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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Fiscal Year 1964 Estimates

Summary of Research and Development Programs

Manned Spacecraft Systems....
Launch Vehicle and Pro-

pulsion Systems...... cessen
Aerospace Medicine....... cree
Integration and Checkout.....

Systems Engineering..... crees
Meteorological Satellites....
Communication Satellites....
Advanced Applications

Satellites.....s00vuuraan .o
Industrial Applications..... .
Geophysics and Astronomy.....
Lunar ard Planetary Ex-

ploraticn......cveevvuuuns .
Bioscierce......cov0uvennnan .
Launch Vehicle Develop-

ments., c.oe0.. chseresseanns
Facility, Training and

Research Grants...... ceesos
Space Vehicle Systems........
Electronic Systems......... .o
Human Factor Systems....... .o
Nuclear-Electric Systems.....
Nuclear Rockets....... chsee e
Chemical Fropulsion........ .o
Space Power.......cc00ss oo
Aeronautics.......o00rtu0nnn .
Tracking and Data Ac-

quisition......... cere e .

Total Direct R&D Costs.....

1962

166,801,000 $

386,153,000

7,854,000
1,250,000
992,000
34,433,000
‘33,105,000

300,000
97,775,000

161,784,000
3,048,000

85,661,000

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

67,302,000

1963

1964

708,521,000 $1,556,600,000

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

221,179,000
21,000,000

108,000, 000

30,600,000

45,931,000

20,696,000

10,060, 000,

43,531, 000
71,826,000
14,469,000
10,859,000
18,078,000

135,842,000

1,168,500,000

16,700,000
153,000,000
37,000,000
63,700,000
51,100,000

1,000,000
3,500,000
194,400,000

322,600,000
35,200,000

130,700,000

55,000,000
61,962,000
30,362,000
18, 200, 000
68,768,000
96,687,000
22,497,000
16,524,000
16,200,000

231,500,000

$1.151.011.000 $2,515,349,000 $4,351,700,000



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

MANNED SPACECRAFT SYSTEMS

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

Spacecraft supporting technology (SR&T)

1962 1963 1964
Advanced concepts..... veese S 338,000 $ 257,000 $ 3,810,000
Spacecraft aerothermo-
dynamics......... 0000000 3,098,000 550,000 990,000
Spacecraft loads and
structures......... Ceearae 610,000 742,000 2,450,000
Srace vehicle environ-
mental factors........... - 250,000 1,050,000
Space vehicle design
criteria.....c.oe0veunnn. --- 40,000 450,000
Guidance system............ 100,000 603,000 2,350,000
Navigation.......ooeeeeues . - 120,000 230,000
Control systems,......... .. -—- 1,150,000 895,000
Communications.......... PR 113,000 448,000 1,090,000
Tracking and data
acquisition.....,........ . - 355,000 435,000
Data handling and
processing.......... ceees 80,000 525,000 1,150,000
Instrumentation............ --- 381,000 1,360,000
Landing and recovery
techniques............. s 191,000 809,000 1,000,000
Liquid propulsion program.. 223,000 1,342,000 1,900,000
Solar power generation..... - 53,000 400,000
Chemical power generation.. - 250,000 400,000
Space chemistry............ --- --- 250,000
Geodesy and celestial
mechanics................ --- 150,000 590,00C
Human performance and
behavior..... rerereeeens -=- 75,000 -—-
Meteorites and
micrometeorites.......... -——— - 100,00C
Planetary spectroscopy..... - -—-- 100, 00C
Physical biology........... - - 100,000
Mercury ATD. .. oeviveevonnes 411,000 --- o
Total Spacecraft supporting
technology....cvoovevun $ 5,164,000 $ 8,100,000 $ 21,100,000
SEE RDO 1-4
VOLUME 11



1962 1963 1964
Mercury........... crrecs et sansenas $ 14,600,000 $ 3,342,000 $ e
SEE RDO 1-25
VOLUME II
One-day mission................. .. 16,460,000 17,957,000 -
SEE RDO 1-26
VOLUME 11
Gemini
Spacecraft
leentry module............. 22,667,000 94,267,000 97,300,000
Adapter module............. 3,175,000 29,140,000 18,800,000
Aerospace ground equipment. 1,858,000 17,100,000 32,400,000
Other........ edecencobenns 2,629,000 13,393,000 47,700,000
Total Sbacecraft ......... $ 30,329,000 $153,900,000 $196,200,000
Operations
Ilight....... feecseainaeans - 700,000 1,700,000
Recovery.......... terreaass -—-- 400,000 10,900,000
CreW,. coeeverensnas ceeceaeea -—- 5,200,000 2,000,000
Total Operations...... .. 8 -~- 8§ 6,300,000 ¢ 14,600,000
Launch vehicles
Gemini launch vehicle
(Titan II)..... Ceeeseane 22,391,000 59,280,000 46,900,000
Bemini target vehicle
(Agena)......... eeeseees 2,000,000 9,900,000 32,000,000
Atlas..... Ceeees e saaaenans -=- 400,000 15,900,000
Total Launch vehicles.... $ 24,391,000 $ 69,580,000 3 94,800,000
Supporting development...... . $ 239,000 $ 3,058,000 3 700,000
Total Gemini..... eenas $ 54,959,000 $232,838,000 $306,300,000
SEE RDO 1-5
VOLUME 11



1962 1963 1964
Apollo
Spacecraft
.ommand and service module. § 60,000, 000 $269,224,000 § 661,200,000
Iunar excursion module..... -- 32,000,000 230,000,000
Guidance and navigation
SYSLeM. st vvvvvevoncecsois 7,932,000 45,000,000 130,700,000
Instrumentation and
scientific equipment..... 1,937,000 3,9094900 9,500,000
Total Spacecraft......... $ 69,869,000 $350,124,000 $1,031,400,000
Operat ions
Flight operations.......... --- 640,000 5,000,000
Recovery operations........ -~- 310,000 9,000,000
, Crew operations............ -~ 50,000 2,000,000
Total Operations........ . $ -~- § 1,000,000 & 16,000,000
Launch vehicles
Little Joe IX......... ceen 1,250,000 4,500,000 5,000,000
FoF: 1410 o + WIS e © 950,000 55,221,000 75,000,000
3aturn B...... Ceerenenaeaa -~ - 55,000,000
Total Launch vehicles.... $ 2,200,000 $ 59,721,000 & 135,000,000
Supporting development....... 1,257,000 5,000,000 25,000,000
R&D facilities....... e 2,292,000 19,939,000 ---
Total Apollo........... $ 75,618,000 $435,784,000 31,207,400,000
SEE RDO 1-10
VOLUME 1T
Mission control center operatiohsA $ --- $§ 10,500,000 35 21,800,000
SEE RDO 1-21
VOLUME I1I
Total Direct R&D
costs..... e eaaa $166,801,000 $708,521,000 $1,556,600,000
SEE RDO 1-1
VOLUME II



MATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES
LAUNCH VEHICLE AND PROPULSION SYSTEMS

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

1962

Launch vehicle supporting technology
(SR&T)

Launch vehicle studieSsececsceescosces $
Launch vehicle aerothermodynamics.....
Launch vehicle loads and structures...
Space vehicle design criteria.........
Guidance SysStemS....cccscesescecessone
Navigations.ceoeoeoionsesersannnecenas
Control sSyStemS..c.ceececevcvevososcase
CommunicationS:seeecececscrsacsoscscane

Total Launch vehicle support-

ing technology..«.seecess $ 6,719,0001/ $

Propulsion supporting technology
(SR&D)

Solid"latlot‘cll'l'co-.'..co.'l-.l..l..' 3’298’000
Liquideesesoeesrnosssonecoesoaonoasans 1,409,000

Total Propulsion supporting

technology.scsseeiaeeres $ 4,707,000 §

Launch operations supporting technology

(SR&T)
Launch facilities studies....cecoecaees 502,000
Launch grouad support equipment
studies........... sesecsssccesescsas 660, 000
Launch operations techniques.... ...ces . -
Launch site hazards studieSc.ecoecesces ---
Space fragment hazards studies........ ===

Total Launch operations support-

ing technology.secesesss $ 1,162,000 $

$ 2,100,000 $ 2,000,000

130,000 800,000
4,329,000 6,000, 000
650,000 2,000,000
641,000 1,500,000
50,000 1,300,000
580, 000 1,800,000
320,000 1,500,000

8,800,000 $ 16,900,000

o

1,700,000 6,500, 000
6,250,000 16,000,000

7,950,000 $ 22,500,000
SEE RDO 2-3 VOL. II

1,100,000 2,150,000
983,000 3,700,000
50,000 420,000
717,000 1,120,000
150,00 —210,000

3,000,000 § 7,600,000
SEE RDO 2-7 VOL. II



Saturn I (Sairurn)

1962 1963 1964
S-I stage
Design and develop-

MENEe s vaeeossseracoe $ $ 9’680)000 $ 9’000’0()0
Hardware procurement.. 46,807,000 9,500,000
Assembly and check-

Outeesvousnns cresen 7,666,000 7,000, 000
Tooling and special

equipment...... cesas 3,247,000 1,000,000
R&D facilities...... . 1,657,000 o

Total S-I stage... $83,284,000 1/ $ 69,057,000 $ 26,500,000
S-1IV stage
Design and develop-

1111 X <P 19,200,000 15,000,000
Hardware procurement.. 13,100,000 2,200,000
Assembly and check-

OULeerssaeoooanssnns 9,600,000 7,500,000
Tooling and special

equipment..eoecasese 1,800,000 800,000

Total S-IV stage.. $52,191,000 1/ §$ 43,700,000 $ 25,500,000
Vehicle instrument unit $§ 404,000 $ 1,280.000 $ 3.000.000
Guidance systems
Design and develop-

ment..,..... ceeecane 1,010,000 -~
Hardware procurement.. 10,875,000 2,000,000
Tooling and special '

equipment...cecvuese 366,000 bl

Total Guidance
systems.. $16,050,000 1/ $ 12,251,000 $ 2,000,000
H-1 engine (procurement) $10,250, 000 $ 7,900,000 §$ 2,800,000
RL-10 engine (procurement) $11,918,000 $ 12,650,000 $ 3,400.000
System integration |
Design and develop-

1171 1 10,795,000 10,000,000
Hardware procurement.. 27,465,000 14,600,000
Assembly and check-

OUtsevvorevosoonsnoe 2,612,000 2,000,000
Tooling and special

eq'uipment.-... cos e 1,000,000 .-
Launch operations..... I 2,000,000 4,000,000



Saturn I (Cont.)

1962 1963 1964
Total System
integration... $19,229,000 1/ $43,872,000 $30,600,000
Total Saturn I.... $193,326,000 $190, 710,000 $93,800, 000

SEE RDO 2-9 VOL. II

Saturn IB (Saturn B)

S-1 stage
Design and develop-
ment......;..-..--...... - 3’600,000 7,000,000
Hardware procurement...... === - 4,500,000
Assembly and checkout..... -—- - 1,000,000
Tooling and special
equipment-..........-... - -~ - L.OO__&QO_O
TOtal S'I Stage.aonvo. - $ 3’600’000 $13,500’000

S-1V stage

Design and develop-

MENtessroceosaoocenevans - 9,800, 000 10, 060,000
Hardware procurement...... --- --- 9,100,000
Tooling and special :

equipment.--....-.-....o === 200’099 ——

Total S'IV B Stage..-. hataiind $ 10’000’000 $19,100’000
Vehicle instrument unit --- $ --- $ 6.000,000
Guidance_system - $ --- $ 5.200,000
H-1 engine (procurement) ~-- $ 1.700,.000 $ 3.700,000
J=2 engine (procurement) -—- $ 2,050,000 $ 4.200.000
Systems integration
Design and develop-

MeNteoceesevsesccosccansce - 1’400’000 10,9('0’000
Hardware procurement..... - --- 5,000,000
Launch operations....... . o= === 1,000,000

Total Systems inte-

gration...... voes - $ _1,400,00 $16,900,000
Total Saturn IB....... - $ 18’750’000 $68,600,000

SEE RDO 2-12 VOl. II



Saturn V (Advanced Saturn)

1962 1963 1964
5-1C stage
Design and develop-
metn:a "6 0608908000 SO0 $ $ 53.424,000 $11‘li"400’00()
Hardware procurement.. 38,120,000 87,000,000
Assembly and checkout. 7,679,000 43,400,000
Tooling and special
equipment...ccoecces 44,673,000 40,000,000
Stage SUPPOTrLec.ceeases 604,000 _3,800,000
Total S-1C stage.... § 22,575,000 1/ $144,500,000 $291,600, 000
S-11 stage
Design and develop- )
MeNt.veevorevarsnces 30,915,000 86,914,000
Hardware procurement.. 35,007,000 60, 000,000
Assembly and checkout. 1,261,000 14,086,000
Tooling and special
equipment...c..evaese 13,982,000 15,400, 000
Stage sSupport.......o.. 11,335,000 5,000,000

Total S-II stage.... $ 19,284,000 1/ $ 92,500,000 $181,400, 000
S-1IV B stage

Design and develop-

MeNt...conesassocaas . 15,187,000 46,023,000
Hardware procurement.. 6,892,000 17,377,000
Assembly and checkout. 929,000 6,082,000
Tooling and special

equipment....co0cca. 9,014,000 10,100,000
Stage SUpPpPOrtocccceescs 78,000 2,718,000

Total S-IV B stage.. §$ 2,500,000 1/ $ 32,100,000 $ 82,300,000

Vehicle instrument unit

Design and develop~

MENtecooscrcvenocncos - 1,200,000 10,500, 000
Hardware procurement.. --- 900, 000 3,500,000
Assembly and checkout. -—-- 100, 000 1,500,000
Tooling and special

equipment......c0040 --- 400,000 1,500,000

Total Vehicle instru-
m'ent Unit..... --- $ 2’600’000 $ 17’000,000

10



1962 1963 1964
Saturn V (Cont.)

Guidance system

Design and develop-

mente...... casesaans $ $ 9,500,000 $ 8,000,000
Hardware procurement,.,. 1,500,000 5,000, 000
Assenbly and checkout.. --- 1,800,000
Tooling and special

equipment......cce0ve -=- 1,209,000

Total Guidance system $ 7,590,000 1/ $ 11,000,000 $ 16,000,000

F-1 engine (procurement) $ 3,400,000 $ 21.600.000 $ 53.100.000
J-2 engine (procurement) $ 1.700,000 $ a.R00.000 $ 16.600.00N
Support

Design and develop-

MeNEt.eresecnsoescon .. 9,000,000 41,225,000
Hardware procurement... 2,300,000 17,225,000
Tooling and special

equipment.......... oo 1,200,000 12,370,000
Other SUppPOYt...sceeses 2,000,000 4,180,000

Total SuppOrt.....s.. $ 326,000 1/ $ 14,500,000 $ 75,000,000

Total Saturn V..... $ 57,375,000 $328,600, 000 $733, 000,000
SEE RDO 2-i6 VOL. II
M-1 engine
Engine development....... 4,100,000 23,100,000 33,300,900
Sgecial test equip-

MENCseessoososssonsooes 7,100,000 9,200,000 5,700,000
Facilities..e.eeeceroenns 5,494,000 - 1,200,000 -
Propellants.....oeccvees. 11,000 1,500,000 6,000, 200

Total M-1 engine....... $ 16,705,000 $ 35,000,000 $ 45,000,200

SEE RDD 2-22 VOL. II
H-1 engine
Engine deVe'lop‘me‘nta..-... 4’950’000 4’510,000 4,50()"300
Special test equipment... === --- ===
Facilities,....... e one - 100,000 .-
Propellants..........0. .o 712,000 650,000 700,900
Total H-1 engine..... .o $ 5,662,000 $ 5,260,000 $ 5,200,000

SEE RDO 2-23 VOL. II

11



1962 1963 1964

RL~10 engine

Engine development........ $ 11,157,000 $ 22,330,000 $ 25,300,000
Special test equipment.... 3,125,000 1,427,000 ---
Facilil:ielS...........-'--. - 238’000 -
Propellant8...veeeesescses 2,050,000 8,650,000 7,300,000
Total RL-10 engine...... $ 16,332;000 $ 32,645,000 $ 32,600,000
F-1 engine SEE RDO 2-24, VOLUME II
Engine development...... . 44,284,000 42,500,000 43,500,000
Special test equipment.... - --- 3,000,000
Facilities..eseeeooeoesess 1, 000, 000 - ---
Propellants..c.coeevocenses 3,036,000 8,300,000 7,600,000
Total F-1 engine........ $ 48,320,000 $ 50,800,000 $ 54,100,000

SEE RDO ¢-26 VOL. 1I

J-2 engine

Engine development........ 31,597,000 35,542,000 38,550,000
Special test equipment.... --- --- 1,400,000
FacilitieS.ceseneneronnron -=- .- ---
Propellants.....vcovesveas 2,038,000 9,000,000 8,250,0C0

Total J-2 engine....... . $ 33,635,000 $ 44,542,000 $ 48,200,000

SEE RDO 2-28 VOL. II
Range instrumentation

Advanced instrumentation.. -—- --- 3,300,000
Design, data and mea-

surement....o.oe0.. cesene --- --- 4,800,000
Safety instrumentation.... --- ' --- 3,450, 000
Launch support instru-

mentation.e.ceecesceasenns .- - 3,890,000
Range telemetry expansion

for MILAe.u . vvoeeennenee - —_— mm= 4,560,000

Total Range instrumen-
tatioNecverecoenee - - $ 20’000’000
SEE RDO 2-29 VOL. II

Range support

AF salaries and related

EXPeNSCecesssorssonsns .o 524,000 759,000 1,000,000
Range ccntractor support.. 1,483,000 3,100,000 10,000,000
Equipment, supplies and

material.......c.c... ceos 83,000 2,739,000 6,400,000
Maintenance, repair and

alteration.....ccoveeeses 120,000 1,402,000 3,600,000

12



1962 1963 1964
Range support. (Cont.)

Total Range support..... $ 2,210,000 $ 8,000,000 $ 21,000,000
SEE RDO 2-31 VOL. II

Total direct R&D costs $286!lgg!002 $Z§4!027!000 $1,168,500,000

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 cases for preceeding years.

SEE RDO 2-1
VOL., II

13



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

AEROSPACE MEDICINE

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

"} Experimental studies

Radiation.ceecoscee

Physiological stresses........

Crew performance.,.

Flight crew requirements......

Bioinstrumentation.

Life support systems..

Total Experimental studies...

Crew systems

RadiatioNeseeescaes

Flight crew requirements......

Bioinstrumentation..

Life cupport systemsS.....eccen.

Biomedical in-flight experiments

Crew performance....

' Life support systemS..cecveceso

Ttal Biomedical in-flight

experiments....

Medical orerations.....

Total direct R&D costs....

1962 1963 1964
Cieevesees. 82,812,000 $1,035,000 $ %,535,000
2,077,000 792,000 1,100,000
Ceeenaenans 394,000 407,000 900, 000
-—-- 100,000 1,000,000
Ceeenreenes 105,000 200, 000 275,000
Ceeeeens 439,000 402,000 2,315,000
$5,827,000 $2,936,000 ¢ 8,125,000
eesevs 00000 bl 307’000 400,000
539,000 300,000 500,000
Cheeeenens 16,000 335,000 300,000
379,000 2,672,000 2,750,000
0 s 934,000 3,614,000 § 3,950,000
evseseo0ees o0 haliadiad 100,000 2,625,000
889,000 150,000 500,000
Cerecerenes $ 889.000 §$ 250,000 §$ 3,125,000
cecseescnss 204,000 200,000 1,500,000
$7,854,000 $7.000,000 _$16,700,000
9
b. SEE RDO 3-1
4 1 4 VOLUME 1T
v :
4 P
2 2% 4

LU0 70
WAL
2\ 2 12
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

INTEGRATION AND CHECKOUT

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

Integration

1963 1964

1962
Engincering effort ceceeececsscese 9 200,000 $ 4,800,000 $23,000,000
Comptlte}' t:imeo-..c.oono-cnu-uano-o - = 1,200,000 3,000,000
Total IntegratioN....cceeeeeeess $ 200,000 $ 6,000,000 $26,000,000
Checkout
Engineering effort.ieeesesceescccss 825,000 20,000,000 54,000,000
Hardﬂ'élrel s 0000 sers0r0stss00000000e - 6,500’000 47,000,000
Total CheckOUt.vseersoooscassssen S 825,000 $26,500,000 $101,000,000
Reliability assessment
Engineering effort..cccececesccnse 225,000 5,300,000 23,000,000
COmpUlt.er timEQoooocon.c.n.o.-.nooo . - - - 700,000 3’000,000
Totzl Reliability.veeeecvoecoees $ 225,000 $ 6,000,000 $26,000,000

Total direct Research and

Development COSt.sesoassesoe 2 1,250,000

15

§38!SOO!000 §153!000!ggg

SEE RDO 4-1
VoL, 1I



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

SYSTEMS ENGINEERING

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOLUME II, PAGES RDO 5-1 TO 5-3)

Systems engineering and studies

1962 1963 1964
General mission support..... ceenseoss $992,000 $ 9,000,000 $12,700,000
Engineering and studies......cccci00. -——— 1 ,1‘00 ,000 :?.,()00,000
Advﬁnced studies...... cevese cece e --- 7,900,000 11,300,000
Lunar logistics system studies....... Ceem 5,000,000 6,000,000
Nowva Study.....covcevrnvoncoeonsonsas === 3,500,000 2,000,000
Total direct R&D coStsS.......... . $992,000 26,500,000 $£37,000,000

16



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

METEOROLOGICAL SATELLITES

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL, 11, PAGES RDO 6-1 to 6-9)

Supporting research and technology

-
0
(<A
3

1962 1963

Synchronous meteorological
satellite

Preprototype component ‘
development.........o.c0te -—- —-- $400,000
Systems studies............ - $300,000 50,000
Preprototype systems
development.......conv... - - 500,000

Tetal Synchronous
met eorological satellite - $300,000 $950,000

Advanced meteorological sensor
development

Precipitation radar

equipment...............0 ~-- - 150,000
Day/night television

development......co0e0e.u. —=- 280,000 500,000
Dielectric tape camera

development.............. $400,000 350,000 1,500,000
Solar constant detector

development........vcvuvs --- 70,000 410,000
Development of radiation

sensors and techniques... 400,000 250,000 490,000
Small meteorological

sounding rocket sensor

development..........r... -—- -—- 150,000

Total Advanced meteoro-

logical sensor develop-
MeNt....ooeoeeocescasns $300,000 $950,000 $3,200,000

SEE RDO 6-4
VOL. II

17



1962 1963 1964

Meteorolpgical systems
research

Composition of atmospheric

trace constituents...... $200,000 == o
Meteoronlogical satellite

data analysis and

transmission............ --- $150,000 $450,000
Advanced systems studies.. 1,286,000 300,000 300,100
Studies of radiation

characteristics of

atmospheric gases....... 100,000 50,000 150,100
Meteorological satellite

radiation studies....... 650,000 650,000 800,000
Analysis and interpreta-

tion of radiation data.. 150,000 100,000 250,000
Data systems studies...... 250,000 200,000 500,000

Small meteorelegical
sounding rocket system
studies.........civeevns et 200,000 -

Total Meteorological
systems research...... $ 2,636,000 $1,650,000 $2,450,000

Advanced meteorological
system component develop-

ment
Control development....... -~ 125,000 500,000
Video recorder development - 200,000 250,000
Mechanical instxrumentation

development............. - 500,000 950,000
Electronic component

development,............ --- 75,000 150,000
Electronic instrumentation

development............. - 700,000 1,600,000

Small meteorological
sounding rocket compo-
nent development........ - -~-- 150,000

Total Advanced meteoro-
logical system compo-

nent development...... ——- 1,600,000 3,600,000
Total Supporting research
and technology........ $3,436,000  $4,500,000 $10,200,000
SEE RDO 6-4
VoL, II
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1962 1963 1964
Flight Program

TILROS
Spacecraft and subsystems. $5,304,000 $5,500,000 $2,000,000
Data acquisition.......... 330,000 4,100,000 1,600,000
Engineering utilization of
< ¥ U T 1,041,000 1,400,000 1,300,000
Launch vehicles........... -- 10,200,000 2,300,000
Toral TIROS $6,675,000 $ 21,200,000 $ 7,200,000
SEE RDO 6-6
VOL, II1
NIMBUS

Spacecraft and subsystems

Int:egration, structure

and tesSt.........0uuus 5,711,000 5,000,000 12,565,000
Power supply............ 1,223,000 2,100,000 2,850,000
Controls subsystem...... 3,826,000 5,900,000 6,500,000
PCM telemetry........... 1,264,000 750,000 850,000
Command clock........... 411,000 350,000 570,000
Canera subsystems....... 2,708,000 5,450,000 5,300,000
Radiometers............. 541,000 495,000 800,000
Tape recorders.......... 508,000 195,000 270,000
Transmitters............ 35,000 90,000 425,000
Spectrometers........... --- - 300,000
Scientific experiments.. --- = 525,000

Support:
Reliability program..... 224,000 200,000 “e-
Launch support..... e -——- 300,000 500,000
In~house support........ 130,000 410,000 95,000

Total Spacecraft and
subsystems and Support 16,581,000 21,240,000 31,550,000

Data acquisition ~-- 2,450,000 4,050,000
Launch vehicles 7,300,000 6,600,000 8,200,000
Tot:al NIMBUS $23,881,000 $30,290,000 $43,800,000
SEE RDO 6«7
VoL, II
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Meteorological seunding rocket
systems

Experiments, equipment and
support for large rockets

Rocket grenade experiments.
Sodium vapor experiments...
Field services and support.
Total Experiments, equip~
ment and support fer
large rockets......... .
Large rockets
Small rocket systems
Total Meteorological
sounding rocket
systems,.......... ceses

Total Flight program...

Total direct R&D
COSESeeccncacce es s e

1962 1963 1964

$150,000 $175,000 $250,000

——- 175,000 250,000
——- 125,000 300,000
291,000 315,000 640,000

$ 441,000 $790,000 % 1,440,000
aa- 270,000 360,000

.- 265,000 700,000

$ 441,000 $1,325,000 § 2,500,000

$30,997,000 $52,815,000 $53,500,000

$34,433,000 $57,315,000 $63,700,000

SEE RDO 6-9
& 6-1
VOL, I1
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

COMMUNICATIONS SATELLITES

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

Supporting research and technology

1962 1963 1964
Advanced synchronous satellite
StudieS..ccevreoecasacooccaoan $1,000, 000 $5,000,000 -
High gain reflective structures 126,000 450,000 $ 200,000
Advanced passive satellite
StudieS,cvevrecencrsovanaases 4,113,000 2,750,000 1,200,000
Intermediate altitude satellite
Studies..eaass etessesessasoas - 2,000,000 2,000,000
Elzcrronically steerable
ANEENNAS +sorsoarrnesronacns --- 234,000 100,000
Isctope thermoelectric power
supply studies..... ceesecanns -——- 100, 000 200,000
Technical and operational
studiesS:orseecvsecracsconnces
Technological studies........ 551,000 480,000 350,000
Range and range rate systems. 875,000 - -
Directivity patterns for an-
tennas and measurement of
radio transmission losses
due to scattering objects.. 534,000 --- -—-
Attitude stabilization
techniques..cooevoeese cases 162,000 - -
Development of satellite
materials and components... 117,000 --- -
Earth pointing sensore........ -— 200,000 -—
Widetand receiver studies.... -—- 380,000 -
Simulation of communications
satellite techniques..... .o --- 131,000 -
Economic implications of com-
muriications satellites..... --- 142,000 100,000
Techriological and operational
factors related to active
and passive communications.
satellites..ceeeescrscacocen —-- 375,000 300,000
Modulation techniques........ - 150, 000 100,000
Materials development....... . - 100, 000 100, 000
Low noise spacecraft receiver --- 250,000 200,000
RF to RF conversion......eooe0 === __ 234,000 150,000

Toral Technical and
operational studies... $2,239,000 $2,442,000 $1, 300,000
SEE EDO 7~3 VOL. II
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1962 1963 1964

Total Supporting research
and technology........... $ 7,478,000 $12,976,000 $ 5,000,000

See RDO 7-3
Volume II
Flight Program
Echo(ridigized sphere)
Thor launch vehicle (one.
ballistic flight).o DRI SN A 1,000,000 - fee-
Thor-Agena launch vehicle
(one orbital flight)....... 4,800,000 --- -
Sphere development and pro- ‘ .
Curement.--......-o.o..-.-. 75,000 306,000 -
Canisters and spacecraft
environmental tests........ 65,000 400,000 -
Beac‘onsooooncnucoaoooln.nnooo 163,000 245,000 -
Test, evaluation and documen-
tation services..cecsvcocse - - 34,000 -~
Data reduction and analysis.. - === 450,000 200,000
$ 6,103,000 $ 1,435,000 $ 200,000
See RDO 7-5
Volume II
Relay
Spacecraft.-...a-....-....... 3,409’000 3,000,000 -
Ground station equipment..... 376,000 1,603,000 -
Radiation experiments........ 245,000 115,000 -
Ground station operations.... 833,000 1,680,000 1,150,000
Command and control stations.. 2,049,000 1,085,000 ---
Coordination planning and ’ ]
documentation.....ccecececea -—-- 1,210,000 350,000
Communications rentals....... --— 100,000 175,000
Data reduction and analysis.. -—- 275,000 225,000
Thor-Delta launch vehicles
(two orbital flights and
one baCkup)....u..-........ == === - ._:
Total Relay..ceversoessasas $ 6,912,000 $ 9,068,000 $ 1,900,00C
See RDO 7-6
Volume II
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1962 1963 1964
Syncom
Thor-Delta launch vehicles

(two orbital flights and

one backup) .eeecesecsocoacss 2,500,000 5,000,000 -
Apogee motor development(JPL) 475,000 250,000
Backup traveling wave tube... 132,000 50,000 -——
Spacecraft..coeevicecsoecanna 6,668,000 3,445,000 500,000
Range and range rate equip-

MeNL. correaseacooescooassan 1,571,000 785,000 410,000
Ground station support and

environmental test...coe000 236,000 3,481,000 2,215,000
T&C staltionsS...eccesevesococsas 830,000 400,000 -
Communication rentals...cco0. .- 330,000 -
Data reduction and analysis.. .= 865,000 ____875,000

Total SYNCOM.....cevoaseees $12,412,000 $14,606,000 $ 4,000,000

See RDO 7-8
Volume II
Advanced Synchronous Communi-
cations Satellites
Atlas-Agena launch vehicles
{(three orbital flights and
one backup)eceeeceescncscose 200, 000 2,200,000 12,500,000
Spacecraft....coveeessccocanse --- 2,330,000 16,640,000
Equipment for ground stations - 1,100,000 4,960,000
Ground station operations.... -—- -——- 1,000,000
Reliability studies.......... --- --- 500,000
Switching circuit....ce00cee0 --- -—- 300,000
Telemetry and command
stations....eececesscesccss -—- --- 600,000
Range and range rate equip-
MENt..soocerasssnooascoosso -——- -—- 2,000,000
Services and rentals..c.cos00 - --- 500,000
Data reduction and analysis.. === --= _..1,000,000
Total Advanced Synchronous
communication satellites $ 200,000 $ 5,630,000 $40,000,000
Total Flight Program.... $25,627,000 $30,739,000 $46,100,000

Total direct research
and development costs $33,105,000 $43,715,000 $51,100,000

SEE RDO 7-9
VOL. II



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

ADVANCED APPLICATIONS SATELLITES

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

Supporting research and technology

1962 1963 1964

Future applications require-

ments studiesS.....eceeceeae sososccces --- --- $ 100,000
Future applications feasi-

bility and design studies.. sesscseeos - - 200,000
Navigation requirements

StudieS.seesoveaosscosnosae snsensacnse --- $ 25,000 25,000
Investigation of navigation

techniqueS..ceeerececssacce esossccone -— 125,000 100,000
Navigation receiver prototype

PrOCUYEMENt.sosvessssesssomencnssnncs -——- 200,000 300,000
Navigation computer develop-

MeNE,..vcevsesveccscessosesossse asosscsece —--—- 345,000 '75;;000
Navigation time signal

receiver development....ce0 cscneccce. --- - 100,000
Requirements study for data

collection satellit@...ceee coovscascn -=-- 17,000 -~
Feasibility and design study

for data collection by

satellite. i cesvecensscasoe sovccacsns --- 88,000 _ 100,000

Total direct R&D cOStS...es sosooscscs --- $800, 000 $1. 000,000

SEE RDO 8-1
VOL. II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

INDUSTRIAL APPLICATIONS

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II, PAGES RDO 9-1 TO 9-2)

Industrial applications

1962 1963 1964
Identification, documentation
and dissemination.......ecoese00ee00 $300,000 $1,270,000 $1,900,000
Planning and evaluation.....cecceceeee - 1,100,000 1,600,000
Total direct R&D costs.......:...... $300!000 $2!370!002 $g&;00!000
SEE RDO 9-1
VOL. Il
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES
GEOPHYSICS AND ASTRONOMY

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

Supporting research and technology

Geophysics

Planetary atmosphereS.ecesescesecs $
Space ChemiStry.aoaooooooooootoo-
Meteorites/micrometeoritesccecesss
Energetic partiCIeSoooooooooooooo
MagnetodynamicSisescesscsccsccnes
Ionospheric/radio physicS.seseese
Geodesy and celestial mechanics..

Total GeophysSiCS.seeesscscscsee $

solar Physicsn........'...'..'.....

Astronomy

Astronomy.oo...ot...o..oooo.olo.o
AStl‘Oph}’SiCS-.o.ooo.-..-.-o..o.o-

Total ASLYONOMY.esessossncssces 9

Interdisciplinary space science....

Total Supporting research
and technologyeeeeecoeossee 9

Flight projects

Geophysics
Explorers and monitors

Energetic particles explorers

Spacecraft.sscccssocsceconscss
ExperimentsS.sscccsceccecsscsces
Ground operations...ccseceeee
Test and support..ccecceceecsee

Total spacecraft and
Support........’......ll.. $

Delta launch vehicles..cseeee

Total Energetic particles
eXplorerS...............- $

Interplanetary monitor

Spacecraft..................-
Experilnents.....‘............

26

1962 1963 1964
1,110,700 $ 1,791,700 $ 1,900,000
111,000 935,700 1,000,000
367,300 744,800 800,000
1,353,500 4,052,500 3,000,000
85,000 909,500 900,000
587,200 1,726,800 1,600,000
-—- . 300,000
3,614,700 $ 10,161,000 §$ 9,500,000
405,000 1,335,000 2,000,000
391,100 1,293,400 2,800,000
58,000 135,600 200,000
449,100 § 1,429,000 $ 3,000,000
731,200 775,000 700,000
5,200,000 $ 13,700,000 $ 15,200,000
SEE RDO l0-4 VOLUME II
371,000 2,502,000 ---
289,600 959,000 150,000
- 672,800 625,000
174,400 366,200 25,000
835,000 4,500,000 800,000
--- 6,000,000 ---
835,000 $ 10,500,000 $ 800,000
1,433,900 1,309,000 2,276,000
400,500 454,000 1,164,000



1962 1963 1964
Geophysics (Con't)
Ground operations...... ceeees 8 --- 8 425,000 $ 500,000
Test and SUPPOTt...vvvevsssos 31,600 112,000 160,000
Total Spacecraft and
BUPPOYE. e vvvvvveovnsas ... $ 1,866,000 $ 2,300,000 $ 4,100,000
Delta launch vehicles........ - 2,700,000 7,300,000
Total Interplanetary monitor$ 1,866,000 $ 5,000,000 $ 11,400,000
Atmosphere explorers and monitors
Spacecraft.........c.oinveenns 332,600 688,400 1,920,000
Experiments........ Ceeeseenas 135,000 500,000 800,000
Ground operations............ 208,800 195,300 300,000
Test and support....... ce b 281,600 116,300 180,000
Total Spacecraft and
SUPPOLLt..vcveaas. veeesnes 8 958,000 $ 1,500,000 $ 3,200,000
Delta launch vehicles........ -—— 2,500,000 5C0,000
Total Atmosphere explorers
and monitors............ . $ 958,000 $ 4,000,000 $ 3,700,000
lornosphere explorers
¢pacecraft and experiments... 338,000 500,000 250,000
Ground operations............ .- 398,6C0 250,000
Test and support............. 186,000 101,400 200,000
Total Spacecraft and
SUPPOTE. . .vvveornsans vees 8 524,000 $ 1,000,000 $ 700,000
Scout launch vehicle...... “ee --- - 1,000,000
Total Ionosphere
explorers.....coove0vvnen $ 524,000 $§ 1,000,000 $ 1,700,000
Ionosphere monitors
Spacecraft........coniansrnas --- -—— 2,200,000
Experiments............ ceesee --- --- 500,060
Ground operations....... ve e - -—- 150,000
Test and support............. - - - 150,000
Total Spacecraft and
SUPPOTrt...covvrensnrse ceees .- --- § 3,000,000
Total Ionosphere
MONItOrS. . v vevinenvnons --- --- $ 3,000,000
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Geophvsics (Con't)

1962 1963 1964
Electron density probe
Experiments......... e .. § 300,000 $ -—-- $ -
Total Spacecraft and
SUPPOTL. . .vvvvronvnvenns . $ 4,483,000 $ 9,300,00¢ $ 11,800,000
Launch vehicles.............. - 11,200,000 8,800,000
Total Explorers and
monitors....ooveuveens ... $§ 4,483,000 $ 20,500,00C $ 20,600,000
Orbiting geophvsical observatories
spacecraxu
System development.......c.v. 14,252,400 14,444,200 13,689,000
Experiment integration..... ‘.o 688, 500 1,114,500 1,223,000
Total Spacecraft........... $ 14,940,900 $ 15,558,700 $ 14,912,000

ExperimentsS.....ccoceeeoseesess $ 4,186,200 $ 7,138,400 $ 14,950,600

Ground operations

Range and range rate stations 318,300 800,000 1,600,000
Data processing instrumenta-

tion.......0000uu e seasean - 150,000 150,000
Telemetry equipment consoles. --- 1,280,000 940,000
Programmer and telemetry

routines...v.oceveeennoeoss 54,000 690,000 120,000
Magnetic tapes and data

reduction.......... ereaaas - 442,000 5,283,000

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

Test and support

Reliability control.......... 95.000 140,000 50,000
Studies and analyses......... 650,600 4€1,200 386,700
Test and evaluation......... . 168,200 672,700 1,020,700
Field support...evevieeesee o -—- 115,000 130,000
General SUpport..........ce0. 215,800 52,000 57,000

Total Test and support..... $ 1,129,600 $ 1,440,900 §$ 1,644,400

Total Spacecraft and
support.......... feeeaas . $ 20,629,000 $ 27,500,000 $ 39,600,000
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Geophysics (Con't)

1962

Atlas-Agena launch vehicles.. $ 5,100,000
hor-Agena launch vehicles... -

1963

$ 5,500,000

5,500,000

1964

$ 11,900,000
10,300,000

Total Launch vehicles...... $ 5,100,000

$ 11,000,000

$ 22,200,000

Total Orbiting geophysical

observatories........... $ 25,729,000

$ 38,500,000

$ 61,800,000

Geodesv
Spacecraft and experiments... —— -- 2,500,000
Ground operation8....cecvcees - -- 700,000
T(!Bt. and Support...-........- - = -~ 200,000

Total Spacecraft and ,
suppOtt-ooo-.ouovo.ooo-o- hathating - 3,"00,000
Delta launch vehicles........ - -~ 2,800,000
Total Geodesy.......c0vv00s $ -~= --- § 6,200,000

Total Geophysics........... $ 30,212,000

$ 59,000,000

$ 88,600,000

SEE RDO 10-5
VOLUME II
Solar physics
Orbiting solar observatories
Spacecraft........co00ne0nsen 1,649,900 2,520,700 4,820,100
Experiments........ et enraens 1,128,700 3,732,100 4,706,000
Ground operations............ --- 100,000 318,000
Test and support.......... cee 163, 400 397,200 255,900
Total Spacecraft and
BUPPOTL....cvvvrevacsasee $ 2,942,000 6,750,000 $ 10.100,000
Delta launch vehicles........ 2,500,000 2,700,000 4,800,000
Total Orbiting solar
observatories............ $ 5,442,000 9,450,000 $ 14.9)0,000
Advanced orbiting solar observatories
Spacecraft.........c...... ves 300,000 1,000,000 1,600,000
Experiments............. ceses .- 800,000 800,000
Test and support......... eons --- 100,000 100,000
Total Spacecraft and
SUPPOTL....vevevevons veee $ 300,000 1,900,000 $ 2,500,000
Total Advanced orbiting
sol_ar ce e s srsreecsssrar e $ 300,000 1’900,000 $ 2’5‘00,000
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Solar physics (Con't)

1962 1963 1964
Total Spacecraft and
BUPPOTL. . v vancssss ... § 3,242,000 $ 8,650,000 $ 12,60C,000
Launch vehicles.......... cee. ___2,500,000 2,700,000 4,800,000
Total Solar physics........ $ 5,742,000 $ 11,350,00¢ $ 17,400,000
SEE RDO 10-9
VOLUME 11
Astronomy
Orbiting astronomical observatories
Spacecraft
System development....... cene 29,106,400 25,800,000 27,300,000
Startracker backup........... 509,000 190,000 100,000
Total Spacecraft....... cooo $ 29,615,400 $ 25,990,000 $ 27,400,000
Experiments........00000....... $ 3,812,200 $§ 4,000,000 § 7,500,000
Ground operations
Computer.-...-............... 238’000 halhaihs -
Command receivers............ 60,100 --- ---
Communications and data
handling........ Ceesseneee 122,000 160,000 280,000
Instruments for control
BYSteM. . vovvvonnrecnonons . 5,000 75,000 25,000
Magnetic tapes.........c00... -=- -—= 200,000
Total Ground operations.... $ 425,100 $§ 235,000 $ 505,000
Test and support
Reliability control......... . - 25,000 200,000
Studies and analyses......... 188,300 495,000 405,000
Test and evaluation.......... 528,000 935,000 640,000
Contractor ground support.... - --- 1,000,000
General SUpPpPOrt......ceo000.. 252,000 120,000 150,000
Total Test and support..... $ 968,300 $ 1,575,000 $§ 2,395,000
Total Spacecraft and
SUPPOTL. . vnencsvosnnes $ 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
SEE RDO 10-11
VOLUME II
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1962 1963 1964

International satellites

United Kingdom #1 (Ariel)

Spacecraft...... B - 945,400 § - ---
Experiments.......ccvvevvusnn --- 193,800 -
Ground operations............ - 296,200 -
Test and support.......c.r0.. 166,600 10,000 -
Total Spacecraft and
BUPPOTE.....vvveevas weees S 1,112,000 $ 500,000 -
Total United Kingdom #1.... $ 1,112,000 $ 500,000 ---
United Kingdom #2
Spacecraft.,....o.vivevvannss . 1,220,000 1,120,000 300,000
Ground operations........... . .-—- 41,000 -
Test and support....... cevens 113,000 139,000 -
Total Spacecraft and
support....... rsaerenees $ 1,333,000 $ 1,300,000 $ 300,000
Scout launch vehicles........ --- 2,000,000 -

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

Alouette (Canada)

Spacecraft and support......, 40,000 100,000 -—-
Thor-Agena launch vehicles... 6,100,000 1,800,000 -—-
Total Alouette (Canada).... $ 6,140,000 $ 1,900,000 -——-

Polar ionosphere beacon

Spacecraft and support....... 800,000 400,000 20€,000
Scout launch vehicles..... oo 1,250,000 750,000 -—-

Total Polar ionosphere
beacon........cceeveneeen. $ 2,050,000 $ 1,150,000 $ 200,000

Italian satellite
Scout launch vehicles...... .. S --- § 6,000,000 $ 2,500,000

Follow~on international satellites

Spacecraft and support....... § == 8§ - === § 1,000,000
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International satellites (Con't)

1962 1963 1964
Scout launch vehicles........ $ - --- § 3,000,000
Total Follow-on international
satellites...... eseeese .. 8 -—— --- § 4,000,000
Total Spacecraft and
SUPPOTt..vcrvvvreseareases $ 3,285,000 2,300,000 $ 1,500,000
Launch vehicles.......... cess 7,350,000 10,550,000 5,500,000
Total International
satellites........ seseess $ 10,635,000 $ 12,850,000 S 7.000.000
SEE RDO 10-12
VOLUME Il
Sounding rockets and geoprobes
Experiments
Planetary atmospheres........ 1,057,500 1,250,000 1,400,000
Space chemistry.............5 --- 139,500 - 232,900
Energetic particles.......... 194,800 146,000 223,300
Magnetodynamics........cc0000 --- 256,000 342,000
Ionospheric/radio physics.... 1,207,900 1,212,500 1,361,400
Solar physics............. oo 199,200 337,600 377,600
Astronomy........o00000.. ceee 441,000 418,300 468,100
Astrophysics...... et eedan 26,600 303,500 481,000
Geoprobe experiments......... - 335,000 518,200
Total Experiments.......... $ 3,127,000 4,398,400 $§ 5,404,500
Rocket procurement............... $ 1,845,000 3,623,500 $ 3,756,000
Rocket development............0.. $ 300,000 315,000 365,000
- Engineering support.............. $ 1,609,000 2,562,700 $ 2,873,000
Ground instrumentation........... $ 884,000 600,400 $ 901,500
Total Sounding rockets
and geoprobes............ $ 7,765,000 $ 11,500,000 $ 13,300,000

Total Geophysics and astronomy

flight projects....vee00..$ 92,575,000

$130,800,000 $179,200,000

TOTAL direct R&D costs... $ 97,775,000

$144,500,000 $194,400,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES
LUNAR AND PLANETARY PROGRAMS
RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II, PAGES RDO 1l1-1 TO 11-5)

Supporting research and technology

1962 1963 1964
Lunar,

Gecdesy and photography....o.coe $ --- $198,000 $200,000
Topographic mapping....ccceeeoeee - 190,000 200,000
Geclogy and geophysics studies... 127,000 861,000 937,000
Studies of meteorite impact

Eilt.eﬂ on earthoco.oo..o.oooocao - 215,000 575,000
Surface simulation®.cooececesocss 47,000 342,000 275,000
Radic and radar studies of lunar

EUrface..cooeessecsossccccoscne 31,000 308,000 328,000
Development of scientific

instrumentation for lunar

landing.ceeeecsocecssvcccosases 227,000 1,210,000 825,000
Systems analysis and preliminary

cdesign 300,000 109,000 -
Spacecraft propulsion systems.... 150,000 --- ---
Spacecraft structures and

configuratioN...coeeccoosccoccos 300,000 50,000 ---
Spacecraft power SystemsS...o.ooos. 100,000 50,000 -
Spacecraft guidance and control

SYStems, ccoooosos00e0000000000s 150,000 75,000 ——-
Spacecraft telemetry and command. 300,000 180,000 155,000
Spacecraf! instrumentation and

circuitiyoosessooooosocoocosoess 726,000 40,000 ---
Spacecraft integration and

assembly...oco00s0000000000a000 105,000 - -
Test equipment and techniques.... 210,000 60,000 ---
Advanced concept8..ccooc000000000 --- 304,000 200,000
Supporting studies for current

PrOBTamS. o sc0o0ecoeacovcooocoas ~——- 312,000 200,000
Prospector study..o.ccceocecececso 100,000 --- oo

Total LUNAT..cocoscceccsvscococs $2,873,000 $4,504,000 $3,895,000

Planetary and Interplanetary
Geology and geophysics studies... $ --- $203,000 $380,000
Ground-based astronomy....cooooee 351,000 463,000 1,050,000
Bal.loon-based astronomy...ccces... 100,000 860,000 500,000
Theoretical astronomy..ccoccoseoo - 753,000 625,000
See RI0 11-4
Volume II
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Rlanetary and Interplanetary (Copt.) 1962 1963 1964
Radio ard radar planetary studies.. 114,000 $ 637,00 $ 715,000
Radio arnd radar instrument develop-

MENCooserrssseossossossascosssscas - 952,000 500,000
Planetary atmosphereS...ccsecveseees 184,000 1,380,000 1,196,000
Interplanetary particles and fields 364,000 1,872,000 2,050,000
Meteorites and tektites....cooecoeas 221,000 1,157,000 1,090,000
Systems Analysis and preliminary

desigricesrecennsencrane cecasasens 1,000,000 531,000 100,000
Spacecraft propulsion systemsS...... 350,000 100, 000 200,000
‘Spacecraft structures and configu-

ratiorfieesseacass tecssceansaacnnns 600, 000 130,000 210,000
Spacecraft power SyStemS..cceceeesse 400,000 80, 0C0 200, 000
Spacecraft guidance and control

SYSteMSeseosossosaosonsoacsssonnse 550,000 365,000 500, 000
Spacecraft telemetry and command... 1,000, 000 1,480,000 2,000,000
Spacecraft instrumentation and

CIrCUItEYe i cvevracocessosaoonssese 1,774,000 280,000 225,000
Spacecraft integration and assembly 242,000 30,000 ---
Capsule technoOlogY:e:eceesosvasooss --- 284,000 460,000
Sterilization..ceeeeeorrossocsrosans - 901,000 1,309,000
Test equipment and techniques...... 290,000 300,000 300,000
Reliability.s.veeeveorocesccenonns 100, 000 430,000 295,000
Advancec. concept8. ... ecoeeccceians - 1,288,000 900, 000
Supporting studies for current

PrOSYaMS. .vevssstsoscscosscasssee --- 563,000 400,000
Voyager 8tudy..ceececeeovocsaansane 330,000 __ 701,000 900,000

‘Total Planetary and Interplanetary $ 1.970,000 $15,740,000 $16,105,000
Total SR&T $10,843,000 $20,244,000  $20,000, 000
Ranger
Project management..... erecscceones 369,000 307,000 270,000
Systems analySisS sececeeveccsvoncas 3,400,000 5,838,000 5,750,000
Lunar capsule contracte.ceeecesores 4,787,000 2,372,000 10,500,000
Impact TV systems contracte.ccccs.. 7,200,000 9,950,000 3,300,000
Scientific experimentsS.....c.ecc0e0 2,834,000 3,480,000 3,940,000
Telecommunications.....ceeveeesscos 3,634,000 6,140,000 6,390,000
Guidance and control....... cesevene 3,805,000 6,035,000 7,670,000
Spacecraft structures......ccceeeee 2,782,000 3,659,000 3,420,000
Spacecraft propulsion systems...... 345,000 394,000 390,000
Engineering support.....cc.e.. cesee 3,374,000 5,247,000 4,800,000
Space flight operations facility
equipment....... Cecesraane ceeenne --- __ 148,000 1,870,000
Total Spacecraft $32,530,000 $44,170,000 $48, 300,000
Atlas-Agena launch vehicles 30,900,000 34,800,000 41,700,000
Totzl Ranger $63,430,000 $78,970,000  $90, 000,000
SEE RDO 11-6
VoL, 1II
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Surveyor lander

Project management......
Systems analysis......

Spacecraft development contract..

Scientific experiments...

TelecommunicationS..eeeecesess

Guidance and control........
Spacecraft structures.......

Spacecraft propulsion systems....

Engineering support.........

Space flight operations
facility equipment....covceeeee

Total Lander spacecraft
Atlas-~Centaur launch vehicle

Total Surveyor lander

Survevor orbiter

Project management.....

¢

--------

Spacecraft development contract..

Scientific experiments........

Visual instrumentation sub-
SYSEETle s s vvvsvocen

Total Surveyor orbiter
Atlas-Centaur launch vehicle

Total Surveyor orbiter

Mariner

Marine: A

Project management..

Systems analysis.....

Scientific experiments......
Telecormmunications..oeceeees
Guidance and control.......... oo
Spacecraft structuresS..:....
Spacecrafr propulsion systems....
Engineering support.........

Total Mariner A

Teral Surveyor lander and
orbiter.....

e e 008000000

1962 1963 1964
$ 379,000 $ 477,000 & 200,000
1,077,000 667,000 740, 000
28,317,000 38,573,000 26,000, 000
4,972,000 4,624,000 6,500, 000
91,000 105, 000 85,000
70,000 29, 000 25, 000
122,000 156,000 75,000
69,000 68,000 50,000
532,000 818,000 825,000
—— = 2,779,000 _3,000,00C
$35,629,000  $48,296,000 $37,500,000
2,309,000 11,700,000 31,800,000
$37,938,000 $59,996,000 $69,300,00C

SEE RDO 11-8

VOL. II

- - 500, 000
-—- 363,000 13, 500, 00C
1,196,000 1,337,000 2,000, 000
--- --- 2,000, 000

5 1,196,000

1,196,000

$ 1,

$39,134,000

33,000
81,000
2,125,000
1,903,000
591,000
301,000
55,000

637,000

$ 5,726,000

35

$ 1,700,000

418,000, 000
10,20, 000

$ 1,700,000

$28, 200, 000

$61,696,000

$97,500,000

SEE RDO 11-8

VOL.

T

S

RDD 11-10
VOL.

II



Venus fly-by

Project management........... $

Systems analysis.......... ves
Scientific experiments,......
Telecommunications......,....
Guidance and control......
Spacecraft structures..,......
Spacecraft propulsion systems
Engineering support..........

1962

179,000
2,041,000
1,591,000
2,203, 000
2,549,000
1,979,000

76,000

2,608,000

Total Verus fly-by spacecraft $13;226,000

Atlas-Agena launch vehicle...

17,000,000

Total Venus fly-by......... $30,226,000
Mars fly-by
Project management........... ==-
Systems analysis......... vese ---
Scientific experiments....... ---
Telecommunications......,.o0. ---
Guidance and control.......... -
Spacecraft structures........ ---
Spacecraft propulsion systems -
Engine2ring support..... cecss ===

Total fly-by spacecraft.... ---
Atlas~Agena launch vehicle... ===

Total Mars fly-by....... ‘oo ---
Venus ‘Mars lander
Project management..,......... “---
Systems analysis............. $ 729,000
Scientific experiments....... 3,058,000
Telecommunications........... . 2,256,000
Guidance and control......... 3,587,000
Spacecraft structures........ 2,062,000
Spacecraft propulsion systems 194,000
Engineering support.......... 539,000
Space flight operations

facility equipment........ .o

Total lander spacecraft.... $12,425,000

Atlas Centaur launch vehicle.

Total Venus’Mars lander.... $12,425,000

Total Mariner,........

v.... $48,377,000

36

1963 1964
$ 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 $ 628,000
1,458,000 4,495,000
3,402,000 3,883,000
5,003,000 6,280,000
5,452,000 5,966,000
4,174,000 4,810,000
486,000 314,000
4,131,000 5,024,000
$24,300,000 $ 31,400,000
5,100,000 15,600,000
$29,400,000 ¢ 47,000,000
50,000 600,000
$ 4,745,000 ¢ 4,441,000
3,810,000 6,806,000
2,059,000 9,042,000
2,376,000 3,354,000
1,786,000 6,037,000
361,000 1,903,000
3,086,000 6,017,000
--- 200, 000
$18,273,000 $ 43,400,000

9,700,000

$18,273,000 $ 53,100,000

$56,769,000 $100,100,000

SEE RDO 11-10 and 11

VOL,

11



Pioneerx 1962 1963 1964

Project management.... $ --- $ 85,000 $ 200, 000
System analysis....... --- 280,000 1,400,000
Scientific experiments == 350,000 1,300,000
Telecommunications.... --- 805,000 2,000,000
Guidance and control.. -—- 825,000 1,900,000
Spacecraft structures. - 700,000 1,600,000
Engineering support... —_—as —455,000 —~—12600,000

Total Pioneer --- ¢ 3,500,000 % 10,000,000
Thor-Delta launch

vehicle --= --- 5,000,000

Total Pioneer -=- $ 3,500,000 $ 15,000,000

SEE RNDO 11-14 VOL. II
Total direct R&D

COBES....veenn.. $161,784,000  $221,179,000 $322, 600,000
SEE RDO 11-2
VOL. II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

BIOSCIENCE

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II PAGES RDO 12-1T0 1Z=3)~. .

Supporting research and technology

Effects of the space environ-
ment on behavior...sessscecse$

Nenrological and biochemical

1963 1964

$ 217,000 $ 248,000

[ s

bases of | Eghgvior..........i: --- 562,000 650,000
BioTogical information, control T e
and communication - 852,000 825,000
Eka"ImenfaIﬂiﬁgi;gzing behav- T T
R X S TR R R R R PR --- 369,000 328,000
Development of experiments for
studies of space flight en-
vironmental effects on
OrganismSiseecscecrasceccracss --- 310,000 423,000
Ground studies of space FIight [
environmental effects on
Organisms...cceceesecscscancs 123,000 1,973,000 1,806,000
Biological amalysis of terres- T T
tial environmental extremes. - 192,000 148,000
Effects of simulated extra-
terrestrial environments on
earth organisms.....ccesceere 89,000 369,000 425,000
Studies of biological materials
and systems for use in space. 74,000 244,000 258,000
Evolutionary and theoretical
_biology.ceeeeeenacioioanasass 1,012,000 2,098,000 2,010,000
Instrumentation for detection
of extraterrestrial life and
life-related compoundS..cees. 344,000 1,448,000 1,430,000
Spectroscopic studies of plane-
tary atmospheres and surfaces 771,000 275,000 940,000
Extraterrestrial sample collec- )
tion and analysiS....ecee0e.e 376,000 720,000 670,00C
Sterilization of spacecraft.... _ 126,000 421,000 639,00C
Total Supgorting research
and technology,..........52,915,000 5 10,050,000 $10,800,00C

38

SEE RDO. 12-2
VOL, 1I



Flight program

Biosatellite

BIOS I sounding rocket
Prc‘be......-....-..oao...a-.

Spacecraft development
convtractUOU.l.’.....l......

Scientific experiments.......

Recovery operations......coee
Total spacecraft.cceececess

Launch vehicleS.seccaccsccnss

Total flight program..;....

Total direct R& costs...

$ 133,000

$ 133,000

$ 133,000

$3,048,000

39

$ 6,250,000
2,000,000

500,000

$ 8,750,000

2,200,000

$ 10,950,000
21,000,000

SEE RDO-12-1
VOL. II

2

$ 7,700,000
3,000,000
1,000,000

$ 11,700,000

12,700,000

$ 24,400,000

35,200,000



NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

LAUNCH VEHICLE DEVELOPMENT

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

Supporting research and technology

Vehicle system studies.........
Solid state technology research

and esting..isiiveccrsenccans
Propulsion feed system analysis
Vehicle operational analysis...
Guidance system analysis.......
Thrust: chamber dynamics,.......
Liquid kick standard stages....
Launch procedures criteria.....

Total Supporting research

and technology..........

Scout development......co0e0000 caes

Delta development..... cevesns cecsae

Centaur development

Vehicle development

Design, test and fabrication
of Centaur stage.,.........

Engines for Centaur stage
(engine development)

KL-IOA—3 devyelopment.......
Engine procurement.........
Engine product improvements

Total engines for Centaur
stage....

1963

$ 2,000,000

1964

500,000
500,000
500,000
1,300,000
1,000,000
1,000,000
200,000

$ 2,000,000

$5,000, 000

SEE RDO-13-2
VOL, I
$ 4,700,000 4,200,000 -
5,255,000 - -
SEE RDO-13-7
VOL. II
48,010,000 82,317,000 93,618,000
15,395,000 570, 000 -
3,616,000 2,159,000 570, 000
--- ——- 4,500,000
$19,011,000 § 2,729,000 § 5,070,000

40

SEE RDO-13-3
VoL, II



1962 1963 1963

Support. services

NASA field center support..... $ 800,000 $ 910,000 $ 540,000
DOD !;‘lpl)ort. @0 @ 0 00 90O DA OSSP eD 722’000 475,000 475,000
Contractor Support...cecesssas 5,248,000 6,469,000 10,997,000

Total support services...... $ 6,770,000 $ 7,854,000 $ 12,012,000
Total Centaur development. $73,791,000 $ 92,900,000 $110,700,000

SEE RDO-13-3

© VOL., II
Operational support
Product improvement and pro-
duction test
Scbuq
Improvement to X-258 --- - 500, 000
Improvement to X-259 === == . 800,000
Totéall ScOutivecsescscccssssos === - = $ 1!300!000
Delta
3rd Stage destruct system..... -——- 100,000 150,000
x-258 motor adaption.-oo..o-oc o= 250,000 50’000
Expl(”;ive bOltS.....--........ - 100’000 150’000
Fairing extension to vehicle.. --- 50,000 250,000
Ignition system rework........ --- --- 200,000
3rd stage telemetry..ceeeoeces === --- 300,000
TOtEl]L I)elta..-.---a-aoooooooo == $ 500,000 $ 1,100,000
Agena
Improvements to Atlas, Thor
anc.l Ai;ena.ao.a.oo.-oo.-a..oo intinding - 4,700,000
Minor construction improve-
meni:s to launch pad --- : 500,000
Standard shroud for various -
spacecraft missions...seeees - 1.£C0,000 1,500,000
TOtEl:L ‘\.genao.a.--....---ﬁl.-o w-— $ 1,000’000 $ 6,700,000

SEE RDO-13-5
VOL.II

41



Centaur

10X recirculation improve- '~ '’

MeNESscossencsssssosucscranene
Guidance repackaging....scceese
Fiberglass H, bottles.csscesss.
P&J fastrumentation repackage.
Alternate inertial components..
Combined system test stand,....

Tot‘il ‘:entaurooooooo0000000..0

$ 200,000
500,000
100,000

20,000
980,000
$ 6,200,000 -=s

$ 6,200,000 $ 1,800,000

Total Product improvement and
production test..cceecescess

Maintenance of ground support
equipment

Scouf:

Support equipment and replace-
ments to allow for upkeep of
(3) installationsS...ccccccees

Delta

Refurbishing and support of
(2) launch facilities........

Agena

Catastrophic spares....ceceess:
AGE support,..

a9 0eesesevsoess et -

$ 7,700,000 $ 10,900,000

SEE RDO-13-5

Total Agena.....ceeeveeecessesd 1,915,000

Tot:al Maintenance of ground

support equipment..........$ 1,915,000 $

System cengineering

Scout:

Engiﬁeering support and system
analys1lSescseeesssoscsasssacs

VOL. II

- --- $ 1,000,000

--- $ 1,000,000 $ 600,000
1,915,000 200,000 250,000
-e- -—- 250,000

$ 200,000 $ 500,000

1,200,000 $ 2,100,000

- --- 1,100,000

42

SEE RDO-13-1

VoL, 11



Delta

Engineering support and
system analysiS.cscseeaccces

Total System engiheering....
Total, Operational support

Total direct R&D costs..

$ 900,000

$ 2,000,000

$'1,915,000 $ 8,900,000 $ 15,000,000

$85,661,000 $108,000,000 $130,700,000

43

SEE RDO-13-1
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

FACILITY, TRAINING, AND RESEARCH GRANTS

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL, II, PAGES RDO l4-1 TO 14-9)

1962 1963

Facilities grants

California, University of
(Berkeley)...lll....'l.'......ll... $1’990’000
Chicago, University of..ceeececscsess 1,775,000

Iowa, State University of...ceececsee 610,000 .-
Rensselaer Poly. Institute...scessese 1,500,000 -——
Stanford University.cececscecsssccsnss 535,000 ——-
Under Consideration..,..cceosececesses 190,000 -
Negotiations in process with 8

UNiversities.cvieeeierrcaroonsncsss --- $10,000,000
Approximately 11 additional

university research facilities..... === ===

1964

$18,000,000

Totel facilities grants.......... $6,600,000

Training grants

$10,000,000

Alabama, University of.....cvuiceccess - 192,000
Arizona State University..ceseceececs .- 79,200
Arizona, University of....ccevovcesces - 177,000
Arkansas, University of....ceceseeecs --- 144,000
Auburn University..eeceeseccsscosccscs -—- 147,600
Brooklyn, Polytechnic Inst, of....... - 216,000
California Institute of Technology... - 268,900
California, University of,

Los Angeles, Californi@.cceceesceece 132,000 128,700
Carnegi.c Institute of Technology..... -—- 169,500
Case Institute of TechnologY...eeeoee --- 203,700
Catholic University...veeeeescecosecs -——- 165,900
Chicago, University of...eeeeeecccces 222,000 333,000
Cincinnati, University of...ccoveceee BT 141,100
Clemson College..ceecesevsesscssseesns - 75,600
Coloradon, University of...ccecesccnece - 176,600
Colorado State University...c.eeceeee - 91,800

44

£18,000 000

SEE RDO 1l4-1
VOL, II



Training grants (cont'd) 1962 1963 1964

Columbia University...ceeoccessecnccss $106,100 $228,000 cw-
ConﬂECticut, University Ofouooooooo'o e 106,900 -m-
Cornell Univerlity..................- Dl 177,000 -
Delaware, University of...n-ooo'oocoo - 109’600 -
Denver, University of..cccececccccces ——- 100,800 -
Duke University...............-...... e 177,000 ena
Florida State University..esesecscees - 131,200 ==
Florida, University of.ceoeccescccces -——- 177,000 -ee
Ceorge Washington University...ceeeee ——- 109,800 .=
Georgla Institute of Technology..sees. 192,000 230,400 ---
Houston, University of..ccecececcoase - 177,000 “-—-
Illinois Institute of Technology..... .- 188,700 ---
Illinois, University of...ceececcccen - 212,400 “ma
Indiana University.ccececcccccccconce —- 143,100 -—-
Iowa, State University of...cco0eceee 169,500 175,500 ==
Iowa State University..cceeoceeccecees -—- 171,000 -
Johns Hopkins University..ccecececceo --- 156,000 -
Kansas State University..vcoeoeecccee == 142,200 -
Kansas, Un.iversity of...eooaoc-oooooc - - 143,300 --e
Kent Stsate University..cceeceecccccose —-- 25,500 “--
Lehigh University.cececsescscoscccccs -—- 153,600 w—au
Louisiana State University..ccceseees - 131,500 “au
Maryland, University of....cceeceeses 192,000 192,000 —--
Massachusetts Institute of Techmology - 310,500 -
Michigan State University...ccccocesee --- 144,000 -
Michigar University of....cccce0s00es 177,000 265,500 -
Minnescta, University of..c.cceencees 192,000 288,000 -
Missouri, University of.ceeecccecccse .- 152,900 “--
Missouri. School of Mines and Metal... - 76,400 e
Nevadda, University of..cineecescessns —— 40,600 -
New Mexico, University of..cccoeceoae ——- 113,900 wma
New York University...esceccccsccccee ~—- 220,600 -
North Carolina, University of........ - 132,000 E TS
North Carolina State College...ecocse. --- 142,000 wae
Northeastern University...cccecececcee - 50,900 -
Northwestern Unlversity..eocecesecees - 187,200 e
Notre Dame, University of.cceeececccee w-- 153,600 e
Ohio State University.eceosesscccceas om= 112,000 naw
Oklahoma State University..ecoececees -—- 120,000 R
Oklahoma, University of...cccocoecess ~—- 177,000 o
Oregon State University...ocecceosces -—- 149,400 I
Pennsylvania State University.....c.. -—- 177,000 e
Pennsylvania, University of....ccc0ee - 192,000 .
Pittsburrgh, University of...c.vcvevee .- 180,000 -
Princeton University..ccceeoccoocecen —— 230,400 -
Purdue niversity.oeeocscecesesesccess -—- 223,200 waw

SEE RDO 1l4-1
VoL, II
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Training grants (cont'd) 1962 1963 1964

Rennsselaer Polytechnic Inst....eeeees $177,000 $192,000 -
Rhode Island, University of....cocceve - 70,800 -
Rice University..ococeescessccosccccns 192,000 192,000 -~
Rochester, University of...cccceeeeccce -- 183,000 -
Saint Louis University...cecececocecos -—- 140,400 e
Southern California, University of.... ——- 152,400 ——
Stanford University.seeescccccccsossns .- 230,800 -
Stevens Institute of Technology....... —=- 108,000 ——e-
Syracuse University Research Inst.,.... --- 141,600 -
Tennessee, University of...ccevveceece -——- 141,600 -~
Texas, Agricultural and Mechanical

COllegE.veroeasaroscsanonossssccnnnsas 220,400 192,000 “~ua
Texas Techriological College..ceeoesscecs -——- 101,600 ——w
Texas, University of...cceceeccccccans -—- 132,000 -
Tulane University...cececesosscesncoase —-- 158,400 -—e
Utah State University....cceoeecceecse - 56,000 -~
Utah, University of.ciciecececceccanns ——— 141,600 .
Vanderbilt University...cceceeevcccses —— 153,600 -e=
Vermont, University of...eeeecccvacecs - 48,700 .
Virginia Polytechnic Institute..cceees = 177,000 -——-
Virginia, University of.cicceceovccces ——- 153,400 -
Washington University (St. Louis)..... - 154,800 -e
Washington, University of..ccccceenvse cew 150,200 “-ne
West Virginia University...cecocssceee L) 143,100 ~oe
Western Reserve University...ccceceess - 141,600 -ne
Wiscongin, University of...ccecececcees - 183,000 -
Yale University.cececeecssscocsoacscns -~ 205,500 ---
American Mathematical Society..eeceeces --- 50,000 -
Colmbia INiversity.ceeineseoancssecaass - 64,400 .-
Final salection of grantees pending,.. .- 931,300 —-—-

Approximately 1,250 pre-doctoral
trainees in space-related fields
at about 110 universitieS...ceseoces okt -

$25,000,000

Foral tralning GrantS,....eeeeeee. $51.972.000 §15.000.000 $275,000,000

Research gzrants

A, Ay A, S.uceiiessssscacnsscsssosssonis 181,000 - -
California, University of

(Bertkieley).oeaossoeeacesssasocccancns 500,000 $250,000 .-
California, University of

{(Los Angeles)..eeessensocncccosssnns 500,000 500,000 ——-

Columbia University.eeeeeescessscecssces 100,000 .- -

Denver Research Institute....ceceseces 56,745 --- .-

SEE RDO 1l4-1

VoL, II
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Research grants (cont'd) 1962 1963 1964

Grad. Research Center of the S. W..... $923,000 $500,000 e
Kansas, University of...,ccievecencsse 100,000 50,000 -
My T, Tuveneeooocoonsnnsscnsoncsnoocsas 113,566 1,300,000 -
Midwest Research InStitute...........s 345,972 R -
Mississippi State University....eeoeee 92,615 cm= ——
National Academy of Sciences.,...ececes 154,000 -——— ——
National Science Foundation....c.seeese 40.000 --- .
Ohio State University...vicoeeenceecoss 58,781 - -
Oklahoma State University...eceseeervnvs 10,800 cm- -
Pennsylvania, University of........... 250,000 75,G600 -
S. W. Research Institute...eeeevscnsse 55,432 --- -
Technical Operations, Inc,...ccevecess 70,000 - .
Texas A & Miiveeosesesccccsctssascanns 100,000 50,000 .-
Wisconsin, University of . ...ccceeeeecs 700,000 400,000 .-
Adelphi Collegee.cevecersssnsssosnescns --- 160,000 cn=
Alabama, University of....ccccceeceese --- 600,000 e
Cornell Mniversity..ceeceeesseseonnssse - 200,000 -
CUCCSS5...... e - 60,0090 -
Maine, University of......veiivecveans -~ 61,250 -
Maryland, University of....cceecennees - 700,000 -
New York University..eeeeescseccecoscone --- 33,450 -—.-
Pittsbuirgh, University of..eceevcccnse —e- 500,000 -
Rice University.ieeeeesessscccosscases ——— 50,000 -
Xavier University..iceeesscossccncccss - 7,000 -
Under consideration..cceeeesscecsnscsse 37,089 103,300 -

New research projects (approx. $8M)
and continuation of those started
in FY 1952 and 1963 (gpprox. $4M)... --- --- $12,000,000

Total research Erants...ee.eeee... $4,389.000 $5.600,000 $12,.Q00.000
Total direct R&D costS.......... $12,961,000 $30,600,000 $55,000,000

SEE RDO 14-1
VoL, II
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NATTIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

SPACE VEHICLE SYSTEMS

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

Supporting research and technology

1962 1963 1964
Advanced concepts
Mission analysis and operations.... $930,000 §1,345,000 $2,650,000
Spacecraft conceptB..siccecscescase 550,000 1,005,000 920,000
Launch vehicle conceptS.eeessescosss = 75,000 550,000
Total advanced conceptS.......... $1,480,000 $2,425,000 $4,120,000
Spacecraft aerothermodynamics
Atmospheric entry heating and heat
tranSferoooa.o..oo.ooooo.oooooaoo 490,000 714)000 1,200,000
Configuration aerodynamics,
performance, stability and
c‘ontrol........OO................ 2,650,000 3’269,000 3,550,000
Landing and recovery...cecececeoces 430,000 847,000 1,100,000
Total spacecraft aerothermo-
dynamics.--oocoooo-ooococo.o-to $3,S7o:ooo $4’83o,000 $5’850’000
Spacecraft loads and structures
Advanced structures and structural
materials application....eeeceeee 390,000 1,395,000 1,720,000
Structures for space hazards
c‘antrO‘l.O..Q.................O... 120,000 416’000 830’0()0
High-temperature structureS........ 745,000 1,362,000 1,550,000
Structural 108dS...cececesscccccsces 125,000 174,000 300,000
Structural dynamicsS...ececcsccscsee 190,000 658,000 1,070,000
Structural mechanics..eceecesseccee 100,000 278,000 574,000
Structural fabrication techniques.. . -- 100,000 100,000
Total spacecraft loads and
Sthtures-o-co-oco.oouoo-cccoo $1’670)000 $4)383,000 $6’144’000
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1962 1963 1964

Space vehicle environmental factors

High-energy radiation effects and

shielding...cceeeececscccsnoscccns $780,000 $1,754,000 $3,160,000
Meteoroid environment and impact

hazard. .ceeeeseseecscsssoscssosns 690,000 1,238,000 2,820,000
Zero-gravity fluid behavior,....... 120,000 130,000 350,000
High-vacuum technology.eeeseeoeoses 423,000 789,000 1,380,000
Thermal radiation effects and

temperature COntrol..ececessvcoss 460,000 1,144,000 1,850,009

Total space vehicle environ-
mental factors...eeecesessess 92,473,000 $5,055,000 $9,560,000

Launch vehicle aerothermodynamics

Aerodynamic forces, steady loads,

Bt-!bility and control.ooooconcooo 780,000 1.373,000 1,625.000
Vehicle and base heating..scevesces 580,000 1,754,000 2,075,000
Launch vehicle recovery....ceeeeees -=- 150,000 190,000

Acoustic noise propagation...eeeees 190,000 313,000 550,000

Total launch vehicle aerothermo-
dynamic8.esecsescesssccsscssnss $1,550,000 $3,590,000 $4,440,000

Launch vehicle loads and structures

Advanced structures and structural

materials application..seeeecesses 410,000 995,000 1,330,000
Structures for space hazards control 110,000 210,000 440,000
High-temperature structureS........ 107,000 307,000 402,000
Structural loads....cseeecccnsconss 220,000 555,000 900,000
Structural dynamicsS,..ceeeecerecccns 620,000 1,323,000 1,100,000
Structural mechanics....eeeeeeceeee 410,000 1,004,000 1,476,000
Structural fabrication techniques.. - 100,000 500,000

Total launch vehicle loads and

SETUCEUTES. e ivarencnsaonnnane $1,877,000 $4,494,000 $6,148,000
Space vehicle design criteria --- 500,000 1,500,000

Total supporting research and
teChNOLlOgY. .. eteeocereeseeananseses $12,620,000 $25.277.000 337,762,000

SEE RDO 15-4
VoL, II
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Flight projects 1962 1963 1964

Scout reentry heating

Spacecraft and support services.... $(815,000)  $400,000 $500,000
Launch Vehicle.....o.eseeesssessess 3,000,000 _1,000,000 _1,000,000

Total scout reentry heating...... $3,000,000 $1,400,000 $1,500,000
FIRE

Reentry vehicle and support

serV1ces'.l.l....l.l.l...l.’....l 1.346’000 5’500’000 3’%0,()0')
Terminal velocity vehicle.ceeveeese 223,000 2,500,000 600,000
Launch vehicle.ssseerescenncanoanns 2,400,000 __ 4,000,000 =~

Total FIRE, . eeeeesveccccccccsssss $3,969,000 $12,000,000 $4,000,000

Advanced FIRE

Spacecraft and support services...,. cm- - 5,600,000
Velot:ity paCkaSE..onooao'oooo-occoc - hniadid 1,200,’000
Launch ‘vehicleoocooocooooo-coacoooo bt —— 147001000

TOTtlﬂl Advanced FIRE.............. - - bt $8,500":)0()

Scout' lauached meteoroid satellites

Spacecraft and support services.... 78,000 1,620,000 450,000
Launchh vehicle.sssoosovocesseascnnss 800,000 1,500,000 500,000

Tot:al scout launched meteoroid
satellites..coseesecsccccaconons $878,000 $3,120,000 $950,000

Saturr: launched meteoroid experiments

Spacecraft and SUpPpPOrt..ececesesese -- 2,430,000 4,250,000

SEE RDO 15«10

through 14
VOL. II
Space vehicle recovery
Flight: vehicles and support services —— ——- 950,000

SEE RDO 15-15%
through 17
VOL, II
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1962 1963 1964

Secondary environmental experiments

Experiments and support services.... -—- --- $550,000

Small space vehicle flight experiments

Behavior and handling of cryogenic

propellants at 2Zero Geeeeooesossss —- % 800,000 1,650,000
Wind shear measurementS....cccecoeee --- 114,000 600,000
Meteor SimUIationooooooo.ooooo.o.-o_o - 6003000 600’000
Trailblazer reentry project..eeceess -—- 100,000 200,000
Meteoroid penetration probe......... 3 295,000 90,000 450,000

Total small space vehicle flight
eXPeriments, soeeeeescsccscscsccs $295,000 $1,704,000 $3,500,000

Total flight projectS......... $8,142,000 $20,654,000 $24,200,000

Total direct R&D COStSeecevsss gzo,gsz,ggo §4g!9§;10gg 321!262g¥g;

SEE RDO 15-15
THROUGH 17
VOL, 1II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

ELECTRONICS SYSTEMS

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

Supporting research and technology

1962 1963 1964
Guidance systems
Inertial sensors and systems,.... $543,000 $1,390,000 $1,815,000
Passive electromagnetic
sensors and Systems. ee o0 000000 - 610 ,000 1 ,137 ’000
Active electromagnetic
devices and Bystems8,..cccevoese 75,000 680,000 875,000
Computel‘s and displays. eseo0ac oo == 605 ,000 855’000
System and trajectory analysis... 282,000 1,305,000 1,138,000
Total Guidance systems....... $900,000 $4,590,000 $5,820,000
Control systems
Manned flight control systems.... === 1,214,000 735,000
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
Si!tlulator technology.oooooocoonco - - - l,zog,ooo
Total Control systems........ $1,025,000 $3,527,000 $4,928,000
Communication systems
Information theory.....c.ceev000e 39,000 460,000 175,000
Communication techniques and
Czomponents....-.n-........o.... 907,000 2,295’000 29953»0'00
Advanced electric devicesS........ 274,000 1,197.000 1,457,000
Total Communication systems.. $1,220,000 $3,952,000 $4,585,000
Tracking and data acquisition
systems
Information theory...eccececeeese 31,000 190,000 200,000
Tracking and data acquisition
techniques and components...... 393,000 1,285,000 2,222,000
Advanced electronic devices...... 116,000 455,000 1,066,000

Total Tracking and data

acquisition systems.......... $540,000 $1,930,000 $3,488,000

SEE RDO 16-3
52 VOL. II



Instrumentation

Astrophysical instrumentation.$

Bio-medical instrumentation...

Flight engineering instrumen-
tation..soeesecnnvnoanarsans-

Tetal Instrumentation..,.....$

Data handling and processing

Flight readiness and launch
SystemsS...coeoeoass cveeens .

Data processing systems..... .

Advanced computing devices,...

Total Data handling and

626,000 $ 1,035,000 S
--- 513,000

32,000 1,121,000

1964

1,803,000
530, 000

1,919,600

658,000 § 2,669,000 $ &,252,300

ProcesSing.ceesevrenconsssd

Total Supporting research

and technology..........$4.933.000 $18,846,000

Small flight projects

Radilo attenuation measurements

(]{Al4)oco|tocn-cn-a-.oo-noan.(1,635,000) 1,750,000

SCEl11n(!r.'O..'I'..IIICl.".l.ll
Spacecraft orientation control

BYSLEM, s ssoecnanasnnrrocavas

21,000 220,000 561,000
505,000 1,238,000 1,658,000
64,000 720,000 _ 1,32C,C00
596,000 $ 2,178,000 $ 2,529,000
$26.€12.000

2,000,000

--- --= 1,750,000

.- 160,000

Total Small flight projects.($1,635000) $ 1,850,000 $ 3,750,000

Total direct R&D costs....$4,933,000 $20,696,000 §30,362,0QQ
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SEE RDO-16-11
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

HUMAN FACTOR SYSTEMS

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL., II, PAGES RDO 17-1 to 17-7)

Supporting research and technology

f

Advanced concepts

Systems analjsés...........
Human analogs...c.eeceeeeee
BionicS.ei v venirenennnes

Total Advanced concepirs,.

Human research and performance

Body systemS...eseeseaccasss
Environmental physiol’gy .
Biomedicine and personnel
selection..cceevveencncne
Psycho-physiology and
behavioral sciences......
Habitability...eouvereereaons

Total Human research and
performance........ sens

Man system integration

Systams research...........

Personnel subsystemsS.......

Simulation, test and evalua-
tion,seeeeses ereaena vessse

Total Man system inte-
gration......ii.viiiaes

Life support and protective
systems

Environmental & atmospheric
CONtrol.seieeereeenessnns
Food and water control.....
Hygienic and sanitation
control............. ceess
Anthropometric and non-
an:-hropometric suits.....
Repair facilities...... veee
Bioengineering........... .
Personal equipment.........

Total Life support and
protective systems.....

1962 1963 1364
--- $ 540,000 $ 425,000
_—- --- 250,000
~o= === 225,000
--= g 640,000 § 900,000
$ 200,000 240,000 650,000
1,500,000 1,737,000 2,090,000
84,000 110,000 675,000
200,000 330,000 1,075,000
——- 40,000 410,000
$1,984,000 §2,457,000 § 4,900,000
-e- 1,060,000 1,000,000
-—-- 586,000 1,450,000
--- 699,000 3,150,000
--- $2,345,000 $ 5,600,000
——- 1,787,000 2,330,000
_— 40,000 330,000
.- 586,000 390,000
--- 831,000 925,000
ce- 70,000 175,000
-—- 969,000 2,205,000
——— 220,000 445,000

$4,503,000 $ 6,800,000

R

SEE RDO 17-4
VOL, II



1962 1963 1964

Total Supporting re-
search and technology.... $1.984,000 $ 9.945,000 $18.200.000

Pro e(E:_EE.acuo.--oo'oo.on.n-lncnoc-. $ 420,000 $ 115,000 - -

Total direct R&D costs..... EZIQOQIOOO §10I060l000 31812001000

SEE RDC-17-4
voL. 11
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

NUCLEAR~ELECTRIC SYSTEMS

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

Supporting research and technology

Nuclear-electric power

Basic properties

Alkali metal heat transfer.....

Engincering and transport
properties...ceevcensccccnane

Thermionic physicS.ceersccsecss

Total Basic properties.....«s

System components

Turbines, pumps, separators....
Bearings and sealS...scec0c0000e.
Radiator, boiler and condenser
Alternators, power conditioning

sWilbtchgearesieeceessveoossanss
Thermionic diodes.ceersceassnsne

Tot:al System componentg......

Materials and environmental
effects

Corrosion,..ceeescescoscsescccce
Welding, creep testing, cavita-
tion damage.ssecocsraceoscens
Alloy development...ccoveoesceses
Electrode properties, seals,
insulators, conductorsS.......
Meteoroid impact emissivity....

Total Materials and environ-
mental effects..cceeseccces

Advance concepts and system
Studiﬁ-on-oo..oooo.oc.-oooon-.
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1962 1963 1964

$ 300,000 $ 1,120,000 $ 1,100,000
227,000 300,000 470,000
“es 250,000 300,000
$527,000 $1,670,000  $1,870,000
90,000 2,850,000 2,900,000

.- 325,000 600,000
152,000 580,000 950,000
--- 605,000 750,000
148,000 430,000 500,000

$ 390,000 $ 4,790,000 $ 5,700,000
572,000 950, 000 900, 000
--- 650, 000 797,000
100,000 215,000 490,000
--- 300,000 1,500,000
309,000 313,000 275,000

$ 981,000 $ 2,428,000 $ 3,962,000
$1,802,000 $ 1,203,000 $ 1,000,000

SEE RD(-18-3
VoL, II



1962 1963 1964

Subsystem evaluation........... --- --- § 600,000

Electric_propulsion

lectrostatic propulsion

p—=

Ton generation..cceeecceccccess $ 640,000 $ 633,000 450,000
Ion beam diagnosticB8.cccesess 507,000 380,000 300,000
Propellant storage and feed

SYStEMSeesoseccsneroosoncos 222,000 100, 000 200,000
Advanced systemsS,..,ccee00000 862,000 720,000 950, 000

Total Electrostatic propul-
BLOMe s eneveenocansseasss $ 2,231,000 $ 1,833,000 $ 1,900,000

Electrothermal propulsion
Cryogenic propellant storage

and feed.,veeenneocececcsss 175,000 146,000 100,000
AC arc stability...ceeececess 140,000 300,000 ——
Thernal and kinetic energy

EYITE 0 23 ¥- PP 558,000 87,000 100, 000
Bi-propellant arc jet........ 40,000 70,000 100,000
Advance systemsS...coceeeesces - -== 200,000

Tot:al Electrothermal
Propulsion...eeesecesesss $ 913,000 603,000 $ 500,000

Electromagnetic propulsion

Pulsed thrustors...cecececeses 647,000 467,000 750,000
Steady state thrustors....... - 255,000 500,000
Plasma diagnostics.....coceeve - 252,000 250,000
Fluid dynamics research...... 719,000 740,000 886,000

Tdtal Electromagnetic pro-
pulsion..cceveccccsenocee $1,366,000 $ 1,714,000 $ 2,386,000

Mission analysis...... --- 383,060 400,000

Component: technology. .

Power conditioning....cecccue -—- --- 800,000
Radiation shielding......cc.. -—- --- 200,000
System integration......c.c.. -——- 439,000 500,000
Power SUPPlY.ceesoesveccccnss -=- _ -=- 200,000

Total Component technology. --- $ 439,000 §$ 1,700,000

Total supporting research
and technology......... $8,210,000 $15.068,000 $20,018.000

SEE RDO-18-3
57 VOL. II



pevelopment and flight projects

MLJ’W LA AL ST SN Y ) $ 6,103,000
SNAP-§& flight evaluation . .

1963 1964

$15,100,000 $1%,000, 000

Spacecraft design development, == 518,000 %,500, 000
Supporting research and

development...coeceeveoccsss - 200,000 1., 90,000
Ground and launch support..... o em=- 125,000 2,000,000
Thor launch vehicles..ieveeese --- - 500,000

Totzal SNAP-8 flight evalu-

1:10n.onl.o..cn.o.o.....t..

Small nuclear electric propul-
sion and pawer flight-project

MEC(:_‘L........-conoo--occnconoc

Electric engine development

$ 843,000 § 9,000,000

$ 1,850,000 $ 1,400,000

projects
Large lon engines.....ceeeeeue 1,975,000 3,800,000 6,000,000
Large arc jet engines......... 600,000 500,000 500,000
Small arc and ion engines..... - 1,200,000 1,500,000

Total Electric engine
development projects...... $ 2,575,000

Space 2lectric rocket test

(SERD)

Spacecraft design, development
a“d Support..........;....-. 2,070,000
Lﬂ.ul'l‘:h VGhiCleS.--............ 1,500,000

$ 5,500,000 § 8,000,000

4,570,000 8,650,000
600,000 6,700,000

$ 5,170,00 $15,350,000

Total SERT...Q..‘......I'..‘ $ 3,570,000

Total Development and
Elight projects......... $12,248,000

$28,463,000 $43,750,000

Total direct R&D costs.. $20,458,000
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$43,531,000  $68,768,000

SEE RDO 18-11, 18-13,
18-15, 18-16, 18-19
VOL, IT



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES
NUCLEAR ROCKETS

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II, PAGES RDO 19-1 to 19-18)

Supporting research and technology

1962 1963 1964
Rocket reactor research

Materials development....... e $785,000 $1,000,000
Conceptual studies and

design analysis......co000 - 415,000 850,000
Neutronics design and

development....cccceeonnne ——- 82,000 100,000
Shielding development....... - 23,000 50,000
Reactor test SUPPOrt.coeocseo $900,000 5,300,000 5,300,000
PropellantS...coccceeceenooss - 940,000 1,700,000

Fundamental reactor research 154,000 515,000 1,.87.00C
Total Rocket reactor '
research...ccessecsscses 31,054,000 38,060,000 ;10,187,000

Nuclear rocket engine systems

Flow componentS...ccoeeesseee -—- 1,020,000 2,900,000
Turbomachinery...cocceccoess - 104,000 -800,000
Controls and instrumentation -—— 907,000 2,200,000
Design and analysis......... —- 115,000 $00,000
Radiation effect8..iveeseesns 400,000 800,000 700,000
NozzZleS.cieeeeonesseesconcsno 100,000 815,000 2,900,000
Bearings, seals and
lubrication.sssesseseccnss 83,000 125,000 700,000
Fluid property research..... -—- 425,000 %00,000
Fundamental engine systems
research..cooneiinnneennss 154,000 515,000 «am
Total Nuclear rocket
engine systems.......... 5 737,000 4,826,000 ;11,:200,000
Safety .- 200,000 500,000

Vehicle technology

Propellant heating.......... --- 100,000 600,000
Mission analysis............ --- 25,000 : -—-
Radiation effects........... et 128,000 _ 200,000

Total Vehicle technology.. —-- ¢ 253,000 $ 800,000

Total Supporting research
and technology........ $1,791,000 $13,339,000 $22,687,000

SEE RDO 19-3
VOL.. II
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Projects 1962 1963 1964

KIWI
React:or test support
components....... cresenas $4,529,000 $2,400,000 ---
Propellants.............. .. 140,000 1,670,000 $1,000,000
Total, KIWI....ooonenee $,669,000 & 4,070,000 $1,000,000
NERVA
Engine systems development. 3,817,000 4,983,000 11,000,000
Component and subsystem '
development.....c.oevoeenee 5,258,000 19,348,000 30,000,C00
Ground test and operations
support.......... Ceteenns 10,229,000 12,690,000 13,000,000
Propellants........ccveeee. 12,000 6,196,000 6,000,000
Total, NERVA.......cc.. $19,316,000 § 43,217,000 $60,000,000
RIFT |
System technology.......... 500,000 2,336,000 1,750,000
Subsystem technology....... 500,000 3,119,000 9,000,000
System integration......... - 5,245,000 1,250,000

Total, RIFT.seeeoscsscses ¢ 1,000,000 $10,700,000 § 12,000,000

Nuclear rocket development station
operations

General site support....... - 300,000 500,000
Facility checkout and
maintenance. ......o.eee.n - 100,000 350,000
Capital equipment.......... --- 100,000 50,000
'Total, NRDS operations. --- $ 500,000 35 1,000,000
Total Projects $ 24,985,000 $ 58,487,000 3§74,000,000

Total direct R&D costs. $26,776,000 $71,826,000 $96,587,000

SEE RDO 19-8, 19-9,
19-13 and 19-16
VoL, I1
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

CHEMICAL PROPULSION

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II, PAGES RDO 20-1 TO 20-5)

Supporting research and technology

Chemical propulsion analysis,
aexoithermochemistyy and matexials

Aerothermochemistry: ccveccsreses
Mat‘!l:illlsﬂ 0@ 000600 088000 ‘l 80000606000
Ana ]-:’s JLS 00 0O 008 908000600 800000 DDe00

Tot:al. Chemical »propulsion
analysis, aerothermochemistry

ill'ld materialso0..0..0.!......
High-energy propellants

Liqu:d propellants..ccccooveceoos
Solid propelliantS.c.cccoccescacses
Storage and environmental effects

Total High-energy propellants..

dvanced launch vehicle engine tech-

nolaogy

Liquid rocket componentS.c....es.
Liquid rocket systems..... sessesna
Solid rocket componentS.c.rseceen
Solid rocket systems:c...coccosc0e

Total Advanced launch vehicle
engine technology....veou0sss

Advanced spacecraft engine tech-
nolony

Liquid rocket componentSc.co.ooooso
Liquid rocket systems...oo..
Solid rocket components...
Solid rocket systemS..ccoocceacos

e o0e 00

000000

Total Advanced spacecraft
engine technology..secsocssss

1962

$1,803,000
341,000

$2,144,000

1,263,000
340,000
141,000

$1, 744,000

75,000
1,062,000
43,000

~—140,000

$1,322,000

75,000
1,526,000
45,000
147,000

$1,793,000
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1963 1964
$3,375,000  $4,960,000
1,784,000 1,86%,000
200,000 —100,000
$5,459,000  $7,%525%,000
1,709,000 2,006, 000
711,000 800, 000
_.398,000 —=00,000
$2,818,000  $3,306,000
250,000 2,000,000
1,050,000 1,874,000
91,000 150,000
—216.000 120,000
$1,607,000  $4,474,000
©, 328,000 2,618,000
2,137,000 2,400,000
~ 91,00¢C 150, 000
479 ,00C 450, 000
$4,035,000  $5,61&,000

SEE RDO-20-2 AND
20-3 voL. II



1962 1963 1964

Experimental high-energy engine
Sys-tieﬂls....................... - - _s 300,000 § 1.5“741000

Total Experimental high-
energy engine,...cceo00c00e --

300,000 1,574,000

Total Supporting research.. . ‘ ‘ .
and technology....se.0..$7,003,000 $14,219,000 $22,497,000

Small flii;ht. project.....-...-o...u | el 2501000 inslbuiied

Total direct R&D costs,,.$7,003,000 814,469,000 $22,497,000

SEE RDC-20-2 AND 20-3
VOL. II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

'FISCAL YEAR 1964 ESTIMATES

SPACE 'POWER

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOL. II PAGES RDO 21-1 TO 21-7)

Supporting research and technology

Solar cells

Phot:ovoltaic..cvieoeceseasesaess $1,510,000

Total Solar cellS............ $1,510,000

Thermionic power technology

Themmionics.-...--.........

Solar concentrators,.

LR I BN BN BN B B B

Total Thermionic power
technOlOgy..--...-...-..--. $1,710,000

Solar engine technology

Solar dynamicsS...ccccenveccccss
Thermal energy storage.........

Total Solar engine technology $1,060,000

Batteries and fuel cells

Batteries...ceeeccace

Secsecoenoecoe

FUE] C-ellsooto'ooonoooaooooo'.co

Total Batteries and

fuel

Cells...........--...-..... $1,120,000

Chemical engines

EngiLnfEs. @ 8 8 0 8 0000 0009000t e e
Electrical distribution and
‘10“1:1‘01- LR AN B B B BN BN BN BN B BN B BRE BN N B NN N R ]

Total Chemical engines....... $§ 350,000

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

..........

..........

...........

1962 1963 1964
$ 2,409,000 $ 3,350,000
$ 2,409,000 $ 3,350,000
1,310, 000 1,909,000 3,293,000
400,000 610,000 700,000
2,519,000 $ 3,993,000
950,000 1,750,000 2,500,000
110,000 314,000 638,000
2,064,000 $ 3,138,000
560,000 775,000 945,000
560,000 1,372,000 1,600,000
2,147,000 $ 2,545,000
150,000 200, 000 700,000
200,000 320,000 1,168,000
520,000 $ 1,868,000

SEE RDU-21-3

VOL. I%



|
|
|

Thermoelectric, magnetohydro-
dynanics, and advanced

concepts

ThermnoelectriC,.ooeeesesesnseses $ 227,000 $ 300,000 § 575,000
_Magm!t()fluid dynami.CSo es0s 0o 325,000 650,000 555,000
Ma]-:’sis-..-nccnooooooooooocolo .--- 250,000 500,000

Total Thermoelectric, mag-
" netohydrodynamics, and ad-

wanced conceptS............ $ 552,000 § 1,200,000 $ 1,630,000
Total direct R&D costs,.... $6,302,000 $10,859,000 $16,524,000

SEE RDO 21-3
VOL. II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1964 ESTIMATES

AERONAUTICS

RESEARCH AND DEVELOFMENT SUPPLEMENTAL DATA
(SEE VoL, II, PAGES RDO 22-1 to 22-10)

Supporting research and technology
1962 196 196
Aircraft aerodynamics

Fundamental aerodynamics... $130,000 $296,000 $407,000
Aerodynamic efficiency,

si:ability and control at:

“ubsonic and transonic

Speed8..cecenessnnnsans -—- 120,000 1.50,000
Supersonic speeds..ccee.. ——= 275,000 %00,000
ijpersonic BPeedB sees v o0 dnded 1881000 650 .000

Total Aircraft asero-~ )
dynamicscsivisiivivesces $130,000 $ 879,000 351,907,000

Aircraft loads and structures

LoadS,coeeeeossscosscccnses - 122,000 310,000
Strmctural dynamics..s..s.. == 329,000 375,000
Fa‘::l-sueauo.coo.an!cooooo'Co hadndes 245’000 520’000
Structural design...tee0... == 220,000 395,000
Materials research.....c.s. 762,000 694,000 850,000

Total Aircraft loads and |
B ruCtUes, s veoeaenre,  §762,000 $1,610,000 § 2,450,000

Air-breathing propulsion

Subsonic and transonic

propulsion systemS....... EL 430,000 400,000
Supersonic propulsion

BYSLEMB,eseereooscccorans —— 85,000 %00,000
Hypersonic propulsion

BYSEEMBeeoaecoeosorssansos —e- 834,000 800,000
Fundamentals of combustion. 104,000 114,000 153,000
Rocket flight tests of

hypersonic inlets........ -=- 250,000 1,200,000

Total Air-breathing , ,

propulsion::;;iccisiees $104,000 $1,713,000 $3,053,000
SEE RDO 22-3
VoL, II
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1962 1963 1964

Aircraft operating problems

Variable stability air--

PlANE. s vsereenvonasssaanee --- $ 1,325,000 $ 450,000
Flying and handling

qualities......ovvesss00es --- 196,000 400,000
Flight safetyY..veeceroasesss --- 65,000 150,000
Noise and sonic boom,....... --- 348,000 700,000
Opzrational techniques...... - 578,000 400,000
Oparating environments...... ($1,426,000)1/ 460,000 400,000

Total Aircraft operating
p'l'OblemS...-...----...-- m-— $ 2,972’000 $ 2,500,000

Total Supporting re- .
search and technology $ 996,000 §$ 7,174,000 $ 9,910,000

Projects
X-15A research aircraft
AerOdyNamics. . c.vennesncanss (29, 000) 35,000 70,000
Loads and structureS........ (53,000) 60,000 140,000
Propulsion.sseeeiesionncccess (10,000) 10,000 40,000
Operating problems...ceceese (447,000) 5,475,000 650,000

Total X-15A research"
QLTCTAEE. vvnrernaennses  ($539,0005/55,580,000 $ 900,000

. : SEE RDO 22-7,- VOLUME
Supersonic transport

Aerodynamics.....ccenvensons 1,842,000 492,000 700,000
Loads and Structures........ (195,000)L/ 886,000 590,000
Propulsion.......... AP (104,000)L/ 442,000 1,300,000
Operating problems.......... 116,000 2,467,000 1,200,000
Total Supersonic trans-
POTt....00eevens veesessss $1,958,000 $ 4,287,000 $ 3,790,000
SEE RDO 22-8
VoL, 11
Vertical’/short take-off and
landing (V/STOL) aircraft
Aerodynamics........ ceesnena (89,000) 562,000 820,000
Loads and structures....... . (4,000) 9,000 55,000
SEE RDO 22-9
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1962 1963 1964

Vertical /‘short take-off and
landing (V-STOL) aircraft
(cont'd)

Propulsion...l"‘.‘..."...-l.s (21’000) $ 136’000 $ ‘175’000
Operating problems...eeeeosees (68,000) _ 330,000 550,000

Total Vertical/short take-
off and landing (V/STOL ;

afrcraft).................§ ‘L82'000)1/§11037.000 § 1”500:000

SEE RDO-22-9
VOL.. 1T

Total ProjectS.....ce0....$1,958,000 $10,904,000 $ 6,290,000
Total direct R&D costs..$2,954,000 $18,078,000 $16,200,000

1/Amount provided for direct project effort in Operation of
Installations in FY 1962,

SEE RDO-22-1
VOL. II
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

TRACKING AND DATA ACQUISITION

RESEARCH AND DEVELOPMENT SUPPLEMENTAL DATA
(SEE VOLUME II, PAGES RDO 23-1 TO 23-19)

Supporting research and technology

1962 1963 1964

Integrated systems study,
development and test

Trajectory, orbit determination
and data requirements analyses.. $ 358,000 $ 400,000 $ 600,000

Systems parametric studies........ 225,000 200,000 225,000
Corceptual systems studies..... oae 250,000 225,000 275,000
Developmental systems tests....... 625,000 825,000 900,000

Total Integrated systems study,
development and test.......... $ 1,458,000 $ 1,650,000 $ 2,000,000

Improvements to existing systems

Telemetry data conditioning,
extracting and display

equipment........... csescassnsas 1,125,000 1,350,000 1,975,000
Data acquisition receiving

equipment.......covvvovnnreanien 1,650,000 2,260,000 2,685,000
Electronic tracking equipment..... 937,000 1,750,000 2,250,000
Data handling and processing

equipment.,...... 000000000 cenas 175,000 225,000 565,000
Command generation equipment.,.... 120,000 175,000 300,000
Antenna servo drive units......... 290,000 350,000 490,000
Antenna structure and. microwave

optics........... veceaas ceecacas 605,000 925,000 920,000
Antenna feedS......covv0000. coeees 695,000 850,000 1,050,000
Calibration equipment and

techniques.......o 0004 cressene 110,000 122,000 175,000
Timing and frequency standards

equipment......... ceenas ceernnna 150,000 200,000 350,000
Spacecraft and vehicl

transponder equipment........... 250,000 325,000 425,000
Circuit elements.......cocoivvevos 150,000 200,000 315,000

Total Improvements to existing
systems........ cesasenas teeea $ 6,257,000 $ 8,732,000 $ 11,500,000
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1962 1963 1964
New systems development

Telemetry data conditioning,

extracting and display
eqUIpPMeNt. ... vveverecosnenesses $ 242,000 $ 325,000 § 720,000

Electronic tracking equipment..,.. 900,000 1,350,000 2,050,000
Optical tracking equipment,.,...... .- 80,000 150,000
Data handling and processing

equipment...coceesviccriniscenss 100,000 200,000 250,000
Command and control generation

equipment...cccooseeonvsrencanss 80,000 163,000 180,000
Spacecraft and vehicle transponder

cquipment......cvvrisncaseesnans 60,000 100,000 150,000

Total New systems development... $ 1,382,000 $ 2,218,000 $ 3,300,000

Total Supporting research
and technology.......v.00... $ 9,097,000 $ 12,600,000 $ 17,000,000

SEE RDO 23-2

VOLUME II1
Netwotk operations
Satellite network..........covvvuns 9,374,000 11,760,000 17,000,000
Manned flight network...... eesses. 15,183,000 16,260,000 24,000,000
Deep space network.......... cieeae 6,743,000 7,860,000 10,000,000
Launch area instrumentation....... 500,000 3,850,000 5,000,000
Aerodynamics test range........... --- 450,000 300,000
Network communications............ 8,393,000 10,760,000 16,000,000
Dara processing and handling..... . 1,660,000 4,570,000 7,700,000
Total Network operations........ $41,853,000 $ 55,510,000 ¢ 80,500,000
SEE RDO 23-6
VOLUME 11
Equipment and components
Satellite network
Maintenance, spares and
replacement........oc0000e. e 1,411,000 2,515,000 5,500,000
Expansion of network capability
Medlum-gain antenna systems..... 1,290,000 2,950,000 60,000
136-mc self-tracking antenna
systems..... s s e 105,000 2,060,000 1,156,000
Satellite command systems....... 270,000 695,000 67%,000
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Satellite network (Con't)

PCM station telemetry systems... $
Real-time telemetry readout
equipment....... tescecres oo
Portable telemetry stations.....
400-mc receiver systems.........
Station data handling and
conditioning equipment........
Station microwave terminal
equipment. .. .. naauans frean
Sration data control and moni-~
toring systems................
Portable range and range-rate
tracking stations.............
Payload simulation equipment....
Collimation and test optics.....
Timing system output equipment..
Launch area spacecraft checkout
equipment........... 0 hi0iens

1963

680,000
320,000
365,000
120,000
500,000
150,000

145,000

1964

$ 2,075,000

300,000
2,329,000
120,000
2,240,000
250,000
1,15%,000
3,400,000
540,000
250,000
400,000

750,000

Total Satellite network....... $

Mannecd flight network

Maintenance, spares and
replacement..........oo0vivsunnn

Expansion of network capability

Augmentation of voice communi-
cations systems........ Ceeens .
Automatic telemetry readout
and decommutation....... ceeeas
Radar system modifications......
Telemetry ship modifications....
Tracking ship modifications.....
Computer reprogramming..........
Network station equipment inte-
gration and test..............
Data terminal equipment at com-
puter center and Bermuda......
Cormand remote systems..........
PCY telemetry station systems...
Digital command encoders........
RIF command systems..............
Intrasite communications
equipment........ .00 innan
Mobile MPS-26 radar system......
Acquisition aid antenna systems.
Installation and station modi-

fications......... ¢ v vevunrnn

70

1,649 300

621,500

99,500
894,700
940,000

1,250,000
800,000

1,798,000

1,900,000
100,000

$ 10,500,000

2,500,000

9,329,000
4,875,000
1,764,000

434,000
550,000
1,600,000

2,800,000

$ 22,000,000

4,00C,000



1962 1963 1964

Manned flight network (Com't)

Data handling and alpha numeric

display systems.......cc.0000s § --- $ 1,800,000 $ 24,000,000
Unified S-band station

BYBLEMB, . s vvvevvraioorsrnsions .- 12,000,000 21,000,000
‘Deep space station Apello S-band

compatibility subsystems...... m-- 2,000,000 4,000,000
Engineering and systems inte-

gration.....ovviseneriiiionnee --- 3,050,000 4,000,000
In-orbit checkout data

conditioning systemsS.......... | ees -=w 9,000,000
In-orbit checkout data

handling equipment............ .- - 7,000,000
In-orbit checkout display and o

status monitoring system...... --- - 8,000,000
Landing area instrumentation.... - .- 3,000,000

Total Manned flight network,, $10,253,000 §$ 42,702,000 $ 84,000,000

Deep space network

Maintenance, spares and
replacement.......ovevvevenreass --- 1,060,000 1,775,000

Expansion of network capability

Atomichron and synchronization

equipment.......... ceceeenenna - 300,000 ---
S-bsnd receiver systems......... -— 385,000 ---
Microwave standards............. --- 150,000 .--
Prototype improved S-band RF

performance components........ -——- 440,000 ---
Antenna, serva, and trans-

mitter modifications.......... -——- 1,126,000 450,000
S-band transmitters and

COmMPONENtS. .. cvivve-vecens PN --- 711,000 1,170,000
Klystron and maser amplifiers -—- 358,000 1,425,000
S-band ranging systems.......... -——- 639,000 375,000
Data transmission and processing

equipment.......co00reeevveons --- 1,026,000 930,000
Digital data and instrumentation

SYSLeMS., . .vvvvenerivarasaanas - 460,000 535,000
Test transponders and calibra-

tion equipment...... i ~-- 601,000 © 150,000
Remote collimation equipment.... --- 250,000 320,000
S-band acquisition aids and’

equipment........c0000... ceeee --- - 480,000
Mobile S-band range and

doppler station............... --- --- 1,330,000
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1962 1963 1964
Deep space network (Con't)
Magnetic tape recorders......... $ --= 8§ --- § 460,000
Automatic test and checkout
equipment.......... teseann v -—— --- 600,000
Total Deep space network...... $ --- § 7,506,000 $ 10,000,000
Trunch area instrumentation
Maintenance, spares and
replacement.............. ceseaa 457,000 810,000 1,975,000
Expansion of existing capability
Photographic processing equip-
111-1 0¥ < Cieees 100,000 150,000 220,000
Range camera equipment.......... 175,000 200,000 250,000
Afrcraft calibration and test
instrumentation.............., 100,000 120,000 160,000
Antenna systems modifications... 60,000 120,000 240,000
Tuning equipment........ feeeenn -—- --- 75,000
Range ship instrumentation.... -—-- --= 80,000
Total Launch area
instrumentation............. $ 892,000 $§ 1,400,000 s 3,000,000
serodvoamic test range
Malatenance, spares and
replacement.........co000v00ases --- 210,009 253,000
Expansion of network capability .
Prototype PCM telemetry system.. - 500,000 -
¥PS-16 radar refurbishment...... -——— - 750,000
Tiutal Aerodynamic test range.. $ --- § 710,000 $ 1,000,000
Communications network
Maintenance, spares and
replacement.........ccoreevvasen 398,700 494,000 550,000
Expansion of network capability
Shipboard tuneable RF filters... 40,200 - ---
40 KW radio transmitters........ -——- 538,000 200,000
Data terminal equipment......... 77,300 80,000 400,000
Teletype and voice equipment.... 139,700 262,000 100,000
Switching center equipment...... 283,900 150,000 150,000



‘ 1962 196 1964
Communications network (Con't) '
Test and evaluation equipment... $ 27,200 $ 200,000 $ 250,000
Mobile communications vans...... --- 250,000 250,000
South Americen communications
system modifications.......... - 240,000 300,000
Solid state switching system..... --= ~-- 1,800,000
Total Communication network... $ 967,000 §$ 2,214,000 $ 4,000,000
Data processing and handling
Maintenance, spareé and
replacement.......co00vve0osas .. 85,200 412,000 1,305,000
Expansion of existing capnﬂility
PFM data processing system...... 214,800 --- -
Prototype telemetry tape :
signal recovery system........ - 340,000 ---
Data monitoring and control
consoles.......... cevens veeees --- 400,000 ---
Satellite telemetry automatic
reduction systems (STARS)..... - 1,548,000 2,535,000
Telemeter off-line processing
BYStemM. cocvevosoororonns ceosen -—-- --- 3,793,000
Special purpose data processors. --- --- 1,190,000
Automatic analog data tape '
evaluation equipment.......... - --- 477,000
High apeed plotter printer..... . --= - 700,000
Total Data processing and
handling.......... veeeeseess 8 300,000 $ 2,700,000 $:10,000,000
Total Equipment and
components..... cecerenneas $16,352,000 $ 67,732,000 $134,000,000
Total Direct R&D costs...... $67,302,000 $135,842,000 $231,500),000
SEE RDO 23-11
VOLUME II

73



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1964 ESTIMATES

REVISED SUMMARY OF CONSTRUCTION OF FACILITIES PROGRAM BY LOCATION 2

Fiscal Year Fiscal Year Fiscal Year

1962 1963 1964
Ames Research Center..c...ceveceese $6,564,000 $14,200,000 413,076,000
Flight Research Center.eccecesveccess 110,000 1,697,000 4,081,000
Goddard Space Flight Center........ 12,170,000 17,556,250 20,932,000
Jet Propulsion Laboratory...eecesee 4,063,800 10,003,200 7,000,000
Langley Research CenteC...escessscse 6,942,500 8,861,000 9,768,000

Launch Operations Center........... 116,291,400 326,974,400 312,855,000
Lewis Research Center....ceeevesces 1,835,000 43,485,000 25,835,000
Manned Spacecraft Center........... 66,688,600 45,282,700 37,736,000
Marshall S$pace Flight Center....... 30,318,000 43,559,500 38,496,000
Michoud Plant.cceeecscesececseeesss 10,723,000 18,294,000 10,003,000
Mississippi Test Facility....ccves. 18,990,000 73,200,000 111,690,000
Nuclear Rocket Development Station. 22,930,000 17,470,000 20,490,000

Pacific Launch Operations Office... 975,000 - :
Various Locations2/....e..c00veee.e 47,874,000 99,901,000 176,038,000
Wallops StatioNi..esescessessssesss 11,714,000 4,160,750 2,000,000
Facility Planning and Design3/..... 700 4,684,000 10,000,000

Reserved fo1r Allocation Under
Reprogramming Authority.......... - .8,096,200

Total Plan....eeeceeceoneasee.. $358,190,000 §737‘425!000 _5;%800!000 1000

1/ This revised summary corrects error in tabulation as shown in Vol. IV, Page
SUM 5, The correct FY 1963 amount for Various Locations is $99,901,000
instead of $99,721,000 and $4,684,000 instead of $4,864,000 for Facility
Planning and Design.

2/ Excludes amounts appropriated for facilities at Various Locations in fiscal
years 1962 and 1963 which are now identified as part of specific NASA
installations.

3/ Amount.s appropriated in fiscal years 1962 and 1963 are reflected by locat:ion
on the basis of current allocations,

SEE SUM 5
VOL. III
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