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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Fiscal Year 1964 Estimates 

Summary of Research and Development Programs 

1963 1964 . 1962 

$ 708.521. 000 $1.556.600. 000 Manned Spalcecraft Systems .... $ 
Launch Vehicle and Pro- 
pulsion Systems ............ 

Aerospace Medicine ........... 
Integra t ion and Checkout ..... 
Systems Engineering .......... 
Meteorological Satellites .... 
Communication Satellites ..... 
Advanced Pipplica t ions 

Satellites ................. 
Industrial Applications ...... 
Geophysics and Astronomy ..... 
Lunar arid Planetary Ex- 
plorat ion .................. 

Biosciecce ................... 
Launch Vehicle Develop- 
ments... ................... 

Facility. Training and 
Research Grants ............ 

Space Vehicle Systems ........ 
Electronic Systems ........... 
Human Factor Systems ......... 
Nuclear-Electric Systems ..... 
Nuclear Rockets .............. 
Chemical Propulsion .......... 
Space Power .................. 
Aeronautics .................. 
Tracking and Data Ac- 

quisition .................. 

166.801. 000 ID0 
RDO 

RDO 
RDO 
RDO 
ED0 
RDO 
EU)O 

ElDO 
ED0 
EtDO 

ELDO 
ED0 

FLDO 

FDO 
FLDO 
ELDO 
Fa0 
FLDO 
E. DO 
Ea0 
E30 
E.DO 

1.168.500. 000 
16.700. 000 
153.0CIO. 000 
37.000. 000 
63.700. 000 
51.100. 000 

386.153. 000 
7.854. 000 
1.250. 000 
992. 000 

34.433. 000 
'33.105. 000 

734.057. 000 
7.000. 000 
38..500. 000 
26.500. 000 
57.315. 000 
43.715. 000 

800. 000 
2.370. 000 

144.500. 000 

1.000. 000 
3.500. 000 

194.400. 000 

... 
300. 000 

97.775. 000 

161.784. 000 
3.048. 000 

221.179. 000 
21 . 000. 000 322.600. 000 

35.200. 000 

85.661. 000 108.000. 000 130.700. 000 

12.961. 000 
20.762. 000 
4.933. 000 
2.404. 000 

20.458. 000 
26.776. 000 
7.003. 000 
6.302. 000 
2.954. 000 

30.600. 000 

20.696. 000 
10.060. 000 
43.531. 000 
71.826. 000 
14.469. 000 
10.859. 000 
18.078. 000 

45.931. 000' 
55.000. 000 
61.962. 000 
30.362. 000 
18. 200. 000 
68.768. 000 
96. 68 7. 000 
22.497. 000 
16.524. 000 
16.2010. 000 

231.500. 000 

$4.351.700,000 -- 
135 . 842 . 000 67.302.000 

Total Direct R&D Costs ..... $- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

MANNED SPACECRAFT SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOLUME 11, PAGE RDO 1-1 TO 1-26) 

Spacecraf tsupport ing technology (SR&T) 
1963 - 1962 - 

Advanced concepts..  ........ 
S p acec r a f t  aero the rmo - 
Spacecraft loads and 

structures.........,..... 
Space vehicle environ- 

mental f a c t o r s . . , . . . . . . . .  
Space vehicle design 

c r i t e r i a . . . . . , . . . . . . . . . . .  
Guidance system. ........... 
Navigation ................. 
Ccmtrol systems, .  .......... 
Comntnications. ............. 
Tracking and da ta  

Data handling and 
processing ............... 

1rtst.rumentation. ........... 
Lmcling and recovery 

techniques ............... 
L i q u i d  propulsion program. . 
Soliir power generation..  , . . 
Chemical power generat ion. . 
Space chemistry. ........... 
Ckotlesy and c e l e s t i a l  

mechanics... , . .  .......... 
H u m m  performance and 

behavior.. ............... 
Meteorite s and 

micrometeori tes . . . . . . . . . .  
I1’barret ary spectroscopy.. ... 
Pli y t; i c a1 b i o  1 o g y ........... 
Mr:rcury ATD., .............. 

dynamics ................. 

ac.quisition .............. 

$ 338,000 

3,098,000 

610,000 

100,000 

113,000 

80,000 

191,000 
223,000 

41 1,000 

$ 257,000 

550,000 

742,000 

250,000 

40,000 
603,000 

1,150 , 000 
448,000 

120,000 

355,000 

525,000 
381,000 

809,000 
1,342,000 

53,000 
250,000 - - -  
150,000 

75,000 

10 64 - 
$ 3,81.0,000 

990,000 

2,450,000 

1,050, OOG 

4 50,000 
2,350,000 
230,000 
895,000 

1,090,000 

435,0100 

1,150,OlOO 
1 ,360,000 

1,000, coo 
1,900,000 
400, ClOO 
400, QOO 
250,000 

590,  ClOC 

100, ooc 
100, ooc 
100 , OOCI 

T o t  a1 Spacecraft support ing 
technology ............. $ 5,164,000 $ 8,100,000 $ 21,100,000~ 

SEE RDO 1-4 
VOLUME :[ I 
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1962 - 1963 - 
....... $ 14,600,000 $ 3,342,000 $ 

1964 - 

SEE RDO 1-25 
VOLUME XI 

, I  

One-day m i s s i o n , . , . . . . . , . . . . . , . , , .  16,460,000 17,957,000 - -  
SEE RDO 1-26 
VOLUME :[I 

Gemini 

Spricecraf t 

Reentry module,,,  .......... 22,667,000 94,267,000 97,300,000 
Adapter module. , , . ,  ........ 3,175,000 29,140,000 18,800,000 

Other. ..................... 2,629,000 13,393,000 - 47,700,000 
Aerospace ground equipment. 1,858,000 17,100,000 32,400,000 

Total Spacecraft ,  ........ $ 30,329,000 $153,900,000 $d96,200,000 

Opt! r u t  ions 

1,700 OClO 1;’lItght.. ................... --- , 700,000 
Recovery. .................. --- 400,000 10,900 000 
Crew. ...................... --- 5,200,000 _, 2,000 I OClO 

‘rota1 Operations ......... $ --- $ 6,300,000 $ 14,6OO,,OC10 

--I Lwnch vehicles 

Cemini launch vehicle 

Geinini ta rge t  vehicle 

A t l a s . . . . . . . . . . . . . . . . . . . . . .  

(Titan 11) ............... 22,391,000 59,280,000 46,900,000 

(Agena), ................. 2,000,000 9,900,000 32,000,000 
400,000 I 15.900,0(10 --- 

Total Launch vehicles . .  .. $ 24,391,000 $ 69,580,000 ! i  94,8QO,000 
-4 -- Suwort ing development....... $ 239,000 $ 3,058,000 $ 700210 

Total Gemini . . . . . . . . . . .  $ 54,959,000 $232,838,000 !$306,300,000 

SEE RDO 1-5 
VOLUME I1 
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1963 - 1962 - 19 64 - 
Apollo 

2 erce c r a f t  

Command and service module, $ 60,000,000 $269,224,000 $ 661,200,000 
Lunar excursion module.. . . --- 32,000,000 230,000,000 
h i d a n c e  and navigation 

system...... ............. 7,932,000 45,000,000 130,700,000 
3:nr i t rmntat ion and 

s c i e n t i f i c  equipment.. 3,900,000 ~ 9,5OO,OOO 

Total Spacecraft ......... $ 69,869,000 $350,124,000 $~1,031,400,000 

Opt! r a t  ions 

--- 640,000 5,000,000 1 7 1  light operat  ions. ......... 
Crew operations. .  .......... --- 50,000 _ ,  2,000,000 

--- 310,000 9,000,000 Recovery operations.  ....... 
qrotal Operations.. ....... $ --- $ 1,000,000 $ 16,000,000 

--- Lwmch vehicle  s 

4 , 500,000 5 , 000 ,, 000 
Saturn.. ................... 950,000 55,221,000 75,000 ,, 000 

- - -  55,000 !, 000 :Saturn B.. ................. 
llilttle Joe II... ........... 1,250,000 

--- 
Total Launch vehicles . .  .. $ 2,200,000 $ 59,721,000 8 135,000:,000 

-* Sirmart ing development ....... 1,257,000 5,000,000 2 5 ~ 0170 I 000 

--- ............... --- R&D f a c i l i t i e s  2,292,000 19,939,000 --- 
Total Apollo ........... $ 75,618,000 $435,784,000 $1,207,400,000 

SEE RDO '1-10 
VOLUME 1'1 

$ 10,500,000 .9 21,800,000 --- Miss ioncont ro l  center  operations $ 

SEE RDO 1-21 
VOLUME I1 

Total  Direct R&D 
c o s t s . . . . . . . , , . . . . .  $166,801,000 $708,521,000 $1,556,600,000 -- 

SEE RDO 1-1 
VOLUME I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

LAUNCH VEHICU AND PROPULSION SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 2-1 TO 2-32) 

1962 1963 uf& 
b n c h  vehicle ssportinn technology 

(:SR&T) 

Launch vehicle studies.. .............. $ 
Launch vehicle aerothermodynamics..... 
Launch vehicle loads and structures... 
Space vehicle design criteria......... 
Guidance systems...................... 
Navigation.... ........................ 
Control systems....................... 
Communications........................ 

$ 2,100,000 $ 
130,000 

4,329,000 
650,000 
641,000 
50,000 

580,000 
320,000 

2,000,000 
800,000 

6,000,000 
2,000,000 
1,500,000 
1,300,000 
1,8 00,000 
1 50O.000 

Total Launch vehicle support- 
ing technology.. ........ $ 6,719,0003/ $ 8,800,000 $ 16,900,000 

=pulsion sumqrting technolom 
(SR&T) 

6,500,000 Solid................................... 3,298,000 1,700,000 
Liquid.. .............................. 1 409,000 6,250,000 16 000, ,000 

Total Propulsion supporting 
$ 4,707,000 

- Launch o~eration~su~portinn technology 
(SR&T) 

Launch fac:tlities studies............. 502,000 
Launch ground support equipment 

660,000 studies. ............................. 
Launch operat ions techniques. ......... 
Launch site hazards studies,. ......... 
Space fragmlent hazards studies.. ...... 

--- --- --- 
Total Launch operations support- 

ing technology .......... $ 1,162,000 

1,100,000 2, 1.50,OOO 

983,000 3, :70O, 000 
50,000 420,000 
717,000 1, :120,000 

210,000 150.000 -- 
$ 3,000,000 $ 7,600,000 

SEE ItDO 2-7 YOL. 11 

.: 
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Saturn I (SaiLutgn) 
- 1962 - 1963 

s-I S ta Jge  

De,;ign and develop- 
m e n t . .  .............. 

Hard.ware procurement.. 
Assembly and check- 

out.. ................ 
Tooling and spec ia l  

equipment.. ......... 
R&D f a c i l i t i e s . . . . . . . ,  

Tota:L S - I  s tage. . .  

Design and develop- 
mlent.. .............. 

Hardware procurement.. 
Asslembly and check- 

out.. ............... 
Tooling and spec ia l  

equipment ........... 
Tota'l S-IV s tage . ,  

Vehicle Jr~strument un i t  

Guidanc'e bys tems 

Design and develop- 
ment.., . . . . . . . . . . . . .  

Hardware procurement., 
Tooling and spec ia l  

equipment ........... 
Total Guidance 

sys terns.. 

- H- 1 engine (procurement ), 

RL-10 enr&ne (procurement) 

Svstem in tegra t ion  

Design and develop- 
ment... . . . . . . . . . . . .4 

H a r d w a r e  procurement.. 
Assembly and check- 

out. . . . .*. . . .*. . . . .* 
Tooling and spec ia l  

equipment.. ......... 
Launch operations ..... 

$ $ 9,680,000 $ 
46,807,000 

7,666,000 

3,247,000 
1,657,000 

$83,284,000 L/ $ 69,057,000 $ 

19,200,000 
13,100,000 

9,600,000 

1.800.00Q 

$52,191,000 L/ $ 43,700,000 $ 

$ 4n4,ooo $ 1,280.000 $ 

1 , 010,000 
10,875,000 

366 9 000 

$16,050,000 lJ $ 12,251,000 $ 

$10,250, OOQ $ 7,900,000 $ 

$u,918,000 $ 12,650,000 $ 

10,795,000 
27,465,000 

2,612,000 

1 , 000,000 
2,000.000 

9,000,000 
9,500,000 

7,000,000 

1,000 , 000 
-.I - .-- 

26,500,000 

15,000,000 
2,200,000 

7,500,000 

800.3 

25,500,000 

3. oon .. m n  

- -- 
2,000,030 

- -- 

2,000,000 

2t800,000 

3,40O.000 

10,000,000 

2,000,000 

14,600,000 

--- 
4,OGO.OOO 

a 



Saturn I (Cont.) 

Total System 
integration. .. $19,229,000, L/ $43,872,000 930,600,000 

Total Saturn I.... $193,326,000 $190,710,000 $93,800,000 
SEE RDO 2-9 VOL. I1 

- Saturn IB (Saturn B) 
S-I stags, 

Design and develop- --- 3,600,000 7,900,000 merit.................... 
Hardware procurement.. .... --- --- 4,500,000 --- --- 1,000,000 Assembly and checkout..... 
Tooling and special --- 1.000.000 equipment ............... 

Total S-I stage....... --- $ 3,600,000 $13,500,000 

--- 

S-IV stags 

Design and develop- --- 9,800,000 10,000,000 --- --- 9,100,000 
merit..................... 

Hardware procureqent.. .... 
Tooling and special --- equipment.. ............. 200, OOQ -.-- 

Total S-IV B stage.... --- $ 10,000,000 $19,100,000 

--- 

Vehicle i,atrument unit 

Guidance system 

$ --- $ 6.0CI0.000 

--- $ --- $ 5.200,OOO 

5-2 enniqe(procurement) 

Systems integration 

Design and develop- 

Hardware procurementu. ... 
Launch operations. ....... 
merit................... --- 1,400,000 10,900,000 --- --- 5,000,000 

--a --- 1,000.000 

Total Systems inte- 
g,rat ion. ......... 

Tota.1 Saturn IB.. ..... 
$ 1.400.000 $16, 9 0 0 t m  

9 

$ 18,750,000 $68,600,000 
SEE RM) 2-12 VOI,. I1 



Saturn V (A&j?wed Saturn1 - 1963 1964 

Design imd develop- 
mer i t ,  ................ 

Hardwire procurement. . 
Assen ih ly  and checkout. 
Tooling and spec ia l  

equipnlent.. ......... 
Stage support.. ....... 

$ 53,424,000 
38,120,000 
7,679,000 

$11~i',400,000 
87,000,000 
43,400,000 

44,673,000 
604,000 

40,000,000 
L!b 800, OOC!, 

Total S-1C stage.. .. $ 22,575,000 $144,500,000 $291 600,000 

Design and develop- 
ment......,......... 

Hardw,are procurement. . 
Assembly and checkout. 
Tooling and spec ia l  

equipment. .......... 
Stage support......... 

86,'914,000 
60,000,000 
14,086,000 

30,915,000 
35,007 , 000 

1,261,000 

13,982,000 
.11,335,000 

15,400,000 - 5 ,, 000 , 000 
$181,400,000 Total  S-XI stage.  ... $ 19,284,000 I/ $ 92,500,000 

S-IV B 

Design arid develop- 
ment:, ............... 

Hardware procurement. 
AssembILy and checkout. 
Toolirq: and spec ia l  

equipmcint. .......... 
Stage mqtport.. ....... 

15,187,000 
6,892,000 

929,000 

46j,:023,000 

6 082,000 
1711 377,000 

9,014,000 
78,000 

10,100,000 
2 , 7  18.000 

Total S-IV B stage.. $ 2,500,000 I/ $ 32,100,000 $ 82,300,000 

Vehicle 3% trument u n i t  

Design and develop- 
ment...,..........,. 

Hardware procurement.. 
Assembly and checkout. 
Tooling and spec ia l  

equi1pms'nt. .......... 

1,200,000 
900,000 --- 100,000 

--- --- 10,500,000 
3,500,000 
1,500,000 

1,500 9 000 400,000 --- 
Total  Vehicle in s t ru -  

mlent un i t .  * .  . --e $ 2,600,000 $ 17,l300,000 
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Saturn V (Cant.) 

Guidancesys tern 

Design and develop- 
ment................ 

Hardha re  procurement 
Assetrbly and checkout.. 
Tooling and spec ia l  

equipment.. .......... 
Total Guidance system 

F-1 engine (procurement1 

5-2 engine (procurement) 

Desigrt and develop- 

Hardware procurement.. . 
TQo1ing and spec ia l  

Other support.......... 
equipment ............ 
Total Support ........ 

Total Saturn V..... 

M-1 engine 

Engine development.. ..... 
SFer i ia i  t e s t  equip- 

ment.. ... (. ............. 
Fac, i l i t i .es .  .............. 
Prope l la .n t s  .............. 

Total PI-1  engine.. ..... 
H-1 engine 

Engine development.. ..... 
F a c i l i t i e s . .  ............. 
Propel lants  .............. 
Special t e s t  equipment ... 

Total H-1 engine ....... 

$ 

- 1962 1963 

$ 9,500,000 $ 8,000,000 
1,500,000 5 , 000,000 --_ 1,800,000 

1,200,000 

$ 7,590,000 h/ $ 11,000,000 $ 16,000,000 

- -- 

$ 3,400,000 $ 21 -600.000 $ .s3.100.000 

9,000,000 41,22S,OOO 
2,300,000 17 , 225,300 

1,200,000 12,370,000 
4,180,000 2 , 000,000 

$ -326,000 lJ $ 14,500,000 $ 75,000.000 

$ 57,375,000 $328,600,000 $733,000,300 
SEE RDO 2-16 VOL,, 11 

4,100,000 23,100,000 33,300,300 

7,100,000 9,200,000 5,70O,300 

11,000 1,500.000 6,000,300 
5,494,000 ~ 1,200,000 - - -  

$ 16,705,000 $ 35,000,000 $ 45,000, 300 
SEE RDO 2-22 VOL. I1 

4,950,000 4,510,000 4,50O,1300 

--- 100,000 - - -  
700 1300 712,000 650,000 -.A- 

--- --- --- 

$ 5,662,000 $ 5,260,000 $ 5,200,1300. 
SEE RDO 2-23 VOL. I1 
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1962 1963 - 1964 

.RL- 10 engine 

Engine development. ....... 
Special test equipment.. .. 
Faci1il:ie:s. ............... 
Prope 1 :Lints ............... 

$ 11,157,000 
3,125,000 

$ 22,330,000 !/; 25,300,, 000 
1 , 427,000 

238,000 - 
8,650,000 7 I 300.0(,0 

- .. - 

$ 16,332,000 $ 32,645,000 5; 32,600,000 

SEE RDO 2-214, VOLUME I1 
Total R:L-S.O engine.. .... 

.F-1 ennine 

Engine development.. ...... 
Special- test equipment. -. . 
Fac i 1 i 1::ies. ............... 
Prope1l.ants. .............. 

44,284,000 

1,000,000 
3,036.. 000 

--- 42,500,000 43,500,000 --- 3,000, OClO 

8.300.000 7 I 600, OClO 
--- - - -  

$ 48,320,000 $ 50,800,000 4; 54,100, OClO 
SEE RDO 2i-26 VOL, 1.1 

To ta  1. .F- 1 engine. ....... 

.J-2 engine 

Engine detrel.opment. ....... 
Special. test. equipment.. .. 
Faci1it:iea.. .............. 
Proge 1 ].an 1:s- .............. 

35,542,000 38 , 550, OCl0 --- 1,400, OCiO 

9,000, 000 8,250. OClO 
--- - - -  

31,597,000 --- --- 
2,038,000 

Total. 5-2 engine.. ...... $ 33,635,000 $ 44,542,000 $8 48,200, OCO 
SEE RDO 2-28 VOL. I1 

Range in s  trmie!nt:ation 

Advancecl instrumentation.. 
Design, data and mea- 

surement.. ............... 
Safety l.naitrumentation.. .. 
Launch tapport  i n s t ru -  

menta t: ion. .............. 
Range t e: lemetry expans ion 

f o r  H.I.U,. ............... 

--- 3,300, OCO 

3,890,000 

--- 
Total Range in s  trumen- 

ta.tion.. .......... --- $ 20,000,000 
SEE RDO 2-29 VOL. I1 

--- 
- Fbnne support, 

AF s a l a r i e s  and r e l a t ed  
expense................. 

Range cc'ntractor support.. 
Equipment, suppl ies  and 

material................ 
Maintenance, r epa i r  and 

alteration.......*....,. 

1,000,000 
10,000,000 

524,000 
1,483,000 

759,000 
3,100,000 

2,739,000 6,400,000 83,000 

3,600,0J0 1,402,000 120,000 

12 



1962 1963 1964 

bnne support: (CCont. 1 

Total1 Range support, . . $ 2,210,000 $ 8,000,000 $ 21,000,000 
SEE RDO 2-31 VOX,. I1 

$J34.057.002 $1.168.500,0C~O -a Tc11:aI. direct R&D costs $386,153.000 

- 1/ New accounting codes and procedures initiated in FY 1963 make possible a 
recording: of expenditures on a sub-project basis that was not possible in 
all casw for preceeding years. 

SEE RDO 2-1 
vc:IL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

' Experimentdk studies 

Radia1::ion.. ................... 
Physio'togical stresses.. ...... 
Crew performance.. ............ 
Flight crew requirements.. .... 
Bioinstrumentation. ........... 
Life support systems.. ........ 

Totis1 Experimental studies.. 

Crew systc2E 

FISCAL YEAR 1964 ESTIMATES 

AEROSPACE MEDICINE 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
'(SEE VOL. 11 PAGES RDO 3-1 TO 3-3) 

II (Sew performance............... 
M e  support systems.. ......... 
ml Biomedical in-flight 

experiments ............... 

Tclta.1 direct R&D costs.. .. 

1962 
- V I  . 

$2,812,000 
2, '0 7 7,OO 0 
394,000 

105,000 
439,000 

--- 

$5,827,000 

--- 
539,000 
16,000 

379 000 

$ 934,000 

- ,- 

--- 
889,000 

$ 889.000 

204,000 

$7,854,000 

1965 - 
$1,035,000 

792,000 
407,000 
100,000 
200,000 
402,000 

$2,936,000 

307,000 
300,000 
335,000 

2 , 6 Z L O !  

0 3,614, uuu 

100,000 
1so,ooo 

$ 250,000 

200,800 

$7,000,000 

1964 -. 

$ 2,535,000 
I.,  100,000 
900,000 

]I., 000,000 
2 75,000 

:!, 315,000?, 

$ I!, 125,000 

- 

400,00(3 
500,000 
300,000 

(2,750, OO? 

$ 3,950,000 

-I 

2,625,000 - 500,000 

$ 3,125,000 

1,500,000 

_s1,6,700,000 
-, .- 

SEE R D O  3-1 
VOLUME I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

In tegra t imi  

FISCAL YEAR 1964 ESTIMATES 

INTEGRATION AND CHECKOUT 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 4-1 TO 4-3) 

1964 --- 1962 1963 

Engineering e f f o r t  *. * .  e .  ., . $ 200,000 $ 4,800,000 $23,0OO,OOO 
1,200,000 3,000,000 .................... Computer time. --- 

Tot:a 1 Integration..  ............. $ 200,000 $ 6,000,000 $26 ,oc’o ,000 

Checkout 

Engineering e f fo r t . .  .............. 825,000 20,000,000 54,0C10,000 
ilardware ......................... -..- 6,500,000 47,000,000 

Totd Checkout.................. $ 825,000 $26,500,000 $101,000,000 

R e  l i a b  i 1 i t3,tsses sment 

Engineering effort................ 225,000 5,300,000 23,000,000 
Compud:er t i m e . .  ................... --- 700,000 3,000,000 

Totzr l  Reliability... . . . . , . . . . . . .  225,000 $ 6,000,000 $26,000,000 

Total d i r e c t  Research and 
1,250,000 $38,500,000 $153 ,OO&OOO Development cost............ $ - 

SEE RM) 4,-1 
VOL, I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SYSTEMS ENGINEERING 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOLUME 11, PAGES RDO 5-1 TO 5-31 

Systems-Sgineering and studies 
1962 - 1963 - 1864 _.- 

Gen~er~al mission support., ............ $992,000 $ 9 000 I, 000 $12 , 700 000 

Engineering and s tudies . .  ............ --- 1 , LOO I, 000 2 000 , 000 

Advanced studies. .................... --- 7,900,,000 l:L.,e~oo,ooo 

Lunar log i s t i c s  system studies ....... - 5 , 000 000 6 , 000,000 

........................... 3,500 I 000 15,008 000 Nova study --- 
~ 2 6 , 5 0 0 , 0 0 0  $37,000,006 

i 

\ 

!Cot,al direct R&D c o s t s . ,  . , , . , . . , . . 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

METEOROLOGICAL SATELLITES 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VQL. 11, PAGES RDO 6-1 t o  6-9) 

Support ingjescarch and technolom 
1962 - 1963 - 1964 

Syndhronous meteorological 
s a t e l l i t e  ---- 
Preprototype component 

development .............. --- $400,000 
Systems s tudies  ............ --- $300,000 50,000 
Preprototype systems --- --- 500 000 .............. d ev e 1 o pment - 

Tstal Synchronous 
meteorological s a t e l l i t e  --- 

Advanced meteorological sensor 
development --- 
Prec ip i ta t ion  radar 

Dayhight  t e l ev i s ion  

Die lec t r ic  tape  camera 

Solar constant de tec tor  

Development of r ad ia t ion  

Small meteorological 

--- equipment ................ 
development. --- ............. 
development. ............. $400,000 

development .............. 
sensors and techniques ... 400,000 

sounding rocket sensor 
development --- .............. 
Total Advanced meteoro- 

log ica l  sensor develop- 
rnent................... $300,000 

$300,000 

--- 
280,000 

350,000 

70,000 

250,000 

$950,000 

$950,000 

150,000 

500,000 

1,500,000 

410,000 

490,000 

-I 150,000 

$3,200,000 

SEE RDO 6-4 
VOlL I1 
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Meteorolo&cal systems 
r esear&h_ 

Compos i t  ion of atmospheric 
t r a c e  const i tuents .  ..... 

Meteorological s a t e l l i t e  
data  analysis and 
tranismiesisn............ 

Advancled systems s tudies . .  
Studies of rad ia t ion  

cha rac t e r i s t i c s  of 
atmospheric gases. ...... 
radiatilon s tudies . .  ..... 
t i o n  o f  rad ia t ion  data . .  

MeteOrcPk9giCal s a t e l l i t e  

Analysis and in t e rp re t a -  

Data systems s tudies . .  .... 
Small  met eorelsgical  

sounding rocket system 
s t u d l e e . . . . . . . . . . . . . . . . .  

Total  Meteorological 
sy13 teins research. ..... 

Advancedjzteorological 
system component d e v e l o y  
ment 
7 

Contro'L d'evelopment ....... 
Video recarder development 
MechanLcal instrument a t  ion 

deve'ltbpment ............. 
Electronic component 

Eleetrcmic instrumentat ion 
dev e'llqnnent ............. 

Sma 1 1 met leoro 1 og i c a l  
saundin,g rocket compo- 

deve:l lopment ............. 

nent development.. ...... 
'Eotal Advanced meteoro- 

log Lcal system compo- 
neii t development. ..... 

1962 - 

$200,000 

--- 
1,286,000 

100 , 000 
650,000 

150,000 
250,000 

--- 
$ 2,636,000 

1963 - 

$150,000 
300 , 000 

50 , 000 
650,000 

100,000 
200 , 000 

200,000 

$1,650,000 

125,000 
200,000 

500,000 

75,000 

700,000 

--- 

1964 - 

I. - - 
$450,000 
300,000 

150,r')OO 

800,000 

250,000 
500,~:)Oo 

I,. - - 
$2,450 ,l:)OO 

500,000 
250,000 

950,000 

150,000 

1,600,000 

150 ,Ci,oO 

1,600,000 3 ,600,f:)OO 

Total  Supporting research 
and t cechnology ........ $3,436,000 

- 

$4,500,000 $10,200,000 
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TI ROS - 
Spacecraft and subsyst ems. 
Data acquis i t ion. .  ........ 
Engineering u t  i l i t a t  ion of 

dill: a .  ................... 
Launch vehicles . .  ......... 

T o t  a:L TIROS 

NIMBUS 

Spac:cxraft and subsystems 

Integrat ion,  s t ruc tu re  
rind t e s t  .............. 

Power supply. ........... 
Cont ro le  subsystem. ..... 
PQ4 telemetry.  .......... 
C<nnmand clock.. ......... 
Cairnera subsystems. ...... 
Radiometers.. ........... 
Tape recorders. .  ........ 
Trimamit t erst  ........... 
Spec 1: rome t ers ........... 
Scient i.f i c  experiments. . 

Support: 

Re1liribi.lity program.. ... 
Lautnch support..  ........ 
In-house support. ....... 
'Total. Spacecraft and 

subsystems and Support 

Da ta l  acquis i t ion  

Launch vehicles  

Total. NIMBUS 

1963 - 1962 - 

$5,304,000 $5,500,000 
330,000 4,100,000 

1,041,000 1,400,000 --- 10,200,000 

$ 6,675,000 

5,711,000 
1,223,000 
3,826,000 
1,264,000 

411,000 
2 708,000 

541,000 
508,000 
35,000 --- --- 

224,000 

130,000 
-I- 

16,581,000 

7,300,000 

$23,881,000 

$21,200,000 

5,000,000 

5,900,000 
750,000 
350,000 

5,450,000 
495,000 
195,000 
90,000 

2,100,000 

0 - 0  

- 0 -  

200 000 
300,000 
410,000 

21,240,000 

2,450,000 

6,600,000 

$30 290,000 

$2,000,000 
1,600,000 

1,3OO,OOO 
2,300,000 

$ 7,200,000 

SEE RI)O 6-6 
VOL I, 1.1 

1 2,5 ti 5 ,000 
2,850,000 
6,5OO,OOO 

8.'iO, 000 
570,000 

5,3OO,OOO 
800,000 
2 i ~ 0 , O O O  
4i1.5,OOO 

52!!5 ,000 
300,000 

--- 
5O0,OOO 

95,000 
-I 

31,550,000 

4 ,050 , 000 

8,20'0 ,000 

$43 8010,000 
-8- 

SEE REI0 6-7 
VOL. I1 
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Meteorological seunding rocket 
systerns 

Experiments, equipment and 
euppcart for  la rge  rockets 

Roclket grenade experiments. 
Sodium vapor experiments ... 
P i t i o t  3tatic tube experi- 

m e n t s . . . . . . . . . . . . . . . . . . . .  
Field services  and support. 

Tlotal Experiments, equip- 
ment and suppcprt fOr 
large reckets . . . . . . . . . .  

Large rlockets 

Small  rocket systems 

Tetal  Meteorological 
ssundlng rocket 
systems ................ 

Total F l igh t  program... 

Total  d i r e c t  R&D 
casts. .  ............ 

1962 - 

$150,000 --- 
--- 

291,000 

$441,000 

$175,000 
175,000 

125,000 
315,000 

.$. 790,'OOO 

270 , 000 

265,000 

$290,000 
2150,000 

300,000 
-I 640,000 

$ 1,440,000 

3 160 , 000 

7O0,OOO 

$ 441,000 $ 1,325,000 8 2,5100,000 

$30,997,000 

j34,433,000 

$52,815,000 

$57,315,000 

$53,500,000 

$63,700,000 
-I 

SEE RDO 6-9  
ti 61-1 

VOL, I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

COMMUNICATIONS SATELLITES 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOLUME 11, RDO 7-1 TO 7-10) 

.Supvor t ing rf2;earc.h and technolom 

kdvanct&:;ynchronous satellite 

High gain reflective structures 
Advancc2d:pas s ive sat e 11 i te 

studies...................... 
In t errnedia t e a1 ti tude sat el 1 it e 

Qtudil~s, ..................... *--- 

---- 
s ’ t~~ci ies .  ..................... 

-*-I-- 

E] . . c ; r lmfca l fy  steerable 
p---II ---- antennas.,................... 
Pscto~gthemoelec tric power 

----..-*---- T e c h  i c a  1 and operational 
- s s E y  studies... ............ 
--u- stUdies:..................... 
Technological studies,....... 
Range and range rate systems. 
3tn‘ectivity patterns for an- 

tennas *and measurement of 
radio transmission losses 
due to scattering objects.. 

Attitude stabilization 
techniques ................. 

Development of satellite 
materials and components.*. 

Earth pointing sensor........ 
WideEand receiver studies.. e 

Simulation of communications 
satellite techniques. ...... 

Econcmic implications of com- 
murdcations satellites, * .  . 

Technological and operational 
fac.tcms related to active 
an.cl passive communications. 
sat:el.lites.. ............... 

Modu1.at:ion techniques. ., e . .  *.. 
Materials development.. ...... 
Low noise spacecraft receiver 
RF t,o RF conversion.. ........ 

To1:a:L Technical and 
operational studies... 

- 1962 

$1,000,000 
126,000 

4,113,000 

551,000 
875,000 

534,000 

162,000 

- 1963 

$5 , 000,000 
450,000 

2,750,000 

2,000,000 

234,000 

100,000 

480,000 - - -  

--- 
--- 
e-- 

200,000 
380,000 

131,000 

142,000 

375,000 
150,000 
100,000 
250,000 
234,000 

- I, - 
$ 200,,000 

1,200:,000 

2,000,000 

100 

200 

350 

100,000 

300,000 
100,000 
100,000 
200,000 

-&- 150 000 

$2,442,000 $1,300, ClOO 
SEE ED0 7-3 VOI,. I1 
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1962 1963 1964 

Totill Supporting research 
stlid technology,, , , . . . . , . ,  $ 7,478,000 $12,976,000 &5,OOO,OCs 

See RDO 7-3 
Volume I1 

Fl ight  ProlEezg 

Echo(rIttiij3ized sphere) 

Thor launch vehicle  (one 

Thor- Agena launch vehicle  

Sphere development and pro- 
c u r e m ~ n t . . . . . . . . . . . . . . . . . . .  75,000 

Cani s te I: s and spacecraft  
environment a1 te  s t s 65,000 

Beacons..,................... 163,000 
T e s t ,  evaluation and documen- 

t a t i o n  services............ 
Data reduction and analysis. .  - 

b a l l i s t i c  f l ight) , . . . . . , . . .  1,000,000 

(one (orbi ta l  f l i g h t ) .  ...... 4,800,OOO 

........ 
*-- --- 

$ 6,103,000 

R e  lay 

Spacecraft. .................. 
Ground s t a t ion  equipment. .... 
Radiation experiments ........ 
Ground s t a t ion  operations.. .. 
Command and control  s ta t ions .  
Coord.inLation planning and 

documentation.. ............ 
Comnin i. ca t i on s r e n t  a1 s ....... 
Data reduction and analysis. .  
Thor-Delta launch vehicles  

(taro o r b i t a l  f l i g h t s  and 
0n.e backup). ............... 
Total. R.elay. ............... $ 6,912,000 

3,409,000 
376,000 
245,000 
833,000 

2,049,000 

--- --- --- 

--- 

--- - .... 
306,000 - I.. - 
400,000 
245,000 

- ... - .. - 
34,000 - .. - 

450,000 - 200,003 

$ 1,435,000 $ 200,000 

See RPO 7-5 
Volume I1 

3,000,000 
1,603,000 

1,680,000 
1,085,000 

1,210,000 
100,000 

115,000 

275,000 

- .I - - .- .. - .- .. 
1,150,000 - .- - 

350,000 
175,000 
225, ClOO 

$ 9,068,000 $; 1,900, OOC' 

See RDO 7-b 
Volume I1 
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.- 1964 
_I. 

1962 1963 

Syncom 

Thor-Ilel.ta launch vehicles 
(two orbital flights and 
one backup). ............... 

Apogee motor development (JPL) 
Backup 1:raveling wave tube, e .  

Spacecreif t ................... 
Range arid range rate equip- 

merlt ........................ 
(;round station support and 

environmental test. *..  e .  e 

T&C s1:al:ions.. ............... 
Communication rentals. ., * .  
Data reduction and analysis.. - 

2,500 , 000 
475,000 
132,000 

6,668,000 

1 , 571,000 

236,000 
830,000 --- --- 

Toti91 Syncom.. ............. $12,412,000 

Advanc mL3ync hr onou s Communi- 
cations Satellites 
--I 

Aths-Agena launch vehicles 
(three orbital flights and 
one backup) .......... ;. .... 

Spacecraft.. ................. 200,000 --- --- Equipment for ground stations 
Ground station operations.. * .  
RelLabifity studies.. ........ 
Switching circuit...o.......o 
Telemetry and command 

stat,fons......o.....O...... 
Range and range rate equip- 

gnentD...Ol......O....,.....* 
Services and rentals........e 

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

Data reduction and analysis., --- 
Total Advanced Synchronous 

cmmunicatisn satellites $ 200,000 

T'otal Flight Program.... $25,627,000 

Total direct research 
and development costs $33,105,000 

5,000,000 - - -  
50,000 - - -  250 , 000 

3,445 , 000 500,000 

785,000 410,000 

2 , 215 , 000 3,481,000 
400 , 000 
330 , 000 
865,000 

- -, - 
- -. - 

875,000 .- 
$14,606,000 $ 4,000,000 

-I 

See RDO 7-8 
Volume IT: 

2,200,000 

1,100,000 
2 , 330,000 

--- 

$ 5,630,000 

$30,739,000 

$43,715,000 

12,500,000 
16,640 , 000 
4 , 960,000 
1,000,000 
500,000 
300 , 000 

600 , 000 

2,000,000 

1,000,O~ 
500,000 

-I 

SEE RDO 7-9 
VOL. PI 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

ADVANCED APPLICATIONS SATELLITES 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 8-1 TO 8-2) 

- Sumortina research and technolonv 
Future applications require- 

Future applications feasi- 

Navigat ilon requirements 

Investigation of navigation 

Navigation receiver prototype 

Navigatilon computer develop- 

Navigation time signal 

Requirements study for data 

Feasibility and design study 

ments studies.............. .......... 
bility and design studies.. .......... 
studies...........................O.. 

techniques. .......................... 
procurement..........,....,........... 

ment.......................e .......... 
receiver development....... .......... 
collection satellite....... ........... 
fo r  data collection by 

1963 

--- 
$ 25,000 

125,000 

200,000 

345,000 

--- 
17,000 

2964 

$ 100,,000 

2(30,, 000 

25 :Io00 

loo:, 000 

300,, 000 

'75 :, 000 

loo:, 000 

--- 

s a t e l l i t . e . . . . . . . . . . . . . . . . . .  .......... --- 88.000 - 100.1 000 
$1.000,000 --- .......... $800,000 --- Total direct R&D costs..... 

SEE RID0 8-1 
VOL,. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

INDUSTRIAL APPLICATIONS 

RESEARCH AND DEVELOF" SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 9-1 TO 9-2) 

Industrial apdications 
1962 

Iden t if 1 cat ion, documentation 
and dissemination................... $300,000 

Planning, and evaluation............... --- 
Total direct R&D costs.............. $300.000 

1962 

$1,270,000 $1,900,000 
1,600 s 000 1 I 100, OOQ 

$2.370,00Q I- $A&OO, 000 

SEE RDO 9-1 
POL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
FISCAL YEAR 1964 ESTIMATES 

GEOPHYSICS AND ASTRONOMY 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOLUME 11, PAGE RDO 10-1 TO 10-14) 

Supportin,gresearch and technology 
1962 - 

Geap'hys i c  s 

Planetary atmospheres............ $ 1,110,700 

&tcorites/micrometeorites. ...... 367 , 300 
Energetic particles.............. 1,353,500 
~g netod4mcunics. . . . . . . . . . . . . . . . . .  85,000 
Ionospheric/radio physics........ 587 , 200 

'Total Geophysics............... $ 3,614,700 

Space chemistry.................. l l i  ,000 

Gelodesy and c e l e s t i a l  mechanics. . --- 

_s- Solar p h y ~ i c s . . . . . . . . . . . . . . . . . . . . . .  

Astrfonomy --- 

1963 - 
$ 1,791,700 

935,700 
744,8041 

4,052,500 
909 , 500 

1 , 7 26 , 800 -- - 
$ 10,161,008 

$ 1,'900,000 
1 ,000 , 000 
,800 , 000 

3,1DOO ,000 
'900,000 

1 ,600,000 

$ 9,50~1,000 

300,000 -- 

405,000 1,335,OO'll 2 ,I[)OO ,000 

Astronomy.......................a 39 1 , 100 1,293,400 2,800,000 
Astrophysics..............r...... 58,000 135,60!) 200,000 

Total Astronomy.. .............. $ 449,100 $ 1,429,000 $ 3 ,~OOO ,000 

775,000 700,000 --- In te rd isc ip l inary  space science.... 731,200 ,- -.- 
Total Supporting research 

and technology.. ........... $ 5,200,000 $ 13,700,000 $ 15,~!00,000 

SEE RDO 10-4 VOL1LJkUt I1 

Flight  pn3jects 

Geopihysics 

Explorers and monftors 

]Energetic p a r t i c l e s  explorers 
371,000 2 , 502,000 --_ Spacecraft ................... 

Experiments. ................. 289 , 600 959,000 1.50 , 000 
Ground operations............ --- 672 , 800 1625 ,000 
Test and support............. 174,400 366,200 25,000 

Total spacecraft  and 
support.................. $ 835,000 4 , 500 ,001:l ~800 ,000 

-..- 6,000 ,000 Delta launch vehicles........ --- 
Total Energetic p a r t i c l e s  

explorers. ............... $ 835,000 $ 10,500,00~~> $ 4H00,00Q 

Interplanetary monitor 

Spacecraft........e.......... 1,433,900 1 , 309 ,000 2,.276,000 
Experiments.................. 400 , 500 454,000 1 ,1.61t, 000 
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Geophysics (Con' t )  
1962 - 1.9 64 ..-- 

Ground operations ............ $ - - -  $ 425,000 $ 500,000 
'Test and support.. . .  ......... 31,600 112,000 l f i 0 , O O O  

.C -.- 
Total Spacecraft and 

support .................. $ 1,866,000 $ 2,300,000 $ 4,100,000 

13eWta launch vehic les . . . . . . . .  - - -  2,700,0@ 7 , 300,000 

Total  In te rp lane tary  monitor$ 1,866,000 $ 5,000,000 $ 11,400,000 

Atmosphere explorers and monitors 

1 :,9;!0,000 

Test and support. ............ 281,600 1 1 6 ,300 180,000 

Spacecraft 332,600 688,400 
Experiments .................. 135,000 500, OCIO 8Cl0,OOO 
(;round operations ............ 208,800 195,3()0 300,000 

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

I- -.- 
Total  Spacecraft and 

support . . . . . . .  ........... $ 958,000 $ 1,500,OClO $ 3,2ClO,OOO 

........ --- 2 ,500,000 5C0,OOO Delta launch vehic les  .- --- 
Total  Atmosphere explorers 

and monitors. ............ $ 958,000 $ 4,000,OClO $ 3,700,000 

1:ono s phe re exp 1 ore r s 

Spacecraft and experiments. .. 338,000 500, OCO 250,000 
Ground operations ............ - - -  398,600 250,000 
Test and support , .  ........... 186,000 ?01,4010 200,000 

,L ._.I 

Total  Spacecraft and 
support .................. $ 524,000 $ 1,000,000 $ 700,000 

scout launch v e h i c l e . . . . . . . . .  1 .EO, 000 

Total  Ionosphere 
explorers ................ $ 524,000 $ 1,000,000 $ 1,'700,000 

Ionosphere monitors 

- - -  - - -  2,200,000 Spacecraft ................... 
TOO, 000 Experiments - - -  

Ground operations ............ ---  - - -  X 50 ,000 ............. - - -  - - -  150,000 Test and support .- -- 
.................. 

Total Spacecraft and .................. - - -  - - -  $ 3,1~) ,000 support .- 

Total Ionosphere 
monitors.. ............... -- - $ 3,000,000 
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Geophysics (Con' t )  
1962 - 1963 

7 

E:l!ectron densi ty  probe 

- - .. .................. .. $ -.-- Experiments $ 300,000 $ 

Total Spacecraft and 
support. ................. $ 4,483,000 $ 9,300,000~ $ ll,ElOO,000 

Lriunch vehicles . . . . . . .  ....... --- 11,2oo,oocl 8, moa ooo 
Total  Explorers and 

moni tors . . . . . . . . . . . . . . . . .  $ 4,483,000 $ 20,500,000 S O ,  6 O O .  OOO_ 

Orb i t ing ge0phvsi.r ;11 observntnri es 

spac e c r u  L 

System development......,..,. 14,252,400 14,444,200 13,689,000 
Experiment in tegra t ion  688,500 __ ....... 1,223,ooO 1,114,500 -- 

Total Spacecraft ........... $ 14,940,900 $ 15,558,700 $ 14,912,000 

E x p e r i ~ n t s . . .  ................. $ 4,186,200 $ 7,138,400 $ 14,9.50,600 

Ground operations 

Range and range rate s t a t ions  318,300 800,000 1,600,000 
Data processing lnstrumenta- 

t ion . . . . . . . . . . . . . . . . . . . . . . .  --- 150,000 lli0,OOO 
Telemetry equipment consoles. - - -  1,280,000 9 40 ,000 

rout ines . . . . . . . . . . . . . . . . . . .  54,000 690,000 1 i!O, 000 
Programmer and telemetry 

'Sagnetic tapes and da ta  
442,000 5,2,83,000 reduct ion. . . . . . . . . . . . . . . . . ,  --- 

Total Ground operations .... $ 372,300 $ 3,362,000 $ 8,093,000 

Test and support 

Rel iab i l i ty  cont ro l . . . . . . . . . .  95 .OOO 140,000 '50,000 

I?ield support.. .............. ---  115,000 130 ,,ooo 
General support..  ............ 215,800 52,000 !)7 ,, 000 

Total  T e s t  and support. .... $ 1,129,600 $ 1,440,900 $ 1,644,400 

support .................. $ 20,629,000 $ 27,500,000 $ 39,600,000 

Sttidies and analyses.. ....... 650,600 4€1,200 3136 ,700 
'rest and evaluation. ......... 168,200 672,700 1 ,020 ,, 700 

----- 
Total Spacecraft and 
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Geophysfcs (Con' t) 
1!3 64 --- 1963 - 1962 - 

Atlas-Agena launch vehicles . .  $ 5,100,000 $ 5,500,000 $ 11,900,000 
Tlhor-Agena launch vehicles .  .. --- 5,500 ,OOQ_ 10,331 .OOO 

Total Launch vehic les . . . . . ,  4 5.100.000 $ 11,000.00~ $ 22.200.000 - 
Total Orbiting geophysical 

observatories. .  ......... $ 25,729,000 $ 38,500 iOo(:) $ 6t,llOCl,OOO 

Spacecraft and experiments.. . --- - - .,. 2 ,  !io(), 000 
Ground operations..,......... --- - - .I, ;~oo,ooo --- - - .* 200,000 Test. and support.. I. -- ........... 

Total Spacecraft and 
support................. . ---  - ... 3,400,000 

Delta launch vehicles . .  ...... --- - - ... 2,800,000 

.............. --- - - .I 6,1;!08,000 

Total Geophysics,.. ........ $ 30,212,000 $ 59,000,000l~ $ 88,600i,000 

Total Geodesy $ - 

SEE RDO 10-5 
VCllLUME I1 

Solar physics -- 
0rbl.tl.ng so la r  observator ies  

................... Spacecraft 1 649 . 900 2,520 7001 4,820 100 

Ground operations ............ --- 100,000~ 3 18,000 
T e s t  and suppor t . . . . . . . . . . . . .  163,402 397,200 2 - 5 5 , 9 0 0  

Experiments .................. 1,128; 700 3,732,100 4,7Q6,000 

Total Spacecraft and 
suppor t . . J . . . . . . . . . . . . . . . .  $ 2,942,000 $ 6,750,000 $ 10.100,OOO 

Delta launch vehic les . . . . . . . .  2,500,000 2,700,000 4,800,000 

Total  Orbiting so la r  
observator ies . . .  ......... $ 5,442,000 $ 9,450,000 $ 14.930,OOO 

Advanced o rb i t i ng  so la r  observator ies  

Spacecraft ................... 300,000 1,000,000 1 ,6OO,OOO 
Experiments .................. --- 800,000 800,000 
Test and suppor t . . . . . . . . . . .  .. --- 100,000 roo ,000 

Total Spacecraft and 
support . . .  ............... $ 300,000 $ 1,900,000 $ 2,5100,000 

'Total Advanced o rb i t i ng  
so la r  ................... $ 300,000 $ 1,900,000 $ 2,500,000 
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-- Solax pliysics (Con't) 
1964. --. 1963 - 1962 - 

Total Spacecraft and 
support . . ,  ............... $ 3,242,000 $ 8,650,OOCll $ 12,6OC~,OOO 

Launch vehic les . . . . . . . . . . . . . .  2,500,000 2,700, OOCl! 4,8001,000 

Total  Solar  physics ........ $ 5,742,000 $ 11,350,000 $ 17,4p00,000 

SE:E RDO 10-9 
VCllLUME 11 

A s  t ro8rioniy 

Orb i. t ing astronomical observator ies  

Spacecraft 

System development ........... 29,106,400 25,800,OOCl 27,300,000 
Star t racker  backup. .......... 509,000 190,ooq , 100 000 

Total  Spacecraft . .  ......... $ 29,615,400 $ 25,990,000 $ 27,4dM,OOO 

Experiments... ................. $ 3,812,200 $ 4,000,OOQ 8 7,5100,000 

Ground operations 

Computer..... 238,000 - - -  - - -  
Command rece ive r s . . . . . . . . . . . .  60,100 - - -  - - -  ................ 
Communications and da ta  

Instruments for cont ro l  
handling ................... 122,000 160,000 2 80,000 

system ..................... 5,000 75,000 25,000 
Magnetic tapes  - , --I ............... ---  - - -  200 000 

Total Ground operations .... $ 425,100 $ 235,000 $ 505,000 

Test and support 

R e l i a b i l i t y  cont ro l . . . . . . . . . .  --- 25,000 200,000 
Studies and analyses ......... 188,300 495,000 405,000 

Contractor ground support . . .  . ---  - - -  1,000,000 
General support .............. 252,000 120,000 150,000 

Test and evaluat ion. . . .  ...... 528,000 935,000 640,000 

Total Test and support. .... $ 968,300 $ 1,575,000 $ 2,395,000 

Total Spacecraft  and 
suppor t . . . . , .  ............ $ 34,821,000 $ 31,800,000 $ 37,800,000 

Atlas-Agena launch vehicles . .  3,400,000 4,300,000 15,100,000 

Total Astronomy ............ $ 38,221,000 $ 36,100,000 $ 52,900,000 
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1963 - 1962 - 1964 -.-- 
--- In te rna t iona l  satell i tes 

United Kingdom #1 (Ariel) 

Spacecraft. .................. $ 945,400 $ - - -  - - -  
Experiments .................. ---  193,8010 - -- 
Ground operations ............ ---  29 6,200 - - -  
Test and s u p p o r t . , . , . . . . . . . . ,  166 . 600 1.0 ,001.3 - - -  

Total  Spacecraft and - - -  suppor t . . . . , . . . . . . . . , . . . . .  9 1.112.000 $ 500 .oog -.-- 
Total United Kingdom #!I.. .. $ 1,112,000 $ 500,008 -e- 

Uni eeld Kingdom #I2 

Spacecraft ................... 1,220,000 1 ,120,000 .300,000 
Ground operations ............ --- 41 ,000 -"- 
Test and support..  ........... 113,000 139 . 000 - - -  -.-- 

Total  Spacecraft and 
support..  ................ $ 1,333,000 $ 1,300,00(:) $ 300,000 

- - -  2,000,000 -"- 
I- -.-- Scout 1 aunch vehicle s ........ 

Total  United Kingdom #2.. .. $ 1,333,000 $ 3,300,000 $ :100,000 

Alouette (Canada) 

- - -  Spacecraft and support. ...... 40,000 100,000 
Thor  Agena launch vehicles .  .. 6,100,000 1 ,800,000 - - -  ,- ---- 

Total  Alsue t te  (Canada) .... $ 6,140,000 $ 1,900,000 - - -  
Pol tir ionosphere beacon 

Spacecraft and support. ...... 800,000 400,000 2!0Cl, 000 
Scout launch veh ic l e s . ,  1,250,000 75L7L-E I__.-_p - - -  ...... 

Total Polar ionosphere 
beacon. .................. $ 2,050,000 $ 1,1.5O,OOCl $ 200,000 

I t a 1  iain sa te l l i t e  

Scout launch vehicles . .  ...... $ --- $ 6,000,000 $ 2,5100,000 

Follow-on in t e rna t iona l  sa te l l i t es  

Spacecraft and support ....... $ - -- $ --- $ 1,000,000 
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--- 1nte:taational s a t e l l i t e s  (Con't) 
19 62 - 1963 - l!3 64 --- 

---  - - ,. $ 3,000,000 Scout launch vehicles . . . . . . . .  $ 

Total Follow-on in te rna t iona l  ............. --- - - .,. $ 4,000,000 s a t e l l i t e s . .  $ .- 
Total Spacecraft and 

support .................. $ 3,285,000 $ 2,300,OOC) $ 1,500,000 

7,350,000 10,550 ,OOCi! 5, ! i g L  000 Launch v e h i c l e s . . . . , , ,  ....... 
Total In te rna t iona l  

satellites........,,..... $ 10,635,000 $ 12.850,OOO S 7.000.000 

SEE RDO 10-12 
VOLUME I1 

-- SoundJa; rockets and geoprobes 

Experiments 

Planetary atnwspheres. ....... 
Space chemistry .............. 
Energetic p a r t i c l e s  .......... 
Maignetodynamics .............. 
Iomoepheric/radio physics. ... 
Solar physics ................ 
Astronomy.,. ................. 
Astrophysics ................. 
Geoprobe experiments ......... 

1,057 , 500 

194,800 

1 , 207,900 

441 , 000 
26,600 

--- 
--- 

199,200 

1 , 250,000 
139 , 500 
146 , 000 
256 , 000 

1,212,5001 
33 7,6001 
418,300 
303 , 500 
335,000, 

1,400,000 
. 232,900 

223,300 
242,000 

1,361,400 
377,600 
468,100 
481,000 
5 18,200 

Total Experiments....., .... $ 3,127,000 $ 4,398,400 $ 5,404,500 

Rocket procurement.. ............. $ 1,845,000 $ 3,623,500 $ 3,756,000 

Rocket development ............... $ 300,000 315,000 365 , 000 

Engineering support .............. $ 1,609,000 $ 2,562,700 $ 2,873,000 

Ground instrumentat ion. . . . . . . . . . .  9 884,000 9 600,400 9 901,500 

'Total Sounding rocket. 
and geoprobee,. .......... 7,765,000 $ 11,500,000 13,300,000 

Total  Geophysics and astronomy 
f l i g h t  p r o j e c t s . . . . e o . e o . ~  $ 92,575,000 $130,800,000 $179.200.00Q 

TOTAL d i r e c t  R&D cos t s , . .  9 97,775,000 $144,500,000 $194,400,000 -- 
SEIS RDO 10-2 
VO~JJME P I  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

LUNAR AND PLANETARY PROGRAMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL, 11, PAGES RDO 11-1 TO 11-5) 

Supporting;esearch and technolosty 

Lunar --. 
Geclde.sy and photography. e e 

Topographic mapping... ......,.... 
Gecllalgy and geophysics s tud ies , .  . 
Studies of meteorite Zapact 

rrit.es on ear th .  . .. . e . . e a e . 
Surfsrce simulation8. e e . .  e . . . . . . . 
Ra.dlial and radar s tud ies  of lunar  

~ i u ~ f a c e e . . O O . . . . . O . O ~ . o o ~ o o . o o ~  
Deve1,opmcnt of s c i e n t i f i c  

inai trumentat ion f o r  lunar 
1.amiding. ... e . .  ., e o . .  , . . . . . . . 

Syritems analysis  and preliminary 
cleriign 

Spttcecraft propulsion systems.... 
Spacecraft s t ruc tu res  and 

configuration.. . ., e o  * .  
Spacecraft power systems.... ..,.. 
Spacecraft guidance and control  

s : y ~ ~ t e m B O O . . O O . O O 1 d . . O O O O O O . . O O O  
Spacecraft telemetry and command. 
Spricecraf t instrumentation and 

c ~ i I C u i t A y * O O . ~ . . . O * * . O 1 O O O . O . . .  
Sptrcecraf t in tegra t ion  and 

erssiembly,. . a e e o  ., a (I 

Test equipment and teehniques.... 
Ad.vanced concepts. e ., ., ., . e 

Su.ppcirting s tudies  f o r  current  

Pt'cmpector study. . a ., . e a e e 

., e .  

EIlX~gr~So e o a o e e e e o 0 o o o o D e o  o o 

Tot:al Lunar. e a a .  

--- P 1 anc! t ciry and In te rp  1 ane t a r  y 

Geology and geophysics s tudies .  *. 
Ground-based astronomy, ., ., e e 

Bal.loon-based astronomy. ,, . . e .  

Tht!oi:et.ical astronomy, ., . ., ., *. 

1962 1963 1964 

$ --- $198,000 $200,000 

127,000 861,000 937,000 
--- 190,000 200,000 

--- 215,000 575,000 
47,000 342,000 275,000 

31,000 308,000 328,000 

227,000 1,210,000 825,OCIO 

300 , 000 109,000 m I, - 
150,000 --- - .I - 
300 000 50,000 - I, - 
100 9 000 50,000 - -. - 
150,000 75,000 - -8 - 
300,000 180,000 155,OQO 

726,000 40,000 -I - 
105,000 --- - I. - 
210,000 60,000 - -. - --- 304,000 200,000 

--- 312,000 200,000 - -. - 100,000 .- 
$2,873,000 $4,504,000 $3,895,0CIO 

$ --- $203,000 $380,000 
351,000 463,000 1,050,000 
100,000 860,000 500,000 --- 753,000 625,000 

See REO 11-4 
Volume?: I1 
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.u64 
$ 715,000 

.500,000 
1,196,000 
2,050,000 
1,1090,000 

100,000 
200,000 

210,000 
200,000 

500,000 
2 , 000,000 

225,000 

460,000 
1,309,000 

300,000 
295,000 
900,000 

400 , 000 
-a- 

$,&~5.ooo 
$20,000,000 

--- 

$ 114,000 $ 637,OCiO Radio arid radar planetary studies.. 
Radio arid radar instrument develop- 
mento........................... 

Planetary atmospheres.............. 
Interplanetary particles and fields 
Meteorites and tektites........ .... 
Systems Analysis and preliminary 
design..... ...................... 

Spacecraft propulsion systems...... 
'spacecraft structures and configu- 

ratior ............................ 
Spacecra.ft power systems........... 
Spacecraft guidance and control 

s y s t e u i s . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spacecraft telemetry and command... 
Spacecraft instrumentation and 
circuitry. ....................... 

Spacecraft integration and assembly 
Capsule technology ................. 
St~rflPzation................ ...... 
Test eqt,ipmment and techniques... ... 
Reliability...,............... ..... 
Supporting studies for current 
programs........................* 

Voyager study. ..................... 
Advanced concepts, .................. 

952 , 0010 
1 , 380,000 
1,872,000 
1 , 157, 0010 

184,000 
364,000 
221,000 

1 , 000,000 
350,000 

531,0010 
100,00~0 

600,000 
400,000 

130,0010 
80, OCIO 

550,000 
1,000,000 

365,0010 
1 , 480, OClO 

280,OOiO 
30, OClO 

284,OOiO 
901 , OClO 
300, OClO 
430, OCiO 

1,288,OCiO 

1,774,000 
242,000 

--- 
290,000 
100,000 

0 - 0  

330. OOQ 

Total Planetary and Interplanetary $ 7,970.000 

'Icltal SR&T $10,843,000 $20,244, OClO 

SEE RMI 11-4. 
VCliL. PI Flight prcliects 

Ranger 

307 , 0010 
5,838 , 0010 
2,372 , 0010 
9,950,0010 
3,480,OC~O 
6 , 140,OOiO 
6 , 035,000 
3 , 659,0010 

394,0010 
5 , 247,0010 

270,000 

10,500,000 
3,300,000 

6,390,000 
7 , 670,000 
3,420,000 
.390,000 

4,800,000 

5,750,000 

3,940,000 

369,000 
3,400,000 
4,787,000 
7,200,000 
2 , 834,000 
3,634,000 
3,8O5,000 
2,782,000 

345 9 000 
3,374,000 

--- 

Project management...... ........... 
Lunar capsule contract............. 
Impact I 'V systems contract. ........ 
Scientific experiments............. 
Telecommunications., ............... 
Guidance and control............... 
Spacecraft structures.............. 
Spacecraft propulsion systems..... . 
Engineering support. ............... 
Space f 1 ight operations facility 
equipment.. ...................... 

Systems analysis ................... 

748 . 00,Q 1,870.000 

$44,170, OClO $'+8,300,000 
34.800, OqO 41,700,000 

$32,530,000 
30,900,000 

Tota.1 Spacecraft 
Atlas- #gena launch vehicles 

$78,970, OClO $90,000,000 $63,430,000 Tota l  Ranger 

SEE RDO 11-6 
VOL. I1 
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Surveyor lander 

Project management. .............. 
Systems analysis. . .  .............. 
Spacecraft: development contract . .  
Scient i  l i i c :  experiments.. ......... 
Te 1 e carrmiuni c a t ions. .............. 
Guidance and control. .  ........... 
Spacecraft: s t ruc tures .  ........... 
Spacecraft: propulsion systems.. .. 
Engineer-ing support. ............. 
Space f I. igh t operations 

f a c i l i t y  equipment.. ........... 
Tot:al Lander spacecraf t  

Atlas:. Centaur launch vehicle  

Tots I Surveyor lander.. ...... 

Surveyor orbi t .er  

1962 

$ 379,000 
1,077,000 

28,317,000 
4,972,000 

91,000 
70,000 

122,000 
69,000 

532,000 

$35,629,000 
2,309 . 000 

$37 , 938 000 

--- Pro j ec t: management ............... 
Scientific: experiments.. ......... 1,196,000 
Visual Lnstrumentation sub- 

Spacecxaf 1: development contract . .  --- 

--- syste!m..... .................... 
To t:a 1 Surveyor o r b i t e r  '; 1,196,000 --- A t  fah:-Cent.aur launch vehic le  

T o t a l  Surveyor o r b i t e r  $ 1,196,000 

o rb i t e r . .  ................. $39,134,000 
rl  J.C'tiiI Ssrveyor lander  and 

Nar iner  

Project: nanagement.. ............. 33,000 
Systems; analysis.. . . . . . .  81,000 
Scientj..Sic experiments.. ......... 2,125,000 
Teleconnnuiiicatians.. ............. 1,903,000 
Guidancx and control. .  ........... 591,000 
Spacec~:i~f i: s t ruc tures .  301,000 
Spacec~:iif I: propulsian systems.. .. 55 000 
Engineering support, ............. 637,000 

$ 5,726,000 

......... 

........... 

To t:a 1 Mariner A 

1963 

$ 477,000 
667,000 

38,573,000 
4,624,000 

105,000 
29,000 

156,000 
68,000 

818,000 

$48,296,000 
11,700.000 

$59,996,000 

-. 1964 

$; 200,000 
740,000 

26,000,000 
6,500,000 

85, ClOO 
25,000 
75,000 
50, ClOO 

825,000 

3 3 000, C k C ,  -. 

$137,500, ClOC 
31.800. C!@, 

$69,30O,OOC 

SEE RDO 11-8 
VOL. I1 

--- 500, 00CI 
363,000 13,500, OOCl 

1,337 , 000 2,000,00c~ 

$ 1,700,000 $18,000,000 
10 p 2 C2,c?O! --c 

$61 ,696, OCO !;97,5OO, (I00 

SEE RDO ' 1 - 8  
WSL. 1" 

.. - I. 

.. - .. 

.. - .. 

.. - .. 

.. -I. 

.. -.. 

.. .. 

.. - .. --- 

... - .. --- 
SEE RDO 11.-10 

VOL.,, I1 
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1962 --- Venus f l y - b y  - 1963 - 1964 - 
Pr5>ject  management,, ......... $ 179,000 
Systems analysis  ............. 2,041,000 
Sc ien t i f i c  experiments. ...... 1,591,000 
Telecommunications......... .. 2,203,000 
Guidance and coptrol.  ........ 2,549,000 
Spacecraft s t ructures . .  ...... 1,979,000 
Spacecraft propulsion systems 76,000 
Engineering support.. ........ 2,608,000 

Total Verus fly-by spacecraft  $13;226,000 
Atlas4gena launch vehic le , .  , 17,000,000 

Toti31 'Venus fly-by.. ....... $30,226,000 

Mars :fly-by -- 
Project  management........... 
Systems (analysis..  ........... 
Sc ien t i f i c  experiments.. ..... 
Te l e  cixnmun ica  t ions ........... 
Guidance and control . .  ........ 
Spacecraft s t ruc tures . . . . . . . .  
Spacecraft propulsion systems 
Engine ?r ing support .......... 

Tori31 f ly-by spacecraft . ,  . --- - - -  Atlas-Agenn launch vehicle. .  . 

Venus 'Mar s 1 ander --- 
Project management ........... --- 
Systems analysis., ........... $ 729,000 
Scient i f  i c  experiments.. ..... 3,058,000 
Teleccmniunications.. ......... 2,256,000 
Guidance and control . .  ....... 3,587,000 
SpacecraEt s t ructures . . . . . . . .  2,062,000 
Spacec raEt propulsion systems 194,000 
Engineering support, ......... 539,000 
Space f l i g h t  aperations 

E a c i  l i t y  equipment. ......... --- 
Total lander spacecraft .  ... $12,425,000 

Atlas Centaur launch vehicle.  --- 
Total Venus'Mars lander.. .. $12,425,000 

Totill ~aar iner . .  ............ $48,377,000 

$ 78,000 
1,255,000 
1,265,000 
1,464,000 
1,787,000 
1,410,000 

109,000 
1,728,000 

$ 9,096,000 --- 
$ 9,096,000 

194,000 
1,458,000 
3,402,000 
5,003,000 
5,452,000 
4,174,000 

486,000 
4,131,000 

$ 628,000 
4,495,00(3 
3 ,  883,000 
6,280,000 
li, 966,000 
4 , 8 10 , 000 

314,000 
-I lii, 024,000 

$24,300,000 $ 3"t,400,000 
_, 1!i , 600, OOCJ 

$29,400,000 5 4':7, OCO , 000 

5,100,000 

50,000 
$ 4,745,000 

3,810,000 
2,059,000 
2,376,000 
1,786,000 

361,000 
3,086,000 

600, < 4,441, 
t i ,  806, 
0,042, 
:3,354, 
ti, 037, 
I, 903, 
t i ,  017, 

001l 
000 
OO(3 
0 0 0 
000 
000 
OO(1 
000 

--- -I 200,00(> 

$18,273,000 $ 43,400,OOQ - - -  !;I, 700, OO(5 
-, 

$18,273,000 $ $3,100,000 

$56,769,000 $10C),100,000 

SEE RDO 11-10 and 11 
VOL. I1 
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Pioneer 1963 -I- 1964 

Project management. ... 
System analysis......4 
Scientific experiments 
Telecammvnications.... 
Guidance and control.. 
Spacecraft structures. 
Engineering support. . . 

Total Pioneer 
Thor- Dte 1 t,a launch 

veh ic 1 e 

$ 85 000 
280,000 
3509000 
805,000 

7009 000 
825 9 000 

a 
$ 3,500,000 

--- 
Tota 1 Pioneer 

Total direct R&D 
Costs . . . . . . . . . . .  $161.784,000 

$ 3.500.00Q 

$221.179.000 

>:loo, 000 

s &j)OO, 000 
SEE R M  '11-14 VOL. I1 

SEE RDO It1-2 
VOL. 1:IC 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

BIOSCIENCE 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
s - - m  12-1-jTo I%*, ,2 

_I-, 
(SEE VOL. I1 

... 

Supporting-research and technology 
1962 - 1963 - 1964 -- 

Effec t s  of the  space environ- 

N e c J r d r G g 3 E Z m o c h e m i c a l  

So= IGi i - i rma  t ion. con t r 01 

ment on behavior ..*........ $ --- $ 217,000 $ 248,000 

650,000 bases of behavior............ --- 
-____ --.----- - -__ 

562,000 ~ _.-. -__._---------_I-. ___ .~-- I - 

v --- 852,000 825,000 .~ _-, - _--. ~ " - -" 1.- 
and communication 

Ex6e3iiiG5fii +-* ana lys i s  of behav- 
ior...................~~.oe~~ 369,000 328,000 

Development of experiments f o r  
s tud ies  of space f l i g h t  en- 
vironmental e f f e c t s  on 

$rcuii->iiitTXes of space-i: r i gn t  
423,000 -__ _- -___. --- 310,000 organisms.................... ----- -.--__ 

environmental e f f e c t s  on 
organisms...... .............. 123,000 1,806,000 1,973,000 

t i a l  environmental extremes. --- 192,000 148,000 

-- -__ - - . - . -. . -._---- - 
Biological-analysis t e r r e s -  

Effectc, of simulated extra-  
terrestrial  environments on 
earth organisms. 89,000 

and 

............. .------ 
Studies  of b io logica l  mater ia l s  

Evolutionary and theo re t i ca l  

Instrumentation fo r  de tec t ion  

sysitems fo r  use i n  space. 74,000 

biology.. .................... 1,012,000 

l i f e - r e l a t e d  compounds. ...... 344,000 

û  

of e x t r a t e r r e s t r i a l  l i f e  and 

Spectrosc:opic s tud ie s  of plane- 

Extrat.c!rrestrial sample col lec-  
tary atmospheres and surfaces  771,000 

t i o n  arid analysis..  .......... 376,000 
Steri11.zntion of spacecraft..  .. 126,000 

To1ta:L Sup o r t i n g  research 
and tecgnolo W. ......... .$2,9 15,000 

369,000 

244,000 

-__ 

2,098,000 

1,448,000 

275,000 

720,000 
421,000 

:; 10,050,000 

425 I-L- 0100 .-.. 

258,0100 

2,010, CIQO 

1,430,000 

940,00(1 

6 70, OOC, 
639, C)oc, 

$; 10,800,  OOCl 

SEE RDO 12-2!: 
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F 1 inh t pr og;raj  

1962 - 
Biosate l l i te  

BIOS I sounding rocket 

Spacecraft development 
prclbe.. .................... $ 133,000 

contract. . . . . . . . . . . . . . . . . . .  --- --- Scientif ic  experiments. ...... 
Recovery operations.. ........ --- 

Total spacecraft.. ......... $ 133,000 

Launch vehic les . . . . . . . . . . . . . .  --- 
Total f l i ght  program....... 8 133,000 

Total direct R&D costs . .  . $3,048,000 

1963 - .- 1964 

$ 6,250,000 $ 7,700,000 
2,000,000 3,000,000 

1,000,000 500,000 

$ 8,750,000 $ 11,700,000 

2,200,000 12.700.000 
I 

$ 10,950,000 $ 24,400,000 

,921,000,000 1$35,200.000 

SEE RDO-12-1 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

LAUNCH VEHICLE DEVELOPMENT 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11 PAGE RDO 13-1 AND 13-7) 

Supportiny,S!search and technology 
1962 - 

Vehic1.c eystem studies . .  ....... 
Solid igtate technology research 

and 1:eiiting.. ................ 
Propul!~sion feed system ana lys is  
Vehicllds operational analysis .  
Guidance system analysis..  ..... 
Thrust chamber dynamics.. ...... 
Liquid kick standard stages.  . . 
Launch procedures c r i t e r i a , .  . 

1963 - 1964 -. 
$ 2,000,000 

-- - 500 , 000 --- 500,000 --- 500 , 000 --- 1.,300,000 --- I., 000 , 000 --- I!. , 000,000 -- 200 , OOC!, 
-I 

'rota1 Supporting research 
and technology .......... --- $ 2,000,000 $!i ,000,OO~E 

SEE RDO-13-2 
VOL . 17: 

. 4 , 200,000 Scout deve lotpment. ................. $ 4,700 000 

Delta devczlospment.. ................ 5,255,000 --- 
e - .. 
- - .. 

SEE RDO- 13- 7 
VOL. I1 

Centaur deve lopmen t 

Vehicle development --- 
Design, test  and f ab r i ca t ion  

OE Centaur stage. ,  ........ 48,010,000 82,317,000 9'3,618,000 

E n g i s s  fo r  Centaur stage 
($%$ne development) 

R'L-10A-3 development ....... 15,395,000 5 70 , 000 
Engine procurement.. ....... 3,616 , 000 2,159,000 5 70 , 000 

--- --- 4,500,000 

- - .. 
Engine product improvement6 - .. 

stage .................. $19,011,000 $ 2,729,000 $ 5,070,000 
Total  engines fo r  Centaur 

SEE RDO-13-3 
VOL. I1 
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1963 - 1963’ - 1962 - 
Suppor tserv ice  s 

NASA f i e l d  center support. ..... $ 800,000 $ 910,000 $ 540,000 
DOD support. .................. 722,000 475,000 475,000 
Contractor support.. .......... 5,248,000 . 6,469,000 10.,997,000 

T o t x l  support servicks ...... 9 6,770,000 $ 7,854,000 2, $ 1 2  012,000 

Ilottil Centaur development. $73,791,000 $ 92,900,000 $110,700,000 

SEE RDO-13-3 
VOL. I1 

Operational: support 

Productiirnprovement and pro- 
duc t fon t e s t  

Scout: 

---- 
-. 

500,000 
,800 000 

--- --- Imprcnreinent t o  X-258 
Improvement t o  X- 259 --- --- 

--I_ --A,--. 

Totall Scout.. ................ --- --- $ 1,300,000 

D e l  tr! 

3rd Stage des t ruc t  system.. ... --- 100,000 150,000 ........ 50,000 X-258 motor adaption.. --- 250,000 ............. --- 100,000 15O,000 Explcwitre bolts..  
Fair ing extension t o  vehicle.. --- 50,000 250,000 

......... --- --- 300,000 

- 

1gnit::Lon system rework.. ...... --- --- 200,000 
3rd stage telemetry.. -I 

Totdl Delta.. ................ --- $ 500,000 $ 1,100,000 

Agena! 

Imprcnretnents t o  Atlas ,  Thor 

Minor. construction improve.. 

Stancliirtl shroud fo r  various 

and Agena ................... --- --- 4,700,000 

merits t o  launch pad --- 500,000 

spacecraft  missions.. ....... --- 1.000.O00 1,500,000 
1 

Total Agena.. ................ --- $ 1,000,000 $ 6,700,000 

SEE RDO- 13- 5;) 
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1963 - 1962 - 1964 - 
Centaur --- 

" I "  LOX r ec i r cu la t ion  improve- --- $ 200,000 
Guidance repackaging.. ......... --- --- 500,000 
Fiberglass  He bot t les . .  ........ - 0 -  --- 100,000 
P W  :Lnstrumentation repackage. --- --- 20,000 
Alteienate i n e r t i a l  components.. --- --- 
Comb:Lned system t e s t  stand. .... --- $ 6,200,000 , --- 

merits.................... --- .... 

980,000 

Total  ~ ~ e n t a u r . . . . . . . . . . . . . . . . .  --- $ 6,200,000 -I $ l,,,800,000 

T o t d  Product improvement and 
production test.. .......... --- $ 7,700,000 $ 10,,900,000 

SEE RW-13-5 
VOL. I1 

MainteiqE2e of ground support 
equiinnent 

scout -. 
Suppo:rt equipment and replace- 

ments t o  allow f o r  upkeep of 
(3:) i n s t a l l a t i o n s .  ........... 

Ref u r l ~ i  shing and support of 
(211 launch f a c i l i t i e s  ........ 

--- e 1 !I, 000,000 --- 

--- $ 1,000,000 $ 600,000 

Agena 

Catastrophic spares.. .......... 1,915,000 200,000 250,000 .................. --- --- 250 ,  OOQ AGE :;upport.. -, 

Total Agena.. ................ .$ 1,915,000 $ 200,000 $ ,500,000 

Totial Maintenance of ground 
r;iipport equipment.. ....... .$ 1,915,000 $ 1,200,000 $ 2,, 100,000 

Svs tem i2 : ineer ing  

scout: -. 
Engirieeiring support and system 

anL1y:;is.. ................... 

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

42 
. . . .  

SEE RDO-13-1 
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1962 - 1963 - 1964 
-I 

Delta -- 
. . , a  

Engineering support and --- $ 900,000 --- system analysis, . .. . .. , . -. .. 
Total System engineering.... --- --- $ 2,000,000 

Total, Operational support $'1,915,000 $ 8,900,000 $ 15,000,000 

$85,661,000 $108,000,000 =,700,000 Total direct R&D costs.. - 

SEE RDO- 13- 1 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

F a c i l i t i e s  grants  

FACILITY, TRAINING,  AND RESEARCH GRANTS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 14-1 TO 14-9) 

Cal i fornia ,  University of 
(Berkeley) ......................... 

Chicago, University of............... 
Iowa, S ta t e  University of............ 
Rensselaer Poly. I n s t i t u t e .  .......... 
Stanford University .................. 
Under Consideration..........o...o... 
Negotiations i n  process with 8 
universities.........o........~.aeo 

Approxinlat.ely 11 addi t iona l  
univer-si t y  research f a c i l i t i e s . .  ... 

1962 - 19 63 - 19 64, 
-I 

I, - - 
- 0 -  $10,000,000 

Training j:rmt s 

Alabama., University of..  ............. 
Arizona.:, University of.. ............. 
Brooklyn, Polytechnic Ins t .  of.. ..... 
Cal i forn ia  I n s t i t u t e  of Technology.. . 
Calif  or'nia , University o f ,  

Los h g e l e s ,  California. .  .......... 
Carnegie I n s t i t u t e  of Technology.. ... 
Case I n s t i t u t e  of Technology.. ....... 
Chicago, 1Jniversity of.. ............. 
Cincinrtinti, University of.. .......... 
Clemsoti (College.. .................... 
Colorado, University of.. ............. 
Colorado State University.. .......... 

Arizona. S t a t e  University............. 

Arkansaizi, University of.. ............ 
Auburn University. ................... 

Catholic: University.. ................ 

192,000 .. -.. 
177,000 .., - .. 
144,000 .., 0 .. 
147,600 I., - .. 
216,000 I., - .. 
268,900 I., - .. 

79 , 200 .., - .. 

128,700 
169 , 500 
203,700 
165 , 900 
333 , 000 
141 , 100 
75,600 

176,600 
91,800 

S:EE RDO 14-1 
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Training Brants (cont'd), 

Columbia University .................. 
Connecticut, University o f . . . . . . . . . . .  
Cornell U n i v ~ r e i t y . . . . . . . . . . . . . . . . . . .  
Delaware, University of.............. 
Denver, University of................ 
Duke University............~......... 
Florida State University............. 
Florida, University of............... 
George Washington University....,.... 

Houston, University of............... 
Illinois Institute of Technology..... 
Illinois, University 
Indiana University ................... 
Iowa, State University of............ 
Iowa Sta.te 
Johns Hctpk.ins University.. ........... 
Kanma3 S'tate Un2vereity.............. 
Kansas, Un.Lversfty of...0............ 
Kent S t a . t e :  University................ 
Lehigh ~lniversity.o.o................ 
Louisiana State University........... 
Maryland, University of....O......... 
Massachusetts Institute of Technology 
Michigan State University............ 
WchSgari University ofoeO............ 
Minnesctei, University of. ............ 
K ~ S S O U X ~ ~ , ~  University of.. ............ 
Missouri School of Mines and Metal... 

New Mea:j.co, University of.. .......... 
New Pork: University..........o....~.. 

Georgia $nsti,tute of Technology. ..... , 

W v a r I 3  . Ilr.tivf?rs:ity o f .  ............... 
North Chrolfna, University of. ....... 
North Clcixolfna State College.. ....... 
Nortb~~l:;t:c:1(11 University.. ............ 
Ohi.0 St:ii"t.lt! U'niversityo e o o o o s  o o o 9 

Northea!trtt!rn University .............. 
Notre Ikunt! . University of. ........... 
Okkihaui titate University.. .......... 
OkI.aixnonOnui, University of .............. 
Oregon I;tate. University. ............. 
Bennsyl.vania State University.. ...... 
PennsyI:rania, University of. ......... 
Pittsbui:gh, University of ............ 
Princeton University.. ............... 
Purdue lJniv~r~ity.o..o....o......~..~ 

19 62 - 
$106,100 

11- 

-0 -  

169,500 

-I- 

177,000 
19 2,000 

1963 - 
$228,000 
106,900 
177,000 
109,600 
100,800 
177,000 
131,200 
177,000 
109 , 800 
230,400 
177,000 
188 , 700 
212,400 
143,100 
175,500 
171,000 
156 , 000 
142 , 200 
143,300 
25 , 500 
153,600 
131,500 
19 2,000 
310,500 
144 , 000 
265,500 
288,000 
152,900 

76 400 
GO, 600 
113,900 
220,600 
132,000 
142,000 
50 , 900 
18 7,200 
153,600 
112,000 
120 , 000 
177,000 
149,400 
177,000 
192,000 
180,000 
230,400 
223,200 

19 64 
-t 

SISE RDO I& :L 
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Training &:ants (cont'd) 

Rennsselaer Polytechnic Inst . . . . , . . . , .  
Rhode Is land ,  University of........... 
Rice University ....................... 
Rochester, University of.............. 
Saint  h u t s  University................ 
Southern Cal i fornia ,  University of.... 
Stanford University................... 
Stevens I n s t i t u t e  of Technology....... 

Tennessee, University of.............. 
Texas, Agricul tural  and Mechanical 

College,...........o........... ...... 
Syracuse University Research Ins t .  .... 

Texas Technological College.. ......... 
Texas, University of.. ................ 
Tulane Cniversity.. ................... 
Utah S t a t e  University................. 
Utah, University of ................... 
Vnnderbiit University................. 
Vermont, University of................ 
Virginia. Polytechnic I n s t i t u t e .  ....... 
Virginia. ,  I lniversity of ............... 
Washingt:on,, University of .  ............ 
West VLrginia University, ............. 
Western Iktserve University.. .......... 
Wisconsin, University of.. ............ 
YaLe Unl.vei:si.ty.. ..................... 
American Mathematical Society........, 
C . r L  ~nhh .. 71a~versi ty . .  ................. 
t .trips I 
Approxirniitely 1,250 pre-doctoral 

Washingtxm University ( S t .  Louis) . . . 

se ~ e c  t.rori of grantees  pending.. . 
t r a inees  i n  space-related f i e l d s  
a t  about 1x0 univers i t ies . .  ......... 

1962 - 19 64 - 
$177,000 

19 2 ,000 
--- 
--- 
--e --- 

--- 
e--  --- 

-I- 

--" 

$192,000 
70,800 

192,000 
183,000 
140,400 
152,400 
230,800 
108,000 
141,600 
141,600 

19 2 ,000 
101,600 
132,000 
158,400 
56,000 

141,600 
153,600 
48,700 

177,000 
153,400 
154,800 
150,200 
143,100 
141,600 
183,000 
205,500 

50,000 
64.430 

931, s(ic 

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

Kesearch gramte 

--- - .. 0 A. A.  A ,  S.o........................i. 181,000 
Cal i forn ia ,  University of 

Cal i forn ia ,  University of 
- I -  - (Berkeley) .......................... 500,000 $250,000 

(Los Angeles) ....................... 500,000 500 ,000 - I- - --- - I- - Columbia University................... 100,000 --- - -- Denver Research Institute............. 56,745 

SEE RDO 14.01 
VOL. 11 
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Research F d E i t s  (cont’d) 

Grad. Research Center of the S.  W... . .  
Kansas, IJniversi ty  of .  ................ 
M. I. T,, ............................... 
Midwest Research I n s t i t u t e . .  .......... 
Mississl.ppi S t a t e  University., ........ 
National, Academy of Sciences.. ........ 
National. Science Foundation.. ......... 
Ohio S ta t e  University. ................ 
Oklahoma S ta t e  University. ............ 
Pennsylvania, University o f . , .  ........ 
S. W. Re:3earch I n s t i t u t e . .  ............ 
Technical Operations, Inc............. 
Texas A (5 14 . . . . . . . . . . . . . . . . . . . . . . . . 4 .e  
Wisconsin, University of . .  ............ 
Adelphi College....................... 
Alabama, University of. ............... 
Cornel1 University.. .................. 
C U C 0 ~ 3 . ” , . . . . . . . . . . . . . . . .  ............. 
Maine, !Jiiiversity of.. ................ 
EZar:,rlantl, 1Jniversity of . .  ............. 
New Yorlr University.. ................. 
Pittsbui:gh, IJniversity of.. ........... 
Rice Unitve’rsi t y  ....................... 
Xavier IJniversity.. ................... 
Under co1is:Ldera t ion. .................. 
New research p ro jec t s  (ap?rox. $8M) 

and continuation of those s t a r t e d  
i n  FY 1942 and 1963 (approx. $4M)... 

? P  

19 64 - 1962 - 1963 - 
$923,000 

100,000 
113,566 
345,9 72 
92,615 

154,000 
40.000 
58,781 
10,800 

250,000 
55,432 
70,000 

100,000 
700,000 

$500 ,000 - .. - 
50,000 - .. - 

1,300,000 - .. - - -- - .. - --- - I.. - 

--- 
so, 000 

400,000 
160,000 
600,000 
200,000 
40,OOi) 
61,250 

700 ,000 
33,450 

500,000 
50,000 

103,300 
7,000 

--- MI $12,000,000 .- 

Total  ,research grants..  . . 0 $4- -18-0 $5.600AOoQ , $ ! 2 r n ! h Q  

Total  d i r e c t  R&D c o s t s  .......... $12.961.000 $30. 600.000 - $>5.000.000 c 

SEE RDO 14,-1 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SPACE VEHICLE SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 15-1 TO 15-17) 

Support ingresearch and technology 
1962 - 1963 - 19 64 

-I 

Advanced concepts --- 
Mission ana lys i s  and operations. ... $930,000 $1,345,000 $2,650,000 
Spacecraft concepts................ 550,000 1,005,000 9 20,000 
Launch vehicle  concepts...,........ --- 75,000 550 ,ope 

T o t a l  advanced concepts. ......... $1,480,000 $2,425,000 $4,120,0(10 

Spacecraft aerothermodynamics 

Atmospheric en t ry  heat ing and hea t  

Configuration aerodynamics, 
transfer......... ................ 490,000 7 14,000 1,200,000 

plerformance , s t ab i  li t y  and 
cont ro l  .......................... 2,650,000 3,269,000 3,550,000 

Landing and recovery............... 430,000 847,000 1,100,000 .- 
Total  spacecraf t  aerothermo- 

dynamics ....................... $3,570,000 $4,830,000 $5,850,000 

Spacecraft loads and s t ruc tu res  

Advanced s t ruc tu res  and s t r u c t u r a l  
mater ia ls  application..  .......... 390,000 1,39 5,000 1,720,000 

Structures  f o r  space hazards 
control........................... 120,000 416,000 830,000 

High-temperature structures........ 745,000 1,362,000 1,550,000 
St ruc tu ra l  loads..................* 12 5,000 174,000 300 ,000 
Struc tura l  dynamics ................ 190,000 658,000 1,070,0[)0 
Str i ic tural  mechanics............... 100,000 278,000 S74 0 00 
St ruc tu ra l  fabr ica t ion  techniques.. -..- 100,000 . 1 0 0 , O ~ ~  

Total  spacecraf t  loads and 
structures...... ............... $1,670,000 $4,383,000 ,$6,144,0[)0 

SEI2 RDO 15-4 
VOL. I1 



1962 - 1963 - 1964 
-I 

Space vekiile environmental f a c t o r s  

High-energy r ad ia t ion  e f f e c t s  and 

Meteoroid environment and impact 

Zero-gravity f l u i d  behavior........ 

Thennal r ad ia t ion  e f f e c t s  and 

shLelding........................ 

h a e a r d . . . . . . . . . . . . . . . . . . . . . . . . . . .  

High-vacuum technology..... ........ 
temperature control.............. 

'Total space vehic le  environ- 
mental factors............... 

Launch vce_&c le aerothermodynamics 

Aerofdynamic forces ,  steady loads,  

Vehicle and base heating........... 
Launch 'vehicle recovery.. .......... 
Acoustic noise propagation......... 

s t a b i l i t y  and control .  ........... 

Total launch vehic le  aerothermo- 
dynamics....................... 

Launch vehic l e  loads and s t r u c t u r e s  

Advanced s t ruc tu res  and s t r u c t u r a l  
materials appl icat ion.  ........... 

Struc tures  f o r  space hazards con t ro l  
High- temperature s t ructures . .  ...... 
St ruc tu ra l  loads................... 
S t ruc tura l  dynamics.......... ...... 
Strut: tu  ra 'L mechani c s ............... 
Struc tura  1 f ab r i ca t ion  techniques.. 

Total  launch vehic le  loads and 
:structures. .  ................... 

Space vehicle design c r i t e r i a  

$780,000 $1,754,000 $3,16O,,OOO 

690,000 1,238,000 2,820,000 
120,000 130 000 350, 0013 
423,000 789,000 1,380, t)OO 

460 .OOO 1.144.800 1,850 

$2,473,000 $5,055,000 $9,560,000 

780, ooo 1,373, ooo 1,625, ooo 

....I 150,000 190 ,000 
580,000 1,754,000 2,075,000 

190.000 313.000 550,  OO? 

$1,550,000 $3,590,000 $4,440 , "J) 

4P0,OOO 995,000 1. ~ 330 OOO 

10 7,000 307,000 402 ,I)OO 

620,000 1,323,000 1,100,~[)00 
410,000 1,004,000 1,476,001) 

110,000 210,000 440 , f[)OIl 

220,000 555,000 900,000 

--- 100 000 500 &Q 

$1,877,000 $4,494,000 $6,148 ,()OO 

--- 500,000 1 500,000 

Total  supporting research and 
tec'hnrology.. ..................... $12,620,000 $25.277 .OOO :$37,762,000 

SEE RDO 15-4 
VOL. I% 
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F1 ight proj mtq 1964 
-I 

1963 - 1962 - 
Scout r e s z  r y  hea t i n 8  

Spacecraft and support sewlcea. ... $(815,000) $400,000 $500,000 
Launch vehicLQ......I.............. 3,000.000 1.000.000 1.000,()0~ 

Total mout  reentry heating. ..... Q3,000,000 $1,400,000 $1,500,003 

FIRE 
Y I I  

Reentry vehicle  and support 
services.. ....................... 1,346,000 5,500,000 3,4OO,0013 

Terminal ve loc i ty  vehicle.......... 223,000 2,500,000 600 , 000 .... ................... Launch vehicle.. 2,400,000 4,000,000 .I_ 

Advanced FIRE 

Spacecraft and support services.... om. 1-0 5,600,000 

Launcih vehicle..................... 0-0  - - - 1 I 700 LWi 
Ve1oeit:y package...............*... --I --- 1 * 200 ,fOOiI 

Toit’al Advanced FIRE.............. 0 0 -  --- $8 ,500, (000 

- Scout 3-w- launched meteoroid eatell i tes 

Spactacriaf 1: and support services.. .. 78,000 1,620,000 450 , C:lOO 
hunch  vehicle.. ................... 800.000 1,500,000 al?g!  

TOl:iZI scout launched meteoroid 
aate11,ites.. ................... $878,000 $3,120,000 $950,001) 

Saturn 2 1i”””’:ed meteoroid experiments 

Spacec:ritf t and support. ............ - -0  2 ,430,000 4,250,000 

SEE RIM 15-10 
through :14 

VOL. II 

Space vetGlite recovery 

Fl ight  vehic les  and support services  -..- 9 50 ,  OOCI 

SEE: RDO 15-15 
through 1.7 

VOL. I1 
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19 64 
-I 

1963 - 1962 - 
Secondaryenvironmental experiments 

Experiments and support services.... --- $550,00i3 

Small s p ! ~  vehicle flight experiments 

Behavior and handling of cryogenic 
propellants at zero g............. -0-  $ 800,000 1,650,000 

Wind shear measurements............. --I 114,000 600 000 
Meteor simulation................... --- 600,000 600,000 
Trailblazer reentry project......... 0.9 100,000 200,000 ........ 450,000 Meteoroid penetration probe. $ 295,000 90,000 .-- 
Total small space vehicle flight 

$295,000 $1,704,000 ., $3,500.1[)00 cxperiments..........~..~~~..~~~ .-- 
Total flight projects......... $8,142,000 $20,654,000 1$24,200,i[)01) .-- 
Total direct R&D costs........ $20.762,QQQ 345.931.002 ;$61.962$300 m n  

SEE RDO 15- 3 5 
TNROUGi-; 1 7  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

ELECTRONICS SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 16-1 TO 16-13) 

Supporting research and technology 
.I 

1962 1963 1964 

Guidance systems 

Inertial sensors and systems..... $543,000 $1,390,000 $1,815,000 
Passive electromagnetic 

sensors and systems............ --- 610,000 1,137,000 
Active electromagnetic 

devices and systems.., ......... 75,000 680,000 875,000 
Computers and displays...... ..... --- 605,000 855,000 
System and trajectory analysis,.. 282,000 1,305,000 1.138,0(30 

Total Guidance systems....... $900,000 $4,590,000 $5,820,000 

--- Control systems 

M:an.ned flight control systems.. .. --e ~,214,000 135,000 
Flight displays .................. --- 661,000 735,000 
Automatic flight control systems. 831,000 843,000 1,120,000 
Advanced control theory,.....,... 59,000 400,000 588,000 
Advanced components technology... 135,000 409,000 550,000 

--- 1,200,ooJ Sirrlulator technology.......... ... --- 
Total Control systems.. ...... $1,025,000 $3,527,000 $4,928,000 

--- Conmrmnication systems 

Information theo~y ............... 39,000 460,000 175,0100 
Clonmrunicat ion techniques and 

components........... .......... 907,000 2,295,000 2,953,01100 
Advanced electric devices. e .  e , 274,000 1,197,000 L457,09@3, 

Total Communication systems.. $1,220,000 $3,952,000 $4,585,0100 

--- Trcicking and data acquisition 
sty~ t ems 

3:nfiormation theory..... .......... 31,000 190,000 ZOO ,000 
Tracking and data acquisition 

t:echniques and components...... 393,000 1,285,000 2,222,000 
Advanced electronic devices.. .... 116,000 455,000 1.066,C!N)O, 

- -  

Total Tracking and data 
acquisition systems.. ........ $540,000 $1,930,000 $3,488,000 

52 
SEE, RDO 16-83 
VOL. I1 



1963 - 1962 - 1364 -- 
Instrumentation 
-I- 

Astrophysical instrumentation.$ 626,000 $ 1,035,000 $ 1,8133,000 
Bio-medical instrumentation... --- 513,000 5 30,000 
Flight engineering instrumen- 

tation,. ..................... 32,000 1,121,000 1,919,000 

Tcstal Instrumentation,, , , , , ,$  658,000 $ 2,669,000 $ 4,252,13cJ0 

--- Data handling and processing 

Flight readiness and launch 
syst.ems.. ................... 21,000 220,000 561,300 

Adwinced computing devices. I . . 64,000 720,000 1 , 3g:,c_!5 
Data processing systems ....... 505,000 1,238,000 1,658,?(?0 

' I ' c i tZLl  Data handling and 
processing ................ $. 590,000 $ 2,178,000 $ 3,5397,g000 

Total Supporting research 
and technology .......... $4.933.C0n $18,846,000 $26.t112.0QO 

Small f 1j.&: project 8 

RacL:to attenuation measurements 

Scmner.. ..................... (ltN4). ...................... (1,635,000) k,750,000 2,(108,000 
1,;"5c, c'40 - - -  -e.. 

Spcicecxaf t orientation control 
wvstem, ..................... L . I  LOO, 000 - * -  

-,-.-*"- -.--I .__I,-- . 

Total Small flight projectc.($X,635POO) $ 1,850,800 .I - - . - -,-I_ $ 3,:i'50,080 

Total direct R&D costs,. . .$4,933,ooO $20,696,000 $30,:)62,002 -- 

SEE RDO-16-11 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

HUMAN FACTOR SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 17-1 t o  17-7) 

Supoorting-research and technolonv 

Advanced concepts 
Systems analyses...  ........ 
Bionics . . . . . . . . , . , . . . . . . . . . .  

T D t a l  ,"ivanced concepLs.. 

Hum<an analogs .............. 

Human research and performance 

Bodv s'ys t ems ............... 
..--*- Enviroknental physiology,. . 
Biornedmne am personnel 

s e l ec t ion . .  .............. 
bdiavioral  sciences .  ..... 
Total  liumn research ani1 

Psycno-physiology and 

Habi tab i l i ty . .  ............. 
. .  perf orrnance ............ 

Man sp&2m i n t  enrat  ion 

Systemm!~ research.. ......... 
Peracmiel subsystems. ...... 
Simulation, t e s t  and evalua- 

t:Lon. .................... 
Total  Man system in te -  * .  grat ion. .  ..... A,. ...... 

Life  oiipport and pro tec t ive  
sys t: em:3 

Envi~o~unenta l  & atmospheric 
cont I C 0  1 .................. 

Food and water control .  .... 
Hy&,j.enjr and san i t a t ion  

cont icol .................. 
Anthropometric and non- 

anr:hropometric suits.. ... 
Repair f a c i l i t i e s . .  ........ 
Bioctngineer ing ............. 
Personel equipment. ........ 

Tot:al. L i f e  suppor t  and 
\ protec t ive  systems. i.. : 

11964 
-I- 

1963 - 1962 - 
--- $ 640,000 $ /+,,!5,000 
-e- --- 2!iO ,000 --- - --- 2'5 000. 

--- $ 640,000 $ 900,000 

$ 200,000 240,000 6'50,000 
1,500,000 1,737,000 2 ,O'PO ,000 

84,000 110,000 6'75,000 

200,000 330,000 1,0'75,000 --- 40,000 4 , LO, 000 

$1,984,000 $2,457,000 $ 4,910,000 

-a- 1,060,000 1 ,O[)O ,000 --- 586,000 1,4:!iO ,000 

*-- 699,000 3 ,l!IjO ,000 

--- $2,345,000 $ 5,bOO,UOU 

1,787,000 2,3:10,000 
40,000 330,000 

586,000 3!1)0,000 

831,000 9;!5 ,000 

220,000 445,000 , 

70 , 000 175,000 
969,000 2,2O5,000 

$4,503,000 $ 6,800,000 
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1964 - 1962 - 1963 - 
Total Supporting re- 

search and technology. ... - $1,984.000 $ 9.945,nnn 518,200.000 

--- 
Prolec ts.. . . . . . . . . . . . . . . . * .  . 9 420.000 $ 115,000 __ 

Total direct R&D costs, . . . . )2,404,000 $10,060,000 ~1.8,200.000 

SEE E.DCI-, 17-4 
VOL. 11 

5 5  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

NUCLEAR- ELECTRIC SYSTEMS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 18-1 TO 18-21) 

Supporting ZLsearch and technology 
1962 - 1963 - 1964 - 

Nuclear - eJ,ec: t r i c  power 

Basic pi:o~)erties 

Alkal.:~, rnetal hea t  t ransfer .  .... $ 300 . 000 $ 1 . 120 . 000 $ 1,100 . 000 
Engineering and t ransport  ................. 227 , 000 300 , 000 4 70 , 000 
Thernrtonic physics.. --- 250,000 -- 300- properties. .  

Totill Basic properties. .  ..... $527,000 $1,670,000 $1,870,000 

........... 

System components 

Turbltiieis, pumps, separators.  ... 90,000 2,850,000 2 :, 900,000 
Bearings and seals.. ........... - 0 0  325,000 600 , 000 
Radia toic , bo i l e r  and condenser 152 , 000 580 , 000 950 , 000 
Alternators ,  power conditioning 

sw:t tchgear., ................. --- 605 , 000 750 , 000 
Thermionic diodes. ............. 148 . 000 430 , 000 - 50O,300 

Total System componento. ..... $ 390 . 000 $ 4,790 . 000 $ 5 ,700 . 000 
Materiizk and environmental 

e f f ec t s --- 
Corrositon...................... 572,000 950 , 000 900 , 000 
Welding, creep t e s t i n g ,  cavi ta-  

t i o n  damage.. ................ - -.- 650 , 000 797,000 
Al1o:y development.............. 100 , 000 215 , 000 490,000 
Electrode propert ies ,  seals, 

Meteloroid impact emissivity. .  .. 309.000 313,000 - 275,000 
insu la tors ,  conductors....... --- 300 , 000 1,500 , 000 

Total  Materials and environ- 
mental e f f e c t s  ............. $ 981,000 $ 2,428,000 $ 3,962,000 

Advanceconcepts and system --- studies.. ...................... $1,802,000 $ 1,203,000 .$ 1,000,000 

SEE RDO- 18-.3 
VOL. I r  

56 



Subsyst:em evaluation. .......... 
1964 -. 1963 

7 

--- $ 600,000 

Elec tric-Eopul sion 

E 1 ec tr5,st:jt i c pr opul sion 

Ion E;erielation ............... $ 640,000 $ 633,000 450,000 
Ion hestm diagnostics.. ....... 507,000 380,000 300,000 
Propell.ant storage and feed 

syste ~ms.................... 222,000 100,000 200,000 
Adva.nced systems.. ........... 862,000 720,000 - 950, OOC! 

Total. Electrostatic propul- 
c;ion ..................... $ 2,231,000 $ 1,833,000 $ 1..,900,000 

--- Electrothermal propulsion 
Cryogenic prope 1 lant storage 

175,000 146,000 100,000 
140,000 300,000 - - .I. 
558,000 87,000 100,OO~E 

Bi-propellant arc jet.. ...... 40,000 70,000 100,000 --- --- - 200,00(p 

arid 'feed ................... 
AC arc stability ............. 

analysis. .................. 
Advance systems. ............. 
Thermal1 and kinetic energy 

Totali Electrothermal 
propulsion.. ............. $ 913,000 603,000 $ 500,0001 

--- Electrtmlgnetic propulsion 

Pul sed thrust or s ............. 647,000 467,000 750,00(3 --- 255,000 500,000 --- 252,000 250,000 
Fluid dynamics research.. .... 719 , 000 740,000 -, 886 , OOC? 

Steady state thrustors.. ..... 
Plasm diagnostics.. ......... 
To1:a:L Electromagnetic pro- 

l~itsion.. ................ $1,366,000 $ 1,714,000 $ :;!, 386,OOO 

Mission innalysis.. ............. --- --c 388,000 400 ,OO@ 

Component techno1 ogy . ,  

--- e - -  800,000 --- - - -  200,00(3 

--- 200,000 

Pews:: conditioning. .......... 
Rad ji at :Lon shielding. ......... 
P0We.c supply.. ............... Syslxm integration.. ......... --- 439,000 500,000 

3 
--- 

TotaL Component technology. --- 439 , 000 S I ,  700 , 0013 

'rota1 supporting research 
and technology. ........ $8,210,000 $15.068 . 000 s20.018.001[) 

SEE RDO-18-3 
57 VOL. I1 



Developmz: and f l i g h t  pro jec ts  

1963 - 1962 - 

SNAP-8 f l l i ~ h t  evaluation , .  --- 
-I- 518,000 Spacxxraf t design development. 

Supporting research and 

Growid and launch support. e e e . --- 125,000 
Thor launch vehicles.  ......... 

dtwellopment --- 200,000 ................. 
--- --- 

Total SNAP-8 f l i g h t  evalu- 
ition.. .................... --- $ 843,000 

--- Small  nuclear e l e c t r i c  propul- 
--I siori and power f l igh t -pro lec t  
MECCA --- $ 1,850,000 ......................... --- 

--- E l e c t r i c  engine development 
p r o j e c t s  

Large :ton engines.. ........... 1,975,000 3,800,000 
Large iarc j e t  engines.. ....... 600,000 500,000 

1 , 200,000 Sma!L'L ;arc and ion engines..... --- 
Tota'L E l e c t r i c  engine' 

development projects. .  .... $ 2,575,000 $ 5,500,000 

Space e l e c t r i c  rocket test 
(SER'P) 

Spacec :ra E t de s ign , deve 1 opmen t 

Laumh vehicles. .  ............. 1,500,000 600,000 

Total SERT.................. $,3,570,000 $ 5.170,OO 

and support ................. 2,070,000 4,570,000 

Total  Development and 
€ l i g h t  projects......... $12,248,000 $28,463,000 

Total  d i r e c t  R&D costs..  $20,458,000 $43,531,000 

1964 

$lSil,OOO, 000 

-. 

I., 30,000 
:! ,000,000 

-I 500, OOC!, 

$ Q , 000,000 

$ II., 400,000 

ti, 000,OO~E 
500,000 

-I :I, 500 , OOC! 

$ t ) ,  000,000 

(3,650, OOB 
-I cij , 700 , OOC! 

a!i, 350,00(3 

SEE RDO 18-'L1, 18-13, 
18- 15, 18- 1115, 18- 19 

VOL. 1"t 
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NATIONAL AERONAWTICS AND SPACE AJMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

NUCLEAR ROCKETS 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. 11, PAGES RDO 19-1 t o  19-18) 

Support inlrzssearch and t achnolony 

- Rocketireactor research 
1963 - 1962 - 

Mal: e r  Lals development e . e . eo0 $785,000 
Coaioe.ptua1 s tudies  and 

design analysis. .  . . . * .  .. --e 415,000 
Newt ronics design and 

devjelopment.. ............. - 0 -  82,000 
Shielding development.. . e .  ., . --- 23 , 000 
Rei%ctlor t e s t  support e o . .  * .  e $900,000 5,300,000 

-0-  940 000 
Fun’drPnental react  or  research 154 .ooo 515.000 

research.....,...,...... $1,054,000 $8,060,000 
:Plot ,a1 Rocket reac tor  

Nuclear rocket ennine systems 

Flow components.. . o.. . . .. . . . 
Twc‘bcnnachinery.. . . e e * .  *.. . 
Coiitmls and instrumentation 
Ders Lgin and analysis .  * .  . e , 
Radialtion e f fec ts . .  . . . . . . . . e 

No:tzlles * .  . . . . . . . . . . . . . e * .  e e 

Beiari1ngs, s e a l s  and 
:Lubrication. . . . . . . . .. . . 

F l u  i d  property research. . . . . 
Fuidainental engine aystems 

realearch.. . , . . , . * . + .  . . ”.. 
Total Nuclear rocket 

engine systems .......... 

83,000 
e-- 

154,000 

737,000 

1,028,000 
104,000 
907,000 
115,000 
800,000 
815,000 

125,000 
425,000 

515,000 

$4,826,000 

--- Vehicle technology 

PropeLlant heat ing. .  . . . . . . . . 
Mi!3 sion analysis . .  . . . . . . . . . . --- fOO,OOO --- 25,000 
Radiation e f f ec t s . .  . . . . . . . . . -e- 128,000 

Total  Vehicle technology.. --- v <. 253,000 

Total  Supporting research 
and technology ........ $1,791,000 $13,339,000 

11.964 
a l l _  

$1 8 CIOO ,000 

850 000 

:Loo, 000 
50,000 

5,300,000 
1 ~700,000 

x . j . 8 7  .OOC 

.; 10,:1.87,000 

2 ,!~00,000 
~~00,800 

2,:!00,000 
!i00,000 
“00 g 000 

2,!~00,000 

?OO 9 000 
!i00,000 

j 11,:!00,000 

500 * 000 

ti00 ,000 

,_ :1!00,000 
--- 

$ ~~~00,000 
._. 

$22,687 000 

SEE 13DO 19-3 
VOI:, . I1 
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Pro 1 ec t s 1962 - 1963 - :1.964 
.I- 

K I W I  

React: or  t ee  t support 
c oniponen t s ............... 

Prope'Lliants.. .............. 
: r m n i  KIWI.. .......... 

NERVA - 
Engiiie isystems development. 
Component and subsystem 

d eir le lopmen t .............. 
Grouiid test  and operat ions 

support .................. 
Propct l l a n t s  ................ 

!COtoal NERVA. . . - 
RIFT - 

Systwn technology. ......... 
Subsystlem technology. ...... 
Syst im Lntegrat ion. ........ 

T D t ~ ~ 1  , RIFT. 

Nuclear rw&at  development s t a t  ion 
operat icp& 

Geneml s i t  e support. ...... 
Fac i ' l  i t : y  checkout and 
ma i n t  enance .............. 

Capit: a 1  equipment. ......... 
IFDt<al, NRDS operat ions. 

'Cot.al Projects  

T o t  a1 d i r ec t  R&D costs .  

$4,529,000 $2,400,000 
140,000 1.670,OOO $1,()00,000 

$4,669,000 $ 4,070,000 $ l , h O O , O O O  

3,817,000 4,983 , 000 ll,(:lOO ,000 

5,258,000 19,348,000 30,000,000 

10,229,000 12,690,000 13,000,000 
12,000 6,196,000 &!lOO,OOO 

$19,316,000 $ 43,217,000 $60,~:)00,000 

500,000 2,336,000 1,750,000 
500,000 3,119,000 9,~llOO,OOO --- 5,245,000 1,,250,000 

3 1,000,000 $10,700,000 8 12,h00,000 

--- 300,000 lj00 ,000 

..-- 100,000 350,000 
so ,000 --- 100,000 --- S 500,000 .' 1,000,000 4s-' 

-I 

F; 24,985,000 $ 58,487,000 $74,1300,000 

$26,776,000 $71,826,000 $96,1587,000 
-I 

SEE RDO 19-8, 19-9, 
19-13 and 19-16 

VOL. IX 
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MATXPONAL AERONAUTICS AM, SPACE ADMINISTRATION 

FISCAL YEMI I964 ESTIMATES 

CHEMICAL PROPULSION 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. PP, PAGES RDO 20-1 TO 20-5) 

Aero1:htsnmocPlcnniotry. m 4 4 o e L o o e a o 

Mattr1:ialr.. a b b 0 0 e . 0 n 0 e b 0 0 4 0 b * 0 0 

Ana1.ysis. , e e o  e e . e o  

Total. Chemical. oropulsi n 
mad materiale, *.. ...... .. ... cinalysie, aerobhernane R emletry 

Xi.2h-onq:nv Dr ope P Ian t B 

E b q d d  pr~peYlants, e * ,  e . @ .  e D .  

Solid propellants. D .  a e .  .. 
Storage and environmental effects 

Tots ] .  High-energy propellants: : 

&hwxc& launch vehicle ennine tech- - no l e 2 2  

3;iqui.d rocket cmponemts. e e ,, a e 

Efqe11.d roeket systems.. 0 e 0 (I e 0 0 e 0 0 

SoP1ei rocket components, e e o .  

S s I f t i  rocket sgrstms, ., ,, . * .  

engine te~hnology.. . . . o .  b 8 m s 
Total. Advanced spacecraf t 

$1 , 803 , 000 
341,000 

-I- 

$2,144,000 

1,263,000 
340,000 
141,000 

$1,744,000 

75,000 
Y 062 000 

45 # 000 
_Ipr8,ooo 

$1 8 322,000 

75 000 
P 526,000 

45 008 
- 147,008 
$1,7939 000 

$5,459 000 $7, !i25i , 000 

I 709 9 000 2 , OOtl 9 000 
800, 000 

-. 398, OOC! Li0CL.PQ.Q 
7 11 , 000 

$2,818, UU(I $3,I)06,000 

$4,035 p OOCt ~5~61-5,000 

SE:E RDQ-20-2 AND 
20-3 VOL. II 

61 



1963 - 1962 - 1964 - 
Experimental hiizh-energy engine 

Syst:enrs.. ..................... o m -  300,000 9 1,574,000 
T'cltatl Experimental high- 

energy e n g i n e . , . . . . . . . . . . .  --- 300,000 1 , 5 74,000 
- -  

Total Supporting research.. 
and technology.. ....... .$7,003,000 $14,219,000 $22,497,000 

Small flight: p r o j e c t . . * . . . . . . . . . . . . .  0 - 0  250,000 , o m -  

Total direct R&D coete, ,Q7,003.000 $14.469.000 Q22.497.000 -- 

SEE RDCI-20-2 AND 20-3 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SPACE POWER 

RESXARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL. I1 PAGES RDO 21-1 TO 21-7) 

SupportinpLrc!search and technology 
1962 - 1963 - 

---- Solar ce3Lls 

Photovoltaic. .................. $1,5 10 . 000 $ 2,409 . 000 $!, 350, OOQ 

Tota'l Solar cells. ........... $1,510,000 $ 2,409,000 $ :1,.350,00(3 

-- Therm:Lion Lc power technology 
The:rmi,onics. ................... 1,310,000 1 . 909,000 3,293,000 
Solar concentrators............ 400,000 610,000 - 700, OO? 
Total Thermionic power 

technology.. ............... $1,710,000 $ 2,519,000 $ 3,993,000 

--- Solar engine technology 
Solar dynamics... .............. 950,000 1,750,000 2,500,000 

638,000 Thermal energy storage......... 110,000 314,000 - 
Total Solar engine technology $1,060,000 $ 2,064,000 $ 3,138,000 

--I Batteries and fuel cells 

Batteries...................... 560,000 775,000 945,000 
1,600, OOg Fuel cells..................-... 560,000 1,372,000 - 

Total Batteries and fuel 
cells. ..................... $1,120,000 $ 2,147,000 $ 2,545,0C10 

Chemical. engines --- 
Engjtnes.. ...................... 150,000 200,000 700,000 
E lex ti: i c a1 d f s t r ibut ion and .................... 320,000 _,  1 , 168,000 control.. 200,000 

Ilotal Chemical engines ....... $ 350,000 $ 520 . 000 $ 1,868,000 

. . . . . . . . . . . . . . . .  SEE RDO-;!1-3 
VOL. 1:lt . . . . . . . . . .  
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1962 - 1963 -. 19641 - 
Thermoce-ctric. magnetohydro- 

dynazai cs , and advanced -- conce22 
Thermoelectric.. . . *. . . . . .. . . *. $ 227,000 $ 300,000 $ 575,000 

Anal.:vs:ts. .. . . . ..* e .. . . . . *. . . .*. 
Magnetofluid dynamics. . . . . . . . 325,000 650,000 555,000 --- 250,000 - 500, OOOs 

To lt a 1 Thermoe le c t r i c , mag- 
netohydrodynamics, and ad- 
vanced concepts.. * * * .  . . . *. . $ 552,000 $ 1,200,000 L!L, 630,00(? 

Total direct R&D costs.. . . . $6,302,000 $10,859,000 $lti,524,00Q - 

SEE RDO 21-3 
VOL. I1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOL, 11, PAGES RDO 22-1 t o  22-10) 

Support inks5search  and technolonv 
196a 1963 - 11.964 

-I- 

Aircrirf t aerodynamics 

Fundamental aerodynamics, . $130,000 $296,000 $~iiO7,000 
Aerodynamic e f f ic iency  , 

e t a b i l i t y  and cont,rol a t  : 
';iibbrsonic and t ransonic  

Supersonic speeds.. , , l . . 0-0 275,000 tiiO0,OOO 
Hypersonic speeds.. ...... --I 188,000 -, 850.000 

speeds.. ............... I.. 120,000 11.50 ,000 

Total  Ai rcraf t  aero-' 
dynamics,-< i ; ;; ; . .',ad i 8 J Z .  $190,000 $ 8f9,OOO 4 1, SIlO7,OOO 

Aircriaft loads and s t ruc tu res  

LOfldS ...................... --.. 122,000 1~~10,000 
Stn ic tu ra l  dynamics l I , l , , - .... 329,000 375,000 
Fat:Lgrie. . . l l l . . l . l e-. 245,000 lii20,OOO 
Stinicltural design, l . , , . . ...I 220,000 395,000 
Mal:er.tals research. ........ 762.000 694.000 -, E150.000 

$762,000 $1,610,000 $2,450,000 
Tottrl Ai rcraf t  loads and 

s t r u ~ t u r e s ~  8 8 8 ,  (I 8 a 8 8 8 e 

Air-breiathing p r o w l s  ion 

Subr3oiiic and t ransonic  

Super:(3 onic propulsion 

Hypc;rrrtonIc propulsion 

Fundament a1 8 of combust ion. 104,000 114,000 :1.53,000 
Rocket f l i g h t  t e s t s  of 

hypersonic i n l e t s  ........ -0 -  250,000 1,;!00,000 

p-repulsion systems.. ..... -0- 430,000 400,000 

eys1:ems. ................. .-- 85,000 !i00,000 

systems.. ................ 0.0 a34, ooo 1100,000 

T O t i a l  Air-breathing 
propulsion; ;; ; : :; :;; ;: ; $104jOOO $1,713,000 $3,03j,UUO 

SEE lUl0 22-3 
VOI.,. I1 
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1963 - 1962 - 1964 
7 

-..- Aircraft operating problems 

Varia'ble stability air- 

Flying and hand1 ing 

Flight safety............... --- 65,000 150,000 
Noise and sonic boom.....;.. --- 348,000 700,000 

~~lane..................... --- $ 1,325,000 $ 450,000 

~~ualities ................. --- 196,000 400,000 

Opsrat*onal techniques..;... --- 578,000 IQ00,OOO 
Operating environments.. .... ($1,426,000)1/ 460,000 ~~00,000 

Total Aircraft operating 
problems............... . ..-I $ 2,972,000 $ 2,500,000 

Total Supporting re- 

-I 

search and technology $ 996,000 $ 7,174,000 $ 9,910,000 

Projects 

_1-1 X- 15,b research aircraft 

Aerodynamics. ............... ( 29 , 000) 35,000 70,000 
(53,000) 60,000 140,000 Lo,ads and structures........ 

Pr3pulsion.................. (10,000) 10,000 40,000 
Op'erating problems. ......... (447,000) 5,475,000 650,000 

'Total X-15A research ' 
aircraft. ............... ($539,000$-/$5,580,000 $ 900,OOQ 

SEE RDO 22-7, VOLUME 11 
Supersonic transport 

492,000 700,000 
Loads and structures., , . . , (195,000$/ 886,000 590,000 
Propulsion. ................. (104,000~/ 442,000 1,3Oo,OOO 
Operating problems. ......... 116,000 2,467,000 1,200,000 

Aerodynamics ................ 1,842,000 

'Fatal Supersonic trans- 
port.. .................. $1,958,000 $ 4,287,000 $ 3,790,000 

SEE RDO 22-8 
VOL. IT 

--- Vertical'short take-off and 
landing (V'STOL) aircraft 

Aerodynamics. ............... (89,000) 562,000 
Loads and structures........ (4,000) 9,000 

820,000 
55 , 000 

66 
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1963 - 1962 - 1964 - 
-- Verticallshort take-off and -- landis (V-STOL) aircraft 

(cont'd) . .  
Propulsion.. ................. .$ (21,000) $ 136,000 $ 175,000 
Operating problems........... . .  (68,000) 330,000 'j50,OOO 

'Total Verticallshort take- 
off and landing (V/STOL 
aircraft). ................ $ cl82.000)~~~1.037.000 $ lL!500.0O0 

SEE RDO-22-9 
VOL.. I1 

Total Projects ............ $1,958,000 $10,904,000 9 6,290,000 

Total direct R&D costs..~2,954,000 $18,078.000 ~16,200,000 - 

- l/Amount provided for direct project effort in Operation of 
Installations in FY 1962. 

SEE RI:@0-22-1 
VOL,. I1 
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TRACKING AND DATA ACQUISITION 

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA 
(SEE VOLUME I1,PAGES RDO 23-1 TO 23-19) 

Support irgif'e se arch and technology 

- Intefiited systems study, --- deve1.opment and test 

Trajectory, orbit determination 
cmd data requirements analyses., 

Syaitems parametric studies.,...... 
Corceptual systems studies.. ...... 
DeveI.opmenta1 systems tests. ...... 
l'otal Integrated systems study, 

development and test.......... 

Improvements to existing systems 

Telemetry data conditioning, 
extracting and display 

Data acquisition receiving 

Electronic tracking equipment ..... 
Data handling and processing 

~equipment....... ................ 
Coimnaand generation equipment.,.... 
Antenna servo drive units......... 
Antenna structure and microwave 

O p t i c s  .......................... 
Antenna feeds.....O....O.OO..O.... 
Calibration equipment and 

tec'hniques.... .................. 
Timing and frequency standards 

equlpment ....................... 
Spacecraft and vehicle 

It camponder equipment. .......... 

equipment ....................... 
equipment ....................... 

Circuft elements.. ................. 

1962 - 1963 - 

$ 358,000 $ 400,000 $ 600,000 
225,000 200, OCllO 225,000 

275,000 250,000 225,OCllO 
900,000 625,000 825 ,OCllg -.- 

$ 1,458,000 $ i,650,0oo $ 2,0a0,000 

1,125,000 1,350,oa~o 1 ,'975,000 

1,650,000 2,260,000 2,685,000 
937,000 1,750,000 2,250,000 

175,000 225,000 565,000 
120,000 175,000 .300,000 
290,000 350,000 49 0,000 

605,000 925,000 '320,000 
695,000 850,000 1 ,(350,000 

110,000 122,OO~O :L 7 5,000 

150,000 200, OOlO :350,000 

250,000 3 2 5 ,0010 42 5,000 
150,000 200, OO!! 31 5,000 

Totaal Improvements to existing 
s:ystems.. ..................... $ 6,257,000 $ 8,732,000 $ 11,50~3,000 
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1962 - 1963 - 1 9  64 -.-- -- New systems development 

Telemetry da t a  conditioning, 
ex t rac t ing  and d isp lay  
(equipment. ...................... $ 242,000 $ 325,000 $ 720,000 

Electronic tracking equipment..,.. 900,000 1,350,000 2 ,050, 000 
Optical tracking equipment..... ... - - -  80,0011 1.50,000 
Data handling and processing 

equipment ....................... 100,000 200,000 ~ ! 5 0 , O O Q  
Command and cont ro l  generation 

Spacecraft and vehicle transponder 
&q~ipment 80,000 163,001) 1.80 ,000 

equipment ....................... 60,000 100,001~ 1.50 ,000 

....................... 
-.I 

Total  New systems development ... $ 1,382,000 9 2,218,000 .- $ 3,500,000 - 
Tcotcnl Supporting research 

and technology, ............. $ 9,097,000 $ 12,600,001:) $ 17,000,000 

SEE RDO 23-2 
VOLUME 11 

Network operations - 
S a t e l l i t e  ne twork . . . . . . . . . . . . . . . . .  9,374,000 11,7660,000 17 , CCIOO ,000 
Malinead f l i g h t  network., ........... L5,183,000 16,260,000 24,(300,000 
Deep space network... ............. 6,743,000 7,860,000 10 ,~~00,000 
Laiinclh area instrumentation.. ..... 500.000 3,850,000 5,000,000 
Aa.todynamics test  range.........,. --- 450,000 1300,000 

7 , '700,OOO D a t a  processing and handling 1,660,000 4,570,00(1 - .- 
Nei: $0 rk communications. ........... 8,393,000 10,760,OOO 16 ,C100,000 ...... 

T3t  31 Network operat ions.  ....... $41,853,000 $ 55,510,000 $ 80,500,000 

SI'SE RDO 23-6 
VOLUME I1 

Equipment , ~ 3  components 

Satell Lite network --- 
Mafiiittsnance, spares and 

ixp'tacement, .................... 1,411,000 2,515,000 5,9100 ,000 

Expnn :3 &an of ne twork capab f 1 i t  y 

1360,000 14edLum-gain antenna systems.. ... 1,290,000 2,9 50,000 
li.36-mc s e l f  - t racking antenna 

S a t e l l i t e  command systems.. ..... 270,000 69 5,000 67'i ,000 
siistems.... ................... 105,000 2,060,000 1, :150,000 
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1962 - 1963 - 1'9 64 --- 
1 1 1  S a t e l l i t e  network (Con't) 

I?CM s t a t i o n  telemetry systems.. . 
Real-time telemetry readout 

equipment.. ................... 
l?ortable telemetry s t a t ions . ,  ... 
400 -mc  receiver  systems. ........ 
!;cation da ta  handling and 

conditioning eqtiipment., ...... 
Stetion microwave terminal 

equipment ..................... 
Srra1:ion data  control  and moni- 

tor ing systems, ............... 
E'ortable range and range-rate 

tracking s t a t ions . . . . . . . . . . . . .  
Pity]-oad simulation equipment. ... 
C:o1l.irnation and test opt ics . ,  ... 
Timing system output equipment.. 
1,tnunch area spacecraft  checkout 

equipment ..................... 

$ 864,000 $ 680,000 $ 2,r375,000 

3 20,000 
365,001:) 
120, oo(:) 

300 ,000 
2,:32!) ,000 

:1.20 ,000 

500 ,000 2,:240,000 

150,000 z 50 ,000 

145,000 1, :I 5!i, 000 

3 ,400,000 
!i40,000 
:! 50,000 
4oct,ooo 

--e 

T o t a l  Sa t e l l i t e  network.. ..... $ 3,940,000 $ 10,500,000 $ 22,00C1,000 

Kannecl f 1 ight  network 

Maintenance, spares and 
4, OOC ,000 replacement ..................... 1,649 300 2,500 OOC 

Expans ion of network capab i 1 i t y  

621,500 
Augmentation of voice communi- 

ca t ions  systems.............. ' . 
Automatic telemetry readout 

and decommutation....,........ 99,500 
Radar system modif icat ions. , . . . .  894,700 
Telemetry sh ip  modifications. . , ,  940,000 
Tracking sh ip  modifications. . . . .  1,250,000 
Clomputer reprogramming .......... 800,000 
Network s t a t i o n  equipmedt in t e -  

grat ion and t e s t . . . . . . . . . .  .... 1,798,000 
D<ata terminal equipment a t  corn- 

puter cen ter  and Bermuda.,. ... 1,900,000 
Cormand remote systems.. ........ 100,000 
PC!4 telemetry s t a t i o n  systems.. . 
Digital command encoders.. ...... --- 
Rl? command systems .............. --- 

equipment - - -  
M o l 3 i L e  MPS-26 radar system.. .... 
Ac:quisition aid antenna systems. - - -  
1n; ta l la t ion  and s t a t i o n  modi- 

Eications --- 

* - -  

I n  t ras i t e  connnunic at ions ..................... ---  

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

---  
9,329,000 
4,875,000 
1,764,000 

434,000 
550,000 

1,600,000 

- - -  
e-- 

--- 
2,800,000 
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- MannwkEl ight network (Con' t) 

I),sta handling and alpha numeric 
display systems., ............. $ 

IJiiijEied S-band station 
s ~ ~ s t e m s . . . . . . . . . . , . . . . . . . . . . . .  

1)oep space station A~a~$lo S-band 
compatibility subsyeteme.. .... 

Ehigineering and ryeteme inte- 
gi~ation.. . . l l . .I . . . . l . . . l . . l . .  

In-orb i t checkout data 
conditioning ~~YetemtiJ......,..~ 

1:n -orb i t checkout data 
htrndling equipment.. .......... 

1:rr -orb it checkout display and 
st:atus monitoring system.,.... 

1962 - 19 63 - 

--- $ 1 ,800,000 $ 24,000,000 

--- 12,000 , OOCI 21 ,000,000 

--- 2,000,00(:~ 4,000,000 

-I- 3 ,050, OOC) 4,000,000 

--I - - ,I. 9 ,000,000 

--- - - .I. 7,000,000 

--- - - .I, 8,000,000 --- - - .I. 3 ;ooo, 000 1,tincling area instrumentation.. .. 
Total Manned flight network.. $10,253,000 $ 42,702,000 $ 84,000,000 

Deep rrpeice network 

Maintenance, spares and 
rep1,acement.. .................... --- 1 ,060,000 1,7 75; , 000 

Expanst ion of network capability 

A t  omichron and synchronization 
equipment.. ................... 

S-band receiver systems......... 
Microwave standards,.,...... .... 
Prototype improved S-band RF 

performance components. ........ 
Antenna, servo, and trans- 

mitter modifications. ......... 
S-band transmitters and 
components., .................. 

Klystron and maser amplifiers.,. 
S-band ranging systems...,...... 
Data transmission and processing 

Digital data and instrumentation 
systems. ...................... 

Test transponders and calibra- 

equipment ..................... 

tion equipment. ............... 
Remote collimation equipment. ... 
S-band acquisition aids and' 

Mobile S-band range and 
equipment. .................... 
doppler station............... 

300,000 
385,000 
150 , 000 

440, OOCli 

1,126,0001 

711,OOCI 
3 58 ,  OOC 
639, ooo 

1 ,02 6, OOCl 

460,000 

601,000 
250,000 

4150 , 000 

1,1.70,000 
1,425,000 
375,000 

9 30,000 

535,000 

150,000 
3 20,000 

4.80,OOO 

1,3:30,000 
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1964 --- 1963 - 1962 - 
Deep %ace network (Con'tl 

Yagnetic tape recorders....,,... $ --- $ ..-- $ 460,000 
Automatic test and checkout ..................... --- 600,000 equipment I- -.- 
Total Deep space network..... . $ --- $ 7,506,000 $ 10,000,000 

Yaj ntenance spares and 
1,975,000 replacement .................... 457,000 8 .LO , 00 0 

Expansion of existing capability 

Photographic processing equ€p- 

'3ange camera equipment .......... 175,000 200,000 :2 5 0 ,000 
~ircraft calibration and test 

intenna systems modifications. , . 60,000 120,000 :24 0,000 
Tuning equipment ................ --- - - -  75,000 .... --- - - -  83,000 

ment.. ........................ 100,000 150,OOiO :!20,000 

100,000 120,0013 L60,OOO i i t s  F ruinentat ion. .............. 

lim,ge ship instrumentation.. - --- 
Total Launch area 

instrumentation............. $ 892,000 $ 1,400,000 $ 3,0013,000 

he rodyn ,ami c test range 

Ma L itcnance , spares and 
r e p  lacement.. ................... --- 210,0013 2513,000 

Expansion of network capability 

IJ*roi~otype PCM telemetry system.. --- 500,000 --- 
..... --- - - I  7 SIL 000 P!PS -16 radar refurbishment. .I -- -- 

'7 i i ta l  Aerodynamic test range.. $ - - -  $ 710,3@0 $ l,liiOO,OOO 

Maintenance, spares and 
I:cp:Lacement., ................... 

Expian:;ion of network capability 

Shipboard tuneable RF filters.. . 
40 IM radio transmitters.,..... . 
Ditta terminal equipment. ........ 
Teletype and voice equipment. , . . 
Switching center equipment. ..... 

398,700 494,000 .zi50,000 

40,200 --.  ---  
--- 538,000 :zoo, 000 

77,300 80,000 400 ,000 
:L.oo ,000 

283,900 150,000 :I 50,000 
139,700 262,000 
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1964 --- 19 63 - 1962 - 
Comunicatione network (Con't) --- 

Tea t  and evaluation equipment... $ 27,200 $ 200,000 $ 250,000 
Midbile coimnunicat ions vas, ..... --- 250,000 250,000 
South American coamrmnications --- 240,000 300 000 system ~ d i f i c o t i o n s , . . , . . . . . .  --- --- 1 , ~ O . O O O  Solid s t a t e  switching eystem..... - 

Total Communication network,,.  $ 967,000 $ 2,214,OO~O $ 4,000,000 

-- Data Eoeeseing, and handling 

Maintenance, spares and 
replacement ..................... 85,200 41 2 ,0010 1,305,000 

Expansion of exPeting capab i l i t y  

PFM data  processing system,. . . . .  
Prototype telemetry tope 

s igna l  recovery system ........ 
'Data monitoring and control  

caqacPes ...................... 
S a t e l l i t e  telemetry automatic 

reduction systems (sW~S). .... 
'Telemeter o f f - l i n e  processing 

system...,.............. ...... 
Special purpose data processors. 
Autmnatic analog da ta  tape 

evaluation equipment. ......... 
'High @geed p l o t t e r  p r i n t e r ,  ..... 

214,800 

--- 340,OOiO 

~0,0010 

1,548,OOlD 2,53 5,000 

3,:79.3,000 
1,lt9~3,000 

47 7,000 
;700 000 -.- 

T o t a l  Data B)PQCMS%IP~ and 
2,700,00113 $ 10,00~3,000 ................. - h~wdl%ng . , ,  $ 300,000 $ 

Total Equipment and 
@ongpsnents ................ $16,352,000 9 67,732,00!2 ~134,008,000 

Total Direct R&D c o s t s , . . . . ,  $67,302,000 $135,842,00d3 Q231,5Ol3,000 - -_I- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

0 1  REVISED SUMMARY OF CONSTRUCTION OF FACILITIES PROGRAM BY LOCATION 14 

Fisca l  Year F i sca l  Year F i sca l  Y e a r  
1962 1963 -I 1964 .-. 

Ames Resetirc:h Center.. ............. 
Fl ight  Researc.h Center.. ........... 
Gaddard Space F l i g h t  Center.. ...... 
Je t  PrspuJ. s ion Laboratory. ......... 
Langley F:t!sr!arch Center.. .......... 
Launch 0perat:i.ons Center.. ......... 
L e w i s  Re~;t:ar:ch Center.. ............ 
Manned Space!eraf t Center.. ......... 
Marshall Space F l igh t  Center.. ..... 
Miehaud E'I.ar1t:. ..................... 
Mississ ippi  Test: Fac i l i t y . .  ........ 
Nuclear Ekaeket. Development Stat ion.  
Pacif 5.c I,;tunch Operat ions Off ice. .. 
Various I,OC at: ,ion& ................ 
Wallops 5;tat:ian. ................... 
Faci . l i ty  IPPanning and D e s i g d . .  ... 
Reserved :%I: Allocation Under 

Reprsgrimning Authority.. ........ 

$6,564,000 

12,170,000 
4,063,800 
6,942,500 

116,291,400 
1,835,000 

66,688,600 
30,318,000 
10,723,000 
18,990,000 
22,930,000 

975,000 
47,874,000 
11,714,000 

700 

110,000 
$14,200,000 

1,697,000 
17,556,250 
10,003,200 
8,861,000 

326,974,400 
43,485,000 
45,282,700 
43,559,500 
18,294,000 
73 200,000 
17,470,000 

99,901,000 
4 , 160 , 750 
4,684,000 

$13 , 0 76 , OOCl 

4,081 ,OOCI 

20,9 32,00C1 
7,000 ,OOCI 
9,768,OOCI 

312,855,OOCI 
25,835,000 
37,736,OOCl 
38,496,000 
10,003,000 

1.11,69O,OOCI 
20,490 000 

1.76,038,000 
2,000,000 
10,000,~E00 

Tota l .  Plan.. ................... 5358,198,000 9737,425,000 p 0 0 , Q O O  ,oC)O --= 

- 1/ This rc?v:ised summary co r rec t s  e r r o r  i n  tabula t ion  as shown i n  1701. LV, Page 
SUM 5, The cor rec t  FY 1963 amount f o r  Various Locations is $9!1,9Ql,00(> 
instead o f  $99,721,000 and $4,684,00Q instead of $4,864,000 fo r  F a c i l i t y  
P 1 annmg and Design . 

- 21 Excludes amounts appropriated f o r  f a c i l i t i e s  at Various Locations i n  f i s c a l  
years 'b9652 and 1963 which are now iden t i f i ed  as p a r t  of specifxc NASA 
instaI.'!ations. 

on t h e  basis of cur ren t  a l locat ions.  
- 3/ Amount::; appropriated i n  f i s c a l  years 1962 and 1963 are  re f lec ted  by loea t ion  

SEE SUM 5 
VOL. 11.1 
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