ 13,200,000 $ 16,500,000 
Cen tau r . . . . . . . . . . . . . . . . . . . . . . .  66,000,000 82,200,000 
Del ta  ......................... 37,500,000 39,200,000 
T i t an  111 C .  .................. 4,100,000 9,400,000 
Supporting research  and 

technology/advanccd s t u d i e s  - 4,100,000 4,000 , 000 

Tota l  ..................... $124,900,000 $151,300,000 

HIGHLIGHTS OF BUDGET PLAN 

1972 - 1971 

$ 16,500,000 Scout ......................... 3 13,200,000 -- 
Incremental  funding of hard- 

ware procurement i n  support  
of SAS,  UK, Meteoroid Tech- 
nology, A i r  Dens i ty / In jun ,  
German, and ANS Missions. .  1,800,000 5 , 200,000 

Manaeernent and engineer ing 
s u ~ p o r t ,  t e s t  and checkout, 
launch opera t ions ,  main- 
ter.ance, and f i e l d  support  10,025,000 10,050,000 

Major improvements t o  the  
fou r th  s t age  guidance and 
upp'er s t age  motor . . . . . . . . .  Np 325,000 1/,250,000 

Centaur . . . . . . . . . . . .  ........... $ 66,000,000 $ 82,200,000 ---. 

Incremental  funding of hard- 
ware procurement i n  support  

of E . U O ,  Viking, Mariner 
Ven.us/Mercury 1973, and 
Hel ios  missions .......... 29,345,000 31,693,000 

1973 

$ 21,000,300 
106,500,~OOO 
41,900,1300 
18,200,l:)OO 

1973 - 
2 21,000~~)0(> 

8,900,000 

10,000,000 

2 , PO0 ,000 

5 10 6,500 , I,oO 

58,389,000 
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1971 - 
Centaur (Cant ' d . ) -- 

Managenicmt: and engineer ing 
suppoi:t, t e s t  and checkout 
1.aunc:h ope ra t ions  , -mainte- 
nance!, and f i e l d  support .  $ 14,336,000 

Major improveynts  encom- 
passi.tig the' ,  &proved Centaur, 
T i  tan Centaur i n t e g r a t i o n  
and proof f l i g h t ,  and 
se1ec:l:ive redundancy.. ... 22,319,000 

De l t a . . . .  .................... $ 37,500,000 -- 
Incremental  funding of hard- 

war e procurement i n  support  
of IMI?,  RAE, Atmosphere, 
ERTS:, SPZS, Nimbus, and GEOS 
missions.  ................ 11,000,000 

Managenic:nt: and engineer ing 
support :, t e s t  and checkout, 
:Launch ope ra t ions  , mainte- 
nancc: , and f i e l d  support .  14,990,000 

Improwmerits 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  and 
prope l l a n t  feed,  guidance 
compoilen t s ............... 11,510,000 

T i t a n  1I:C C .................. 3 4,100,000 ---- 
Incremeiltal funding of  hard- 

ware iprocurement and r e  l a  t ed 
serv:ice!; from USAF f o r  ATS F&G 
missions. .  ................ 4,100,000 

Supporti1r;sZesearch and Tech- 
S tud ie s . .  .. $ 4,100,000 

1972 - 

$ 16,137,000 

34,370,000 

9 39,200,000 

10,470 , 000 

14,280,000 

14,450,000 

$ 9,400,000 

9 , 400 , 000 

$ 4,000,000 

1973 

$ 21,479,000 

26,632,000 

$41,900 , 000. 

1 7  , 930 , 0001 

1 9  , 570 , 000' 

4. , 400 , OOCl 

$! , 200 , OOC! 

1€',200,000 

Q ,000, OOC! 

Funding support  f o r  explora- 
t o r 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  the 
f o 1 1 owing launch ve h i  c 1 e 
t echnolog i c a  1 d i  s c i p 1 i n e  s : 
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1971 1972 - 1973 - 
Supporting R.esearch and Technology/ 
Advancec. Studies (Cont'd.).. ---- 

AdvLnced studies.. ...... $ 1,341,000 $ 1,535,000 $ 1,535,00~[) 
Propulsion and energy 
ccinv er s ion. ........... I , 2 50 , 00 0 

Guidance, control, and 
n&vigation ............ 1 , 030,000 862,000 815 , 0019 

Instrumentation and 
electronics........... 60 , 000 125,000 1 2 5 , 0010 

Structures and materials 344 , 000 350 , 000 2 7 5 , 00 0 

1 , 280 , 000 1,128,000 

--- - - -  Vehicle engineering ..... 45 , 000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE OF SPACE SCIENCE 
---A 

LAUNCH VEHICLI: PROCUREMENT -- - 
PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: ---- 
The Lai~nch Vehicle Procurement program provides  f o r  c e n t r a l i z e d  procurement 

of launch veh ic l e s  and t h e  ope ra t iona l  support  f o r  launching NASA' s automated 
spacecraEt .  A c t i v i t i e s  included are t h e  procurement of v e h i c l e  hiirdware, 
launch services, engineer ing and maintenance suppor t ,  and the nec t s sa ry  
improvements of v e h i c l e  systems and ground suppor t  equipment. Al:;o included 
is  a Supporting Research and Technology/Advanced S tud ie s  e f f o r t  t o  provide 
a n a l y s i s  of f u t u r e  requirements and t o  i n v e s t i g a t e  new technology developments. 

The Laiuncn Vehicle Procurement program is subdivided i n t o  t h r e e  major 
ca t egor i e s :  F i r s t ,  launch v e h i c l e  hardware which is r e a d i l y  i d e n t i f i a b l e  
with each s p e c i f i c  mission and inc ludes  such i t e m s  as t he  s o l i d  rocket  motors,  
boos t e r s ,  upper s t a g e s ,  shrouds,  i n t e r s t a g e  adap te r s ,  and mis s ion -pecu l i a r  
hardware. The second category,  suppor t ing  a c t i v i t i e s ,  inc ludes  tlie necessary 
p repa ra t ion  of t h e  v e h i c l e  f o r  launching and covers  launch services, guidance 
s e r v i c e s ,  engineer ing a n a l y s i s  f o r  p r e f l i g h t  and p o s t f l i g h t  cictiv i t y ,  trans- 
p o r t a t i o n ,  p rope l l an t s  and o t h e r  support  e f f o r t s .  This  suppor t ing  a c t i v i  Lies 
e f f o r t ,  un l ike  t h e  hardware category,  is based on t h e  establj-shment of a 
c a p a b i l i t y  r a t h e r  than a q u a n t i t y  of u n i t s  produced. 
product improvement, major work is dedica ted  t o  maintain and improve reli- 
a b i l i t y  and performance i n  support  of spacec ra f t  mission requi remmts .  

I n  t h e  t h i r d  category,  

SUMMARY OF -- RESOURCES REQUIREMENTS 

1973 --- 19 71  1972 

Scout. ........................... $13,200,000 $16,500,000 $21,000,000 
Delta. ........................... 37,500,000 39,200,000 41,900,000 

T i t a n  I11 C. . . . . . . . . . . . . . . . . . . . . .  4,100,000 9,400,000 18,200,000 
Supporting research  and tech- 

nology/advanced s t u d i e s  ........ 4,100,000 4,000,(% 4,000,000 

Centaur.. ........................ 66,000,000 82,200,000 106,500,000 

Total.......................... $124,900,000 $151,300,~)00 ,$191,600,000 - - .. - 
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---- Dis t r ib i i t j~on  of Program Amount by Ins t a l l a t i o n :  

1971 - 
John F. Kennedy Space Center. .... $2,443,000 
Marsh.al:L Space F l i g h t  Center,.  ... 940,000 
chddard Space F l i g h t  Center.. .... 36,860,000 
.Jet I? ropulsion Laboratory.. ...... 875,000 

NASA Ideadquarters.. .............. 6,122,000 

'Lang:Ley Research Center.. . . . . . 13,026,000 
:Lewis Research Center. ........... 64,634,000 

BASIS OF FUND REOUIREMENTS: 

scout  

H a r d w a . r l e . . . . . . . . . . . . . . . . . . . . . . . . . .  $1,800,000 
Supporting activities ............. 10,025,000 
Major :L,mp:rovements. ............... 1,375,000 

Total........................... $13,200,000 

1972 

$3,343,000 
872,000 

38,031,000 
8 30 ,000 

16,167,000 
80 , 4 35,000 
11,622,000 

-. 

$5,200 , 000 
10,050,000 

1,250 ,e 
$16,500,000 - 

19 73 

$3,688,000 
8151,000 

800,000 

104,160,000 
20,24EI,OOO 

--- 

40 ,6 841,000 

21,213,000 

$8,900,000 
10,000,000 

2,10(!,000 

$21,000,000 

The Scout is t h e  smallest i n  t h e  NASA launch veh ic l e  family. 11.  is a s o l i d  
p rope l l an t ,  fou r  s t a g e  boos te r  system approximately 22 meters (73 f e e t )  i n  
l ength  with a launch weight of approximately 18,100 kilogram (40,(100 pounds) . 
This  veh ic l e  is capable of p lac ing  a 145 kilogram (320 pound) pay:I.oad i n  ii  

555 kilometer (300 n a u t i c a l  mile)  o r b i t  and i t  is used f o r  1acunch:i.ng small 
s c i e n t i f i c  a a t e l l i t e s  . sPace probes,  and high speed re-entry expei'iments. 
Through Calendar Y e a r  1971, t h i s  veh ic l e  has success fu l ly  launchetl 65 sa t e1 l . i t e s  
i n  78 a t tempts ,  with 100% success  i n  t h e  last  23 launches.  

Funds requested f o r  l?Y 1973 w i l l  be used as follows: 

---- Hardware - Funds w i l l  be u t i l i z e d  t o  i n i t i a t e  o r  continue hardware prociire- 
ment f o r  t h e  A i r  Density,  In jun ,  ANS,  German, SAS, UK-5, and Meteoroid 
Technology missions.  

Support ing A c t i v i t i e s  - Engineering and t e c h n i c a l  suppor t ,  vehic:le test  
a n r e h e c k o u t ,  launch opera t ions ,  and maintenance of launch f a c i l i t i e s  and 
ground equipment w i l l  be funded t o  support  t h e  launch schedul-e. 

Improvements --- - Performance improvement t o  an upper s t a g e  motor (imd t h e  
deglopment  of an improved guidance system f o r  t he  f o u r t h  s t a g e  w i l l  be 
continued wi th  FY 1973 funds. 



Delta 

1972 - 19 73 - 
Hardware. ........................ $11,000,000 $10,470,000 $117 ,930,000 
Supporting activities.. . . . . . . . . . .  14,990,000 14,280,000 .'L9,570,000 ............... 4,400,000 Major improvements 11,510,000 14,450.00C! - - 

Total.......................... $37,500,000 $39,200 ,ooq 

The Deltc. is t h e  most versatile i n  t h e  NASA launch veh ic l e  fami ly ,  The 
v e h i c l e  c o n s i s t s  of t h r e e  stages--the f i r s t  s t a g e  Thor boos te r  augmnted  by 
t h r e e ,  s i x  or n ine  strap-on s o l i d  motors f o r  a d d i t i o n a l  boost  c a p a b l l i t y ;  
t h e  D e l t a  second s t age ;  and a s o l i d  p rope l l an t  motor t h i r d  s tage .  Over t h e  
11 year  per iod of its ex i s t ence ,  t h i s  veh ic l e  has  been employed i n  !36 launch 
at tempts  all' which 78 have been successfu l .  
t h e  veh ic l e  Is approximately 35 meters (115 f e e t )  h igh  and has  a diameter  of 
2.4 meters ( E ;  f e e t ) .  It is capable  of p lac ing  a 908 kilogram (2,0013 pound) 
payload i n i t 0  a 555 k i lometer  (300 n a u t i c a l  mi le )  o r b i t .  

I n  i ts  t h r e e  s t a g e  conflgurat iot i ,  

Funds requested f o r  FY 1973 w i l l  be  used as follows: 

--- Hardware - Funds w i l l  be used t o  cont inue and/or  i n i t i a t e  hardware procure- 
ment t o  support  t h e  IMP, OSO, RAE, Atmosphere Explorers ,  ERTS, SMS, Nimbus, 
CAS, and (;E08 missions.  

Support$% A c t i v i t i e s  - Funding w i l l  l e  u t i l i z e d  t o  procure necessary 
t echn ica l  and engineer ing suppor t ,  t o  s u s t a i n  v e h i c l e  tes t  and checkout and 
launch operal:ions, and t o  support  maintenance of launch f a c i l i t i e s  and ground 
equipment (, 

Work in:Ltiiated i n  FY 1972 w i l l  cont inue i n  FY 1973 t o  implement t h e  reconi- 
mendations o E t h e  review committee e s t ab l i shed  t o  i n v e s t i g a t e  t h e  1 TOS-B 
veh ic l e  f a i l u r e  and t h e  OSO-7 veh ic l e  anomaly. 
review, changes i n  manufacturing techniques,  hardware, and tes t  and, checkout 
procedures w:Ul be made t o  improve o v e r a l l  r e l i a b i l i t y  of t h e  D e l t i L  launch 
v e h i c l e  system. 

Improvements --- - R e l i a b i l i t y  improvements w i l l  b e  undertaken I n  f i r s t  and 
second s t a g e  pneumatics, second s t a g e  hydrau l i c s ,  p rope l l an t  feed ,  and 
sepa ra t ion  s y s t e m s ,  and i n  guidance components. 
on t h e  new e i g h t  foo t  f a i r i n g  and t h e  11-1 engine adapt ion t o  Delta 

Following a thoroup,h design 

E f f o r t s  w i l l  be  completed 

Centaur 

19 71  - 1972 
_c_ 

1973 - 
Hardware ......................... $29,345,000 $31,693,000 :$58,389,000 

Major improvements.. ............. 22,319,000 34,370 ,OO()- . 26,632 .OOO -- 
Supportlng ac t iv i t ies . . . . . . . . . . . .  14,336,000 16,137,000 21,479,1000 

Total.......................... $66,000,000 $82,2OO,OO(l- - S,l06,500,000 -. - 
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The Cent'aur v e h i c l e  is a high performance multipurpose launch v e h i c l e .  
It is t h e  most powerful v e h i c l e  c u r r e n t l y  used by NASA f o r  autcsmatetl space- 
c r a f t .  The Clentaur p re sen t ly  u s e s  an Atlas boos te r  as a f i r s t  stagc!. I n  
t h i s  conf igu ra t ion ,  t h e  v e h i c l e  is 40 meters (131 f e e t )  i n  l eng th  atid has a 
diameter of 3.1 meters (10 f e e t ) .  
is being developed t o  support  t h e  Viking mission and f o r  o t h e r  heavy payload 
missions 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 conf:l.guration, 
planned f o r  o p e r a t i o n a l  use i n  1974, w i l l  be 49 meters (160 f e e t )  high and 
w i l l  have a payload shroud diameter of 4.3 meters (14 f e e t ) .  

A new conf igu ra t ion ,  t h e  Tit.an Ccntaur, 

Funds requested f o r  FY 1973 w i l l  be used as follows: 

-- Hardware - Incremental  funding of hardware procurement f o r  t h e  Viking, 
Hel ios ,  IIEAO, and Mariner Venus Mercury 1973 missions w i l l  be  c:ontiinued. 
Atlas and T i t an  111 boos te r s  as w e l l  as t h e  Centaur s t a g e  are procured with 
t h e s e  funds. 

Supporting Activit ies - Funding w i l l  be u t i l i z e d  t o  purchase management 
and engineer ing support ,  launch support  ope ra t ions ,  f i e l d  services ,and t o  
maintain f a c i l i t i e s  and ground equipment. E f f o r t s  undertaken during la te  
FY 1972 t o  improve q u a l i t y  and workmanship i n  t h e  manufacture and assembly 
of t h e  Centaur w i l l  be continued with FY 1973 funding. 

ImEovements ---- - The i n t e g r a t i o n  of t h e  Centaur with t h e  T i t a n  111 i)ooster 
and t h e  Improved Centaur program w i l l  be continued. 
f e a t u r e s  a new, s o l i d  state avionics  system t o  improve r e l i a b i l i t y ,  f l e x i -  
b i l i t y ,  and performance. 
required t c  support  high energy missions,  such as Viking and He l ios ,  To 
v e r i f y  t h e  T i t a n  Centaur i n t e g r a t i o n  i n  a f l i g h t  environment arid t o  provide 
confidence f o r  t h e  Viking mission, a proof tes t  f l i g h t ,  t o  be l~aunclied i n  
e a r l y  1974, is a l s o  supported wi th  t h e s e  funds. Implementation of 3 
s e l e c t i v e  redundancy program i n  t h e  T i t a n  and Centaur mechanical anli 
hydrau l i c  systems w i l l  be continued. 

The Improved Clentaur 

The i n t e g r a t i o n  wi th  t h e  T i t a n  111 boos te r  is 

T i t a n  I11 C 

1973 - 1972 - 19 71 

Hardware, ........................ $4,100,000 - $9,400,00()- -I $18,200,000 .- 

Total.......................... $4,100,000 $9,400,00() - $18,200,000 _- a _I 

T i t a n  111. is a four  s t a g e  s o l i d  and l i q u i d  f u e l  v e h i c l e  developed and 
managed by t h e  United S t a t e s  A i r  Force. NASA is using t h i s  v e h i c l e  i n  
support  of t h e  synchronous a l t i t u d e  Applicat ions Technology Satell i tes 
(ATS I? and G) missions t o  t ake  advantage of i t s  performance f o r  d i r e c t  
i n j e c t i o n  i n t o  synchronous o r b i t .  
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Fuxids requested f o r  Ey 1973 are required t o  complete t h e  procurement of 
hardware m c i  r e l a t e d  services f o r  t h e  T i t a n  IT1 C v e h i c l e  i n  support  of t h e  
ATS-I: mission. I n  a d d i t i o n ,  hardware procurement i n  support  (of t h e  ATS-G 
mission w i l l .  be  continued t o  support  t h e  scheduled launch i n  calendar  year 
1975. Both launch veh ic l e s  are procured through t h e  USAF and t h e  funding 
estimates are based 0x1 that: agency's consol idated T i t a n  I11 procurement anid 
c o n t r a c t u a l  requirements. 

Supporting Research and Technology/Advanced Stud* 

1973 -. 1972 - 19 71 

Advanced Ei t ud ie s  ................. $1,341,000 $1,535,000 $1,535,1300 
Propulsion and energy conversion. 1,280,000 1,128,000 1,250,000 
Guidance, c o n t r o l  and navigat ion.  1,030,000 862,000 515,000 
I n s  trunwntation and e l e c t r o n i c s . .  60,000 125,030 125,000 
S t r u c t u r e s  and materials. ........ 344,000 350,000 275,000 
Vehicle eriginee r i n g  45,000 .............. ---- --- -- .~ 

Total.,, .......................... $4,100,000 $4,000,000 $4,000 ,E -- -- 
Through t e c h n i c a l  research and s t u d i e s  t h i s  Supporting Research and 

Technology/Advanced S tud ie s  p r o j e c t  provides t h e  information requi red by 
NASA Managernent f o r  dec i s ions  concerning f u t u r e  launch v e h i c l e  developments 
and limproverients t o  support  new automated missions.  

I n  FY IL!)~;!, new s t u d i e s  have been d i r e c t e d  a t  determining t h e  a~tp l icabi1 . i ty  
of e:<isti~ng expendable launch v e h i c l e  upper s t a g e s  f o r  t h e  space s h u t t l e .  
Also incltuded are s t u d i e s  t o  examine t h e  c a p a b i l i t y  and d e s i r a b i l j  t y  of  
po te i~ t i a l t  launch v e h i c l e  growth op t ions  f o r  launching f u t u r e  p l ane ta ry  
missions and t o  d e f i n e  a prel iminary design of a hybrid upper stat,e f o r  
primary app:Lication t o  t h e  Delta launch veh ic l e .  An advanced s tudy continu- 
i n g  Erom EY 1971 has as its o b j e c t i v e  d e f i n i t i o n  of a s o l a r  electi . ic propul- 
s i o n  s t a g e  :for p o t e n t i a l  a p p l i c a t i o n  t o  both expendable launch vekiicles arid 
t h e  space s h u t t l e .  

Funds :requested f o r  F'Y 1973 w i l l  be u t i l i z e d  as follows: 

-_I_-- Advanced !Studies - Stud ies  of optimum launch v e h i c l e  f a m i l i e s ,  €dgh energy 
s t a g e s ,  iand low c o s t  design concepts w i l l  be  i n i t i a t e d  o r  continucLd t o  
i d e n t i f y  f u t u r e  automated launch v e h i c l e  development required t o  riiaintain 
an ecsonoinical and r e l i a b l e  t r a n s p o r t a t i o n  system. The most promising 
concepts i d e n t i f i e d  i n  the  F'Y 1972 s tudy program w i l l  be  invest igi i ted i n  
g r e a t e r  depth. 
systems t o  .Launch v e h i c l e  upper s t a g e s  w i l l  a l s o  be considered. 

The a p p l i c a t i o n  of chemical and nonchemical ~ropu:l.sion 
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Propuls ion imd Energy Conversion - Research w i l l  be  continued on hybrid 
rocket  motors f o r  launch veh ic l e  and s p a c e c r a f t  app l i ca t ions .  
f a b r i c a t i o n ,  imd test f i r i n g  of a dua l  mode rocket  motor capable of two 
d i f f e r e n t  tlinist l e v e l s  by the  use of monopropellant and b i p r o p e l l a n t  will 
be accompliished 

Design, 

Guidance e Control and Navigation - Development, test  , and eva lua t ion  of a 
modular s t1riG10~n guidance sys t e m  w i l l  continue.  Fur ther  research  &(ill be 
done i n  t h e  area of as t r ion ic-spacecraf  t i n t e r f a c e .  

1nstrumenl;at:ion and E lec t ron ic s  - Research w i l l  be  conducted t o  develop 
non-destructive t e s t i n g  techniques f o r  e lec t ro-explos ive  device:s, 

---- 

---- S t r u c t u r e s  and Materials - Development and eva lua t ion  of concepts t o  
thermally clmxmple i n s u l a t i o n  pene t r a t ions  i n  c ryrogenic  p r o p e l l a n t  tanks 
caused by w l v i n g  and s t r u c t u r a l  suppor ts  is planned. 

--- Vehicle E:x@.neering - No research  is planned f o r  t h i s  area during FY 1973. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AE'PLICATICRIS SPACE APPLICAT1,ONS P R O G M  ---- 
SUMMARP OF RESOURCES REQUIREMENTS 

Earth resources survey.. ............ 
satelL:lil:es. ..................... 

Aircraft: program. ................. 
Applicatfhns technology s a t e l l i t e s  . . 
Synchronous meteorological 

satellllter3.. ...................... 
Cooperative appl icat ions s a t e l l i t e s .  
TIROS/TO!; improvements. ............. 

TOS imlxcovements.. ................ 

Earth resources technology 

Nimbt IS .  4, 4, . - e 

TIKOS-#..I~...~..............~..o.. 
TIROS-l?. ,e . 

- 1971 

$66,735,000 

(55,750,000)* 
(10,985,000)~ 
23,750,000 
24,700,000 

8,850,000 
75,000 

3,200,000 
( 2,559,000) 

(641,000) 
(---I 

19 72 
7 

$64,575,000 

(52,225,000) 
(12,350,000) 
51,800,000 
18,125,000 

15,000,000 
2,600,000 
2,250,000 

( 2,048,000) 
( 202,000) 

( - - -I  
Geodetic satellites................. 2,806,000 3,500,000 
Global atimospheric research program. 1,000,000 2,250,000 
Meteorological soundings. ........... 3,100,000 1,500,000 
Supporting research and technology/ 

advanced studies.................. 28,744,000 23,300,000 
Earth observatory s a t e l l i t e  s tudies .  --- 1,000,000 

A i r  t r a f f i c  control studies......... 3,000.000 - 
Radio i n t e r  Eerence and propagation 

prograM.. . . . . . . . . . . . . . . . . . . . . . . . . .  1,000,000 1,600,000 -- - 
Total  ............................. ~166,960,000 $187,5OO,O(g 

HIGHLIGHTS OF BUDGET PLAN 

1971 
7 

---- Earth Resources Survey.............. 366.735.000 

Earth Resources Technology 
Sa te l l i t e s . .  ...................... $55,750,000 

Spacecraft design, development and 
test leading t o  the launch of one 
spacecraft  i n  1972 and one i n  1973.. 21,921,000 

1972 

$64,575.0(E 

- 

$52,225 .OCg 

19,245,000 

- 1973 

$48,400,000 

4: 35,400,000) 
(: 13,000,000) 
61,200,000 
28,300,000 

11,500,000 
3,300,OOO 
8,000,000 

( 2,200,000) 
(-.--) 

4,500,000 

( 5,800,000) 
5,000,000 

1,500,000 

2 2,000,000 
1,000,000 

1973 - 
-1i48.400, ( E O  

9,800,000 
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1971 - 1972 - 1973 - 
Sensor development t o  provide 

imagery acrid other  data  about ea r th  
re source si in1 agr i cu l tu re ,  geology, 
hydrology, oceanography and 
geogxaphy. .......................... $21,343,000 $15,980,000 $2,200,000 

Ground data handling system 
development and i n s t a l l a t i o n  i n  
preparation fo r  mission operat ions 
and generation of image products 
beginning, in 1972................... 12,486,000 15,000,000 2,500,000 

Support of i nves t iga to r s  who w i l l  
u se  the  dalta t o  conduct experiments 
and develclp techniques t o  determine 
the usefulness of the information... _-- 2,000,000 20,900,O~nO 

Delta (Launch Vehicle Procurement) (1,800,000) (800,000) [ 2,300,000) 

--e- Airc ra f t  Program.................... $10.985.000 $12.350.00(! ~,L3.000,0DCJ 

Aircraf t  operat ions and l o g i s t i c s  
support............................. 4,780,000 5,540,000 6,710,000 

Sensor development and procurement 2,880,000 1,790,000 1,100,O~nO 

Equipment maintenance and modif i- 
cation.............................. 2,562,000 2,725,000 3,050,000 

Data handling and processing.... 763,000 2,295,000 2,140,000 

Applications Technology S a t e l l i t e s .  . $23.750.000 $51.800,00(! &ilil.200.0130 

ATS 1-5: Continued Operations and 
data  analysis....................... 3,205,000 1,750,OOO 1,200,0~30 

ATS F@: 

Spacecr*aft design, development and 
test leading t o  de l ivery  of two space- 
c r a f t  t o  ‘KSC, one i n  1973 and one i n  
1975................................ 1,049,000 32,347,000 :;!5,250,000 

Experiments i n  comwnications, 
meteorology, appl ica t ions  technology 
and t r a f f i c  management f l i g h t  tes ted  
a t  synchronous a l t i t u d e ;  advanced 
appl ica t ions  experiments for  f u t u r e  
missions............................ 16,985,000 13,758,000 :13,250,000 
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1971 - 1972 - 1973 - 
Procurement and modification of 

ground s t a t i o n  equipment a t  Rosman, 
WC and Mojave s t a t ions  and fo r  a 
t ranspartable  s ta t ion .  .............. $2,511,000 $3,945,000 $:I., 500 , 000 

Titan I I I - c  (Launch Vehicle 
Procurcment)...... .................. (4,100,000) (9,400,000) 

>18.125.000 

( llil, 200,000) 

$21jl, 300.00(2 Nimbus.............................. $24.700.000 

Spacecraft #design, fabr ica t ion  and 
test leading to  the launch of one 
spacecraft  i n  1972 and one i n  1974.. 18,001,000 10,801,000 

Experiments using advanced infrared 
microwave instruments designed t o  
allow determination of the v e r t i c a l  
s t ruc tu re  of the atmosphere i n  cloudy 
areas  and t o  higher altitudes....... 5,691,000 6,288,000 1 :L ,226,000 

Ground operations preparations for  
mission beginning i n  l a t e  1972...... 1,008,000 1 , 036,000 1 , 764,0010 

Thrust Au,gmnted Delta (Launch 
Vehicle Procurement)................ (1,985,000) ( 1,315,0001 

~15.000.000 

( :1,000,000) 

~ 1 . 5 0 0 . 0 0 ~ ~  SynchronousJeteorological S a t e l l i t e s  $8.850.000 

Spacecraft design, development and 
t e s t  leading t o  launch of one space- 
c r a f t  i n  1972 and one i n  1973....... 7,205,000 10,454,000 13,94 7 ,0010 

Sensors t o  provide continuous 
infrared and high reso lu t ion  v is ib le  
cloud c w e r  data0................... 700 , 000 2,905,000 1 , 544,000 

Fabrication and i n s t a l l a t i o n  of 
ground s t a t i o a  equipment............ 945 , 000 1,641,000 

(2,655,000) 

&2,600.000 

1 , 009 , 000 

( 2,300,000) 

>,3,300,000 _- 

Delta (Launch Vehicle Procurement) (1,745,000) 

Cooperative Applications Sa tel li tes . $75 000 

CAS-A: Data ana lys i s  and project  
support i n .  palst launch support of 
CAS-A launch i n  August 1971. ........ 75,000 100,000 100,000 
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1972 - 1971 - 
CAS-C : 

--- - .. - Spacecraift studies..... .............. 
Developnwnt: of technology experi- 

ments prinwri.ly high power tube and .................... $2,500,000 r e l a t ed  ccanponents. --- 
Ground S y s t e m  Studies.. .............. --- - .. - 
Scout (CAS-A Launch Vehicle 

Procurement:)... ........................ (---) (1,250,000) 

Delta (CAS-C Launch Vehicle 
(-..-) Procurement). .......................... (---) 

TIROS/TOS Improvements............,... $3.200,000 S2.250.000 

Advanced sensor design work and 
s tudies  t o  improve subsystem and 
operational procedures for  TIROS 
Operational System..................... 2,559,000 2,048,000 

Post- launch support f o r  TIROS-M 
mission................................. 641,000 202, octo 

I n i t i a t i o n  (of spacecraf t  system 
design fo r  'TIIXOS-N.. --- --- ................... 
Geodetic S4ate l l i tes . . . . . . . . . . . . . . . . . . . .  $2.806,000 $3,50O,OG1_0 

GEOS- 1&2 : Extended operat ions and 
data  reduction and analysis .  ........... 1,640,000 600,000 

Spacecraft design, development and 
test leading to del ivery  of one space- 
c r a f t  t o  K!iC iLn 1973.. ................. 1,166,000 1,700,000 

Experiments and instrumentation 
including radar  alt imeter,  C-band 
and S-band comunicat ions and laser 
r e t ro re f  lectrors.. --- 1,200,000 ...................... 

Preparation for  mission beginning 
i n  l a t e  1973.. --- - - -  ......................... 

Delta (Launch Vehicle Procurement). .. (470,000) (1,100,000) 

19 73 - 

$4 70,0130 

2,530,000 

200,000 

(-..-) 

~(1,900,000) 

!j 8,000, O g  

2,200,000 

5,800,000 

5 . 0 0 0 , 0 0 ~  

600,000 

2,400,000 

1,800, OClO 

200,000 

( 2 , 2  30,OOiO) 
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1971 - 1972 - - 1973 

Global Atmospheric Research Program 
( G A R P ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1,000.000 - 
Data sy+stems t e s t  support. --- ........ 

$2.250,00C! 

150,000 

l,loo,ooc~ 

$4,500.000 

1,700,000 

1,630,000 Simu1at:Lon studies.  ............... 900,000 

GARP A t'L.ent i c  tropica 1 experiment 
support............................. --- 200,000 

9 70,000 

:ji 1.500.0!@ 

--- 
1,000, OOCl 

$1,5OO,OOC! 

Technology development............ 100 , 000 

Meteorolo&&al Soundings............ $3.100.000 

Procurement and launch of research 
sounding i rockets . . . . . . . . . . . . . . . . . . . .  2,137,000 200,000 700,000 

Development of sounding rocket 
systems.......o..................... 5 15,000 300,000 

1,000,000 

350, OOCl 

4 50, OOCl Field experiment support .......... 448,000 

Supporting Research and Technology[ 
Advanced Studies.................. $28.744.000 $23,300. OOC! 

Basic and applied research and 
s tudies  i n  the following space 
appl icat ions d isc ip l ines :  

Applications technology........... 4,248,000 
COIIIIIIUniCmt.Lons.................... 3,377,000 
Earth resoUrces... . . . . . . . . . . . . . . . .  11,522,000 
Geodesy/eaxth physics............. 1,883,000 

T r a f f i c  ,maxlagement................ 1,338,000 
Meteoro'1og:y ....................... 2,656,000 

Interdi,sciiplinary applications.  ... 3,720,000 

3,335,000 
3,080,000 
8,865,000 
1,466,000 
2,100,000 

980,000 
3,4 74,000 

3,500,000 
3,400,000 
6,800 , 000 
1,300,000 
2,500,000 

900,000 
3,600,000 

$1, ooo,ooc! f/i 1 0 0 0 , 0 0 ~  Earth Ob s g ~ a  tory Sat e 11 i t  e Stud i e  s . 
Radio Intcyference and Propagation 

Program...O....OOOO............... $1.000.000 $1.600. OOC! 

A i r  T r a f f i c C o n t r o l  S a t e l l i t e  
Studies - Studies i n  support of 
DoT/FAA. .......................... $3.000,000 
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OFFICE OF APPLICATIONS ---_ 

E'ROJE CT ---- 

E a r t h  Resources  Technology 
S a t e l l i t e s  

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

A p p l i c a t i o n s  Technology 
S a t e l l i t e s  

Nimb us  

Synchronous M e t e o r o l o g i c a l  
S a t  e l l i  t '2s 

Coopera t ive  A:?pl ica t ions  
S a t  e 11 i t  e s 

TIROS 

Geodet-ic SateILl i te  

Me t e o  r o  l o  g :l 1: a:- S o un d i n g s  

INTELSAT** 

ITOS* 

FLIGHT SCHEDULE 

MISS I O N  

Launch of ERTS-A 
Launch of ERTS-B 

SPACE APPLICATIONS PROGRAM __ 

CALEN DAR 
YEAR --- - 

119 72 
1-973 

Launch of ATS-F 1-9 7 3 
Launch of ATS-G 1.9 75 

Launch of Nimbus E 1.9 72 
Launch of Nimbus F 1.9 74 

Launch of SMS-A 1972 
Launch of SMS-B 1973 
Launch of SMS-C/GOES-A* (Subjectt t o  ca l l -  

up by NOAA) 

Launch of CAS-C 19'75 

Launch of TIROS-N 19 76 

Launch of GEOS-C 19 73  

Launch about  200 a n n u a l l y  ----- 

Launch of INTELSAT-IV 1972-1 975 
series ( S u b j e c t  t o  

c a l l - u p  by 
COMSA'I ) 

Launch of ITOS-C-G 1'3 7 2- 1 9  7 4 
( S u b j e c t  t o  

~ ~ 2 1 . 1 -  u p by 
NOAA) 

* N O M  Fundec. 
**COMSA.T Fun.ded 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE, OF APPLICATIONS SPACE APPLICATIONS PROGRAM ___--- 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objec:tives of t h e  Space Applicat ions program are t o :  (1) conduct a 
broad program of research and t e c h n i c a l  development leading t o  the  appli-  
c a t i o n  of s,pace techniques f o r  the b e n e f i t  of mankind; (2) cooperate with 
government ag,encies and o t h e r  organizat ions involved i n  space r e l a t e d  
a c t i v i t i e s  i n  t he  a p p l i c a t i o n s  technology , communications , earith re.sources , 
geodesy/ea.rth physics ,  t r a f f i c  management , environmental and meteorology 
d i s c i p l i n e s . ,  and s p e c i a l  a p p l i c a t i o n s  such as space processing;  (3 )  develop 
and t e s t  proc.edures , inst ruments  , subsystems , s p a c e c r a f t ,  and i n t e r p r e t i v e  
techniques f o r  va r ious  a p p l i c a t i o n s  ; ( 4 )  expand our  knowledge of th's 
atmosphere.!, e .a r th ,  oceans , and space; (5) develop and implement the 
operat:ional. meteorological  s a t e l l i t e  system f o r  t he  Nat ional  Oceanic and 
Atmospheric: Administration (NOAA) , Department of Commerce; (6) f u l f i l l  
NASA's r e s p o n s i b i l i t i e s  under the  Communications S a t e l l i t e  A c t  of 1962 ; 
and (7) cooperate t o  t h e  ext.ent poss ib l e  wi th  f o r e i g n  c o u n t r i e s  i n  the 
advanc:emen.t. and u t i l i z a t i o n  of space r e l a t e d  technology. 

Within t h e  Space  Applicat ions program, a number of goals have been 
estabI.ishe:d which should be achieved i n  the nea r  f u t u r e .  

I n  t.he area of Earth Resources Survey from space,  t h r e e  goal:; have been 
e s t a b l i s h e d :  (1) develop technology and c a p a b i l i t y  f o r  remote sensing of 
t he  e a r t h  from a i r c r a f t  and space f o r  resources  , e c o l o g i c a l  and environ- 
mental surveys of t h e  e a r t h ;  ( 2 )  develop a p p l i c a t i o n s  of this new technology 
t o  meet 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, 
hydrol-ogy , geography , and cartography; and (3) develop technology f o r  
handl ing l a r g e  q u a n t i t i e s  of remotely sensed d a t a  including t h e  t r ans -  
mission, reduct ion,  processing,  s t o r a g e  and r e t r i e v a l ,  and dissemination 
of t he  da t a .  

I n  Commuriic:ations and Applicat ions Technology , t h e  endeavors are t o  : 
(1) provide it c a p a b i l i t y  f o r  conducting space communications i invest igat ions 
i n  promising a p p l i c a t i o n s  and t o  develop c r i t i c a l  technologies  i n  such 
areas as sL tak l i l i za t ion  and po in t ing  of l a r g e  space e r e c t a b l e  antennas , 
multi-beam antennas with p a t t e r n  shaping, d a t a  r e l a y  systems, laser 
commuriicat i-or~s , d a t a  c o l l e c t i o n  systems and t e l e v i s i o n  t ransmissions t o  
low c o s t  ground t e rmina l s ;  ( 3 )  provide oppor tun i t i e s  t o  the  user  community 
t o  experiment w i th  communications sa te l l i t es  i n  development of p o t e n t i a l  
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a p p l i c a t i o n s  ; (3)  study information network requirements and s y s t e ~ i s  
t o  m e e t  u s e r  agency requirements i n  such areas as educat ion,  medic,t l ,  
l a w  enforcement, and d i s a s t e r  warning; ( 4 )  study the  f a c t o r s  which a f f e c t  
e f f i c i e n t  use of communications f r equenc ie s ,  i d e n t i f y  i n t e r f e r e n c e  pro- 
blems, and ob ta in  g r e a t e r  u t i l i z a t i o n  of t he  frequency spectrum; aiid (5) 
cooperate with o t h e r  na t ions  i n  j o i n t  communications and technolog i c a l  
sa te l l i t e  missions.  

I n  metecrology t h e  goals  are: (1) improve and extend the c a p a b i t i t y  for 
i n f r a r e d  sounding t o  h ighe r  a l t i t u d e  regions with g r e a t e r  s p a t i a l  md 
s p e c t r a l  r e s o l u t i o n ;  ( 2 )  develop and f l i g h t  test a prototype opera1:ional 
Synchronous Meteorological S a t e l l i t e  f o r  t h e  continuous viewing of t he  
atmosphere and weather condi t ions ; and (3) develop advanced ope ra t  ional 
meteorological  s a t e l l i t e  in s t rumen ta t ion  having t h e  a b i l i t y  t o  mealsure 
the v e r t i c a l  temperature s t r u c t u r e  and w a t e r  vapor content  of t h e  
atmosphere t o  the  accuracy required f o r  numerical weather p r e d i c t i  In. The 
achievemen t of t hese  goals  w i l l  provide t h r e e  dimensional m e t e o r o h g i c a l  
aeasurements and the  temporal v a r i a t i o n  which can be  used t o  obtaii i  a f u l l e r  
understanding of t he  meteorological  processes .  This Understanding is a 
p r e r e q u i s i t e  t o  long range f o r e c a s t i n g  u t i l i z i n g  numerical models iof t he  
atmosphere . The continuous viewing of s h o r t  t e r m  s eve re  atmospheric 
disturbanc:es such as thunderstorms and tornadoes and the  monitorinz of 
t he  tropic: areas t o  d e t e c t  t r o p i c a l  dis turbances and hu r r i canes  w i l l  
assist  the improvement of s h o r t  t e r m  p r e d i c t i o n .  

I n  Geodesy and Earth Physics the  ob jec t ives  are t o  apply spac.e t ixhnology 
and r e l a t e d  p r e c i s i o n  measurement techniques,  such as laser sa te l l i t e  
track.ing and. very long b a s e l i n e  r ad io  in t e r f e romet ry  techni.ques t o :  (1) 
measurements of t he  dynamics of t he  s o l i d  e a r t h  and the  oceans; ( 2 )  measure- 
ments of the s p e c t r a l  and t i m e  v a r i a t i o n s  of t he  g r a v i t y  f i e l d  and magnetic 
f i e l d  of the: e a r t h ;  (3) est.ablishment of marine geodet ic  c o n t r o l  po in t s  
i n  the open ocean; ( 4 )  measurements of s u r f a c e  topography of oceam t o  
contr-ibut e t.o mathematical d e s c r i p t i o n s  of ocean c i r c u l a t i o n s  and the  
e f f e c t  of th.ese c i r cu la t ion , s  on t h e  p o s s i b l e  spread of po l lu t - ion ;  and ( 5 )  
achieveme.nt of t h e  ob jec t ives  of t h e  Nat ional  Geodetic S a t e l l i t e  program 
with respect. t o  accu ra t e  determinat ion of t h e  s i z e  and shape of t he  e a r t h .  
The accomplishment of these. o b j e c t i v e s  w i l l  c o n t r i b u t e  t o  a be t . te r  under- 
s t and ing  of earthquake causes and p o t e n t i a l l y  t o  improved earthquake 
forecas  tirig techniques,  c o n t r i b u t e  t o  g r e a t e r  understanding oE volcano 
e r u p t i o n ,  permit g l o b a l  mapping of g r a v i t y  and magnetic f i e l d  anomalies, 
and make- i t  poss ib l e  t o  prepare accu ra t e  maps of geo log ica l  f e a t u r e s  
and mineral  depos i t s  on and beneath t h e  ocean f l o o r .  

I n  t r a f f i c :  management, t h e  goals  are t o  understand: (1) the  needs f a r  
b e t t e r  ai r c r a f  t and s h i p  p o s i t i o n  determinat ion,  communications, and 
t r a f f i c  c:ont:rol; and ( 2 )  t h e  va r ious  s a t e l l i t e  designs and t e c h n i c a l  
systems whic:h would b e s t  m e e t  t h e  requirements of t he  maritime and 
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a v i a t i o n  communities. 
including the U.S. Coast Guard and Fede ra l  Aviation Administration (FAA), 
M a r i t i m e  ,4dministration , Department of t h e  Navy , Atomic Energy Comniission , 
and the a v i a t i o n  and m a r i t i m e  i n d u s t r i e s  i n  nav iga t ion ,  search and r e scue ,  
communications , and t r a f f i c  c o n t r o l  sa te l l i t e  experiments , as relai .ed t o  
a i r c r a f t ,  maritime, and land t r a n s p o r t a t i o n  a c t i v i t i e s .  

NASA is cooperating wi th  Department of Trans,portation, 

--_- SUMMARY O:F RESOURCES REQUIREMENTS : 

Space Applicat ions 

1973 __ .- 1972 1971 

$64,575,000 $4 13 , 400,001:) $66,735,000 Earth resources  survey. .  ....... 
Earth resources  technology 

sa te l l i t es . . . . . . . . . . . . . . . . .  
A i r c r a f t  program.... ......... 

App li c a t ions  technology 
sa te l l i t es . . . . . . . . . . . . . . . . . . .  

Nimbus....... .................. 
Synchror.ous meteorological  

sa te l l i t es . . . . . . . . . . . . . . . . . . .  
Cooperative app l i ca t ions  

sa te l l i t es . . . . . . . . . . . . . . . . .  .. 
TIROS /TOS improvements. ........ 

?'OS inipr ovements ............. 
T I R O S - M . . . . . . . . . . . . . . . . . . . . . .  
T I R O S - N . . . . . . . . . . . . . . . . . . . . . .  

Seodetic: sa te l l i t es .  ........... 
Global atmospheric research 

program.. . . . . . . . . . . . . . . . . . . . .  
Met.eorol.o@;ical soundings.. ..... 
Support.j.ng research and 

t:echnology/advanced s t u d i e s  . . 
Earth observatory sa te l l i t e  

s t u d i e s . .  .................... 
Radio i n t e r f e r e n c e  and 

propagat:ion program. ......... 
A i r  tra-ff  i c  c o n t r o l  s t u d i e s  .... 

(55,750,000) 
(10 ,985,000)  

(52,225,000) 
(12 ,350,000)  

(3.'; ,400 ,000) 
( 1'3 , 000 , OOCI) 

23,750 , 000 
24 , 700 , 000 

51  , 800 , 000 
18,125,000 

6 L,200 ,000 
2 13 , 300 , 001:) 

8 , 850 , 000 15 ,000 , 000 

2 , 600 , 000 
2,250,000 

(2 ,048,000:~  
(202,000:)  

(-_-' 1 
3,500,000 

3 , 300 ,0010 
8,000 , 00 0 

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

(5,800,000) 
5,000,000 

75 , 000 
3,200,000 

(2,559,000) 
(641,000)  

(---I 
2 , 806,000 

1 , 000 , 000 
3,100,000 

2,250,000 
1 , 500 , 000 

4,500,000 
1 , 500 ,000 

22,000,000 28,744,000 23,300,000 

1,000,000 1,000,000 

1,000,000 1,600,000 
--- 3,000,000 

Total-. ........................ $166,960,000 $187,500,000 - - $194,700 ,OCO - _- 
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Distr ibut i .on of Program Amount by I n s t a l l a t i o n :  ---_ 
19 73 197 2 1971 

,John 1 7 .  Kennedy Space Center ,  
N A S A . .  ..................... $25,000 

Ilarsftall. Space F l i g h t  Center.  330 , 000 300 , 000 
Goddaird Space F l i g h t  Center .  . 129,220,000 150,393,000 

Wallops S t a t i o n .  ............. 2 , 49 8 , 000 3 , 655,000 
Limes Research Center . .  ....... 765,000 1,470,000 
1,angl-t:y Research Center.  ..... 4,280,000 
L e w i s  Research Center . .  ...... 1,680,000 3,620,000 

12,310,000 10,092,000 NASA II e ad qu ar  t e r s ............ 

--- 
Manned Spacecraf t  Center . .  ... $13,045,000 12,565,000 

Jet  Propuls ion Laboratory.  ... 1,397,000 1,100,000 

5 , 7 15 , 000 

$50,000 
13,925 ,0010 

300,000 
153,155,000 

5,790,000 

6,42S,OOO 

1 , 000 ,000 

3,575,000 

4,575,000 
5 ,905 , OCIO 

BASIS OF IWND REQUIREMENTS: ---- 
Ear th  Resources Survey 

Earth iic~sources technology ---- 
sate  : L : L i  tes : 

Sensms ......................... 
--_-- 
Space c r a  f t .................... 
Ground opera t ions .  ............ 
Inves ti ga t ions  ............... 

$21,921,000 $19,245,000 
21,343,000 15,980,000 
12,486,000 15 , 000 , 000 

--- 2,000,000 

$~9,800,000 
2,200,000 

- 20,900,000 -- 
2 , 500 , OCiO 

Toti l l ,  Ear th  resources  
technology satel l i tes .  ... $55,750,000 $52,225,000 

I>elta (Launch Vehicle 
~ r o c u r e m e n t  Program) ....... (<; 2 , 300 , OClO ) ($1,8OO,OOO) ($800 ,000) 

Sub .e oi: a1 ( including 
:L.sunch v e h i c l e s ) .  ........ ($57,550,000) ($53,025,000) ($li87,700 - ,000) 

Earth r~?sources  survey 
aircir 3f 1: program : 
Aircrs f  i: opera t ions  and 

!;ens o r tleve lopmen t and 
prcxu-rement ................ 

13quipinent maintenance and 
modif:ication. .............. 

]lata nandling and processing.  

---- 
---- 

sup'?ort .................... $4,780,000 $5,540,000 < 6 , 7 10 , 000 

2,880,000 1,790,000 1,100 ,000 

3 , 050 ,000 
2 140 000 -LL-- 

2,562,000 2,725,000 
763,000 2,295,000 

Sub t o t a l ,  e a r t h  resources  
:;-Jrvey a i r c r a f t  program. . $10,9 85,000 $12,35 0, OOCl 

($68,535,000) ($65,375,000) 

---_- $~1.3,000,000 

[$!IO - ,700,000) -- - - 'rota:l , Earth Resources Survev 
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Earth Re:;ou.rces Technology S a t e l l i t e s  ---- 

The ob jec t ives  of the Earth Resources Technology S a t e l l i t e  (ERT!;) program 
are t o  design,  develop, and launch two s p a c e c r a f t  (ERTS-A and -B) i n t o  
medium-altitude, near-polar o r b i t s ,  t o  develop a ground d a t a  handling 
system fDr processing t h e  d a t a ,  and t o  conduct a wide range of inlrest igat ions 
i n  t h e  e s r t h  resources  areas r e l a t i n g  t o  a g r i c u l t u r e ,  f o r e s t r y ,  gc:ology, 
hydrology, cartography, geography, and oceanography, and environmtmtal 
q u a l i t y .  Tie mission ob jec t ives  inc lude  ob ta in ing  a l a r g e  volume of 
r e p e t i t i v e  e a r t h  su r face  imagery over a per iod of s e v e r a l  seasons and 
v e r i f y i n g  t h a t  u s e f u l  information about e a r t h  resources  and changtng 
condi t ions on the  e a r t h ' s  s u r r a c e  can be e x t r a c t e d  from t h e  d a t a  3icquired.  
A long term goa l  of t h e  ERTS-A and -B missions is  t o  ob ta in  the  nt?eded 
p r a c t i c a l  experience , engineer ing , and management d a t a  t o  provide a b a s i s  
f o r  dec i s ions  as t o  t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  of t h e  clesigii and 
development of o p e r a t i o n a l  e a r t h  resources  survey systems. 

The f i r s t  sa te l l i t e ,  ERTS-A, is  scheduled t o  be  launched i n  May 1972 ant31 
is  t o  be followed by the  launch of ERTS-B i n  November 1973. 1nve:;t igations 
using the  d a t a  from ERTS-A w i l l  begin wi th  t h e  launch of t he  sateLlite and 
continue during i t s  expected u s e f u l  l i f e  of one yea r  o r  more. Supplementary 
da t a  w i l l  be provided by the  Earth Resources A i r c r a f t  program p r i o r  t o  and 
during t h e  missions of ERTS-A and -B. 

Spacecraf t  

During FY 1972 funds provide f o r  completion of t h e  development ,and 
f a b r i c a t i o n  of t he  ERTS-A s p a c e c r a f t .  Sensor bench i n t e g r a t i o n  and space- 
c r a f t  i n t e g r a t i o n  of t h e  payload w i l l  be accomplished. Finall i n t e g r a t i o n  
and tests w i l l  be  accomplished and launch operat ions conducted. In FY 
1973 funds w i l l  provide f o r  continued development and f a b r i c a t i o n  of t h e  
ERTS-B f l i g h t  s p a c e c r a f t  and i n t e g r a t i o n  of t h e  f l i g h t  s enso r s .  

Sensors -- 

During FY 1972 the  engineer ing models of t h e  M u l t i s p e c t r a l  Scanner (MSS), 
t he  Return B e a m  Vidicon (RBV) Camera System, and t h e  Wide Band T a p e  Recorder 
(WBTR) underwent bench i n t e g r a t i o n  tests a t  t h e  prime c o n t r a c t o r  \plants ; 
f l i g h t  mcdels of t hese  instruments  and the Data Co l l ec t ion  System (DCS) 
completed development and were i n s t a l l e d  i n  t h e  s p a c e c r a f t  f o r  i n t e g r a t i o n  , 
t es t ,  and launch. I n  FY 1973 the  ERTS-B 5-Band Mu1tispectra:L Scanner 
w i l l  undergo hardware development and f a b r i c a t i o n .  The ERTS-B f l i g h t  
models of t h e  MSS, RBV, DCS,  and WBTR w i l l  be i n s t a l l e d  i n  the f l i g h t  
s p a c e c r a f t .  
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Ground 0pera.tions --- 
During IrY 1972 t he  Ground Data Handling System (GDHS) and Operations 

Control C:ent.er (OCC) completed development and have been i n s t a l l e d  and 
checked out i n  support  of t he  ERTS-A launch. In FY 1973 operat ion 
of t h e  GrlEIS and t h e  OCC w i l l  cont inue i n  support  of t h e  ERTS-,4 mission 
and the p~:ocluction of photographic products and computer tape:; f o r  ERTS 
d a t a  user:;. 

Inves tigai: i ons  

During IT 1972 proposals  w e r e  received , eva lua ted ,  and i n v e s t i g a t o r s  
s e l e c t e d  t o  conduct ERTS-A d a t a  use i n v e s t i g a t i o n s .  A i r c r a f t  da t z  were 
suppl ied 110 s e l e c t e d  i n v e s t i g a t o r s  t o  i n i t i a t e  e f f o r t  p r i o r  t o  launch. 
In FY 1973 approximately 300 domestic i n v e s t i g a t o r s  w i l l  be under 
c o n t r a c t  Eoir ERTS-A i n v e s t i g a t i o n s  and ERTS-B proposals  w i l l  b e  e\ a lua t ed  
and .inves t i g a t o r s  s e l e c t e d  

Earth R e a ~ u r c e s  Survey A i r c r a f t  .- ---- 

NA!;A's Zairth Resources Survey A i r c r a f t  program is  being used t o  conduct 
tests and experiments with instruments  analogous t o  those being ccnsiderecl 
f o r  the :; ?acecraf t s y s  t e m s  * t o  explore  d a t a  management problems tl-iat w i l l  
be a pari: oE the  t o t a l  system ope ra t ion ,  and t o  provide d a t a  and test 
support  to the e a r t h  resources  support ing r e sea rch  and technology e f f o r t .  
With the  advent of e a r t h  resources space platforms,  t h e  a i r c r a f t  l l rog rm 
w i l l  respond t o  t h e  a d d i t i o n a l  d a t a  support  requirements imposed tly t h e  
many i n v e s t i g a t o r s  a s soc ia t ed  with ERTS and the Skylab Earth Resoiirces 
Experiment '?ackage (EREP) , These new requirements l ed  t o  the  a c q i d s i t i o n  
of a d d i t i o n a l  a i r c r a f t  and sensor  c a p a b i l i t i e s  i n  FY 1972. 

A i r c r a f t  Q'rations and Support --- 

Funding f o r  a i r c r a f t  operat ions and l o g i s t i c  support  provides f o r  t he  
continued operat ion of t h e  Manned Spacecraf t  Center ' s  (MSC) a . i rc r ; t f t ,  t h e  
Universi ty  of Michigan c o n t r a c t  a i r c r a f t  , and r e f l e c t s  the ad.dition of 
two su rp lus  U.S. A i r  Force U-2 a i r c r a f t  s t a t i o n e d  a t  the  Ames Resg!arch 
Center (ARC) .  

Funding i n  FY 1973 r e f l e c t s  an ac ross  the  board i n c r e a s e  i n  airc:raft  
u t i l i z a t i o n  i n  support ing ERTS-A i n v e s t i g a t o r s  and EREP prelsiunch survey 
requirements.  

Sensor Development and Procurement ---- 

Several s u b s t a n t i a l  a d d i t i o n s  t o  t h e  a i r c r a f t  instrumentat ion c , i p a b i l i t y  
are being made i n  FY 1972. The 24 channel l i n e  scanner covering i broad 
v i s i b l e  and i n f r a r e d  spectrum, t h e  pas s ive  microwave imaging systl?m, and 
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t he  scannir.g imaging spectroradiometer  w i l l  provide a much improved 
c a p a b i l i t y  for .  experimentation and f o r  use on a combined mission b a s i s  
w i th  the  EFTS f l i g h t s .  

Inc reases  i r i  t h i s  category a l s o  r e f l e c t  the c o s t s  of i n s t a l l i n g  a mu1ti.- 
s p e c t r a l  sciinrier and acquir ing a d d i t i o n a l  camera systems f o r  t h e  U-2 a i rc raf t  
i n  p repa ra t ion  f o r  t h e  ERTS and EREP support  missions.  

Equipment Miintenance and Modifications 

Increases  i n  FY 1972 and FY 1973 r e f l e c t  s enso r  i n t e r f a c e  modif icat ions 
t o  the  U-2 in preparat ion f o r  ERTS-EREP support  missions and a i r c r a f t  
modif i c a t i o w  as soc ia t ed  with the  new senso r s  p re sen t ly  being i n s  t a l  l e d  
i n  t h r e e  MISS a i r c r a f t .  

Data Handline and Processinrr 

This i t e m  cavers  continuing d a t a  processing and handl ing a c t i v i t i f k s  a t  
MSC. Incrleases a s s o c i a t e d  with t h e  new ARC f a c i l i t y  p lus  the expeci:ed 
demands are at tr ibuted to increased mission activit ies  and new sensex systems. 

Applicat ions Technology S a t s l l i t e s  (ATS) 

- 1973 __ 1971 1972 

Extended operat ions (ATS 1 -5 ) .  $3,205,000\  $1,750,000 $ L,200 ,OOCI I 

Operation a1 support.. 2,511,000 3,945,000 - __ 

Spacecraf t  .................... 1,049,000 \ 32,347,000 2 '5 , 250 , 0013 I 

Experiments ................... 16,985,000 13,758,000 33,250,000 i ......... 1,500 ,0019 

To t a1 ....................... $2 3 . 7 50 . 00 0 $5 1 , 8 00 , 000 $6 1,200 . oo[) 

T i t an  1II.C (Launch ,Vehicle 
Procurement Program). ....... ($4,100,000) ($9,400,000) ($18,200,000) - -- 

T o t a l  ( including launch 
v e h i c l e s ) .  ................ ($27,850,000) ($61,200,000) ($7,9,400 - ,OOo> -- 

The o b j e c t i v e  of t h e  ATS program is  t o  design,  develop and launch a s e r i e s  
of spacecraft:  i n t o  o r b i t  and t o  test  advanced technologies and conduct s p e c i f i c  
appl icat icms and sc i ence  experiments. Five s p a c e c r a f t  have been launched t o  
d a t e ,  of w l i i ~ h  ATS 1, 3, and 5 are s t i l l  ope ra t ive .  Two spacec ra f t  , ATS FSG,  I 

RD 8-13 



are p resen t ly  under development by F a i r c h i l d  I n d u s t r i e s .  These two space- 
c r a f t  w i l l  con ta in  bo th  a p p l i c a t i o n s  and sc i ence  experiments and w i l l  be  
launched i n t o  synchronous o r b i t  i n  1973 (ATS F) and 1975 (ATS G ) .  Three 
communications ground s t a t i o n s  w i l l  b e  used , two loca ted  a t  Rosinan, North 
Carol ina and tlojave, C a l i f o r n i a ,  and a t r a n s p o r t a b l e  s t a t i o n  t o  be loca ted  
i n  Europe. In a d d i t i o n ,  development of promising advanced a p p l i c a t i o n s  
f l i g h t  expei:iments w i l l  cont inue f o r  f l i g h t  test on f u t u r e  missions.  

Extended Operations 

During F'I' 1972 and FY 1973 ATS 1, 3, and 5 communications, me teo rc log ica l ,  
and sc i ence  experiments w i l l  continue and d a t a  reduced and analyzed. Ground 
operational- support  w i l l  cont.inue f o r  t hese  three s p a c e c r a f t  and a f i n a l  
r e p o r t  will- be completed on the  ATS 1-5 series.  

Spacecraf t  

The sign]_ Eicant s p a c e c r a f t  technologies  t o  be demonstrated by t h e  ATS P&G 
f l i g h t s  are: t he  t h i r t y  (30) f o o t  space e r e c t a b l e  antenna; h i g h  po in t ing  
accuracy; /interferometer performance; s t a t i o n  keeping; and s o l a r  a r r a y  
technology, I n  FY 1972 and IT 1973 design and development of t he  AIS F&C; 
s p a c e c r a f t  wi:L1 cont inue.  In N 1972 t h e  thermal s t r u c t u r e  f o r  the space- 
c r a f t  was mmpleted and i n  FY 1973 t h e  prototype model and f l i g h t  mcdel will. 
be completed. I n  a d d i t i o n ,  FY 1973 funds w i l l  be u t i l i z e d  f o r  ATS I pre- 
and pos tlaiinch support .  

Experiments 

During F'I 1972 and FY 1973 ATS 1, 3, and 5 w i l l  cont inue t o  f u r n i s h  
 application^ and sc i ence  experimental  d a t a .  ATS 1 cont inues t o  furr i ish 
real  t i m e  s a l a r  and geomagnetic d a t a  t o  the  Nat ional  Oceanic and Atniospheric: 
Admini:; t r a  t i o n  f o r  t h e i r  use i n  support ing n a t i o n a l  and internat ionz.1 space 
programs. I t  w i l l  a l s o  be used t o  support  an educa t iona l  TV experinient with 
Alaska and an experiment w i th  t h e  Nat ional  Pub l i c  Radio and the Dep:.rtment 
of Health , Education and WelEare, thus o f f e r i n g  communications i n  etlucation 
medicine and (environmental areas. A l a w  enforcement experiment u t i1  i z i n g  
ATS 1 is planned i n  FY 1973 c o n s i s t i n g  of t ransmission and r e l a y  of vo ice  
d a t a  and f a c s i m i l e  transmiss ion of f i n g e r p r i n t s .  ATS 1 and 3 contirtue t o  
f urnisln m e t  eo r o l o g i c a l  d a t a .  
ranging and mul t ipa th  d a t a  u t i l i z i n g  t h i s  s p a c e c r a f t  and high f l y i n ) ;  air- 
c r a f t  . 

ATS 5 has  been fu rn i sh ing  u s e f u l  L-b arid 

The experimlents f o r  ATS F and G are i n  t h e  areas of communication:; , 
meteorology, e a r t h  r e sources ,  geodesy and e a r t h  physics ,  t r a f f i c  maiiagement, 
p a r t i c l e s  and f i e l d s  , and ionospheres/radio physics .  Development 01: ATS 
F a p p l i c a t i o n s  and sc i ence  experiments w i l l  cont inue i n t o  FY 1973, l r i t h  Eew 
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changes made s i n c e  i n i t i a l  s e l e c t i o n .  The Indian Government i s  eqiiipping 
approximately 5,000 v i l l a g e s  with TV r e c e i v e r s  capable of receivinl:  program 
material  (d i r ec t ly  from ATS F o r  through a r e t r a n s m i t t i n g  s t a t i o n .  The f i n a l  
s e l e c t i o n  of ATS G experiments i s  planned t o  be made e a r l y  i n  1972, During 
FY 1973 eEfo r t  w i l l  continue on the  development of promising advanc:ed 
a p p l i c a t i o n s  f l i g h t  experiments through engineer ing model s t a g e ,  wltich 
have 'been deEined b u t  not  y e t  assigned t o  s p e c i f i c  f l i g h t  missions 

0Deration.al :SUDD o r t  

During FY 1973 e f f o r t  w i l l  continue i n  t h e  procurement and m o d i f x a t i o n  
of equipmlent i n  t h e  Rosman, Mojave and t r a n s p o r t a b l e  ground s t a t i o l i s  t o  be 
compatiblle w i th  the  frequencies  of t h e  ATS F&G satel l i tes .  Hughes A i r c r a f t  
Company is  t ' n e  con t r ac to r  f o r  t h e  t r a n s p o r t a b l e  ground s t a t i o n .  111 a d d i t i o n ,  
ground s t a t i o n  i n t e g r a t i o n ,  system engineer ing,  r e p a i r s ,  and s p a r e  p a r t s  w i l l  
be funded. 

Nimbus 

1971 1972 --- 1973 

Spacec ra f t . .  ................... $18,001,000 $10,801,000 :;15,310 ,(IO0 
Experiments .................... 5 , 691,000 6 , 288,000 11 , 226 , 000 
Ground operat ions and support . .  1,008,000 1,036 , OOCl 1,764 --- 000 

T o t a l . . .  ..................... $ 2 4 , 7 0 0 , ~ 0  $18,125,oOc' :;28,300,000 

Thrust Augmented Delta 
(Launch Vehicle Procurement 
Program). ................... ($1,985,000) ($1,315,000) 1:$2,000,000) -- 

T o t a l  [ i nc lud ing  launch 
v e h i c l e s )  .................. ($26,685,000) ($19,440 ,OOCl> (,~30,300,000) - -- 

The ob jec t ives  of t h i s  p r o j e c t  are t o  develop s p a c e c r a f t  w i th  emphasis on 
meteorology t o  provide research d a t a  f o r  use by t h e  s c i e n t i f i c .  cormnunity; 
t o  c a r r y  out f l i g h t s  tests t o  prove t h e  a p p l i c a b i l i t y  of new instri imentation; 
and t o  provide the  b a s i s  f o r  f u r t h e r  s i g n i f i c a n t  technological-  adv*mces i n  
meteorological  s a t e l l i t e s  f o r  o p e r a t i o n a l  as w e l l  as r e sea rch  s c i e i i t i f i c  
use.  The ob jec t ives  f o r  t h e  Nimbus E and F inc lude  t e s t i n g  iristruinentation 
t o  expand atmospheric remote sensing t o  cloudy r eg ions ,  higher  a l t i t u d e s ,  
and new regions of t h e  electromagnet ic  spectrum. Extended a1t:itudl. remote 
sens ing  and atmospheric soundings i n  t h e  presence of clouds are nezded t o  
improve t h e  accuracy and t i m e  extension of weather f o r e c a s t s .  
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The Kimbus F sounding experiments and s p e c i f i c a l l y  t h e  Tropica l  Wind, 
Energy Conversion and Reference Level Experiment (TWERLE) are expectizd t o  
provide important environmental  spaceborne inpu t s  f o r  the GARP 1itlan:ic 
Tropica l  ExFleriment (GATE) of t h e  Global Atmospheric Research prograun 
(GARP) and f o r  t he  d a t a  system tes t  f o r  GARP planned subsequent t o  t'ie 
launch of Nimbus F. 

Spacecraf t  - 

FY 1972 funds provide f o r  i n t e g r a t i o n  of the Nimbus E spacec ra f t  svstems 
and experiments.  Fy 1973 funds w i l l  be  used t o  complete t h e  int:egracion 
and t e s t  of t he  Nimbus E spacec ra f t  systems and experiments lead ing  lo 
a launch i n  November 1972. Development, assembly, and test of t he  Nimbus 
F spacec ra f t  w i l l  be  i n i t i a t e d  i n  FY 1973. 

Exp e r im.en t s -. 

N 1972 funds are being used f o r  the completion and checkout of th,? 
Nimbus E experiment package and t o  i n i t i a t e  development of the PJimbu; F 
experiments. During FY 1973 emphasis w i l l  be on the continued clevelip- 
ment of t he  Nimbus F experiments lead ing  t o  i n t e g r a t i o n  w i t h  t he  spai:e- 
c r a f t  l a t e  i n  Calendar Year 1973. 

Ground 0pera.t ions -- and Support 

FY 1972 funds are requi red  f o r  continued a c q u i s i t i o n  and a n a l y s i s  of 
d a t a  from t h e  Nimbus 3 and 4 spacec ra f t  and t o  i n i t i a t e  procurement of 
ground equipment needed f o r  t h e  Nimbus E mission. Procurement of t h i s  
equipment w i l l  b e  completed and mission opera t ions  a c t i v i t i e s  w i l l  blz 
i n i t i a t e d  during FY 1973. 

Synchronous Meteorological  S a t e l l i t e  

1971 197 2 - L973 ---- 

Spacecraf t  $7,205,000 $10,454,000 $8,047 ,OQO 
Sensors . . . . .  ................. 700 ,000 2,905,000 1, j 4 4 , O O O  

................... 
Ground opera t ions  ............ 945,000 1,641,000 1,009,000 

'Total . .  .................... $8,850,000 $15,OOO,OQO $11, j O Q y Q O O  

Delta (Launch Vehicle 
Procurement Program), ...... ($1,745,000) ($2,655,000) ($2,:)OQY000) 

Tota l  ( inc luding  launch 
veh ic l e s )  ................ ($10,595,000) ($17,655,000) (1$13,tmO ,000) 
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The ob jec t ives  of t h e  Synchronous Meteorological  S a t e l l i t e  (SMS) are 
t o  demonstrate a prototype o p e r a t i o n a l  system which w i l l  meet t h e  irequire- 
ments of t he  Nat ional  Oceanic and Atmospheric Adminis t ra t ion (.NOMI t o :  
(1) p e r m i t  continuous observat ion of major weather systems r o u t i n e  ty, 
thus enhancing the  a b i l i t y  t o  p r e d i c t  and l o c a t e  severe short-live11 storms; 
(2) de r ive  important wind f i e l d  d a t a  over l a r g e  areas and i n  much Less t i m e  
than he re to fo re  p o s s i b l e ;  and ( 3 )  provide c a p a b i l i t y  f o r  r ap id  d i s : ; emina t im  
of processed meteorological  d a t a  t o  l o c a l  me teo ro log i s t s .  

The s p a c e c r a f t  w i l l  be s p i n  s t a b i l i z e d  and w i l l  con ta in  a Visibll: and 
I n f r a r e d  Spin-Scan Radiometer (VISSR) system f o r  both I R  and high iresolu- 
t i o n  v i s i b l e  photography, a communications system f o r  d a t a  col- lect ion and 
d i s t r i b u t i o n ,  and a space environment monitoring system. The spaclxraft  
w i l l  b e  s i z e d  t o  permit launch i n t o  synchronous o r b i t  by the  Delta launch 
v e h i c l e .  

Spacecraf t  

I n  FY 1972, t he  design and breadboard e f f o r t  of a l l  s p a c e c r a f t  siibsystems 
w i l l  be completed. The subsystems f o r  SMS-A w i l l  be f a b r i c a t e d  an11 t e s t e d  
and t h e  s p a c e c r a f t  w i l l  be assembled and i n t e g r a t e d .  

FY 1973 funds w i l l  be used t o  complete test and i n t e g r a t i o n  of t'ne SMS-A 
s p a c e c r a f t  l ead ing  t o  a launch i n  l a te  1972. The subsystems of SM:;-B 
w i l l  b e  f a b r i c a t e d  and t e s t e d .  The SMS-B s p a c e c r a f t  w i l l  be assemllled 
and i n t e g r a t e d  and the t e s t i n g  of t h e s e  two s p a c e c r a f t  w i l l  be ini lz ia ted.  
Simultaneously with work on SMS-B, reimbursable work f o r  NOAA w i l l  be i n  
progress  on a 
Environmental 

Sensors -- 
I n  FY 1972, 

The prototype 

t h i r d  SMS t o  be designated Geosynchronous Operat ional  
S a t e l l i t e  (GOES). 

t he  VISSR eng-ineering model w i l l  be t e s t e d  and c a l i b  irated . 
model w i l l  be f a b r i c a t e d ,  t e s t e d ,  and c a l i b r a t e d .  Tlie f l igh t :  

model f o r  SMS-A w i l l  be f a b r i c a t e d .  

I n  FY 1973, t he  f l i g h t  model f o r  SMS-A w i l l  be t e s t e d ,  cal ibratecl ,  and 
i n t e g r a t e d  i n t o  the  s p a c e c r a f t .  The f l i g h t  model f o r  SMS-B w i l l  bl.? 
f a b r i c a t e d ,  t e s t e d ,  c a l i b r a t e d ,  and i n t e g r a t e d  i n t o  i t s  s p a c e c r a f t .  The 
f a b r i c a t i o n  f o r  t he  GOES-A s p a c e c r a f t  w i l l  be i n i t i a t e d .  

Ground Operations 

In FY 1972, t he  Range and Range Rate (R&RR) equipment w i l l  be fa1)ricated 
and de l ive red .  The S t a t i o n  I n t e g r a t i o n  and I n t e r f a c e  ( S I & I )  equipinent 
w i l l  be f a b r i c a t e d  and de l ive red .  
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I n  FY 1973 , t he  R&RR equipment w i l l  be  i n s t a l l e d  and checked out  The 
S I & I  equipment w i l l  be  i n s t a l l e d ,  checked o u t ,  and in t eg ra t ed  i n t o  the  
ground s t a t i o n .  Upon launch, the  SMS-A spacec ra f t  w i l l  be operatecl i n  i ts  
postlaunch engineer ing eva lua t ion  and check out  phase.  

Cooperative Applicat ions Satell i tes 

CAS --A 
P1:ojec:t: support  and data. 

anal.ysi s ................. 
CAS -C 

Spacecraf t  ................. 
Experinien t s ................ 
Operat ional  suppor t  ........ 

S u b t c t a l ,  CAS-C... ....... 
T o t a l ,  CAS-A&C... ........ 

Scout (CAS-A) (Launch Vehicle 
Procurement Program) ....... 

Delta (CAS-C) (Launch Vehicle 
Procurement Program) ....... 
Tota l  ' ( including launch 

vehicle!;) ............. ,, .. 

1971 

$75,000 

--- 
--- 
--- 

--- 

$75,000 

(---> 

(---I 

($75,000) 

1972 

$100,000 

$2,500,000 

$2,600,000 

($1,250,000) 

(---I 

($3,850,000) 

1973 - - ~ -  

$100,000 I 

470,000 
2 , 5 30,000 
--L 2110 000 

$3,21)0,000 

$3,300 , 000 

(---I 

($1,900,000) - 

($.5,2(~0,000) --- 

CAS -A 

CAS-A is sa - joint  sa te l l i t e  p r o j e c t  of t he  Nat iona l  Aeronautics anc Space 
Adminis trat::ion (NASA) and the  French Space Agency (CNES) t o  develop 
meteorology arid p o s i t i o n  l o c a t i o n  ins t rumenta t ion  f o r  use on f ree-dr i f  tirig 
bal loons designed t o  opera te  wi th  an ear th-orb i t ing  s a t e l l i t e .  I:t has 
successful1.y 1-aunched on August 1 6 ,  1971, by NASA from Wallops S ta t ion .  
Instrument c1at.a i s  u t i l i z e d  by U.S. and French s c i e n t i s t s  t o  improve the 
understiandirig of t h e  atmospheric s t r u c t u r e  and t o  extend weather fo recas t ing  
capabi l - i t i ea .  CNES launched about 500 s c i e n t i f i c  bal loons from t h r e e  s i tes  
i n  Argentina t o  an a l t i t u d e  of about 1 2  k i lometers  i n  the  Southern Hemi- 
sphere.  T h e  s a t e l l i t e  t racks  and obta ins  meteoro logica l  d a t a  f r o m  t n e  
ba l loons  ancl  t r ansmi t s  i t  t o  e a r t h  s t a t i o n s .  During FY 1972 and cont inuing 
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through N l.973, fund requirements are t o  support  U.S . i n v e s t i g a t o r s  t o  
analyze the meteorological  d a t a  and f o r  p r o j e c t  suppor t .  

CAS-c 

The Canadian Department of Communications (DOC) and NASA entered i n t o  a 
Memorandum of Understanding i n  A p r i l  1971 t o  launch a Canadian Cooperative 
Applicat ions Satell i te (CAS-(:) i n  e a r l y  1975 t o  f l i g h t  test c e r t a i n  advanced 
communications technologies .  The o v e r a l l  o b j e c t i v e  of t h e  p r o j e c t  is t o  
advance the  state of t he  ar t  i n  s p a c e c r a f t  and r e l a t e d  ground based tech- 
nologies  rt!:Levant 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. Cimada w i l l  provide funding support  f o r  t h e  s p a c e c r a f t  develop-. 
ment. N A S A ' 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 
tube and 1aimc:h of t he  s p a c e c r a f t .  Af t e r  t h e  s a t e l l i t e  is placed i n  
geostationa-cy o r b i t  , NASA and DOC w i l l  conduct communications experiments , 
sha r ing  the  high power 1 2  GIIz s p a c e c r a f t  transponder equal ly .  

Spaceciraf t 

The spaccxraf t is  b a s i c a l l y  designed f o r  experimental  communicaticns 
experiments with s m a l l  terminals  a t  t he  1 2 / 1 4  GHz frequency bands al1ocat:ed 
f o r  t hese  purposes a t  t h e  World Adminis t ra t ive Radio Conference i n  1971. 
EY 1973 NASA funding includes s p a c e c r a f t  s t u d i e s .  

Experiments -- 

I n  a d d i t i o n  t o  the  experiments descr ibed above , t h i s  s p a c e c r a f t  w i  11 
conduct f l i g h t  tests of technology experiments including : 

(1) extcmdable s o l a r  power panel  a r r a y s  of 1 KW c a p a b i l i t y ,  

(2)  a l t i t u d e  c o n t r o l  of a s a t e l l i t e  with l a r g e  f l e x i b l e  appendages 
( t h e  s o l a r  a r r ays )  , 

(3) t he  use of e l e c t r i c  propuls ion f o r  s t a t i o n  keeping , 

( 4 )  l i q u i d  m e t a l  s l i p  r ings  f o r  power t r a n s f e r  ac ross  a r o t a r y  j c i n t ,  
and 

(5)  e f f i c i e n t  (50%), high power (200w) t r a n s m i t t e r  a t  12  GHz. 

FY 1972 fiiqds are being u t i l i z e d  f o r  t he  high power tube development. 
This eEfort  w i l l  continue i n  N 1973. 
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Operat ional  Support 

The opera t iona l  support  wi .L1 inc lude  planning and procurement of 1 he  
ground s t a t i o n  system and provide f o r  requi red  modi f ica t ions  and spzl.re 
p a r t s .  FY 1973 e f f o r t  inc ludes  i n i t i a t i o n  of ground system planninp, and 
procurement . 

TIROS/TOS Improvements 

19 7 1  1972 19 71i 

TOS impro'geinents.. ............ $2,559,000 $2,048,000 $2 ,;!oo ,000 
TIROS-M. . . . .  ................... 641,000 20 2 , 000 --- 

....................... --- --- 5,800,000 - - TIROS-N. ,  

The ob jec:.iives of t h i s  p r o j e c t  are t o  provide research  and development 
toward advanced ope ra t iona l  meteorological  s a t e l l i t e  systems , i n  suFport  
of t he  Nat ional  Operat ional  Meteorological Sa t e l l i t e  System (NOXSS) . 
These ob jec t ives  are be ing  m e t  by conducting an improvement program where- 
i n  sensors  imtl subsystems t o  be incorporated i n t o  f u t u r e  opera t iona l  
s a t e l l i t e s  a r e  developed , and through the  development of pro to type  
operati-onal- spacec ra f t  f o r  major advancements of t he  o v e r a l l  sy:;t.em. 

TOS Improvements ---- 

In  E" 197:!, developmental e f f o r t  on advanced sensors  and ground hardware 
f o r  ITOS-D to b e  launched i n  1972 is  being continued. I n  a d d i t i o n ,  e f f o r t  
on a new acvanced sounder,  and an advanced very high r e s o l u t i o n  radiometer 
f o r  f u t u r e  missions w a s  i n i t i a t e d .  FY 1973 funds w i l l  be used tcl perform 
systems ana 1.ys i s  s t u d i e s  as necessary t o  eva lua te  and upgrade siibsys t e m s  
and ope ra t iona l  procedures of t h e  ope ra t iona l  system. 

TIROS -hl 

I n  Fk' 1972, spacec ra f t  funds were used t o  complete t h e  funding t o  the 
prime c:ontractor f o r  TIROS-M. 

The TIROS Operat ional  S a t e l l i t e  (TOS) program, based on the  techno Logy 
developed i n  t h e  TIROS,  Nimbus, and t h e  SR&T programs, is an evolu t ionarv  
program tha t  has  led  t o  spacec ra f t  and subsystems , inc luding  t rackin( ;  
and d a t a  a c q u i s i t i o n  systems and equipment, having an extremely h igh  
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l e v e l  of performance and r e l i a b i l i t y .  The r e s u l t s  of t h i s  program liave made 
i t  p o s s i b l e  t o  inco rpora t e  major changes i n  t h e  n a t i o n a l  0perationa:l- system 
about every f i f t h  year .  I n  t h i s  way, t he  i n i t i a l  TIROS system operiited 
from 1960 t o  1965, t he  TOS system operated from 1965 t o  1971, and tlie 
p resen t  ITOS :series is expected t o  f u l f i l l  o p e r a t i o n a l  requirements u n t i l  
1976. 

The n e x t  major change w i l l  be TIROS-N which w i l l  be  t h e  forerunnei- of 
t he  advanced ope ra t iona l  s p a c e c r a f t  needed t o  m e e t  t h e  advanced teclinology 
requirements of t he  n a t i o n a l  o p e r a t i o n a l  system and t h e  Global Atmo:;pheric 
Research Program (GARP) s t a r t i n g  i n  t h e  mid-1970's t i m e  frame. W i t l i  
TIROS-N, t'ne zmphasis w i l l  s h i f t  from t h e  imaging of cloud cover t o  the 
q u a n t i t a t i v e  neasurement of the ver t ica l  s t r u c t u r e  of t h e  atmospherl? which 
is  needed f o r  improvements i n  numerical  weather p r e d i c t i o n .  The at-:ainment 
of t he  goa l  of accu ra t e  weather f o r e c a s t s  through numerical  weather pre- 
d i c t i o n  i s  abso lu te ly  dependent upon t h e  a v a i l a b i l i t y  of quanti  t a tpre  
atmospheric d a t a  on a g l o b a l  scale. 

I n  FY 1973, a s p a c e c r a f t  c o n t r a c t o r  w i l l  be s e l e c t e d  f o r  t h e  hardIrare 
phase and d e t a i l e d  design work w i l l  be i n i t i a t e d .  

~ Geodetic S a t e l l i t e s  

1971 1972 L9 7 3  - 
GEOS - 1&2 

Extended support  ............. $~ ,640 ,000  $600,000 $1500 , 000 

GEOS-C 
Spacecraf t  ................... 1 , 166 , 000 1,700,000 2 ,~$OO ,000 

Operat ional  support .  ......... --- --- zoo , ooa 
Experiments .................. --- 1,200,000 1 , i300 , 000 

T o t a l . .  .................... $2,806,000 $3,500,000 $5,l300 ,000 

Delta (Launch Vehicle Procure- 
ment Program) ................ (470,000) (1,100,000) (2,230,000) 

T o t a l  ( i nc lud ing  launch 
v e h i c l e s ) .  ................. ($3,276,000) ($4,600,000) ($7,230,000) 

.- . . 

The ob jec t ives  of t h i s  p r o j e c t  are t o  design,  develop, and launch geodetic: 
sa te l l i tes  capable of performing experiments i n  support  o f :  (:L) t h ?  
Nat ional  Geodetic S a t e l l i t e  Program (NGSP) , a j o i n t  NASA/DoD/DiK program 
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under NASA management; and (2)  a p p l i c a t i o n  of geodet ic  s a t e l l i t e  techniques 
t o  s o l i d  e a r t h  geophysics and oceanography. Three s a t e l l i t e s  have kleen 
launched t o  d a t e ;  namely, Pageos 1, GEOS 1, and GEOS 2,  of which GECIS 1 
and 2 are s.ti:Ll being u t i l i z e d .  A f o u r t h  miss ion ,  GEOS-Cy i s  be ing  
developed and is  scheduled f o r  launch i n  l a t e  Calendar Year 1973. The 
GEOS-C miss:iori w i l l :  (1) perform an in -o rb i t  s a t e l l i t e  a l t imeter  experiment: 
t o  determine and demonstrate t he  f e a s i b i l i t y  of u t i l i z i n g  an a l t imeter  t o  
measure the  d i s t a n c e  between t h e  s a t e l l i t e  and t h e  ocean s u r f a c e  wi th  a 
p rec i s ion  0:: 5 meters o r  b e t t e r ;  (2) perform s a t e l l i t e - t o - s a t e l l i t e  tracking, 
of t h e  GEOS--C s p a c e c r a f t  through t h e  geosynchronous s a t e l l i t e  , ATS-E', t o  
measure dir-ect:ly t h e  s h o r t  pe r iod  wavelengths i n  the e a r t h ' s  g rav i ty  f ie1.d; 
(3) support: t h e  c a l i b r a t i o n  of t h e  USAF Western T e s t  Range C-band r a d a r s  
by ca r ry ing  coherent C-band t::ransponder sys  t e m s  and assist i n  loca t ing  
these  s t a t i o n s  i n  a u n i f i e d  world r e fe rence  g r i d ;  ( 4 )  suppor t  toe r e f ine -  
ment i n  the  de te rmina t ion  of t h e  l a r g e  scale t e r m s  i n  t h e  e a r t h ' s  g r a v i t y  
f i e l d  by ac:qui.ring d a t a  from a s a t e l l i t e  equipped w i t h  precis io-n geodetic. 
instrunientat:icm; and (5) suppor t  t h e  intercomparison of candida te  ge0deti.c 
instrun1entat:icm systems such as:  t h e  r ada r  altimeter , s a t e l l i t e - t o -  
sa te l l i . t e  t:rac.king , t h e  Manned Space F l i g h t  Unif ied S-band sys tmi ,  and t h e  
NASA arid Smj.th sonian Ast rophys ica l  Observatory laser t r ack ing  s:ys terns. 

Extended S u . p p r t  _ _ _ -  

During FY 1972 and FY 1973, d a t a  w i l l  cont inue  t o  b e  rece ived  from GEOS 
1 and 2 .  In zdd i t ion ,  d a t a  reduct ion  and a n a l y s i s  w i l l  cont inua on the  
d a t a  a1 read), clbtained. 

S Dacec r a f  t 

During FY 1972, t h e  pro to type  s p a c e c r a f t  of GEOS 2 w a s  se lected as the  
one f o r  development as t h e  GEOS-C f l i g h t  model. Development of GEOS-C 
w i l l  c o n t i m e  i n  FY 1973 wi th  a launch scheduled f o r  l a te  1973. The 
Applied Physics  Laboratory,  Johns Hopkins Univers i ty  i s  t h e  spacecraEt  
con t r ac to r .  

EXDe rimen t s 

New ins t rumenta t ion  being developed f o r  f l i g h t  test on GEOS-C are the 
r a d a r  a l t i m e t e r ,  t he  components f o r  t h e  s a t e l l i t e - t o - s a t e l l i t e  t r ack ing  
equipment , and t h e  coherent C-band r a d a r  t ransponders .  GEOS-C w i l l  i l s o  
ca r ry  laser r e t r o r e f l e c t o r s  , two Doppler beacons Uni f ied  S-Band trails- 
ponder,  and, t e n t a t i v e l y ,  o p t i c a l  beacons. During FY 1972 and IqY 1973, 
development of t h e  r a d a r  alt imeter , C-band and S-band communicat:ion 
experiments w i l l  cont inue.  During FY 1973 e f f o r t  on t h e  laser and bI2acon 
experiments w i l l  be  i n i t i a t e d .  

RD 8-22 



Owrat iona l  Support 

During FY 1973, operat ional  support w i l l  be i n  the areas of pre-and 
post launch support of the GEOS-C. 

Global Atmospheric Reeearch Program (GAIzpz 

1971 1972 

Data systems test support....... --.. $150,000 
Siirmlaticm studies... . .  ........ $900,000 1,100,000 

Techno1olg:y development .......... 100.000 1,000.000 

GARP atlamtic t rop ica l  ex- 
-9- -..- perimemt support . .  ............ 

Total......................... $1.000.000 $2.250.000 

1 ! 9 L .  

$1,71D0,000 
1,6 30,000 

21D0,OOO 
9 70 .OOQ 

-0 

The Global Atmospheric Research Prograin (WRP) is an in te rna t iona l  coop- 
e r a t i v e  progxam designed to  increase our understanding of the  gener'al 
c i r cu la t ion  of the  atmosphere 8nd to  establish the  mathematical and physical 
bas i s  fo r  nmt.hods of long range weather predict ion,  
by the  governments of i n t e re s t ed  na t ions  through t h e  World Meteorological 
Organization (WMO) and by the world s c i e n t i f i c  cogmunity through the  In te r -  
nat ional  C:ouaicil of S c i e n t i f i c  Unions (ICSU). National and in t e tne t ioaa l  
organizatioaE; have been es tab l i shed  to plan and execute the  program. 

GARP is di rec ted  joint:Ly 

Two majot: experiments are planned: 
A t l an t i c  Ocean area in t h e  summer of 1974 and a F i r s t  GARP Global Experi- 
ment (FGGE::, during the period 1976/1977. 
satellites of t he  United S ta t e s ,  U.S.S.R., and France have been iden t i f i ed  
as e s s e n t i a l  to  the GARP experiments. 
o p e r a t i o d l  meteorological oatell i te systems are being continuled ial FY 
1972 t o  dettEitie the optimum global observing system responsive t o  GARP re- 
quirernentsi, and t o  optimize the ex t rac t ion  of meteorological information 
from spacnl~orne sensors. 

a t r o p i c a l  experiment i n  the t rop ica l  

Operational and exper iora ta l  

The s tud ie s  and analysee of proposedl 

Data Svsterns Test Support 

h r i n g  I'?l 1973, a t r a n s i t i o n  occurs from planning t o  implementation of thie 
6ARP f i e l d  exercises .  
the design arid implementation of the  Data Systems Tes t ,  f o r  which NASA has 
been assigned primary respons ib i l i ty .  This is conceived as a complete 
system teet: irimulating the F i r s t  CARP Global Experiment (FGGE) t o  determine 
the su i tab i l l t ty  of the  components. Design of the  Data Systems Test (DST) 

The most s ign i f i can t  increase w i l l  be required f o r  
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will also provide f a c i l i t i e s  and techniques f o r  t he  employment of t he  test 
data sets in s imula t ion  experiments and p r e d i c t i o n  models, providing f o r  
analysis rind feedback of the  s u i t a b i l i t y  of t he  da t a  management componento 
of the toitall system. 

Si- l a t  ia= Studies  

During I?Y 1973, work conducted by the  Goddard I n s t i t u t e  f o r  Space S tudies  
will concentrate on t h e  a s s i m i l a t i o n  o f  asynopt ic  satellite da ta  in generail 
c i r c u l a t i o n  models and ope ra t iona l  fo recas t  models and w i l l  test  the  
effectivcttietrs of combinations of  satell i te and conventional d a t a ,  with 
s p e c i f i c  tnpplication t o  the  Data Systems T e s t  and the  F i r s t  QARP GIlobal 
Experimeirl: . 
GARP Atlantic Tropical Experiment Suppoft 

NASA w i l l  provide observa t iona l  support  t o  t he  GARP A t l a n t i c  Trcipical 
Experimeirtt dur ing June-Augurt 1974. Xeteorological  da t a  from the  geo- 
stat.ionai::y SWS satel l i te  will provide e s s e n t i a l  da t a  both for research  
purpoees and f o r  the  ope ra t iona l  deployment of p r o j e c t  s h i p s  and a i r c r a f t  
during the  conduct of t he  experiment. NASA vi11 a l s o  provide a i r c r a f t  
f o r  in situ observa t ions  i n  support  of t he  GARP A t l a n t i c  Tropica l  
Experimemt . 
Technolow IDeveloPment 

Techno:Legy development during ET 1973 will concentrate on t h e  establ ishment  
of a re ference  l e v e l  i n  the  southern hemisphere and the  determinat ion of 
wind p r o f i l e s  i n  the  t rop ic s .  The TWERLlf experiment on Nimbus P is t he  most 
promising method f o r  ob ta in ing  southern hemisphere re ference  level. data. 
Deve L o p s i n t  of a satellite-carrier balloon subsystem, f o r  t he  meamremeat 
of wind pro:Eiles i n  the  t r o p i c a l  regions,  w i l l  be continued with the  National 
Center f o r  Atmospheric Research. 

Meteorological Soundings 

1971 1972 

Research sounding rockets....... $2,137,000 $700,000 
Sounding icocket systems. a. . . . . . . 515,000 350,000 
F i e l d  ct:tpc.riment support  ". . . . . . 448,000 450 .OOO 

Tota:l.. ,, . . . . . . . . . . . . a. . . . . . $3.100,000 Q1.500.000 

1973 
-I- 

$200,000 

I 1 000.000 
300,000 
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The ob.jcectives are t o  measure wi th  present  meteorological sounding rockets  
t he  s t r u c t u r e ,  c h a r a c t e r i s t i c s ,  composition and chemical reactions, of the  
atmospherle wi th in  t h e  region 30 to lOOkm and to develop an economical 
meteorological sounding rocket  system to  m e e t  research ,  range support ,  and 
rout  ine (3 pera f i ona l  requirement 8 .  

Research -Sounding Rockets 

Research ineteorological rocke ts  of var ious  types are used for the  ex- 
p lo ra t ion  and s tudy of t h e  atmospheric composition and chemical r eac t ions  
as they r e l a t e  t o  t h e  s t r u c t u r e ,  dynamics, and gaseous c o n s t i t u t e t i t s  w i th in  
the  30 to 1OOlan region. 

In  FY 1972, about 30 Nike Cajun type rocke ts  w i l l  be launched fii:om Wallops 
S t a t i o n ,  Va., Poin t  Barrow, Alaska, and fore ign  sites. 
10 Arcas type  rocke ts  w i l l  be launched from Wallops S t a t i o n  and fo re ign  
sites. 

In PP' 1973, about 

Soundinx Rocket Systems 

A small meteorological sounding rocket  system f o r  economical atrimspheric 
measurements in t h e  region 30 t o  7 5 b  is being developed. 
be capable  of launching r e l i a b l e ,  inexpensive ope ra t iona l  soundinjg rocke ts  
amenable t o  the  requirements f o r  range support ,  atmospheric research ,  and 
network apera t ionr .  

This system w i l l  

I n  FY 1972, prototype t h i n  f i l m  temperature sensors  and prototylpe s o l i d  
state pressure  t ransducers  w i l l  be de l ivered  and t e s t e d  on b~t11001~.  
weight dece le ra to r s ,  payloads, and t h e  t r ack ing  system w i l l  receive i n i t i a l  
f l i g h t  t e s t s .  
S t a t i o n ,  Va. 

Ligiht- 

About 15 Arcas type rockets will be launched from 'Idallops 

In  FY 1.973, t h i n  f i l m  temperature 8ensor8, dece le ra to r s ,  payloalds and 
User f l i g h t  tests of  rocket t h e  t racking  system will be f l i g h t  t e s t ed .  

motor8 w i l l  be completed. 
Stat Ion. 

About 35 rockets  w i l l  be launched from Wallops 

Fie Id Extier b e n t  Sumor  t 

The fl.e!ld experiment support  program provides ,  through cooperat ion 
with other coun t r i e s ,  f o r  t h e  establishPPeat o f  r e l f - s u s t a i n i n g  c a p a b i l i t i e s  
f o r  coordinated meteorological  sounding rocket launches from sites t h a t  
w i l l .  con t r ibu te  mutually va luable  atmospheric data .  Also ,  through i n t e r -  
national.  ccmperetion, is t he  establ ishment  of a Western Hemisphere i n t e r -  
national.  nwmidional network f o r  exchange of data with an Eastern  Hemisphere 
ne twork. 
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In FY 1972, about 180 Arcas and Boosted Dart type rockets w i l l  he 18unclied 
to  continue f i e l d  experiment projects .  
continue f i e l d  experiment pro jec ts  with other  cooperating coutntrit!s, t o  ob ta in  
addi t iona l  atmospheric research data, to  t r a i n  foreign na t iona ls  f o r  cooperative 
programs, t o  conduct in te rna t iona l  rocket comparisons, t o  conduct rocket- 
s a t e l l i t e  sounding comparisons and t o  i n i t i a t e  the establishment of an in t e r -  
nat ional  Western Hemispherg meridional rocket network tha t  w i l l  bts par t  of 
the  U.S.-U.S.S.R. agreement f o r  space cooperation. About 215 rockets of the 
Arcas and Boosted Dart type w i l l  be launched from Wallops S ta t ion  and foreign 
sites . Implementation of the in te rna t iona l  cooperative progxam t o  estab1:Lsh 
a Western Hemisphere meridional rocket network w i l l  require  estab:I.ishing lieu 
sites and increasing the number of launches. 

In FY 1973, funds arc required to  

Supporting Research and Technolony 

1973 1971 19 72 -< 

Applications technology....... $4,248,000 $3,335,000 $3,,500,000 
Communications................ 3,377,000 3,080,000 3 ,,400,000 
Earth resources............... 11,522,000 8,865,000 6 ,,800,000 

Meteorology........ ........... 2,656,000 2,100,000 2 ,,500,000 

In te rd isc ip l inary  appl icat ions 3.720.000 3.474.000 3 ,,6OO.OOQ 

Geodesy/e,arth physics. ........ 1,883,000 1,466,000 1 ,,30O ,000 

Traf f i o  management ............ 1,338,000 980,000 900,000 

Total....................... u . 7 4 4 . 0 0 0  &,OOO.OOO 

Nearly evlery technique and space system i n  Space Applications mis t  be 
preceded by Supporting Research and Technology (SR&T)/Advanced Stiidies. 
This e f f o r t  includes supporting a c t i v i t i e s  in a l l  d isc ip l ines  (Aplrlica- 
t i ons  Technology, Communications, Earth Resources, Geodesy/Earth J’hyaics, 
Meteorology, T r a f f i c  Management) and a number of i n t e rd i sc ip l ina ry  
act i v i t  i tes  . 

Applications Technology e f f o r t s  w i l l  include s tudies  of pralblenuii and 
technology €or synchronous o r b i t  spacecraf t ;  synchronous o r b i t  apagee 
motor technology and r e l i a b i l i t y ;  and cha rac t e r i s t i c s  of rendezvoris 
techniques with appl icat ions spacecraft .  Work continues to  develop 
cos t  t rade o f f s  and e s t a b l i s h  design f l e x i b i l i t y ,  r e l i a b i l i t y ,  and 
mechanic+al i n t eg r i ty  of optimized graphite/epoxy apogee kick motor 
designs. Propulsion th rus t e r  trade-off s tud ies  w i l l  continue alonig 
with com]parisons of chemical and electrical th rus t e r  systems. Syatens 
s tud ies  l n  : S m a l l  Applications Technology S a t e l l i t e s  w i l l  be contiowed. 
The sensor and instrumentation development includes sensors acrosIli the 
complete electromagnetic spectrum. Models of both mechanical and 
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electronic:  mu l t i spec t r a l  l ine  scanners  w i l l  be developed. Work is under 
way i n  advanced t ape  r eco rde r s  and genera l  d a t a  s to rage  media, and a c t i v e  
and pass ive  spaceborne cryogenic u n i t s .  
s p e c i a l  a t t e n t i o n  is  given to m u l t i s p e c t r a l  correlation scheme8 and t o  on- 
board dat:a reduct ion techniques.  

In  t h e  data management area 

In c o m r n i c a t i o n s ,  e f f o r t  w i l l  be conducted i n  t h e  areas of advanced 
systems, u se r  requirements,  and commnica t ions  technology. 
systemr, e f f o r t  is planned in t he  areas of communications systems a n a l y s i s ,  
information network system concepts ,  communications satellite repea te r  
conf i g u r r t i o n  s t u d i e s  , optimum sign81 de tec t ion  techniques,  comnuaicationr 
satellite systems for Alaska, and bandwidth compression technique61 f o r  
two dimeliri3ional data .  User requirenasnts are pursued i n  biomedical com- 
munications network, law enforcement information network, educaticilnal 
cosrnnrnictrtiona systems, d i s a s t e r  warning satell i te systeno,  and erlbcationail 
televfsioia.  E f f o r t s  conducted i n  communications technology are: (1) 
cont L n u i q  csf f o r t  i n  comglunications satellite microwave power research  
inc ludin~5 ground r ece ive r  systems , high power microwave componeatci , high 
power tube technology and component eva lua t ion ;  (2) developing mul t ip le  
narrow bmwshaped and contoured beam p a t t e r n  antenna technology; (3) 
continuitiiq Ntudies of the  e f f i c i e n t  use of t he  frequency spectrum and 
o r b i t  u t i l i s i a t i o n ;  (4) conducting research  and development i n  t h e  area 
of laser cormmanicat ions ; ( 5 )  i n v e s t i g a t i o n  of manned coanmanicatioaL 
systems 1:eclinology; and (6) c o n t i m i n g  systems s t u d i e s  i n  trackinp; and 
data re l ay .  

Advanced 

In FY :L072, i n  e a r t h  resources  a c t i v i t i e s ,  a s i g n i f i c a n t  start was made 
in  coopenat:Lve regions1 a c t i v i t i e s  by NASA Centers wi th  l o c a l ,  state, and 
f e d e r a l  iqgeacies. 
poin t  of view. 
of da ta  :LIB evalua t ing  t h e  f e a s i b i l i t y  of p o t e n t i a l  app l i ca t ions .  

Many problems are under s tudy from t h e  space a1:Iplications 
We are s t r e s s i n g  t h e  importance of measurements and a n a l y r i s  

In FY .l'97:3 , emerging m u l t i d i s c i p l i n a r y  a p p l i c a t i o n s  w i l l  be strarngthened 
at  Wallope S t a t i o n  and Laugley Research Center ,  V i rg in i a ,  i n  Chesapeake 
Bay s t u d i e s ;  a t  Lewis Research Center ,  Ohio, i n  Hidwest and Great Lakes 
s t u d i e s ;  tat Marshall Space F l i g h t  Center i n  Alabama s t u d i e s ;  a t  Md.ssissippi 
T e s t  F a c i l i t y  in tri-state s t u d i e s  involving Arkansas, Louisiana,  and the  
H i s s i s s i p p i  Gulf Coast; a t  Manned Spacecraf t  Center i n  s t u d i e s  of t he  18 
county Houston area; and in C a l i f o r n i a  a t  Ames Research Center netif San 
Francisco. In tens ive  e f f o r t s  w i l l  cont inue c o r r e l a t i n g  t h e  Ear th  Re- 
sources  Survey f l i g h t  i n v e s t i g a t i o n s  of ERTS and Skylab w i t h  t h e  !:;UT 
app l i ca t iona  inves t iga t ions  programs. 

The Ceodesy/Earth Physics  a c t i v i t i e s  i n  FY 1973 w i l l  include! (1) the  
us6 of improved laser satell i te t r ack ing  systems i n  an  experiment t o  
measure c r u s t a l  mass displacement rates a c r o s s  the  San Andreas f a u l t ;  (2) 
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t he  u s e  of laser satell i te t r ack ing  systems and t h e  Very Long Basc!line Radio 
Interferometry (-1) technique i n  sepa ra t e  experiment8 t o  measure polar 
motion and va r i a t ions  i n  the  r a t e  of r o t a t i o n  of t he  e a r t h  about :rts a x i s ;  
(3) the  i n i t i a t i o n  of a long term VLBI experiment t o  d e t e c t  and monitor 
con t inen ta l  d r i f t ;  (4) continued support  of t h e  development of la:.rer 
satel l i te  t r ack ing  systems having very high accurac ies  of the ordt!r of 
5 centimeters; ( 6 )  a high accuracy (10 cent imeter)  satell i te altieleter 
development e f f o r t  t o  provide the  c a p a b i l i t y  of ob ta in ing  g loba l  synopt ic  
measure meat^ of t he  s p a t i a l  and time v a r i a t i o n s  of the  ocean su r face  geometry 
t h a t  can be r e l a t e d  t o  oceanic c i r c u l a t i o n  p a t t e r n s ,  t i d e s ,  storm surges ,  and 
sea state condi t ions ;  (7)  t h e  development of improved techniques rmd pro- 
cedures €or  the  reduct ion ,  a n a l y s i s ,  and i n t e r p r e t a t i o n  of dater t o  be de- 
r ived  fr im the laser and VLBI s o l i d  e a r t h  dynamics experiments and from 
s a t e l l i t e  altimeter experiments;  ( 8 )  the  conduct of e a r t h  physics  satel1it:e 
advanced is iss ion s t u d i e s ;  and ( 9 )  t he  conduct of s t u d i e s  t o  ident l . fy  s p e c i f i c  
requirements f o r  and uses  of accura te  maps of t he  ocean f l o o r ,  

Meteorological research w i l l  cont inue i n  the  development, op t imiza t ion ,  and 
appl  Lcat:isn of remote sensing techniques,  Th i s  includes : 
in te rpre i te t  ion of s a t e l l i t e  data f o r  t he  improvements and opt imiza t ion  of 
sens Lng 1;leclmiques t o  provide q u a n t i t a t i v e  measurements of atmospheric 
structurta # cornposition, dynamics, and r e l a t e d  phenomena; (2) deve1,opment aind 
a n a l y s i s  of r a d i a t i o n  t r a n s f e r  models to improve the  accuracy and design of 
remote scttis:Lng instrumentat ion;  (3) development of techniques f o r  t he  improve- 
ment # call Lbration, and test of satellite instrumentat ion;  (4)  airc:raft 
and bal loon f l i g h t  tests of satell i te sensors  to v e r i f y  t h e i r  performance 
and to dtrvellop methods f o r  t h e  i n t e r p r e t a t i o n  of the  measurements; ( 5 )  
determining the  e f f e c t  of atmospheric s p e c t r a l  t ransmission and va l r i ab i l i t y  
upon the  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  r a d i a t i o n  s igna tu res ;  ( 6 )  develop- 
ment of c l i m a t o l o g i c a l - s t a t i s t i c a l  models of t he  atmosphere f o r  t h e  assess- 
ment of iitiwwpheric e f f e c t s  on s p e c t r a l  t ransmission i n  var ious  geographic 
regions;  iind (7) study and development of sensors  t o  measure the atmospheric 
constituciiitir of the  s t r a tosphe re  and t h e i r  photochemical r eac t ions  along 
with nuncri~ic:al models of  the  composition and processes.  

(1) ana l y s i s  arid 

I n  Traf t ic :  Management we w i l l  s tudy over ocean t r a f f i c  con t ro l  techniques,  
s h i p  coll.iisFon avoidance, and eva lua te  ground-based naviga t ion  systems as 
they app1.y t o  sh ips  a t  sea. 
as platfoim conceptual s t u d i e s ,  satell i te onboard da ta  proces,sing, component 
technology e f f o r t ,  and advanced pos i t i on  loca t ion  technology. 

Data c o l l e c t i o n  w i l l  be pursued in such areas 

In 1nt:exdiscipl inary Applicat iona,  s t u d i e s  and research  r e l a t i n g  to  
seve ra l  alf t h e  app l i ca t ions  d i s c i p l i n e s  are conducted. I n  add i t ion ,  develop- 
ment and tiupport of mul t id i sc ip l ina ry  c e n t e r s  such as t h e  Univers i ty  of 
Wisconsimt amd the  6oddard I n s t i t u t e  of Space S tudies  are continued. 
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Ear th  Observatorv S a t e l l i t e  S tudies  

1:9 73 - 197 1 1972 

Phase B s tudies . .  .............. --- $1.000 .om $1 .ope .ooo 
 total.....,..............^... 00. 81.000.000 $1.0~00.000 

The Earth Observatory S a t e l l i t e  (EOS) is envis ioned as a series of  
orbital  pl.atforms f o r  the  conduct of research  leading t o  t h e  development 
of remote tieasing devices  and techniques app l i cab le  t o  the  Ear th  Obser- 
va t ions  d i s c i p l i n e s .  
t h i s  decaclts, t he  research now conducted w i t h  t h e  ERTS and Nimbus series 
of spacecraft . .  
including etridies of air-sea i n t e r a c t i o n ,  i t  is planned t o  f l y  a pass ive  
mlt i f requtsnoy microwave system on an EOS mission. 
t o  the  evart t ra l  deve lopwnt  of  an  "all weather" remote sensing system. To 
meet requireolents f o r  terrestrial survey and environmental qua l i ty /ecology 
discipl ineis ,  high r e s o l u t i o n  mapping and scanning sensors  are planned. 
Other cant1:tdnte sensors  including instruments f o r  i n d i c a t i n g  8168 su r face  
tempera tum,  ocean c o l o r ,  cloud characteristics, atmosphere gaseous 
p o l l u t a n t c ,  atmosphere p a r t i c u l a t e  po l lu t ion ,  and atmospheric temperature. 

The E06 w i l l  be capable of cont inuing,  late i n t o  

To support  oceanographic and meteorological i n v e s t i g a t i o n s ,  

This  systeia is  e s s e n t i a l  

FY 1972 :kuds have been used to  i n i t i a t e  design s t u d i e s  f o r  s eve ra l  o f  
t h e  advanc:ed sensor  and subsystem concepts proposed f o r  EOS miasionis .  

Funds rcsquuasted i n  FY 1973 w i l l  be used to continue these  design s t u d i e s  
and t o  support  a d d i t i o n a l  s t u d i e s  of spacec ra f t  and ground da ta  haaidling 
approachers . 

Radio In t e r f e rence  and Propanation Program 

1,973 1971 1972 - 
00. Studies  innti experimentation,.  ... $1.000.000 $1.600.000 

.-- Total,, ......................... &OOO.OOO 81.600,900 

The bas i c  program was developed as a j o i n t l y  supported a c t i v i t y  cif NASA, 
Federal  Coimmrnications Coumnission (FCC), Department of Commerce (DclC) , 
Off ice  of TcPecommunications Hanagemnt (now Off ice  of Telecommunications 
Pol icy ,  CYIIP) in 1969. The o b j e c t i v e s  are t o  conduct r ad io  in t e r f e rence  
and propagirt:ton experiments and analyze t h e  data from these  and r e l a t e d  
measure~nentr so t h a t  a n a l y t i c a l  models of propagation phenomena cau be 
constwcteld, The i n i t i a l  phase of t h e  program w a s  completed i n  September 
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1971 In the  measurement of ground-to-ground r ad io  in t e r f e rence  belaw 10 G i b :  
caused by propagation pbeaormna and man made noise .  
acquired froso site opera t ions  mainly at  Langley, Vi rg in ia ;  Westford, 
Massachusalttts and Ohio S t a t e  Universi ty .  Experiment da t a  was  v i t a l  i n  
preparing Itha U.S. t echn ica l  pos i t i ons  f o r  t he  World Adminis t ra t ive Radio 
Conference (UARC) i n  1971 and i n  prepara tory  meetings f o r  t he  WRC. 
data is a h o  u t i l i z e d  by PCC and (JTP i n  t h e i r  d e l i b e r a t i o n s  on t h e  pro- 
posed U.S, dcmestic satellite systems. Areas requi r ing  a d d i t i o n a l  
experimentcil e f f o r t  and i n v e s t i g a t i o n s  are sa t e l l i t e - to -g round ,  ground-to- 
satellite,, and satellite-to-satellite in t e r f e rence  and o r b i t  u t i l i z a t i o n  
problems, cintl t h e  use of  f requencies  above 10 GHo. 
and p r i o r  years  was placed on acqui r ing  data i n  support  of U.S. pos i t i ons  
on int:erfe!renrce between s a t e l l f t e  e a r t h  s t a t i o n s  and microwave relay l i n k s  
a t  frequeaicios below 10 GHz. No FY 1973 funds are being requested €or t h i s  
pro j ec: t . 

Experisrent data was  

The 

Emphasis im FY 1972 

A i r  T r a f f i c  Control  Satellite Studies  

1971 1972 1!>73 

S tud ie s  and support............. $3,000 .om -e- --- 
-,- 

Total.................,....,,, --- -e- 

Studies  a r e  being conducted and technology developments are init ir i i ted in 
coordinat ion .with t h e  Department of Transpor ta t ion  (DoT)/Federml Aviat ion 
Adminis t ra t ion t o  meet t h e  needs of t he  most e f f e c t i v e  ope ra t iona l  rtiystems 
f o r  a i r  t r a f f i c  con t ro l  and communications se rv ices  for t he  e a r l y  1!00 
period.  These e f f o r t s  are being conducted u t i l i z i n g  PY 1971 funds. No 
a d d i t i o n a l  funds f o r  FY 1972 and 1973 are requested by NASA fox t h i u  
p r o j e c t  . 



Program - -- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1973 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

AERONAUTICS AND SPACE TECHNOLOGY PROGRAMS 

1971 19  72 1973 -- 

Aeronaut ical  research  and 
technology ................. $100,132,000 $110,000,000 $1b3,440,000 

75,105,000 i j4,760,000 - - - -. - - Space research  and technology 105,004,000 

Nuclear Fower and propuls ion.  55,200,000 27,720,000 - 21,100,000 _- 

T o t a l . . . . .  ................. $260,336,000 $212,825,000 $249,300,0!10 I _- 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RE$j,EARCH AIQ 
TECHNOLOGY PRCKWW 

SUMMARY OF RESOURCES REQUIREMENTS 

1971 

Research and technology base. . . . . . . . $74,109,000 
Systems and design studies.......... 5,143,000 
Systems and experimental programs. . . 20,880,000 

Total............................. $100.132.000 

HIGHLIGHTS OF BUDGET PLAN 

- 

1971 - 
Research and Technology Base........ $74.109.000 

Materials - Basic research and 
development s tud ie s  on metals, 
ceramics, polymers and composites 
of those materials t h a t  w i l l  lead 
t o  improved high temperature 
proper t ies  antd reliability.......... 

Structure! q- Advancement of tech- 
nology fo r  fu tu re  shor t  and long 
haul t ranspor ta t ion  systems and a i r  
defense systems i n  areas of high 
temperature s t ruc tures ,  composite 
s t ruc tures ,  ana lys i s  and design, 
and s t r u c t u r a l  dynamics............. 

Avionics - Application of advanced 
theory to avionic  systems design; 
develop technology for  VTOL auto- 
mated f l i g h t ,  p i l o t  warning, control 
and display fo r  improving general  
av ia t ion  a i r c r a f t  sa fe ty ;  appl ica t ion  
of active cont ro l  technology t o  
advanced t ranspor t  a i r c r a f t  design.. 

4,216,000 

3,150,000 

3,885,000 

1972 

$70,076,0001 
8,094,0001 

31,830,000 

-- 

$110 , ooo, ooo 

1972 - 
$70.0 76. OOC! 

5,800, OOCI 

3,776,OoO 

2,543,000 

1973 

$!ilO, 640,000 
7,000,000 

- t:&800,0(10 

=;13 , 440,0(,0 .- 

- 

1973 - 
910. 640, OCg 

7,200,000 

8,070,000 

5,350,OOO 
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1971 - 1972 - 1973 - 
Propulsion - Effo r t s  supporting 

engine, engine components, and 
nace l l e  improvements aimed a t  i m -  
proved performance, po l lu t ion  reduc- 
t ion ,  and weight and cost reduction. . $17,051,000 $20,005,00~0 $26,900,000 

Aerodynamm&:s - Programs t o  in- 
crease understanding and predict-  
a b i l i t y  of complicated aerodynamic 
and f l ight :  dynamic phenomena to  
provide improved vehic le  design 
criteria..,,..................**..... 13,702,000 12,922,000 10,170,ClOO 

Conf iRurc!tions - Vehicle conf ig- 
ura t ion  programs to provide technol- 
ogy base f o r  general  av ia t ion  air- 
craft  with improved safe ty  and 
f l i g h t  cha rac t e r i s t i c s ;  fo r  STOL, 
VTOL, and irot:ocraft vehic les  with 
improved capab i l i t y  f o r  short  haul 
appl icat ions; ,  fo r  long haul trans- 
por t s ;  and fo r  mi l i t a ry  f igh te r ,  
bomber, arid missile systems. ........ 23,828,000 18,930,000 25,300,000 

L i f e  Scim-wes - Research and tech- 
nology relritjive to &he r e l a t ionsh ip  
between man and advanced aeronaut- 
ice1 aystsfns.,....................... 2,100,000 3,100,000 3,050,000 

Ai rc ra f t  B e r a t i o n s  - Development 
of ref ined knowledge of t he  atms- 
phere (low level winds, high a l t i -  
tudes, turbulence) f o r  improved 
vehic le  design and operating proced- 
u re s  and develop so lu t ions  to 
problems spawned by cur ren t  a i r c r a f t  
operat ions (al ippery runways, l i gh t -  
ning e f f e c t s ,  turbulence detect ion,  
f i r e ,  crash) i n  the  f l i g h t  and 
runway env:tronments... . . . . . . , . . . . . . .  5,277,000 2,100,000 3,7OO,OOO 

Technical Assistance to DOD 
D e v e  1opmenltPr ograms - Specialized 
d e l s ,  coiaputer time, special ized 
instrumentritfon and test gases sup- 
port ing A i r  Force P-15, B - 1  and AX 
a i rp l ane  development and the  Navy 
P-14 program,, ....................... 900,000 900,000 900,000 
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19 73 
7 

19 72 - 1971 
7 

Systems aniQOesinn Studies.......... $5.143.000 $8 . 094,000 3: 7,000.000 

Svsterns !ittidies - Examination and 
ana lys i s  of new ideas fo r  aeronaut- 
i c a l  missions and systems. Focus i n  
FY 1973 i s  on l o w  densi ty  short  haul 
a i r  t ransportat ion service and 
advanced fi:ighters. .................. 993,000 1,594,000 2,200,000 

Experimeatal Design Studies  - 
E f f o r t s  fosG;ed on convent ional  take-  
o f f  and landing (CTOL) MKII Experiment 
Quiet  Eng-ine t o  optimize conf igu ra t ion  
of t h i s  en3ine,  Advanced Technology 
Exper Lmentsl F igh te r  t o  i n v e s t i g a t e  
p o t e n t i a l  of i n t e g r a t i n g  a l l  new tech- 
nology innovat ions ,  l i f  t - f an  r e sea rch  
a i r c r a f t  t o  de f ine  near t e r m  r e sea rch  
a i r p l a n e  program, and advanced tech- 
nology trinnsport t o  determine technol-  
ogy requirement t h a t  r e q u i r e  a d d i t i o n -  
a1 in-depth study ................... 4,150,000 6,500,000 4,800,000 

Systems and Experimental Programs. .. ~20,880,000 $31.830,00C! $!i5.800,00_0 

Experimental Engine Programs......e. $8.054,000 $5,000, OOC! &I12 000, OCNJ 

Experimen&al Quie t  Engine fo r  Con- 
ventional 'rake-off and Landing A i r -  - c r a f t  - Completion of test program 
aimed a t  no2se reduction v ia  design 
cons ide ra t ions  and a c o u s t i c a l  
treatment of Nacelle................ 

Short  Take-Off and Landing (STOL) 
Experiment& Q u i e t  Engine - I n i t i a -  
t ion  of three year e f f o r t  to 
develop and demonstrate noise 
l eve l s  of 95 EPNdB a t  500 feet...... 

- 

JT3D/JTBDEngine Quieting - I n i t i a -  
t ion  of e f f o r t  t o  inves t iga te  and 
demonstrate noise reduction modifica- 
t i ons  tha t  a r e  r e t r o f i t t a b l e  t o  
current  j e t  aircraft................ 

8,054,000 5,000,000 1,000,0100 

--- 

--- 

- - .. 2,000,000 

- - .. 9,000,000 
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1971 - 
Fl ight  Expcements Programs.......... $9,176,000 

C-8 A u m s o r  Wing Research 
Aircraf t  - Proof-of-concept f l i g h t  
tests of augnuntor wing powered- l i f  t 
concept to provide technology base 
developing design and c e r t i f i c a t i o n  
c r i t e r i a ,  and operat ional  procedures 
fo r  turbofain STOL transports......... 

Transport: Technology (P-8) F l igh t  
Research - Continuation of proof-of- 
concept tests of a supe rc r i t i ca l  wing 
for transonic a i r c r a f t  and the  i n i t i a -  
t i o n  of the design of hardware f o r  a 
flbllaw-on f l i g h t  program............. 

YF- 1 2  Rerrsrch Ai rc ra f t  Technology 
Program - PI j o i n t  USAF/NASA f l i g h t  
test program to inves t iga te  predic- 
t i on  techniques and problems of c i v i l  
and mi l i t a ry  long range a i r c r a f t  i n  
regimes of s t ruc tures ,  propulsion 
systems, arid aerodynamics, with 
emphasis OIL the  l a t t e r  ,two i n  FY 1973 

F- 111 Trcizsonic Ai rc ra f t  Technology 
{TACT) - A j o i n t  NASA/Air Force pro- 
gram t o  determine the  a p p l i c a b i l i t y  
of the  supe rc r i t i ca l  wing concept t o  
a swept wing a i r c ra 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 fo r  base l ine  information 
and again a f t e r  being r e t r o f i t t e d  with 
a supercri1:ic:al wing. . . . . . . . . . . . . . . . . 

Fly-By-Wl.re Experimental Program - 
Devefopmenl: and experimental f l i g h t  
test of r e l i a b l e  cos t -e f fec t ive  
d i g i t a l  e l tx txonic  f l i g h t  cont ro l  
systems fo r  advanced aircraft........ 

Composite S t ruc tures  F l igh t  Experi- - ment - W i l l 1  provide ac tua l  f l i g h t  
service experience concerning fa t igue  
behavior, maintenance requirements, 
and i n s p e c t i b i l i t y  of s e l ec t ive  cow 
pos i t e  reinforcement of metal a i r c r a f t  
s t ruc ture8  using the  USAP C-130 a i r -  
plane and the A r m y  CH-54 helicopter..  

2,97 1,000 

780,000 

4,900,000 

--- 

525,000 

--- 

1972 

S 9,200 , 00Q 

7 

2,200,000 

1,000,000 

2,900,000 

2,000,000 

1973 - 
&l2,700,0@ 

1,500,000 

2,500,000 

4,700,000 

200,000 

1,700,000 

2,100,Q00 
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1973 - 1972 - 1971 - 
Research/Exp=rimental Vehicle  Program ~1.150.000 $13.340.00(! S30,500.0@ 

Rotor Sy_aem Test Vehicle  Research 
A i r c r a f t  - Def in i t i on ,  d e t a i l e d  
design,  i n i t i a t e  procurement of 
Research Ai rc ra f t , ( a  j o i n t  Army/NASA 
program3 
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 i t s  f l i g h t  a p p l i c a b i l i t y  
from hovering t o  f a s t  convent ional  
flight..........e...................e 

Acquis i t ion  of t h e  new type 

T i l t  Ro to rResea rch  A i r c r a f t  - 
Define v e h i c l e  based on r e sea rch  da ta .  
Design and f a b r i c a t e  r e sea rch  v e h i c l e  
( J o i n t  ArmyjNASA program)............ 

--- 740,000 1,500,000 

--- 400,000 1,500,000 

Q u i e t  Exgerimental STOL Transport  
Research AifElane (QUE!?I'OL. - Tech- 
nology support  and t h e  i n i t i a t i o n  of 
f i n a l  design and cons t ruc t ion  of two 
(2) experimental  a i r p l a n e s  f o r  
development of d e t a i l e d  des ign  opera- 
t i o n s ,  and c e r t i f i c a t i o n  c r i t e r i a  f o r  
turbofan augmented- l i f  t STOL t r ans -  
ports...............*.....*.*.......* 1,150,000 12,200,000 27,500,000 

Operat ing Systems Experiments Programs $2.500.000 $4,290. OOC! LO, 600,0100 

Noise Reduction F l i g h t  Procedures 
Experiments - Technology f o r  and 
demonstration of no i se  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 ans -  
p o r t s  and f o r  advanced a i r c r a f t  
ope ra t ing  i n  an upgraded a i r  t r a f f i c  
c o n t r o l  syatem....................... --- 300,000 3,400,0100 

Terminal e n f i g u r e d  Vehicle  Opera- 
t i o n s  Exper imnt s  - The a e r o n a u t i c a l  
a s p e c t s  of an advanced ATC system by 
des igning  i n t o  f u t u r e  a i r c r a f t  a new 
te rmina l  c a p a b i l i t y  t o  be compatible 
wi th  t h e  poltential  of t h e  new FAA ATC 
ground a u t a ~ t i o n . . . . . . . . . . . . . . . . * . . .  --- 400,000 4,200,0~00 
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V e r t i c a l  Take Off and Landing 
Operating Systems Experiments - 
Avionics technology and opera t ing  
d a t a  pecu l i a r  t o  VTOT., a i r c r a f t  
ope ra t ing  i n  an advanced a i r  t r a f f i c  
c o n t r o l  8ysl:em with emphasis on 
automatic landing  systems. . . . . . . 

1971 - - 1972 1973 -. 

300,000 500,000 

Shor t  Take Off and Landing Operatinq 
Systems Experiments - A j o i n t  DOT/NASA 
program t o  develop and conduct f l i g h t  
experiments wi th  advanced navigat ion,  
guidance, arid c o n t r o l  concepts  for 
a l l -weather  STOL operat ions.  . . . . . . . 2,500,000 3,290,000 2,500,000 
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FISCAL YEAR 1973 ESTIMATES 

---- OFFICE OF AKROUUTICS AND SPACE TECHNOUXY AERONAUTICAL I$ESEARCH AND 

PROCRAN OIBJ#CTIVES AND JUSTIFICATION: 

The NASA AT 1973 Aeronaut ics  program is based on d i r e c t i o n ,  po l icy ,  and 
n a t i o n a l  laglreemcnt which i s  more encompassing than  i n  previous years .  
joint DOT/NASA C i v i l  Aviat ion Research and Development (CARD) Study, t h e  
North Eaat Corr idor  Transpor ta t ion  Pol icy  , and j o i n t  program s tudkes  and 
plane w i t h  t he  U.S. A i r  Force,  Army and Navy, provide s p e c i f i c  d ixcc t ions  
upon which {to base t he  F'Y 1973 ae ronau t i c s  budget. 
and goa le  for aeronaut ics  has  been i d e n t i f i e d ,  They are t h e  basiri f o r  
s e l e c t i n g  areas of technology emphasis f o r  FY 1973. Furtherniore, reviews 
c u r r e n t l y  under way wi th in  NASA, j o i n t l y  with boT, and under d isc i i ss iaa  w[ th  
M)D Insure  Lmproved planning f o r  implementation of t h e  FY 197'3 prcbgram, orad 
planning an FY 1974 program. 

Tho 

A u e t  of n a t i o n a l  needs 

The overall t h r u s t  is to  r e t a i n  c i v i l  and m i l i t a r y  intcrnat: ionaL t e c h n o  
l o g i c a l  r u p e r i o r i t y  while providing (1) technology support  in$; impirovemcnt of 
our  n a t i o n a l  a i r  t r a n s p o r t a t i o n  system8 to  make them unobtruuive l:o t h e  
environment, compet i t ive i n  a l l  aspects of t h e  a v i a t i o n  world market, s a f e r  
and more reliable, and above a l l ,  make them r e l e v a n t  t o  t h i s  decade's a i r  
t r a n s p o r t a t i o n  demands, and (2) technology suppor t ing  t h e  needs Q E  t h e  U,:S. 
m i l i t a r y  ae ronau t i ca l  systems concepts  evolv ing  i n  t h e  1970's. 
t h e  program places  p a r t i c u l a r  emphasis on t h e  following: (a]) Reductien of 
environmental  po l lu t ion  a t t r i b u t e d  t o  a i r c r a f t  through t h e  dtavelolpment of 
q u i e t ,  po l lu t ion - f r ee  engines ,  and propuls ive l i f t  systems, and rafinement 
of a i r c r a  f t operat iona 1 procedures around te rmina l  areas ; (b) dec reascd allr 
t r a f f i c  congest ion and delay time wi th  increased  s a f e t y  through tlechnologg 
f o r  impralved airports, a i r  t r a f f i c  c o n t r o l  systems, a v i o n i c s ,  aircraft 
operating, systems and procedures,  and t e rmina l  conf igured  v e h i c l e  concepts ,  
including; STOL propuls ive l i f t ;  (c) a shor t -haul  a i r  system ltechnlology pro- 
gram that inc ludes  an experimental  STOL a i r c r a f t ,  Shor t  Take Off and Landing 
(S1coL) q u i e t  engine,  jet l i f t  Vertical and Shor t  Take Off and Landing (V/STOL), 
r o t o r  vehiic les, advanced h e l i c o p t e r  technology, and advanced systiams f o r  t h e  
STOL a i r c r a f t  of t he  80's; (d) a long h a u l  t r a n s p o r t  technology p r e g r m  
ranging f'rm t h e  t r anson ic  through hypersonic speed regime, :Lnvoluing con- 
t inued  work on 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 to a i r  t r a n s p e r t s  
f o r  pore e f f i c i e n t  and econamical operation, supersonic  propuls ion and ccpnfi- 
gu ra t ion  i n v e s t i g a t i o n s  through wind tunne l  and f l i g h t  resea:rch, and design 
s t u d i e s  elf supersenlc  and hypersonic v e h i c l e  conf igu ra t ion  and propuls ion 
syst.ems; (e) a s s i s t a n c e  t o  t h e  m i l i t a r y  through research and technology 
a c t i v f t f e s  aimed a t  removing technologica l  o b s t a c l e s  f r o r  c u t r e n t  developments 
and a t  p~r-oviding f u t u r o  opt ions.  

To t h i s  end,  

Areas of s p e c i a l  emphasis rat t h i s  t i m e  are 
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rotor v e h i c l e r ,  i nc lud ing  t h e  tilt rotor, and t h e  technology for an  advanced 
f i g h t e r  a i r c r a f t .  J o i n t  a c t i v i t y  wi th  M)D i n  t hese  p rogram w i l l  continue. 

In a d d i t i o n  to  these  major technology e f f o r t s ,  OAST w i l l  continue! vigorous 
p u r s u i t  of i t a  fundamental role of conducting b a s i c  r e rea rch  and dtrveloping 
t h e  technologg f o r  new capabilities and missions which are not  p r e m n t l y  
amenable to more p r e c i m  d e f i n i t i o n .  
conducted wi th in  t h e  con tex t  ef t h r e e  major program c a t e g o r i e r :  
Technology Base; Systems and Design S tud ie s  ; Systems and Experimental Programs. 

The FX 1973 ae ronau t i c s  program w i l l  be 
Ratsearch and 

Research and Technolorn Base 

The Research and Technology Base is t h e  basic re sea rch  and t h e  d:liscipline 
r e rea rch  and technology t h a t  is forward loeking i n  i t 8  p s t c n t i a l  a g p l f c a t f e a  
t o  t h e  b ra rd  band of  national needs and goa l s  i n  aeronaut ics .  

Within t h e  f e d e r a l  government t h e  development e f  t h e  a v i a t i o n  r e rea rch  and 
technology base is t h e  primary r e r p o n a i b i l i t y  of #AS& 
annual ly  i n v e r t s  approximately 1/4 b i l l i o n  d o l l a r s  en t h e  n a t i o n a l  a v i a t i o n  
t echn ica l  base ( f e d e r a l  and p r i v a t e  fundlng). NASA, through f ts  programs, 
provides  s81ight ly  less than  1/2 of t h e  to ta l  funding and performs lipproximately 
1/3 of t h e  o a t i o n ' s  e f f o r t  i n  i t s  laboratories. 
ment in thle research  and technolggy base increased  from 1961 to  1969 and has  
remained a t  e s s e n t i a l l y  a cons tan t  l e v e l  s i n c e  1970. The W A  FY 1973 programs 
provide acme growth and a i m  a t  maintaining o u t  s t r e n g t h  i n  selecte~d d i s c i p l i n e  
areas. Thme are: materials, s t r u c t u r e s ,  av ion ic s ,  c o n t r o l s ,  propuls ion,  
aerodlynamice, veh ic l e  conf igura t ions ,  l i f e  s c i ences  and a i r c r a f t  operat ions.  

The n a t i a n  as a whole 

The n a t i o n ' s  resoinrce inves t -  

Srstarns and Deriga S tud ie s  

This a c t i v i t y  provides  t h e  necessary a n a l y t i c a l  r e s u l t s  which permit t h e  
successful1 t r ans fus ion  of t h e  technology developed under t h e  !UT base i n t o  
to ta l  sys1:ems f o r  experimental  programs. 
b i l i t y  exFst: throughout a l l  t e c h n i c a l  d i s c i p l i n e s .  
a c t i v i t y  are t o  cont inuously re-examine program empharis, confirm program 
relevance to needs, re-examine hypotheses and assupaptions, and genera l ly  
i n s u r e  tLit NASA is working t h e  " r igh t  problems". 
predoPinarit1.y in-house, i t  i s  supported by sune s p e c i f i c  c o n t r a c t u a l  activit ies 
t h a t  incl.udc!: 
Engine &trim Study of an  advanced ve r s ion  of t h e  c u r r e n t  q u i e t  engine which 
incorporate.  i n  a des ign  concept t h e  latest advances i n  engine technology 
and detenniries t r ade -o f f s  between noise reduct ion  BPeChaniaap8, engine per- 
formance and i n s t a l l e d  weight;  (b) an  Advanced Technology Experimental 
F i g h t e r  Study i n v e s t i g a t i n g  t h e  p o t e n t i a l  of i n t c g r a t i n g  a 11 t h e  newest 
technologLeo i n t o  a supe r io r  f i g h t e r  a i r c r a f t  des ign;  (c) Lift-Fami Research 
A i r c r a f t  IDesign Stud ies  f o r  t h e  purpose of examining advanced l i f t - f a n  VmL 
t r a n s p o r t  v e h i c l e s  f o r  t h e  1985 t i m e  perid; (d) Advanced Transport  Technology 
SyfBtsrP8 S tud ie s  i n v e s t i g a t i n g  t h e  p r a c t i c a l  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  
aerodynatwtco and related technologien i n t o  new subsonic l t ransonic  c i v i  1 arid 
m i l i t a r y  i transport  des igns ;  (e) STOL System and Design Stud ies  aimlad a t  
f u r t h e r i n g  the understanding of shor t -haul  STOL c i v i l  t r a n s p o r t  o p m a t i o n r  , 
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Elements of t h i s  a n a l y t i c a l  capa- 
Other o b j e c t i v e s  of t h i s  

Although t h i s  a c t i v i t y  i s  

(a) An advanced convent ional  take-off  and landing (CTOL) Quiet 



economicr~, and implementation needs as they a f f e c t  the  technica l  aspec ts  of 
STOL traisslmrts. 

Systems _i@ Experimental Programs 

This m t x v i t y  a i m s  a t  ver i fy ing  the  technica l  readiness  of technological 
concepts. It involves the design, f ab r i ca t ion  and t e s t i n g  of s p e c i f i c  
experimentcil components, systems, or processes, t o  al low experimental t e a t i n g  
and verXFication of a concept i n  a realistic cnvironppent. The r e tu rn  o r  
payoff i i s  t h e  opportunity f o r  an earlier appl ica t ion  of the  technology t o  a 
critica:L need i n  opera t iona l  systems, or a s ign i f i can t ly  new perepective f o r  
t he  design of a fu ture  system. 
technica l  and economic r i s k  i n  the appl ica t ion  of new technology to  operat ional  
hardware arid t o  decrease the  very long t i m e  lag between the  demorimtratiotr of 
teclinicaa 1 fEeasibili t y  and appl icat ion.  Experimental programs, alii the  f i n a l  
phase ob technology development, are undertaken j o i n t l y  , whenever possib1.e , 
with o ther  agencies. 
ExperisMsntcil Engines; F l igh t  Experiments ; Research and Experimental Vehic: les; 
and Opexetling Systems Experiments. 
are described i n  d e t a i l  i n  the accompanying text. 
Quiet Experimental STOL Transport Research Airplane, a FY 1972 npw start,, is 
the  arojor projec t  i n  terms of resources i n  FY 1973. 
accordin,p to plan. S igni f icant  new starts i n  FY 1973 include a STOL Expe!ri- 
mental Q u i e t  Engine, a JT3D/JT8D Engine Quieting Program, and a Rotor Terit 
VehLcle and a T i l t  Rotor Vehicle. Both the  Rotor T e s t  Vehicle and the  T i l t  
Rotor Vehicle e f f o r t s  are j o i n t  USA/U.S. Army programs. 

The t h r u s t  of t h i s  a c t i v i t y  is tal minimixe 

The FY 1973 programs are divided i n t o  four  categories:  

A t o t a l  of s ix teen  individuali. pro ject:s 
Of these s ix teen ,  the 

It is proce~d ing  

SUMMARY_IE RESOURCES REQUIREIIEN’ICS: 

1971 19 72 

Research and techno logy 
base...................... $74,109,000 $70,076,000 

Systems rnnd design studies.. 5,143,000 8,094 ,000 
Systems and experimental 

proBraras. . . . . . . . . . . . . . . . . .  20.880.000 31.830 .OOO 

Totril., ................... $100,132,000 $ 1 1 0 , ~ , 0 0 0  

BLstr i lkt ion of Program Amount by Ins t a l l a t ion :  

Manned Spacecraft  Center . . 
Mrslha 11 Space F l igh t  

Center.. ................ 
Jet Propu la ion  Laboratory. 
Wallops Station........... 
Amew Research Center...... 
Fliglht  Research Center. ... 
L e d e  Research Center.,... 
Langley Research Center. .. 
Headlqunrters.. ............ 

$1,299,000 
594,000 --. 

20,040,000 
9,552,000 

32,645,000 
31,049 ,OOO 
4,953,000 

--- 
$1,025,000 
1,160,000 

60,000 
30,844,000 
10,047,000 
30,124,000 
29,941 ,OOO 
6,799,000 

1973 - - 
$90 ,640 , OCH) 

7,000 ,O(tO 

$lOO,Oc#) 

1,000 ,Ooo 
1,300,000 

150,oO 

!i1,220,000 
39 ,350 ,oo 

!i6,520,0(K) 
L2,375,000 

1,42 5 ,OW 
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BASIS OF FUND REWIREHENIS: 

Research and Technology Base 

Materials research and 

St ruc tures  research and 

Avionic8 research and 
t e c h n o ~ l o ~ . . . . . . . . . . . . . . .  

Propulsion research and 
techno lo^. .............. 

Aerodynamics research and 
technollogy........ ....... 

Configuration research and 
t echnOlo~ . . . . . . . . . . . . . . .  

Life  sciences research and 
technollogJI.... ........... 

Operations research and 
technollogy. .............. 

Technical ass i s tance  t o  M)D 

technollo~........ ....... 
techna1log)l. .............. 

Tbtal. . . . . . . . . . . . . . . . . . . .  

Materials Research and 
Technallogy. .............. 

1971 1972 

$4,2 16,000 $5,800 ,OOO 

3,150,000 3,776 ,000 

3,885,000 2,%3,000 

17,051,000 20,005 ,OOO 

13,702 ,OOO 12,922 ,ooO 

23,828,000 18,930,000 

2,Loo,000 3,100,000 

5,277,000 2,100,Ooo 
900 .Ooo 9oo.OOo 

$74, L09,OOO $70,076,aH) - .  Y 

$4,216,000 $5,800,000 

19 73 - 

$7,200 ,Ooo 

8,070 ,OOO 

s,350,000 

26,900 ,OOO 

10,170,000 

25,300 ,OOO 

3,050 ,OOO 

3,700,000 - 9oo.OOo 

$90 ,= - 
$ 7 , 2 0 0 , ~  

The a b i l i t y  t o  pred ic t  the onset  of f r a c t u r e  and the  fatigue! lifta of a i r -  
c r a f t  s t r u c t u r a l  and propulsion materials i 8  becoming increasingly important 
as design procedures become more e f f i c i e n t .  
basic research in FY 1973 w i l l  be aimed a t  developing new methods €or deter- 
mining the stress and s t r a i n  d i s t r i b u t i o n s  i n  the  v i c i n i t y  of f l a w  and 
the  rate alf growth of these flaws when advanced materials are subjrwted t o  
load8 under var ious envirstuaental condi t ions,  including hot m i l t  sltrese 
corrosion, and under var ious c y c l i c  loading programs. 

To achieve these objet:tives, 

Fundamental research a t  Lewis in t he  area of atmic s t r u c t u r e  and proper t ie r  
is concerned with r e l a t i n g  microscopic and submicroscopic e tnrc  turfla to  the  
usefu l  pralperties of metals, nonmetals and composite materialis. Qtneral ly  
speaking it  is long-range research and is intended to  lead to  reprmducible 
high s t rength  materials t h a t  w i l l  permit the design of s a f e r  meilitrmry air-  
c r a f t  and c i v i l  t ransports .  Emphasis today is on strengthening mechanisms 
of metal a l loys ,  chemical s t ruc tu res  of polymers and i n t e r f o c f a l  p roper t ie r  
of composites. This research w i l l  be continued i n  FY 1973. 

Long-range continuing d i sc ip l ina ry  research a t  Lewis en  matadalr f o r  t he  

Furthatr advances i r k  
hot  rectieins of jet engines has  been very successful  i n  developing s t rong  
s t a b l e  materials f o r  increasingly higher terperature~s.  
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t h i s  d1rect:ion now depend as much upon increasing the  r e s i s t ance  t o  high-- 
temperaturc! oxidation as they do upon increas ing  the  mechanical propert ies .  
Accordingly, research w i l l  be la rge ly  concentrated upon the  study of oxidation 
mechaniems under se rv ice  condi t ions and upon the  development and evaluat ion of 
pro tec t ive  coat ings f o r  nickel-base a l loys ,  cobalt-base a l loys ,  diapersion- 
strengthenctd materdals and re f rac tory  metals. 
including processing of metal powders and d i r ec t iona l  s o l i d i f i c a t i o n ,  w i l l  be 
explored t o  improve proper t ies  f u r t h e r  and also to allow the  use  of complex 
air-cooled configurations.  For the  low temperature (compressor and fan) enid 
of the  eng:lne, research w i l l  concentrate upon development of caapoiiite 
materials rrsflng graphi te ,  boron or advanced g l a s s  f ibers .  

New fabricatLen techlniques, 

Improved polymers in t h e  form of non-flammable foams and pa in t s  for a i r c r a f t  

The 
i n su la t ion  and protect ion have been developed and appl ica t ion  s tud ie s  are 
continuing. Emphasis in t h i s  area w i l l  be focused on nontoxic materials. 
development of f u e l  tank sea l an t s  w i l l  be continued with s p e c i f i c  a t t e n t i e n  
to  long lifetime elastomers to reduce maintenance costs. Studies  on s t r u c t u r a l  
8dhesives for st ronger  and sa fe r  a i r c r a f t  w i l l  be i n i t i a t e d .  Protctctive 
p l a s t i c  coat ings f o r  metallic a i r c r a f t  sk ins  w i l l  be investigated.  

Composites, because of t h e i r  advantageous strength-to-weight r a t i o ,  are 
being inv t s t iga t ed  f o r  numerous po ten t i a l  a i r c r a f t  appl ica t ions ,  such as 
vanes and blades in jet engines. I n  the caae of polymeric ccmiposil:es both 
t h e  arganic  matrix and the  reinforcement have been improved f o r  caroprcssor 
blades. 
continued study is required to  a t t a in  the  longer life-time and gredater 
s t a b i l i t y  i n  the  engine environment. Metal matrix composites are being 
developed f o r  hot s t r u c t u r a l  elements, tu rb ine  vanes, buckets and lother 
componenta subjected t o  temperatures above 6009. 
in th ree  arcam: 
psites. 
gressively higher temperatures. 
oxides, camblides and re f rac tory  metal a l loys .  
of variourr matr ix-f iber  combinations w i l l  be improved and t h e i r  melchanical 
behavior rri1.1 be rrtudied in FY 1973. 

Polymero capable of operat ing a t  6 0 0 ~  have been devc!loped; howevcsr, 

E f fo r t  w i l l  be icxpanded 
matrix materials, re inforc ing  fibers and the  assembled cam- 

Aluminum, t i tanium and nickel-al lay matrices w i l l  be used for pro- 
The corresponding f i b e r s  w i l : l  include carbon, 

The chemical ccmpat i b i  li t y  

This program is aimed a t  providing the  s t ruc tu res  research and technology 
required t o  develop superior  c i v i l  and m i l i t a r y  a i r c r a f t .  
w i l l  be placed i n  Fp 1973 on e f f o r t s  supporting development of shor t  haul  
and :long haul  c i v i l  t ranspor ta t ion  systems. 

Increared empha.sis 

The eleineats of t h i s  program encompass high temperature s t ructuxes technology, 
s tud ie s  a:E the  appl ica t ion  of composites to  s t ruc tu res ,   structural^. ana lys i s  
and design, and s t r u c t u r a l  dynamics. 
can t  potemtfial payoffs may be possible  by the  introduct ion of composites 1.n 
airfxamer and by the  use of a c t i v e  cont ro ls  to  reduce loads and thereby save 
structural weight. The s t ruc tu res  program is l a rge ly  conducted a t  Langley. 
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The devcilopment of s t r u c t u r e s  t o  withstand f l i g h t  loads i n  the  presence of 
severe su r face  hea t ing  and i n t e r n a l  thermal stresses and s t i l l  meet weight 
and 1ifet:Luie requirements of very high speed t r a n s p o r t s  is extremely chal-  
lenging. Various s t r u c t u r a l  concepts w f l l  be inves t iga t ed  in FY 3,973 f o r  
a p p l i c a t i o n  to  cri t ical  temperature reg ions  a s soc ia t ed  wi th  c r u i s e  Mach 
nudbers of e i g h t  or higher.  
rub jec ted  t o  r ep resen ta t ive  condi t ions  in hypersonic wind tunnels  t o  i u v e s t i -  
ga t e  their c a p a b i l i t y  t o  withstand su r face  temperatures of t h e  ordlcr of 
1100% (2000%) with t h e  accompanying severe  thermal grad ien t  and stresser. 

Components embodying promising concepts  w f l l  be 

The composite materials technology i n v e s t i g a t i o n s  w i l l  be combined with 
the devel~opment of f a b r i c a t i o n  techniqueo. Large s c a l e  otructurer i  w f l l  be 
designed, b u i l t ,  and t e s t e d  t o  eva lua te  the  load ca r ry ing  capabi1i. ty of such 
s t r u c t u r e s .  

In t h e  !area of s t r u c t u r a l  a n a l y s i s  and design, improvements in a w l y t i c c r l  
c a p a b i l i t y  €or p red ic t ing  t h e  unsteady loads and d e f l e c t i o n s  of wings and 
c o n t r o l  surEaces are a n t i c i p a t e d  fram c u r r e n t  a c t i v i t i e s  that .  are underway. 
Advanced a a r o e l a s t i c  ana lyses  wi l l  be incorporated i n t o  the  NASTWU 
r t r u c t u r a l  a n a l y s i s  program. The NASTRAN program was developed by NASA, 
and is now being used by engineers  i n  t h e  U.S. represent ing  1.3 d i f f e r e n t  
i n d u s t r i e s .  Although NASTRAN har  broad problem so lv ing  c a p a b i l i t y ,  the  
number oE recommended improvements or a d d i t i o n s  to  t h e  program appears  t o  
be inc reas ing  with the  number of users .  
many of these  improvements as poss ib le  wi th in  t h e  next s e v e r a l  years .  

It is planned t o  1nc:orporate as 

A computet program called IPAD ( In tegra ted  Program f a r  A i r c r a f t  Design) 
which w i l l  consider  va r ious  d i s c i p l i n e s  such as performance, aerodynamics 
a e r o e l u s t i c f t y ,  s t r u c t u r e s ,  and propulsion, and then opt imize t h e  veh ic l e  
consider ing economic f a c t o r s ,  has been under s tudy f o r  about two years. 
Development of a simple p i l o t  model all be continued i n  FY 11973. 

A mans of r e a l i z i n g  e f f i c i e n t  s o l u t i o n s  f o r  such design problems 88 
f l u t t e r ,  f a t i g u e  and gus t  loads is t o  reduce t h e  modal response o €  elastic 
a i r c r a f t  winge, fu re l age ,  and t a i l  sur faces .  
inc lude  a .c t ive c o n t r o l  su r f aces  can accomplish such reduct ion  of lelastic 
mode response. Both a n a l y t i c a l  and wind tunnel  work on the e f f e c t i v e n e s s  
of leadiay edge and t r a i l i n g  edge c o n t r o l s  t o  accomplish theae s t r u c t u r a l  
improvements w i l l  cont inue i n  FY 1973. 

Advanced control q~~tesas t h a t  

Another program i n  s t r u c t u r a l  dynamics is concerned with the  i n v e s t i g a t i o n  
of Eluctcmting pressures  in laminar, t u rbu len t ,  and separated boundary layers, 
and i n  t h e  region of shock waves on a i r c r a f t  components. Ana ly t i ca l  wind 
tunnel  arid f l i g h t  tests to  improve methods f o r  c a l c u l a t i n g  response of 
s t m c t u r t r s  to  these  f l u c t u a t i n g  pressures  w i l l  be continued i n  FX 1973. 

1973 - 1971 1972 -a 

Avionics Research and 
Technol.oap. . . . . . . . . . . $3,885,000 $2, !Y+3,000 $5,350 ,m 
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To eva lua te  and enhance t h e  a p p l i c a b i l i t y  of  past c o n t r o l  theory b a s i c  
research  t o  p r a c t i c a l  problems, an e f f o r t  has been s t a r t e d  at Amer to  apply 
&ern camtrol theory t o  t h e  modeling and des ign  of a STOL automatic 18ndFng 
system. 
d i g i t a l  computer is planned by t h e  end of FY 1973. The complex l in te rac t ions  
of advanced a i r c r a f t ,  t h e i r  av ion ic  systems and t h e  e x t e r n a l  ope ra t ing  environ- 
ment requdre i n t e r d i s c i p l i n a r y  research  a c t i v i t i e s  involv ing  p a r t i c i p a n t s  
wi th  broad t e c h n i c a l  background. To meet t h i s  need a coopera t ive  u n i v e r s i t y  
g r a n t  program i n  air  t r a n s p o r t a t i o n  involv ing  t h r e e  u n i v e r s i t i e s  (with comple- 
mentary reeearch c a p a b i l i t i e s  and t h e  Langley Research Center has  been re- 
c e n t l y  i n i t i a t e d .  
v e r s i t y  wi l . 1  be added. 

Demonstration of t h i s  concept as a software change i n  an a i rbo rne  

The e f f o r t  w i l l  be expanded in FY 1973 and a fou r th  uni-  

Future  s h o r t  h a u l  a i r c r a f t ,  p a r t i c u l a r l y  t h e  VTOL, w i l l  have more complex 
operat ini l  modes (cog. t rans i t ion  from h o r i z o n t a l  to  vertical f l i g h t )  and 
w i l l  r equ i r e  t i g h t l y  scheduled ope ra t ions  u d n g  e c o n d c a l ,  r e l i a b l e  systems 
under condi. t ions of high p i l o t  workload due to  s h o r t  f l i g h t  s tage  lengths .  
Autamatccl f l i g h t  systeme are necessary to  make these  operations p r a c t i c a l .  
A program t:o develop advanced technology f o r  automated VTOL $avionic systems 
is b e i q  i n i t i a t e d  a t  Langley. 
to  t h e  unique requirements of  VTOL a i r c r a f t  i nc lud ing  l o w  speed a i r speed  and 
a l t i t u d e  semsors and c o n t r o l  and d i sp lay  techniques f o r  steep d e m e n t  and 
takeoff  . 

This e f f o r t  w i l l  develop tcclhnology app l i cab le  

Effortt ,  on gene ra l  a v i a t i o n  a v i o n i c s  w i l l  be continued w i t h  the) ob jec t ive  
of improvirig f l i g h t  s a f e t y  and al lowing f o r  increased  p a r t i c i p a t i o n  of s m a l l  
a i r c r a f t  i n  t h e  a i r  t r a f f i c  c o n t r o l  system. 
is the diwctlopment of  random modulation CW doppler  microwave techniques for 
a coopetcatitwe p i l o t  warning system. Earlier e f f o r t s  showed t h e  f c a s i b i l i  t y  
of  t h e  tachnique and t h e  c u r r e n t  emphasis i s  OD reducing t h e  cost of t he  
IpIc~owawi~ hardware. 
lat ter part: of FY 1973. 

A p r i n c i p a l  e f f o r t  a t  Langley 

F l i g h t  test of  this system is planned to  beg;in i n  t h e  

h e  apipl icat ion of active c o n t r o l  technology t o  advanced suparcionic and 
subsonic /sonic a i r c r a f t  can provide s i g n i f i c a n t  b e n e f i t s  i n  termiii of improved 
economic,, and performance, improved r i d e  q u a l i t i e s  and more f l e x i b l e  f l i a t  
path c o n t r o l  t o  alleviate te rmina l  area conges t ion  and noise  protllems. 
active c o n t r o l  technology program being i n i t i r t e d  a t  Langley i n  IT 1972 w i l l  
be expanded i n  FY 1973. 
criteria f o r  a p p l i c a t i o n ,  formulate  i n t e g r a t e d  des ign  approaches and v e r i f y  
des ign  procedures f o r  t y p i c a l  advanced a i r c r a f t  missions wi th  emphasis 011 
advanced srqemwmic a i r c r a f t .  Supporting technology e f f o r t s  i n  d i g i t a l  <:om- 
pu te r  r e l i a b i l i t y  and r e l i a b l e  i n e r t i a l  systems are key to  t h e  achievement 
of t h i s  ob jec t ive ,  

An 

This  program involves e f f o r t s  to d e v e l q  design 

1973 ~- 
Teclhnology.............. $17,051,000 $20,005,000 Q26,900,OOO 

1971 1972 - 
Propuls ion Research 

Research dur ing  FY 1973 w i l l  cont inue  to develop techniques f o r  improving 
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t h e  perfolwnce of a l l  gas  t u r b i n e  engine cornponents f o r  both c i v i l  and 
m i l i t a r y  app l i ca t ions .  Basic materials development, des ign  theory,  a n a l y s i s  
and experimentation w i l l  be performed f o r  extreme condi t ions  wi th  l u b r i c a n t s ,  
bear ings,  gears ,  and seals to achieve  e f f i c i e n t  performance, r e l i a b i l i t y ,  and 
extended l i f e .  
v e ~ t i g a t e d .  
f low rate,, Blading w i l l  be t e s t e d  a t  h igher  Mach numbers and higher  l e v e l s  
of loadinlg than  before.  Primary combustor research  w i l l  e s t a b l i s h ,  t h e  
technology rrecessary f o r  combustors having low p o l l u t a n t  emissiona and good 
d u r a b i l i t y  f o r  opera t ion  a t  pressures  up t o  400 psi. and o u t l e t  temperatures  
t o  3aOo*, A program w i l l  be s t a r t e d  to s tudy the  problems of -11 anrrul.sr 
combustorri wi th  a i r  flow rates below ten pounds per second. 
w i l l  also be conducted on combustor liner cool ing,  j e t  penetration1 and mixing, 
f u e l  i n j e c t o r  design,  and short! b i f f u s o r s  wi th  boundary l a y e r  con t ro l .  
b ine  resetrrch w i l l  inc lude  work on t h e  i n t e r r e l a t e d  problems of t u rb ine  amo- 
dyna1dc8:, cool ing,  and l i f e .  A v a r i e t y  of advanced tu rb ine  b lade  des igns  
w i l l  be i iwes t iga t ed  by Lewis Research Center. 

Approaches t o  reduce f an  and canpressor  weight w i l l  be i n -  
Stage pressure  ratios wi l l  be increased  as w e l l  *as s p e c i f i c  a i r  

Basic s t u d i e a  

Tur- 

A major research  emphasis dur ing  F'Y 1973 w i l l  cont inue  t o  be the  reduct ion  
of t h e  environmental impacts of a i r c r a f t  propuls ion systems, both no i se  and 
exhaust  omission pol lu t ion .  Ana ly t i ca l  s t u d i e s  and experinrents ccilnducted 
mostly by Lewis Research Center w i l l  seek t o  e s t a b l i s h  no i se  reduct ion  design 
p r i n c i p l a r  f o r  a l l  major noise genera t ing  canponents i nc lud ing  farits, com- 
p res so r s ,  t u rb ines ,  and j e t  exhaust systems. 
b l i s h  low no i se  design p r i n c i p l e s  f o r  a c o u s t i c a l l y  t r e a t e d  nacellcs. 
problems pecul ia r  to CTOL, STOL, and VTOL a i r c r a f t  systems w i l l  alI.1 be 
inves t iga t ed .  

Other work w i l l  seek. t o  est&- 
Spec ia l  

Technique# f o r  reducing p o l l u t a n t  emissions w i l l  be s tud ied  by 1 , ~ w i s  
Research (Center i n  primary combustors and r ehea t  burners.  
during FY 1973 w i l l  be given t o  reducing emissions of n i t r i c  oxidti! a t  high 
pwer s e t t i n g s  and carbon monoxide and hydrocarbons a t  engine i d l e .  
centrations of various p a r t i c u l a t e s  and gaseous p o l l u t a n t s  ia t h e  atmosphere 
below 40,1000 f e e t  w i l l  be measured by sampling devices  insta1.led cm commercial 
a i r  t r a n s p r t s .  
or o t h e r  high a l t i t u d e  a i r c r a f t .  
atmospheric contamination b a s e l i n e  data and t h e  c o n t r i b u t i o n  t o  a4t:mospherllc 
po l lu t ion  aade  by jet a i r c r a f t .  

P r i n c i p a l  a t t e n t i o n  

The con- 

Upper atmospheric acasurements w i l l  be made using: a YF-12 
A l l  measurements w i l l  be uaed t u  e s t a b l i s h  

High performance variable geometry 2 dimensional and axisynmetrl1.c i n l e t s  
f o r  both m i l i t a r y  and c i v i l  a p p l i c a t i o n s  w i l l  be i n v e s t i g a t e d  i n  idnd  tunnels .  
Representat ive i n l e t s  w i l l  alro be f l i g h t  t e s t e d  t o  determine. t h e  e f f e c t s  of 
t h e  a i r c r a f t  flow f i e l d s  on i n l e t  operat ion.  I n l e t - n a c e l l e  1.nvesfl:igationa 
w i l l  determine minimum drag  conf igu ra t ions  f o r  a i r c r a f t  ope ra t ing  a t  tran- 
sonic rpeeds. Tes t s  to  determine the e f f e c t i v e n e s s  of i n l e t  sonic: choke for 
suppressing f a n  noise p a r t i c u l a r l y  f o r  c i v i l  a p p l i c a t i o n s  wil.1 be conducted. 
High perfsrmance v a r i a b l e  geometry engine exhaust nozzle  research  w i l l  em- 
phasize the  i n t e r a c t i o n  between a i r c r a f t  flow f i e l d s  and t h e  nozzle. Plug 
and wedge nozzle conf igu ra t ions  w i l l  provide information on c:ooliii1g requi re -  
ments and performance. Nozzles designed f o r  reduced j e t  n o i r e  w i l l  be f l i g h t  
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t e s t e d  f o r  supersonic  t r a n s p o r t  app l i ca t ions .  
respons ib le  f o r  t h e  major po r t ion  of t h e  propuls ion research  a c t i v i t y .  

The Lewis Research C,enter is  

Research during FY 1973 on complete propuls ion systems w i l l  explore  optimum 
design c h a r a c t e r i s t i c s  f o r  f u t u r e  t r a n s p o r t s  and m i l i t a r y  a i r c r a f t ,  
test  progr,ams w i l l  be conducted t o  i n v e s t i g a t e  dynamic in te rac t ion t i  among 
propuls ion s : y s t e m  components. 

Systems 

The development of t h e  low cost engine technology base W i l l  cont inue a t  
Lewis Research Center during PP 1973. This work is d i r e c t e d  pr imar i ly  t o  
t u r b o j e t  end turbofan engines  i n  t h e  500 and 1,0oO lbs .  t h r u s t  clatils which 
could be isuitable f o r  (1 wide range of non-recoverable m i s s i l e a  and drones 
and a l s o  t o  ,Beenera1 a v i a t i o n  aircraft. The special problem of achfmving 
high performance i n  advanced s m a l l  gas  tu rb ine  engines W i l l  a l s o  btr inves td-  
gated.  

Advanced propuls ion c o n t r o l  system technology w i l l  be developed to provide 
optimum s y s t e m  performance throughout t h e  e n t i r e  opera t ing  envelope of high 
performance supersonic  a i r c r a f t .  
i n t eg ra t ed  propuls ion c o n t r o l  system h a s  been i n i t i a t e d  dur ing  FY 1972. 11: 
is  est imated t h a t  t h e  j o i n t  program w i l l  be completed during l’y 1975. 

A j o i n t  NASA/AF research  program’for an 

Efforts are underway t o  develop t h e  technology for propuls ion cninponents 
and systems meeting STOL a p p l i c a t i o n  requirements with r e spec t  t o  ‘noise, 
po l lu t ion ,  and performance, and which minimizes t h e  performance, wleight, and 
c o s t  p e n a l t i e s  a s soc ia t ed  wi th  t h e s e  requirements.  
be given cluring FY 1973 towards determining experimental ly ,  t he  unsuppreseed 
and suppressed noise  and performance c h a r a c t e r i s t i c s  of  f ans  whose des ign  
parameterrr d i r e  in the range of a p p l i c a b i l i t y  for e x t e r n a l l y  blown f l a p  
aircraft corrcepts. Addi t iona l  e f f o r t s  on FY 1973 w i l l  be dirlected’ towards 
determining t h e  e f f e c t  of f low d i s t o r t i o n  due t o  i n l e t  son ic  choking on t h a  
aer4ynam:ic performance of f ans ,  and to  determine the  a c o u s t i c  pexformance! 
of wing slot and f l a p  no i se  reduct ion  techniques,  sonic  i n l e t s ,  arid fan /sonic  
i n l e t  sysrteros i n  t h e  range of a p p l i c a b i l i t y  f o r  augmentor wing a i r ’ c ra f t  con- 
cepts .  Xnstal led performance of t h e s e  rystems dur ing  c r u i s e  and ].ow speed 
ope ra t ions  id11 be determined by wind tunne l  teste wi th  small scabe engine! 
s imula tors .  
propuls ion research.  

S p e c i f i c  a t t e n t i o n  w i l l ,  

The Lewis Research Center has  prime r e s p o n s i b i l i t y  f o r  t h e  STOL 

VTOL engine technology i n v e s t i g a t i o n s  inc lude  l i f t  engine comporients, 
system i n t e g r a t i o n  of t h e  engine components, engine 1ns t a l l a t . i on  e f f e c t s ,  and 
engine noise  generat ion and suppression.  This work is conduc:ted pr imar i ly  a t  
t h e  Lewis Research Center and f u l l  u t i l i z a t i o n  of t h e  new V e r t i c a l  L i f t  Engine 
T e s t  f a c i l i t y  i s  expected dur ing  FY 1973. 

Ana ly t i ca l  s t u d i e s  supported by l imi ted  experimental  research  w i l l  be con- 
ducted by Lewis Research Center dur ing  FY 1973, t o  assess t h e  f e a r i b i l i t y  
and s a f e t y  of opera t ion  of nuclear  propuls ion  systems f o r  very l a rge  advanced 
subsonic a i r c r a f t  and a i r  cushion veh ic l e s .  The work w i l l  bta conleentrated on 
s a f e t y ,  f i s s ion-product  containment, and i n t e g r a t e d  aircraf t -engi lne r e a c t o r  
des ign  ana lys i s .  
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The t e c h n i c a l  f e a s i b i l i t y  of  advanced f u t u r e  a i r c r a f t  and t h e i r  associated 
propuls ion clystems w i l l  be s tudied.  The comparative merits of a l t e r n a t i v e  
engines  arid promising areas of r e sea rch  w i l l  be determined. 

The performance d e l  of t h e  Hypersonic Research Engine w i l l  be tested 
dur ing  FJt 1973 in t h e  Lewis Plum Brook Hypersonic Propuls ion f a c i l i t y  a t  Mach 
numbers a:€ li, 6, and 7. Test8 previously conducted in t h e  Langley! hypersonic 
tunnel  with v i t i a t e d  air  a t  Mach 8 have demonstrated t h e  p rac t i ca1 , i t y  of 
hydrogen .€uctl r egene ra t ive ly  cooled 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 components 
of advanced hypersonic propuls ion system concepts  which may apprec iab ly  re- 
duce coo1:Lng requirements of  t h e  engine and improve system perfomlance wil.1 be 
continued during FY 1973. 
Rypersonic Research Engine program. 

The Langley Research Center is respons jb le  f o r  the 

Aerodvnam:Lc s Re search  
1971 1972 -1 1973 " 

- 
and Fechnology.. . . . . . . . . . $13,702,000 $12,922,000 $1(;~,170,000 

Aerodvnm&c Pred ic t ion  and Simulation 

Increased c a p a b i l i t y  i n  understanding and p red ic t ing  complicated aerodynamic 
phen~mena, euch as three-dimensional t r anson ic  flows, w i l l  be purniwd i n  
FY 1973 by taking advantage of t h e  cost e f f e c t i v e n e s s  of computer flow simu- 
l a t i o n .  Computational procedures w i l l  be developed 0180 a t  Aspos uind Langley 
Bcsearch Centers to  opt imize a i r f o i l  and wing-body designs f a r  mil l i tary and 
conrmercial a i r c r a f t  over t h e  complete speted range. Concurrent exjjwrimentrnl 
s t u d i e s  w i l l  be c a r r i e d  o u t  a t  Ames Research Center to  provide empir ica l  
i n p u t s  t o  t h e  computational procedures ( p a r t i c u l a r l y  wi th  refipect t o  viscous 
e f f e c t s ) ,  t o  guide and check' t h e  v a l i d i t y  of t h e  ana lyses ,  arid to  s tudy flows 
which are t o o  complicated t o  be handled as y e t  by the  computer. 
Research Center ,  some of t h e  computational and experimental  effor l ta  i n  t h e  
caming year  w i l l  be devoted t o  determining sonic boom shapes and e~verpresrures  
i n  atmoopheric and f l i g h t  cond i t ions  conducive t o  t h e  product ion of "super- 
booms" a t  hypersonic f l i g h t  speeds and t o  de f in ing  conf igu ra t ions  which 
minimize son ic  boom e f f e c t s .  

A t  Langley 

Experinen ta 1 i n v e s t i g a t i o n s  of aerodynamic phenomena are o f t e n  lirndicapped 

Improved s imula t ion  i o  needed p a r t i c u l a r l y  Ln t h e  h igh  
Critical experiments w i l l  be c a r r i e d  

by t h e  l e s s  than p e r f e c t  f low s imula t ion  provided by e x i s t i n g  wind tunne l s  
and test procedures. 
Reynolds number t r anson ic  t e a t  regime. 
out a t  Aules Research Center and Jet Propuls ion Laboratory i n  Fy 1'973 to i n -  
v e s t i g a t e  tunnel-induced and test procedure a b e r r a t i o n s  i n  t h e  t r anson ic  
range. 
suppress  such e f f e c t s ,  as w e l l  as t h e  in f luence  of t h e  tunne l  environment on 
boundary l aye r  t r a n s i t i o n  a t  h igher  f l i g h t  speeds. I n  conjunct ion  wi th  re- 
search  om improved tunnel  test and des ign  techniques,  advanced procedures f o r  
measuring; f l o w  q u a n t i t i e s ,  such as t h e  use  of Doppler veloci ineters ,  w i l l  be 
pursued. 

A t  Langley Research Center,  new des ign  concepts  w i l l  be smght to 
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F l i g h t  Heahanics 

Programs t.o p r e d i c t  a i r c r a f t  dynamic response behavior as a f r i n c t i m  of 
atmospheric d i s tu rbances  and p i l o t  cornrand r e q u i r e  inc rea red  emphasis i n  o rde r  
to provide onaningfu l  des ign  criteria f o r  a s s u r i n g  s a t i s f a c t o r y  f l y i n g  and 
r i d e  q u a l i t i e s  i n  f u t u r e  a i r c r a f t .  I n  FY 1973, s t u d i e s  w i l l  be made to 
def ine  imprcwcd techniques f o r  c a l c u l a t i n g  dynamic response from s ta t ic  measure- 
ments ( inc luding  e f f e c t s  of  s t r u c t u r a l  f l e x i b i l i t y ,  tu rbulence  rind f l i g h t  a t  
or beyond t h e  stall) ,  OR f a c t o r s  a f f e c t i n g  s p i n  modes inc lud ing  t h e  lcntry and 
recovery pheses, and on def in ing  more realistic handl ing q u a l i t i e s  cri teria 
f o r  vehiclcsi wi th  c o n t r o l  systems t h a t  employ a h igh  degree of tnugmeatation. 
The s p i n  rerierrch w i l l  be conducted pr imar i ly  a t  t h e  Langley Rcisearch Center 
u t i l i z i n g  t h e  s p i n  tunne l  and a i rbo rne  drop-model techniques.  
such studicri ,  a thorough a n a l y s i s  w i l l  also be made of t h e  p o t e n t i a l  b e n e f i t r ,  
ruch as t h e  a l l e v i a t i o n  of adverse v e h i c l e  response dur ing  f l i g h t  in turbulence 
and a t  o r  btryamd t h e  stall ,  from aerodynamic conf igu ra t ions  de8:Lgned t o  take 
f u l l  advantcrgc! of  "fly-by-wire" c o n t r o l  system technology. The advanced 
ground simul.at.ors, f l i g h t  v e h i c l e s ,  and spec ia l i zed  wind tunne1,s equipment 
necessary t o  c a r r y  o u t  such retiearch w i l l  be maintained and updated on a 
con t inua l  btrsis. 
s imula tors  t i t  t h e  Langley and Ames Research Centers  and by use  of t h e  General 
Purpose Airborne Simulator a t  t h e  F l i g h t  Research Center. 

'tn l i n e  wi th  

Ihe s imula tor  programs w i l l  be conducted i n  ground-base 

1973 
--1 

1971 1972 
Configurat ions Research 

and Technology.. . . . . . . . . $23,828,000 $18,930,000 $2S,3~00,000 

The conf igu ra t ions  research  and technology program is directeld toward i n t e -  
g r a t i n g  aerodynamic and f l i g h t  mechanics technelogies  wi th  o t h e r  d i s c i p l i n a r y  
technologlet1 f o r  a p p l i c a t i o n  to s p c c i f i c  classes of a i r c r a f t  to  provide a 
sound t e c h n k r l  base f o r  f u t u r e  aircraft. The program elements descr ibed 
below are gcmeral a v i a t i o n ,  STOL a i r c r a f t ,  V'POL a i r c r a f t ,  r o t o r c r a f t ,  
t r a n s p o r t  ahrc:raft ,  and m i l i t a r y  a i r c r a f t .  

General  Aviat ion 

General aviation a i r c r a f t  as a class have su f fe red  from t h e  lack of an 
i n t e g r a t e d  iterodynamics and f l i g h t  dynamics des ign  base. Therefore ,  t h e  
program eleraents f o r  FY 1973 w i l l  i nc lude  f u r t h e r  i n v e s t i g a t i o n s  of conf i -  
gu ra t ion  aerodynamics and emphasize improving s t a b i l i t y ,  c o n t r o l ,  and handling 
q u a l i t i e s  (LIB tin i n t e g r a l  part of t he  aerodynamics of t h e  conf igu ra t ions  to be 
s tud ied  . 

Program a d d i t i o n s  a t  t h e  Langley Research Center i n  PY 1973 w i l l  inc lude  (li 
cmprehens tve  i n v e s t i g a t i o n  of t h e  s ta l l  spin c h a r a c t e r i s t i c s  of the) cu r ren t  
gene ra l  avir i t ion a i rp l ane .  
d a t a  and techniques t h a t  permit r e l i a b l e  p red ic t ion  of t h e  s p i n  cha rac t e r i8 t : i c s  
p r i o r  t o  fL:Lght test. 
to  document p i l o t i n g  and f l i g h t  procedures i n  t h e  ope ra t iona l  envirciament 
w i l l  cont inue  dur ing  F'Y 1973 wi th  t h e  concent ra t ion  being placed on t r a f f i c  

Emphasis w i l l  be on t h e  development of design 

E f f o r t s  by Wallops S t a t i o n  and Langley Research Center 
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p a t t e r n s  *and landing approaches a t  uncont ro l led  airports. 
of devices  t o  s impl i fy  the  p i l o t i n g  t a s k  w i l l  be continued covering a broad 
range of rystems and camponents. 
FY 1973 w i l l  de f ine  t h e  mlnimum l e v e l s  of system p rec i s ion  and coarplexity 
t h a t  w i l l  psnnit t h e  marked improvements i n  handl ing c h a r a c t e r i s t i c s  a l r eady  
demonstrated, 
i n t o  powered a i r c r a f t  w i l l  be compiled i n  a d d i t i o n  t o  a f l i g h t  demonstration 
of t h e  s l o t  spoiler d i r e c t  l i f t  c o n t r o l  concept by t h e  Langley Refilearch Center,  
Opera t iona l  demonstrations of materials and techniques f o r  iaiprovd.ng c ra sh  
s u r v i v a b i l i t y  w i l l  cont inue with t h e  a p p l i c a t i o n  of  new f i r e  resisbtant 
materials to gene ra l  a v i a t i o n  cockpi ts .  

The exfilmination 

The F l i g h t  Research Cen te r ' s  e f f ior t s  dur ing  

A des ign  guide f o r  t h e  inco rpora t ion  of aerodynamic: s p o i l e r s  

STOL A i r c r a f t  

F lap  system conf igu ra t ion  d e t a i l s  w i l l  be i n v e s t i g a t e d  parcrmetr:l.cally in 
FY 1973 on stat ic  r i g s  and i n  small-scale wind tunne l s  a t  t h e  Ameri Research 
Center to  reduce l i f t  augmentation no i se  wi th  a minimum s a c r i f i c e  of per- 
formance. The r e s u l t s  w i l l  be employed i n  t h e  des ign  of  advanced systems 
t o  test on l a rge  swept wing wind-tunnel models t o  determine whether t h e  per- 
formance and no i se  opt imiza t ion  is v a l i d  i n  three-dimensional. f low i n  a 
l a rge - sca l e  conf igu ra t ion  r ep resen ta t ive  of a modern STOL t r anspor t .  Also 
soroe small  scale tests w i l l  be conducted i n  t h e  Langley Research (:enter 
V/STOL IFtaneit ion Tunnel of  novel STOL conf igu ra t ion  conceptat conceived pit: 
t h e  o u t s e t  wi th  low noise  as a goal.  
f a c i l i t y  of fou r  d i f f e r e n t  l i f t  augmentation systems on a caunnon ISTOL model 
for d i r e c t  comparison of aerodynamic c h a r a c t e r i s t i c s .  
t o  eva lua te  t h e  handl ing and r i d e  q u a l i t i e s  of s p e c i f i c  STOL conccpts  conf i -  
gu ra t ion  deeigns,  as w e l l  a s  t h e  f l y i n g  c h a r a c t e r i s t i c s  whicht wou'lld be de- 
s i r a b l e  and realist ic f o r  operational STOL v e h i c l e s  u t i l i z i n g ;  grormd-based 
s imula tors  and appropr i a t e  a v a i l a b l e  f l i g h t  test a i r c r a f t .  The lritter i n -  
c ludes  an  OV-1OA a i r c r a f t  wi th  a h i g h - l i f t  r o t a t i n g  c y l i n d e r  f l a p  to  prowide 
STOL c a p a b i l i t y ,  as w e l l  as VTOL research  a i r c r a f t  and variabile s t a b i l i t y  
h e l i c o p t e r s  ope ra t ing  i n  simulated STOL f l i g h t  condi t ions .  

Tests w i l l  be completedl i n  t h i s  

Research wl.11 cont inue 

VTOL A i r c r a f t  

Research i n  t h i s  category of a i r c r a f t ,  which excludes rotorcrafll:, w i l l  g ive  
primary eimphasis to  t h e  l i f t - f a n  concept. I n  FY 1973, t h e  i n t e r a c t i o n s  of  
l i f t - f a n  i n l e t  and exhaust  flows wi th  f l i g h t  flow, wi th  t h e  ground, and 
wi th  major a i r c r a f t  components 8uch as t h e  wing, fuse lage ,  and enhsine pod8 
w i l l  be s tudied.  
t unne l  t e s t i n g  a t  t h e  Langley Research Center ,  and w i l l  also be included ;in 
l i f t - f a n  conf igura t ion  i n v e s t i g a t i o n s  o f  aerodynamic performance, s t a b i l i t y ,  
c o n t r o l ,  and noise  i n  l a rge  scale wind tunne l  tests. 
of  a l a r g e  l i f t - f a n  VTOL model w i l l  be t e s t e d  i n  t h e  Ames 40- by W-foot  
wind tunnel ,  Addi t iona l  model conf igu ra t ion  tests w i l l  be gawernc!d t o  some 
e x t e n t  by t h e  outcome of t h r e e  l i f t - f a n  a i r c r a f t  s tudy c o n t r a c t s  1l:o be c~m- 
p le t ed  i n  late PI 1972 as descr ibed under Systems and Design Stud:I,es. These 
s t u d i e s  w i l l  also be t h e  b a s i s  f o r  ex tens ive  f l i g h t  s imula tor  i n w s t i g a t i o n s  
of l i f t  - E an vehic  le hand l i n g  qua li ties charac teristics and requirc!ments . 

This  w i l l  be done paramet r ica l ly  i n  small scale wind 

A conpl.ete conf igu ra t ion  
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Par t i cu la<r  a t t e n t i o n  w i l l  be given to veh ic l e  c o n t r o l  s y s t e m  using blended 
propuls ive and aerodynamic c o n t r o l  inputs .  
also cont inue i n  f l i g h t  tests of t h e  XV-SB, X-14B, and X-22 reaearch V!LVL 
a i r c r a f t  , 

Handling q u a l i t i e s  reniearch w i  11 

Rotorcraftt  Recent work on t h e  dynamics of  aerodynamic flalws on h e l i c o p t e r  
r o t o r  blades and i n  t h e  r o t o r  wake is  showing real promise fair payoff i n  terms 
of performance, v ib ra t ion ,  and noise.  The e f f o r t  w i l l  be extended t o  inves- 
t i g a t e  htrw well t h e  knowledge can be app l i ed  i n  rotor b lades  and c o n t r o l  
systems. A new high performance r o t o r  test r i g  w i l l  become ava i l t ib le  i n  IFY 
1973 t o  provide g r e a t l y  improved rotor test c a p a b i l i t y  i n  t h e  Ameri 40- by 
80-foot wind tunnel.  Simultaneous measurements w i l l  be made of  b'I.ade l o c a l  
presaure loads and noise.  The rotor tests w i l l  inc lude  one of tht! type  de- 
signed f o r  t h e  tilt r o t o r  a i r c r a f t  concept. Research on ro ta i rc raf t  handl ing 
qual  Lties including improved f l i g h t  c o n t r o l  systems and p i l o t  d i s j ~ l a y s  fox. 
a l l  weather opera t ion  w i l l  cont inue using ground-based s imula tors  and f l i g h t  
test he l i cop te r s .  

m a n s u o r t  A i r c r a f t  - I n  FY 1973, aerodynamics and f l i g h t  dynamics problems 

Primary emphasis, howevcr, w i l l  be 
of  e x i s t i n g  type a i r c r a f t  or improved modi f ica t ions  w i l l  be inves t iga t ed  i n  
wind tunnels  and s imula tors  as required.  
on advanced a i r c r a f t  concepts. For subsonic / t ransonic  t r a n s p o r t s  t h i s  w i l l  
include research a t  t h e  Ames Research Center to  reduce wave drag on novel 
conf igura t ions ,  and i n t e r f e r e n c e  drag from engine i n s t a l l a t i o n s .  
t r anspor t  conf igura t ion  research a t  t h e  Ames and Langley Research Centers w i l l  
i n v e s t i g a t e ,  both a n a l y t i c a l l y  and experimental ly ,  advanced auperrionic t r tms-  
port concepts t o  improve t h e  a i r c r a f t ' s  o v e r a l l  performance and t o  provide 
s a t i s f a c t o r y  low speed s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s .  Hypersonic 
t r anspor t  research at Langley Research Center w i l l  examine caaf igr i ra t ion  
concepts to  exp lo i t  favorable  i n t e r a c t i o n s  between aerodynamics, ~wopu l s ion  
and strut: tuires using advanced cool ing concepts with emphasis on dcwising re- 
l i a b  Le performance p red ic t ion  techniques,  on understanding ~ e y n o l t l s  numbex 
e f f e c t s ,  and on i n t e g r a t i n g  t h e  engine and a i r f rame opt imal ly .  

Supersonic 

bilitarv A i r c r a f t  - Beyond a s s i s t a n c e  on major DOD p r o j e c t s  descr ibed under 
t h e  DOD Assis tance Program, NASA conducts conf igura t ion  research  of a mors 
genera l  na ture  i n  both wind tunne l s  and f l i g h t  on a v a r i e t y  of mi:I.itarv 
advanced a i r c r a f t  ( f i g h t e r s ,  bombers, and i n t e r c e p t o r s )  and niissilie concepts 
(sur  €ace- t o -a i r  and ground-to-air). Generalized a n a l y t i c a l  and wind tunnel  
i n v e s t i g a t i o n s  w i l l  continue i n  FY 1973 i n  search of improved p red ic t ion  
methods cmd veh ic l e  conf igura t ion  concepts for optimized aerodynamic per- 
formance o f  m i l i t a r y  type vehic les .  
devices  to  improve t ransonic  maneuvering on a m i l i t a r y  a i rp lane .  A j o i n t  
United Klinqdom/NASA f l i g h t ,  s imulator ,  and wind tunnel  program w i l l  be con- 
t inued  to eva lua te  t h e  use of  t h r u s t  vec tor ing  m imprwing  f i g h t c r  
maneiwerclibi Lity. Control c h a r a c t e r i s t i c s  o f  advanced f i g h t e r  aircbraft  
w i l l  be i izvestigated i n  f l i g h t  using BL l a r g e  scale remotely c o n t r o l l e d  
mode 1 lariinclied from a B-52 a i r c r a f t .  

F l i g h t  tests w i l l  be conductcd of  
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1971 19 72 --a 1973 
Life Scierrcas Research 

and Technology. . . . . . . . $2,100 ,OOO $3,100,000 $ 3 , 0 ~ , ~  

f ie  L i f e  !;ci.ences p r o j e c t  addresses  t h e  e f f e c t s  on man's performance which 
r e r u l t  from t h e  stresser imposed on him by ae ronau t i ca l  systems. 

Comparisons on phys io logica l  measurements and t a s k  ana lyses  i n  actual f l i g h t  
and i n  t h e  :Laboratory, and c o r r e l a t i o n  of phys io logica l  measures w i t h  work- 
load i n  o rda r  t o  e s t a b l i s h  techniques f o r  measuring performance w i l l  be i n i t i a t e d  
i n  FY 1973 t i t  t h e  F l i g h t  Research Center. 
ject is undorway to de tena ine  what c o n s t i t u t e s  hazardous noise .  
l abora tory  tittidy which uses  va r ious  species of animals as s u b j e c t s  t o  study 
t h e  e f f e c t s  or1 t h e  hear ing  mechanism of no i se  of va r ious  f requencies ,  i n t en -  
sities and durat ion.  A t  Asres Research Center,  t h e  r e l a t i o n s h i p  of desyn-  
chronoeis  t o  performance degradat ion w i l l  be s tud ied  i n  P'Y 1973. 

A t  Langley Research (Center a pro- 
This is a 

Our ob jec t ive  i n  a i r c r a f t  no i se  abatement is to provide information about 
human r e a c t i o n  to  no i se  which w i l l  be h e l p f u l  i n  a l l e v i a t i n g  o r  aba t ing  t h e  
a i r c r a f t  no i se  problem. 
s o c i o l o g i c a l  techniques f o r  p red ic t ing  coaaarnity response t o  aircraft no i se ,  
and developing s tandards  which relate no i se  annoyance to  no i se  exposure. 
The ef fec t iver iess  of t h e  qYnamic P r e f e r e n t i a l  Runway System as a method of 
no i se  abaternerrt is being eva lua ted ,  and w i l l  cont inue i n  FY 1973. A t  Ames, 
a s tudy w i l l  be i n i t i a t e d  t o  determine t h e  f a c t o r s  which shape t h e  xeac t ion  
of t h e  conminl,ty to  new technology such as STOL. 

We are developing more accura t e  psychological  and 

Concern him been expressed t h a t  STQL and VTOL a i r c r a f t  may lack  passenger 
acceptance because of unusual a i r c r a f t  a t t i t u d e s  and motions. 
v i b r a t i o n  s:Lmulator is being cons t ruc ted  a t  t h e  Langley Research Center f o r  
labora tory  -re#earch in t h i s  area. The P l i g h t  Research Center  is readying a 
program on t h e  General Purpose Airborne Simulator  f o r  i n f l i g h t  s t u d f e s  on 
STOL r i d e  qtra:Lity research.  

I n  FY' 1972, (II 

Both of  t hese  programs w i l l  start i n  FYI' 1973. 

P i l o t s  o f  f u t u r e  genera t ions  of aircraft ,  p a r t i c u l a r l y  STQL and VllylL air-  
c r a f t ,  w i l l  be faced wi th  a new ope ra t ing  environment. There w i l l  tile i n -  
creased autcmation i n  a i r c r a f t  and a i r  t r a f f i c  control procedures. There 
w i l l  be a demand f o r  more p rec i se  f l i g h t  path control because af  no i se  
abatement requirements and increased  t r u f f i c  congest ion;  and a demarrid f o r  
f l y i n g  i n  a11 types  of weather condi t ions .  
i n  t h i a  f u t u r e  aircraft  opera t ing  environment, new d i s p l a y  and c o n t r o l  
concepts  and criteria are being def ined ,  and the  p i l o t  procedures ufiling thiii 
equipment are being determined. 

To a s s u r e  the  proper piIl.ot r o l e  

Analysis  (of aircraft c ra she r  i n d i c a t e s  t h a t  t h e  probable cauees of f a t a l  
c r a shes  inc lude  human error in 54% of t h e  cascr in caarmerical a c c i d m t s  and 
82% of t h e  ,cases i n  gene ra l  av ia t ion .  S tud ie s  w i l l  be i n i t i a t e d  i n  FY 1973 
to  analyze accident  d a t a  banks i n  o rde r  t o  determine i f  human ebrrortli occur 
i n  Cer t a in  p a t t e r n s  and frequencies.  This will t e l l  us  how to corrcct humair 
e r r o r s  and the requdred research  to be pursued. 
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Casual t ies ,  a r e  high i n  landing and take-off acc iden t s  which are su rv ivab le ,  
as  shown by the  f a c t  t h a t  o t h e r s  survived t h e  aame acc idents .  
seats and emergency procedures and equipment could save many of t h e m  l i v e s  
and we are developing these.  Severa l  a i r c r a f t  have been destroyed o r  badly 
damaged on the ground during s e r v i c i n g  of high pressure  gaseous emergency 
oxygen systems. 
on space l i f e  support  systems and &he f e a s i b i l i t y  of adapt ing  these  t o  a i r -  
c r a f t  w i l l  be s tud ied .  

Xmproved 

Other ,  s a f e r  techniques are a v a i l a b l e  from past NASA work 

F l i g h t  s in tu ls tors  provide a powerful tool which may be used f o r  p i l o t  
t r a i n i n g  and f o r  research  and development across a broad spectrum of a i r c r a f t  
design and l i f e  sc i ences  problems. The cost of t r a i n i n g  and maintaining t h e  
prof ic iency  of a v i a t i o n  personnel and of developing, t e s t i n g  and eva lua t ing  
advanced airbalrne and ground systems could be g r e a t l y  reduced by more ex tens ive  
u t i l i z a t i o n  of s imula tors ,  bu t  t h i s  w i l l  only be poss ib l e  i f  s i loulator  realism 
is enhancedl. To d a t e ,  t h e  test  of s imula tor  realism and f i d e l i t y  has  been 
ch ie f  lyr sub jec t ive .  A s c i e n t i f i c  and technologica l  b a s i s  must ]be developed 
f o r  ob jec t ive  eva lua t ion  of t he  realism and f i d e l i t y  of s imulat ion.  It  is 
necessary t o  understand haw man perce ives  va r ious  cues,  e s p e c i a l l y  those of 
motion and visdon,  and how he i n t e g r a t e s  t hese  cues.  This information must 
be quan t i f i ed  i n  a form u s e f u l  f o r  des igners  of s imula tors  and ind iv idua ls  
responsiible f o r  checking the  f i d e l i t y  of Simulators.  

Analyrticeil. s t u d i e s  are underway t o  determine motion requirements f o r  va r ious  
maneuvers OIL 61imulators. 
de f ine  requirements f o r  v i s u a l  landing d i s p l a y s  to  be used i n  t r a i n i n g  
simu1at:ors. Addi t iona l  equipment is being developed t o  c a r r y  on t hese  s t u d i e s  
e s p e c i a l l y  f o r  v i s u a l  cue research.  
t h e  requi red  s imula tor  c h a r a c t e r i s t i c s  necessary f o r  t r a i n i n g  STOL aircrews.  

A t  Ames, s t u d i e s  w i l l  be i n i t i a t e d  i n  FY 1973 t o  

Work w i l l  also be in i t i a t e ld  to  de f ine  

1973 
--I 

1971 1972 
Operationti Research acid 

Tec:hnol.ogyr.. . . . . . . . . . . . $5,2 7 7, OOO $2 ,100,000 $3,700,000 

The progrtimr i n  t h i s  research  area are divided i n t o  fou r  groups: (1) 
knowledge of atmosphere and i t s  e f f e c t  on design and opera t ion  of a i r c r a f t ;  
(2) runway irafety and increased  capac i ty ;  (3) ope ra t iona l  s a f e t y ;  anld (4) 
airport :  air  po 1 l u t  i o n  reduct ion.  

Improved deciigns of a i r c r a f t  f o r  s a f e r ,  more economical opera t ions  need an 
increased  understanding of bas i c  atmospheric p r o p e r t i e s  and t h e i r  e f f e c t  on 
a i r c r a f t .  :%he planned e f f o r t  covers fundamental measurements of the l i f e  
cyc le  and cxnnputer modeling of warm fogs ;  a n a l y s i s  of low l e v e l  windl da t a  
which could a f f e c t  STOL port opera t ions ;  mea8urements of tu rbulence ,  both 
cloud and c:;Leair a i r ,  t h a t  can a f f e c t  passenger comfort ,  s t r u c t u r a l  i n t e g r i t y ,  
and miXi ta ryr  r e f u e l i n g  opera t ions ;  and severe  storm hazards such as  g u s t s ,  
h a i l  dmtage, and l i g h t n i n g  induced vo l t ages  on s e n s i t i v e  e l e c t r o n i c  systems. 

In Fx 1973 emphastr w i l l  be placed on problems i n  runway s a f e t y  amid use 
which are r t isociated wi th  (1) maintaining adequate c o n t r o l  of t h e  a i r c r a f t  



on t h e  runway a f t e r  landing touchdown; (2) l i m i t a t i o n s  of the number of  take-  
o f f s  and landings i n  any given time period. Laboratory and f i e l d  tests w i l l  
be used tlo develop improved braking and c o n t r o l  of  a i r c r a f t  on the! runway,, 
Various runway su r face  materials and t e x t u r e s ,  grooved configuratFons,  
f looding  cond i t ions ,  and t i re  t r e a d s  w i l l  be t r e a t e d  t o  determine r e l a t i v e  
merits of each parameter on a i r c r a f t  braking e f f e c t i v e n e s s .  
w i l l  be developed and evaluated f o r  providing an  accu ra t e  aseessment of runway 
s l i p p e r i n e s s  i n  terms of a d d i t i o n a l  d i s t a n c e  requi red  to  stop as compared t o  
normal condi t ions .  
a t  improving veh ic l e  c o n t r o l  during high speed t u r n o f f ,  a n t i - s k i d  braking,,  
and improved landing gear  systems. 

Varicws techniques 

E f f o r t s  to  decrease runway occupancy time wi11I. be aimed 

Some of t h e  ope ra t iona l  hazards which cause a i r c r a f t  a c c i d e n t s  i nc lude  
c lear air  turbulence encounters ,  mechanical f a i l u r e s  as t y p i f i e d  try i n f  l i g h t  
jet engine rotor b u r s t ,  poor v i s i b i l i t y  measurement, and wake turbulence.  
NASA is developing an  a i rbo rne  laser rada r ,  which w i l l  be f l i g h t  t e s t e d  irr  
FY 1973, €01: remote sensing of clear a i r  turbulence.  Laser technology w i l l  
be explored t o  provide real-time measurements of v i s i b i l i t y  t o  the1 p i l o t  a t  
po in t s  a long t h e  landing approach path. I n  FY 1973, f l i g h t  tests, model 
tests, and t h e o r e t i c a l  s t u d i e s  w i l l  be continued t o  b e t t e r  de f ine  t r a i l i n g  
vo r t ex  formation, pe r s i s t ence ,  and break-up. This information w i l l  be u s e f u l  
i n  t h e  development of techniques to  monitor vo r t ex  l o c a t i o n  and tcil explore  
ways to  e l imina te  the  adverse e f f e c t s  of a i r c r a f t  wake turbulence by aero-. 
dynamic design. To f i n d  ways t o  reduce hazards  associated wi th  jebt engine! 
r o t o r  burists, i n v e s t i g a t i o n s  w i l l  be c a r r i e d  o u t  t o  s tudy the  mechlanics, 
ene rg ie s ,  arid containment of high-speed masses. 
r e s i s t a n t  material w i l l  be t r i e d  t o  d e f l e c t  r o t o r  fragments from c r i t i c a l  
parts of tho a i r c r a f t  wing and fuselage.  

Use of new high  i m p a c t  

Means dill be sought to l e s sen  t h e  p o l l u t a n t  e f f e c t s  of a i r c r a f t  j e t  
engines  by changes i n  a i r c r a f t  ground and f l i g h t  ope ra t ing  p rac t i ces .  
c r a f t  no ise  and son ic  boora e f f e c t s  s t u d i e s  w i l l  be conducted under. c a r e f u l l y  
con t ro l l ed  condi t ions  t o  i d e n t i f y  and quan t i fy  de t r imen ta l  e f feGts  of t h e  
overpressure on ground s t r u c t u r e s  and equipment. The information w i l l  be 
u s e f u l  in f u t u r e  s t r u c t u r a l  designs and i n  t h e  development of o p e r a t i o n a l  
procedurcn to minimize de t r imen ta l  e f  f e c t s .  

A i r -  

19 73 
-1 

1971 1972 
Technical  Assis tance to  DOD 

Deve Loplent Programs. . . . . $900,000 $900,000 $900,000 

When requested by a m i l i t a r y  s e r v i c e ,  NASA carries ou t  teste i n  wind tunne l s  
or o t h e r  ground-based f a c i l i t i e s  i n  support  of  m i l i t a r y  development p r o j e c t s ,  
During Cal.endar Year 1970, t h e  most recen t  year  f o r  which complete da ta  are 
ava i l ab le , ,  NASA received 26 r eques t s  f o r  such tests. Over 16,000 hours of 
test f a c i l i t y  time were involved r ep resen t ing  some 25% of t h e  t o t a l  agency 
wind tunne l  time spent  on aeronaut ics .  

During t:he f i r s t  h a l f  of  FY 1972, 22 r eques t s  f o r  tests have been received,  
including; support  of t h e  A i r  Force F-15, B-1 and AX a i r p l a n e  developments and 
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t h e  Navy F-14 program. 
i n  Fp 1973. 

Support of t h e s e  development e f f o r t s  w i l l  be continued 

Research and Development funds requested i n  FY 1973 w i l l  be u t i l i z e d  to ac- 
q u i r e  Special ized models, such as t h e  r a d i o  c o n t r o l l e d  drop- tes t  inodels t o  
determine ep in  c h a r a c t e r i s t i c s  and f o r  suppor t  of t h e  speciaLly equipped h e l i -  
c o p t e r  from which t h e  models are dropped, f o r  paying f o r  computer time f o r  
t he  va r ious  s imula tors  and f o r  wind tunnel  d a t a  processing;  cind epecfa l ized  
instrumemtation and test gases ,  such as Freon, used i n  f l u t t e r  t e s t i n g .  

Systems and Design S t u d i e s  

System Studies............... 
Study and analysis......... 
A i r  t r a n s p o r t a t i o n  system 

studies.................. 

Experimemcgl Design Studies. .  
Conventional take o f f  and 

landfns. . . . . . . . . . . . . . . . . .  
Advanced technology experi- 

mental1 f i g h t e r  study. .... 
Idft fen researcn vehicle.. 
Advanced t r a n s p o r t  tech-  

nolog,y systems studies. . .  
Shor t  t ake  o f f  landing 

system and design study.. 

Total  ..................... 
SyStelln6l studies............ 

1971 

$993 .Ooo 
993,000 

pk.150.OOO 

-0- 

500.000 
3,650,000 

$5,143,000 

$993,000 

1972 

9 1.594 .OOO 
1,294 ,OOO 

300,000 

$6.500 .OOO 

--- 
1.000.000 
2,700 ,OOO 

2,800.000 

$8,094,000 

$1,594,000 

i 

1973 - 
-I 

Q2.200.000 
l,U)O,OOQ 

700 ,Ooo 

2,000,000 

~00,000 
1,300,om 

$7 ,OOO ,000 - 
a -- 
$2,200,000 

- Study and Analysis  

Hajor c ~ b j e c t i v e s  i n  t h e  s tudy and a n a l y s i s  of potential ,  f u t u r e  a e r o n a u t i c a l  
systems are: (1) Encourage, develop and s tudy  promising advanced concepts  i n  
aeronaut ice  which meet important  n a t i o n a l  needs or provide new or s i g n i f i c a n t  
performarice improvements. This a c t i v i t y  entails  t h e  examination and a n a l y s i s  
of new i d e a s  for ae ronau t i ca l  missions and systems t o  y i e l d  potential b e n e f i t s  
such as llotrrer costs and improved performance f o r  coming a e r o n a u t i c a l  systems. 
Reptesen1:at:ive e f f o r t s  inc lude  t h e  developraent of a e r o n a u t i c a l  long range p lans  
i n  Right: of promising s t u d i e s  and ana lyses ,  t h e  conduct of tcchncllogy assess- 
ment:~ ant1 f o r e c a s t s  i n  Aeronautics,  and t h e  sponsorship of specu la t ive  
tectmoloip symposia t o  encourage t h e  exchange of  c r e a t i v e  i d e a s  aind concepts.  
(2) DevelLop an improved a n a l y t i c a l  c a p a b i l i t y  to  model and conduct parametr ic ,  
computer-aided ana lyses  of elements of a total  t r a n s p o r t a t i o n  sysitem i n  order  
t o  avalwrtc! performance improvements, to ta l  system costs, examine) s a f e t y  con- 
s idera t ion t i  and p o t e n t i a l  environmental  e f f e c t s  of new systems. This approach 
would pr:ovj.de guidance f o r  f u t u r e  research  and technology program and he Lps 
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i n  i d e n t i f y i n g  key r i s k s  and u n c e r t a i n t i e s  i n  prospec t ive  programs. 
a n a l y t i c a l  e f f o r t s  i nc lude  a i r  veh ic l e  a n a l y s i s ,  airport/airways andrlysis and 
total  t r a n s p o r t a t i o n  system ana lys is .  (3) Conduct s t u d i e s  of f uturr! c i v i l  
a i r  systems inco rpora t ing  t h e  r e s u l t s  of separate a i r c r a f t ,  econanic:, s a f e t y  
and demand s t u d i e s  and i n t e g r a t i n g  these  r e s u l t s  i n t o  to ta l  t r a n s p o r t a t i o n  
system i n v e s t i g a t i o n s  inc luding  the  eva lua t ion  of competing ground mmdes. 
Benef i t s  of such s t u d i e s  would a i d  i n  i d e n t i f y i n g  means of re l iev ia) !  t r a f f i c  
congest ion,  minimizing t h e  environmental  i m p a c t  of f u t u r e  systems, 1I.mpraved 
opera t ing  economics, enhanced a i r c r a f t  s a f e t y  and research  and technology 
program guidance f o r  f u t u r e  c i v i l  a i r c r a f t  systems. 
f u t u r e  s h o r t  haul systems, promising long haul  systems f o r  t h e  next  decade, 
and genera l  a v i a t i o n  systems. (4) I n  t h e  area of NASA support  of f u t u r e  
m i l i t a r y  a i r  systems, a s y n t h e s i s  c a p a b i l i t y  f o r  s tudying promi.sing tactical ,  
s t r a t e g i c  and l o g i s t i c  m i l i t a r y  a i r c r a f t  systems w i l l  be developed. Bene f i t s  
would inc lude  t h e  i d e n t i f i c a t i o n  of promising f u t u r e  concepts ,  niss.ltons and 
r e l evan t  technology, methods of enhancing mlssion e f  f ec t ivenesa ,  poiasible 
means of reducing m i l i t a r y  a i r  system costs and provis ion  of advanced s tudy 
of prototype m i l i t a r y  a i r c r a f t ,  
be on t h e  next genera t ion  of advanced f i g h t e r s ,  con t ro l l ed  configurted a i r c r a f t  
and remote-piloted veh ic l e s ,  

Typical  

Study areas would inc lude  

The focus of s tudy  and a n a l y s i s  e f € o r t  would 

A i r  Transpor ta t ion  System S tud ie s  

Technology o f f e r s  oppor tun i t i e s  t o  make the  a i r  t r a n s p o r t a t i o n  syistem mor'e 
responsive to1 t h e  needs of t h e  traveller and sh ipper  of goods, while a t  t h e  
same time, l e s s  ob t rus ive  upon t h e  genera l  publ ic  and more compatible with 
t h e  a i m s  of' environmental  improvements. 

Programs i n  t h e  A i r  Transpor ta t ion  Systems area are d i r e c t e d  a t  sleeking da ta  
t h a t  can  f a c i l i t a t e  dec i s ions  by which technology can be most e f f e c t i v e l y  
appl ied  t o  t h e  s o l u t i o n s  of systems problems. These d a t a  encompass economic, 
operational. ,  l e g a l ,  and s o c i o - p o l i t i c a l  i n f luences  on air  tranrsport 'at ion 
systeuis, w i . t h  a view towards haw t hese  f a c t o r e  may shape t h e  NASA technology 
programs. 

Since marly of these  f a c t o r s  are a l s o  of d i r e c t  concern to  t h e  Department 
of Transportat ion,  t h e  Federa l  Aviat ion Adminis t ra t ion,  and t h e  C i v i l  
Aeronaut ica l  Board, c l o s e  coord ina t ion  wi th  appropr i a t e  o f f i ceme  of t hese  
agencies  i a  a. major a c t i v i t y  i n  t h i s  area. 

The FY 1973 program a c t i v i t y  inc ludes  t h e  examination of problems of  
Low-Density Short  Haul A i r  Transpor ta t ion  Service.  
(1) Examinati.on of t h e  l o w  d e n s i t y  market. 
end of exi.ati.ng local s e r v i c e  (or the  so-ca l led  second l eve l )  c a r r i e r s ,  
through the! a i r  taxi/comnuter market, down to  very  spa r se ly  populated reg ions  
where a i r  oerv ice  is not  now used. 
w i l l  h e l p  to i d e n t i f y  t e c h n i c a l  o b j e c t i v e s  which NASA's R&T programls must 
meet. 
f a c t o r s  which bear  upon p r o f i t a b i l i t y  of  ope ra t ion  and which can b e n e f i t  from 
new techno:logy. (3) Examination of t r a n s p o r t a t i o n  models, 

The o b j e c t i v e s  include: 
The market extends from t h e  "thin" 

An accura t e  d e s c r i p t i o n  of t h i a  market 

(2) Examination of t h e  ope ra t ing  environment w i l l  i d e n t i f y  and de f ine  
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Using computer modeling, v e h i c l e  c h a r a c t e r i s t i c s  can  be assumed and used t o  
determiue t h e i r  e f  f e c t s  upon the  economic v i a b i l i t y  of a given vathicle 
t r a n s p o r t a t i o n  scenar ios .  

1973 ._ 
-8 

1971 1972 

Experimental  des ign  s tudies . .  $4,150,000 $6,500,000 !$4,800 ,O(W) 

Conventional Take Off and Landing (CTOL) --- Ha I1 Experimental Quiet Engine 

The c u r r e n t  CTOL Experimental Quiet  Engine program has  progresised on 
schedule. 
and data  obtained to  d a t e  i n d i c a t e s  t h a t  t h e  o r i g i n a l  program notse  reduct ion  
goa l s  w i l l  be exceeded. However, t he  CTOL Experimental Quiat  Engine proaram 
used an a v a i l a b l e  core  gas  genera tor  from the  TF39/CF-6 engine programs, and 
some aerothermodynarnic des ign  compromises were made t o  accormoda t e  t he  ex- 
i s t i n g  engine hardware. 
conisiderably heavier  than a n  optimum f l i g h t  weight engine. 

The design c h a r a c t e r i s t i c s  f o r  t h i s  engine were nelecited i n  1969 

As a r e s u l t ,  t h e  CTOL Experimental Quiet  Engine is 

Substaintial  progress  has  been made i n  no i se  reduct ion  teclinolo,gy programs 
s ince  the  i n i t i a l  CTOL Experimental Quiet  Engine Design decllsione were made. 
Jet. noisis c o r r e l a t i o n s  have been improved and a f i rm d a t a  base fjor fan  no i se  
p red ic t ion  has  been developed. The f e a s i b i l i t y  of s u b s t a n t i a l  rleduction of 
the! fan1 nadse of t he  high bypass r a t i o  engine,  matched wi th  similar reduct ions  
i n  je t  no i se ,  has  been demonstrated. The r e s u l t  i s  t h a t  it now appears 
possib1.e t.o design an advanced ve r s ion  named t h e  CTOL MkII :Experimental 
Quiet  Engine, which w i l l  incorpora te  a l l  t h e  advances i n  technology and w i l l  
have a more near ly  optimum trade-off  between no i se  reduct ion  and i n s t a l l e d  
weight. 

S tud ie s  t o  seek an optimum conf igu ra t ion  f o r  this engine (are  planned for 
FY 1973 by the  Lewis Research Center. 
f o r  sel.ect:ion of CTOL McII Experimental Quiet  Engine des ign  c h a r a c t e r i s t i c s  
and t o  develop the necessary program planning information f o r  ami exper i -  
mental c!ng;ine program. 

These s tud ieo  w i l l  ble used as a b a s i s  

---- Advanced Technology Experimental F igh te r  Study 

!fie Advonced Technology Experimental F igh te r  Study has r e s u l t e d  from a NASA 
inter-i:(,sctarch cen te r  s tudy group convened i n  mid-1971 t o  respond to  a 1K)D 
request: f o r  NASA's p a r t i c i p a t i o n  i n  de f in ing  new technology f l i g h t  programs. 
The ob jec t ive  of t h e  experimental  f i g h t e r  program study is t o  ir ivestigat.e 
t h e  p o t e n t i a l  of i n t e g r a t i n g  a l l  t he  new emerging technology i n t o  a f i g h t e r  
a i r c r a f t  design t o  o b t a i n  a v e h i c l e  s i g n i f i c a n t l y  supe r io r  t o  arily achieved 
thus  f a r .  For example, s u p e r c r i t i c a l  technology shows g r e a t  promise as does 
v a r i a b  L e  wing camber f o r  highly maneuverable f i g h t e r s  bu t  v a r i a h l e  wing 
caiaber inay not  be compatible wi th  the  s u p e r c r i t i c a l  a i r f o i l  shape. The pro- 
poeed ]program, t h e r e f o r e ,  b u i l d s  on t h e  c u r r e n t  and planned worh:, i n t e g r a t i n g  
the  r e s u l t s  of t he  component f l i g h t  work i n t o  a new advanced ve idc le  denign. 
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A team of NASA research  personnel  i s  being formed i n  FY 1972 which w i l l  de- 
f i n e  and ccmduct t h e  research  necessary t o  f i l l  recognized gaps i n  the tech-  
nology. 
Indus t ry  irivollvement i s  h ighly  important  and a n  i n t e g r a l  part of t h e  program 
plan f o r  two reasons;  (1) to  provide a focus  f o r  t he  new techiio1og:g i n  the  
indus t ry  arid (2) t o  o b t a i n  indus t ry  des ign  c a p a b i l i t i e s  to  v a l i d a t e  the  po- 
t e n t i a l  of t h e  new technology and de f ine  technologica l  gaps thiBt need f u r t h e r  
research.  
involve s e v e r a l  con t r ac to r s .  

In FY 1973 it  is planned to  u t i l i z e  the  des ign  c a p a b i l i t y  @f indus t ry .  

The prel iminary design s t u d i e s  to be conducted i n  FY 1973 would 

Lift-Fan*search A i r c r a f t  Design S tud ie s  

Three ma.joi: p a r a l l e l  cont rac ted  s t u d i e s  are to  be completed i n  l a t e  FY 1972 
f o r  t h e  purpose of examining advanced l i f t - f a n  VTOL t r a n s p o r t  vehic les  f o r  the 
1985 time period,  and de f in ing  a near-term research  a i r p l a n e  program as a 
major s t e p  i n  developing l i f t - f a n  v e h i c l e  and propuls ion technology. 
c o n t r a c t o r  i e  concent ra t ing  on a d i f f e r e n t  size and conf igu ra t ion  for the 
research  a.Lrc:raft , w i t h  d i f f e r e n t  primary technology problems involved. 
Fur ther  engineer ing s t u d i e s  w i l l  be conducted i n  F'Y 1973 on s p e c i f i c  veh ic l e  
and propuls ion i n s t a l l a t i o n  design problems r equ i r ing  d e t a i l e d  i n v e s t i g a t i o n  
i n  regard t o  the  proposed research  a i r p l a n e  conf igura t ions .  P a r t i c u l a r  em-. 
phas is  w i L 1  be on supplying engineer ing  des ign  d a t a  f o r  use i n  NASA aimula1:or 
i n v e s t i g a t i o n s  of f l i g h t  c h a r a c t e r i s t i c s  and f o r  e s t a b l i s h i n g  t h e  o m s t  needed 
wind tunnel  programs t o  eva lua te  t h e  research  a i r p l a n e  concepts  under the  
Configurat ions Research and Technology Base program t o  t h e  degree required f o r  
s e l e c t i n g  once concept as being most s u i t a b l e  f o r  a f u t u r e  f l i g h t  rctsearch 
v e h i c l e  program. 

Each 

Advancedsransport  'technology Systems S tud ie s  

Advanced t r a n s p o r t  technology systems s t u d i e s  were conductecl i n  IIV 1971 and 
FY 1972 t o :  study the  p r a c t i c a l  a p p l i c a t i o n ,  t o  pos tu l a t ed  new subtionic/souic 
t r anspor t  designs,  of projec ted  advances i n  t h e  key d i s c i p l i n e s  of aerodynamics, 
s t r u c t u r e e ,  propuls ion,  c o n t r o l s  and av ion ic s  ( inc luding  a i r  1:raff:itc c o n t r o l  
i n t e r f a c e s )  ; i d e n t i f y  t h e  technology advances o f f e r i n g  t h e  g r e a t e s t  p o t e n t i a l  
b e n e f i t s ;  and de f ine  t h e  actions requi red  to  b r ing  t h e  advanced technologitas 
t o  a s t a t e  of readiness  f o r  i ndus t ry  u t i l i z a t i o n  by t he  late 1970'1s. 

The 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  aerodynamics and r e l a t e d  conf igu ra t ion  
t reatment ,  engine noise  and emission suppression techniques,  comporite 
s t r u c t u r e s  and the  use of a c t i v e  c o n t r o l  systems have been ehown t o  r e s u l t  
i n  a q u i e t e r ,  ~ a f e r ,  more economical t r a n s p o r t  having g r e a t e r  product iv i ty  
than the  c:urrent wide-body je t  t r anspor t s .  
r ed i r ec t ed  to  provide g r e a t e r  concent ra t ion ,  during t h e  next  s e v e r a l  y e a r s ,  on 
assurance of technology r ead iness  i n  these  areas of high p o t e n t i a l  r e tu rn .  

The technology programs have been 

The F'Y 11971/72 s t u d i e s  also pointed o u t  areas which r e q u i r e  a d d i t i o n a l  i n -  
depth study. These areas (e.g., control-configured a i r c r a f t ,  t r a n s p o r t  conf i -  
gu ra t ions  designed s p e c i f i c a l l y  f o r  minimum noise  and t r a f f i c  congest ion re- 
l i e f , ,  and te rmina l  compat ib i l i ty )  w i l l  be s tud ied  f u r t h e r  i n  'FY 1973. Theee 
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s t u d i e s  wi1.1 be conducted t o  ensure  t h a t  t h e  i n d i v i u u a l  d i s c i p l i n e  technology 
advances are d i r e c t e d  toward development of  optimum o v e r a l l  trr insport  systems 
r a t h e r  than opt imiza t ion  of t h e  a i r  v e h i c l e  alone. 

Shor t  T a k e o f f  and Lending System and 
Design Study - 

The o b j e c t i v e  of t h i s  s tudy i s  to  f u r t h e r  t h e  apprec i a t ion  and understanding 
of short-haul. STQL c i v i l  t r a n s p o r t  ope ra t ions ,  economics, and implementation 
needs as they a f f e c t  t h e  t e c h n i c a l  aspects of t h e  des ign ,  development and 
ope ra t ion  of STOL t r anspor t s .  I n  p a r t i c u l a r ,  t hese  data w i l l  assist i n  the  
eva lua t ion  of c u r r e n t  t e c h n i c a l  e f f o r t  and h e l p  de f ine  f u t u r e  program needs 
f o r  t he  d c t r e l . o p n t  and a p p l i c a t i o n  of an e f f e c t i v e  technology base f o r  t h i s  
class of a i r c r a f t .  Although t h i s  s tudy  e f f o r t  is d i r e c t e d  a t  c i v i l  systems, 
i t  providers a b a s i s  f o r  planning and d i r e c t i o n  of STOL technology programs 
which direct1.y support  t h e  development of m i l i t a r y  as  w e l l  as  c i v i l  STOL 
t r a n s p o r t  rsyci tems . 

I n  FY 1972,, t w o  i n t e r r e l a t e d  major sets of s t u d i e s  were i n i t i a t e d .  One set 
is d i r e c t e d  a t  t h e  d e f i n i t i o n  and a n a l y s i s  of pro jec ted  s h o r t  haul  trans- 
portation markets t o  h e l p  d e f i n e  t h e  t e c h n i c a l ,  o p e r a t i o n a l ,  and econ0mi.c 
requirements f o r  tu rbofan  p r o p u l s i v e - l i f t  STOL t r a n s p o r t s .  
s i g n  of reprt!sentative a i r c r a f t  is included t o  provide a realistic b a s i s  f o r  
economic sliiallyses and t o  relate t h e  developing technology t o  p r a c t i c a l  design 
app l i ca t ions . .  The o the r  set of  s t u d i e s  i s  d i r e c t e d  a t  the  d e f i n i t i o n  of 
q u i e t ,  Low p o l l u t i n g  turbofan  engines  f o r  power-augmented l i f t  STOI, aircraft. 
These l a t te r  s t u d i e s  serve both t o  suppor t  t h e  a i r c r a f t / s y s t e m s  s t u d i e s  and as 
an  a i d  i n  developing program p lans  f o r  t h e  d e f i n i t i o n  and development of a 
STOL quiet:, ]low p o l l u t i n g  turbofan  experimental  engine program. Ttiis 
a c t i v i t y  hias been coordinated wi th  t h e  DOT and FAA. The DOT and FAA are 
suppor t ing  s t u d i e s  r e l a t e d  gene ra l ly  to STOL markets and STOL systems imple- 
mentation,, Data from these  gene ra l  s t u d i e s  and t h e  veh ic l e - r e l a t ed  NASA 
s t u d i e s  axe being exchanged among t h e  c o n t r a c t i n g  agencies  and t h e  c o n t r a c t o r s  
t o  mtiximiiz4. t he  mutual suppor t ive  va lue  of t h e  s t u d i e s .  

Prel iminary de- 

FY 1973 Eunding w i l l  support  follow-on s t u d i e s  of s e l e c t e d  areas of concern 
i d e n t i f i e d  i n  the  FY 1972 e f f o r t .  Emphasis i n  t h e  follaw-on s t u d i e s  w i l l  be 
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  cons i s t en t .  wi th  t h e  
r e s u l t s  of t h e  des ign  and systems s t u d i e s .  
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Systems and Experimental Programs 

19 72 

$5 .om .OOo 
5,Ooo ,000 

1971 

$8.054.000 

8,054,000 

--- 
--I 

99 . 176 .000 

2,971,000 

780,000 

4,900,000 

--- 
525,000 

--- 

Experimerrtail  Engine Programs. . 
engirLe. . . . . . . . . . . . . . . . . . . .  

CTOL experimental qu ie t  

STOL experimental qu ie t  

JT3D/JT81) engine quieting. . , engiiie...... .............. 2,000,000 
9,000,009 

$_1,2.700 .m- 
1,500,009 

Q9.200.000 

2,200,000 

1 ,Ooo ,000 

F l igh t  BcEriments Program.. .. 
C-8 augmentor wing research 

a i r c ra f t . .  ................ 
F-8 t ransport  technology 

f l i g h t  research....,...... 
YF-12 research a i r c r a f t  

technoliogy program.. ...... 
F-111 ‘.CACT ( t ransonic  a i r c r a f t  

technology) ............... 
Fly-by-wire. ................ 

experiment.. .............. Cmpos:lte s t ruc tu res  f l i g h t  

2,500,0(110 

4,700,OoK) 2,900,000 

100,000 
1,000,000 

2 0 0 , m  
1,700,000 

2,000 ,Ooo 2,100 ,Oc)O 

Research /Experiments Vehicle 
Program ..................... 
Rotor test vehic le  research 

aircra.Et.. ................ 
T i l t  rotor research a i r c r a f t  
Quiet sxlperimental STOL air- 

c r a f t  (QUESTOL). .......... 

500.00) $l.l50,ooo ~13.340.000 

740,000 
400,000 

l,U)O,OOO 
1,500 ,O(K) 

l,lU),Ooo 12,200,000 

OperatingSystems Experiments 
Program..................... 
Noise reduction f l i g h t  

procedures experiment..... 
Terminal configured vehicle  

operat ions experiments..., 
V/ToL operating systems 

STOL operat ing system 
experiments........... .... 
experiiments.. ............. 

&O .600 . oc?o_ 
3,400,000 

4,200,000 

$4.290 .000 

300 ,Ooo 

400,000 

Uw),000 

3,290,000 2, 500 ,am 2,500,000 

T o t , a l . . . . . , . . . . . . . . . . . . . . .  $li5,800,000 
3:s - $31,830 ,OOO $20,880,000 
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Experimental Engine Programs 

1973 ._ 
-1 

1971 1972 
Convent: i ona l  Take Off and Landing 

(CTOI,) Experimental Q u i e t  
Engine. . . . . . . . . . . . . $8,054,000 $5,000,000 ~'1,080,000 

The C'JCOL Experimental Quiet  Engine p r o j e c t  which w a s  s t a r t e d  ial FY 1969 
i s  progrimiing on schedule. 
f u l l  scale fans  i n  the  program have been completed. 
u t i l i z in lg  one of t he  low speed f ans ,  w a s  t e s t e d  i n  a series of acous t i c  
conf igura t ions .  
engine t e s t i n g  were as a n t i c i p a t e d  o r  b e t t e r .  
Engine t e s t s  were conducted a t  t h e  c o n t r a c t o r s  f a c i l i t y  during FY' 1972. 
measured engine noise  l e v e l s  show t h a t  t h e  o r i g i n a l  program goa l s  of noicre 
l e v e l s  1 5  to 20 perceived no i se  d e c i b e l s  below B-707 and DC-8 a i r c r a f t  lervels 
w i l l  be i m c e  than achieved. 
mental  Q u i e t  Engine tests are 10 to 15 EPNdB below c e r t i f i c a t i o n  l e v e l s  for 
new airctaet. 

Acoustic and aerodynamic t e s t i n g  of t he  t h r e e  
The f i r s t  engine,  

Acoustic d a t a  from both t h e  fan  carnponent and f u l l  scale 
The f i r s t  Experimental Quiet  

The 

The no i se  l e v e l s  measured during thtu Experi- 

The CTOL Experimental Quiet  Engine test program w i l l  be ccmple1l:ed i n  Fl 
1973 and w i l l  i nc lude  s e v e r a l  a c o u s t i c  modi f ica t ions  of t h e  engine,  incll iding 
t h e  use of a high speed fan. The f i r s t  Experimental Quiet  Engine has  been 
de l ivered  to Lewis Research Center f o r  a d d i t i o n a l  t e s t i n g .  The tirngine wL11 
be m a t e d  with an 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 p e c i f i c a l l y  designed f o r  t h e  
Experimental Quiet  Engine. T e s t s  on t h i s  complete system w i l l  begin during 
t h e  fou r th  q u a r t e r  of F'Y 1972. 

1973 ._ - 1971 19 72 
Short  Take Off and Landing 

Experiment a1 Quiet  C 1 ean 
Engine ....................... --- $2,000,000 

Ihe Short Takeoff and Lending (STOL) Experimental Quiet Clean Engine 
program which i s  a new program s t a r t i n g  i n  FY 1973, w i l l  develop and demon- 
strate the technology f o r  q u i e t ,  c l ean  STOL propulsion. STOL opera t ions  
near  cit:y c e n t e r s  r e q u i r e  very low no i se  and exhaust emission p o l l u t i o n  Levels 
i n  order  t o  be acceptab le  t o  t h e  communities near  STOL ports. 
achieve s h o r t  takeoff  and landing performance i t  i s  necessary tal use propulsion 
systems; t o  augment t h e  wing l i f t .  
charact:c!ri s t ics  d i f f e r e n t  from those used on convent ional  a i r c r a f t .  

I n  order  t o  

These requirements r e s u l t  i n  engine 

The goal. of t h e  STOL Experimental Quiet Clean Engine program is to demon- 
strate no i se  l e v e l s  of 9 5  EPNdB a t  500 f e e t .  This  no i se  level is much q u i e t e r  
than  t h e  q u i e t e s t  engines  c u r r e n t l y  i n  c i v i l  ope ra t ions  and q u i e t e r  than t h e  
current: ClcoL Experimenta 1 Quiet Engine. 

Engine design s t u d i e s  are c u r r e n t l y  underway wi th  t h e  ob jec t  cilf defin1.ng 
optimum design c h a r a c t e r i s t i c s  f o r  c lean ,  q u i e t  propuls ion systems which1 
meet s t r i n g e n t  o p e r a t i o n a l  requirements wi th  minimum adverse performance! 
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impact. 
engine program w i l l  be i n i t i a t e d  in late F'Y 1973. The experimental  engine 
program w i l l  r equ i r e  about three yea r s  t o  complete and w i l l  culminate i n  a 
series of design eva lua t ion  and confirmation tests of experimental  licngine 
configurat ions.  The Lewis  Research Center w i l l  be respons ib le  f o r  lthe 
management of the STOL Experimental Quiet  Clean Engine program., 
gram w i l l  b e  a FY 1973 new start. 

Following t h e  completion of t hese  design s t u d i e s  an experimental  

This pro- 

JT3D B JZ8D Enxine Noise Reduction 

1971 - 1972 -0- 1973 

-0 -  $9 ,O'OO ,000 

NASA and indus t ry  s t u d i e s  i n d i c a t e  that  noise  reduct ions  of from 10 t o  15 
EPNdB in the cu r ren t  first genera t ion  j e t  t r anspor t  a i r c r a f t  f l e e t  powered by 
JT3D and J'118D engines can be achieved through design modif icat ions t o  the  engines 
and the  use of a c o u s t i c a l l y  t r e a t e d  nacelles. 
e x i s t i n g  a i r c r a f t  would permit them to meet or b e t t e r  cu r ren t  :feder<al noise  
s tandards f'or new a i r c r a f t .  In a program coordinated with t h e  DOT, NASA 
plans  t o ' i a d t i a t e  an experimental  i n v e s t i g a t i o n  of design changes t f o  these  
engines and demonstrate c e r t i f i a b l e ,  r e t r o f i t t a b l e  modificatioins t o  a i r c r a f t  
c u r r e n t l y  i n  serv ice .  Concurrent ly ,  t he  DOT plans to  i n i t i a t e  companion 
q u i e t  nace1,le development programs f o r  t hese  engines. 

R e t r o f i t t i n g  these clhaages t o  

Engine modif icat ions w i l l  be based on the  use of higher  bypass r a t i o ,  
and q u i e t e r  s i n g l e  s t age  fans.  
qu ie ted  eng;ines i n  new 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  would be lcompleted i n  
FY 1975. Management of t h e  NASA program w i l l  be the  r e s p o n s i b i l i t y  of the  
L e w i s  Research Center. 

Development and demonstration of t he  modified 

The JT3I) arid JT8D Engine Noise Reduction program w i l l  be a FY 1973 new 
start 

F l i g h t  Experiments Pronram 

1971 - - 1972 

C-8 bugowntor Wing Research 
A i r c r a f t  .,.... ...... .... ........ $2,971,000 $2,200,000 $1,5i~Oo,OOO 

The C-8 Jet: Augmentor Wing Research A i r c r a f t  program is focused an pro- 
v id ing  proof-of-concept of t h e  j e t  augmentor wing approach. The ccilncept 
uses  h ighly  e f f e c t i v e  internal ly-blown j e t  augmentor wing f l a p s  to provide 
t h e  additionail  l i f t  requi red  f o r  STOL t r a n s p o r t  a i r c r a f t .  The joinrt pro- 
gram with fche Canadian Department of Industry,  Trade, and Commerce (DITC) 
w a s  i n i t i a t e d  i n  FY 1971 to modify a NASA C-8 p rope l l e r  dr iven a i r c r a f t  
i n t o  an augrotrntor wing j e t  STOL vehic le .  Detlavilland o f  Canada anal Rolls- 
Royce of Ermg;land, under c o n t r a c t  t o  DITC, are providing the  propulaion 

RD 9-30 



package c o n s i s t i n g  of two modified s p l i t - f l o w  turbofan  engines .  The! Boeing 
Company, under c o n t r a c t  t o  B U S ,  is modifying t h e  wing and fuse l age  and in- 
corpora t ing  t h e  new propuls ion package. 
scheduled t o  begin in late FY 1972 a t  t h e  h s  Research Center  fol lowing 
c o n t r a c t o r  checkout t e s t e ,  c o n s i s t s  of two major phases.  
scheduled t o  be mostly completed i n  M 1973, is a proof-of-concept in- 
v e s t i g a t i o n  t o  eva lua te  the  augmentor wing basic aerodynamics (provid ing  
a comparison wi th  p r e d i c t i o n s  based on previous ly  obta ined  wind tunnel  
r e s u l t s ) ;  t o  document take-off  and landing d i s t a n c e s ,  climbout and descent  
c a p a b i l i t y ,  and no i se  c h a r a c t e r i s t i c s ;  and t o  de f ine  the  s a f e  operatliional 
boundaries and procedures f o r  the  a i r c r a f t .  
emphasize the  unique ope ra t iona l  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e  in each 
mode of t he  complete ope ra t iona l  speed range. 
mation obta ined  from an advanced onboard data a c q u i s i t i o n  system, p i l o t  
comments w i l l  be obta ined  on the  aircraft f l y i n g   characteristic:^ inc luding  
workload. For t he  eecond phase of  t h e  f l i g h t  research  program, t h e  
long i tud ina l  c o n t r o l  system of t h e  a i r c r a f t  w i l l  be modified t o  provide 
c a p a b i l i t y  f o r  conducting a v a r i e t y  of STOL research  experiments.  
d e t a i l e d  and i n t e n s i v e  f l i g h t  experiments are geared t o  e s t a b l i s h i n g  a 
d a t a  base f o r  use in developing design and c e r t i f i c a t i o n  c r i t e r i a ,  
ope ra t iona l  procedures f o r  turbofan STOL t r a n s p o r t s  w i t h  emph8t3f6 oim handling 
q u a l i t i e s  and the c r i t i c a l  terminal a r e a  phase of opera t ion .  Based on ex- 
t ens ive  grcund-based s imula t ion  i n v e s t i g a t i o n s  of t h e  a i r c r a f t  c a r r i e d  out  
in FY 1971 and FY 1972, t h e  research  veh ic l e  is expected t o  emable € l i g h t  
i n v e s t i g a t i o n s  at  speeds 8s low as 60-65 knots  and at descent  dangles as 
high 8.8 12c' providing a j e t  STOL c a p a b i l i t y  f o r  1,500-foot f i e l d  leingths. 

The f l i g h t  r e sea rch  program, 

The first,, 

Tasks w i l l  be def ined Iihat 

In a d d i t i o n  t o  lilighl: i n fo r -  

These 

1971 1,973 
-9- 

Transport: Technology (F-8) 
Flight Research,.. . . . . . . . . . . . . . ,  $780,000 $1,000,000 $2,500,000 

Transport: technology f l i g h t  research  eva lua te s  t h e  performance aod 
operational. e h a r a c t e r i s t i c s  of new technology in a t r u e  f l i g h t  cnvlron- 
meat t o  provide t h e  requi red  confidence l e v e l  neceesary t o  p e n d t  e a r l y  
use of theiie concepts in p r a c t i c a l  a i r  t r a n s p o r t  design. 

A program is being conducted f o r  f l i g h t  v e r i f i c a t i o n  of t h e  s u p e x c r i t i c a l  
wing, 
a i r p l a n e .  
p ressure  d i s t r i b u t i o n s ,  s t a b i l i t y  and c o n t r o l ,  b u f f e t  and f l u t t e r  have been 
inves t iga t ed .  
f i e d  t o  c o n t a i n  s i d e  f a i r i n g s  designed t o  minimize drag. The r e s u l t s  of  
t hese  f l ight t1  have been very encouraging and cont inue t o  i n d i c a t e  t h e  im- 
portance oE r m p e r c r i t i c a l  technology as one of t h e  key t e c h n i c a l  advances 
f o r  t h e  next  genera t ion  of air  t r a n s p o r t s .  

A h:Lgh speed s u p e r c r i t i c a l  wing has been cons t ruc t ed  on a TF-U 
Ower 25 f l i g h t s  have been conducted thus  f a r  in which performance, 

F l i g h t  tests w i l l  cont inue  in FY 1973 with t h e  fuse lage  modi.- 



The need for a follow-on to  t h i s  program is being s tudied .  The design of 
any requi red  follow-on experimental  a i r p l a n e  o r  a i r p l a n e  modif icat:ions w i l l  
be iaitiateed i n  FY 1973. 

Transport  technology f l i g h t  research  a loo  encompasses technology f l i g h t  

The approach used c o n s i s t s  of providing 
demonstrations d i r ec t ed  a t  providing long l i f e  tests t o  insu re  r e l l i a b i l i t y  
p r i o r  to ope ra t iona l  connnitment. 
test exposure of func t iona l  opera t ing  components t h a t  are not. cril;ical 
to a i r c r a f t  s a f e t y  t o  gain s e r v i c e  experience.  

Ikrraonstration tests i n i t i a t e d  i n  FY 1972 w i l l  cont inue i n  EY 1973 and 
subsequent years. Examples of  such tests include eva lua t ion  of FAA 
c e r t i f i e d  composite material s p o i l e r s  for l ong- l i f e  u t i l i z a t i o n  under 
a c t u a l  opera t ing  condi t ions  , and service l i f e  eva lua t ion  of 8tcousI:ically- 
treated composite material engine nacelles. 

1971 1972 1973 

YF-12 Research A i r c r a f t  
Technology Program.. . . . . . . . . . . . $4,900,000 $2,900,000 $4,700,000 

The j o i n t  USAF/NASA YF-12 Research and Development Program which began 
i n  1969, c o n s i s t s  of two phases. The USAF phase, a l r eady  coonpletled, was 
or i en ted  toward def in ing  tactical performance and support  requirements 
of an advanced in t e rcep to r .  The NASA phase uses  YF-12 aircraft t o  in- 
ves t iga t e  p red ic t ion  techniques and problems of supersonic  aircraEt i n  
regard t o  s t r u c t u r e s ,  propuls ion systems, and aerodynamics i n  suplport 
of long range o b j e c t i v e s  f o r  supersonic  U.S. long-haul aircraft a s  w e l l  
as f o r  thie development of advanced supersonic  m i l i t a r y  vehiclles. 
por t ion  clf t h e  s t r u c t u r e s  program was completed i n  FY 1972. 

The f l i g h t  

P r e d i c t a b i l i t y  of s t eady- s t a t e  supersonic  i n l e t  performance, i n l e t  flow 
dynamics, and i n t e r a c t i o n s ,  of engine,  i n l e t ,  and a i r c r a f t  c o n t r o l  systems 
is a majcbr problem t o  be evaluated on YF-12 a i r c r a f t  i n  FY 1!373. 
i n l e t  system, probably the  most soph i s t i ca t ed  on any a i r c r a f t ,  pmvides  an 
opportuni ty  to vary t h e  important i n l e t  parameters over a wide ralnge of 
opera t ion .  The s teady  state performance characteristics of t h e  a i r  induct ion 
system w i l l  be determined i n  f l i g h t  a t  F l i g h t  Research Center and compared 
t o  wing t.unne1 scale model results from Ames  Research Center .  Fu l l - sca l e  
t e s t i n g  of a complete i n l e t  system i n  the  wind tunnel  i s  a l s o  planned a t  
Lewis Rese8.rch Center.  These wind tunnel  data are very  important no t  only 
f o r  propuls ion system performance but also f o r  o t h e r  aerodyniamic research. 

The YF-12 

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  as t h e  
r e s u l t  of a i r c r a f t  maneuvers, atmospheric turbulence,  unsymmetrical inflow 
t o  the  i n l e t ,  i n l e t  geometry v a r i a t i o n s ,  e x t e r n a l l y  r e j e c t e d  i n l e t  a i r f l o w s ,  
and u n s t a r t s  w i l l  be evaluated a t  the  F l i g h t  Research Center.  These data  
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w i l l  be compared t o  r e s u l t s  ob ta ined  i n  t h e  wind tunnel  on a w a l e  model 
a t  t h e  Ames  Research Center  as w e l l  as app l i ed  t o  a synthes ized  dynamic 
d i g i t a l .  i n l e t / e n g i n e  s imula t ion  program a t  t h e  Lewis  Research Center.  

The aerodjmamics program at t h e  Langley Research Center w i l l  provide p rec i se  
l abora to ry  nieaisurement a t  supersonic  speeds of  a v a r i e t y  of  parameters i n  
boundary layer. development, and these  da 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 a t  t h e  F l i g h t  Research Center  on t h e  i d e a t i c a l  
test body w i t h  a view to providing 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 h e  physics of t h e  supersonic  boundary l a y e r  process .  In  another  program 
a t  t h e  F l i g h t  Research Center ,  t h e  drag of  a f t - f a c i n g  s t e p s  w i l l  be measured 
t o  a i d  i n  t h e  s p e c i f i c a t i o n  of f a b r i c a t i o n  to l e rances  f o r  supersonic  a i r c r a f t .  
The c o n d i t i c m  f o r  these  tests w i l l  be t h a t  t h e  a f t - f a c i n g  s t e p s  w i l l  be 
submerged it1 a t h i c k  boundary l a y e r  a t  M=3. 

1971 1972 -4- 1973 

F-111. TACT (Transonic A i r c r a f t  
Technolclgy). . . . . . . . . . . . . *. . . . . e --- $100,000 $200,000 

There a r e  var ious  ways i n  which s u p e r c r i t i c a l  technology, developed through 
NASA research ,  can be u t i l i z e d ,  i .e.,  (1) Thin Appl ica t ions  - to increase  
aerodynamic performance a t  h igher  subsonic speeds,  u s e f u l  f o r  iinproved 
t r a n s p o r t  a i r c r a f t ;  (2) Thick Appl ica t ions  - t o  reduce wing weight and in- 
crease i n t e r n a l  wing volume, u s e f u l  f o r  m i l i t a r y  and c i v i l  a i r c r a f t ;  and (3) 
Variable  Sweep F i g h t e r  A i r c r a f t  - t o  improve maneuverabi l i ty  a t  t r anson ic  
speeds. 
research  program on a TF-8A a i r p l a n e  which w a s  made a v a i l a b l e  t o  NASA by the  
Navy. 
program during CY 1971. In both the  " thin"  and " th ick  app l i ca t ion"  programs, 
t he  test  r e s u l t s  to d a t e  have shown t h e  s u p e r c r i t i c a l  technology t o  provide 
the  performance advancement as es t imated  from model test r e s u l t s  and 
ana lyses .  
performance of f i g h t e r  a i r c r a f t  has  been under s tudy  by NASA and the  A i r  Force 
both a n a l y t i c a l l y  and experimental ly  i n  wind tunnels .  
f o i l  shows promise of increas ing  t h e  l i f t  t h a t  can be obta ined  at  t r anson ic  
speeds before  b u f f e t  is encountered without  any de t r imenta l  e f f e c t s  a t  
supersonic  speeds. 
NASA on June 16, 1971, consummated an  agreement f o r  a j o i n t  USAI?/NASA pro- 
gram f o r  t h e  procurement and f l i g h t  test of a s u p e r c r i t i c a l  wing on !an 
F-111 a i r c r a f t .  The r e s u l t s  of t h e  USAF/NASA program w i l l  have direlct  
t a c t i c a l  a p p l i c a t i o n  f o r  t h e  A i r  Force by providing t h e  b a s i s  f o r  de t e r -  
mining t h e  v a l u e  of incorpora t ing  major new knowledge i n  supe rc~r i t i c~ml  
a i r f o i l  technology on h ighly  maneuverable advanced combat a i r c r r i f t .  The 
A i r  Force i s  managing t h e  program, providing the  funds and contiractiiog 
f o r  the design,  f a b r i c a t i o n  and i n s t a l l a t i o n  on an F-111 a i r c r a f t .  IVASA 

The " t h i n  app l i ca t ions"  is  c u r r e n t l y  being f l i g h t  tested i n  a NASA 

The " th ick  app l i ca t ion"  has  been f l i g h t  t e s t e d  i n  a joinlt  Navy/NASA 

Applicat ion of  s u p e r c r i t i c a l  technology to  improve t h e  maneuvering 

The s u p e r c r i t i c a l  air-  

Based on the  work of t h e  last  few yea r s ,  t h e  USAF and 
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is  respons ib le  f o r  conducting the  necessary wind tunnel  tests and t echn ica l  
coasul ta t i .on.  I n  FY 1973 t h e  modified a i r c r a f t  w i l l  be ready f o r  f l i g h t  
test and NASA w i l l  have t echn ica l  and operational r e s p o n s i b i l f t y  f o r  t h e  
f l i g h t  t ea t  phase through i ts  F l i g h t  Research Center.  
r e s p o n 6 i b i l i t y  i n  t h i s  program i s  p r imar i ly  f o r  s p e c i a l  research  i n -  
strumentat  ion.  

USA's W D  funding 

1971 19 72 19 73 
I- 

Fly-By-Wire Experimental 
Program................. ......* $525,000 $1,000,000 $1,700,000 

Incorporat ion of advanced f l i g h t  control concepts i n  t h e  i n i t i a l  a i r c r a f t  
design phases could y i e l d  gross  weight savings of up to  20% f o r  f u t u r e  
a i r c r a f t  through r e l axa t ion  of Inherent  aerodynamic s t a b i l i t y  requi re -  
ments and through reduct ion and c o n t r o l  of aeroelastic loads.  
savings watuld produce major performance improvements and s i g n i f i c a n t l y  de- 
crease ope ra t ive  costs. For example, s t u d i e s  of advanced trainsport con- 
f i g u r a t i o n s  have ind ica t ed  that d i r e c t  ope ra t ive  costs could be decreased 
by 5-10% I f  s u f f i c i e n t l y  reliable and e f f i c i e n t  f l i g h t  c o n t r o l  systems 
can be b u i l t  and demonstrated. 

These weight 

NASA e f f o r t s  i n  t h i s  f i e l d  c e n t e r  on t h e  development of d i g l t a l  fly-by- 
w i r e  technology which can provide the  f l e x i b i l i t y  and se l f -checking  
c a p a b i l i t y  needed f o r  p r a c t i c a l  implementation of such systems. Dligital 
fly-by-wire systems would rep lace  t h e  convent ional  mechanical l inkages  
between the  p i l o t ' s  con t ro l  s t i c k  and the  c o n t r o l  su r f ace  a c t u a t o r s  
with e l e c t r o n i c  s i g n a l s  processed by an  onboard d i g i t a l  computer. This  
technology, a l though used on Apollo and l imi t ed  m i l i t a r y  h e l i c o p t e r  
missions, i s  as ye t  unproven i n  a i r c r a f t  app l i ca t ions .  An experimental  
program has t h e r e f o r e  been undertaken t o  genera te  t h e  design base f o r  
r e l i a b l e  and c o s t - e f f e c t i v e  d i g i t a l  f l i g h t  c o n t r o l  systems. 

The i n i t i a l  phase of t h i s  program d i r e c t e d  by F l i g h t  Research C e n t e r ,  
w i l l  e s t a b l i s h  t h e  f e a s i b i l i t y  of a single-channel  d i g i t a l  fly-by-wire 
system using modified Apollo equipment i n s t a l l e d  i n  an F8C a i r c r a f t .  
F l i g h t  tests of t h i s  system w i l l  begin in late FY 1972 and w i l l  cont inue 
i n t o  FY 1973. Based on successfu l  completion of t hese  tests, Lengley 
and F l i g h t  Research Center$ follow-on e f f o r t s  i n  FY 1973 w i l l  conclentrate  
on t he  design,  development, and f l i g h t  eva lua t ion  of r e l i a b l e ,  mult i -  
purpose f l i g h t  computers s u i t a b l e  f o r  a i r c r a f t  use  and on research  
a n a l y s i s ,  and on s imulat ion leading to  t h e  development and f1:Lght 
v e r i f i c a t i o n  of a multichannel,  redundant d i g i t a l  f l i g h t  c o n t r o l  
system by N 1976. 
base essential to  e a r l y  commercial and m i l i t a r y  use  of advanced 
f l i g h t  controls. 

Resul t s  of t h i s  work w i l l  y i e l d  t h e  technology 
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1971 - 
Composite S t ruc tu res  F l i g h t  

Exper i m e n t . . . . . . . . . . . . . . . . . . , . . .  --- $2,000,000 $2,100,000 

The obje!ctive is t o  demonstrate t he  performance and r e l i a b i l i t y  of primary 
a i r c r a f t  s i t ructures  u t i l i z i n g  advanced composite materials. 

Composite primary s t r u c t u r e s  have t h e  p o t e n t i a l  of s i g n i f i c a n t  weight 
savings amid increased f a t i g u e  resistance over convent ional  re i ta l  a i r c r a f t  
s t r u c t u r e s ,  Fu l l - sca l e  a p p l i c a t i o n s  to ope ra t iona l  a i r c r a f t  need to be 
demonstrated t o  e s t a b l i s h  t h e  confidence necessary f o r  design commitolents 
t o  these  a.dvanced s t r u c t u r e s .  These a p p l i c a t i o n s  will be made i n  t y p i c a l  
a i r c r a f t  by incorporat ion of composites i n  cr i t ical  s t ruc tu ra : l  components. 
Data w i l l  be c o l l e c t e d  during l imi t ed  f l i g h t  tests followed by r o u t i n e  
s e r v i c e  opera t ions .  
and t h e  C-130 a i rp l ane .  Appl ica t ions  to o t h e r  a i r c r a f t  are under study, 
and a d d i t i o n a l  s p e c i f i c  a i r c r a f t  programs w i l l  be def ined  f o r  i n i t i a t i o n  
i n  Fy 1974 and subsequent years. 

I n i t i a l  e f f o r t  i s  underway wi th  t h e  CH-Yi h e l i c o p t e r  

Since t h e  a i r c r a f t  involved are con t ro l l ed  and operated by lJOD o,c o t h e r  
agencies ,  s p e c i f i c  cooperat ive arrangements are necessary.  In t h e  case 
of t he  CH-54 and C-130, arrangements have been made f o r  t he  MID to provide 
the  a i r c r a f t  for modif icat ion and to assist i n  da t a  c o l l e c t i o n  and in-  
spec t ion  following r e t u r n  of t he  a i r c r a f t  to  s e r v i c e  opera t ion .  The 
composite s t r u c t u r e s  incorporated i n  DOD a i r c r a f t  w i l l  demonstrate t h e i r  
s u i t a b i l i t y  f o r  c i v i l  a i r c r a f t  as w e l l  as f o r  m i l i t a r y  a i r c r a f t .  

The CH-54 ta i l  cone and t a i l  sk id  modif icat ions have been ccnnp1eI:ed and 
ope ra t iona l  tests are underway and are scheduled f o r  completion during 
FY 1973. 

The C-1310 cen te r  wing box modif ica t ion  design is scheduled for 
completion during FY 1973 , with  f a b r i c a t i o n  scheduled f o r  completion 
i n  FY 1974. 
i n t o  Ky 1!376. 

It is expected that t h e  ope ra t iona l  test phase w i l l  extend 

Research/Experimental Vehicle Program 

i1.9 73 
-1- 

1971 1972 

Rotor Sym toms Test Vehicle 
Research A i r c r a f t  ................ - 0 -  $740,000 $1 ,!iOO,OOO 

The rotor as exemplified by t h e  h e l i c o p t e r  w i t h  its low downwash v e l o c i t y ,  
is the  on1:y e f f i c i e n t  means of f u l f i l l i n g  c i v i l  requirements and aocomplish- 
ing  m i l i t a r y  missions where any s i g n i f i c a n t  hover c a p a b i l i t y  I s  recluired. 
However, c:iiri:ently opera t ing  r o t o r  systems are prone to  excess ive  v ibra t io t i  
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and thus  s h o r t  f a t i g u e  l i f e ,  they are noisy,  and are r e l a t i v e l y  low 
speed. 
rotor-system advances are emerging which o f f e r  promise f o r  subatant:llal 
improvements i n  h e l i c o p t e r  high-speed performance, v i b r a t i o n  and dynamics, 
s t a b i l i t y  and c o n t r o l ,  handling and r i d e  q u a l i t i e s ,  and noise .  
t he re  are se r ious  l i m i t a t i o n s  with t h e  techniques now available! wi th in  
Governmental agencies  f o r  t e s t i n g  and eva lua t ing  many of t he  aclvancc!d 
rotor-system concepts to the  poin t  where they can be confident1.y incorporated 
i n t o  t h e  design of ope ra t iona l  vehic les .  Contract  s t u d i e s  w e r e  i n i t i a t e d  
i n  FY 1972 t o  determine t h e  f e a s i b i l i t y  of providing a rotor t o s t  vtthicle 
which would enable  the  ope ra t ion  of  var ious  test rotor systems i n  f:l.ight 
under c l o s e l y  con t ro l l ed  opera t ing  condi t ions  wi th  adequate p r a w i s i m  t o  
measure the  c h a r a c t e r i s t i c s  i n  both l e v e l  f l i g h t  and maneuvers. Detailed 
design and f a b r i c a t i o n  of the  veh ic l e  w i l l  be i n i t i a t e d  early fa FY 1973, 
leading to i n i t i a l  research  f l i g h t  tests by M 1975. The Rotor Systems 
Research A i r c r a f t  w i l l  be a FY 1973 new start and i s  a j o i n t  NA,SA/Aimy 
program Conducted through the  Langley Research Center.  The cooits w:lill 
be shared equal ly  by NASA and t h e  Amy, as s t a t e d  i n  a NASA-Amy agree- 
ment signed on November 1, 1971. 

Within the ongoing VTOL research  and technology program s e v m a l  

However, 

197 1 19 72 - 
T i l t  Rotor Research Aircraf t . . . . .  --- $400,000 $1 ,H:)0,000 

Extensive NASA research  conducted s i n c e  t h e  early 1960's show coneiderable  
promise f o r  the  tilt rotor concept f o r  both m i l i t a r y  and cormnercial app l i -  
ca t ions- -of fe r ing  the  p o t e n t i a l  of low noise ,  higher  c r u i s e  speeds cimd -re 
e f f i c i e n t  c r u i s e  f l i g h t  compared to  convent ional  h e l i c o p t e r s ;  ease of con- 
v e r t i n g  between t h e  c r u i s e  and landing o r  take-off conf igura t ion ;  aud 
s a f e t y  through i t s  a u t o r o t a t i o n  c a p a b i l i t y  i n  case of power f a i l u r e ,  
upon these f a c t o r s ,  two cont rac ted  s t u d i e s  were i n i t i a t e d  e a r l y  i n  l lq  1972 
t o  assist i n  def ining the  course of f u t u r e  t i l t - r o t o r  research  centcitred 
around a research  aircraft. The ob jec t ive  of t h e  research  a i rc : ra f t  is  t o  
prove i n  f l i g h t  tests t h e  o v e r a l l  t echn ica l  and ope ra t iona l  f e a s i b i l l i t y  
of t ilt  V/STOL a i r c r a f t  designed f o r  c r u i s e  speeds up to about 350 knots.  

Based 

The research a i r c r a f t  w i l l  be a new start in FY 1973 and is (N foirrt 
#hSA/Army program conducted through t h e  Ames Research Center.  Detailed 
design of some of the veh ic l e  support ing systems w i l l  begin late i n  FY 
1972, with f a b r i c a t i o n  and development of t h e  veh ic l e  beginning i n  II'Y 
1973 t o  achieve i n i t i a l  f l i g h t  tests by ?'Y 1975. 
gram w i l l  be ehared equal ly  by the  Army and NASA as s t a t e d  i n  ai NAUL/Army 
agreement signed on November 1, 1971. 

The costs of t h e  pro- 
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1971 1972 - 
Q u i e t  Experimental STOL 

Transport  Research Airplane 
(Q'VaSTOL). . . . . . . . . . . . . . . . . . . . . . $1,150,000 $12,200,000 $27 ,,500,000 

The o b j e c t i v e  of t h i s  program is to  provide t h e  technology requireid f o r  t he  
development O E  t r a n s p o r t  a i r c r a f t ,  wi th  q u i e t  propuls ion,  capable  of s t e e p  
ascent  and descent and s h o r t  takeoff  and landing ope ra t ions  by meanti of  
power-augmented l i f r .  
reduct  ion,  a i r p o r t  congest ion r e l i e f ,  and t h e  c r e a t i o n  of  a n  environumentally 
acceptab le  short-haul  a i r  t r a n s p o r t a t i o n  system t o  m e e t  t h e  pressin#;  need 
f o r  improved t r a n s p o r t a t i o n  se rv ice .  For t h e  m i l i t a r y ,  i t  is  an  important 
b a s i s  :€or I~npi:ovement of t a c t i c a l  a i r l i f t .  

This  technology is an  e s s e n t i a l  key to  cotanrrntity noirie 

The urgency of  t h e  need, and t h e  progress  i n  t e c h n i c a l  development , have 
l ed  t o  planned i n t e n s i f i c a t i o n  of  t h e  e f f o r t  through f l i g h t  research to 
a s s u r e  techiu,I.ogy readiness  f o r  t h e  success fu l  development of  improved c i v i l  
and m i l i t a r y  b;TOL t r a n s p o r t s ,  

The Phase! I competi t ive design c o n t r a c t s  are under way in F'Y 1972; these  
design studlteii w i l l  produce Phase 11 proposals  f o r  f a b r i c a t i o n  (of two q u i e t  
experimental. STOL j e t  t r a n s p o r t  research  a i r p l a n e s  f o r  use by NASA in con- 
ducting; f 1is;ht. research  e s s e n t i a l  to development of propuls ive-  l i f t  
technol.ogy. F i n a l  design and the  start of f a b r i c a t i o n  are planned f o r  FY 
1973. F l i g h t  t e s t i n g  is planned f o r  t h e  FY 1974-76 time period.  

The experimental  a i r p l a n e s  w i l l  f unc t ion  as a v e r s a t i l e  research  f a c i l i t y  
wi th  which EASA can genera te  t echn ica l  d a t a  ob ta inab le  only  through f l i g h t  
research.  
cri teria,  nadse and environmental e f f e c t s ,  terminal ope ra t ions ,  runw8ay 
requirements,  s a f e t y  margins, and t h e  r e l a t i o n s h i p  of t h e  a i r c r a f t  tl:, o t h e r  
elements of t h e  t r a n s p o r t a t i o n  system w i l l  be obtornned. The f l i g h t  ' t e s t ing  
w i l l  demonstrate and v e r i f y  advanced STOL concepts  f o r  te rmina l  naviga t ion  
and f l i g h t  p a t h  c o n t r o l  procedures as w e l l  as t h e  ope ra t iona l  c h a r a c t e r i s t i c n  
of t h e  vehic le .  This  information w i l l  reduce t h e  t echn ica l  r i s k  a s soc ia t ed  
wi th  i n d u s t r i a l  development of  both c i v i l  and m i l i t a r y  STOL traxispor1:s. 
Equally important ,  i t  w i l l  provide an e s s e n t i a l  t echn ica l  foundration 
on which t h e  GDVeIXAmeQt r egu la to ry  agencies  can e s t a b l i s h  realisttic (:riteria 
f o r  c e r t i f i c a t i o n  of commercial subsonic STOL t r a n s p o r t  a i r c r a f t .  and f o r  
enroute  and terminal area opera t ions .  

lhformatiou r e l a t i v e  t o  f l y i n g  q u a l i t i e s  and a i rwor t l i iness  

The two a i r c r a f t  w i l l  be b u i l t  i n i t i a l l y  i n  t h e  external ly-blown-f lap 
conf igu ra t ion ,  wi th  design provis ions  f o r  subsequent conversion to o1::her 
promising powered-l i f t  concepts  such as t h e  augmentor wing and t h e  
internal ly-blown j e t  f l a p .  The experimental  a i r c r a f t  w i l l  u t i l i z e  modified 
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e x i s t i n g  engines ,  a c o u s t i c a l l y  t r e a t e d  to provide an  acceptab ly  qtiiiet base 
f o r  STOL no i se  inves t iga t ions .  A p a r a l l e l  q u i e t  STOL experimentall. engine 
program being planned by NASA w i l l  develop t h e  data which w i l l  enable  t h e  
engine maiiufacturers t o  incorpora te  equ iva len t  q u i e t i n g  provisiona8 i n  t h e  
e f f i c i e n t ,  ]low p o l l u t a n t ,  economical engines  r equ i r ed  f o r  operatiema1 
transportiP. 

The program is c l o s e l y  coordinated with FAA, DOT and DOD. The f l i g h t  
research  program c o n s t i t u t e s  an ex tens ion  of c u r r e n t  NASA/FAA j o i n t  programs 
(handl ing q u a l i t i e s  s imula t ion  research  f o r  es tab l i shment  of c e r t i f i c a t i o n  
c r i t e r i a ,  and i n t e g r a t e d  STOL av ion ic s  research) .  The experimental  f l i g h t  
program r e p r e s e n t s  an  advanced phase of powered-l i f t  technology development 
preceded by cons iderable  NASA and A i r  Force l abora to ry  and s tudy  a c t i v i t y .  
Together 1rit:h t h e  nearer term technology being pursued i n  t h e  p ro jec t ed  A i r  
Force pro1:ot:ype STOL t r a n s p o r t  program, t h e  advanced technology program 
w i l l  provltda! 8 f l e x i b l e  range of op t ions  f o r  m i l i t a r y  STOL t r a n s p o r t  
development dec i s ions  . 

1ILnalytic:al. and wind tunnel  s t u d i e s  of tu rbofan  powered- l i f t  concepts  
w i l l  be continued i n  FY 1973, t oge the r  w i th  i n v e s t i g a t i o n s  on STOL,-related 
problems of f l i g h t  c o n t r o l ,  r i d e  q u a l i t i e s ,  no i se  and propuls ion.  Emphasis 
w i l l  be on externally-blown f l a p ,  internal ly-blown f l a p ,  and augmentor 
wing concepts i n i t i a t e d  i n  FY 1971 and FY 1972 i n  p repa ra t ion  f o r  the 
experimental  a i r p l a n e  program. 

The FY 1.973 funding reques t  provides  f o r  i n i t i a t i o n  of Phase I1 f o r  f i n a l  
des ign ,  development, and f a b r i c a t i o n  of t h e  two experimental  STOL t r a n s p o r t  
r e rea rch  a i r p l a n e s ,  and f o r  cont inua t ion  of suppor t ing  techno:logy ( e f f o r t  
i n  ground-based f a c i l i t i e s  and r e l a t e d  a n a l y t i c a l  work. 

Omra t inn  Systems Experiments Programs 

1972 19 73 
.a- 

Noise Reduction F l i g h t  
Procedures Experiments......... 0 - 0  $300,000 $3,400,000 

Experiments w i l l  be conducted f o r  reducing t h e  no i se  impinging 0111 t h e  
s e n s i t i v e  neighborhoods around t h e  a i r p o r t  by not only  f ind ing  sofrrt ions 
which permit q u i e t e r  approach and take-off  f l i g h t  pa ths  and techniques 
but  a l s o  f ind ing  ways t o  implement them. 
area w i l l  provide some near-term r e l i e f  of j e t  t r a n s p o r t  no i se  by ybroviding 
the technology f o r  f l y i n g  no i se  abatement pa ths  v i t h  a system whiclti is 
p r a c t i c a l  f o r  e x i s t i n g  f lee t -wide  implementation and which is o p e r a t i o n a l l y  
f e a s i b l e  under t y p i c a l  scheduled airl ine condi t ions .  A l i m i t e d  f 1 itght 
program has demonstrated that two-segment noise abatement landing spproaches 

The r e sea rch  a c t i v i t y  i n  t h i s  
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are s a f e ,  easy t o  f l y ,  do not add s u b s t a n t i a l l y  t o  the  p i l o t  workload, 
and g ive  s u b s t a n t i a l  noise  reduct ion  provided t h e  p i l o t  is given t h e  proper 
guidance inEormation. The technology is  a v a i l a b l e .  Neverthe:less, t he re  
remain two problems which r equ i r e  r e s o l u t i o n  before  t h i s  tecbiniquc! is 
considered p r a c t i c a l  f o r  implementation: (a) s e l l i n g  t h e  line p i l o t  on 
the  sui ta ibi  Lity of three-dimensional,  area naviga t ion  f l i g h t  proccdures 
as a means of f l y i n g  two-segment noise  abatement procedures and ( t i )  

demonstrating t o  major a i r l i n e s  t h a t  t h e  av ion ic s  modi f ica t ions  are 
p r a c t i c a l  f o r  f leet-wide implementation and are u s e f u l  f o r  o t h e r  ciippli- 
ca t ions  sit3 well as noise  abatement 
cooperat ive program t o  accomplish these  o b j e c t i v e s .  
modified IElight opera t iona l  procedures holds  ou t  t he  p o t e n t i a l  i n  the  very 
near  term of s u b s t a n t i a l  r e l i e f  f o r  t he  airport neighbors  from jet a i r c r a f t  
noise!, great. ly increased emphasis w i l l  be given i n  FY 1973 to equipping 
seve ra l  types of e x i s t i n g  a i r  carrier f l e e t  a i r c r a f t  f o r  t he  two-segment 
approaches and conducting indoc t r ina t ion  f l i g h t s  with the  major a i r l i n e s ,  
groups of t he i r  p i l o t s ,  and management under a v a r i e t y  of weather condi t ians .  
It itllvolve!s t h e  c o s t l y  leas ing  of cu r ren t  ope ra t iona l  a i r c r a f t  from seve ra l  
a i r l i n e s .  Emphasis w i l l  be placed on the  737's,  DC-g's, 727'9, DC-8's and 
707 a i r c r a f t .  The Ames  Research Center  is in t h e  process  of Eormulating 
a f l i g h t  program with the  a i r l i n e s  and de f in ing  the  implementation s t eps .  
A longer term program, providing f u r t h e r  no i se  abatement but not considered 
p r a c t i c a l  f o r  use i n  e x i s t i n g  a i r c r a f t ,  would be app l i cab le  t o  the  next 
generat ion a i r c r a f t .  
a i rbo rne  c a p a b i l i t y  to t ake  advantage of t he  new instrument landing system 
which is being developed by the  FAA which w i l l  provide guidance inEormation 
needed f o r  curved, s t e e p  and dece le ra t ing  noise  abatement appiroach~cs. This  
advanced av ionics  and d i sp lay  system f o r  use i n  advanced a i r c r a f t  w i l l  in- 
c lude automatic opera t ion  of l i f t / d r a g / t h r u s t  devices  and t r h  compensation, 
e l e c t r o n i c  a l t i t u d e  d i r e c t o r  and ho r i zon ta l  s i t u a t i o n  i n d i c a t o r s ,  m d  
automaatic path con t ro l  f o r  curved, s t e e p  approaches. 

NASA and FAA are planning a 
Since the  USE' of 

NASA w i l l  conduct technology demonstrations (of t he  

1971 - 1972 

Terminal Configured Vehicles 
0perat:Lorrs Experiments. . . . . . . . . --- $400,000 $4,;1!00,000 

This a c t i v i t y  encompasses t h e  a e r o n a u t i c a l  a s p e c t s  of advanced A i r  
T r a f f i c  Control (Am) and is  a companion t o  t he  FAA ATC automation program. 
Between 1975, and 1980, the  upgraded th i rd-genera t ion  a i r  t r a f f i c  ccrlntrol 
system with i t s  computer a s s i s t e d  metering and sequencing, microwave 
landing g u ~ d e n c e  system, and o t h e r  improvements w i l l  have been deployed 
operat.iona1.ly. 
d i r e c t i n g  high flow rates w i l l  exceed t h a t  of t h e  a i r c r a f t  to  coolply 
s a f e l y  i n  3:FE. condi t ions  un le s s  s t e p s  are taken to  make aircraft 
responsive t o  t he  advanced form and p rec i s ion  requirements of the ATC 
commands. 

From t h a t  time it is f e l t  t h a t  t he  ATC c a p a b i l i t y  f o r  

In t h e  f u t u r e  air  t r a f f i c  c o n t r o l  system a i r c r a f t  may be 
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requi red  t o  f l y  s t e e p  or curved v e r t i c a l  p r o f i l e s  f o r  no ise  abatemont, 
curved ground t r a c k s  f o r  no i se  abatement and f o r  air space e f f i c i e n c y ,  
and maintain a r r i v a l  at the  runway threshold  i n  o rde r  to maximize runway 
capaci ty .  S p e c i f i c a l l y ,  t h i s  program would provide control systemfii 
r esearch  and development; cockpi t ,  av ion ic s ,  and d i sp lay  R&D; and f l i g h t  
tests t o  ogtimize the  a i r c r a f t  conf igura t ion  f o r  its performance 1 x 1 ~  t h e  
advanced a t r  t r a f f i c  con t ro l  environment. A systems approach t o  t h i s  
problem is necessary s ince  a l l  elements i n  t h e  terminal area must tile 
s tud ied  i n  r e l a t i o n  t o  each o t h e r  and to  t h e i r  environment. A c l o r e r  
i n t e g r a t i o n  of t h e  a i r p l a n e ' s  s t r u c t u r a l ,  aerodynamic, and propuls ion 
systems with the  c o n t r o l  and guidance system -st be achieved to iaisure 
t h a t  t h e  veh ic l e  dynamics, maneuver rate, and a i r speed  r egu la t ion  ti311 
place as f a r  l i m i t a t i o n s  as poss ib l e  on trajectories which t h e  a i r  
t r a f f i c  c o n t r o l  system may spec i fy .  
1972 and has cons i s t ed  only  of development of computer simulation using 
mathematiccil models of system elements i n  o rde r  to provide tools t o  
de f ine  r e l a t i o n s  between A X  system parameters and a number of a i r c r a f t  
dependent t ispects of guidance and c o n t r o l  which impose c o n s t r a i n t s  on t he  
f l i g h t  pa ths  and rates of change of f l i g h t  rpeeds and d i r e c t i o n s  which  
are practic;aI l y  achievable .  I n  FY 1973, concept formulation and system 
d e f i n i t i o n  of t he  ae ronau t i ca l  system w i l l  be i n i t i a t e d .  
w i l l  be used to determine t h e  impact of advanced air  t r a f f i c  systems on 
ae ronau t i ca l  and av ionic  systems technology requirements. F l i g h t  t e s t s  
f o r  v e r i f i c a t i o n  of s imula t ion  r e s u l t s  w i l l  be s t a r t e d  on elements of t he  
system usimg advanced av ion ic s  adapted from o the r  programs such as the 
fly-by-wire program, t h e  in t eg ra t ed  av ion ic s  system f o r  STOL aircraft 
and t h e  a c t i v e  con t ro l  technology program. This  work w i l l  e s t rb l i s lh  
a i r c r a f t  characteristics and ope ra t iona l  requirements t o  optimize air- 
p o r t  t r a f f i c  f l o w  rates wi th in  the  c o n s t r a i n t s  of s a f e t y ,  passenger 
comfort, p i l o t  workload, community noise  and engine emission, trnd 
miniarum f u e l  and time expendi ture .  
the  proven technology, which w i l l  be demonstrated i n  a f l i g h t  p r o g r m  
to ensure t h a t  t h e  next genera t ion  t r a n s p o r t  a i r c r a f t  w i l l  be competi t ively 
supe r io r  i n  t h e  ~ ~ r l d ' s  a i r c r a f t  market. 

This program w a s  i n i t i a t e d  i n  FY 

Slumlation 

The program w i l l  u l t i m a t e l y  provide 

1971 

VTOL Operating Systems 
Experiments......... ........... --- $300,000 $500,000 

This  program provides technology and opera t ing  data pecu l i a r  t o  WIWL 
aircraft opera t ing  i n  an air t r a f f i c  c o n t r o l  environment. Emphasis w i l l  
be placed on decreasing the  weather dependence of t h e  VTOL air  t r a n w  
p o r t a t i o n  s y s t e m  by t h e  development and technology demonstration of 
automatic take-off and landing systems f o r  VTOL a i r c r a f t  i n  adverse 
weather condi t ions.  
landing capinbi l i ty  i s  needed e s p e c i a l l y  f o r  VTOL a i r c r a f t  f o r  managing 

The development of an automatic approach and 
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powered l i f t  i n  o rde r  t o  minimize f u e l  consumption and p i l o t  worlkload on IFR 
approacbee. These aircraft w i l l  be requi red  t o  f l y  extremelty accura te  f l i g h t  
paths  in orde r  t o  achieve t h e  p o t e n t i a l  promised by a VTOL ciir t ranspor t4a t lon  
system. 

- 1971 19 72 - 1973 

S'TOL Operating Systems 
Experiment.,............ ...... $2,500,000 $3,290,000 $2 , 500 .OO(l 

The ob jec t ives  of t h i s  program are to decrease a i r  t r a f f i c  syst:em con- 
ges t ion  and increase  the  s a f e t y  of terminal  area ope ra t ions  by providing 
proven SrOL technology opt ions  by 1976 i n  t h e  area of nav iga t ion ,  
guidance, jEligRt con t ro l ,  and ope ra t iona l  procedures on which 1og;ical 
decLsiona can be based for t r a n s p o r t a t i o n  systems i n  the  1980's. 
e f f o r t  w l l l i  provide engineer ing and ope ra t iona l  procedures data pecu l i a r  
t o  STOL ivhitch are needed t o  prepare a s h o r t  haul a i r  t r a n s p o r t a t i o n  system 
plan. ST01. a i r c r a f t  have c h a r a c t e r i s t i c s  which w i l l  d e l i v e r  t h e  air  
paseengei: niuch c l o s e r  t o  where he a c t u a l l y  wants t o  go, require l e s s  real 
estate f o r  runways, w i l l  permit reduct ion of noise  nuisance because they 
w i l l .  readi1.y follow a much s t eepe r  g l i d e  path,  w i l l  unload runways a t  
major hub airports, and provide b e t t e r  and s a f e r  u t i l i z a t i o n  of a i r space .  
In  t:he STOI, opera t ing  experiments program, the  DOT and NASA have jo ined  
toge ther  i n  a program to develop and conduct f l i g h t  experiments with 
advanced naviga t ion ,  guidance, and c o n t r o l  concepts ,  and expcrimental  
hardware anid software which can make a l l -weather  STOL opera t  ions 
technical.hy f e a s i b l e  and which w i l l  take f u l l  advantage of S'NL vehic le  
performance. This  technology and opera t ing  procedures w i l l  Ise a v a i l a b l e  
t o  make the  s h o r t  haul air  t r a n s p o r t a t i o n  concept a t t r a c t i v e  to t h e  user, 
the  opera tor ,  and the  inves tor .  

This 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY --_- 

SUMMARY OF RESOURCES REQUIREMENTS 

SPACE RESEARCH AND -- -- TECHNOLOGY PROGR& 

1971 1972 

Research and technology base. .  ..... $96,015,000 $65,999,000 
Systeins a n d  design s t u d i e s  ......... 2,027,000 706,000 
Systeins and experimental  programs.. 6,962,000 8,400,000 

Total . .  .......................... -$105,004,000 $75,105,000 

HIGHLIGHTS OF BUDGET PLAN 

Research and Technology Base....... ----- 

Materials - Basic and app l i ed  re- --- 
search s t u d i e s  aimed a t  i n c r e a s i n g  
t h e  long l i f e  performance and re- 
l i a b i l i t y  of materials i n  t h e  space 
environment. . . . . . . . . . . . . . . . . . . . . . . .  

S t r u c t u r e s  - Development of 
advanced g z u c t u r a l  concepts and 
s t ruc. t ural. d.ynamics techno logy , 
i nc lud ing  th.erma1 p r o t e c t i o n  
system and d.eployable space 
s t ruc tu res . . . . . . . . . . . . . . . . . . . . . . . . .  

Propulsl-on - Liquid and s o l i d  
c h z i c a l  rocket  and e lectr ic  pro- 
puls ion technology advancements.. .. 

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  ce l l  and 
powe I p r o  ce :; s i n g  techno l o  gy ........ 

1971 

$96,015,000 

11,900,000 

12,305,000 

18,817,000 

9,399,000 

19 72 

$65,999,000 

8 , 686 , 000 

9,003,000 

14,000,000 

7,529,000 

1973 

$53 !, 4 85,000 

2' 10 275,000 

$ 3 , 7 6 0 , 0 0 0  

- 

1 !, 000,000 

1973 - 
$53,485,000 - 

7,000,000 

5 , 500,000 

9,225,000 

7,500,OOO 

RD 10-1 



- lierothennodynamic and 
thermal prottrction system e f f o r t  
for s o l u t i o n  t o  t h e  problems of 
high-speed e n t r y  and f l i g h t  of 
spacec ra f t  i n  atmospheres o f  Ear th  
and o t h e r  ,plmets.. ................ 

Guidance 1 C o n t r o  1 and I n  f onng t i o n  
Processinq - Development and 
eva lua t ion  e f f o r t  i n  t h e  areas o f  
p r e c i s e  guidance and c o n t r o l  of 
space vehfclles and experiments;  
s to rage  and processing o f  d a t a ;  high 
data rate information t r a n s f e r ;  
imaging and measuring; and r e l i a b l e ,  
l ong- l i f e  e l e c t r o n i c  components and 
Oystems......B.......rn.e.......... 

Safe tv  - Safe ty  research  i n  aero-  
nau t i c s ,  space,  and nuc lear  f l i g h t  
and ox id ize r  systems p lus  a s a f e t y  
data bank t o  se rve  many users...... 

Civi l  Tcshnolonv A m  i s  tance  - uses 
NASA c a p a b i l i t y  t o  assist i n  t h e  
s o l u t i o n  of pub l i c  sector probl&s. 

b i f e  Sciences - FY 1972 and 1973 
e f f o r t  funded under Space F l i g h t  
Operation€;................... ...... 

Systems and Design Studies  - 
Analysis  and s tudy to i d e n t i f y  tech-  
nology requirements for focusing 
technology programs and i d e n t i f i -  
c a t i o n  of new areas o f  opportunity.  

S v s t m s  ai&ExPerimental Proarams.. 

m n i  I t  Ex1 wriment Pr oarams ......... 
~ ~ 1 3 0 o t r s  La8 er Commun icat iong  

FkPerimeniL Develop and f l i g h t  test 
laser systems as o p t i c a l  communi- 
ca t ions  1:inlc between e a r t h  and syn- 
chronous satell i te.  ................ 

$8 , 409,000 

17,527,000 

1,858,000 

--- 

15,800,000 

$2,027,000 

$f5.962.000 

$1,200,000 

1972 

$ 8 , 3 O l , O c I O  

14,780,000 

1,700,000 

2,000,000 

-3.. 

$lD!sa? 

$s ,400. OOQ 

$1,500,00~ 

$7' , 700,000 

1,900 , 000 

i, ooo, ooo 

- - .. 

--- 800,000 3,000,000 
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1971 

L i f t i n g B o d y  F l i g h t  Tests - Support 
of manned f l i g h t  tests o r  research 
v e h i c l e s  designed t o  i n v e s t i g a t e  t h e  
performance, s t a b i l i t y  and c o n t r o l ,  
and handling q u a l i t i e s  through super- 
s o n i c ,  t r a n s o n i c ,  and subsonic f l i g h t  
regimes f o r  e n t r y  s p a c e c r a f t  ......... $1,200,000 

Spacecraf -- t /Payload Programs.. ........ $3,003,000 

Electric Auxil iary Propulsion - Ion --- 
t h r u s t e r s ,  pulsed plasma t h r u s t e r s ,  
and biowzste r e s i s t o j e t s  ............. 1,703,000 

%ace -- S t o r a b l e  Propulsion Module - 
Demonstration of a FLOX/Monomethyl 
Hydrazine propuls ion module wi th  10 
yea r  in-spa.ce l i f e . . . . . . . . . . . . . . . . . . .  1,300,000 

Transport:at.ion Programs. ............. $2 . 759,000 

Reusable Oxygen/Hydrogen Space 
P r o p u l s i t r  System - Demonstration of 
a high performance Oxygen/Hydrogen 
propuls ion system f o r  t h e  Tug-class. . 800 , 000 

So l id  Rocket Motors - R e s t a r t a b l e  
solid motor, low a c c e l e r a t i o n  s o l i d  
motor and low c o s t  sounding rocket  
mo to r . . . , . .  .......................... 1,101,000 

--- 

Sola r  13lectric Propulsion - Sola r  
array-powered ion  en€ i n e  system f o r  
s p a c e c r a f t  primary propuls ion. .  ...... 858,000 

1972 - 

$700 , 000 

$3,200,000 

1 , 400,000 

1,800,000 

$3 , 700, OOc? 

1 , 300,0013 

1,300,000 

1 , 100,000 

1973 __ -. 

$700 , 000 

$:! ,975,000 

475 ,OO~O 

2,500,000 

$3 , 600,000 

1,500,000 

800,000 

1,300,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1 9 7 3  ESTIMATES 

--_- AERONAUTI.CS AND SPACE TECHNOLOGY 

PROJECT 

M a t  E! r i a1.s F.e s e ar ch 
arid T e c h n o l o g y  

FLIGHT SCHEDULE 

MISS I O N  

Meteoroid T e c h n o l o g y  
S a t e l l i t e  

SPACE RESEARCH AND -- 
TECHNOLOGY PROG @.I -- 

YEAR 

1 9 7 2  

--- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

--- OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY SPACE R'ESEAR,CH AND -- TECHNOLOGY PROGRAM 

PROGRAM OB,g:TIVES AND JUSTIFICATION : 

Space Research and Technology program goals  a r e  designed t o  bui lc l  a 
technology base which w i l l  adequately support  space a c t i v i t i e s  of t h e  
fu tu re .  Slicli technology work must be accomplished years  aheac' of ] ) ro )ec t  
deve1opmen.t m d  ope ra t ions ,  t he  t i m e  span depending on the  complexjty of 
the  new telchiiological approaches. 

One major area  of technology i n v e s t i g a t i o n s  involves  a s e r i e s  of technology 
i n v e s t i g a t i o n s  which support  advanced e a r t h  o r b i t  systems. Advancc!d monitor- 
ing  systems €or  observing t h e  e a r t h  have g rea t  p o t e n t i a l  value f o r  determin- 
ing  mineral  resources ,  eval i ia t ing and managing crops and f o r e s t s ,  t l e tec t ing  
a g r i c u l t u r a l  d i s e a s e s ,  and s tudying  r o u t e s  tor  roads and l o c a t i o n s  f o r  dams, 
i n  a d d i t i o n  t o  t h e  a l ready  e s r a t m d  weather monitor ing systems ope ra t ing  
from space. Another f i e l d  of g r e a t  but  only p a r t i a l l y  developed p.ractica1 
b e n e f i t  i s  t'hat of communications. Advanced e a r t h  o r b i t  systems, ope ra t ing  
above the  l i g h t  f i l t e r i n g  and d i f fus ion !d i f f r ac t im  e f f e c t s  of t h e  e a r t h ' s  
atmosphere, o f f e r  g r e a t l y  enhanced astronomical  observa t ions ,  whicli portend 
a g r e a t e r  understanding of the  fundamental s c i ence  of t he  un ive r se .  

E s s e n t i a l  t o  f u t u r e  ope ra t iona l  space systems is t h e  development of 
v e r s a t i l e  and economical t r a n s p o r t a t i o n  t o  and i n  space, and of long-l ived 
space obse rva to r i e s  and l a b o r a t o r i e s .  During the  pas t  t h r e e  y e a r s ,  a h ighly  
focused e f f o r t  has produced a base of technology adequate f o r  development of 
t h e  space s h u t t l e .  I n  FY 1973, a s  t he  s h u t t l e  e n t e r s  i t s  developmtent phase,  
a vigorous program of technology support  w i l l  cont inue.  The FY 1973 program 
w i l l  extend technology e f f o r t s  on long-l ived equipment, p a r t i c u l a r l y  power 
sources ,  for  space l a b o r a t o r i e s ,  both unmanned and manned. Such work w i l l  
be augment:ecl by space experiments t o  confirm t h e  v a l i d i t y  of our  new 
technologica l  approaches i n  the  ope ra t iona l  environment o r  t o  i n v e s t i g a t e  
space phenomena, such a s  zero-g e f f e c t s ,  which must be adequate ly  dupl ica ted  
i n  e a r t h  f a c : i l i t i e s .  

Explorat ion of d i s t a n t  p l a n e t s  r e q u i r e s  s i g n i f i c a n t  improvement s i n  
s e v e r a l  t echn ica l  a r eas :  
p lane tary  e n t r y  and landing system technology; and communications capa- 
b i l i t i e s ,  p a r t i c u l a r l y  power and antenna po in t ing  accuracy. Because l i g h t  
waves can ciirry s e v e r a l  o rde r s  of magnitude more information a t  a given 
power l e v e l  than can r a d i o  waves, l a s e r  communication methods a r e  being 
inves t iga t ed .  Because round t r ip  communications t i m e s  t o  o u t e r  p l a n e t s  a r e  
s e v e r a l  hou:cs, e f f e c t i v e  exp lo ra t ion  demands a h igher  degree of automation 
and decisllort making c a p a b i l i t y ,  o f t e n  c a l l e d  a r t i f i c i a l  i n t e l l i g e n c e ,  

h igh  energy space t r a n s p o r t a t i o n  c a p a b i l i t i e s ;  



incorporated i n t o  t h e  p l ane ta ry  sampling and rover systems. Such automation, 
coupled w i t h  robot-type ope ra to r s ,  is being examined. 

The FY 19173 program w i l l  cont inue e f f o r t s  t o  de f ine  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 appl ied  t o  develop conce!itual so'1.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 ec t ed  concepts..  

I n  addi t ion  t o  technology development f o r  t h e  missions mentioned .above, 
NASA w i l l  cont inue conducting research  and developing technology f o r  new 
c a p a b i l i t i e s  and missions which a r e  not  p r e s e n t l y  amenable t o  d e f i n i t i o n .  

NASA will. employ i t s  FY 1973 funds on a balanced m i x  of reseisrch and 
technology base work, systems and design s t u d i e s ,  and t h e  cont inua t ion  of a 
systems and experimental  programs designed t o  v e r i f y  t h e  a p p l i c a t i o n  of new 
technology<. N o  new s t a r t s  o r  program a d d i t i o n s  a r e  included i n  the  FY 1973 
budget:. 

The FY 1073 program can be summarized i n  t h e  fol lowing p r i n c i p a l  
ca t egor i e s  : 

Research aid- Technolow Base 

The Research and Technology Base p r o j e c t  comprises t h e  d i sc ip l in t i ry  work 
i n  m a t e r i a l s ,  s t r u c t u r e s ,  propuls ion,  power, en t ry ,  guidance, conti-01, and 
infonmt io ,n  processing,  s a f e t y ,  and a s s i s t a n c e  on se l ec t ed  c i v i l  pi-oblems. 

The fundamental work of t h i s  program i s  aimed a t  providing a n  unclerstand-. 
i ng  of phys ica l  phenomena p e r t i n e n t  t o  space programs. It includei;  research  
concerned wi th  ma te r i a l  p r o p e r t i e s  and behavior ,  a r t i f i c i a l  i n t e l lxgence ,  
l a s e r s  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  iiiiproved 
e l e c t r o n i c  devices  ; gas dynamics and aerothermodynamics phenomena i issociated 
wi th  p lane tary  atmospheric e n t r y ;  combustion processes ,  f l u i d  dynaiiiics, 
plasma c h a r a c t e r i s t i c s ,  i on  o p t i c s ,  and d ischarge  c h a r a c t e r i s t i c s  i I ssoc ia t~?~d 
wi th  chemical and e l e c t r i c  propuls ion;  and bas i c  understanding and improve- 
ments i n  t h e  theory and technology of chemical power producint: macliines and 
s o l a r  power conversion ma te r i a l s .  

The Research and TechnoLoa base a l s o  inc ludes  appl ied  research  in-ograms 
which u t i l i z e  t h e  fundamental technology developed by the  b a s l c  relzearch i n  
t h e  develcpment of improved m a t e r i a l s  and s t r u c t u r e s  , guidances coi i t rol  and 
informatian systems, propuls ion  and power f o r  s h u t t l e ,  space s t a t i o n ,  
a p p l i c a t i o n s ;  s c i ence  and p l ane ta ry  programs. 

Systems a r L D e s i n n  Studies  

Systems an.d design s t u d i e s  analyze f u t u r e  missions i n  terms of new 
technology requirements.  These s t u d i e s  provide d i r e c t  guidance t o  t h e  
research and technology p ro jec t s .  S tud ie s  of commonality of liardwsre 
elements f o r  space programs o f f e r  t h e  oppor tuni ty  t o  des ign  s:ystems to 
f u l f i l l  s e v e r a l  mission needs. 



The aim oE these  technology programs is t o  v e r i f y  t h e  a p p l i c a t i o n  of new 
technology through t e s t s  and demonstration i n  r e a l i s t i c  environments. 
These progrrims a r e  grouped under t h r e e  ca t egor i e s :  F l igh t  Experiniental 
programs, Spacecraft/Payload programs, and Transportat  ion programf:. 

F l igh t  Experiment programs include a l a s e r  communication expeririaent and 
research  f l i g h t  t e s t  program u t i l i z i n g  t h e  M2-F3 and the  X-24-B l i f t i n g  
bodies.  

Spacecraft/Payload programs inc lude  development of an e l e c t r o n  1)ombardment: 
cesium ion engine; development of a pulsed plasma micro t h r u s t e r ;  and 
demonstration of a space s t o r a b l e  propuls ion module. 

The Transpor ta t ion  program i s  made up of t h r e e  elements: LI reuliseable 
oxygen/hydrogen space propuls ion system e f f o r t ;  an e f f o r t  involving th ree  
small  spec ia l i zed  s o l i d  rocket  motors; and an experiment i n  s o l a r - e l e c t r i c  
propuls ion.  

SUMMARY OFRESOURCES REQUIREMENTS : 

197 1 1972 

Research and technology base... $ 96,015,000 $65,999,000 
Systems and design studies. . . . .  2,027,000 706,000 
Sys tems and experimental  

programs..................... 6.962.000 8.400.00Q 

Total........................ $105.004.000 $75.105.000 - 
D i s t r i k s i o n  of Program Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Center..  .... $ 7,028,000 

Jet I ' ropulsion Laboratory. .  ... 14,61.5,000 
Wallops S t a t i o n  ............... 100,000 

Marsha11 Space F l igh t  Center..  10,868,000 
Goddrird Space F l igh t  Center..  . 6,333,000 

Ames Research Center.......... 14,060,000 
Fl igh t  Research Center..  ...... 2,130,000 
Langley Research Center....... 24,165,000 
Lewis Research Center..  ....... 18,090,000 
Headquarters .................. 7,615,000 

$ 2,302,000 
8,075,000 
4,607,000 

14,183,0010 

6,484,000 

16,156,000 
16,302,000 
5,796,000 

"-- 
1,200,000 

-I 1973 

$'53,485,000 
1,000,000 

-. 10.275.000 

$64.760.000 -I 

$ 900,000 
7,100,000 
4,485,000 

15,555,000 

6,5 10,000 
800,000 

13,510,000 
14,2 10,000 
I, 690 , 000 

- .- - 
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BASIS OF FUlg REQUIREMENTS : 

Research and Technology Base 

1972 - 1973 - 1971 - 
Mate r i a l s  research and 

S t r u c t u r e s  r e sea rch  and 

Propulsion r e sea rch  and 

Power r e sea rch  and 

Entry reseairch and technology. .. 
Guidance, c o n t r o l  and informa- 

t i o n  processing r e sea rch  and 
technollDgy. ................... 

Safe ty  research and technology.. 
C i v i l  tec'ilnology a s s i s t ance . .  ... 
L i f e  sc i ences  

technology.. .................. 
techno logy. ................... 
techno logy. ................... 
t e 1: hno lo gy .................... 

$11,900,000 

12,305,000 

18,817,000 

9,399,000 
8,409,000 

17,527,000 
1,858,000 

15.800.000 

$8,686,000 

9,003,000 

14,000,000 

7,529,000 
8,301,000 

14,780,000 
1 700,000 
2 * 000,000 --- 

$7,000,000 

5,500,000 

9,225,000 

7,,500,000 
7 ,, 700,000 

13,,660,000 
1 ,, 900,000 
1 j ,  000 , 000 

Total......................... $96.015.000 $65.999.000 $53,485.000 

Mate r i a l s  Research and Technology $11,900,000 $8,686,000 $ 7  ,,OOO, 000 

Fundamental r e sea rch  on the na tu re  and behavior of s o l i d s  and surl'aces is  

The goal of t h i s  r e sea rch  
e s s e n t i a l  f o r  t h e  development of new m a t e r i a l s  a s  wel.1 a s  f o r  t h e  iinprove- 
ment of e x i s t i n g  me ta l s ,  ceramics, and polymers. 
i s  t o  understand t h e  atomic and molecular s t r u c t u r e s  of s o l i d s  and . :heir  
s u r f a c e s  and then t o  r e l a t e  them t o  t h e i r  p r o p e r t i e s .  Only through such 
understanding can t h e  performance and e f f i c i e n c y  of m a t e r i a l s  be imlmoved. 
The na tu re  of this r e sea rch  a rea  is broad and long range but i n  FY 1973 
emphasis w i l l  be put on superconductors,  high temperature metals ,  sl irface 
physics ,  e l e c t r o n i c  m a t e r i a l s ,  and t h e  physics  of m a t e r i a l s  processing i n  
space. 

I n  t h e  a r e a  of e l e c t r o n i c  behavior,  v a l i d a t i o n  of  a new theory f0.c super- 
conduc t iv i ty  w i l l  be pursued a t  t h e  J e t  Propulsion Laboratory. Inmeased  
understanding w i l l  a l s o  be sought t o  exp la in  why high temperature miztal 
a l l o y s  lo se  d u c t i l i t y .  

Research on s u r f a c e  physics  a t  L e w i s  w i l l  be d i r e c t e d  a t  s t u d i e s  ,>f 
ox ida t ion  and corrosion and t h e  c o n t r i b u t i o n  of t h e  s u r f a c e  t o  t h e  
mechanical p r o p e r t i e s  of metals .  An understanding of t h e  b a s i c  na tu re  of 
m a t e r i a l s  s u r f a c e s  should be instrumental  i n  ob ta in ing  increased opl2rating 
l i f e t i m e  i n  co r ros ive  environments. 
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I n  t h e  physics  of space processing,  t h e  r e sea rch  emphasis i s  on rinderstand- 
i n g  t h e  condi t ions of c r y s t a l  growth encountered i n  a we igh t l e s s  erivironment. 
I n  FY 1973 t h i s  research w i l l  be d i r e c t e d  toward a n a l y t i c a l  and experimental  
s t u d i e s  which may lead t o  new concepts f o r  improved m a t e r i a l s  whicli can be 
processed i n  space. This work i s  c a r r i e d  ou t  a t  Marshall .  

Basic  research on e l e c t r o n i c  m a t e r i a l s  w i l l  be d i r e c t e d  by L a n g h y  a t  
improved, high dens i ty ,  high e f f i c i e n c y  computer memory m a t e r i a l s  11s w e l l  ips 

non-si l icon s o l a r  ce l l s .  New concepts f o r  ach iev ing  energy converision froin 
sun l i g h t  w i l l  a l s o  be inves t iga t ed .  

Environmental e f f e c t s  pose problems f o r  t he  des igne r  of advanced space- 
c r a f t  f o r  long mission times. Of p a r t i c u l a r  concern is t h e  temperiature 
c o n t r o l  of space veh ic l e s .  Thermal c o n t r o l  coa t ings  have been developed 
which a r e  s u i t a b l e  f o r  up t o  two yea r s  i n  nea r -ea r th  o r b i t .  The emphasis i n  
FY 1973 w i l l  be on developing white  coa t ings  s t a b l e  i n  o u t e r  space f o r  longer 
times. Research and development of a l t e r n a t i v e s ,  such a s  heat: pipi?s, which 
progressed t o  t h e  a p p l i c a t i o n  s t a g e  i n  FY 1972 w i l l  be continued ti) broaden 
t h e  technology base. Radiation s h i e l d i n g ,  p a r t i c u l a r l y  t o  high enirrgy cos-mic 
r a y s ,  i s  required f o r  long t i m e  missions i n  o u t e r  space.  S tud ie s  ion 
dosimetry and s h i e l d i n g  f o r  d e t e c t i o n  and p r o t e c t i o n  w i l l  be contiinued i n  
FY 1973. The p r o t e c t i o n  of spacec ra f t  from meteorofds a l s o  become:s more 
important as mission times increase.  Emphasis i n  FY 1973 w i l : L  be : sh i f ted  t o  
f l i g h t  t e s t i n g  of new s t r u c t u r a l  concepts and v e r i f y i n g  ground obt,nined da ta .  

Research on advanced m a t e r i a l s  re la tes  t o  a broad spectrum of a p p l i c a t i o n s .  
There w i l l  be increased emphasis i n  FY 1973 a t  Lewis on m a t e r i a l s  f o r  nuc lea r  
space power systems, w i t h  the  o b j e c t i v e  of exp la in ing  and minimizing such 
phenomena a s  t h e  degradat ion of  f u e l s ,  c laddings,  and i n s u l a t o r s  i n  a high 
r a d i a t i o n  f l u x  f i e l d .  On t h e  o t h e r  hand, improvements i n  high-temiperature 
r e f r a c t o r y  metals ,  g raph i t e ,  oxides and c h a r r i n g  a b l a t o r s  f o r  planietary 
e n t r y  w i l l  continue on a reduced level. A moderate s i zed  e f f o r t  a imed  a t  
i nc reas ing  t h e  l i f e  and r e l i a b i l i t y  of bear ings and r e l a t e d  mechanical 
components i n  t h e  space environment by fundamental and app l i ed  s t u ' d i e s  of 
f r i c t i o n  and wear w i l l  a l s o  continue. 

A s  t h e  s t a t u s  of m a t e r i a l s  engineer ing f o r  space s h u t t l e  moves i n t o  
development, t h e  s i z e  of t he  advanced technology program w i l l  decrease.  
Work w i l l  continue i n  FY 1973 by Lewis on advanced composites whose s t r e n g t h ,  
s t i f f n e s s  and l i g h t n e s s  promise t o  reduce s t r u c t u r a l  weight s u b s t a n t i a l l y .  
Continuing e f f o r t  w i l l  a l s o  be aimed a t  developing advanced techniques f o r  
i n spec t ing  m a t e r i a l s  a f t e r  each f l i g h t ,  extending t h e  u s e f u l  temperature 
range of l u b r i c a n t s  and bear ings and improving material-environment 
ca pa b i 1 i t  1'. 
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197 1 - 1972 - 19 73 - 
S t r u c t u r e s  Research and Technology $12,305,000 $9,003,000 ! /~5,500,000 

The scope of t h i s  program encompasses t h e  development of technologies  f o r  
advanced s t r u c t u r a l  design and dynamics coupled w i t h  new s t r u c t u r a  1 concepts 
f o r  f u t u r e  space systems. Included a re  t h e  technolog€es needed f o r  t h e  near- 
term reusable  ea r th - to -o rb i t  t r a n s p o r t  systems and those  anticipatlzd f o r  
o t h e r  f u t u r e  c a p a b i l i t i e s .  The e f f o r t  r e l a t e d  t o  t h e  space s h u t t l l ?  w i l l  be 
somewhat reduced i n  FY 1973 with emphasis placed on t h e  most urgenl: problems 
and on p o t e n t i a l  f u t u r e  improvements. I n c r e a s i n g  a t t e n t i o n  w i l l  biz given t o  
development of advanced s t r u c t u r e s  f o r  g r e a t l y  extended astroriomicel observa- 
t i o n ,  long-lived space l a b o r a t o r i e s - s t a t i o n s ,  and o t h e r  space systsms. I n  
a d d i t i o n ,  t h e  p o t e n t i a l  of t hese  advanced concepts f o r  ground a p p l i c a t i o n s  
of space technology w i l l  be i d e n t i f i e d  and explored. This work is p r i m a r i l y  
c a r r i e d  out  a t  Langley and Lewis. 

S i g n i f i c a n t  a spec t s  of t h e  s t r u c t u r a l  des ign  technology a r e a  include 
development of design and t e s t  methods t o  provide c a p a b i l i t y  f o r  einhanced 
s t r u c t u r a l  e f f i c i e n c y  and r e l i a b i l i t y ,  e x p l o r a t i o n  of advanced s t r i J c tu ra1  
concepts,  and demonstration of p o t e n t i a l  improvements with la.rge szale 
laboratory tes ts  of t y p i c a l  components and assemblies.  For t h e  s h u t t l e ,  
subs t an t i a  1 progress  i s  being made i n  a n a l y t i c a l  s t u d i e s ,  experiments with 
small specimens, design and f a b r i c a t i o n  of l a r g e  t es t  components, and 
imprcving t h e  needed t e s t  f a c i l i t i e s .  Emphasis i n  FY 1973 w i l l  be d i r e c t e d  
t o  e s s e n t i a l  improvements i n  f r a c t u r e  c o n t r o l  methods, t e s t i n g  of advanced 
concepts u t i l i z i n g  composite m a t e r i a l s ,  and t e s t i n g  of va r ious  s t r u c t u r e -  
thermal p r o t e c t i o n  systems which w i l l  a l s o  be a p p l i c a b l e  t o  o t h e r  f u t u r e  
systems. 

One of t h e  important cons ide ra t ions  i n  the design of t h e  s h u t t l e '  i s  t o  be 
a b l e  t o  p r e d i c t  t h e  dynamic loads t h a t  w i l l  a c t  on the  v e h i c l e  andl the 
response of the v e h i c l e  t o  t h e  loads.  The dynamics program i s  aimed toward 
uncovering dynamic problem a r e a s  on t h e  s h u t t l e ,  and t o  provide ttie s h u t t l e  
conti-actairs with design da ta  and recommended a n a l y s i s  and tes t  tecmhniques 
f o r  1iandL:ing t h e s e  problem a reas .  

Much of t h e  planned dynamics technology e f f o r t  f o r  t h e  s h u t t l e  has  been 
completed but much remains t o  be done. Some of  t h e  more important a r e a s  t o  
be completed a r e  the  e f f e c t s  of combined v i b r a t i o n  and temperature, on Thei:mal 
P r o t e c t i o n  System panels ;  p r e d i c t i o n  of t h e  v e h i c l e  POGO c h a r a c t e i ~ i s t i c s  andl 
a c t i v e  and passive systems f o r  suppressing POGO; t h e  e f f e c t s  of gi*ound winds 
on new laiinch conf igu ra t ions ;  t h e  e f f e c t s  of  water impact on  t h e  i 'eusabiliity 
of t h e  launch v e h i c l e ;  and planning f o r  l a r g e  s c a l e  dynamic t e s t i r t g .  
Increased emphasis w i l l  be given t o  r e l a t e d  dynamic problems f o r  o t h e r  
advanced spsce systems. 

Advanced concept s t u d i e s  f o r  s p a c e c r a f t  con f igu ra t ions  which emlbloy unique 
geometries iand new p r i n c i p l e s  w i l l  cont inue a s  p a r t  of t h e  S t ruc t i i r e s  program. 
These w i l l  :include new approaches t o  deployable s t r u c t u r e s  , lamindited panc?la , 
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and p r e s t r e s s e d  s t r u c t u r a l  components. 
d i r e c t e d  toward a more appl ied  e f f o r t  on a l a r g e  deployable antenna f o r  
deep space cxmmunicat ions.  

Part  of this effort will continue to be 

1973 - 1972 - 197 1 - 
Propuls ion liesearch and Technology $18,817,000 $14,000,000 $!i1,225,000 

Space Propuls ion research  and technology inc ludes  a c t i v i t i e s  i n  l i q u i d  
propel  Lant rocketry,  s o l i d  p rope l l an t  rocke t ry ,  and e l e c t r i c  propulsiion. 
The e f f o r t  incorporates  b a s i c  research ,  d i s c i p l i n e  research  and tectmology, 
and Space S h u t t l e  propuls ion  technology. 
t he  technology for propuls ion systems f o r  f u t u r e  launch veh ic l e s  , ullper 
s t a g e s ,  i n t e r p l a n e t a r y  s t a g e s  , p lane ta ry  re t ro / landing/ take-of f  , ancl space- 
c r a f t  a t  t i t u d a / p o s i t  i on  c o n t r o l  . 

From t h i s  broad base w i l l  emerge 

The b a s i c  research  a c t i v i t y  examines t h e  physics  and chemistry of propul- 
s i o n  t o  understand c r i t i c a l  p ropuls ion  processes  and t o  explore  new concepts 
o f f e r i n g  s i g n i f i c a n t  performance advantages.  Chemical rocket  combu:ition and 
f l u i d  flow xi11 rece ive  p a r t i c u l a r  a t t e n t i o n  wi th  t h e  goal  of e f f ic I .en t ,  
s t a b l e  performance and r e f ined  methods t o  p r e d i c t  behavior.  For e x m p l e ,  
t h e  flow behavior a t  t h e  edge of a rocket  plume w i l l  be s tud ied  t o  p r e d i c t  
t h e  p o t e n t i a l  of spacec ra f t  contamination from a t h r u s t e r .  Ion opttics and 
plasma c h a r a c t e r i s t i c s  i nves t iga t ions  w i l l  cont inue  wi th  a goal. of both high 
s p e c i f i c  impulse (3000 seconds) and high e f f i c i e n c y  (g rea t e r  than  81)%), New 
horizons i n  propuls ion w i l l  be eva lua ted ,  inc luding  atomic hydrogen, laser 
t ransmi t ted  energy t o  hea t  working f l u i d s  and t h e  use of p l ane ta ry  
atmospheres a s  a p rope l l an t .  

Long l i f e  i s  t h e  primary goa l  i n  t h e  l i q u i d  p rope l l an t  rocket: d i s c i p l i n e  
research  and technology a rea  because of requirements f o r  long residency i n  
space (up t o  10 years)  and/or  r e u s a b i l i t y  ( g r e a t e r  than  100  mission:^). An 
engineer ing tes t  model of a zero  g r a v i t y  p rope l l an t  t r a n s f e r  experiinent w i l l  
be designed po in t ing  toward a f u l l  s c a l e  space experiment on a f u t u r e  s h u t t l e  
f l i g h t .  A "dual mode" (b iopropel lan t  f o r  performance, monopropellant f o r  
minimum impulse b i t )  engine i s  t o  be t e s t e d .  New and improved conclepts i n  
l i q u i d  rocket  components, such a s  a non-spark resonance tube i g n i t e r ,  w i l l  
be evaluated.  

A r e l a t i v e l y  high energy hybrid rocket  i nco rpora t ing  a l i q u i d  o x i d i z e r  
and a solid f u e l  will be t e s t e d ,  So l id  p rope l l an t s  t h a t  can withstand t h e  
250°F thernlal cyc les  f o r  s t e r i l i z a t i o n  w i l l  be formulated and tested. New 
protechnic  devices  such a s  a laser i n i t i a t e d ,  deb r i s - f r ee  actui3tor will be 
evaluated.  The atmospheres of  s e v e r a l  p l a n e t s  a r e  s u f f i c i e n t l y  dense t h a t  
convent ional  rocket  chamber pressures  and nozzles  w i l l  not  perEorm 
e f f i c i e n t l y ;  ve ry  high chamber p re s su re  (10,000 p s i )  s o l i d  p r o p e l l a n t s  w i l l  
be examined. 
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Long ope ra t ing  l i f e - - g r e a t e r  than 10,000 hours--for i on  t h r u s t e r s  i s  a 
major goal o f  t h e  e l e c t r i c  propuls ion r e sea rch  and technology a c t i v l  t y .  
Methods of i nc reas ing  t h e  impulse b i t  l e v e l  of pu l se  plasma devices  a r e  t o  
be developed, while r e s i s t o j e t  technology w i l l  be focused on lower impulse 
b i t ,  thus  c l o s i n g  t h e  gap between t h e  two. Since e l e c t r i c  t h r u s t e r r  may be 
a b l e  t o  provide continuous t h r u s t  f o r  months and yea r s ,  new op t ions  f o r  
t r a j e c t o r y  a re  poss ib l e .  Examination of such c h a r a c t e r i s t i c s  of low t h r u s t  
systems i n  terms of sof tware and p ropu l s ion / spacec ra f t  i n t e r a c t i o n s  w i l l  
providle a base f o r  optimal mission use of i on  t h r u s t e r s  f o r  interplzinetary 
t r a n s  f ler . 

The propuls ion technology s p e c i f i c a l l y  focused t o  the  needs clf tht! Space 
S h u t t l e  w i l l  ' be  r eo r i en ted  t o  t h e  cu r ren t  S h u t t l e  designs.  Most of t h e  
component lev e 1 proof -of- technologica l - r ead iness  t e s t i n g  w i l l  be completed 
i n  t h e  next 18 months. 

197 3 - 1972 - 197 1 - 
Power Research and Technology $9,399,000 $7,529,000 $7,5OO,OOO 

Stud ies  show t h a t  major improvements (2 f o l d  o r  b e t t e r )  i n  s o l a r  ,and 
chemical power systems performance, l i f e ,  and c o s t  a r e  poss ib l e .  The 
p o t e n t i a l  b e n e f i t s  t o  be derived from such improvements include major 
i nc reases  i n  space mission c a p a b i l i t y ,  es t imated annual  savings; of $20- 
40 m i l l i o n / y e a r  and technology d i r e c t l y  a p p l i c a b l e  t o  the  generat ion and 
u t i l i z a t i o n  of  e l e c t r i c  power on e a r t h .  It is  the purpose of 1:he s o l a r  and 
chemical power program t o  provide t h e  technology necessary f o r  such improve- 
ments i n  a cos t  e f f e c t i v e  manner u t i l i z i n g  a n  e x i s t i n g  i n d u s t r i a l ,  univer- 
s i t y ,  government l abora to ry  team of demonstrated t e c h n i c a l  and manayerial 
competence. 

Basic  r e sea rch  i n  t h e  f i e l d s  of pho tovo l t a i c  energy conversion a n l  
e l e c t r o c h e n i c a l  energy s t o r a g e  provides a major impetus t o  the  program. A 
goal  of doubling s i l i c o n  s o l a r  c e l l  e f f i c i e n c y  has been e s t a b l i s h e d  and 
s e v e r a l  approaches aimed a t  ob ta in ing  an improved h ighe r  purit:i c r y s t a l  
s t r u c t u r e  having less i n t e r n a l  s t r a i n  i n  s i l i c o n  s i n g l e  crystalis  have been 
def ined i n  p r i o r  y e a r s '  programs. 
r e c e n t l y  i n i t i a t e d  under t h e  d i r e c t i o n  of t h e  L e w i s  Research Center w i l l  be 
continued. I n  t h e  f i e l d  of e lectrochemical  energy s t o r a g e  a goal  oE a 10 
f o l d  inc rease  i n  energy d e n s i t y  (watt-hours p e r  pound) f o r  secondary 
b a t t e r i e s  has been e s t a b l i s h e d .  Here t h e  key t o  enable technology ,advance- 
ment w i l l  b e  an e l e c t r o l y t e  m a t e r i a l  compatible w i t h  t h e  high tznerg'p 
e l e c t r o d e  m a t e r i a l s  a v a i l a b l e  such a s  solium o r  potassium. Research on 
s o l i d  e l e c t r o l y t e s  (as con t r a s t ed  w i t h  t h e  c u r r e n t  aqueous e l e c t r o l y t e s )  
w i l l  be continued i n  FY 1973 aimed a t  discovering,  modifying and e v s l u a t i n g  
n e t u r a l l y  clccurring m a t e r i a l s  having t h e  d e s i r e d  e l e c t r i c a l  and phys ica l  
p r o p z r t i e s  and developing monocrystal l ine m a t e r i a l s  of improved cha rac t e r -  
i s t i c s .  This work is  also under t h e  d i r e c t i o n  of t h e  Lewis  Research Center .  
I n  a d d i t i o n ,  small  programs aimed a t  d e f i n i n g  and e v a l u a t i n g  new energy 
conversion and s t o r a g e  concepts w i l l  be i n i t i a t e d  i n  FY 1973. 

I n  FY 1973, a n  experimental  program 
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Discip11,ne r e sea rch  and technology i n  t h e  a r e a s  of s o l a r  a r r a y s ,  
b a t t e r i e s ,  f u e l  c e l l s  and t h e  a s soc ia t ed  power processing,  d i s t r i b u t i o n ,  
and c o n t r o l  equipment c o n t r i b u t e  numerous, i n d i v i d u a l  advancements which, 
when summed, w i l l  r e s u l t  i n  major system performance, l i f e ,  and c a s t  
improvements. I n  t h e  s o l a r  a r r a y  a r e a ,  e f f o r t s  w i l l  be d i r e c t e d  i n  FY 1973 
toward obt:aining a 40% weight reduct ion by means o f  such approaches a s  
reducing s o l a r  c e l l  and cover g l a s s  t h i ckness ,  t h e  s u b s t i t u t i o n  of welding 
f o r  adhesives ,  fold-up f o r  r o l  l-up deployment concepts,  and l i g h t e r  weight 
s t r u c t u r a ' l  concepts. Array l i f e  improvement (150%) and c o s t  r educ t ion  (50%) 
approaches def ined i n  FY 1971 and FY 1972 w i l l  be i n i t i a t e d  i n  FY 1973. 
Secondary b a t t e r y  goals  include increased l i f e  t o  meet f u t u r e  mission 
requirements (90,000 hours) and 12 and 20 wat t -hours/ lb  f o r  Ni -Cd  and Ag-2n 
secondary b a t t e r i e s  r e spec t ive ly .  These programs w i l l  be  continucld i n  
FY 1973 a:; w i l l  t h e  long l i f e  p r e d i c t i o n  technology program i n i t i a t e d  i n  
FY 1970. Approaches t o  improving f u e l  c e l l  l i f e  and weight by f a c t o r s  of 
2-10 w i l l  be s tud ied  i n  FY 1973. Also to  be s tud ied  a r e  t h e  varici'us a r e a s  
i n  t e r r e s t i a l  e l e c t r i c  power gene ra t ion  and u t i l i z a t i o n  where s o l a r  and 
chemical apace power system e x p e r t i s e  can be app l i ed  t o  advantage. 
concepts t o  be s tud ied  w i l l  i nc lude  both s t a t i o n a r y  and v e h i c u l a r  power 
systems and t h e  use of s o l a r  energy i n  space o r  on the  ground a s  ai primary 
power S O U I I C ~ .  

S p e c i f i c  

I n  t h e  (area of power processing, d i s t r i b u t i o n  and c o n t r o l ,  thercl i s  a 
particu1a:r need f o r  h ighe r  power c a p a b i l i t i e s  and f o r  longer o p e r a t i n g  l i f e .  
The goal :is t o  o b t a i n  5 t o  10 KW capac i ty  i n  s i n g l e  power processcir modules, 
with a c a p a b i l i t y  f o r  c l u s t e r i n g  t o  meet even l a r g e r  f u t u r e  power r equ i r e -  
ments. L O  t:o 12 yea r  ope ra t ing  l i f e  i s  an important a d d i t i o n a l  technology 
o b j e c t i v e ,  n e c e s s i t a t e d  by long i n t e r p l a n e t a r y  t r a v e l  t i m e  and t o  provide 
ope ra t ing  economy i n  e a r t h - o r b i t i n g  a p p l i c a t i o n s .  

The l i m i t l n g  technology requirements i n  each of t h e  above a r e a s  have been 
i d e n t i f i e d  and development e f f o r t s  i n i t i a t e d .  Development of key devices  
such a s  power semi-conductors and energy s t o r a g e  c a p a c i t o r s  w i l l  < ,ont inue i n  
FY 1973. Advanced c i r c u i t s  and c i r c u i t  a n a l y s i s  techniques have €reen 
e s t a b l i s h e d  and w i l l  be f u r t h e r  i n v e s t i g a t e d  and evaluated i n  FY 1973. 

The reusable  s h u t t l e  concept u t i l i z e s  a 400 horsepower gas t u r b i n e ,  fueled 
e i t h e r  by O;! /H2 o r  monomethylhydrazine t o  provide t h e  hydrau l i c  and supplemen- 
t a r y  e l e c t r i c  power required during r een t ry .  
i n i t i a t e d  i n  FY 1972 aimed a t  s o l v i n g  the  problems posed by t h e  rwsab i1 i t : y  
requirement and t h e  s p e c i a l  02/H2 p res su re  and temperature control require-  
ments involved i n  us ing  02/H2 from the  main propuls ion System tanks.  
program wt l :L  be completed i n  FY 1973. 

A technology program was 

This  

197 1 - 1972 - 1373 - 
Entry Research and Technology $8,409,000 $8,301,000 $7,700,000 

Entry r e sea rch  and technology is  d i r e c t e d  toward s o l u t i o n s  t o  t h e  
aerothermodynamic problems of  high speed e n t r y  and f l i g h t  of  spacercraft i n  
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t h e  ,atmospheres of Earth and o t h e r  p l a n e t s .  Major e f f o r t s  are  fo(:used on 
e s t a b l i s h i n g  an adequate base o f  knowledge t o  a s s u r e  f u t u r e  c:apablility f o r  
new missions and on achieving a low-cost t r a n s p o r t a t i o n  system t o  Ea r th  
o r b i t .  The exp lo ra t ion  of t h e  s o l a r  system w i l l  i nc lude  atmospheiric e n t r y  
probe missions t o  t h e  p l a n e t s  Venus and J u p i t e r .  Under t h e  e n t r y  technology 
program conducted a t  t h e  Ames  and Langley Research Centers  and t h e  J e t  
Propuls ion Laboratory, t h e o r e t i c a l  and experimental  r e sea rch  i n  F'Z 1973 wi.1'1 
cont inue t o  focus on e n t r y  problems a s s o c i a t e d  with high speed gas dynamic 
phenomena such as high temperature gas t r a n s p o r t  and r a d i a t i v e  heG3t trans fie-r. 
Spacecraf t  boundary l a y e r  and flow f i e l d  a n a l y s i s  and t h e  e f f e c t s  of ab1at:- 
i n g  heat  s h i e l d s  w i l l  be s tud ied  us ing  advanced computer techniquss  and 
l abora to ry  f a c i l i t i e s  such a s  wind tunne l s  and high speed shock tubes.  

S i g n i f i c a n t  progress  i n  h e a t  s h i e l d  r e sea rch  and design has beeii accom- 
p l i shed  over t he  p a s t  yea r  which c o n t r i b u t e s  t o  NASA's goals  of exp lo ra t ion  
of t h e  o u t e r  p l ane t s .  Research has shown t h a t  g r a p h i t i c  a b l a t i v e  heat  
s h i e l d s  can be designed t o  withstand t h e  high r a d i a t i v e  h e a t i n g  cI2aracter- 
i s t i c s  of J u p i t e r  en t ry .  During FY 1973, t h i s  type of  ac t iv : i t y  w f l l  be 
continued and expanded t o  include comprehensive t e s t i n g  i n  the  AmlEs Heat 
Transfer  Tunnel of d i f f e r e n t  grades of g raph i t e  a s  w e l l  a s  composite 
m a t e r i a l s .  Because of t h e  r e l a t i v e l y  h igh  weight of  g raph i t e ,  s tudy  of 
a l t e r n a t e  means of  heat s h i e l d i n g  was s t a r t e d  i n  FY 1972. One promising 
concept makes use  of t h e  high r e f l e c t i v e  p r o p e r t i e s  of a b l a t i n g  d i e l e t r i c  
ma te r i a l s  t o  accommodate i n t e n s e  r a d i a t i v e  hea t ing .  Research on r e f l e c t i v e  
heat s h i e l d  concepts w i l l  be increased i n  FY 1973 t o  f u r t h e r  eva lua te  t h e  
performance of promising d i e l e c t r i c  hea t  s h i e l d  m a t e r i a l s .  

B e t t e r  s imulat ion o f  spacec ra f t  e n t r y  phenomena i n  t h e  l abora to ry  is 
necessary t o  f u l l y  understand and so lve  t h e  v a r i e d  problems of high speed 
en t ry .  Iluring FY 1973, r e sea rch  w i l l  be continued t o  improve s iniulat ion 
capabili.t:ie!s and techniques i n  experimental  and computer f a c i l i t i e s .  An 
improved t e s t  c a p a b i l i t y  f o r  e n t r y  h e a t i n g  s imula t ion  w i l l  be achieved i o  
FY 1.973 by coupling a high energy gas dynamic l a s e r  w i th  a convent ional  
arc-heated wing tunne l  t o  provide combined high radiat ive-convect  i v e  
heat:ing 1rat:es. 

During t h e  p a s t  year ,  over  10,000 wind t u n n e l  hours i n  18 diffcvrent NASA 
wind tunne1.s have been employed i n  e v a l u a t i o n  of Space S h u t t l e  cclncepts. 
This l a r g e  and a c t i v e  program has served a s  a s c reen ing  process  t o  h e l p  
s e l e c t  aerodynamically promising Space S h u t t l e  conf igu ra t ions  for more 
comprehensive i n v e s t i g a t i o n .  The o p e r a t i o n a l  f l i g h t  problems of  low cost: 
reusable  spacec ra f t  have a l s o  been s tud ied .  I n  FY 1973, research and 
technology e f f o r t s  w i l l  be focused on a s e l e c t e d  space s h u t t l e  cctlnfigurat:ion 
t o  detennine performance, s t a b i l i t y  and c o n t r o l ,  and handl ing q u r i l i t i e s  and 
t o  i n v e s t i g a t e  a s soc ia t ed  aerothermal and o p e r a t i o n a l  problems such a s  
orbi ter- l iooster  i n t e r f a c e  during s t a g i n g  and a b o r t .  

A major i n v e s t i g a t i v e  e f f o r t  w i l l  be undertaken i n  FY 1973 to  clefine t h e  
hea t ing  environment of t h e  space s h u t t l e  o r b i t e r  and booster  durj.ng a scen t  
and r e e n t r y  i n t o  t h e  atmosphere. This work w i l l  provide t h e  reqliired da t a  
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base f o r  design of t h e  thermal p r o t e c t i o n  system. Replaceable ab1al:ive 
panels  f o r  t h e  o r b i t e r  w i l l  be i n v e s t i g a t e d  w i t h  emphasis on des ign ,  manu- 
f a c t u r e ,  and i n s t a l l a t i o n .  Research w i l l  be continued t o  develop an  
e f f i c i e n t  reusable  s u r f a c e  i n s u l a t i o n  system. Aerothermodynamic inves t iga -  
t i o n  and thermal p r o t e c t i o n  system t e s t i n g  on t h e  space s h u t t l e  w i l l  r e q u i r e  
a l a rge  number of  NASA r e sea rch  c e n t e r  wind tunne l s ,  a r c - j e t s ,  and iother 
f a c i l i t i e s  du r ing  t h e  coming f i s c a l  year.  Important use w i l l  be made of the  
r e c e n t l y  approved Interact ion-Heat ing S h u t t l e  Panel T e s t  Faci1:lty a t  A m e s  
and t h e  Combustion F a c i l i t y  f o r  S h u t t l e  Thermal P r o t e c t i o n  Tes t ing  #at 
Langley. 

1973 - 1972 - 1971 - 
Guidance, Control and Information 

Processi.ng Research and Technology $17,527,000 $14,780,000 $13,660,000 

Guidance,, Control and Information Processing r e sea rch  and technology pro- 
v i d e s  new concepts and improved f u n c t i o n a l  systems performance f o r  f u t u r e  
space missitoris. 
i n i t i a t e d .  E'Y 1973 e f f o r t s  w i l l  emphasize machine percept ion and r e a c t i o n  
and t h e  development of  a tes t  v e h i c l e  t o  demonstrate advances i n  technology. 
Universi ty  research on techniques f o r  improving t h e  e f f i c i e n c y ,  s t a b i l i t y  
and t u n a b i l i t y  of l a s e r s ,  w i l l  continue i n  FY 1973. Development cif 
m a t e r i a l s  s u i t a b l e  f o r  use as  s o l i d  s t a t e  d i s p l a y s  and high densi t ) '  memory 
systems w i l l  continue i n  FY 1973 w i t h  t h e  f a b r i c a t i o n  of laboratory devices .  

During FY 1972, development of i n t e l l i g e n t  machines was 

During F'I !1972, a n  approach guidance experiment on t h e  Mariner 9 mission 
demonstrated improved p r e c i s i o n  of maneuvers a t  p l ane ta ry  d i s t ances .  New 
techniques f o r  processing nav iga t ion  data and more accu ra t e  determjnat ion 
of planeta.ry and s a t e l l i t e  o r b i t s  f o r  f u t u r e  p l a n e t a r y  missions w i l l  be 
pursued i n  I?'( 1973. Research on s p a c e c r a f t  and experiment c o n t r o l  systems 
and ctnnponccnts w i l l  continue i n  FY 1973 t o  provide longer  l i f e ,  s impler ,  
lower cos t  systems f o r  p r e c i s e  c o n t r o l  and s t a b i l i z a t i o n  of e a r t h  clrbit ing 
s p a c e c r a f t .  Guidance laws and procedures f o r  t h e  space s h u t t l e ,  detleloped 
during FY 1972 and p r i o r  yea r s ,  w i l l  be f l i g h t  tes ted i n  t h e  CV 990 
a i r c r a f t  e t  ARC i n  FY 1973 t o  demonstrate f e a s i b i l i t y .  

Data systems research focuses  on techniques f o r  i n c r e a s i n g  t h e  speed and 
capac i ty  oE da ta  handling systems. 
i n g  and prlog-ramming m u l t i p l e  processors  have been developed. 
l abora to ry  model mult iprocessor  system w i l l  be assembled. 
i nc rease  t ' h e  through put of  da t a  systems by r e a l  t i m e  conversion oj' images 
from a noncoherent t o  coherent form s u i t a b l e  f o r  p a r a l l e l  processing.  I n  
FY 1973, techniques f o r  d i g i t a l  p rocess ing  and compression of  imagr!ry d a t a  
w i l l  continue.  A breadboard lo5 b i t  o p t i c a l  memory i s  being fabric:ated i n  
FY 1972 t o  demonstrate high d e n s i t y  d a t a  s t o r a g e  c a p a b i l i t i e s .  This work 
w i l l  continue i n  J?Y 1973 wi th  emphasis on s t o r a g e  c a p a c i t i e s  of b i t s  o r  
more. S e l f  t e s t i n g  and r e p a i r  techniques f o r  onboard computet. systems a r e  
being developed t o  provide ope ra t ing  l i f e s  i n  excess  of  10 years.  

During FY 1972, techniques f o r  organiz- 
I n  F71' 1973, 8 

O p t i c a l  processors  

I n  N 1973, 
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a universa:L processor  u n i t  w i l l  be developed t o  perform functionsr of a 
number o€ subsystems and reduce the  v a r i e t y  of spa res  required.  

Low noise  microwave r ece ive r s ,  power a m p l i f i e r s  and antenna sytitems a r e  
being developed f o r  s h u t t l e  app l i ca t ions .  
placed on antennas which can ope ra t e  and su rv ive  dur ing  the  shut i . l e  r een t ry  
i n t o  t h e  e a r t h ' s  atmosphere. To inc rease  the  da t a  r e t u r n  capabi'l-ity of deep 
space n e t w x k s ,  a dual frequency (S-X band) experiment w i l l  be fI.own on t h e  
Mariner Venus-Mercury 73 mission t o  eva lua te  t h e  performance of :#:-band 
components i n  a space t o  e a r t h  da ta  l i n k .  Development of extremely high 
frequency (Ku band), s o l i d  s t a t e  t r a n s m i t t e r s  w i l l  cont inue.  Laizers, 
d e t e c t o r s  and modulators a r e  being developed t o  provide high dat4i r a t e  
o p t i c a l  communication l i n k s  f o r  f u t u r e  missions.  These e f f o r t s  \ J i l l  

cont inue i n  FY 1973. 

I n  FY 1973 emphasis w.l.11 be 

The e f f i c i e n t  use of l a r g e  mir rors  i n  space r equ i r e s  t h a t  techniques be! 
developed f o r  gr inding and po l i sh ing  these  mi r ro r s  so they can ri2tain t h e i r  
shape i n  t h e  zero  "G" space environment. I n  FY 1973, a l a rge  mi r ro r  blank 
w i l l  be acquired and, during t h i s  and subsequent years ,  ground aiid shaped 
f o r  space app l i ca t ions .  Methods f o r  c o n t r o l l i n g  t e l e scope  alignment,  mi r ro r  
f i g u r e ,  focus and po in t ing  a r e  a l s o  being developed and w i l l  cont inue i n  
FY 1973. 

Imaging sensors  w i th  dynamjc ranges and r e s o l u t i o n  s u i t e d  t o  t'he varying 
l i g h t  requtrements of o u t e r  p l ane t  missions are being developed. A prototype 
sensor  k i l l  be procured and evaluated i n  FY 1973. So l id  s t a t e  sensors  
capable of co lo r  imaging a r e  being developed f o r  t he  1975 Vtking mission. 
Ion, implanta t ion ,  a new technique f o r  process ing  s o l i d  s t a t e  m a t e r i a l s ,  is 
being appl ied  t o  t h e  development of i n f r a r e d  sensors .  Laboratory devices  
w i l l  be f ab r i ca t ed  and evaluated i n  FY 1973. Methods for aiitomated t e s t t n g  
of 1ar.y s c a l e  in t eg ra t ed  c i r c u i t  a r r ays  a r e  being developed. I n  FY 2973, 
a dievice f o r  au tomat ica l ly  in spec t ing  i n t e g r a t e d  c i r c u i t  a r r a y s  w i l l  be 
t e s t ed .  Gaging systems t o  measure f u e l  q u a n t i t y  and flow i n  a zero  "G" 
environmierlt a r e  being developed f o r  t he  Space S h u t t l e .  I n  FY 1973, competing 
tec:hniqlues w i l l  be tes ted and a base l ine  system design se l ec t ed  f o r  s h u t t l e  
veh ic l e  u s e .  A i r  da ta  sensors  operable  over t h e  f u l l  atmospheric f l i g h t  
regime of t h e  s h u t t l e  w i l l  be developed and t e s t e d .  Gas sensors  t o  monitor 
cornposi.t:ion of t he  cabin  atmosphere dur ing  S h u t t l e  opera t ion  a r e  a l s o  being 
developed a s  p a r t  of the FY 1972-73 senso r  program. 

197'3 _.-- 1972 - 1971 - 
Safe ty  innd Operating Systems Research 

and Techno logy $1,858,000 $1 , 700,000 $1,900,000 

The Safe ty  and Operat ing Systems Of f i ce  i s  p r imar i ly  a func t iona l  a c t i v i t y  
but  i t  4nli;o suppor ts  s e v e r a l  s a f e t y  research  and technology act1 v i t i e s  riot 
otherwise covered by the  program elements of NASA. Functionall!r, t h e  o f f i c e  
ha:; res i?ons ib i l i ty  f o r  t h e  ope ra t iona l  s a f e t y  of t h e  OAST in s t a l . l a t i ons  ar,d 
serves  2s t h e  f c c a l  po in t  w i t h i n  OAST f o r  implementation of t h e  requirements 



set f o r t h  i n  t h e  Occupational Sa fe ty  and Heal th  Act of  1970 and the 
Nat ional  Environmental Po l i cy  Act of 1969. Sa fe ty  is pursued i n  t b , e  
d i s c i p l i n e  research and technology a r e a  through support  of t h e  Aercispace 
Sa fe ty  Research and Data I n s t i t u t e  (ASRDI). Funds requested i n  FY 1973 w i l l  
be used a s  follows: 

ASRDI During FY 1973, e f f o r t  w i l l  be concentrated on e s t a b l i s h i n g  and 
maintaining t h e  NASA Aerospace Sa fe ty  Information System (NASIS) , maintaining 
an overview of NASA and indus t ry  s a f e t y  r e sea rch  programs, seeking p r a c t i c a l  
s o l u t i o n s  to i d e n t i f i e d  s a f e t y  problems , and providing t e c h n i c a l  ccimsultation 
t o  NASA, o t h e r  Government agencies ,  and U.S. i ndus t ry  on s a f e t y  prcrblems. 
F i r e  hazards r e sea rch  i n  oxygen systems w i l l  be continued t o  c i t e  clne of 
s e v e r a l  aerospace s a f e t y  s t u d i e s  being conducted by ASRDI. 

Nuclear!wtems - During FY 1973, coordinat ion o f  t h e  aerospacth nuclear  
systems s a € e t y  a c t i v i t i e s  c a r r i e d  ou t  a t  t h e  va r ious  NASA Centers and wi th  
o t h e r  Government agencies w i l l  be maintained. S tud ie s  w i l l  be supported t o  
in su re  t h e  s a f e  a p p l i c a t i o n  of n u c l e a r  energy during a l l  miasion plIases. 

1971 - 1972 - 1973 - 
C i v i l  Technology Ass i s t ance  --- $2,000,000 !;; I, 000,000 

The o b j e c t t v e  of t h i s  e f f o r t  i s  t o  use t h e  NASA c a p a b i l i t y  t o  determine 
p o t e n t i a l  s o l u t i o n s  f o r  recognized p u b l i c  s e c t o r  problems. Past  experience 
has s h m n  t h a t  considerable  e f f o r t  is  necessary t o  f u l l y  d e f i n e  problems, 
t o  develop conceptual 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. NASA manpower and funding a r e  needed t o  reach I:he 
demonstration po in t .  Funding f o r  a c t u a l  development o r  imp1eroenta1:ion i s  
expected t o  be provided by the  agency needing t h e  s o l u t i o n .  The program 
content i s  v a r i a b l e  w i t h  time i n  response t o  i d e n t i f i e d  public: s e c t o r  
problems and wi th  t h e  NASA a b i l i t y  t o  c o n t r i b u t e  t o  p o t e n t i a l  soluiLions. 
The Ey 1973 e f f o r t  w i l l  be d i r e c t e d  toward t h e  fol lowing a reas :  

-- Public S a f e t y  - P r i o r  e f f o r t s  t o  de f ine  problems and t o  l abora to ry  tes t  
p o t e n t i a l  s o l u t i o n s  f o r  p o l i c e  a i r  p a t r o l  func t ions  and f o r  crime laboratory 
instrumentat ion have been coordinated wi th  t h e  Law Enforcement Ass i s t ance  
Administra,tion. Useful NASA c a p a b i l i t i e s  have been t e n t a t i v e l y  e s t a b l i s h e d .  
A he l i cop te r  v i s i o n  a i d ,  a h e l i c o p t e r  no i se  reducing muf f l e r  and a m a t e r i a l s  
comparison instrument w i l l  be brought t o  t h e  f i e l d  demoristration s t a g e  i n  
cooperation with user agencies .  Addit ional  uses  of NASA e x p e r t i s e  i n  
communicat ions and instrumentat ion w i l l  be explored. 

-- Environmental Engineerinq - A heavy emphasis i s  being placed on t h i s  work, 
which i s  conducted i n  cooperat ion w i t h  t h e  Environmental Protlection Agency 
(EPA) and o the r s .  In s t rumen ta t ion  techniques f o r  remote measurement of 
po l l i i t i on  sources  w i l l  be t e s t e d ,  t h e  c a p a b i l i t y  of space l i f e  support  
systems t o  provide reduct ions i n  water consumption and sewage volume w i l l  be 
detelmined, and automobile power sources  p r o j e c t  management w i l l  b e  provided 
t o  EI'A us::ng; t h e  engine technology of t h e  Lewis  Research Center. Other 



a r e a s  of w a s t e  management, energy conservat ion and a l t e r n a t i v e  power sources 
w i l l  be i n v e s t i g a t e d  t o  determine f e a s i b i l i t y .  

Medica lEngineer inq  - This i s  a small bu t  cont inuing e f f o r t  t o  i d e n t i f y  
those techniques and f a c i l i t i e s  which might c o n t r i b u t e  t o  b e t t e r  m a t e r i a l s ,  
improved test procedures o r  s p e c i a l  instrumentat ion f o r  use i n  medical 
research oi' medical p r a c t i c e .  

Pub l i c  &rvice/Support - This a rea  p r i m a r i l y  includes s p e c i f i c  responses 
concerning s p e c i a l i z e d  instrumentat ion o r  modif icat ion to  e x i s t i n g  equipment 
t o  m e e t  unique requirements. 
t o  complete f i e l d  t e s t i n g  of a l a s e r  surveying technique developed i n  prior.  
years .  A modified magnetometer, from t h e  Pioneer program a t  Ames Pesearch 
Center,  wl.'Ll be de l ive red  f o r  long term t e s t  by NOAA a s  a p o t e n t i a l  new 
observatory s tandard 

P r i n c i p a l  support  w i l l  be t o  t h e  Fores t  Service 

Systems and Design S tud ie s  

1971 - 1972 - 1973 - 
Advanced w n c e p t s  and mission 

studies.........................* S2.027.000 $706.000. $1.000.00~ 

92.027 .OOO b!S !; 1 000.000 

The Advanced Concepts and Missions S tud ie s  p r o j e c t  has th ree  major objec- 
t i v e s :  
and s y n e r g i s t i c  a c t i v i t i e s ;  t o  analyse f u t u r e  missions i n  ternis of s c i e n t i f i c :  
da t a  requirements and need f o r  t echno log ica l  advancements; and t o  itnalyse 
f u t u r e  space t r a n s p o r t a t i o n  requirements i n  r e l a t i o n  t o  advanced tcxhnologqr 
i n  t r a n s p o r t e t i o n  r e l a t e d  a r e a s .  

t o  f o s t e r  t h e  generat ion of new t echno log ica l  i deas  througli systematic  

Advanced concepts a r e  generated through t h e  sponsorship of  s p e c u l a t i v e  
technology a c t i v i t i e s  which b r i n g  t o g e t h e r  i n t e r d i s c i p l i n a r y  parti1:ipants t o  
hypothesize,  d i scuss ,  and formulate ideas  f o r  f u t u r e  i n v e s t i g a t i o n ,  Seminars 
a r e  sponsored a t  t h e  F ie ld  Centers w i th  NASA and i n v i t e d  partj .cipaii ts ,  and 
l a r g e r  meetings, on an annual b a s i s ,  focus on more general  t o p i c s  r:uch a s :  
information and communication, t r a n s p o r t a t i o n  concepts, and e x t r a -  1:errestrl.a 1 
development. 

Analysis of mission requirements provides  d i r e c t  guidance t o  t h e  r e sea rch  
and technclogy p r o j e c t s  of t h e  OAST and o t h e r  o f f i c e s .  The divers(. d e s i r e s  
of many cclnsti tuant groups provide a comprehensive s e t  of space mission goals .  
S p e c i f i c  missions a r e  s e l e c t e d ,  a s  examples, f o r  more d e t a i l e d  eva lua t ion  and 
these s t u d i e s  provide t echno log ica l  goals f o r  t h e  d i s c i p l i n e  t echno log i s t s  
and i n d i c a t e  incremental  improvements needed i n  the  s t a t e  of a r t .  Some of 
the  missions under s tudy a r e  Venus r a d a r  mapping, A s t e r o i d  f lyby and sample 
r e t u r n ,  Mrirs s u r f a c e  rover  and sample r e t u r n ,  and advanced e a r t h  observat ion 
missions.  



Where mission a n a l y s i s  a c t i v i t y  concent ra tes  on ope ra t ions  of a space 
v e h i c l e  a t  i t s  d e s t i n a t i o n  o r  dur ing  i t s  da ta  ga the r ing  operaition:.;, 
t r a n s p o r t a t i o n  a n a l y s i s  is necessary t o  p lan  e f f i c i e n t  de l ive ry  oE opera t iona l  
payloads. 
op t imiza t ion  of t r a n s p o r t a t i o n  requirements may be conducted ,. Stiidy of 
commonality of propuls ion ,  guidance and s t r u c t u r a l  elements iicros~3 the  spectrum 
of requirements w i t h  b i a s e s  of development and ope ra t ing  c o s t s  and mission 
time o r  system v e l o c i t y  c a p a b i l i t y  provides  the  input  t o  p r i o r i t i s a t i o n  of 
technology efforts i n  t h e  field of chemical, nuc lear ,  e l e c t r i c ,  and advanced 
propuls ion systems .' Speci f ic  systems u i t h  mul t ip l e  a p p l i c a t i o n s  siich as: 
s o l a r - e l e c t r i c  mission modules, nuc lea r  o r b i t - t o - o r b i t  s h u t t l e s ,  inodular 
chemical systems, and n u c l e a r - e l e c t r i c  s t a g e s  a r e  under s tudy.  

From mission goa ls  a space ope ra t ions  network may be dczrived and 

Systems and Experimental Proprams 

1972 - 1971 - 
Systems Experimental  Programs 

F l i g h t  Experiment Programs 9 1,200,000 $1.500.000 
Synchrsnous l a s e r  conununications 

experiment --- 800,000 
Li f t ing ;  body f l i g h t  t e s t s  1,200,000 7 00,000 

Spaceci&t /Payload Proarams $3.003.000 93.200 .OOO 
E l e c t r i c  aux i  l i a  ry propuls  i on  1,703,000 1,400,0100 
Space s t o r a b l e  propuls ion  module 1,300,000 1,800,000 

Transport:at i on  Pronrams $2.759.000 9 3.7 00 000 
Reusrib1.e oxygen hydrogen space 

propuls ion  systems 800,000 1,300,000 
Sol id  rocket  motors 1,101,000 1,300,000 
So1a.c e l e c t r i c  propuls ion  858.000 1. LOO. 000 

Tota l . , ,  ........................ $6.962.000 

F1 i gh t Experiment Pronrams 

1971 - 1972 - 
Synchronous l a s e r  communications --- $800, ClOO experiment.....,... ............. 

1973 - 

$3.700.000 

3 , 000,000 
700,000 

$2.975.000 
475,000 

2,500,QOO 

$3.600.000 

1,500,000 
800,000 

1.300.000 

s19.275,ooo 

1973 - 

$3,000,000 

A space El ight  experiment which was s t a r t e d  i n  J?Y 1972 t o  deve:l.op and 
eva lua te  a l a s e r  communication system w i l l  e n t e r  t h e  equipment dcs ign  s t a g e  
i n  FY 1973. Plans  inc lude  ca r ry ing  t h i s  experiment i n  t h e  A.TS-G spacec ra f t  
scheduled f o r  launch i n  1975, and is t o  c l o s e l y  s imula te  the  ope.i:ating 
environment of one l i n k  of a t r a c k i n g  and d a t a  r e l a y  s a t e l l i . t e  system. Two 
way streams of simulated d a t a  a t  30 megabits p e r  second will.  be iised t o  
measure communication system c h a r a c t e r i s t i c s  such as error r a t e s  and 
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t o l e r a t i o n  of  cloud cover and background noise .  Measurements w i l l  a l s o  
be made t o  determine turbulence of t h e  atmosphere and means of minimizing 
i t s  e f f e c t .  One f ixed  s t a t i o n  w i l l  be a mod i f i ca t ion  of t he  24" t e l e scope  
now locatell on Madkin Mountain nea r  H u n t s v i l l e ,  Alabama. The mobile s t a t i o n  
will.  con ta in  a s i x  foo t  antenna and w i l l  be operated a t  vari 'ous l o c a t i o n s  
such a s  t:he Mojave Desert and Mount Hopkins, Arizona. 

The experiment w i l l  be managed by t h e  Marshall  Space F l i g h t  C e n t e r ,  and the  
ATS-G spacec ra f t  on which t h e  experiment w i l l  r i d e  i s  managed by the  Goddarld 
Space F l i g h t  Center. L ia i son  has been e s t a b l i s h e d  w i t h  the  1J.S. Air Force 
through € 1  s p e c i a l  working group of  t h e  Aeronautics and Astr ionics  Coordinntfng 
Board t o  i n s u r e  t h a t  a cooperat ive program i s  c a r r i e d  ou t .  

T h i s  experiment w i l l  l ay  t h e  groundwork f o r  use o f  laser communications by 
f u t u r e  NASA missions as w e l l  as by c o m e r i c a l  s a t e l l i t e s .  

1971 - 1972 - 1973 - 
L i f t i n g  body f l i g h t  tests $1,200,000 $700,000 $7 00 ,1:)00 

The Lifting-Body F l i g h t  Research p r o j e c t  has provided a vaI.uab11~ base of' 
technology adaptable t o  low c o s t ,  reusable ,  ho r i zon ta l - l and ing  spa icec ra f t .  
The success fu l  demonstration of  supersonic  and t r a n s o n i c  f l i g h t  and landing 
wi th  t h e  M2-F2, HL-10 and X-24A t e s t  v e h i c l e s  provided a major i q ' e t u s  t o  
proceed w i t ' h  NASA's c u r r e n t  manned space s h u t t l e  program. A totail  of 94 
f l i g h t s  have been completed t o  d a t e  i n  t h e  l i f t i ng -body  program. The M2-:P3 
i s  ciurrent1:y the  only v e h i c l e  i n  f l i g h t  s t a t u s ,  having completed 1.3 tes t  
f l i g h t s  t o  January 1, 1972. During FY 1972 tes ts  were conducted on a r e a c t i o n  
c o n t r o l  s y s t e m  f o r  spacec ra f t  a t  low a l t i t u d e s  and high dynamic pi-essures ,, 
During FY 1973, t h e  M2-F3 w i l l  be used t o  tes t  a n  improved Rate Command 
Augmentation System (RCAS) and, i n  t h e  l a t t e r  p a r t  of FY 1973, w i : I l  be 
i n t e g r a t e d  with t h e  r e a c t i o n  c o n t r o l  system. The RCAS i s  an automatic 
s t a b i l i z a t i o n  system t h a t  can maintain an a i r c r a f t  o r  spacec ra f t  1 n smooth 
and s t a b l e  € l i g h t  i n  tu rbu len t  a i r  and w i l l  al low s u p e r i o r  handlirig qua1it:ies 
under design condi t ions t h a t  may otherwise be uncon t ro l l ab le .  The p o t e n t i a l l y  
l i g h t e r  weight of a blended RCAS and r e a c t i o n  c o n t r o l  system i s  a t t r a c t i v e  
f o r  use in t h e  space s h u t t l e .  During FY 1973, i n i t i a l  t es t  f l i g h t s  of the 
X-241% w i l l  be conducted. The X-24B i s  c h a r a c t e r i s t i c  of a h ighe r  performatnce 
c l a s s  of v e h i c l e ,  compared t o  l i f t i n g  bodies ,  and has s t r o n g  p o t e n t i a l  as a 
high performance m i l i t a r y  hypersonic a i r c r a f t  f o r  t h e  1980's. The1 j o i n t  
NASA,'Air Force program w i l l  i n v e s t i g a t e  f l i g h t  performance, s t a b i l  i t y  and 
c o n t r o l ,  m c l  handling q u a l i t i e s  from speeds of about M=2 t o  landing,  The 
v e h i c l e  w i l l .  be f a b r i c a t e d  by modifying t h e  e x i s t i n g  X-24A t o  change t h e  
e x t e r i o r  while  r e t a i n i n g  t h e  b a s i c  s t r u c t u r e  and most of t h e  proven sub- 
systems. In many r e s p e c t s ,  t h e  M2-F3 and X-24B have f l i g h t  c h a r a c t e r i s t i c s  
simil.ar t o  those of  t h e  space s h u t t l e  and w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
the  technology base required f o r  space s h u t t l e  development. 
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Spacecraft/Payload Programs 

1973 - 1972 - 1971 - 
E l e c t r i c  a u x i l i a r y  t h r u s t e r s  $1,703,000 $1,400,000 $475,000 

This  experi.menta1 p r o j e c t  c o n s i s t s  of t h r e e  elements. Each one is an 
e l e c t r i c  pi:opulsion t h r u s t e r  approach t o  d i f f e r e n t  t h r u s t  (impulse b i t )  
reg ions  f o r  spacec ra f t  and s a t e l l i t e  a u x i l i a r y  propuls ion  f o r  a t t i t u d e  and 
p o s i t i o n  cont ro l .  The t h r e e  elements a re :  a cesium ion t h r u s t e r ,  a pulsed 
plasma t h r u s t e r ,  and a biowaste-fueled r e s i s t o j e t .  I n  every case  these 
advanced t h r u s t e r s  o f f e r  t h e  s a t e l l i t e / s p a c e c r a f t  des igner  approaches t h a t  
allow s i g n i f i c a n t  reduct ions  i n  a u x i l i a r y  propuls ion weight when compared t o  
cold gas or monopropellant hydrazine.  

The f i r s t  element involves  t h e  development of  a n  e l e c t r o n  bornbardiaent 
cesium ion engine f o r  an  ope ra t iona l  demonstration of north-south s t a t i o n  
keeping on t h e  ATS-F Synchronous S a t e l l i t e .  The t h r u s t e r  system w i l l  be  
c a r e f u l l y  matched t o  t h e  spacec ra f t  mission. "bo systems, each ca r ry ing  
3.4 kilograms of p rope l l an t  and ope ra t ing  a t  a nominal specific:  impiilse of 
2500 seconds, w i l l  produce t h e  c a p a b i l i t y  of 2 0  months of s t a t i o n  kizeping. 
The f l i g h t  hardware has  been developed and i s  under t e s t .  The ma jo r i ty  of 
t he  e f f o r t  w i l l  be completed i n  FY 1972. The ATS-F launch i s  p re sen t ly  
scheduled f o r  1973. 

A pulsed p lasma micro thrus te r  is being developed f o r  p rec i s ion  col i t rol  and 
east-west s t a t i o n  keeping of t h e  Synchronous Meteorological  S a t e l l i t e .  This 
s a t e l l i t e  will s p i n  a t  about 100 revolu t ions  p e r  minute and needs a t h r u s t e r  
which can pulse  a t  t h e  proper  time i n  i ts  r o t a t i o n .  The mic ro th rus t e r  
weighs about s i x  pounds and w i l l  consume less than 20 wa t t s  e1ectr i t :a l  
power. It has been designed f o r  a r a t ed  impulse wi th  a t o t a l  impulse 
c a p a b i l i t y  of 400 pound-seconds minimum. An engineer ing model thru:r ter  
w i l l  e n t e r  t e s t i n g  i n  l a t e  FY 1972 w i t h  subsequent f l i g h t  developmeiit t o  be 
funded by the p r o j e c t .  Synchronous Meteorological  S a t e l l i t e s  a r e  sc:heduled 
f o r  launch i n  1972 and 1973. 

The biowaste r e s i s t o j e t  a c t i v i t y  w i l l  provide t h e  technology f o r  t he 
impulse requi red  f o r  manned s t a t i o n ' s  c o n t r o l  moment gyro d e s a t u r a t l  on 
and o r b i t  mnintenance. 
long l i f e ,  i3nd minimum power consumption. The biowaste r e s i s t o j e t  des ign  
has  evolved from p r i o r  hydrogen and ammonia r e s i s t o j e t  i nves t iga t ions .  The 
present  program i s  examining h e a t e r  m a t e r i a l s  compatible wi th  t h e  biowaste 
gases  (C02, al4,  H20) a t  t he  h igh  temperature requi red  f o r  good performance. 
The propel lant  c o l l e c t i o n  and management system required t o  i n t e r f a c e  wi th  
t h e  l i f e  support  system w i l l  a l s o  cont inue t o  be examined. The prog,ram is 
aimed a t  corlpletion i n  FY 1977 wi th  a combined propuls ion/ l i fe -suppcr t  
system demoristration tes t .  FY 1973 a c t i v i t y  w i l l  concent ra te  on cont inuing 
t h e  eva lua t ion  of  m a t e r i a l s  such a s  noble metal a l l o y s  and conducting 
ceramics f o r  use a s  t h r u s t e r  hea t e r s .  

The r e s i s t o j e t  u n i t s  w i l l  have high performance, 
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1971 - 1972 - 1973 - 
Space st.oreible propuls ion module $1,300,000 $1,800,000 $2,500,000 

The space! s t o r a b l e  propuls ion module program is  d i r e c t e d  towards demonstrat- 
i n g  t h e  pe~fo rmance  and o p e r a t i o n a l  c a p a b i l i t y  of an advanced system designed 
t o  s a t i s f y  t h e  demanding requirements of f u t u r e  p l a n e t a r y  m i s s  ions. High 
performance, maximum r e l i a b i l i t y  and extended o p e r a t i o n a l  l i f e  (up t o  10 years)  
a r e  t h e  p r j n c i p a l  propuls ion system c h a r a c t e r i s t i c s  needed t o  perform t h e  
advanced p l ane ta ry  missions most e f f e c t i v e l y .  The most performance s e n s i -  
t i v e  propuls ion system func t ion  during a t y p i c a l  mission i s  t h e  inslert ion of 
t h e  spacec ra f t  i n t o  o r b i t  around t h e  p l ane t .  The high energy, spacle s t o r a b l e  
p rope l l an t s  w i th  a s p e c i f i c  impulse of  370 seconds o f f e r  s i g n i f i c a n t  perform- 
a nce advantages when u t i l i z e d  f o r  t h e  o r b i t  i n s e r t i o n  maneuver. 

The a d d i t i o n a l  a v a i l a b l e  energy can be used e i t h e r  t o  establfish m13re 
s c i e n t i f i c a l l y  a t t r a c t i v e  o r b i t s  o r  t o  inc rease  pos t  o r b i t  i n s e r t i o n  
maneuvering c a p a b i l i t y .  O r b i t a l  a l t i t u d e  or plane change capabi1it .y g r e a t l y  
extend mission f l e x i b i l i t y .  On t h e  o t h e r  hand, f o r  a given energy l e v e l ,  
the  higher  energy p r o p e l l a n t s  r e q u i r e  less launch payload d e l i v e r y  capabili t :y,  
which could be r e f l e c t e d  i n  reduced launch c o s t s ,  or i nve r se ly , ,  f o r  a given 
launch v e h i c l e ,  increased s c i e n t i f i c  payload would be placed i n  plai ie tary 
o r b i t  o r  de l ive red  t o  i t s  su r face .  

The o b j e c t i v e  of t h i s  experimental  program i s  t o  demonstrate t h e  1,erform- 
ance and ope ra t ion  of a complete propuls ion module i n  a simu1at:ed space 
environment. The f i r s t  phase of t h e  program is d i r e c t e d  towards mollifying 
su rp lus  Mariner ' 7 1  propuls ion system hardware f o r  FLOX (a mixture of 
l i q u i d  f l u o r i n e  and l i q u i d  oxygen). The f u e l ,  monomethyl hydrazine (MMH) , 
remains t h e  same. 
Mariner N204/IYMH engine. 
beginning i n  ,June 1972 and w i l l  provide an e a r l y  system f e a s i b i l i t y  
demonstration and w i l l  provide handl ing experience on t h e  system leTrel w i t h  
t h e  highly eniergetic FMX ox id ize r .  

A prev ious ly  t e s t e d  FLOX/MMH engine w i l l  r ep l ace  t h e  
This modified Mariner '71 module w i l l  be 1:ested 

The second phase of t h e  program w i l l  involve the  bui ldup of an eni; ineering 
tes t  module u t i l i z i n g  FMX/MMH, s p e c i f i c a l l y  designed f o r  t h i s  prol le l lant  
combination iiiclud'ing t h e  required p r o p e l l a n t  q u a n t i t i e s  and associci t e d  
tankage and p:toperly s i z e d  l i n e s  and va lves ,  component designs based on 
i n t e r s i v e  f l u o r i n a t e d  o x i d i z e r  technology, and a near  f l ight-weight  engine 
des ign ,  aga in  based on component technology advancements. The r e s u l t a n t  
module w i l l  demonstrate t h e  high s p e c i f i c  impulse p lus  t h e  c a p a b i l i t y  of 10 
year  s t o r a g e  :in space without ven t ing  any p rope l l an t .  System t e s t i r i g  i s  
scheduled f o r  completion i n  June 1975. This e f f o r t  w i l l  demonstrate t h e  
f e a s i b i l i t y  of applying the  space s t o r a b l e  c l a s s  of p r o p e l l a n t s  to t he  
f u t u r e  plat ie tary missions of i n t e r e s t .  
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Transportat  i on  Programs 

1971 - - 1972 - 1973 

Reusable oxygen/hydrogen space 
propuls ion systems... .... .... .... $800,000 $1,300,000 $1,500,006 

This program is d i r e c t e d  a t  u s ing  oxygen-hydrogen propuls ion f o r  such 
p o t e n t i a l  a p p l i c a t i o n s  a s  t h e  space tug. The major a r e a s  of t e c h n i c a l  
concern a re  t h e  rocket engines,  thermal. management and f l u i d  management. 
Dif f f c u l t  t e c h n i c a l  problems include achieving maximum p o s s i b l e  mass f r a c t i o n  
and specffic:  impulse. New and improved techniques must be evolved f o r  
achieving v i r t u a l l y  ze ro  p rope l l an t  losses i n  long term exposure t o  both t h e  
sun and cl-ose-earth albedo, numerous res tar ts  wi th  ze ro  o r  minimum prope l l an t  
l o s s ,  proviaions f o r  docking and p r o p e l l a n t  t r a n s f e r ,  adequat'e techniques t o  
f u l l y  v a l i d a t e  t h e  v e h i c l e  be fo re  reuse,  and man-rated r e l i a b i l i t y  f o r  many 
missions. Fo r tuna te ly  t h e  need d a t e  f o r  most of t h e  a p p l i c a t i o n s  i s  such 
t h a t  t i m e  is a v a i l a b l e  t o  conduct a technology r ead iness  program t o  a t t a c k  
t h e s e  many prohlems s y s t e m a t i c a l l y  p r i o r  t o  a c t u a l  development of such 
v e h i c l e s ,  where  c o s t s  would inc rease  d rama t i ca l ly  due t o  t h e  time urgency. 

Early okljectives a r e  t o  provide a r a t i o n a l  b a s i s  f o r  propuls ion,  thermal,  

Engine system 
and f l u i d  system a c t i v i t i e s .  Tank-pressure i d l e ,  res tar t  economy, chamber 
thermal f a t i g u e ,  and f l e x i b i l i t y  of c o n t r o l  w i l l  be studied. 
problems w i l l  be explored with emphasis on t h e  s t a r t  t ransient :  and o f f -  
design ope ra t ing  condi t ions.  Aux i l i a ry  propuls ion requirement:s f o e  both 
docking and a t t i t u d e  c o n t r o l  w i l l  be s tudied.  I n  t h e  a rea  of t henoa l  
management, $work w i l l  be done on t h e  problems of long term s t o r a g e  of 
cryogenic p rope l l an t s  i n  near-ear th  o r b i t ,  s t o r a g e  during boost ancl o r b i t -  
hold i n  t h e  cargo bay of  t h e  s h u t t l e  o r b i t e r ,  t h e  i n t e r a c t i o n  of environmental 
p r o t e c t i o n  measures w i t h  t h e  thermal management techniques,  and inripection 
techniques t o  a s s u r e  adequacy f o r  reuse.  The f l u i d  management areii w i l l  be 
concerned w i t h  economical restart  techniques,  and a l s o  w i t h  probleriis of 
outage c o n t r o l  from m u l t i p l e  tanks,  vent ing,  gauging under both po2:itive 
and ze ro  g r a v i t y ,  and p rov i s ion  f o r  p r o p e l l a n t  t r a n s f e r .  

This experimental  program is scheduled f o r  completion i n  FY 1975, The 
end po in t  of t h e  program w i l l  be s t a t i c  t e s t i n g  i n  simulated space condi t ions 
(vacuum and thermal) o f  a combined demonstrator engine and p rope l l an t  sub- 
system. These tes ts  a r e  designed t o  provide c l e a r  proof of t h e  technological  
r ead iness  f o r  v e h i c l e  developments of t h e  l a t e  1970's and ear ly  1980's. 

The accotnp1.ishments a n t i c i p a t e d  i n  FY 72/73 include s e l e c t i o n  of a l l  major 
design approaches (engine cycle ,  tank conf igu ra t ions ,  etc.) , design/  
f a b r i c a t i o r i / t e s t  of c r i t i c a l  components f o r  t h e  engine, determinat ion of 
a u x i l i a r y  propuls ion best s u i t e d  f o r  t h i s  type o f  space v e h i c l e ,  long term 
s t o r a g e  teeits of  i n s u l a t e d  l i q u i d  hydrogen t anks ,  and tests of c r i t i c a l  
design paraimeters f o r  t he  f l u i d  management systems. 
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While t h e  p r i n c i p a l  focus f o r  t h i s  experimental  program is  t h e  Sp,ece Tug 
Class  of reusable  v e h i c l e s  ope ra t ing  as  " t h i r d  s tage" from t h e  Space S h u t t l e ,  
t h e r e  a r e  o t h e r  a t t r a c t i v e  op t ions  f o r  use o f  t h i s  technology. The tug- 
s i zed  v e h i c l e  might be used i n  t h e  expendable mode t o  i n j e c t  payloads t o  t h e  
p l a n e t s ,  cornets, and a s t e r o i d s  t h a t  are s i g n i f i c a n t l y  l a r g e r  t han  might be done 
wi th  a Shut t le /Centaur  combination. 
in-space assembly, "tugs" could be c l u s t e r e d  t o  provide a c a p a b i l i t y  f o r  
t r a n s p o r t a t i o n  o f  very l a r g e  payloads t o  and from synchronous o r b i t ,  t h e  
moon, and the  p l a n e t s .  

Through m u l t i p l e  S h u t t l e  Launc'hes and 

1973 - 1972 - 1971 - 
Sol id  rocket motors............... $1,101,000 $1,300,000 $800,000 

This experimental  program is made up of t h r e e  unique s o l i d  rocket  motor 
a c t i v i t i e s :  t h e  r e s t a r t a b l e  s o l i d  motor, t h e  low a c c e l e r a t i o n  solicl motor, 
and a Low csst  sounding rocket  motor. I n  each of t h e s e  a c t i v i t i e s  motors 
a r e  being desl-gned, f a b r i c a t e d ,  and t e s t e d  t o  demonstrate t h e  technological  
r ead iness  o.E t h e  concept f o r  ope ra t iona l  u s e .  

The r e s t a r t a b l e  s o l i d  motor concept provides  t h e  c a p a b i l i t y  t o  s t a r t ,  
quench, r e s t a r t ,  and quench aga in  a l l  on command. The approach used i s  t h a t  
of i n s u l a t e d  v a t e r  b o t t l e s  l o c a t e d  i n s i d e  the  motor that are emptied on 
command t o  quench t h e  p rope l l an t  combustion. A l l  o t h e r  a s p e c t s  of  t h e  motor 
design a r e  cclnventional". The f e a s i b i l i t y  of  t h e  water  quench approach has 
been demonstrated i n  p r i o r  d i s c i p l i n e  r e sea rch  technology a c t i v i t y .  The 
o b j e c t i v e  of' t he  present  program is to  inco rpora t e  t h e  concept :into ,a f u l l -  
s c a l e ,  f l i gh t -we igh t ,  3000 pound (weight) demonstration motor. Several  
sub-scale  mctors have a l r eady  been b u i l t  and t e s t e d .  The f u l l - s c a l e  motors 
w i l l  be made and t e s t e d  i n  FY 1973 i n  a simulated space environment. The 
key advantage of t h i s  technology i s  t h a t  a s i n g l e ,  r e l a t i v e l y  low co'st 
propuls ion system can perform a mission t h a t  normally r e q u i r e s  t:wo motors. 
For example, such a motor might r ep lace  the  second and t h i r d  s t a g e s  of a 
launch veh ic l e .  

The r e t r o  fo rces  appl ied t o  a s p a c e c r a f t  being i n s e r t e d  i n t o  am or l j i t  
around a p l ane t  must be r e l a t i v e l y  g e n t l e  t o  p r o t e c t  s c i ence  payloadr;, 
extended s o l a r  c e l l  a r r a y s ,  antenna, e t c .  Retro a c c e l e r a t i o n s  of no more 
than 0.5g a r e  u s u a l l y  required.  Conventional s o l i d  p r o p e l l a n t  zockel 
technology is inadequate t o  provide the  low t h r u s t  and long burning t i m e s  
needed to i n s u r e  low a c c e l e r a t i o n .  This experimental  program is desi gned 
t o  extend s o l i d  motor technology i n t o  t h i s  t h r u s t l t i m e  region a n d  t o  
demonstrate technological  r ead iness  i n  a f u l l - s c a l e ,  f l ight-weight  motor. 
The FY 1972 e f f o r t  i s  developing the  c r i t i c a l  components such a s  a 
l ightweight , ,  a l l  carbon nozzle t h a t  ope ra t e s  a t  incandescent temperature,  
a low shock i g n i t e r ,  and a p rope l l an t  formulation t h a t  burns e f f i c i e r i t l y  a t  
low pres su re  arid has extremely good mechanical p r o p e r t i e s .  I n  FY 1973, 
two 800 l b  (weight) motors i nco rpora t ing  t h e s e  f e a t u r e s  w i l l  be t e s t e d .  
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This  t e s t  s e r i e s  w i l l  complete t h e  experimental  program, and, i f  
success fu l ,  w i l l  provide des igners  of f u t u r e  spacec ra f t  w i th  an a t  t r a c t i v e ,  
l o w  c o s t  opt: i on  . 

The t h i r d  element of t h i s  experimental  program is a l o w  c o s t  sounding 
rocket  motor' program conducted i n  cooperat ion w i t h  OSS. 
a boos t / sus t a in  composite p rope l l an t  g r a i n  and a one-piece molded p l a s t i c  
nozzle  has  been designed, f a b r i c a t e d  and s u c c e s s f u l l y  s t a t i c  t e s t e d .  I n  
FY 1973, t h i s  same motor design w i l l  be f l i g h t  t e s t e d  i n  a j o i n t  CAST-OSS 
program. It i s  fo recas t  t h a t  t h e  improved sounding system w i l l  i nc rease  
performance (payload) by 30% and cos t  25% l e s s .  

A motor conta in ing  

- 1971 1972 - 1973 - 
S o l a r  e l e c t r i c  propuls ion $858,000 $1,100,000 $1,300,000 

E l e c t r i c a l l y  propel led  spacec ra f t  have c h a r a c t e r i s t i c s  which a r e  
s i g n i f i c a n t l y  d i f f e r e n t  than those  of  t h e  f a m i l i a r  b a l l i s t i c  s p a c e c r a f t .  
Rather than  having a l l  mission energy provided by a h igh  t h r u s t ,  sI?ort 
du ra t ion  chemical rocke t ,  t he  energy i s  added s lowly over  a s i g n i f  Lcant 
f r a c t i o n  of  t he  f l i g h t  pa th  by ve ry  high s p e c i f i c  impulse (3000 se'1:onds) ion  
engines .  S o l a r  a r r a y  power i n  t h e  range of from 5 t o  20 k i lowa t t  must be 
provided and power condi t ion ing  equipment capable  of conver t ing  th(?  a r r a y  
power i n t o  t'he form required by the  ion  engines  i s  needed. 

Thorough s tudy  programs by both OSS and OAST over  t h e  p a s t  several1 yea r s  
have i d e n t i f i e d  b e n e f i t s  a s soc ia t ed  w i t h  s o l a r  e l e c t r i c  propuls ion  (SEP) 
which s i g n i f i c a n t l y  outweigh t h e  t echno log ica l  r i s k  inherent  i n  coomit t ing 
t o  any new technology. 
missions not poss ib l e  wi th  e x i s t i n g  automated spacec ra f t  c l a s s  lautlch v e h i c l e s  
o r  t h e  Shut t le /Centaur  without  mul t ip l e  launches.  For example, d i r e c t  
flights of 550-650 kilogram spacecraf t  t o  t h e  o u t e r  p l ane t s  Uranus,, Neptune 
and P l u t o  become f e a s i b l e ,  obv ia t ing  t h e  need f o r  accept ing  t h e  hazards  and 
launch datil l l imitations a s soc ia t ed  wi th  a J u p i t e r  swingby. J u p i t e i .  and 
Sa tu rn  orbitsi and a l s o  the  i n  c l o s e  o r b i t  of Mercury a r e  a l s o  p o s s i b l e  
without propuls ion  development beyond t h e  5 segment T i t a d c e n t a u r .  The 
inc rease  i n  c a p a b i l i t y  provided by SEP can a l s o  be used t o  reduce i l i g h t  
time thus  ireclucing opera t ions  c o s t s  and enhancing p r o b a b i l i t y  of mission 
success .  I:n t h e  case of many d i f f i c u l t  comet and a s t e r o i d  t a r g e t s  t h e  
advantages can be q u i t e  dramatic ,  e.g., reducing f l i g h t  t i m e  by 60% and 
e 1 imine t in$; r e t  ro-propu 1s i o n  requirements . 

These b e n e f i t s  i nc lude  t h e  a b i l i t y  t o  perform 

The f i r s t .  tlreadboard of a f u l l y  automated e l e c t r i c  propuls ion  system 
designed ts demonstrate t he  f u n c t i o n a l  c a p a b i l i t y  of SEP t o  perform on 
such a p lane ta ry  mission is c u r r e n t l y  i n  ope ra t ion  i n  ground test f a c i l i t i e s  
The elements of t h e  system inc lude  a t h r u s t e r  a r r a y ,  which is  movable t o  
provide spacec ra f t  a t t i t u d e  con t ro l ,  power condi t ion ing ,  automatic  
c o n t r o l s ,  switchgear ,  and f a i l u r e  d e t e c t i o n  and c o r r e c t i o n  computation. 
This test i s  providing cons iderable  i n s i g h t  i n t o  t h e  problems linvollred i n  
inco rpora t ing  SEP i n t o  a mission spacec ra f t  . Thrus t e r  technology h,as a l s o  
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advanced t:o t h e  po in t  where a l i f e  test  model  o f  t h e  30 centjineter, 
mercury bombardment engine is  being prepared f o r  i n s e r t i o n  i n t o  f a c i l i t i e s  
where i t  will be t e s t e d  f o r  6000 hours s t a r t i n g  e a r l y  i n  1972. A vectorable  
v e r s i o n  of' t h i s  engine capable  of ope ra t ion  over  a 2:l t h r o t t l e  range is 
a l s o  expecmted t o  be completed by mid-FY 1973. 

The foregoing a c t i v i t i e s  coupled wi th  the  SERT I1 o r b i t a l  du ra t ion  t e s t  of 
i o n  t h r u s t e r s  reported on l a s t  yea r ,  provide t h e  confidence necess,sry t o  
proceed t o  t h e  next s t a g e  i n  the  development of SEP technology. The o b j e c t i v e  
of t h i s  experimental  program i s  t o  demonstrate i n  ground facil.itieas an 
engineer ing  model of a modular mercury i o n  t h r u s t  subsystem f o r  thilz 5-20 kw 
range. The subsystem w i l l  incorpora te  t h r u s t e r s  w i th  g r e a t e r  than  5000 hour 
l i f e  c a p a b i l i t y  and a t h r o t t l i n g  range of 2 : l  o r  b e t t e r .  An a d d i t i o n a l  
o b j e c t i v e  i s  t o  achieve an o v e r a l l  subsystem s p e c i f i c  mass of 15 k::/kw. 
With the  plain t o  achieve system ope ra t ion  i n  FY 1975, a reasonable  b a s i s  
w i l l  have been e s t ab l i shed  t o  commit t h i s  technology t o  mission opc!rations 
i n  the  l a t e  L970's. 

As work proceeds along these  l i n e s  eva lua t ions  w i l l  be conducted wi th  such 
competi t ive epproeches a s  nuc lear  e l e c t r i c  systems i n  o rde r  t o  arrive at 
timely t e c h n i c a l  dec is ions .  



FISCAL YEAR 1973 PSTIMTES 

BUDGET SUMMARY 

OFFICI OF &RO#AUTICS AND SPACE TECM3oIxK;Ty NUCLEAR PawEp AN@ 
gROPUrSIOH, PROGW 

SUMMARY OP RESOURCES REQUIREHB NTS 

1971 1972 -I 1973 

Nuclear power.. .................... $13,900,000 $9,320,000 $9,200,000 
Nuclear propulsion ................. 38,000,000 15,000,000 8,500,000 
Electrophyslcs...  .................. 3.300.000 3.400.000 _2,,400.000 

Total............................ $>5.200.000 $27.720.000 $&,100.000 

fLLGBLIGHTS OF BUDGET PIUJ 

Research and Technology Ba se....... $21.750. 000 $17.220.000 $21,.100.000 

puc lear  Power - Energy conversion 
and generation focused pr imari ly  on 
convetoion systems f o r  advanced re- 
actorr; advanced reactor power 
focused p r inc ipa l ly  on in-core 
thermionic and liquid-metal-cooled 
reactors; interercdiate reactor power 
with cmphasie on thermoelectric 
power coavsrrion and zirconium 
hydride reac tor ;  and isotope power 
emphas i z i ag  radioisotope t h e m -  
electric $encerators................ 13,900,000 9,320,000 9.,,200,000 

Nuclear Propulrion - Defini t ion 
of a small nuclear propulr loa 
system (15-2OK lb. t h r u s t ) ,  mission 
analyses and trade-off of alternate 
propulsion oystemr f o r  unmanned ex- 
p lo ra t  ion of t he  d i s t a n t  planets .  
Teating of cri t ical  components f o r  
a small nuclear propulsion system; 
and supporting remarch  on advanced 
s o l i d  and &art core re8ctors. ....... 4,5SO,OOO 4 ,uw) ,000 8, ,  u)O,Ooo 
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1973 1971 1972 -I 

Hlectrophvsics  - Plasmadynamics 
research  app l i cab le  to both propuls ion 
and power production, high energy laser 
research  aimed a t  genera t ion ,  conversion, 
and transmlission of energy a t  var ious  
wavelengths through space and p l ane ta ry  
atmospheres; superconductors to  achieve 
higher  t r a n s i t i o n  temperatures wi th  
r e s u l t i n g  s i z e ,  weight,  and c o s t  re- 
duct ions i n  generat ion and transmission 
of power; and nuc lear  phyeics to  b r ing  
theory closer t o  experiment u l t i m a t e l y  
leading t o  c a l c u l a t i o n s  of nuclear  
interactions........,.............. 3,300,000 3,400,000 3,400,000 

Systems and Design Stud ie r  - 
Nuclear Stage s t u d i e s  d i r e c t e d  to- 
ward WERVA a p p l i c a t i o n s  are being 
terminated i n  favor  of t h e  mission 

$500.000 --- a n a l y s i s  and trade off studies. . , . .  $450,000 

Systems and Experimental 
programs - III&RVA engine development 
i o  being terminated i n  favor  of t he  
program r e o r i e n t a t i o n  descr ibed 
in Nuclear Propulsion Research and 
Tec~ology,. . . . . . . . . . , .* ,em..,.~oo~ $33,000,000 $~O,OOO,OOO 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE 01r AERONAUTICS AND SPACE TECHNOLOGY --- NUCLEAR POWER AND 
PROPUL s I ONR ERAM 

PROGRAM OBJECTIVES AND JUST I F  ICAT I O N  : - 
The ma:lor program e f f o r t s  are d i r e c t e d  toward development of t h e  tech- 

nology t o  e s t a b l i s h  engineer ing f e a s i b i l i t y  and performance p o t e n t i a l  of 
advanced propuls ion and power systems which w i l l  c o n t r i b u t e  new c a p a b i l i t i e s  
f o r  space ope ra t ions  and exp lo ra t ions .  

Nuclear c : apab i l i t i e s  w i l l  enhance t h e  p o t e n t i a l  of both power and pro- 
pu l s ion  systems and w i l l  enable  t h e  n a t i o n  t o  conduct missions which otherwise 
cou1.d not: be done o r  would be r e s t r i c t e d  i n  scope. 

For example, i n  t he  exp lo ra t ion  of t h e  o u t e r  p l a n e t s  nuc lea r  pocJer i s  
c r i t . i c a 1  because t h e r e  i s  no o t h e r  p r a c t i c a l  way of providing the  r equ i r ed  
e l e c t r i c a l  power. High energy space t r a n s p o r t a t i o n  systems is ano the r  f o c a l  
p o i n t  f o r  nuc lea r  research and technology. Nuclear powered propuls ion 
systems ( r c c k e t  and/or e l e c t r i c  power) w i l l  broaden t h e  scope of missions 
which can be  achieved. Reduced t r i p  t i m e s  t o  t h e  o u t e r  p l a n e t s ,  close-in- 
o r b i t s ,  and automated sample  r e t u r n s  are a l l  mission op t ions  f o r  t he  1980's  
and beyond which w i l l  be  enhanced by nuc lea r  propuls ion systems. 

T h e r e  a r e  a number of nea r  e a r t h  missions where nuc lea r  energy w i l l  make 
g r e a t  con t r ibu t ions .  Such missions include s t r a t e g i c  defense and communication 
s a t e l l i t e  rc.issions which r e q u i r e  information t r a n s f e r  o r  d a t a  processing 
c a p a b i l i t i e s  more advanced than today's system. 

Nuclear energy a l s o  holds t h e  promise of even more advanced- Dower and- Dro- 
pu l s ion  systems which can provide s i g n i f i c a n t  new C a p a b i l i t i e s  f o r  f u t u r e  
missions.  Directed research i n  new technologies  w i l l  exp lo re  b a s i c  energy 
sources  which could p o t e n t i a l l y  have a p p l i c a t i o n  e i t h e r  f o r  power o r  propuls ion.  

A s  t h e  n a t i o n ' s  space program moves towards more advanced and d i f f i c u l t  
missions,  nuc lea r  energy w i l l  broaden t h e  spectrum of missions which can be 
performed and thereby w i l l  be a s i g n i f i c a n t  f a c t o r  i n  a s s i s t i n g  tlie space 
program t o  meet i ts  o b j e c t i v e  of a s s i s t i n g  i n  t h e  f u l f i l l m e n t  of the 
n a t i o n ' s  needs. 
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SUMMARY OF :RESOURCES REQUIREMENTS: --- 
1971 

Research $and technology base . . . .  $21,750,000 
Sy:stems and design s t u d i e s . .  450 , 000 
Systems and experimental  programs 33,000,000 

.... 

T o t a l  ......................... $55,200,000 

---- Di:;trib.it:ion of Program Amount by I n s t a l l a t i o n :  

Marsha1:L Space F l i g h t  Center .  . $940,000 
Godda:rd Space F l i g h t  Center . .  . 213 , 000 
Je t  P:ropulsion Laboratory.  .... 3 , 594 , 000 
hmes Research Center . .  ........ 340 , 000 
Langley Research Center. .  ..... 565 , 000 
L e w i s  Research Center .  ........ 48,563,000 
NASA Headquarters.  ............ 985 , 000 

1972 

$17 , 220 , OClO 

500 , OClO 
10 , 000 , 000 - 

$27,720,000 - - 

$475,000 
60 , 000 

3 , 053 , 000 
478 , 000 
416 , 000 

22,952,000 
286,000 

BASIS OF 1NND REQUIREMENTS: 

Research and Technology Base 

Power research  and technology..  . $13,900,000 $9,320,000 
Propulsi.on research  and technology 4,550,000 4 , 500 , 000 
Elec t rophys ics  research  and 

3 , 400 , 000 technology .................... 3 , 300 , 000 

T O  t a l .  ........................ $21 , 750 , 000 $17 . 220 9 000 

1973 - 

:;i 2 1 , 100 , 000 

:~'21,100 , 000 -- 

$800 , 000 
60 , 000 

3 , 450 , 000 
515 , 000 
410 , (100 

15  , 865 , 000 
-. -- 

$9,200,000 
8,500 , 000 

3 , 400,000 -- 

$ 2 1  , 100 , 000 -L -- - - 

Power Research and Technology --- 
Nuclear power is  d i r e c t l y  app l i cab le  t o  a wide spectrum of c u r r e n t  and 

f u t u r e  missions.  These missions have a broad range of power requirements  and 
e f f o r t  w i l l  concent ra te  on a minimum number of technologies  which 1 J i l l  mee t :  
t h e  needed power ranges.  Four c a t e g o r i e s  of e f f o r t  w i l l  be  pursuell. Research 
on energy conversion and genera t ion  systems w i l l  b e  conducted. Te':hnology of 
advanced r eac to r  power systems f o r  h igh  power levels  w i l l  conc:entr#ite on 
e s t a b l i s h i n g  t h e  engineer ing f e a s i b i l i t y  of thermionic  r e a c t o r  sys  :ems  and 
advanced liquid-metal-cooled r e a c t o r  systems. I n  a d d i t i o n  t o  prow-ding high 
power l eve l  c a p a b i l i t y  t h e s e  systems a l s o  provide  p o t e n t i a l  cs .pabi l - i t ies  f o r  
f u t u r e  nuc lea r  e l e c t r i c  propuls ion.  In te rmedia te  r e a c t o r  power tec:hnology 
w i l l  be d i r e c t e d  a t  long l i f e  zirconium hydr ide  r e a c t o r  power systc!ms. 
I so tope  po.se-r sources  technology w i l l  b e  d i r e c t e d  p r i m a r i l y  a t  spac:ecraf t 
i n  t eg r a t  i o  I and systems technology . 
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- Energy Conversion - and Generation 

The d i r e c t e d  b a s i c  r e sea rch  i n  energy conversion, generation. and t r a n s p o r t  
is  i n  areas such as thermionic e l e c t r o d e  c h a r a c t e r i z a t i o n ,  space r e a c t o r  
neu t ron ic s ,  high temperature h e a t  p i p e s ,  and f e a s i b i l i t y  of l i q u i d  metal 
magnetohydrodynamic (MHD) conversion systems. These e f f o r t s  prima15ly 
support  t h e  ,advanced r e a c t o r  power program. 

Advanced Reactor Power --- 
This e f f  3r.L is o r i e n t e d  toward providing t h e  base  of technology ziuitable f o r  

such Euturz missions as d i r e c t  broadcast  t e l e v i s i o n  s a t e l l i t e s ,  foi. space o r  
Lunar base,;, and e l e c t r i c  propuls ion f o r  f u t u r e  missions requiring high 
energy traimportation systems. 

Current (emphasis i s  p r imar i ly  on t h e  in-core thermionic r e a c t o r  w i th  a 
secondary ( e f fo r t  on an advanced l iquid-metal  cool  r e a c t o r .  The thcmrmionic 
program is  a j o i n t  e f f o r t  with t h e  AEC having prime r e s p o n s i b i l i t y  f o r  t h e  
f u e l  element and r e a c t o r  development and NASA providing support  i n  conducting 
a p p l i c a t i o n  s t u d i e s ,  materials r e sea rch ,  diode t e s t i n g  and fundamental 
thermionic physics  i n v e s t i g a t i o n s .  F e a s i b i l i t y  demonstration coulcl be ac- 
complished fin t h e  l a t e  1970's.  The advanced liquid-metal-cooled i e a c t o r  
e f f o r t  i n v e s t i g a t e s  b a s i c  materials and components t o  e s t a b l i s h  coricepts and 
v e r i f y  materfials c a p a b i l i t y .  

Intermediate  Reactor Power --- 

The currenls intermediate  r e a c t o r  power Drogram is d i r e c t e d  towarcl p o t e n t i a l  
a p p l i c a t i o n s  i n  t h e  range of a few k i l o w a t t s  up t o  around 20 k i lowa t t s .  
The r eac to  c fin t h i s  program o f f e r s  s i g n i f i c a n t  c o s t  advantages f o r  s t r a t eg i . c  
defense mi:;si.ons. P o t e n t i a l  mission a p p l i c a t i o n s  a l s o  inc lude  communications 
satel l i tes  arid medium powered space o r  l u n a r  s t a t i o n s  where o p e r a t i o n a l  o r  
economic cons ide ra t ions  may favor  use of nuc lea r  power. This program has 
two primary elements;  i . e . ,  t h e  zirconium hydride r e a c t o r  and the rmoe lec t r i c  
power conversion. 

The zirconium hydride development program i s  a j o i n t  e f f o r t  w i th  t h e  AEC. 
The AEC w i ; - l  e s t a b l i s h  t h e  b a s i c  nuclear  design parameters and perform f u e l  
element devel.opment and NASA w i l l  fund f o r  t h e  f i n a l  design,  f a b r i c a t i o n  
and test of a power system t o  be operated i n  t h e  NASA Space Power F a c i l i t y  
a t  L e w i s  Research Center.  This test i s  planned t o  s tar t  i n  FY 1977. The 
e f f o r t  inc1.uc.e~ conceptual design of components, t h e  design and a n a l y s i s  of 
t h e  primary 2nd secondary loop components and t h e  i n i t i a l  e f f o r t s  on  t h e  
required modif icat ions t o  the  Space Power F a c i l i t y ,  and e f f o r t  on thermo- 
e l e c t r i c  power conversion s y s t e m s .  The the rmoe lec t r i c  a c t i v i t y  w i l l  p a r a l l e l  
t h e  e f f o r t  necessary t o  p repa re  f o r  a p o t e n t i a l  test of t h i s  system wi th  t h e  
zirconium hydride r e a c t o r  i n  t h e  Space Power F a c i l i t y .  



IsotoD2 I?ower 

Current emphasis i n  t h e  low power range is  on rad io iso tope  theirnoelectric: 
genera tors  (RTG's). RTG's  have been flown on several NASA r i s s i o n s  i n  t h e  
p a s t  (Ap31.LoY Nimbus 111) and are c u r r e n t l y  scheduled f o r  use on s e v e r a l  
DOD and NASA missions i n  t h e  f u t u r e  (Pioneer,  Viking, Lincoln Exylerimental 
S a t e l l i t ? ) ,  The b a s i c  development of t h e  RTG systems f o r  t h e s e  r i iss ions and 
t h e  techio.Logy f o r  f u t u r e  missions i s  accomplished by AEC wi th  NASA emphasis 
being on systems i n t e g r a t i o n  and spacec ra f t  i n t e r a c t i o n  e f f e c t s .  Where 
appropr i a t e ,  t h e  NASA program a l s o  inc ludes  long t e r m  t e s t i n g  of modules 
o r  genera tors  t o  v e r i f y  performance p o t e n t i a l .  In FY 1973, t h e  Ir imary NASA 
emphasis wz-11 be on RTG eva lua t ions  and genera tor  tests r e l a t e d  t o  t h e  ou te r  
p l ane t  missions.  

In  add i t fon  t o  RTG's  t h e  NASA program inc ludes  a low level of e f f o r t  on 
c r i t i c a l  problems a s soc ia t ed  wi th  dynamic conversion technology Eluitable f o r  
use wi th  i so tope  hea t  sources  which provide t h e  only p r a c t i c a l  mesans f o r  
extending t h e  e l e c t r i c a l  power c a p a b i l i t y  of i so tope  sys  t e m s  aboile about 500 
w a t t s  of- e l e c t r i c a l  power t o  t h e  range of a few k i l o w a t t s .  Withclut t he  high 
eff i -c iency of t h e  dynamic conversion systems t h e  use of i so tope  f u e l s  would 
be precluded because of t h e  high c o s t  of t h e  i so tope  f u e l s .  Tes t ing  on 
conversion system components cont inues  in FY's 1972 and 1973 leading toward 
a 20,000 hour (over 2 years )  goa l  f o r  component tests. 

- P1:opul:;ion - Research and Technology 

In t h e  nuc lear  propuls ion program NASA and AEC w i l l  de f ine  a s n i a l l  nuc lear  
rocke t  syst.em i n  t h e  15-20,000 l b .  t h r u s t  class.  This  e f f o r t  w i l l  be p a r t  
of a broader  program t o  d e f i n e  and make trade-off s t u d i e s  of a l t e r n a t i v e  
types of alvanced propuls ion systems, inc luding  chemical,  s o l a r - e l e c t r i c ,  and 
nuc lear  I-oc:ket systems f o r  f u t u r e  missions t o  t h e  d i s t a n t  p l ane t s  Uranus, 
Nept.une anc. P lu to .  

Los Alammos S c i e n t i f i c  Laboratory (LASL) w i l l  cont inue e f f o r t  on s o l i d  core  
technology inc luding  f u e l  elements,  r e l a t e d  high temperature r e a c t o r  components, 
and nucl.ear. furnaces .  
program at  t h e  Nevada Nuclear Rocket Development S t a t i o n  i n  t h e  t e s t i n g  oE 
nuclear  furnaces  and non-nuclear components as appropr i a t e ,  and prepara t ions  
f o r  a Pewee r e a c t o r  test. 

Support e f f o r t  w i l l  ofso be  provided t o  t h e  cont inuing 

Supporting research  and technology w i l l  be  continued on advanced propuls ion 
systems such as s o l i d  core  r e a c t o r s ,  gas  core  r e a c t o r s ,  thermionic r e a c t o r s  
(descr ibed i n  t h e  s e c t i o n  on power research  and technology) i3nd on c r i t i c a l  
component technology f o r  t h e s e  systems. The p r i n c i p l e  o b j e c t i v e s  of t h i s  
work w i l l  be  t o  determine t h e  t echn ica l  f e a s i b i l i t y  and performance p o t e n t i a l s  
of t hese  s y s t e m s .  
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Study arid experimentation e f f o r t  w i l l  be devoted t o  nuclear engine and 
s t a g e  technology, hydrogen s t o r a g e  techniques,  and nuc lea r  system r e l a t e d  
te1eoperat:or technology. 

Development of t h e  NERVA 75,000 l b .  t h r u s t  engine is being terminated 
i n  favor  of t h e  program descr ibed above. 

- Electrophysics  Research and Technology 

The e l ec t rophys ic s  r e sea rch  and technology e f f o r t s  i nc lude  i n v e s t i g a t i o n s  
i n  pl.asmaclyn.amics, high energy lasers, superconductors,  and nuc lea r  physics.  

Plasmadynamic r e sea rch  r e s u l t s  may be  a p p l i c a b l e  t o  both propuls ion and 
power production. I n  FY 1973, cont inuing r e sea rch  w i l l  be aimed a t  r a i s i n g  
t h e  e f f i c i e n c y  and power l e v e l  of a magnetoplasmadynamic (MPD) channel which 
has  provided r e c e n t l y  some e lec t r ic  power output .  The fundamental charac- 
t e r i s t ics  of t h e  f i s s i o n i n g  uranium plasma w i l l  be determined. The r e s u l t s  
are app l i cab le  t o  t h e  gaseous co re  nuc lea r  r e a c t o r  concepts.  Another r e sea rch  
t a s k  w i l l  measure t h e  i n t e r a c t i o n s  of enr iched uranium 235 as p a r t  of uranium 
hexafluoride which w i l l  be compressed by a b a l l i s t i c  p i s t o n  i n  a neutron 
envi  ronmerit . 

High energy laser r e sea rch  is being conducted t o  l e a r n  how to most 
efficient1.y gene ra t e ,  convert  and t r ansmi t  coherent r a d i a n t  energy a t  
va r ious  wavelengths throu&% space and p l ane ta ry  atmospheres. 
w i l l  be bearr.ed t o  a s p a c e c r a f t  i n  which i t  w i l l  be converted to d i r e c t  cu r ren t  
o r  s i x t y  c:ycle a l t e r n a t i n g  power s o  t h a t  t h e  v e h i c l e  equipment may be used 
normally. High energy laser r e sea rch  w i l l  emphasize new techniques,  p r imar i ly  
atomic copper vapor and va r ious  molecules,  f o r  reaching h ighe r  e f f i c i e n c y  
l a s i n g  i n  t h e  u l t r a v i o l e t  t o  o p t i c a l  wavelengths region. Also new i d e a s  
involving nuc lea r  energy l e v e l s  and nuc lea r  moments w i l l  be explored t o  
determine t h e  f e a s i b i l i t y  of achieving l a s i n g  a t  s h o r t e r  and Longer wave- 
l eng ths  than obtained now from atomic and molecular energy l e v e l s .  Pro- 
pagation measurements w i l l  be focused on discovering wavelengths wnich 
have b e s t  t ransmission c h a r a c t e r i s t i c s  and which have no t  been mapped p re -  
v ious ly .  The conversion of laser r a d i a n t  energy w i l l  be  examined thoroughly 
wi th  t h e  goa l  of reaching optimum conversion e f f i c i e n c y  using s o l i d  s t a t e  
( s i l i c o n ,  germanium, gal l ium a r sen ide )  and gaseous (cesium) devices .  

The r a d i a t i o n  

Superconducting c o i l s  need no cont inuing power once they are energized.  
The c o i l s  can provide t h e  magnetic f i e l d s  needed i n  MPD and controlled 
thermo-nuclear fusion, (CTFIdevices . 
i s  needed f a r  t h e  ope ra t ion  of t h e  c o i l s .  To reduce t h e  s i z e ,  weight and 
c o s t  of t h e  cryogenic equipment, r e sea rch  has been conducted .to achieve a 
superconductor with a higher  t r a n s i t i o n  temperature (Tc). I n  FY 1973, 
emphasis w i l l  be given t o  reaching a higher  T c  by explor ing new atDmic 
b ina ry  combinations i n  meta l l ic  thin'Sfilms and a l s o  by deposiLions of 
variclus organic  f i l m s  between superconductors.  

However, l i q u i d  helium (4.2'K:ll equipment: 
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The experimental  and t h e o r e t i c a l  nuc lea r  phys ics  r e sea rch  i s  unllertaken 
wi th  t h e  ob jec t ive  of b r ing ing  theory c l o s e r  t o  experiment sc) t h a t  correct: 
and use fu l  methods w i l l  be  a v a i l a b l e  t o  c a l c u l a t e  nuc lea r  i n t e r a c t i o n s  im- 
p o r t a n t  i n  power, p ropuls ion  and t h e  p r o t e c t i o n  from space  r a d i a t i o n  of t h e  
occupants and equipment i n  a space  veh ic l e .  Therefore ,  i n  supporl: of t h i s  
o b j e c t i v e ,  nuclear  phys ics  r e sea rch  w i l l  u t i l i z e  t h e  newly modifi(?d 55 MeV 
cyc lo t ron  t o  measure t h e  neutron energy spectrum as a product of 1)rotons 
and a lphas  inc iden t  on t a r g e t s  on varying masses from carbon 12 t o  alumini-im 
27. There w i l l  be  another  i n v e s t i g a t i o n  devoted t o  pro ton  i r r a d i < i t i o n  of 
fused s i l i c a  and alumina t o  determine t h e  e f f e c t  of r a d i a t i o n  on t:hese sub- 
s t ances .  T i e  fused s i l i c a  is being considered f o r  use i n  a gas  co re  r e a c t o r  a 
and i ts  rad ian t  t ransmiss ion  p r o p e r t i e s  must n o t  be  degraded by r , i d i a t ion .  

And f i n a l l y ,  as p a r t  of a program t o  determine t h e  most promisiiig phys ics  
and chemistry experiment i n  space t h e r e  w i l l  be  cont inua t ion  of tlie s tudy  
f o r  conducting r e sea rch  on t h e  behavior  of s u p e r f l u i d  helium i n  ail environ- 
ment of wie,sht lessness .  

Systems and Design Studies  

1971 1972 1973 

--- Nuclea-r v e h i c l e  d e f i n i t i o n . .  .. $450,000 $500,000 

'To ta l . . . . . . . . . . . . . . . . . . . . . . .  $450,000 $500,000 --- 

The nuc lea r  s t a g e  d e f i n i t i o n  s t u d i e s  were d i r e c t e d  towards NERVI'L appl ica-  
t i o n s  f o r  manned missions and l a r g e  scale l o g i s t i c  requirements  w:i.th some 
cons i d e r a t i o n  given t o  a v a r i e t y  of unmanned missions throughout i:he solar .  
system. Resul ts  of t hese  s t u d i e s  have provided performance da ta  J-or mission 
and app l i ca t ion  ana lyses ,  i n  supplying r e l e v a n t  system d a t a  f o r  des ign  and 
procurement of t h e  nuc lea r  rocke t  engine,  and i n  guiding techno1oj;y programs. 
A s  a r e s u l t  of t h e  te rmina t ion  of t h e  NERVA program, these  nucleai-  s t a g e  
d e f i n i t i o n  s t u d i e s  w i l l  a l s o  be d iscont inued  i n  FY 1973. 

Systems and Experimental  Programs 

19 71 19 72 1973 

NERVA eng:ine. ................. $33,000,000 

---_ 'L'0ta.L.. ..................... $33,000,000 $ l O , O O O , C ~ O O  - 
I 

With tlil? dec i s ion  t o  te rmina te  t h e  NERVA p r o j e c t ,  t h e  developmerit program 
w i l l  be  c losed  out .  Termination e f f o r t s  w i l l  be  completed during FY 1972 
t o  t h e  e x t e n t  poss ib l e .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OIYRACKING AND DATA ACQUISITION TRACKING AND DATA 
ACQUISITI0,N PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 - 1972 - 1971 - 
Operatioils.. .................... $211,680,000 $206,300,000 $~203,600,000 

44,000,000 

12,900,000 11,500,OOQ _, 11,500,000 

Equipmeni:. ........................ 65,363,000 46,200,000 
Supporting research and 
techno Logy. ................... 

Total...................... $289,943,000 $264,000,000 = 2: ‘:259,100,000 

HIGHLIGHTS OF BUDGET PLAN 

Operations ...................... $211,680,000 $206,300,000 ji;203,600,000 

SDacefLight Tracking and- 
Data Network - Apollo, Skylab, 

and unmanned mission support. 
FY 1973 support load will average 
40 satellites. Satellite Network 
and Manned Space Flight Network 
to be consolidated over several 
years........................... 115,086,000 108,500,000 105,800,000 

Deep Space Network - Planetary 
and interplanetary mission support. 
Backup support for Apollo, FY 1973 
workload includes Mariner 9, 
Mariner Venus/Mercury 1973, 
Pioneer F&G... . . . . . . . . . . . . . . . . . .  

-- Aeronautics and Sounding Rocket 
Support - Support for Wallops 

Station sounding rocket programs 
and Flight and Langley Research 
Centers flight research programs. 
Covers rockets, aircraft, and 
1 i ft ing bodies. ................. 

37,949,000 37,900,000 38,000,000 

4,900,000 4,500,000 5,598,000 
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1971 - 
Operationsi (Cont'd.) 

Communications - NASA's global 
communi c a t: ions network (NAS C OM) 
supporting a11 NASA and 'NASA 
supported projects. Skylab is 
major addition to FY 1973 re- 
quirements. ...................... $ 37,111,000 

Data Processinq - Information 
processing :Eor both real time 
control and analysis. Major new 
image data processing facility 
to support :ERTS being installed 
in FY 1972...................... 15,936,000 

Equipment ....................... $ 65,363,000 

Space f 1 i- 
Data Network - Procurement for 

consolidated Spaceflight Track- 
ing and Data Network (STDN). 
Standardization and simplification 
of network systems.. ............ 35,605,000 

Deep Sese Network - Long lead 
time procurements for Viking; com- 
pletion of planetary tracking 
system for use at three 64-meter 
antenna sites; TV picture pro- 
c e s s i ng equipment f or Mar i ne r 
Venus/Mei:cury 19 73. ............. 20,628,000 

Aeronai&j.cs and Sounding Rocket 
Support -- Procurement of non- 

recoverable flight hardware and 
specialized checkout and display 
equipment ....................... 3,769,000 

Communications - Upgrading NASCOM 
voice circuit capability and expand- 
ing wideband data transmission capa- 
bility .......................... 3 , 648,000 

Data Processing - Initial procure- 
ment of Telemetry On-Line Processing 
System (TELOPS) to boost real time 

1,713,000 capability ...................... 

1972 - 1973 - 

19,800,OOC~ 2 1 , 2 00 , OOCI 

$ 46,200,000, & 44,000,OOO- 

25,000 , 000 19 , 900 , 000 

13 , 200,000 12,200,000 

3,900 , 000 3 , 100 , 000 

2 , 900 , OClO 2 , 800 000 

1 , 200,000 6 , 000,000 
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1971 - 1972 - 1973 - 
Supporting Research and Tech- 
nology .......................... $ 12,900,000 $ 11,500,000 $11,500,000_ 

Tracking&rbit  Determination, 
and GrounkBased Navigation - 

Improved techniques f o r  ground- 
based navigat ion of p l ane ta ry  
o r b i t e r s ,  l ande r s ,  swing-by, and 
e a r t h  o r b i t e r  missions. . . . . . . . . .  3,131,000 3,063,000 .2,770 , 000 

Spacecrajkto-Ground Communi- 
c a t i o n s ,  Telemetry,  and Command - 

Tracking arid Data Relay S a t e l l i t e  
System (TDI:SS) 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  probl-ems. Study extension 
of capabi1: i t ies  t o  handle m u l t i p l e  
spacec ra f t  support and inc reas ing  
d a t a  r a t e s . . , . . . . . . . . . . . . . . . . . . .  5,40 1,000 4,583,000 4,370 , 000 

Network i a ’ r a t i o n s  and Control  
Technology - Study automation 

techniques f o r  boost ing r ap id  and 
real-time c o n t r o l s ,  and use of 
minicomputers f o r  Deep Space 
Network... . . . . . . . . . . . . .  ......... 2,9 69,000 2,269,000 2,4 50 ,000 

Data Handling and Processing - 
Def in i t i on  of improved format 
s tandards.  Development of pro- 
ces s ing  systems f o r  imaging d a t a  
from earth resources  technology 
s a t e l . l i t e ~ ; .  Work on high d a t a  
ra te  s a t e l . l i t e  problems ......... 1,399 , 000 1 , 585,000 1,910,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1 9 7 3  ESTIMATES 

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

PROGRAM OBJECTIVES AND JUSTIFICATION: 

--- 
ACQUISITION PROCRAM - 

-- 
The purpcse 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  suppor t  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 .  The Tracking and Data Acquis i t ion  program is a 
d i r e c t  and v i t a l  counterpar 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 a l l  space f l i g h t  missions is  c a r r i e d  ou t .  
I n  add i t ion  t o  NASA f l i g h t  p r o j e c t s ,  support  is  provided,  a s  mutual ly  
agreed,  f o r  F r o j e c t s  of t h e  Department of Defense, o t h e r  government 
agencies  , a n i  o t h e r  c o u n t r i e s  and i n t e r n a t i o n a l  organiza t ions  engaged 
i n  space research  endeavors.  

Support Ls 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 rockets  , and r e sea rch  a i r c r a f t ;  f o r  e a r t h  o r b i t a l  and s u b o r b i t a l  
missions;  f o r  l una r  and p l ane ta ry  missions;  and f o r  space prob'es. 

Types of suppor t  provided inc lude :  (a) t r ack ing  t o  determine the 
p o s i t i o n  arid t r a j e c t o r y  of veh ic 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 onboard experiments , (c) a c q u i s i t i o n  of engineer ing  
d a t a  on t h e  performance of s p a c e c r a f t  and launch v e h i c l e  systems, ( d )  
t ransmiss ion  of commands from ground s t a t i o n s  t o  s p a c e c r a f t  , (e )  ccim- 
munication wi th  a s t r o n a u t s  and a c q u i s i t i o n  of biomedical d a t a  on tlieir 
phys i ca l  condi t ion ,  ( f )  communication of information between t h e  var ious  
ground f a c i l i t i e s  and c e n t r a l  c o n t r o l  c e n t e r s ,  and (g) process ing  cif 
d a t a  acquired from t h e  space veh ic l e s .  Such support  is  e s s e n t i a l  j o r  
achieving the  s c i e n t i f i c  o b j e c t i v e s  of a l l  f l i g h t  missions , f o r  excxut ing 
t h e  c r i t i c a l  dec i s ions  which must be made t o  a s su re  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 missions,  t o  i n s u r e  tht! 
s a f e t y  of t h e  a s t ronau t s .  

Tracking alnd d a t a  a c q u i s i t i o n  suppor t  is  provided by a worldwide 
network of N.4SA ground s t a t i o n s  and an ins t rumenta t ion  s h i p ,  suppl(:mented 
by appropr i a t e  instrumented a i r c r a f t .  These f a c i l i t i e s  are intercoi inected 
by a network of ground communications l i n e s ,  undersea c a b l e s ,  high 
frequency r ad io  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 ,ire 
l eased  from domestic and fo re ign  carriers and which provide t h e  ca1)abi l i ty  
f o r  ins tan taneous  t ransmiss ion  of d a t a  and c r i t i c a l  commands betwel?n 
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 S t a t e s  from which t h e  
f l i g h t s  are d i r ec t ed .  F a c i l i t i e s  a l s o  are provided t o  process  i n t i  
meaningful form t h e  l a r g e  amounts of s c i e n t i f i c  app l i ca t ions  and engi- 
nee r ing  d a t a  which are c o l l e c t e d  from f l i g h t  p r o j e c t s .  In a d d i t i o n ,  
ins t rumenta t ion  f a c i l i t i e s  are provided f o r  suppor t  of sounding rocket  
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launchings and f l i g h t  t e s t i n g  of a e r o n a u t i c a l  r e sea rch  a i r c r a f t .  

The Research and Development appropr i a t ion  provides  funds f o r :  (a) t h e  
ope ra t ion  and maintenance of t h e  worldwide f a c i l i t i e s ;  (b) t h e  procurement 
of equipment t o  s u s t a i n  and modify t h e  systems t o  support  con t inu iag ,  new, 
and changing f l i g h t  p r o j e c t  requirements;  and (c) t h e  i n v e s t i g a t i o n  and 
development of advanced t r a c k i n g  and d a t a  a c q u i s i t i o n  equipment and techniques.  

SUMMARY OI' RESOURCES REQUIREMENTS: --- 
1973 - 1972 - 1 9 7 1  

Operations. .  ................... $211,680,000 $206,300,0013 $203,600,000 
Equipment ...................... 65,363,000 46 , 200 , 0013 44 000,000 
Supporting research and .................. 11,500,000 11,500,000 - Techno logy. 12,900,000 - -. 

T o t a l . . . . . . . .  ............. $289,943,000 $264,000,000 $259,100,00~ - - -  - -  

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 :  --- 
Marshall- Space F l i g h t  Center.  385 , 000 300 , 000 300 , 000 
Godda::d Space F l i g h t  Center. .  $207,361,000 $188,350,000 $186,250,000 
.Jet P.copulsion Laboratory. .  .. 63,149,000 54 , 770 , 000 53 , 150 , 0001 
Wallops S t a t i o n . . . . . . . . . . . . . .  6 , 437 , 000 6 , 380 , 000 5,700 , 000 
F l i g h t  Research Center.  ...... 2,005,000 1,615,000 1 , 400 , 0001 
Langley Research Center. .  .... 1 , 170,000 1,005,000 700 , 000 
NASA Heildquar te rs ............ 9,436 , 000 11,580,000 11,600,OOC~ 

BASIS OF FUND - REQUIREMENTS: 

The ??Y 19 73 r eques t  r e f l e c t s  progress  i n  reducing support  c o s t s  through 
a cont inuing inc rease  i n  t o t a l  system e f f i c i e n c y .  During FY 1973 t he  
support  wor'cload w i l l  cont inue a t  a high l e v e l  w i t h  Skylab scippori: cons t i -  
t u t i n g  a s i , g n i f i c a n t  new support  a c t i v i t y .  
funds f o r  t h e  i n i t i a t i o n  of a c t i v i t y  t o  conso l ida t e  the  S a t e l l i t e  and Manned 
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). This conso l ida t ion  e f f o r t  w i l l  t ake  p l a c e  over t h e  next  liew year!; 
with the  planned conf igu ra t ion  o b j e c t i v e s  t o  be achieved during tlie per iod 
a f t e r  t h e  end of t h e  Skylab p r o j e c t .  

The FY 1973 r eques t  a:l-so includes 
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Operat i ons  

1971 1972 - 197 3 -.- 

Space f l igh t  t r ack ing  and 
d a t a  nerzwork. ............... 

Deep space network.. .......... 
Aeronautics and sounding 

r o cke t !; up p o r t .............. 
C ommiin i ca t i ons  ................ 
Data processing. .  ............. 

Tot a:l ..................... 

$115,086,000 $108,500,000 $10~~ ,8007000  
37,949,000 37 , 900,000 3EI , 000 7 000 

5,598 , 000 4 , 900 , 000 11 ,500,000 
37,111,000 35,200 , 000 311 ,100 , 000 
15,936,000 19,800,000 21. , 200,000 

$211,680,000 $206,300,000 $20:l,600,000 

The t o t a l  o p e r a t i o n a l  support  workload i n  FY 1973 w i l l  r e m a i n  r e l l t t i v e l y  
heavy and w h i l e  t h e r e  w i l l  be  some c o s t  i nc reases  f o r  Skylab and ERYS support  
t h e  inc reases  w i l l  be o f f s e t  by support  adjustments i n  o t h e r  areas. The 
only s i g n i f i c a n t  i nc rease  w i t h i n  network ope ra t ions  i s  i n  t h e  f undirig request  
f o r  d a t a  processing ope ra t ions ,  which inc ludes  a f u l l  y e a r ' s  c o s t  f o r  t h e  
operat ions and l o g i s t i c s  of t h e  ERTS d a t a  processing f a c i l i t y .  

- Space f l igh t  Tracking and Data Network (STDN) Operations 

With t h e  i n c r e a s i n g  t r ends  toward high d a t a  rate sa te l l i t es  and rlzal 
t i m e  o r  near  real t i m e  c o n t r o l  requirements i n  t h e  unmanned area, p l ans  
are underway f o r  t h e  conso l ida t ion  of t h e  s e p a r a t e  f a c i l i t i e s  of t he  
S a t e l l i t e  h'etwork and Manned Space F l i g h t  Network (MSFN) i n t o  a s i n g l e  
Space f l igh t  Tracking and Data Network (STDN). This conso l ida t ion  eEfo r t  
w i l l  t ake  Flace over t h e  next  few y e a r s  w i t h  t h e  planned conf igu ra t ion  
o b j e c t i v e s  t o  be  achieved during the  per iod a f t e r  t h e  end of the Skylab 
p r o j e c t .  While t h e  STDN m u s t  r e t a i n  many of t he  c h a r a c t e r i s t i c s  of t h e  
ind iv idua l  Manned Space F l i g h t  and S a t e l l i t e  Networks during t h e  t r a n s i -  
t i o n  pe r iod ,  emphasis w i l l  be placed on achieving a s i n g l e  network 
configurat ion of fewer s t a t i o n s  and with a f l e x i b l e  system c a p a b i l i t y  t o  
support  t h e  t o t a l  workload of a l l  e a r t h  o r b i t a l  missions.  

The network. s t a t i o n s  formerly a s soc ia t ed  with t h e  MSFN w i l l  continue 
t o  provide support  t o  t h e  remaining Apollo and Skylab missions on a 
p r i o r i t y  b a s i s ,  along wi th  an inc reas ing  support  workload i n  t h e  unmrned 
area. These s t a t i o n s  inc lude  11 prime land s t a t i o n s ,  4 instrumented air- 
c r a f t . ,  and 1 instrumented sh ip .  The eleven land s t a t i o n s  are loca ted  a t  
Cape Kennedy:, Bermuda; Ascension I s l a n d ;  Grand Canary I s l a n d ;  Carnzrvon, 
A u s t r a l i a ,  Guam; Kauai, H a w a i i ;  Corpus C h r i s t i ,  Texas; Madrid, Spain; 
Canberra, Austral ia ;  and Goldstone, C a l i f o r n i a .  This network w i l l  b e  
augmented in FY 1972 w i t h  a t r a n s p o r t a b l e  S-band s t a t i o n  loca ted  i n  
Newfoiindland , Canada, t o  provide Skylab launch support .  This transiportable 
s t a t i o n  w a s  formerly loca t ed  on Grand Bahama I s l and  and was deacti irated 
a f t e r  t he  s u c c e s s f u l  Apollo 11 l u n a r  landing.  
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The XSFN s t a t i o n s  w e r e  designed t o  c o l l e c t  and communicate r ea l  time 
information needed t o  determine: (1) t h e  p r e c i s e  l o c a t i o n  and ope ra i t i on  of 
both t h e  command and l u n a r  modules as w e l l  as t h e  Saturn launch vehl-cles; 
(2 )  t h e  s t a t u s  of onboard equipment and experiments;  and (3 )  t h e  p h y s i c a l  
cond i t ion  of t h e  a s t r o n a u t s .  The network i s  configured t o  provide ]:his 
real  t i m e  information t o  t h e  Mission Control Center a t  Houston,, Tex,is,so 
t h a t  immediate dec i s ions  a f f e c t i n g  t h e  conduct of t h e  mission nlay biz made 
and executed. In  a d d i t i o n ,  information from s c i e n t i f i c  experinients 
both onboard t h e  s p a c e c r a f t  and deployed f o r  long term opera t ion  on t h e  
s u r f a c e  of t h e  moon, i s  c o l l e c t e d  and processed f o r  pos t  f l i g h t  a n a l y s i s .  

Along wi th  t h e  scheduled Apollo missions,  t h e  MSFN s t a t i o n s  are c u r r e n t l y  
support ing t h e  Par t ic les  and F i e l d s  S a t e l l i t e  l e f t  i n  l una r  o r b i t  by Apollo 
15 and t h e  Apollo Lunar Surface Experiment Packages (ALSEPs) l e f t  o n  t h e  
moon's s u r f a c e  by t h e  Apollo 1 2 ,  1 4 ,  and 15 missions.  Apollo 16 and 1 7  w i l : l  
a l s o  ca r ry  ALSEPs f o r  deployment on t h e  moon's su r f ace .  During N 1973 
t h e  s t a t i o n s  w i l l  be support ing Apollo 1 7 ,  a l l  t h e  ALSEPs s t i l l  producing 
usable  s c i e n t i f i c  d a t a ,  t h e  satel l i tes  l e f t  i n  l una r  o r b i t  by Apollos 15 
and 16 p l u s  t h e  Skylab o r b i t a l  workshop mission. 

These s t a t i o n s  w i l l  a l s o  be r equ i r ed  t o  support  an inc reas ing  number of 
t h e  more complex unmanned missions where t h e  c h a r a c t e r i s t i c s  of the space- 
c r a f t  c l o s e l y  match t h e  e x i s t i n g  c a p a b i l i t i e s  of t he  s t a t i o n s .  These 
c h a r a c t e r i s t i c s  i nc lude  t h e  t r ack ing  accu rac i e s  which t h e  u n i f i e d  S-band 
equipment can provide,  and higher  d a t a  rate bandwidths which can only be 
accommodated i n  t h e  S-band frequency range. 

Those s t a t i o n s  formerly a s soc ia t ed  w i t h  t h e  S a t e l l i t e  Network w i l l  continue 
t o  support  a l l  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  programs. 
These s t a t i o n s  provide a ground system which: (1) t r a c k s  each s a t e l l i t e ;  
( 2 )  determines t h e  s t a t u s  of onboard systems; (3 )  commands t h e  satcmllite 
func t ions ;  arid ( 4 )  acqu i re s  s t o r e d  o r  realtime d a t a  from t h e  sa te l l i t e .  
The opticaL t r ack ing  s t a t i o n s  operated by t h e  Smithsonian AstrophyEical 
Observatory w i l l  continue providing s p e c i a l i z e d  services r equ i r ed  f o r  pre- 
c i s i o n  orb. i ta1 t r ack ing .  

The ten ground s t a t i o n s  p r e s e n t l y  a s s o c i a t e d  wi th  t h e  S a t e l l i t e  Network a r e  
loca t ed  a t  For t  Myers, F l o r i d a ;  Mojave, C a l i f o r n i a ;  Rosman, North ( : a ro l ina ;  
Far ibanks,  A.Laska; Quito,  Ecuador; Sant iago,  Ch i l e ;  Winkfield,  Eng;.and; 
Johannesburg, South A f r i c a ;  Tananarive,  Madagascar; and Canberra, IILustralia.  
I n  a d d i t i o n ,  a t r a n s p o r t a b l e  f a c i l i t y  is being modified a t  Mojave, 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  f o r  Applicat ions Technology Sa te l l i t es  (ATS) F and G 
support .  

The number of sa te l l i tes  r e q u i r i n g  support  i n  FY 1973 i s  expectetl t o  
average approximately 40 satel l i tes  wi th  a r e p r e s e n t a t i v e  t o t a l  of some 235 
experiments. 
o r i t i e s  of a l l  sa te l l i t es  supported i n  o r d e r  t o  a s s u r e  adequate coverage 

It w i l l  be necessary t o  make cont inuing adjustments :in p r i -  
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w i t h i n  t h e  network c a p a b i l i t y .  A s i g n i f i c a n t  a d d i t i o n a l  workload w i l l  
r e s u l t  frorr t h e  launch of ERTS A i n  l a te  FY 1972. Of t h e  o t h e r  new 
sa t e l l i t e s  t o  be launched, t h e  Nimbus E ,  and OAO C missions wil.1 im)ose a 
s u b s t a n t i a l  workload on t h e  network due t o  their  unique support: requi re -  
ments. The o v e r a l l  workload f o r  t h e  combined STDN is  i n d i c a t e d  i n  :he 
accompanying c h a r t .  

Deep Space Network Operat ions 

The primary func t ion  of t h e  Deep Space Network is t o  suppor t  plani-tary 
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  m.issions 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  twl3 
hundred m i l l i o n  m i l e s  from t h e  e a r t h .  Future  missions w i l l  t r ave l  t o  
J u p i t e r  ancl beyond involv ing  d i s t a n c e s  of s i x  hundred m i l l i o n  miles and 
g r e a t e r .  As a r e s u l t  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  d a t a  must be  a b l e  t o  perform c r i t i c a l  func t ions  
us ing  extremely low s i g n a l  levels .  A s  f l i g h t  d i s t ances  cont inue  t o  inc rease ,  
equipment designs and computer program techniques are requi red  i n  t h i s  
network whick, t r u l y  push t h e  s ta te  of t h e  a r t  i n  i n t e r p l a n e t a r y  comrnuni- 
ca t ions .  The Deep Space Network f a c i l i t i e s  a l s o  provide  e s s e n t i a l  backup 
suppor t  t o  t h e  Apollo program inc luding  t h e  Goldstone 64 meter (210 f o o t )  
s t a t i o n ,  whic:h p l ays  a p a r t i c u l a r l y  important support  r o l e .  

The Deep Space Network: (a)  provides  t r ack ing  d a t a  which a r e  used t o  
determine and make co r rec t ions  and changes t o  s p a c e c r a f t  t r a j e c t o r i e s ,  
(b) ac:quires engineer ing  te lemet ry  d a t a  f o r  determining perforaance of 
t h e  spaceci:aft, (c)  t r ansmi t s  commands t o  t h e  s p a c e c r a f t ,  and (d) r ece ives  
and rcxord:; t:he s c i e n t i f i c  and engineer ing d a t a  which are  acquired from 
t h e  spacec:iraf: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 ,  
Woomera and Canberra,  A u s t r a l i a ;  Madrid, Spain; Johannesburg, Soutk Af r i ca ;  
and 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 betwork 
i s  loca ted  at: t h e  Jet Propul.sion Laboratory i n  Pasadena, Ca l i f  orni2l. 

During P'I It972 t h e  Deep Space Network workload c o n s i s t s  of f o u r  clngoing 
Pioneer  sp,acecraf t , t h e  Mariner 9 mission,  t h e  Apollo manned luna r  miss ions ,  
and t h e  Pioneer  F mission which is scheduled t o  be launched i n  t h e  t h i r d  
q u a r t e r  of F'S 1972. The major p o r t i o n  of 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  cont inue  on i n t o  FY 1973 along w j  t h  
suppor t  of t h e  Apollo 17 and t h e  Pioneer  G mission,  which i s  schediiled t o  
b e  launchel3 i n  t h e  f o u r t h  q u a r t e r  of FY 1973. The Pioneer  6 ,  7, 8 :  and 9 
spacec ra f t  are i n  an  extended mission phase; suppor t  f o r  t hese  mis:,ions w a s  
reduced i n  F'S 1972 and w i l l  cont inue a t  a reduced level i n  FY 1973. Because 
of t h e  excep.:ional 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  cormunicate 
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 support  t o  c e r t a i n  ground based r a d i o  sc i ence  experiments.  Support 
of t h e s e  experiments w i l l  cont inue  on a nonin ter fe rence  b a s i s  t o  tlte f l ight:  
missions.  
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The FY 1-973 reques t  inc ludes  funds f o r  ope ra t ion  of t h e  D e e p  SpEce 
Network f : tc i . l i t ies  i n  suppor t  of t h e  cont inuing  workload. I n  addi t i o n  
t o  t h e  rou t ine  mission suppor t ,  i n d i c a t e d  on t h e  workload c h a r t ,  network 
engineering:,  programming, and computational suppor t  are necessary t o  m e e t  
t h e  requi:rements of Pioneer  G. Mariner Venus/Mercury '73,  Hel ios ,  and 
Viking ' 715 r i iss ions.  

Aeronautics and Sounding Rocket Support Operat ions 

Ins t rumenta t ion  systems are opera ted  and maintained i n  suppor t  of 
sounding rocket  programs conducted by Wallops S t a t i o n ,  V i rg in i a ;  zind f o r  
f l i g h t  re;earch programs of t h e  F l i g h t  Research Center ,  Californizi;  and 
t h e  Lang.Ll?y Research Center ,  V i rg in i a .  General  purpose t r ack ing ,  te lemet ry ,  
d a t a  handl ing,  recording,  t iming, p l o t t i n g ,  and communications sy:;tems a r e  
provided as  w e l l  as s p e c i a l  purpose f i x e d  and mobile o p t i c a l  and :;ound 
ranging ( acous t i ca l )  equipment. The budget r eques t  f o r  FY 1 5 7 3  rc : f lects  ,EL 

s l i g h t  redu-t ion as compared t o  p r i o r  yea r s .  

Spec ia l ized  mobile te lemetry and o p t i c a l  equipments are maintailled and 
operated a t  s e l e c t e d  s i tes  along t h e  e a s t e r n  seaboard and on t h e  Iiermuda 
I s l ands  t o  support  rocke t  f l i g h t s  from Wallops S t a t i o n .  Some of lihis 
down-range ins t rumenta t ion  i s  opera ted  by t h e  Langley Research Ceiiter, 
which a l s o  provides te lemetry s t a t i o n s  (two f i x e d  and one mobile) i n  supper:: 
of i t s  ae ronau t i ca l  f l i g h t  programs. 

The F l i g h t  Research Center opera tes  t h e  Aerodynamic T e s t  Range (cons is t ing  
of f a c i l i t i e s  a t  t h e  Edwards A i r  Force Base and t h e  up-range s i t e  a t  Ely,  
Nevada. These f a c i l i t i e s  are composed of p r e c i s i o n  r a d a r  t r ack in3 ,  teleme- 
t r y  and communications equipments which are used t o  suppor t  h igh  performance 
a i r c r a f t  research  and development programs of bo th  NASA and ]:he 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 ,  i nc lud ing  t h e  F-111, F-104, M2-F3, X-24BY C5-A, 
YF-12, ar.d F-8. 

Communications Operat ions 

NASA's g l o b a l  communications network (NASCOM) in t e rconnec t s  the  NASA 
trac:king ar.d d a t a  a c q u i s i t i o n  f a c i l i t i e s  i n  o p e r a t i o n a l  suppor t  c f  a l l  
NASA proziects and p r o j e c t s  of o t h e r  agencies  t h a t  are supported by NASA. 
It in te rcormects  by means of l ea sed  c i r c u i t s  such f a c i l i t i e s  as te lemet ry  
and command c o n t r o l  s i t e s ,  launch areas, t es t  s i tes ,  and miss ion  c o n t r o l  
cen te r .  The Goddard Space F l i g h t  Center  ope ra t e s  t h e  network anc serves 
as i t s  major switching p o i n t .  In  t h e  i n t e r e s t  of economy, r e l i a k i l i t y ,  
and f u l l  u t : i l i za t ion  of t runk  c i r c u i t r y ,  subswitching c e n t e r s  halie been 
e s t a b l i s h e d  a t  a number of domestic and overseas  l o c a t i o n s .  

A s  t h e  NASA f l i g h t  missions have become more complex i n  terms of 
i nc reased  d a t a  rates and real t i m e  o r  nea r  real t i m e  c o n t r o l ,  s u t ~ s t a n t i a l .  
advances arid innovat ions have been r equ i r ed  i n  communications tecmhnology , 
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Foremost among t h e s e  advances have been t h e  development of sa te l l i t l ?  
communications and t h e  use of computerized switching.  A t h i r d  innovat ion 
i s  expected t o  be used i n  support  of t h e  Skylab communications requirements,  
which r ep resen t  a considerable  i n c r e a s e  over t hose  of Apollo. For :Skylab 
t h e  NASCOM d a t a  c i r c u i t  t ransmission rates w i l l  be  upgraded from thi. 4 . 8  
k i l o b i t s  p e r  second (Kbps) used f o r  Apollo t o  7 .2  k i l o b i t s  p e r  secoiid, a 
f i f t y  pe rcen t  i n c r e a s e  i n  d a t a  t ransmission rates. This c a p a b i l i t y  has 
been brought about through t h e  use of newly developed t e rmina l  equipment 
which has  the e f f e c t  of i nc reas ing  t h e  amount of u sab le  d a t a  t h a t  can be 
t r ansmi t t ed  over a normal voice c i r c u i t .  A s  a r e s u l t ,  except :€or 0136 

a d d i t i o n a l  t e l eme t ry / t r ack ing  c i r c u i t  t o  a l l  t h e  manned space € l i g h t  s t a t i o n s ,  
t h e  increased Skylab requirements w i l l  be m e t  w i th  t h e  same number of c i r -  
c u i t s  as were used f o r  Apollo. These c i r c u i t s  a l s o  w i l l  be  used f o r  o t h e r  
high d a t a  r a t e  sa te l l i tes ,  such as ERTS, Nimbus, OAO, and HEAO. 

The FY 1.973 budget r eques t  provides  f o r  t h e s e  Skylab requirements as 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 .  Improv'ed e f f i c i e n c y  
i n  overall .  communications support  allows a decrease i n  t h e  budget r eques t  
despit:e t h e  inc reas ing  requirements.  

Data Processing Operations 

1nformat:ion received i n  t h e  form of t r ack ing  and te lemetry d a t a  from 
s p a c e c r a f t  must be processed i n t o  a form t h a t  i s  u s e f u l  bo th  t o  thclse 
performing t h e  real t i m e  c o n t r o l  of t h e  space v e h i c l e  and those resiponsible 
f o r  analyz in): t h e  s c i e n t i f i c  and a p p l i c a t i o n s  d a t a  acquired by the  space- 
c r a f t .  Su.?port m u s t  be given t o  a wide v a r i e t y  of programs which vary from 
t h e  sinall Explorer sa te l l i t es  t o  t h e  l a r g e  and complex So la r  and Astronomi- 
ca l  Observator ies ,  and t h e  Applicat ions and Earth Resources Techno:.ogy 
Sa te l l i t e s .  

Tracking d a t a  are processed t o  provide o r b i t a l  elements which art: used t o  
supply s t a t i o n s  wi th  p r e d i c t i o n s  of f u t u r e  passes  of t h e  spacecrafi:  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 iised by t h e  
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 tlie space- 
c r a f t  t h e  s c i e n t i f i c  measurements were made. Telemetry d a t a  must be 
processed to :  ( a )  s e p a r a t e  t h e  information obtained from va r ious  : ; c i en t i -  
f i c  experiments aboard t h e  s p a c e c r a f t ,  (b) conso l ida t e  information from 
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 c ~ r r e l ~ ~ t e  these  
measurements w i th  t h e  p o s i t i o n  d a t a  mentioned above. Processed da1-a are 
t h e  primary product of t h e  s p a c e c r a f t  missions and i t  is through r l?duct ion 
and analyses  of t h e s e  d a t a  by t h e  experimenters t h a t  a b e t t e r  understanding 
of e a r t h  and space is  achieved. 
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Upcoming p r o j e c t s  r e q u i r e  ex tens ive  pre-mission o r b i t  s t u d i e s ,  including 
spacec ra f t  p o s i t i o n  and a t t i t u d e  p r e d i c t i o n s .  S tud ie s  are a l s o  ri3quired 
t o  work c'ut ope ra t iona l  methods and procedures  t o  b e  used dur ing  the a c t u a l  
mission clperations of t hese  complex s p a c e c r a f t  . 

The FY 1973 budget reques t  i s  based upon t h e  requirement t o  process  d a t a  
from previous ly  launched satel l i tes  , p l u s  a d d i t i o n a l  sa te l l i t es  t h a t  are 
scheduled t o  be  launched during t h e  per iod .  The s c i e n t i f i c  requirements 
f o r  t h e  a c q u i s i t i o n  and process ing  of d a t a  from t h e  o l d e r  s a t e l l i t e s  are 
under cont inuing review, and support  has  been terminated o r  c u r t a i l e d  f o r  
a number of these .  These suppor t  reduct ions  are making p o s s i b l e  t h e  
support  of new satel l i tes ,  wi th  t h e  except ion  of t h e  Ear th  Resources 
Technology Sa te l l i t e  (ERTS), wi thout  major i nc reases  i n  d a t a  process ing  
c a p a b i l i t y  a 

In FY 19-72, a major new image d a t a  process ing  f a c i l i t y  t o  suppclrt ERTS 
is  being 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 ERTS 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 .  This  new f a c i l i t y  w i l l  ha\,e i t s  f i r s t  
f u l l  yea r  of opera t ion  i n  FY 1973, which accounts  f o r  t h e  increa:e  i n  t h e  
d a t a  process ing  funds requested f o r  E'Y 1973. 

Equipment 

1971 1972 1973 
Space f l igh t  t r ack ing  and 

d a t a  network. ............... $35,605,000 $25,000,000 $.L9,900,000 
Deep space ne twork . . . . . . . . . . . .  20,628,000 13,200,000 L2,200,000 
Aeronaut ics  and sounding 

rocket  support  .............. 3,769,000 3,900,000 3,100,Oc)O 
Communications.... ............ 3,648,000 2,900,000 2 , 800,000 

6,000,000 Data processing 1,713,000 ............... 1,200,000 - -  -- 

Tota l . . . . . . . . . . . . . . . . . . . . .  $65 , 363,000 $46,200,000 - - $44,000,000 -- -- - - 
The t r ack ing  and d a t a  a c q u i s i t i o n  support  requirements  p laced  3n t h e  

networks e s t a b l i s h  needs f o r  equipment which are essent ia l  to  provide t h e  
con t inua l  on-going suppor t  t o  approved programs. Funds f o r  equipment are 
requi red  t o  r ep lace  obso le t e  and wornout i t e m s ,  t o  modify e g i s t i n g  systems 
t o  maintain compa t ib i l i t y  w i th  changes i n  f l i g h t  mission o b j e c t i v e s  and 
a s soc ia t ed  s p a c e c r a f t  ins t rumenta t ion ,  t o  i n c r e a s e  t h e  supps r t  u t i l i z a t i o n  
and eff i -c iency of e x i s t i n g  systems, 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  f l i g h t  missions of approved p r o g r a m .  

I n  FY 1973 t h e  reques t  inc 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  
c a p a b i l i t y  of networks along wi th  equipment a d d i t i o n s  t o  meet t h e  require-  
ments o € upcoming p lane ta ry  programs (Pioneer  G ,  Mariner Venus/b'.ercury ' 73 
HeLios, arid Viking).  Also inc luded  i n  t h e  reques t  are funds fo i  t h e  i n i t i a l  
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e f f o r t  t o  provide a s t anda rd  network conf igu ra t ion  f o r  support  of t h e  
advanced pclst-Skylab e a r t h  sa te l l i t e  missions, such as Nimbus F ,  Earth 
Resources Technology S a t e l l i t e  B y  High Energy Astronomy Observatory (HEAO) 
A&B, and At.mcsphere Explorer (AE) D&E. To accomodate t h e  i n c r e a s i n g  d a t a  
handl ing arid realtime c o n t r o l  requirements,  funds are included i n  t h e  FY 
1973 request  f o r  a te lemetry on-line processing system. 

Space f l igh t  Tracking and Data Network Equipment 

A s  i n  Operations,  t h e  Sa te l l i t e  and Manned Space F l i g h t  Networks have 
been combined i n t o  a s i n g l e  l i n e  i t e m  r e f l e c t i n g  a planned e f f o r t  t o  con- 
s o l i d a t e  arid treat t h e s e  s e p a r a t e  f a c i l i t i e s  as a s i n g l e  network. The 
Space f l igh t  Tracking and Data Network (STDN) equipment program enccimpasses 
procuremen: of equipment and services necessary: 
Continuing c a p a b i l i t y  f o r  r e l i a b l e  support  of on-going missions,  (I,)  t o  m e e t  
new requirements f o r  network support  of manned space f l i g h t  and unnianned 
s c i e n t i f i c  arid a p p l i c a t i o n s  s a t e l l i t e  missions , and (c) t o  e f f e c t i l r e l y  combine 
the  c a p a b i l i t i e s  of t h e  former S a t e l l i t e  and Manned Space F l i g h t  Nc:tworks 
t o  a s su re  2f.Eicient t r ack ing  and d a t a  a c q u i s i t i o n  support  f o r  a l l  c:arth 
o r b i t a l  mi3s:ions i n  the  post-Skylab per iod.  

(a )  t o  s u s t a i n  tkie network's 

During FY 1972, a c t i v i t y  i n  t h e  equipment program has been primai-i ly de- 
voted t o  s u s t a i n i n g  t h e  network's c a p a b i l i t i e s  i n  a cont inuing sta':e of 
r ead iness  f o r  support  of on-going missions such as t h e  manned Apollo 15 and 
16  f l i g h t s  and t h e  unmanned Orb i t ing  Solar  Observatory, Radio Astronomy 
Explorer,  Par t ic les  and F i e l d s  S a t e l l i t e ,  Applicat ions Technol-ogy sa t e l l i t e s ,  
and Apollo Lunar Surface Experiment Packages. The network's c a p a b i l i t i e s  t:o 
support  t h e  Earth Resources Technology S a t e l l i t e  A ,  Nimbus E ,  Skyl ib ,  and 
o t h e r  on-going s c i e n t i f i c  s a t e l l i t e  p r o j e c t s  have been completed diiring the  
yea r .  I n  a d d i t i o n ,  modif icat ions t o  provide a c a p a b i l i t y  f o r  processing 
d a t a  from Atmosphere Explorer C i n  t h e  c o n t r o l  c e n t e r  i n  nea r  r ea l  t i m e  have 
been i n i t i a t e d  i n  FY 1972 and w i l l  be completed i n  FY 1973. 

During EY 1973,  t h e  network w i l l  support  approximately 40 missions wi th  
requirements which range from t h e  h igh ly  complex, mission o p e r a t i o n a l ,  
track.ing znd communications support  of t he  Skylab manned o r b i t a l  workshop 
and the  very high d a t a  rates of t h e  Ea r th  Resources Technology Sa te l l i t es  
t o  t h e  l o c a l i z e d  t r ack ing  and te lemetry support  f o r  launches o f  s p a c e c r a f t  . 
Conti.nuati.or. of t h e  network's e x c e l l e n t  performance f o r  support  of t h i s  
demanding workload r e q u i r e s  a cont inuing equipment m o d i f i c a t i m  e f f o r t  i n  
N 1973 t o  maintain the  q u a l i t y  and r e l i a b i l i t y  of t h e  network's systems 
and Eiubsy:;tems. Accordingly, funds are requested f o r  replacement of 
f a i l u r e  pirorie systems wi th  more r e l i a b l e  u n i t s ,  f o r  equipment modif icat ions 
t o  correci: 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  be  used i n  
o p e r a t i o n d  c o n t r o l  of t h e  network. Funds are a l s o  requested f o r  p rov i s ion  
and modif icat ion of test equipment and f o r  minor equipment modif icat ions 
r e s u l t i n g  from changes i n  support  requirements from one mission t c  t h e  nex t .  
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I n  a d d i t i o n ,  funds are requested i n  FY 1973 t o  i n i t i a t e  a phased [plan 
f o r  s t anda rd iza t ion  and s i m p l i f i c a t i o n  of network systems t o  a.5 s u r e  
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  f o r  approved post-Skylab 
missions such as Nimbus F, Earth Resources Technology S a t e l l i t e  B ,  High 
Energy Astronomical Observator ies  A and B ,  Atmosphere Explorer!; D and E ,  
and o t h e r  spa.ce sc i ence  and a p p l i c a t i o n s  missions.  Under t h i s  p l an ,  
s t anda rd  s3,stems based on the  most t echno log ica l ly  advanced equipment i n  
the present: Manned Space F l i g h t  and Sa te l l i t e  Networks w i l l  be  implemented 
throughout t he  network f o r  t h e  major func t ions  of t r ack ing ,  t e l eme t ry ,  
command and d a t a  handling. 

The unif:-ecl S-band system, which has  demonstrated outs tanding support  
c a p a b i l i t i e s  f o r  t h e  Apollo luna r  landing program, w i l l  be  employed as t h e  
network's primary t r ack ing  and telecommunications system f o r  major space- 
c r a f t .  Modu:.arly designed te lemetry and command processing systems of t he  
type i n i t i a t e d  f o r  t h e  S a t e l l i t e  Network i n  FY 1971 w i l l  be implemmted as 
s tandard systems f o r  t hese  func t ions  i n  t h e  consol idated network. A s  
gene ra l  purpose systems, they w i l l  be  s u f f i c i e n t l y  f l e x i b l e  t o  enccmpass 
t h e  ma jo r i ty  of new p r o j e c t  command and te lemetry processing requiiements 
w i th  only ininor modular a d d i t i o n s  and modif icat ions.  

Thi:; p l a n  € o r  conso l ida t ion  of Manned Space F l i g h t  and Sa te l l i t e  Network 
systems is  phased f o r  completion i n  t h e  post-Skylab pe r iod .  On coriipletion , 
t h e  network'a equipment conf igu ra t ion  should provide t h e  necessary f l e x l -  
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  support  and permit economiris 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 

The equipment program i n  FY 1973 f o r  t h e  Deep Space Network i n c h d e s  
t h e  procurement of equipment and s e r v i c e s  needed t o  i n s u r e  t h a t  th.2 ground 
support  s y s t e m s  can meet t h e  more demanding support  requirements oE up- 
coming p lane ta ry  and i n t e r p l a n e t a r y  f l i g h t  s p a c e c r a f t .  A t  t h e  samis t i m e  
i t  a l s o  provides  f o r  s u s t a i n i n g  t h e  network systems and f a c i l i t i e s  f o r  
supporting, t h e  on-going f l i g h t  missions i n  a r e l i a b l e  manner. 

In p repa ra t ion  f o r  t h e  upcoming Viking missions,  a number oE long leadtirne 

These include t h e  a c q u i s i t i o n  of a d d i t i o n a l  d a t a  
procurements are planned f o r  support  of t h e  complex dua l  o r b i t e r / d u a l  
lander  cortfiguration. 
handl ing anc. r e c e i v e r  c a p a b i l i t i e s  t o  a l low simultaneous recept ion and 
recovery of m u l t i p l e  downlink d a t a  channels from more than one v e h i c l e  
r equ i r ed  f o r  t h e  f i r s t  t i m e  i n  t h e  Deep Space Network, The d a t a  handling 
equipment. w i l l  be s imi la r  t o  t h e  gene ra l  purpose types p rev ious ly  i m p l e m e n t e d  
f o r  t h e  Mariner ' 7 1  and Pioneer F missions.  The r e c e i v e r  equipmert w i l l  b e  
similar t:o t h e  dua l  S / X  band equipment c u r r e n t l y  being implementec a t  t h e  
Goldstone 64 meter (210 f o o t )  antenna s i t e  t o  support  Mariner Venw./Mercury 
'73. The Mariner Venus/Mercury '73 w i l l  b e  t h e  f i r s t  p l ane ta ry  mission 
t r a n s m i t t  in$: X-band and w i l l  demonstrate t h e  t echno log ica l  advantziges of 
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t h e  h ighe r  frequency f o r  improved communications and t r ack ing  reqii ired 
f o r  f u t u r e  deep space missions.  I n  a d d i t i o n  t o  t h e  r e c e i v e r  equipment, 
antenna microwave and maser augmentations a s s o c i a t e d  with t h e  S/X-band 
c a p a b i l i t y  w i l l  be undertaken f o r  t h e  new overseas 64 meter s i tes  t o  
provide the  support  r equ i r ed  f o r  Viking and f u t u r e  missions beyond Mars. 

In FY 1973, funds are included i n  the  request  t o  complete t h e  n2w 
p lane ta ry  t r ack ing  system i n i t i a t e d  i n  FY 1972 f o r  use a t  t h e  t h r e e  64 
meter antenna sites. This equipment, i n  a d d i t i o n  t o  providing s p a c e c r a f t  
ranging a t  p l ane ta ry  d i s t a n c e s ,  w i l l  provide t h e  c a p a b i l i t y  required t o  
t r a c k  t h e  two Viking s p a c e c r a f t  simultaneously i n  o r b i t  around Mars. 
Funds arc: also requested i n  FY 1973 t o  i n i t i a t e  procurement (of long lead- 
t i m e  components f o r  t h e  high power t r a n s m i t t e r  c a p a b i l i t y  a t  t h e  overseas 
64 meter antenna s t a t i o n s  f o r  t h e  Viking mission. Since Viking r e q u i r e s  
trac:king arid command f o r  t h e  two o r b i t e r  and two l ande r  s p a c e c r a f t ,  a 
h ighe r  powered t r a n s m i t t e r  system w i l l  be  necessary t o  command simultane- 
ously wi th  dua l  t ransmission The t r a n s m i t t e r s  w i l l  a l s o  be capable of 
communicating wi th  and c o n t r o l l i n g  more d i s t a n t  s p a c e c r a f t  such E s t he  
Pioneer 17 and G a f t e r  they have passed beyond t h e  p l a n e t  J u p i t e r  i n  t h e i r  
outward boiind t r a j e c t o r i e s .  

Funds i%rC: a l s o  requested f o r  t he  c o n t r o l  c e n t e r  a t  Pasadena t o  provide 
t h e  necessary support  f o r  processing and d i sp lay ing  t h e  TV p i c t u l e s  t o  be 
returned from t h e  g r a v i t y  swingby Mariner Venus/Mercury '73 mission. A 
phased implementation of a d d i t i o n a l  d a t a  processing and d i s p l a y  c:quipment: 
w a s  i n i t i a t e d  i n  N 1972. 

As p a r t  of t h e  on-going support  t o  f l i g h t  missions,  FY 1973 furtds are 
a l s o  requested t o  assure t h a t  network r e l i a b i l i t y  and operational.  in- 
t e g r i t y  a r e  maintained. A s  i n  t h e  p a s t ,  t h i s  r e q u i r e s  a continu:i.ng e f f o r t  
t o  replace obso le t e  o r  high f a i l u r e  prone i t e m s ,  and t o  modify tlie e x i s t i n g  
modules o r  subsystems where i t  is  ind ica t ed  t h a t  s tandardizakion i s  c o s t  
e f f e c t i v e .  Typical items r e q u i r i n g  replacement i n  t h e  network ai-e tes t  
and c a l i b r a t i o n  equipment, major cab le  assemblies ,  s imulat icm moclules, 
d i g i t a l  l o g i c  modules, R-F microwave components, recording equipiient, and 
hydrau l i c  components. 

Aeronautics 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  providl.~ i n s t r u -  
mentation support  of sounding rocke t s  and re-entry v e h i c l e s  launi-hed from 
Wallops S t a t i o n  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 t ight research 
p r o j e c t s  conducted by t h e  F l i g h t  Research Center and Langley Research 
Center. 
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A t  Wallops S t a t i o n ,  funds i n  FY 1973 are requ i r ed  t o  s u s t a i n  e x i s t i n g  
c a p a b i l i t y  by t h e  p rov i s ion  of maintenance and spa re  p a r t s ,  and t h e  pro- 
curement of nonrecoverable f l i g h t  hardware such as onboard antennas , 
transponders,  and support  instrumentat ion.  

Telemetry ground s t a t i o n s  are operated by t h e  Langley Research Center 
t o  support  a e r o n a u t i c a l  r e sea rch  programs such as c o l l i s i o n  avoidance 
and n o i s e  abatement. The a i r c r a f t  used i n  these  programs a r e  floJlm from 
t h e  Wallops and Langley a i r f i e l d s .  Funds are requested i n  FY 197:) t o  
procure s p e c i a l i z e d  checkout and d i sp lay  equipments which are necctssary 
t o  adapt thle 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 g l i t  missions.  

The F l i g h t  Research Center ' s  Aerodynamic T e s t  Range c o n s i s t s  of s t a t i o n s  
a t  Edwards, C a l i f o r n i a ,  and Ely,  Nevada, which support  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  such as t h e  F-111, F-104, M2-F3, X-24B, C5-.4, YF-12, 
and F-8. 

During FY 1973, funds w i l l  be r equ i r ed  f o r  t h e  procurement of miaintenance 
and r e p a i r  p a r t s  and f o r  equipment mod i f i ca t ions .  Radar and teleinetry 
d i sp lay  equipments r e q u i r e  cont inuing modif icat ion during t h e  course of 
f l i g h t  test programs due t o  changing requirements.  

Communications Equipment 

The FY 1 9 7 3  budget request  i nc ludes  funds f o r  t h e  on-going s u s t a i n i n g  
e f f o r t  to maintain t h e  i n t e g r i t y  and r e l i a b i l i t y  of t h e  NASA Comrrunications 
Network (:NP.SCOM). The r eques t  f u r t h e r  i nc ludes  funds f o r  t h e  prccurement 
of equipniertt t o  improve t h e  e f f i c i e n c y  of t h e  network. 

In FY 1-973 t h e  major e f f o r t  w i l l  cont inue t o  upgrade t h e  vo ice  c i r c u i t  

A s  f l i g h t  p r o j e c t s  w i t h  high d a t a  rates and real  tinle c o n t r o l  
c a p a b i l i t y  i n  t h e  network and t o  expand t h e  wideband d a t a  t ransmission 
cap:ibilir:y. 
requirements have evolved over t h e  p a s t  s e v e r a l  y e a r s ,  communicat ions 
technology has  continued t o  push t h e  s ta te  of t h e  a r t  t o  m e e t  thtse  p- 

quiremenx, .  A s  an example, d a t a  t ransmission speeds over a normal voice 
c i r c u i t  have increased from 1,200 b i t s  p e r  second a few yea r s  agcl t o  the  
7 ,200  b i t s  p e r  second c u r r e n t l y  planned f o r  support  of Skylab. l 'h i s  
i n c r e a s e  i n  e f f i c i e n c y  has  been achieved through t h e  use o f  recerit ly 
developeli .terminal equipment. S imi l a r ly  , i n  t h e  expansion of tht! wide- 
band d a t a  transmission c a p a b i l i t y ,  s p e c i a l  d a t a  modems are being in-  
corporated i n t o  t h e  netwnrk. 

To s u s t a i n  the  network i n  a h igh ly  r e l i a b l e  cond i t ion ,  a contiiiuing 
program of equipment replacement, r e p a i r ,  and mod i f i ca t ion  i s  ne1:essary. 
Types of equipment r equ i r ed  inc lude  modulating/demodulating uni t : ; ,  
mu l t ip l exe r s ,  encoders/decoders,  l i n e  d r i v e  a m p l i f i e r s ,  charactei: gener- 
a t o r s ,  and c o n t r o l  panels .  I n  a d d i t i o n ,  t h e  computer operated communicat.ions 
equipment must be maintained t o  a high degree of r e l i a b i l i t y  and r e q u i r e s  
va r ious  modif icat ion k i t s ,  replacement u n i t s ,  and s p a r e  p a r t s ,  as w e l l  a s  
test and eva lua t ion  hardware. 
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Data Processing Equipment 

FY 1973 funds are requested t o  i n i t i a t e  t h e  procurement of a Teleinetry 
On-Line Processing System (TELOPS). The increased  d a t a  volume from f u t u r e  
spacec ra f t  coupled wi th  inc reas ing  demands t o  provide d a t a  t o  experi-  
menters i n  real t i m e  (or  near  rea l  t i m e )  exceeds t h e  capac i ty  and cip- 
a b i l i t i e s  of t h e  p re sen t  d a t a  process ing  systems. The design of TELOPS 
w i l l  m e e t  these  requirements which cannot b e  m e t  by expansion of thi? 
p re sen t  da t a  processing f a c i l i t y .  

The new system inc ludes  a l a r g e  mass s to rage  device,  capable  of wn-  
t a i n i n g ,  o r - l i ne ,  t h e  l a r g e  amount of data s e n t  from s c i e n t i f i c  spazec ra f t  
supported ky the  Spacef l igh t  Tracking and Data Network (STDN). 
da t a  can be ex t r ac t ed  both  f o r  real t i m e  mission opera t ions  pu-rposes as we1.L 
as f o r  nonreal  t i m e  a p p l i c a t i o n s  such as s c i e n t i f i c  a n a l y s i s .  Increased 
operational.  e f f i c i e n c y  w i l l  be  r e a l i z e d  i n  t h i s  manner of opera t ion  by 
reducing the  amount of d a t a  which i s  a c t u a l l y  processed and i n  t h e  reduct ion  
of magnetic tapes  purchased along wi th  t h e i r  a s soc ia t ed  handl ing costs .  

This s t o r e d  

FY 1.973 funds are a l s o  requested t o  maintain t h e  e x i s t i n g  d a t a  processing 
systems which are operated 18 hours pe r  day. Obsolete and worn out equip- 
ment such as analog t ape  decks must be rep laced ,  and normal s u s t a i r i n g  items, 
such as l o g i c  modules and components, must be procured. 

Supporting Research and Technology 

1973 -.- 1971 1972 

Tracking, o r b i t  determinat ion , 
and gromnd based naviga t ion . .  $3,131,000 $3,063,000 $2,77(1,000 

Spacecraft/ground communica- 
t i o n s ,  te.lemetry and command. 5,401,000 4,583,000 4 , 370,000 

Network 3parat ion and c o n t r o l  
technolDgy ................... 2,969,000 2,269,000 2 ,45O,OOO 

Data handling and processing. .  1 , 399,000 1,585,000 1,910,000 

T o t a l . . . . . . . . . . . . . . . . , . . . ,  $12,900,000 $11,500,000 $11,500,000 --- 
The purpose of t he  Supporting Research and Technology (SRT) progiyam i s  t o  

t r a n s l a t e  t r ack ing  and d a t a  a c q u i s i t i o n  requirements of f u t u r e  spal:e 
missions i n t o  t h e  ground suppor t  ins t rumenta t ion  c a p a b i l i t i e s  and .letwork 
opera t ing  techniques needed t o  success fu l ly  support  t hese  f u t u r e  f l i g h t  
p r o j e c t s .  T h e  SRT program provides  t h e  funds f o r  t h e  i n v e s t i g a t i o i ,  s tudy ,  
and development of hardware systems and opera t ing  techniques needed not  
only f o r  support  of s p e c i f i c  p r o j e c t s  bu t  a l s o  f o r  achieving a cost-  
e f f e c t i v e  and r e l i a b l e  o v e r a l l  t r ack ing  and d a t a  a c q u i s i t i o n  c a p a b i l i t y  t o  
support  t h e  t o t a l  m i x  and v a r i e t y  of f l i g h t  p r o j e c t s .  Program e f f o r t  i n  
FY 1973 has  been consol ida ted  i n t o  fou r  b a s i c  areas wi th  t h e  fo l lov ing  
major ac t iv i t i e s  planned wi th in  each. 
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-- Tracking, Orbi t  Determination, and Ground Based Navigation - 

Developments i n  t h i s  area inc lude  e f f o r t  on t r a c k i n g  system instr i imentat ion,  
on improved measurement and computation techniques,  and e f f o r t  t o  improve the  
a c q u i s i t i o n  of weak s i g n a l s  thereby i n c r e a s i n g  t h e  amount of d a t a  tliat can 
be  obtained from t h e  s p a c e c r a f t  i n  t h e  more d i s t a n t  p l a n e t a r y  missions.  
A l so  included are me t r i c  eva lua t ion  and analyses  t o  meet t h e  trackiiig and 
i n - f l i g h t  c o n t r o l  needs of f u t u r e  space missions.  E f f o r t  f o r  EY 19!3 is  
aimed a t  imprwed t r ack ing  systems techniques r equ i r ed  t o  m e e t  t h e  1:round 
based navigat ion needs of p l ane ta ry  o r b i t e r s ,  l ande r s ,  and g r a v i t y  # i s s i s t e d  
swing-by missions,  and t h e  guidance and c o n t r o l  needs of e a r t h  orbit:ing 
missions.  The e f f e c t s  of ground system t r ack ing  e r r o r  sources  on ti:acking 
and s p a c e c r a f t  nav iga t ion  w i l l  be s t u d i e d  s o  t h a t  proper p r e p r o j e c t  plan- 
ning and developments can occur.  The development of mathematical models as 
a t o o l  f o r  a n a l y s i s  and as an a i d  f o r  c a l i b r a t i o n  has become a p a r t i c u l a r l y  
important po r t ion  of t h i s  e f f o r t .  

Spacecraft-to-Ground Communications, Telemetry, and Command 

Under t h i s  area, work i s  conducted on new and improved s p a c e c r a f t  t o  
ground communications, te lemetry,  and command systems, i nc lud ing  antenna 
subsystems, r ece iv ing  and t r a n s m i t t i n g  subsystems, spacec ra f t  transponders 
and s t a t i o c .  da t a  handl ing and c o n t r o l  subsystem. 

The s t u d i e s  on the Tracking and Data Relay S a t e l l i t e  System (TDRSS) are 
funded i n  t h i s  area. I n  FY 1973,  work on TDRSS w i l l  i nc lude  s t u d i e s  of 
ove r -a l l  s y s t e m  ope ra t ion  and c o n t r o l  with p a r t i c u l a r  emphasis on problems 
of d a t a  management and i n t e g r a t i o n  of t h e  high volume d a t a  flow i n t 3  
network and c o n t r o l  c e n t e r  d a t a  handl ing,  communications, and c o n t r o l  
s y s t e m .  Work w i l l  continue on ground s t a t i o n  systems d e f i n i t i o n  and de- 
s i g n ,  on d e f i n i t i o n  of design parameters f o r  u se r  s p a c e c r a f t  communications 
s y s t e m  , arid on development of c r i t i c a l  ground s t a t i o n  subsystems r equ i r ed  to  
t o  implement TDRSS. 

S tud ie s  and developments w i l l  be continued i n  FY 1973 t o  extlsnd t h e  
c a p a b i l i t i e s  of e x i s t i n g  space telecommunications l i n k s  t o  handle n u l t i p l e  
s p a c e c r a f t  support  and inc reas ing  spacecraft-to-ground te lemetry d a t a  rates 
w i t h  high r e l i a b i l i t y .  For t h e  p l ane ta ry  missions,  t hese  c a p a b i l i t i e s  are 
needed f o r  acqu i r ing  g r e a t e r  volumes of d a t a  a t  g r e a t l y  inc reased  
distances--- more than a h a l f - b i l l i o n  m i l e s  t o  J u p i t e r ,  f o r  example. Other 
e f f o r t s  wi:L1 i nc lude  development of multiband, low n o i s e ,  microwave sub- 
systems and t h e  i n v e s t i g a t i o n  of techniques f o r  g r e a t e r  e f f i c i e n c y  i n  t h e  
ope ra t ion  of ground antenna systems and f o r  r a p i d  changeover from cne 
equipment conf igu ra t ion  t o  another  t o  maximize s t a t i o n  u t i l i z a t i o n .  Studies  
w i l l  continue on s i g n a l  coding and modulation techniques t o  improve tele- 
metry d a t a  t ransmission e f f i c i e n c y ,  p a r t i c u l a r l y  f o r  t h e  o u t e r  plartet missions 
where s i g n a l s  are very weak and must be received i n  t h e  presence of high 
l e v e l s  of e l e c t r o n i c  n o i s e  o r  s t a t i c .  Techniques w i l l  a l s o  be dewloped  
f o r  improved t ransmission e f f i c i e n c y  i n  sha r ing  of t h e  up-link by : ,everal  
s p a c e c r a f t  w i th in  a s i n g l e  antenna beam f o r  simultaneous independent command 
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and c o n t r o l  s o  as t o  improve t h e  u t i l i z a t i o n  of t h e  high power grcrund 
t r a n s m i t t e r s .  

Network Operations and Control  Technology 

The r e l i a b l e  and e f f i c i e n t  func t ion ing  of f u t u r e  network system: and 
ope ra t ing  techniques f o r  t h e  least c o s t  i n  t h e  prime o b j e c t i v e  i n  t h i s  area. 
During FY 1 9 7 3 ,  work on techniques f o r  achieving ope ra t ing  e f  ficicincy through 
automation of some of t h e  s t a t i o n  func t ions  w i l l  be extended wi th  p a r t i c u l a r  
emphasis on t h e  inc reas ing  needs f o r  r ap id  and real t i m e  c o n t r o l  of network 
func t ions .  A similar e f f o r t  w i l l  cont inue f o r  t h e  Deep Space Netjrork in- 
volving t h e  use of minicomputers t o  reduce t h e  mission t o  mission turn- 
around time a t  t h e  s t a t i o n s  while  minimizing t h e  number of ope ra to r s  needed. 

Data Handling and Processing 

EfEorts i n  t h i s  area are d i r e c t e d  toward t h e  development of teclmiques 
and systems f o r  c e n t r a l  handl ing and processing of d a t a  t o  accommodate t h e  
needs of Euture s p a c e c r a f t .  I n  FY 1973 s p e c i a l  a t t e n t i o n  w i l l  b e  given t o  
t h e  definit : ion of improved d a t a  format s t anda rds  and the  switchinf: ,  rou t ing ,  
on-llne processing,  and s t o r a g e  of d a t a  from very high d a t a  ra te  r i a t e l l i t e s .  
A l s o  , emphasis w i l l  be placed on t h e  development of techniques ant1 systems 
f o r  the processing and q u a l i t y  c o n t r o l  of imaging d a t a  from e a r t h  resources  
technology sa te l l i t es .  Developments f o r  p l a n e t a r y  mission d a t a  pi-ocessing 
w i l l  be aimed a t  a c a p a b i l i t y  f o r  simultaneous and r ap id  access  t o  mission 
s t a t u s  and sc i ence  d a t a  f o r  m u l t i p l e  missions through development of 
s tandardized i n t e r f a c e  hardware and sof tware.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF 1X)USTRY AFFAIRS AND TECHNOL,OGY 1 ITILIZATXON --- TECHNOLOGY UTILIZATION -- PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1971 - 
New technology dissemination......... $863,000 
New techno lo  j3y id  en t i f i c a  t ion, 

evaluat ion and publication.. ....... 1,151,000 
Technology applications.............. 1,586,000 
Program evialuation and benefits . .  .... 400.000 

Tota l . .  .............................. Q4.000.000 

HIGHLIGHTS OF BUDGET PLAN 

I d e n t i f i c a t i o n  and evaluat ion of 
now techno:logy i t e m s ;  pub l i ca t ion  
and d i s t r i b u t i o n  of Tech Br ie fs ,  
t echnica l  r3upport packages, and 
other  speclial. publications.. ........ 

1971 - 

- 1972 

$1,085,800 

1,055, OOiO 
2,335,000 

525,009 

$5.000.000 - 

19 72 - 

1973 - 
$850,000 

1,100,000 
1,600,000 

-I 450.00_0 

~ ~ 0 0 0 , 0 0 0  2: 

$863,000 $1,085,000 $850,000 

Dissemincition and t r ans fe r  of 
aerospace technology r e s u l t s  to 
i n d u s t r i a l  and public sector  uses;  
operat ion of reg iona l  user-oriented 
t r ans fe r  stsrvices.. ................. 1,151,000 

Program 2 - l ~  t i o n  and bene f i t  8 ; 
analys is ,  i.mprwement and implement- 
a t i o n  of t r ans fe r  methods; assess 
economic bene f i t s  of aerospace 
technology.......................... 

19 73 - 

I d e n t i f i c a t i o n  of publ ic  sec tor  
problems solvable by aerospace tech- 
nology; operation of biomedical and 
technology aplplications teams; 
app l i ca t io rg  of aerospace technology 
t o  publ ic  c:ector needs.............. 1 586,000 

1,055,000 

335,000 2 

1,100,000 

1 600,000 

400,000 525,000 450,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1973 ESTIMATES 

OFFICE OF ENDUSTRY AFFAIRS AND TECHNOLOGY UTILIZATION TECHNOLOGY U T I L I Z A T I O N  ---- --- 
PROGRAM 

PROGRAM OH. JECT I V E  S AND JUST IF  I CAT I O N  --__ 
The Technol-ogy 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 arid 

innovat ive  technology 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 research  
and development program f o r  a p p l i c a t i o n s  i n  indus t ry ,  medicine,  ant such 
pub l i c ly  inpor t an t  areas as l a w  enforcement , environmental  p r o t e c t i o n ,  and 
s a f e t y .  Developing mul t ip le  uses of t h e  n a t i o n ' s  a e r o n a u t i c a l  and space 
developed 1:ec:hnology provides  an a d d i t i o n a l  r e t u r n  t o  t h e  public: f c r  i t s  
investment. i n  NASA's  research  and development e f f o r t s .  

The primary ob jec t ives  of t h e  NASA Technology U t i l i z a t i o n  prograrr are: 
(1) t o  inc rease  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 research 
and de.velopment by encouraging a d d i t i o n a l  uses  of t h e  knowledgt? gained i n  
those progranis; (2) t o  sho r t en  t h e  t i m e  gap between t h e  discovI2ry of new 
knowledge and i t s  e f f e c t i v e  widespread use ;  (3) t o  move new knowledge across  
indus t ry ,  d i s c i p l i n a r y ,  and geographical  boundaries;  and ( 4 )  t o  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 
p o t e n t i a l  use.  

I n  EY 19i'3 t h e  emphasis of the Technology U t i l i z a t i o n  program w i l l  b e  t o  
sho r t en  the t i m e  between t h e  development of new technology and i t s  use fu l  
appl ica t ion  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 p u b l i c  c m c e r n  f o r  
which t ech ro log ica l  con t r ibu t ions  f u l f i l l  a c u r r e n t l y  unmet ne1.d. E f fo r t s  
w i l l  be  increased  i n  applying technologica l  s o l u t i o n s  t o  s i g n i f i c a n t  pub l i c  
s e c t o r  needs f o r  demonstration of u t i l i t y  and even tua l  adap ta t ion  i n  t h e  
marketplace.  

SUMMARY --- OF RESOURCES REQUIREMENTS: 

1973 --- 19?2 -- 1971 

New technology i d e n t i f i c a t i o n ,  evalua- 

New technology d isseminat ion . . . . . . . . . .  1,151,000 1,055,000 1,100 , 000 

Program eva lua t ion  and bene f i t s . . . . . . .  400,000 525,000 __ 450,000 -- 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $4,000,000 $5,000,000 '$4,000,000 - 

t i o n  and publ ica t ion .  ............... $863,000 $1,085,000 $850,000 

Technology app l i ca t ions  ............... 1,586,000 2,335,000 1,600,0100 

_- - -  - -  

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 :  ---- 
NASA Headquarters..  ............... $4,000,000 $5,000,000 '$4,000,0130 
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BASIS OF FL’ND REQUIREMENTS: ~ - - -  

--- New Technology I d e n t i f i c a t i o n ,  Evaluat ion and Pub l i ca t ion  - 

The work i n  t h i s  area i s  done by Technology U t i l i z a t i o n  o f f i c e r s  ,it 
e leven NASA i n s t a l l a t i o n s  and by u n i v e r s i t y  and i n d u s t r y  s p e c i a l i s t : ;  who 
i d e n t i f y  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. Examples includt: new 
technology i n  nondes t ruc t ive  t e s t i n g ,  cryogenics ,  laser  appl icat ion: ; ,  and 
human f a c t o r s  engineer ing.  Findings are publ ished i n  TU Tech Elriefs; , 
Surveys, Handbooks, and Reports.  

New Technology Dissemination 

S i x  Regional Dissemination Centers ,  l a r g e l y  operated by u n i v e r s i t i e s ,  
t r a n s f e r  aerospace technology t o  nonaerospace indus t ry  and bus iness .  They 
do t h i s  by computerized search-and-match e f f o r t s  r e s u l t i n g  i n  t h e  i c z e n t i f i -  
c a t i o n  and t r a n s f e r  of technology r e l e v a n t  t o  t h e  c l i e n t  f i r m ’ s  neecls. 

During FY 1973 ,  p a r t i c u l a r  emphasis w i l l  be p laced  on l o c a t i o n  ancl 
development of manufacturing, product ion,  and marketing f o r  technicEll 
development:; r e s u l t i n g  from a p p l i c a t i o n s  engineer ing and re la ted  put l i c  
sect  o r  p roduc 1: development a(: t i v i  t ies . 

I n  addi t ion : ,  sof tware  f o r  s e l e c t e d  computer programs developed i n  t h e  
course of RAD 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  t:o i.ndus t r y ,  government and o t h e r  i n t e r e s t e d  use r s  through t h e  
Computer Software and Management Information Center  (COSMIC). 

- Technology Appl ica t ions  

NASA-.spon.sored p u b l i c  s e c t o r  Appl ica t ions  Teams assist groups concerned 
wi th  medica.]. technology, environmental  p o l l u t i o n ,  urban a f f a i r s  and publ ic  
s a f e t y  i n  t h 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 ae ronau t i ca l  
and space developed c a p a b i l i t i e s  w i l l  con t r ibu te .  

Se lec ted  F r o j e c t s  w i l l  be  sponsored t o  perform t h e  necessary a p p l i c a t i o n s  
engineer ing.  Such p r o j e c t s  a r e  requi red  t o  demonstrate t h e  effectivlzness 
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.  
Encouragement i n  t h e  form of incen t ives  w i l l  be  given t o  p r i v a t e  con:ractors 
t o  f u r t h e r  develop technologica l  s o l u t i o n s  and pub l i c  s e c t o r  markets s o  
t h a t  b e n e f i t s  w i l l  be  widely a v a i l a b l e  throughout t h e  economy. 

Program Evaluat ion and Benef i t s  

The e f f e c t  of such f a c t o r s  a s  t i m e  l a g ,  technology c h a r a c t e r i s t i c s  and the  
s t r u c t u r e  of t h e  i ndus t ry  on t h e  e f f e c t i v e n e s s  of technology transfe:r  w i l l  be  
eva lua ted .  In s t ances  of e f f e c t i v e  t r a n s f e r  w i l l  be  documented. 



The impact of and b e n e f i t s  of NASA R&D programs on 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  and on n a t i o n a l  c a p a b i l i t i e s  w i l l  be s tud ied .  
brought t o  t h e  User Community through conference e x h i b i t s .  

Findings wj 11 be 
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