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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

APPROPRTATION SUMMARY

Fiscal Yesar

Fiscal Year Fiscal Year 1961 Figcal Year

1960 1961 Supplemental 1962
SALARTES AND EXPENSES....... $91,400,000 $170, 760,000 -~ $196,686,000
RESEARCH AND DEVELOPMENT.... 347,550,000 621,453,000 $49,000,000 919,539,000
CONSTRUCTION OF FACILITIES.. 84,625,000 122,787,000 - 119,075,000

15,000,000  $49,000,000 $1,235,300,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

APPROPRIATTON SUMMARY

FISCAL YEAR 1960:

Suppleme ntal Appropriation
Act 1950; P.L. 86 213..

Appropriation transfers;
PoLo 86'2213 -------- s s 0B

wa&L ..............

FISCAL YEAR 1961:

Independent Offices Appro-‘

priation Act; P.L. 86626

Appropristion transfers;
P 3 L . 86 "’!li’) oooooooooooooo

FISCAL YEAR 1961:

Supplementsal estimates....

FISCAL YEAR 1962:

Regular estimates.........

Salafies and Research and Construction
Expenses Development of Facilities Total

$91,%00,000 $347,550,000 $84,625,000 $523,575,000

-550,000 -1%,450,000 +15,000,000 —

$90,850,000 $333,100,000  $99,625,000  $523,575,000

$170, 760,000 $621,‘1I-53,000 $122,787,000 $915,000,000

_--- 3,538,000 _+3,538,000

§110516o! gg 17,915,000 $126 $126,325,000 15,000,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT PROGRAMS

frogram

Support of NASA plant....
Research grants and
contractBeseeccocecesans
Life scienceSeescccceccses
Sounding rocketsSeeecececss
Scientific satellites....
Lunar and planetary
exploration.ccscccscncss
Meteornlogicel satellites
Commnications satellites
MercUlTfesesoconsosscasnsse
APOllOsesecosescsesscevee
Launch vehicle technology
Launch operations
development.ceceocccesse
Spacecraft technology....
S0lid propulsioNececsscaes
Liquid propulsioneeceesee
Electric propulsioneececes
Nuclear systems technol-~
OfYeovesssnonssssnscnans
Space power technology...
SCOUbeseessscnsoscnsacces
Delta..t.l...OOIQOOC....O
Centaulececescsecscccosse
SaturNeccesescssccsccscens
= =« -
Tracking and data acqui-
SiticNeecesvsccesnssanes

To'tEl.l.............-....
Transferred to Construc~
tion of FacilitieS.eesss
Transferred from Salaries
and ExXpenseS.seeecesssse

Fiscal Year

Fiscal Year TFiscal Year 1961 Fiscal Year

1960 1961 Supplemental 1962
$27,761,897 $48,203,000 $77,110,000
4,869,370 5,000,000 7,600,000
-— 5,000,000 8,620,300
9,681,000 8,170,000 7,000, 200
20,241,114 37,942,000 64,700,000
l|'9) 995,900 77,524,000 $5) 000,00C 103,899,000
7,930,000 18,100,000 28,200,000
3,050,000 3,912,000 24,000,000  Lk,600,000
84,328,370 109,525,000 7k, 245,000
100,000 1,000,000 29,500,000
——- 9,100,000 15,000,000
-—- 100,000 1,500,000
4,019,349 7,875,000 10, 360,000
1,720,000 1, 300,000 3,100,000
27,217,000 57,000,000 78,020,000
1,300,000 3,300,000 6,800,000
5,613,000 10,000,000 2,600,000 28,000,000
3,514,000 4,200,000 5,500, 000
3,000,000 2,150,000 1,825,000 3,675,000
12,475,797 11,800,000 2,900,000
36,644,203 47,000,000 15,575,000 56,400,000
9,450,000 118,058,000 224,160,000
4,000,000 - 2
16,189,000 31,656,000 38, 650,000
333,100,000 617,915,000 49,000,000 919,539,000
15,000,000 3,538,000 - -
-550,000 —— ——— -

Total appropriations...$347,550,000 $621,453,000

$49,000,000 $919,539,000




Network

Satellite (Minitrack) Stations:
Constructionescesesessesessessvssccssnccnae
Equipment....... “eesssassan ssccsceccccscss
OperationsS.ceecescscsessesvacssconcessncnss
Advanced researcheiecccccsssccccccosescecscs

AAdvrannad Aawrol armmandt .
AUVALNTOW WOVCLUHIGUII Ve s e s e sevessensccssnces

Data transmission and reduction...ceeceecees
TotBleeeesasssacecee

Facilities for Communications Sstellites:
Constructionsececeeesscsscssesccacnocsscns
Equipmenteecsescecccosescecssccosacssacscas

TotBlecoscssensosoes

Decp Space Stations:
Constructionsecececssesscovssorosccscscaacas
Equipmentescececesnssssococoscscsnssncncan
OperationSeceesccsceccecsecsscoccncccscacee
Advanced researchecessesscsccesccasssssssas
Advanced developmeNtesscesssosorsocccssscce
Data transmission and reductiOn..eecceccecss

Tot8leeceoecosessonsaces

Optical Stations:
OperationBeececcccessccccssscesscsssscccnes
Data transmissionand reduction.ceececscssse

TotAleeeaooascanssae

Mercury Stations:
Constructionececesveccecesscscsscccscocscnns
Equipmenteceecececsccecesscsccssscccsncnce
Operations (including recoVery).eececeseese
Network operational implementation........
Advanced development.....oececvcesvecccene
Data transmission and reduction..ccssccecee

Tot8leeevosoosconsss

Nen-NASA Staticns:
Constructlon.eceececeescocesccesvecrscnnssces
Equipment.cecseececacoossscscoscsssssceaces
Operations (including data transmission

and reduction).ceccccsesscccecsccccccnas
Totalessesoccccnsses

All Stations:
Operations (special services, spare
parts, repairs and maintenance)....ecsa.

Summary:
ConstructiOneessesscccescscoccsscscnccennes
Equipmentececeoesccccccccccccsccsccccsscas
OperationSeecsscesccesscescscsscscnscsccscne
Network operational implementation....... .
Advanced researCh.csceccccescassscccsccccce
Advanced development.scscceccesccsecccsccce
Date transmission and reductioneecesccecceeces

TOTALevesossancansces

NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

P ta T ey NNA TOMmTICAmIS
FIOCAL ILAR 4170 BOLLIMALDLD

FUNDING FOR TRACKING NETWORKS

Research and Development Construction of Facilities Total

1960 1961 1962 1960 1961 1962 1960 1961 1962
——- - _— $1,561,000 $1,750,000 $721,000 $1,561,000 $1,750,000 $721,000
-—- ——— —— 2,744,000 3,000,000 5,539,000 2,744,000 3,000,000 5,539,000
$3}675;h00 $5)283)000 $5:2875000 == —— - 3}675)h00 51283;000 5,287,0(”
19o,§oo 2,355,000 1,906,400 ——- _— - 190,600 2,355,000 1,906,400
1,137,000 3,062,400 4,096,800 ——— - S 1,137,600 3,062,400 L ,00h ;800
2,461,640 1,823,900 2,684,800 - -— - 2,461,600 1,823,900 2,684,800
L463,250 12,524,300 13,975,000  4305,000 k750,000 6,260,000  1L,770,20 17,274,300 20,235,000
——— - ——- —- 1,588,000 - - 1,588,000 -—--
- --- 1,670,000 - - - --- 1,670,000
=== L.670,000 === 1,968,000 === L.986,000 1,670,000
- -— - 2,281,500 4,135,000 450,000 2,281,500 4,135,000 450,000
— - ——- 1,100,000 3,865,000 9,051,000 1,100,000 3,865,000 9,051,000
1,341,000 2,996,900 3,322,300 --- --- --- 1,341,000 2,996,900 3,322,300
--- »500 956,100 - - ——- -— 880,500 956,100
1,437,000 3,502,500 5,436,200 - --- - 1,437,000 3,502,500 5,436,200
~—- 371,100 838,100 -—- - —— — 371,100 838,100
2,778,000 2,751,000 10,552,700 3,381,500 8,000,000 9,501,000 6,159,500 15,751,000 20,053,700
1,450,000 2,160,000 2,250,000 I ——— -— 1,450,000 2,160,000 2,250,000
1,519,000 1,340,000 2,450,000 - --- - 1,519,000 1,340,000 2,450,000
2:960,000 3,500,000 k700,000 == 2282000 3,200,000 3,700,000
—— ——- —- 9,535,000 2,400,000 -—- 9,535,000 2,400,000 -—
— —_— —- 26,260,000 12,600,000 —a- 26,260,000 12,600,000 —
497,800 22,792,000 27,485,000 — - - k97,800 22,792,000 27,485,000
2,695,200 6,734,000 750,000 --- --- - 2,695,200 6,734,000 750,000
1,500,000 500,000 675,000 -— -— - 1,500,000 500,000 675,000
--- 5,035,700 5,500,000 - == -— -—= 5,035,700 5,500,000
4,693,000 33,061,700 34,410,000  35,795.000 13,000,000 === 40,488,000  50.061,700 34,410,000
- - —- — - 400,000 —- —- 400,000
- - ——- - . 100,000 — ——- 100,000
800,000 1,500,000 1,850,000 - ——— - 800,000 1,500,000 1,850,000
—800,000 1,500,000 1,850,000 === 500,000 800,000 1,500,000 24350,000
676,760 85,000 1,397,300 . - — == 676,760 845,000 1,397,300
——— _— ——— 13,377,500 9,873,000 1,571,000 13,377,500 9,873,000 1,571,000
——- ——- 1,670,000 30,104,000 19,465,000 14,690,000 30,10k,000 19, 465,000 16,360,000
8,440,960 35,576,900 141,591,600 --- --- - 8,440,960 35,576,900 L1,591,600
2,695,200 6,734,000 750,000 -—- --- --- 2,695,200 6,734,000 750,000
190, 600 3,235,500 2,862,500 -— --- --- 190,600 3,235,500 2,862, 500
4,07k, 600 7,06k,900 10,208,000 — - - k4,074,600 7,064,900 10,208,000
3,980,640 8,570,700 11,472,900 -== --- g 3,980,640 8,570,700 11,472,900
10,382,000  $61,182,000  $68,555,000  $43,481,500  $29,338,000  $16,261,000  $62,863,500  $90,520,000  #84,816,000




lNetwork

Satellite (Minitrack) Staticns:

Blosscm Point, Maryland.. crresenas
Fort Myers, Florida..... ceena

San Diego/Golastone..os esseees
Antigia, British West Indies..
Quito, Ecuador...ieeeeencccses o
Lima, Peruceesssess
Antofsgasta, Chile.
Santiego, Chile.....

East (rand Forks, Minnesota...
Fairbunks, AlasK@8.ceeee aoes coe
St. John's, Newfoundland. e
Winkf:eld, England...ee.. PN
Microl.ock Stations.....
Space Conurol Center Op

SUPPOrt.iscecesessessccsnccnsrsssanan

Calibration Operations of Airplane.......
Call Orde: ServiCeB..ccssecnsececrscecann
Special Logletic Supportees.esccesasessen

Calibration of Field Stations:

New Mexico State University calibration date reduction..
Ambiguity resolving slide ruleB.ccsecccesscesssscsscescnss
Alrcraft modifications for parabolic antenna calibrations

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

TRACKING NETWORK OPERATING COSTS

Contractor or operator

Bendix Corporation.. csane
Bendix Corporation.. veescane
Bendix Corporation.. vases
RCA/Pan Americen... ceeee

Bendix Corporation...ccisecscscsscecaeess
Bendix/Geophysical Institute, Huancayo.
Bendix/University of Chile...veeseeesns
Bendix/University of Chile ..
Australife.ccececcaccseess .
South Africa....... ..
Bendix Corporation.. .
University of Alaska
Canadh,escecccscsans .o
Englandeeceesoseonss .
Bendix Corporation.cscececceceacasscanes

Bendix Corporationisecsscesccecvssvssnas
Bendix Corporationeesssceceescsccncsane
Bendix Corporationscscecsesccesscccscss

VeriouBsiscesscssesesessorsccascssssones

Calibration equipment.e..sceceeecsecoarssssssssscsccocenscsrsrsvcosnsosasnscsnnssnss

Replacement of Electronic Ejquipment:
Ampex recordersicsscece
Sanbo:n racorders..
Timing oszillators.....
Commmications transmit
Fixed traacsmitter......
Tunable discriminator.

Switciabl® ANteNNA.cces eseesssnecsssrncsccscnssraserssososscacescrcsnssssoassarse

Deep Spac: Stations:
Goldstone, California.
Woomera, AuStralifiesceeicscecscancess

South Africa (Hartebeesthock-Krugers-

dorf)..
Mobile Tracking StBtiON..seessececcss
Reimbirsement for Foreign Stations...
Systens Tests & OperationB.ceessecess
Logistic Supportscesessscacscsssances

Optical Stations:
Jupiter, Florida....... sesene
Organ Pass, New Mexico... .o
Haleaxala, Maui, Hawaii...
Curacao, North West Indles.....
Arequipa, Peru.iccceissccccscssces
Villa Dolores, Argentina.......
Olifontsfontein, South Africa...
San Fernando, Spain.
Shiraz, (r&N.eccecss
Woomera, Australifl.,iceccceccssccanss

ces

Mitaka, Tokyo, JBpAN.ccceccoscassnoss
Naini-Tal, Indi@cececacsvcavacosoanes

Moon Watch 110 active stations.......

Mercury Stations:
Bermuda StatioN.s.eeccsnsciasceceonns

Australia Stations .o
Canary Islands Station. .
Keno gtation...ceeeeess ..

Zanziber Station.... .o
Southern Californie Station......cees
Hawaiian Stationeeceececcvecacsceeses
Canton Island Station......ceeeeenecss
Cape Caneveral Atlantic Missile Range

Corpus Ctristi White Sends Statlon...
Alr Froving Ground Station...eeeecess

Ocean rarge vVesSelS..ccessescvscnssen
Port Lewis Ship Support Station. .
Tralning.cesscccscesseacrcsessncannse
Linccln laboratory serviceS..ccceeese
IBM Space Computing Certer services..

Recovery Operations:
Buresu of Ships support...cccecscecee
Buresu of Weapons support (Aircraft).
Retrieval equipmentescscescaceccosnse

Non-NASA Tracking Stations:
Jodrell Bank Station..cecicecsccarssse
Port Churchill Station..... ve
Photctrack Optical Stations. .
Reimtursement for Department of
Defense sptations and other agencies

Special (perantions & Services for Flight
Migsiors {Tncludes speciel items of
equipment o meet ground instrumentation
requirements, such as for Explorer VII,
Centaur and Agena projects)..ecececsass

Spare Parts, Repairs & Maintenance for
network tracking stationt...eeceescsses

Total,cseavesncssnascansne

Jet Propulsion Laboratory.eceesesscescss

Weapons Research Establishment,
Australifie.esessscccasasccvacsransens

Union of South AfricB..iecscceccrccccss
Not Selected.ceeesssaes
Foreign Governments.
Jet Propulsion Laboratory.
Jet Propulsion Laboratoryscscsescessess

Totllesssnocanscscsasasse

Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observaiory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory..
Smithsonian Astrophysical Observatory,
Weapons Research Establish.,Australia
Smithsonian Astrophysical Observatory,
JADANscescecssscstasssscoscsssnsnanse
Smithsonian Astrophysical Observatory,
Indl@eesevessssoncasesssscvrsacecnscns

Volunteer TeamS..sesessssccsonrsovencncs

Totllesesooesassccoscncss

NASA contractor.ccecesvecscecscscscsess
Weapons Research Establish., Australia.
NASA contractorececceses .e
NASA contractor.. .o
NASA contractor.. .
NASA contractor.ccescscecceses
Department of Defense, Pacific Missile

Range..cceeesecenecncreacvovrsccesescns
Department of Defense, Pacific Missile

RENEE ot rsvscetsvecsccosssrsnsncssscnse
Department of Defense, Pacific Missile

Range (BendiX).sesosesssensncsccceens
Department of Defense, Atlantic Missile

RANge.sceeesveacectosscsosvasscsassnne
Department of Defense,White Sands Range
Department of Defense, Eglin Air Force

BaB€eessssanscansns
Department of Defense

teeesssssassrerrsssseseenns

NASA, Department of Defens€.veccecescsss
Massachusuetts Institute of Technology

IeBeMicenvonvroeosnoasossesscconescncss

Navy Department..ceceecccsrcacsscsacess
Navy Department..
VeriouS.eeeeess teeesesasesaven

TOtBleseesosssneanvascass

University of Manchester, England......
Canada (Army COgnizance)..eeesssee
Soc. of Prof. Photo. Engreecececcsssecese

VariouBSeeccacssoccccscscovcnnrccscacess

TotBleseooesceveosorances

VariouB.eeseseecveoescocsavscsrescscncnes

VBriouBessescoccseresscssvsesesnscsscans

TOTAL.vevesncconsscassens

Fiscal Year Fiscal Yeer Fiscal Yeer
1960 1961 1962
$276,000 $286,000 $330,000
254,000 260,000 297,000
214,000 220,000 297,000

55,000 200,000 -
411,000 415,000 429,000
325,000 325,000 325,000
380,000 370,000 435,000
380,000 382,000 435,000

50,000 185,000 185,000

50,000 175,000 175,000

- 185,000 297,000
——— 105,000 517,000
—— 70,000 121,000
- 234,000 234,000
—-- 50,000 ———

43,000 200,000 220,000
320,000 450,000 450,000
200,000 206,000 220,000

90,800 150,000 150,000

60,000 55,000 50,000

—- 15,000 -
o 20,000 10,000
229,100 560,000 -
. 110,000 110,000
- 25,000 ——-
. 25,000 ——-
143,600

71,400 — —

122,500 - ——

$1,200,000

§2|283‘000

45,287,000

$1,371,500 $1,431,800
193,400 72,100
339,400 486,700
432,200 331,400
300,000 600,000
167,400 179,100
193,000 221,200
2,996,900 :ﬂ,}ee‘}oo
$1,910,000 $2,000,000
250,000 250,000

$2,160,000

--- $2,007,000 $3,109,000

-—- 1,852,000 3,004,000

——— 705,000 1,276,000

- 786,000 1,422,000

- 613,000 1,108,000

- 1,460,000 2,644,000

- 119,000 215,000

e 110,000 200,000

—— 316,000 573,000
$110,300 313,000 1,424,000
30,000 848,000 1,534,000
L,500 18,000 35,000
—— 958,000 2,608,000

--- 193,000 349,000

--- 209,000 134,000

- 1,500,000 -

- 212,000 -
125,000 4,079,000 3,147,500
175,000 5,890,000 3,982,500
53,000 604,000 720,000

$400,000

$276,760

$22,792,000

{21:485,000

$250,000 $300,000
1,000,000 1,200,000
50,000 50,000
200,000 300,000

£1.200,000

$500,000

$345,000

§l!820!000

$500,000

$897,300

$8,440,960

41,291,600



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PILANT

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page Nc.

Advanced Research Centers $16,269,800 $23,250,000 $33,185,000 RDL-2

Space Flight Centers..... 5,107,300 8,570,000 11,700,000 RD1-k
Launch Vehicle Centers... 4,522,637 14,323,000 26,820,000 RD1-5
Program Direction and
Coordination....coeeeves 1,862,160 2,060,000 5,405,000 RDL-6
Totale.orienrnn. coo. $27,761,897 $48,203,000 $77,110,000
OBJECTIVS:

To provide funds for certain travel and transportation expenses, leased
communication lines, contractual services, repalrs, alterations, minor
construction, supplies, materisls, and equipment required in the operation
of all NASA installations.

The operations covered under this caption differ somewhat between the
progrem areas shown ebove. The support of plent funds for the Advanced Re-
search Centers, together with the funds provided in the Salaries and Ex-
penses appropriation, finance the in-house research programs carried on at
these centers. The Space Flight and Launch Vehicle Centers also carry on
in-house activities funded out of both appropriations to administer and
support certain parts of their development programs, but the major program
costs at these centers are funded under specific program headings. Frogran
Direction and Coordination covers the supporting operating costs of the
NASA Headquarters and Western Operations Office.

JUSTIFICATION:

The Advanced Research Centers provide a broad base of research which
furthers the development of technology necessary for manned and unmsnned
exploration of space and for the advancement of aeronautical vehicles. The

RD1 -1



requirements for increased size, speed, and complexity of vehicles can only
be met by corresponding increases in fund requirements for the supplies,
materials, and equipment adequate to carry on research of this nature.

The Space Flight Centers administer the major research contracts for
the develcpment -of manned and unmenned earth-orbiting spacecraft, main-
tain world.-wide tracking networks, consolidate and analyze the data ob-
tained, ard conduct some in-house activitlies including the launching of
rocket velkicles as large as the Scout vehicle at the Wallops Station. The
mejor incresses in the fiscal year 1962 are for additional equipment for
the new Goddard Spsce Flight Center and the expended Wallops Station,
and for costs involved in the transportation of supplies and equipment
to tracking stations and of rocket components to the Wallops Station.

The Lawnch Vehicle Centers administer the major contracts for the de-
velopment of advanced wvehicles; carry out in-house work on vehicle de-
velopment, testing, and technology; and assist in the operational aspects
of space vehicle launchings. Their needs for supplies and equipment are
closely related to these activities.

Program Direction and Coordination covers administration of the
entire NASA establishment, including certain staff activities not carried
on at the field level. The major increases required in this area are
for such contractusl services as rellability monitoring, fabrication of
exhibits, and abstracting of pertinent scientific information.

More detsiled justifications of the requirements for each NASA
installation follow:

Advanced Research Centers

Fiscal Year Fiscal Year Fiscal Yesr

Location 1960 1961 1962
Langley Research Center.............. $5,477,180 $9,100,000 $14,580,000
Ames Research Center.......ceesv0ee0..0 3,497,020 4,070,000 5,000,000
Lewis Research Center.......eeoece0ee 6,390,900 9,030,000 11,820,000
Flight Research Center....... Ceeeenes 904, 700 1,050,000 1,785,000

Totale.coo.. cereenasees 216!262! §23,220§ $23,l8§,0C

Within the broad objectives mentioned in the summary sectlon, the Ad-
vanced Research Centers have the following specific responsibilities:

Langley Research Center: This center conducts research in the
areass of materials applications, including space environment
effects; structures applications; magnetogasdynamics, includ-
ing Ffundemental study of the motion and interaction of

RD1-2



electrically conducting gases in the presence of magneto and
electric fields; serodynamic heating, stability, and perform-
ance of space and seronautical vehicles; and gulidance and
navigation.

Ames Research Center: The research carried on at this center

is ccnducted in the areas of hypersonic eerodynamics, in-
cluding problems associated with re-entry of a vehicle into the
Earth'e atmosphere; orientation, stebilization, and control of
space vehicles, migssiles, and aircraft; and space environmental
phygics, including the study of techniques and instruments for
detecting and analyzing interplanetary gases and plasmas, and
of the effects of high-velocity input with such materigls.

lewis Research Center: The mission of this center comprises
research in the areas of advanced propulsion including chemical
and nuclear energy systems research and propellants and the
system components required to control and transmit the energy
into useful thrust, eand reseerch on electrical energy systems
to ganerate and accelerate ions for propulsion of space vehicles;
power generation for internal use in space vehicles; and basic
materials research to find or synthesize new materials, espe-
cially metals, which have appropriate physical and chemical
properties for special requirements of aeronauticel and space
vehicles.

Flight Research Center: Highly advenced research aircraft are
instrrumented and flown at this location. The research areas
covared ere flight mechanics, including navigation, automatic
guidance, and control of vehicles such as the X-15; operation
and environment, including manned gulidance and control, and the
effect of space environment on the pilot; and aerodynemic and
structural effects of high velocity and high temperature on the
external surfaces and supporting structural members.

To carry out the misesions outlined above, each center must be pro-
vided with adequate equipment, supplies, and services, as well as with
funds for the continual improvement of the reseerch tools with vhich the
work 18 accomplished. The major needs for the fiscal year 1962 are given
below:

Lengley Research Center: A new program to carry out re-entry
studies using two Scout vehicles and paylosds fabriceted at
Lengley will require about $3,000,000 additional for the ve-
hiclas and other supplies to be used in the construction of

loads. Other major items in the total increase of

5,430,000 include facility improvements, $163,000; research
contracts related to the development of materials for therma.l

rotaction systems, $300,000; new scientific instruments,

216,000; and other specialized scientific equipment, $793,000.
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Ames Research Center: The increase of approximstely $1,000,000

at this center is made up almost entirely of sclentific equip-
ment items such as improved model supports for the 3.5-inch

wind tunnel, $230,000; an gerodynamic hesting simulator, $210,000;
flow visualization equipment for the mass transfer facility,
$130,000; and improved instrumentation for the hypervelocity
ranges, $223,000.

Lewis Research Center: Major items in the $2,820,000 increase

at Lewvis include operating supplies for constructing advanced
test components, models, and associated instrumentation, $500,000;
rocket, propellants for larger scale tests on propulsion systems
and components, $700,000; equipment for power generatlon studies,
$563,000; equipment for electric propulsion research, $180,00C;
supplies and equipment for improvement of aeronsutical research
facilities and for acceleration of the supersonic trensport
resesurch program, $185,000;and additional contractual supporting
services at the Plum Brook facility, $125,000.

Fligh: Research Center: The advaenced types of vehlcles used

in flight programs &t this center require more complex in-
strumentation and servicing equipment as the research pro-
gresses. These needs are reflected in the increage for
operational and maintenance supplies of approximately $200,000;
and the inclusion of new equipment items such as & three-axis
tilt simulation table, $220,000; a surface ~temperature measure -
ment system, $100,000; and en incremental computer for simula-
tion facilities, $150,000.

Space Flight Centers

Fiscal Year Fiscal Year Fiscal Year

Location 1960 1961 1962
Goddard Space Flight Center......... $4,161,800 $6,070,000 $8,500,000
Wallops Station...c.eevcerveceosocanes 945,500 2,500,000 3,200,000
Totllln..‘...-..a..-..-...‘..... gZQlOZ!;iw 28!'5i02000 _-.ﬁj.l!i 200(2

The two space flight centers have the following specific responsi-
bilities:

Goddard Space Flight Center: This center 1s responsible for
the formulation and implementation, mostly by contract with
private business concerns and other Government agencies, of
the following major programs: unmanned Earth-orbiting space-
craft, inecluding sounding rockets for the investigation of
the Barth's upper atmosphere and probes into near space,
sclentific satellites to orbit the Earth for the purpose of
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obtaining data to increase man's lmowledge of the space en-
virompment, and satellites desligned for specific advancement of
technology in such fields as weather prediction and communica-
tions; manned Earth-orbiting spacecraft for the initial steps
in man's exploration of space; lunar and planetary spacecraft,
first womanned and later mammed, for the further exploration
of space; and the maintenance of a world-wide network for
tracking of manned and unmenned space wvehicles.

Wellops Station: At this site the instrumentation, launch,
and data acquisition for sounding rockets and probes up to
the size of Scout are carried on.

‘ Although most of the fabrication of spacecraft for space missions
and the operation of tracking stations is performed under contract, some
in-house research and development must be carried on to insure incor-
poration of the latest advances in instrumentation and operating tech-
niques, and to reduce and analyze the data acquired from the spacecraft.
These activities, along with the administration of the programs and the
launching operations at the Wallops Station, will require additional
funds in the fiscal year 1962:

Goddsxd Space Flight Center: The increase of approximstely
$2,500,000 at this center is largely attributable to the re-
quirements for instruments and sclentific equipment which
have become spparent since the first buildings were occupied
in June, 1960. The required additional funds for this pur-
pose total sbout $1,500,000. An increase of $888,000 for the
trangportation of supplies and equipment to the world-wide
trazlking stHetion networks is necessary as additional sites
become operational.

Wallops Station: The $700,000 increase at this location in-
cludes the modification and modernization of existing
launchers and other minor comstruction, $239,000; and $320,000
for supplies required to prepare and launch the rockets and
probes scheduled during the fiscal year 1962.

Lgunch Vehicle Centers

Fiscal Year Fiscal Year Fiscal Year
Location 1960 1961 1962

Marshall Space Flight Center......... $4,522,637 $14,323,000 $26,820,000
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Marshall Space Flight Center: This center, which also administers
the NASA activities at the Atlantic and Pascific Missile Ranges, is
responsible ffor the formulation and implementation of development pro-
grams for ‘mproved booster systems for spacecraft; the advancement of
propulsion technology, including launch and gulidance techniques; ard for
the supervision of launch operations at the major launch sites. A
considerable proportion of the work is carried on by contract with

private industrisl concerns and other Government asgencies, but some
‘work requiring close supervision is carried on by the Marshall staff.
The mejor portion of the in-house effort is directed toward the de-
velopment, fabrication, and test of the Saturn booster (S-I). The
center became a NASA activity on July 1, 1960, at which time certain
personnel, facilities, and supplies were transferred from the Army to
the NASA.

Provision was mede in May of 1960 for an orderly tramsition of

. functions and contracts from the Army to the NASA, and advance funding
for the fiscal year 1961 was provided in the amount of $4,500,000.

Since very little of these funds were actually used prior to July I,
1960, the amount of $1k4,323,000 shown for the fiscal year 1961 should
be increasad by sbout $4,500,000 for comparison purposes. In addition,
due to fundamental differences between NASA and Army funding policles
and procedares, many items in the original NASA fiscal year 1961 bud-
get for Marshall were underestimeted, and some needs were omitted.

When the aivance funding provided in the lastter part of 1960 is included
with the 1961 figure the proposed increasse in 1962 amounts to approx-
imately $8,000,000. Of this amount, sbout $2,700,000 covers supplies,
and repressnts the amount by which the combined 1960 and 1961 funds fall
short of actual yearly needs. These needs are being met in 1961 by
reducling the inventory to an absolute minimm. For repairs, altera-
tions, end minor construction, an increase of $1,000,000 is required for
supporting functions assoclated with larger-class vehicle developments.
The increase of about $3,800,000 in equipment provides for general pur-
pose machine tools and instrumentation required to handle the larger
and more complex vehicles such as Centaur and Saturm.

Program Direction and Coordinstion

Fiscal Year Fiscal Year Fiscal Year

1960 1961 1962
NASA Headquarters....... e $1,805,860 $2,025,000 $5,361,000
Western Operations Office Cerenereee 56, 300 35,000 4L, 000
TotBLeeereenn.. vereeesneene.. $1,862,160  $2,060,000  $5,405,000
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These activities are assigned the over-all administration of the
NASA programs with specific responsibilities as follows:

NASA Headquarters: The responsibilities of this office
include the formulation and approval of broad program ob-
Jjectives, and of the major policies to be followed in
reaching these objectives; coordination of the programs be-
tween major areas, end with the other Government agencies
working in allied fields; formulation and implementation
of troad administrative policies and procedures; consolida-
tion of information flowing in from field activities, and
presentation of this information in a form useful for
management purposes; and specialized staff activities (such
as the Office for the United Nations Conference) that must
be carried on at the Headquarters level.

Western Operations Office: This office acts as the liaison
unit between NASA Headquarters and Government-owned Jet
Propulsion Laboratory, which is operated under contract for
NASA by the California Institute of Technology. The office
also is responsible for the negotiation and administration
of certain NASA contracts with West Coast companies.

As our space progrems increase in size and scope, the supervisory
and staff work must expand in proportion. In order to conserve personnel,
as much work as possible is contracted outside the agency. The 1962
requirements for funds are summarized below:

NASA Headquarters: Most of the increase of about $3, 300,000
covers contractual services for reliability monitoring,
$1,000,000; abstracting, cataloguing, and microfilming,
$850,000; and exhibits for national and international con-
ferences and educational programs, $600,000. Other in-
creases cover transportation of equipment and exhibits,
auditing and contract administration by Department of Defensa
units, photography and film processing, additional supplies
and equipment to carry on the increasing level of operations,
and an inerease in representation allowances and other extra-
ordinary expenses of the Administrator.

Western Operations Office: The nominal increase of $9,000 at
this activity is for office supplies and equipment required to
support the increased staff requested for this activity.
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FUNDING REGWZREIENTS:

Fiscal Year Fiscpl Year Fiscal Year

Object of Expenditure 1960 1961 1962 Page No.
21 Travel. and transportetion

Of POTHONS .. ccovvoeosns $62,733 $65,000 $164,600 RD1-9
22 Transportetion of things. 577,790 1, Tk, 600 3,060,800 RD1-10
23 Commmications........... 173,410 426,800 570,800 RD1-11
24 Prifting and reproduction 87,000 -—— -

25 Other services:
Repuirs, alterations,

and minor construction 2,027,625 5,620,800 7,318,150 RD1-12
Miscellaneous services. 3,781,384 8,172,900 13,989,600 RDl-1h4
Serrices of other
agencies....... ceeieae 2,057,328 k,880,900 5,497,000 RD1L-16
26 Supplies and materials... 10,152,537 14,860,000 2%,472,000 RD1-18
31 Equipment.......... cerens 8,842,090 12,422,000 22,017,050 RD1-20
Unvouchered.....coo0000e0. ——- 10,000 20,000
Total, Support of NASA _
Plant....ccenen.s ceeen. $27,761,897 $48,203,000 $77,110,000

Supporting schedules are presented on the followlng pages.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

TRAVEL AND TRANSPORTATION OF PERSONS

Fiscal Year Fiscal Year

Fiscal Year

1960 1961 1962
Shuttle Bus Service
Langley Center...........o.coevenen. $36,925 $38,000 $40, 400
Wallops Station............. ceaeeeas %%f%%% %%fg%% %%fg%%
Hire of Passenger Motor Vehicles
NASA Headquarters......eoeeeees ceeen --- - 5,000 1/
Tlewis CenEer‘ ........................ --- --- 1,000 ;4
Marshall Center......ocevvueoss e == = ggfgg% 1
TOLAL e e v e v eeeeneenrrneenens $62, 733 $65,000 $164, 600

1/ Estimates for these costs were carried in the Salaries and Expenses

appropriation in prior years.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES
SUPPORT OF NASA PLANT

TRANSPORTATION OF THINGS

Fiscal Year Fiscal Year TFiscal Year

1960 1961 1962
Transportation of Supplies and Equipment
NASA Headquarters....eveeeeseenn. . $10,000 $20,000 $100, CO0
Langley Center...oceevvenes Ceeeees 83,900 144,000 198, 000
Ames Center...... 18,000 22,000 27,000
Iewis Center........euv. veeaaes e 102,190 145,000 169,000
Flight Center....v.overenneeeen 12,800 9,000 15,000
Goddari Center..... Ceeeeanes 240,000 912,000 1,750,000
Wallops Station...........o.. ceran 60,000 90,000 100,000
Marshall Center........ N 15,100 233,000 497,800
Western Office....ceveveenennann e 300 600 1,000

542,290 1,575,600 2,857,500

Drayage and Other Local Transportation

NASA Headquarters.......... Ceereaa - - S
Langley Center...cceeveeeaessons .. 13,500 16,000 18,000
Ames Center.....c.eevieeeiaconccnns 2,000 3,000 2,000
lewis Center.....occcvvvuss Ceenena 10,000 15,000 15,000
Flight Center......... Peseeees caes - ——- ——
Goddard Center..c..oveeerecssaaaes 10,000 100,000 150,309
Wallops Statlone......oovves ceae ——— - ——
Marshell Center..... teereserenaans -—— 35,000 17,000
Western Office...ccivvvenceccannns - e ===
35,500 169,00C 203,000

Total..coeon. et $577,790  $1, 74k, 600  $3,060,800
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

COMMUNICATIONS

Leased Lines

NASA Headgquarters:

Washingtor. to Langley Center.......
Washingtor to Western Office.......

Langley Center:

Langley Center to Wallops Station..

Lewis Cernter:

Clevelsnd to Plum Brook Station....

Flight Center:

Fdwards, California to Ely and

Beatty, Nevada......covvuereneeens

Wallops Station:

Wallops Island to Wallops Station..

Wallops Station to NASA

Headquarters.ioeeevessssossvsossons

Wallops Station to Goddard Center..
Wallops Station to FAA Air Traffic

Control and Air Force Stations....

Marshall Center:

Atlantic Missile Range to NASA

Headquarters....ooevveeeeneraesens

Atlantic Missile Range to Pacific

Missil2® Range....oceevvvenorensens

Atlantic Missile Range to Marshall

CEN el c e vnevrerescoanceseassoenes
Lines t> Jmorolock stations..c.ee.

Fiscal Year

Fiscal Year Fiscal Year

1960 1961 1962
ig,ooo $10,000 $10, ooo
000 0,000 50, 00
5k,000 0,000 0, ooo
5,500 5,000 5,000
3,810 10,000 10,000
107,100 108,000 108,000
3,000 8,800 8,800
- 8,000 8,000
_— 8,000 8,000
—— 55,000 55,000
3,000 79,800 79,0600
- _— 47,000
- - 72,000
—— 89,000 114,000
- 75,000 75 0N0
- 161,000 303,000
$173,410 3426, 800 $570,800
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Fiscal Year 1960:

NASA Headquarters...
langley Centers.c...
Ames Centereccesocces
Lewis Centersecececacs
Flight Centerececess
Goddard Centeriecess
Wallops Staticne....
Marshell Center.....
Western Office.ececos

Totaloo'n'ooo-o'

NASA Headquarters...
Langley Center......
Ames Center.vececess
Lewis Centerciecscess
Flight Centersesesse
Goddard Center.eeee.
Wallops Station.e...
Marshall Center.....
Western Officeseesss

Tota-]—......t...

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

REPAIRS, ALTERATIONS, AND MINOR CONSTRUCTION

Utility in-

Automotive  Buildings, Instruments Shop and stallations

equipment facilities and scien- office and process

and aircraft and grounds tific equip. egquipment systems Total

“-- - — $22,000 —— $22,000
$3,800 $1+70,900 $30, 700 25,00 $43,900 5Tk, T00
108 274,636 25,405 5,687 60,119 365,955
2,960 202,400 119,970 12,820 62,750 400,900
4,653 101,620 10,545 2,510 6,242 125,570
—— 195,000 11,000 - ——— 206,000
——— 11k,500 9,000 —— - 123,500
- —— 100,000 100,000 S 200,000
—— 5,000 -—- 4,000 — 9,000
11,521 $1,36k4,056 $306,620 $172,417 173,011 $2,027,625
- ——- --- $25,000 -—- $25,000
$5,000 $667,000 $100,000 30,000 $50,000 852,000
500 420,500 20,000 7,000 92,000 540,000
3,000 320,000 204,000 13,000 102,000 642,000
12,200 20,100 22,200 3,200 18,500 76,200
- 356,000 8,000 ——— 240,000 60k ,000
- 293,700 222,500 ——- -—- 516,200
—— 1,480,000 540,000 340,000 _—— 2,360,000
——- 400 -— 5,000  ee- ____5,k00
20, 700 $3,557,700 $1,116,700  $423,200  $502,500 $5,620,800
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REPATRS, ALTERATTIONS, AND MINOR CONSTRUCTION - CONTINUED

Utility in-
Automotive Buildings, Instruments Shep and stallations
equipment facilities and scien- cffice end process
and aircraft and grounds tific equip. equipment systems Total
Fiscal Year 1962:
NASA Headquarters........ --- - - $30,000 -—- $30,000
Langley Center........... $5,000 $780,000 $160,000 30,000 $50,000 1,025,000
Ames Center.............. 500 4ok, 500 25,000 8,000 62,000 590,000
Lewis Center......co... .. 3,000 25,000 252,000 12,000 148,000 660,
Flight Center............ T,000 - 30,000 2,500 8,500 48,000
Goddard Center..... cieeae --- 605,000 22,000 - - 627,000
Wallops Station.......... ——— 502,450 252,700 - --- 755,150
Marshall Center.......... - 2,422,000 T0T,000 448,000 --~ 3,577,000
Western Office......u.... -—-- 500 - 5,500 - 6,000
Total.v.ovrerennarens $15,500 $5,0L49,450 $1,448,700 $536,000 268,500 $7,318,150



NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

MISCELLANEOUS SERVICES

Management and

Scientific administrative Mgintenance Shop
services services services services
Fiscal Year 1960:
NASA Headquarters....... $40,000 $250,000 - —
Langley Center.......... 83,800 34,125 $49,000 $19,000
Ames Center.....ceeevues 100,647 60,311 12,730 7,069
Lewis Center.......ov... 54,665 70,980 ——— 259,300
Flight Center........ os - 14,033 28,010 1,557
Goddard Center.......... 2,000 18,000 - —
Wallops Station......... 4,500 ——— 19,000 _——
Marshall Cénter......... 1,237,000 281,000 250,000 -—
Western Office........ . - -———— -——- ——
Total..... ceseunane $1,522,612 $728, k9 $358, 740 $286,926
Fiscal Year 1961:

NASA Hesdquarters....... $100,000 $250,000 --- -
Langley Center.......... 129,000 143,000 $75,000 $20,000
Ames Center:c..ocecencen. Tk, 500 66,500 40,000 8,000
Lewis Center............ 83,000 Lh6,000 22,000 274,000
Flight Center........0.. --- 13,000 29,400 -—-
Goddard Canter.......... 340,000 14k 000 - ---
Wallops Station........ . 170,900 - 162,100 2,000
Marghsll Center......... 2,310,000 626,000 498,00C 100,000
Western Office.......... . - --- --= ~--
Total.vesevrenoonas $3,207, 400 $1,688,500 $826,500 3404 , 000

fT-TAH

All other

services 1/ Total
$440,860 $730, 860
17,150 203,075
--- 180,757
30,355 415,300
17,100 60,720
15,000 35,000
50,692 Th,192
300,500 2,068,500
13,000 13,000
$884,657 $3,781,384
$675,000 $1,025,000
20,000 387,000
- 189,000
28,000 853,000
29,500 71,900
235,000 719,000
128,000 463,000
921,000 4,455, 000
10,000 10,000
$2, 046,500 $6,172,900
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MISCELLANEOUS SERVICES - CONTINUED

Management and

Scientific administrative Maintenance Shop All other
services services services, services services 1/ Total
Fiscal Year 1962:
NASA Headquarters... $120,000 $1,300,000 - --- $2,486,000 $3,906,000
Langley Center...... 449,600 248,000 $75,000 $20,000 20,000 812,600
Ames Center......... 78,000 73,000 40,000 9,000 ——— 200,000
lewls Center........ 120,000 55T, 000 30,000 285, 28,000 1,020,000
Flight Center....... - 60,100 27,400 7,500 15,000 110,000
Goddard Center...... 325,000 300,000 - - 300,000 925,000
Wallops Station..... 25,000 - 315,000 2,000 -180,000 522,000
Marshsll Center..... 3,493,000 1,136,000 665,000 50,000 1,140,000 6,48k4,000
Western Office...... -——— -—— -——— ——— 10,000 10,000

Total.......... $4,610,600 $3,674,100 $1,152,L00 $373,500 4,179,000 13,989,600

_1:,/ Includes sbstracting, microfilming, febrication of exhibits, photographic and film processing services,
and other specialized services at NASA Headquarters; plant protection services at Goddard and Wallops;
chemical cleaning and rental of motor wvehicles for transportation of supplies, equipment, and space
vehicle components at Msrshall; and minor miscellaneous services at all locations.



9T~ 10y

Fiscal Year 1960:

NASA Headquarters
Langley Center...
Ames Center......
Lewis Center.....
Flight Center....
Godderd Center...
Wallops Station..
Marshall Center..
Western Office...

Fiscal Year 1961:

NASA Headguarters
Langley Center...
Ames Center......
Lewis Center.....
Flight Center....
Goddard Center...
Wallops Station..
Marshall Center..
Western Office...

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

SERVICES OF OTHER AGENCIES
Commerce
Air and

Army Navy Force G.S.A.
$10,000  $50,000 ---  $174,000
2,400 48,000 $L4,000 ~—-
- 35,138 8,000 -
1,400 550 90 200
--- --- 330 -—-
--- 1,354,000 - -
- ——— - 63,000
150,000 - - -
$163,800 $1,487,688  $12,k20  $237,200
$20,000 $55,000 - $135,000
3,000 51,000 —_— ---
500 99,500 $500 ——-
1,400 600 100 200
——— ——— 900 _——
——- 332,000 —-- ---
- 40,000 - 160,600
2,819,000 _—— 600,000 -
$2,843,900 $578,100  $601,500 295,800

Others Total
$90,000 $324,000
9,600 64,000
60 43,198
1,560 3,800
--- 330

——- 1,409,000

_— 63,000

- 150,000
$101,220 $2,057,328
$95,000 $305,000
11,000 65,000
500 101,000
2,700 5,000
_——— 900
k3,000 752,000
32,400 233,000
-—— 3,419,000
184,600  $4,880,900
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SERVICES OF OTHER AGENCIES - CONTINUED

Commarce
Alr and Agri -
Army Navy Force G LA, culture Others Total

Fiscal Year 1962:
NASA Headquarters..... $50,000  $125,000 ~—==-_ $140,000 ---  $195,000 $510,000
Langley Center........ 3,000 ~ 51,000 - — -——- 11,000 65,000
Ames Center...........- 500 99,500 $500 - - 500 101,000
lewis Center.......... 1,400 600 100 200 - 2,700 5,000
F]—i@t Center.....-... - - - l,ow - - - - - l,m
Goddard Center........ --- 230,000 -—- ---  $720,000 50,000 1,000,000
- Wallops Station....... - 40,000 - 240,000 --- 25,000 305,000
Marshall Center....... 2,829,000 260,000 421,000 -—- - --- 3,510,000
Westem OfficeCOIDOIOD - - = hafhadhnd - - - - - - -
Total...oonreron. $2,883,900 806,100 $422,600 $380,200 $720,000 $284,200 $5,497,000

= = = = R e == — R =~ A —— ]



Fiscal Year 1960:

NASA Headquarters
Langley Center.,,
Ames Center... q.
Lewls Centeree..,
Flight Center....
Goddard Center...
Wallops Station.,
Marshall Center..
Western Office...

Total-‘.-“o

Fiscal Year 1961:

QT-TAY

NASA Headquarters
Langley Center...
Ames Center......
Lewis Center.....
Flight Center....
Goddard Center..,.
Wallops Station..
Mgrshall Center..
Western Office...

Totaleeocsass $4298§,oo $

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

SUPPLIES AND MATERTALS

Propellants, fuels,

Mainten- Medical, and lubricants
Plant ance and Office Report security Missile
Fabri- oper- improve- oper- repro- and, propel- A1l

cation ations ments ations duction safety lants other Total
-— - ---  $283,000 -—- -— —— $283,000
$1,030,500 $440,000 $450,000 260,000 $150,000  $20,000 $500,000 $430,000 3,280,500
505,000 251,300 188,000 129,500 40,000 - 10,600 -— 125,000 1,249,400
877,600 947,000 146,000 85,400 35,000 17,900 500,000 159,000 2,767,900
95,500 149,500 93,000 14,000 2,500 2,500 8,000 9,500 374,500
-— 56,700 61,400 167,500 11,400 - - 3,000 300,000
106,000 100,000 100,000 20,000 - 4,000 30,000 120,000 480,000
500,637 120,000 272,260 296,640 - -—— 150,000 70,000 1,409,537
-— . — --- 1,700 === --- e - 7,700
$3,115,237 $2,064,500 $1,310,660 $1,263,740 238,900 $55,000 $1,188,000 $916,500 $10,152,537
- -—- ---  $300,000 - -——- —_— $300,000
$2,905,000  $500,000  $520,000 275,000  $155,000 $20,ooo $700,000  $500,000 5,575,000
166,000 284,000 . 186,000 132,000 40,000 12,000 - 130,000 1,250,000
655,000 1,000,000 200,000 90,000 35,000 20,000 1,150,000 700,000 3,850,000
110,000 100,400 11h,3oo 28,800 2,500 h,ooo 30,000 10,000 400,000
20k ,000 191,000 263,000 415,000 gk, 000 25,000 -—- 35,000 1,227,000
45,000 150,000 150,000 20,000 -—— 4,000 27,000 189,000 585,000
600,000 130,000 320,000 347,000 12,000 19,000 175,000 62,000 1,665,000
- - ——— 8,000 -—- --- - — 8,000
5,400 §;£j§%,aoo $1,615,800 $338,500 $10L,000 $2,082,000 $1,626.000 $1k,860,000
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Fiscal Year 1962:

NASA Hesadquarters
Langley Center...
Ames Center......
Lewis Center.....
Flight Center....
.Goddard Center...
Wallops Stationm..
Marshall Center.
Western Office...

Total....... $9,526,000 $3,155,000 $3,105,000

SUPPIIES AND MATERTALS - CONTINUED

Propellants, fuels,

Mainten- Medical, and lubricants
Plant ance and Office Report security Missile
Fabri - oper- improve - oper- repro- and propel- All
cation ations ments ations duction safety lants other Total
-—- - ---  $400,000 - - - - $400,000
$5,450,000 $540,000 $5U45,000 285,000 $155,000 $20,000 $2,000,000 $500,000 $9,495,000
475,000 300,000 195,000 142,000 40,000 13,000 -—— 135,000 1,300,000
750,000 1,415,000 290,000 100,000 35,000 20,000 1,850,000 700,000 5,160,000
165,000 145,000 195,000 34,500 2,500 6,000 40,000 15,000 603,000
75,000 70,000 200,000 285,000 60,000 20,000 - 60,000 770,000
200,000 250,000 180,000 20,000 - 4,000 30,000 221,000 905,000
2,411,000 435,000 1,500,000 935,000 13,000 30,000 303,000 200,000 5,827,000
.- - --- 12,000 -—- - -— --- 12,000

Definitions of Functional Headings

B e e e e R

Febrication - In-house construction of models, research set-ups, test set-ups, test vehicles, temporary installa-

tions, instruments, and items of equipment.
Plant operations - Operstion of all facilities, supporting shops, utlility systems, motor vehicles, and aircraft.
Maintenance and improvements - Maintenance, repeir, alteration, or improvements to land, buildings, structures,

fecilities, equipment, roads, utility systems, motor vehicles, and sircraft.
Office operations - Office sctivities, including drafting, libracy, and computing functions, esnd reproduction

work not included under “Reporv reproduction’.
Report reproduction - Procesging, duplicsiuing, end distributing research reporis.
Medicel, security, and safety - Rzecution of herlith,
Propellents, fuels, and lubricenis:

Missile propellenits - Sclid oad iigh

uJ-.‘; Y
Al other - Nuclear Fuel eleweuie pad il fuels
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Fiscal Year 1960

NASA Headquerters........

Langley Center
Ames Center...
Lewis Center..
Flight Center.
Goddard Center

-----------

-----------

Wallops Station..........
Marshall Center..........

Western Office

-----------

NASA Headquarters........

Langley Center
Ames Center...
Lewis Center..
Flight Center.
Goddard Center

-----------

-----------

...........

-----------

...........

Wallops Station..........
Marshall Center..........

wWestern Office

-----------

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SUPPORT OF NASA PLANT

EQUIPMENT
Utility
systems, Machine Automotive Drafting,
Other service, tools and other office, and
Scientific scientific and safety and shop mobile reproduction
instruments equipment equipment equipment equipment equipment Total
-—- --- --- --- $1,500 $293,500 $295,000
$280,000 $615,000 $112,000 $25,000 38,080 145,000 1,215,080
281,261 1,193,476 39,129 70,563 3,071 50,210 1,637,710
866,300 1,548,300 45,000 57,200 76,600 93,600 2,687,000
11,500 134,600 18,610 11,970 29,000 18,020 223,700
296,000 717,000 — 678,000 86,000 184,800 1,961,800
18,200 34,500 14,700 5,100 9,200 3k, 300 116,000
120,000 55,000 --- 400,000 --- 104,500 679,500
-—- --- — o - 26,300 26,300
$1,873,261 $4,297,876  $229,439 $1,247,833  $243.u51 $950,230  $8,842,090
.- —-- -—- ——- .- $280,000 $280,000
$1,009,000 $703,000 $105,000 $60, 000 $46,000 95,000 2,018,000
270,000 1,480,500 40,000 80,000 4,500 90,000 1,965,000
875,000 2,353,780 46,000 57,500 97,720 80,000 3,510,000
10,500 321,150 25,780 5,500 8,500 12,570 384,000
732,100 558,000 22,400 144 ;000 95, koo 204,100 1,756,000
115,000 123,000 170,600 9,400 77,000 11,000 506,000
436,000 188,000 260,000 561,000 257,000 290,000 1,992,000
- --- - --- - 11,000 11,000
$3,447,600 $5,727,430 5669, 780 $917, 400 $586,120 $1,073,670  $12,422 000
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Fiscal Year 1962:

NASA Headquarters.eeces
Langley Centeressescces
Ames Centeronoonooooooo
Lewis Center.acacecsces
Flight Centereecsescees
Goddard Centereeceecceses
Wallops Stationecceecses
Marshall Centereeeccecss
Western OfficCecceccoes

Tota.l.o.........-

SUMMARY OF EQUIPMENT REQUIREMENTS

Fiscal Year Fiscal Year Fiscal Year

1960 1961 1962
Replacementesseess $666,000  $1,628,100  $4,062,850
NoW ., o o s osiescensses 8 174 _.0nan 1N 702 0NN 17 QBlh DNN
TeEEEsEEEssEESEESes IS~ IT L kel IR IO Nl AfU I A AN A
Totalesoess $8,842,000 $12,422,000 $22,017,050

EQUIPMENT - CONTINUED
Utility
systems, Machine Automotive Drafting,
Qther scrvice, tools and other frice, and
Scientific scientific and safety and shop mobile  reproduction
instruments equipment equipment equipment equipment equipment Total
—-- ——— e --- $6,000 $324,000  $330,000
$1,225,000 $1,296,000 $160,000 $65,000 75,000 100,000 2,921,000
270,000 2,128,000 248,000 68,500 4,500 60,000 2,779,000
950,000 3,538,850 46,000 105,000 60,150 80,000 4,780,000
14,000 832,700 16,850 6,500 20,950 9,000 900,000
1,268,000 1,242,000 70,000 277,000 25,000 396,000 3,278,000
112,900 120,000 169,950 10,900 74,300 15,000 503,050
2,713,000 1,490,000 266,000 1,450,000 124,000 468,000 6,511,000
- ——- -—— -—— - 15,000 15,000
$6,552,900 $10,647,550  $976,800 $1,982,900  $389,900  $1,467,000 $22,017,050



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

RESEARCH GRANTS AND CONTRACTS

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.

Research Grants and Contracts.. $4,869,370 $5,000,000 $7,600,000 RD2-2

OBJECTIVES:

To utilize as effectively as possible the capabilities of nongovern-
ment orgaairzations in carrying out under grant or contract research funda-
mental to the national space and aeronautical programs; and to encourage
the maintenance of the national capability to conduct research in the fields
of interest to these programs.

JUSTIFICATION:

The knowledge required to form a broad fundamental program of research
to support the objectives of the space exploration progrem encompe.sses
almost all the scientific disciplines. Basic research is the fourdation of
all researca endeavors, upon which applied research, advanced teclmology
and advanced developments are strongly dependent.

In addition to basic research effort which is part of the NASA in-house
research programs, there are many organizations, specifically colleges and
universities, nonprofit research institutes, and industrial research labor-
atories, which are rich in scientific talent and unique facilities. The
utilization of these sources of research capability will assure a continu-
ing rlow of fundamental knowledge vital in importance to the national
space and aeronautical programs.

The importance of encouraging these organizations lies in keeping
active possible sources of significant contribution. 1In particular the
support of universities and colleges not only permits the educational
system to keep up to date and maintain competence in the various scientifiec
disciplines but, at the same time, allows our scientific strength to be
focused on national programs of technological importance.

RD2-1



FUNDING REQUIREMENTS:

Fiscal Year TFiscal Year TFiscal Year

1960 1961 1962

Physical Sciences.c.ceeeceesecnnnss $1,185,676  $1,200,000 1,800,000
Engineering Sciences.......... ceeee 1,681,456 2,000,000 5,100,000
Propulsion Sciences........... e ——— 800,000 1/
BiOSCIieNCES . e v errteerenennnoennnnn .. 916,990 1/ 1/
Cosmological Sciences............ ces 656,845 500,000 i/
Socilc-Ecoromic and Miscellaneous
153 A0 Te e = S 428,403 500,000 700,000

TCtBLe e evsernanennnnn e $h,869,370  $5,000,000  $7,600,000

}/ Funded under other programs.

Funéing for this program of fundamental research is variously budgeted.
Requirements associated with propulsion sciences and cosmological sciences
are budgeted as subelements of the various research and development programs
which such research studies are most predominantly expected to benefit. Re-
guirements within the field of biosciences which principally affect the
scientific disciplines of the Life Sciences Programs are almost totally
budgeted under those programs. Requirements for the physical sciences,
engineering sciences, and for the socio-economic and miscellaneous studies,
all of which can broadly affect several scientific disciplines, are
separately budgeted under the Research Grants and Contracts program as fol-
lows:

Physical Sciences

A broad range of sponsored research in physics, chemistry, and mathe-
matics, 1elevant to space technology, has been undertaken in the recent
past and will be continued in the fiscal year 1962. Subjects of investiga-
tion include research on high velocity and excited molecular and ctomic
species, ohysics of solids at high temperature, magnetohydrodynamics,
fundanental cohesive forces in materials, energetic chemical reactions,
heat-exchange methods in the absence of gravity, differential equations of
space flight trajectories, studies of properties of liquid metals, studieg
of plasmas, high-energy fuels research, and gas dynamics. These represent
a cross s2ction of the areas to be investigated, and in the scientific
spectrum related to aeronautical and space research.

Engineering Sciences

The knowledge provided by basic scientific research points up a wide
variety of possible new techniques and approaches. To properly utilize
the advances that are afforded by new theories and techniques, research is
also conducted to seek means of applying the basic knowledge in the solu-
tion of advanced technical problems. These in turn provide the researcher with

RD2-2



the fundarental tools necessary to seek solutions to technical problems
that may have practical application. The engineering sciences are thus
more directly focused toward the practical applications that will formu-
late the tases of advanced technology and design. Programs of intesrest

in this cetegory include energy production and conversion, space com-
munications and telemetry, millimeter wave length astronomical devices,
boundary layer aerodynamics, heat transfer, thermal stability of materials,
alloy development, structural dynamics and stability of shells and other
vehicle geometriecs, theory of control systems, pump cavitation, and
rocket ergine combustion dynamics. These examples point up the diversity
of problem ereas and each represents a significant challenge which must be
met.

Socio-Economic and Miscellaneous Studies

The :mpact of space exploration on the course of civilization poses
many diff:icult and absorbing questions. To assure sound policy determina-
tion and program planning, studies of social and economic problems that
arise fror the creation and utilization of space technology are reguired.
Examples of the types of studles that must be undertaken are on the social
and econoriic influence of communication satellites and meteorological
satellites. There is an urgent need to expand the studies presently being
undertaken and to initiate additional studies of similar problems that arise
as our space technology broadens.

The activities of the Space Scilence Board of the National Academy of
Sciences, and scientific symposia of direct concern to the space program
of the Nat:ional Aeronautics and Space Administration are examples of the
other types of activities that are supported as a part of this program.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

LIFE SCIENCE PROGRAMS

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.
Advenced Researchioccovovsooons me- $2,419,000 $2,570,000 RD3-5
Advanced Technizal Develcpmend -—- 1,331,000 2,250,000  RD3-7
Flight Program.....ccocvse0000 -—— 1,250,000 3,800,000 RD3-8

TOtELuovoonvooscvcosooose ---  $5,000,000 $8,620,000

OBJECTIVES :

To assure man's contritution to the success of space flight missions
and to utilize his unique capabilities as a scientific observer in space
exploraticn in both remoiely contrciled and directly controllied systems;
and to conduct biological investigailons to determine the effects of re-
mote enviromments on living orgenisms including the search for extra-
terreastrisl life. The latter effort can be expected to coniribute knowiedge
pertaining to the origin of life and its evelution in the universe, which
is one major scientific goal to be achieved in the total space program.

JUSTIFICATON:

Although significant sngineering achievements in rocketry, automation,
sensing, recording, programming and telemetering have been realized and
considerable future development is in prospect, the indlspensability of
man in space exploration is well founded. Man's versatility, selectivity
and ability 4o perceive and utilize the significance of the unexpected and
to react intelligerntly in wranticipated situations have not be2n similated
by any physicel device., Since the human btrain is the ultimate reservoir
and integrutor of all humarn knowledgs, its relationship to both remotely
controiled and direstly 2ontrolled systems must be a prime consideratiom.
The uge of spaz2 as a rew dimengion for basic biological investigations
will contribute to the exp.anation of hitherto unexplained biological
phenorena...

iUnder current NASA concapts, the Life Scilences program is accomplished
within three principal scientific iicciplines which are further discussed
below. For whe sake of budgetary consistsncy, program requiremente have



been expressed by the functional classifications Advanced Research, Advanced
Technical Development, and Flight Program. However, detailed funding
requlrements presented later in this write-up will be grouped into the
following for scientific disciplines:

Flight Medicine and Biology

This field of scientifiec inquiry consists of biotechnology and the
operational aspects of life sclences experiments.

The biotechnology research, development, test and operations program is
required in order to provide the capability for manned explorstion and
exploitation of space and the improved utilization of remote vehicles and
sampling devices. This includes: (a) the use and creation of new methods to
provide information in a form readily accessible to the human brain; (b) the
improvemert of effectiveness of both directly-~controlled and remotsly-con-
trolled vehicle systems; (c) the provision of adequate life supporting
environmerts for extraterrestrial missions; (d) coordination with other
agencies snd industry in the application of NASA Life Science information to
advanced sircraft; (e) providing capability for crew selection and training;
and (f) providing techniques and design criteria to insure public safety.

The lorng-range benefits which may accrue from manned space flight are,
in a large nmeasure, unknown. It is clear, however, that instrumentation
alone will rot tell us as much about the moon, or the planets, as man him-
self will he able to report once he has visited those distant places. Man
contributes observational, anslytical, and decision-meking ability con-
cerning both expected and unanticipated problems. He provides a vast flex~-
ibility cf sction for operation, correction, and maintenance of scientific
and technological instrumentstion and equipment that characterize his
present usefulness in aircraft and in the scientific laboratory. By means
of improved physical senscrs, information display, and ground control
integration, man can also contribute to increased effectiveness and capa-
bility of remotely operating ummanned vehicles, sample collecting, and
analyzing devices for both physical and biolog¥cal scientific investigations.

The operational aspects of work in the flight medicine and biology
areas are expected to: (&) provide for safety and to demonstrste the
feasibility of space flight; ({b) organize Life Science support programs
for launch end recovery operations; (c) provide space laboratories for
full scale research and development programs; (d) determine the effects
on earth life forms of extraterrestrial environments including thcse of
the earth's upper atmosphere, space, the moon and planets; (e) search for
extraterrestrial life and information relative to the crigin of life; and
(f) plan for laboratories on the moon and planets.

The opportunity now exists to conduct fundamental life sciences
research :n satellites and space probes. The space environment presents s
new dimension for observation of biologic phenomena. The ultimate goal is
the ident:ification and study of life, its precursors, or remains, on the
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moon and planets. This accomplishment would lead to knowledge pertaining
to the origin of life and its evolution.

Immediate interest centers on the conditions of the space flight
environment that are irrevocably different from the terrestriasl, namely,
rediation and the altered gravity state. The former is qualitatively and
quantitatively different from terrestrial radiation and has faer-reaching
implicatioas regarding future manned space flight missions as well as
offering opportunity for further delineation of the subcellular ionizing
effects from a basic biological viewpoint. The weightless state presents
the opportunity for determining its effects on performance in animsls and
men subjected to long duration removal of the constant stimulation of
specialized bodily sensors by the force of gravity, and, elucidation of
biological processes affected by weight or apposition of one part against
another, such a cell division and morphogenesis.

The hazards of space flight are such that tests to insure survival and
meaningful performance must be determined with animels prior to subjecting
man to this experience involving application of combined stresses which can
be expected to alter the distribution of blood flow to vital orgens in-
cluding ths brain, heart, lungs, and kidneys as well as the neurological
consequences of long-term altered sensory input as it affects internal
regulating systems and the mind. In-flight tests of life support systems
as regards their long-duration adequacy, efficiency, and reliability in
maintaining a hgbitable artificial environment will precede trials with men.

Biological studies conducted at a cellular and subeellular lewvel in
the extraterrestrial environment, in addition to those concerned with
radiation and weightlessness, will include observations of the effects of
high vacuum, temperature extremes, and the unusual combinations of elements
to be found in remote planetary atmospheres and surfaces. These investi-
gations can be profitably extended by spectroscopic studies directed toward
more precise identification of extraterrestrial life supporting substances
from outside the earth's atmosphere.

Space Medical and Behavioral Sciences

Activity in this field is directed toward obtaining basic metabolic,
physiologic and psychologic contributions for implementation of manned
space flight. Included are observations and studies of the fundamental
aspects of the reactions of animsals and men related to space flight and
exploration as they affect survival and performance; and studies of human
ecology as it relates to advances in space science and technology.

As menned space flights become voyages of days, weeks, or months
duration, there is need for a more fundamental approach to problems in-
volving the basic medical and behavioral disciplines of radiology, meta-
bolism, cardiovascular physiology, respiratory physiology, neurophysiology,
psychology, and sociology.
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Physical measurements of the radiations in space have defined the
requirements for more precise evaluation of the effects of long-term,
relatively low dosages of ilonizing radiation and the finding of mesans for
protection therefrom in addition to conventionel shielding techniques.
Altered metabolic reactions achieved through temporary lowering of body
temperatures or pharmacologic means hold promise of affording varying
degrees of protection from radiation or effects which may result from
exposure to other sources of energy in the electromagnetic spectrum as
occur in space flight.

Metabolic requirements of animals and men in terms of energy e=xchange,
heat transfer, and nutrition under the limitations imposed by confinement
in an artificial space capsule environment pose problems of a fundamental
nature which require further study.

Acceleration forces and weightlessness produce g redistribution of
blood flow to the heart, lungs, brain, and kidneys. The chronic effects
of these physical stresses on vital organs and adaptation thereto, as well
as the long-term cardiovascular effects of restricted mobility, arz sub-
Jjects for detailed scientific consideration as they relate to spacs ex-
ploration.

Long-term living in an artificial atmosphere which can be expacted to
deviate from optimal conditions on accasion necessitates further study of
the process of diffusion of gases including toxic substances from the lungs
to blood and from blood to body tissues as well as further considszration
of the chemical alterations incident to pulmonary wventilation.

More detailed knowledge of nervous system sensors; visual and auditory
perception; the physiologic substrate of orientation, thought, and emotion,
the neural control of respiration, cardiovascular function, temperature, and
metabolism; and, the neurophysiological aspects of environmental adaptation
and fatigue as well as psychological reactions involved in motivation, vigi-
lance, and social adjustment, reflect a series of important areas of concern
in regard to man's performance under conditions imposed in flight.

Investigations in the medical and behavioral sciences will also contri-
bute knowledge in these areas which will result in a better understanding of
health and disease on earth.

Rapid advances in science and technology, particularly improvements in
commnications and rapid transportation, lend increasing emphasis to man's
relationships to other men and to his total enviromment. The life sciences
provide an appropriate-focal point for collection and dissemination of
informetion concerning human ecology.

Radiation hazards in projected manned spsce flight missions to the
moon and planets make radiology & primary area of effort. In addition to
the ambient radiation in space, the proposed use of nuclear energy for
auxiliary power and for propulsion lend more emphasis to this field.

RD3-4



The psychophysiological concomitants of weightlessness, isolation and
confinement are high priority areas of concern included in the basic medi-
cal and behavioral sciences.

Stimulation of interest and mobilization of talent for research in the
medical schools and other research institutions will be carried oufl in the
disciplines as well as in cardiovascular physiology metabollsm and respira-
tory physiology.

Space Biology

The objectives of this activity are: (a) studies of the effects of
newly defined extraterrestrisl environments on living organisms; (b}
assessment of organic chemical life-supporting compounds on extraterrestrieal
sites; (c) development of means of remote identification and analysis of
possible extraterrestrial life forms; and (d) preventing terrestrial organic
chemical or microbiological contamination of extraterrestrial bodies in order
to preserve them for study of life processes.

A major goal for scientific achievement in space exploration is the
acquisition of further knowledge of the origin of life and lts evolution.
The search for extraterrestrial life bears directly on this problem and
includes further investigation of extraterrestrial organie compounds which
tentatively have been identified. Authorities agree that probes and vehicles
flown in search of extraterrestrial life must themselves contain no life--
in other words, decontaminated or sterilized.

Zero-g; ionizing radiation and other components of the electromagnetic
spectrum; high vacuum; temperature extremes; and unusual combinations of
substances in planetary atmospherss and surfaces as found in space environ-
ments, provide a new vantage point for observation of the biologic effects
on simple organisms, including intimate details of the molecular control of
life processes.

FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year [Fiscal Year

fdvanced Research 1960 1961 1962
Flight Medicine &nd Biology.-«.-e+eo..us . ——— $740,000 $855,000
Space Medical and Behavioral Sciences.. - 1,000,000 1,000,000
Space BiologYeocveoecoronrasostnaanss .o o~ 679,000 715,000
Total, Advanced Research ---  $2,419,000 $2,570,000
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Fiscal Year Fiscal Year

Advanced Research

1961

Figcal Year
1962

Flight Medicine and Biology:

Compiling existing data against
known requirements for advanced
manned flight systems and docu-
menting for rapid machine access...
Conceptual definition of the
integrated requirements necessary
to control enviromment for "Apollo"
and other manned flight programs...

Define information needed, control
requirements, display require-
ments, computer requirements and
integration requirements necessary
for the man-machine linkage for
the performance control of "Apollo"
and generalized vehicle and sub-
vehicles. .t iiioeennnesenacasanssns
Organizing data from AEC and other
sources to define and provide the
biotechnology needed for pro-
tection of ground and flight
personnel in the coming nuclear
Systems...coeveiiiinn i

Providing requirements and methodol-
ogy for real time linkage of a re-
mote human operator to improved con-
trol of physical science experi-
ments at a distance from the opera-

Space Medical and Behavioral Sciences:

Cardiovascular physiology..-ccevaeee
Metaboligm. oo veinvniereenenennnes
Neurophysiology «eceeeereiearcasens .o
PSychOlOogyeeeereonereeeesencaaannnns
Radiology.ceiveeenieieienensnnnenans
Respiratory physiology.-+cecvevees-.
Pathology.e.vveereeneniannnnineecnons
S0CI010EY e ereerrrocnarosccannnsons
Information exchange......ccoeivueens

-—- $50, 000

- 145,000

- 425,000

-—- 45,000

--- 75,000

$100, 000

145,000

425,000

60, 000

125, 000

. 740, 000

- 147,000
- 162,000
- 302, 000
--- 65,000
- 164,000
- 65,000
-—- 20,000
- 10,000
--- 65,000

855,000

80,000
170,000
250, 000

65,000
295,000

55,000

20,000

5,000

60, 000

1, 000, 000

£, 000, 000
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Fiscal Year

Fiscal Year Fiscal Year

Advenced Research 1960 1961 1962
Space Biclogy:
Sterilization by radiation and
T v PP - $110,000 -
Chemical analysis of meteorites.... -—- - $38, 000
Campendium for spectroscopic
aralysis of organic compounds..... .- 195,000 -
Extraterrestrial environmental
StUdiesS. ittt ioe ittt cnanans - 17,000 17,000
Microorganisms under simulated
conditionS. . vereeneeaenernnanannn - 63,000 80,000
Effects of space environments on
cellular systems.....oieeenninesans - -——— 500, 000
Martian and Venus simulation study - 174,000 60,000
Study of miecroorganisms in the
upper atmosSphere. .. .veiveveeeaenn. - 16,000 20, 000
Experiments in prebiological
chemistry. vvenerieenrenennennnas -— 104,000 -
- 679,000 715,000
Tozal, Advanced Research ..... $2,419, 000 $¢ 2,579,000
Advanced Technical Development
Flight Medicine and Biology.......... —-— $1,010,000  $1,465,000
Space Medlcal and Behavioral Sciences --- - ~—
Space Biology..e.... et eeer e -——- 321,000 785, 000

Total, Advanced Technical
Development......ovvievueines .

Flight Med:icine and Biology:

Providirg preliminary integrated
envirorment control technology for
"Apollc" &nd other manned flight
PrOGLALE o e oo v aooeaveesnasnassaonses

Providing preliminary development
of advarced control and display
equipmert for human operators of
space vehicleS . veeosersconsnenanns

Simulaticn programs for checking
environrent and control systems...

Integrated control program for
better linking a remote human opera-
tor with biological experiments...

Biocelectric sensing and transmitting
equipment for human control of re-
mote vehicle systems.......c..oi0.n

$1, 331, 000

$115, 000

375,000
250, 000

100,000

100, 000

2,250,000

$115, 000

375,000
350, 000

25,000

300, 000
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Fiscal Year

Fiscal Year

.Fiscal Year

Advanced Technical Development 1960 1961 1962
Coordinating programs between DOD
and FAA to insure that NASA devel-
oped technology is usefully inte-
grated into advanced aircraft.
Feasibility devices.....vvon. cevae o~ $70,000 $80, 000
1,010,000 1,465,000
Space Biology:
Operaticnal techniques for space
probe decontamingtion...... seaeene -—- 30,000 30,000
Advanced development and applica-
tion of decontamination techniques -—- 28, 000 100, 000
Instruments for remote analysis of
organic CompoundsS.....ooeeesesos .. --- 99, 000 180,000
Remote sampling instrument for
planetary microorganisms.......... -—- 18,000 40,000
Biochemical probe for extraterres-
trial life...coieeiiiiiiiiieinans - 146,000 —
Planetary cytochemical instrumenta-
75 o) + K Ceteseraeraean -—- - 435,000
321,000 785,000
Total, Advanced Technical
Development..ooeeeseens Ceeen - i;;§31,ooo $2,250,000
Flight Program
Flight Medicine and Biologye.ceseeesen ---  $1,250,000 800, 0C0
Space Medical and Behavioral Scilences. -—— -——— -
Space Biology.....eeeceens ceeeracaanas - - -
Total, Flight Program......... _--- $1,250,000  $3,800,000
Flight Medicine and Biology:
Research and development activities
associated with the exposure of
rrimates to the space enviromment
with recovery from orbital flight.. - $249,000 $765,000
Final design and testing integration
of research instrumentation........ —— 185,000 1,205,000
Biological investigations in flight
conducted at a cellular and sub-
Cellular LeVele.eeeeearenrnnoonnnes - 336,000 555, 000
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Fiscal Year

Flight Program

1960

Fiscal Year

1961

Fliscal Year

1962

Launch and recovery support
program:

Emergency and survival equip-
ment for escape from vehicles
Inspace.....ciiiiiiiiiiiiiea,

Development of methods to predict
efficiency of the experimental
animgl through the assessment of
viability and performance, and
to stepwise interpret the effi-
ciency equation for mission
planning purposes......cceveeeaes

Flight vehicles for experiments
with small animals and biologi-
cal payloads... ..o v innsonenns

Two mobile laboratory vehicles
to s2rve at launch sites........

Equioment for mobile laboratories
such as air conditioning, heat,
electricity, water, benches,
chairs, and scientific equipment
such as microscopes, centrifuge,
chemicals, glassware, etc..... ‘e

Support at launch and recovery
=g 2 S

Non-NASA experimenters and assist-
ants at recovery site. Trans-
portation and per diem for
average of T days for 2 people
for 10 flights.....coivvevvveens

Special air transport of biologi-
cal material..... ...t

Non-NASA experimenters and assist-
ants at launch site.............

Manned space laboratory programs; re-

search and development on opera-

tional equipment in support of orbit-

ing manned space laboratory.......
Lunar and planetary probe sampler

progrern; development and fabrication

of experimental hardware and inte-
gration of experiment and wvehicle
inclucing lunar and planetary probe
landings. 6 flights (Centaur -
SUTVEYOT ) ¢ e v vt eveenreneerennnennnn

$20,000

150,000

50,000

20,000

60,000

15,000
20,000

10,000

135,000

$50,000

25,000

500,000

10,000

150,000

30,000
40,000

60,000

120,000

270,000
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Fiscal Year TFiscal Year Fiscal Year

Flight Program 1960 1961 1962
Feasibility study for manned lunar
and plaretary laboratory......... - ——- $20,000
Totel, Flight Program...... ; $1,250,000  $3,800,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SOUNDING ROCKETS

SUMMARY O REQUIREMENTS:

1960 1961 1962 Page Nc.
Advanced Research........... .. $418,529 $420,000 $320,000  RD4-k
Advanced Technical Development 834,671 490,000 420,000 RDL4-5
Flight Program..coeeeesnnen.. 8,427,800 7,260,000 6,250,0C0 RDhL-H
Totaleeeeennn. Cevereenas . $9,681,000 $8,170,000 $7,000,000

OBJECTIVES :

To investigate geophysical phenomena from the earth's surface through
satellite altitudes, using sounding rockets and other probing techaiques.
To perform astronomical observations by measuring the radiation arriving
from other celestial bodies from above the obscuring and distorting effects
of the earth's atmosphere. To investigate the structure of the atmosphere,
the ionosphrere, the geomagnetic field, energetic particles, and the
chemistry and solar dynamical effects of the upper atmosphere.

JUSTIFICATTION:

A sounding rocket may be defined as a rocket used to carry a payload
to an altitude no grester than 4,000 miles (one earth's radius) and which
then falls back to the earth. These rockets have the capability of per-
forming those experiments in the upper reaches of the ionosphere and atmos-
phere that cannot be accomplished by means of satellites. TFor instance, a
rocket exper:ment can obtain a vertical cross section measurement of the
characteristics of the atmosphere in the short time required for its climb
to maximum altitude. Also, rockets carrying recoversble payloads will per-
mit a more detailed study of energetic particles of solar origin, cosmic
rays, and the lower regions of the Van Allen radiation belts. Tasks for
which sounding rockets are particularly suited include:

1. Direct measurements of atmospheric conditions above the maximum
ottainable balloon and airplane altitude and below the minimum
useful satellite altitude; that is, 20 to 125 miles.



2. Measurements of vertical atmospheric cross-section over any
altitude range.

3. Simultaneous measurements (synoptic observations) above a
number of selected locations, possibly timed to coincide with
some unusual event such as a solar flare.

4. Upper air measurements which require a very large payload
power level for only & short period of time.

5. Experiments which require the recovery of experimental
meterials or devices after a short exposure at altitudes up
to several thousand miles.

6. Flight testing satellite and space probe equipment at a much
lesser cost than the same tests would require using space
vehicles associated with such satellites and space probes.

Sotnding rockets offer a comparatively inexpensive method of performing
many sclentific observations. They have a comparatively short lead time for
procurement, and payload development time is much less than that required
for the heevier, more complex, longer lived satellite payloads. Thus, the
sounding rocket is an extremely flexible tool for use in space sciences.

Due to the flexibility of the program, a scientist can perform an experi-
ment, study his results, and design and build a new experiment based upon
his findings in the space of approximately one year. The sounding rocket
schedule is, therefore, usually defined in detail for only approximately
one year in advance. This is to be contrasted with research using
satellites in which lead times of two years are usual for small satellites,
and three jyears are required for the highly complex satellite payloads.

Operationally, the sounding rocket program is divided into categories
according to the nature of the experiment or investigation. These cate-
gories ere as follows:

Aeronomz

This study area is concerned with investigations of the atmosphere in-
cluding Its composition, chemical reactions, dynamical processes, the inter-
actions of the atmosphere with solar energy and the variations of these
properties from day to night and with season of the year. Mass spectrom-
eters and temperature, pressure and density gages are the instruments most
commonly uged. Sodium vapor releases and grenade experiments are tech-
niques that are employed for the determination of winds, diffusion effects,
and the dynamics of the upper atmosphere.

Energetic Particles and Fields

Included in this area are those experiments directed at achieving a
better understanding of the nature, origin, and characteristics of energetic
particles (electrons, atoms, neutrons and ions having large amounts of
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energy and consequently possessing properties that may roughly be described
as similar to the radiation from radiocactive substances). Also included
are those experiments studying the magnetic field of the earth and its
characteristics, and the interactions that occur between energetic
particles and the magnetic field and atmosphere of the earth are included.
Exemples of studies in this category include investigations of cosmic
rays. gemma rays, auroral phenomena, energetic particles released by the
sun especially during periods of enhanced activity (solar storms snd
flares), and the lower region of the Van Allen radiation belts surrounding
the earth. The instruments used in these studies include magnetometers,
Geiger counters, other types of detectors including ion and scintillation
counters, and complex arrays of these that are usually referred tc as
"telescopes" (i.e., a gamma ray telescope). A laboratory technique that
has been an extremely valuable tool for studies of cosmic rays and
radioactivity can also be used when recovery of the rocket payload can

be arranged. This technique involves the use of special photographic
emulsions. The emulsions are sensitive to energetic particles and

permit identification of the various particles through studies of the
characteristics of the paths of the particles in the emulsions.

Tonospheric Physics

This area includes all investigations of the ionized (electrified)
regions of the earth's atmosphere. Studies here are directed at determin-
ing the number and composition of the ions (atoms and rmolecules bearing
an electric charge) and the concentration of the electrons in the earth's
atmosphere. The path and propagation characteristics of radio waves over
the surface of the earth are determined by the electrons present in the
ionosphere. The more common types of instrumentation include ion
spectrometers; Langmuir, ion, and electron probes; radio frequency im-
pedance probes; and electric field meters. Other techniques for studying
the ionosphere are based upon the strong influence exerted by the ion-
osphere on radio wave propagetion. These techniques include single and
multi-frequency propagation experiments and soundings from both the ground
and from rockets to determine ionospheric absorption, refraction, and
polarization effects.

Astronomy

Astronomy is particularly significant because the astronomical ex-
periments included here were not possible before sounding rockets and
satellites made it possible for astronomers to make observations “rom
above the earth's atmosphere. This is important because the atmosphere
actually permits the transmission to the surface of the earth of only a
small amcunt of the total electromagnetic radiations arriving from the sun
and other celestial bodies. This small amount is in the visible region and
even here the atmosphere causes blurring and distorting effects. X-ray,
ultraviolet, and infrared radiations are not transmitted by the earth's
atmcsphere. Information deduced from studies of these radiations emitted
by the stn, planets, and stars will yield a much more advanced understand-
ing of the nature, composition and phenomena of these bodies, and
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eventually lead to a better understanding
solar system and perhaps of the universe.
means of sounding rockets usually include

and accompanying filters or spectroscopes.

of the origin and nature of the
The experiments performed by

one or more specialized detectors
Typical experiments ars those

deslgned to study the nature and to measure the intensity of the X-rays or
ultraviolet radiation from the sun (solar physics), a star (galactic
astronomy), or other specific source. For these experiments the rocket
payload t.sually includes special instrumentation designed to train the
instruments upon the object under investigation independently cof the motion
or position of the rocket.

Sgecial

This last category includes all other sounding rocket experiments that
do not fall within one of the categories described above. Included here are
special lcimiches for testing rocket performance and vehavior, and aighly
specialized payloads such as those instrumented primarily for engineering
or materiels testing purposes or for micrometeorite detection.

In summary, sounding rocket investigations make it possible to study
certain eltitude regions otherwise inaccessible; provide a relatively in-
expensive means for the development of new instruments and experiments;
enable the experimenter to collect data far closer to when and where he
wishes tc than is possible with any other vehicle; and because of the
short time required to prepare and lauvnch experiments, make it possible to
move quickly into the investigation of new and valuable study areas.

FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year PFiscal Year

Acdvanced Research 1960 1961 1962
Aeronomy:
Mass spectrometer......eceevees $29, Lol $60,000 $50,000
Ultraviolet scattering den-
sitometer...... 59,629 60,000 50,000
89,123 120,000 100,000
Energetic Perticles and Fields:
Riometer measurements (Northern
Hemisphere)...o.eeierraaonanns . -—— - 35,000
Solar cosmic ray eventS........ 20,000 30,000 35,000
20,000 30,000 70,000
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Fiscal Year Fiscal Year Fiscal Year
Advanced Research 1960 1961 1962

Jonospheric Physics:

Plasma enviromment measurements.... $117,500 - ——
Ionosphere propagation measurements 911%06 - -
209, --- -

Astronomy:

Ultraviolet mapping experiment..... 100,000 - -
International Program...cceeeeececnas - $170,000 $150,000
Sounding Rocket Handbook...... R ‘ -—- 100,000 -

Tote.l, Advanced Research...... $418, 529 $420,000 $320,000

In the Advanced Research area, effort leading to improved and new types
of spectrometers and density gages for atmospheric research will be con-
tinued. Tiometers will be established at appropriate sites to support the
sounding rocket program of investigation of phenomens associated with the
arrivel at the earth of energetic particles of solar origin. A rioneter
is a ground-based specially designed radio receiver which continuously
monitors ionospheric radio wave absorption characteristics and thereby
gives an immediate indication of the arrival of energetic particles from
the sun. "This permits the prompt launching of standby rockets, instru-
mented for energetic particle studies, which have been ready on the
launcher. PPunding of the international program will also be continved to
provide for cooperative efforts with other nations in research utilizing
sounding rockets.

Fiscal Year Fiscal Year Flscal Year

Advanced Technical Development 1960 1961 1962
Aeronomy:
Rocket instrumentation for the
upper atmosphere,.......c.evvuven $195,550 $200,000 $180,000
Upper atmosphere sodium vapor
eXperiments.. v ieine i, 256,582 - ---
155,132 200,000 180,000

Energetic Particles and Fields:

Magnetic ffield and ionospheric v
CUXTentS. .o veisencnseonsnsannnss - 50,000 50,000
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Fiscal Year

Fiscal Year

Fiscal Year

Advanced Technical Development 1960 1061 1962
Ionospheric Physics:
Langmuir ionosphere probes........ $125,000 -— ——-
Tonosphere plasma studies......... 125,339 - ——
Electroa density probes........... - 100,000 70,000
250,339 100,000 70,000
Vibration Studies.....oev.even. ceaes 132,200 lhOzOOO 120,000

Tosal, Advanced Technical
Development.e.oeeeneenneeenas

§8§h , 611 _gshgo ,000 gheo ,000

The activities under this heading are concerned with the development
of advanced instrumentation intended for flights in 1963 and 196L4. In-
cluded here are the development of mass spectrometers of greater dynamic
range and faster response time and pressure gages capable of reporting
the very _.ow pressures encountered in the upper atmosphere. Imprcved
electron density probes for accurately determining the electron content
of the ionosphere are also being developed. Studies of the vibrations en-
countered. in sounding rockets during engine burning and the effects of
these vitrations on rocket and payload performance will continue about at
the level established during the fiscal years 1960 and 1961.

Fiscal Year Fiscal Year Fiscal Year

Flight Program 1960 1961 1962
Aeronomy:

Low-pressure flight detectors...... $9,900 $50,000 $50,000
Gage interaction with radiation

MEASUTEMENES e ¢ v veernnrnaerneennas. 31,600 30,000 30,000
Flight detectors and electronics... 45,700 50,000 50,000
Gas composition detector studies... 76,200 59,000 _——
Procurenent and fabrication of

payload components and subsystems. 92,200 270,000 230,000
Ultra~high vacuum system calibra-

tion SetUPererervnereonernneennns 114,700 _—— -
Rocket grenade experimentsS......... 375,000 300,000 280,000
Pressure gage calibration.......... -— 10,000 10,000
All metal low-pressure ZBEESec..esa. - 50,000 =0,000
Sodium vapor experimentS.......ee.. - 250,000 200,000
Attitude control units......cccee.. -— 15,000 -
Computing facilities.......oevvus .o ——- 50,000 -
Services, facilities, and materials

for fabrication of grenades....... -—- -—— 100,000

745,300 1,134,000 980,000
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Fiscal Vear Fiscal Year Fiscal Year
Flight Program 1960 1961 1962

Energetic Particles and Fields:

Calibration of rocket experiment

(Skyhock flights)ee.eeeneeroneesss $258, 500 $60,000 $150, 000
Fmulsion scanmning.......eceeceessss 8,700 10,000 10,000
Nuclear emulsioN..eeees.veeceseress 3k,700 5,000 5,000
Procurement and fabrication of

payload components and subsystems. 45,600 103,000 110,000
Engineering ServicesS..veeececeoeess 28,800 -—- 20,000
Magnetic field experiments with

Nike-ASDeeeoonenrens Cerereeenees . 45,600 - --
Design and construction of payload

for Nervos....eev.e. cseenven ceeens 213,100 -——- -
Scintillation counter units........ 51,500 -— —
Computing services...e.cevesenecasnn - 10,000 10,000
Flight magnetometers............ ces - 13,000 35,000
Magnetic aspect units.............. - -—— 5,000
Flight programming unit............ -—— -—= __ 5,000

686, 500 201,000 350,000

Galactic Astronomy:

Flight photoemissive detectors..... 20,000 25,000 25,000
Design and construction of rocket
instrunentation for interstellar

and intergalactic media........... 258,000 216,000 210,000
Aerobee attitude control system.... 250,000 50,000 50,000
Design of optical systems...... cove 20,000 30,000 20,000

Design and construction of rocket
instrumentation for stellar

SUAIES v e vt vttt it e 150,000 196,000 160,000
Spectrophotometer gretings......... 12,000 5,000 10,000
Flight photomultipliers............ 10,000 20,000 15,0C0
Flight ionization chambers......... - 5,000 5,000
Computing services....civeeeerennns - 5,000 5,000

720,000 552,000 500,000

Solar Physics:

Flight electrometers.....c.eveecsos 14,800 25,000 -
Flight instrumentation sections.... 81,300 153,000 140,000
Nose shells v eiiiiieeinerenroeennns 15,000 20,000 20,000
High resolution spectrophotometry.. 14,000 150,000 65,000
Flight detector development........ 36,700 50,000 40,000
Design arnd construction of optics.. 87,000 50,000 40,000
Procurement and fabrication of

payload ccmponents and subsystems. 74,600 49,000 50,000
Fileld services...ieveiieieinenarans - 30,000 30,000
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Flight Program

Flight electronic system engineering
Flight spectrophotometers...........

Ionospheric Physics:

Flight instrumentation........... oo
Flight support.ccieeecseaness .
Data reduction..... .
Antenna development......oveeevennn.
Procurement and fabrication of
payload components and subsystems..
Rocket-borne power amplifier........
Ion specztroscopy data reduction.....

Meteorite 3Studies:

Design, fabrication and assembly of
field sapport equipment............
Jonization coincidence system.......
Flight detectors..cieeeeieiiensennes

Sounding Rocket Support:

Sounding rocket improvement and mod-
i Y - v K«
Drop test for Nerv....ooeoieaceeesose
Development, of 20-inch sounding
roCKket. i iuetereennisennnroannns oo
Aerobee attitude control system.....
Javelin D-l's.iieiiiiereiiennnnns .o
Computer serviceS...ceeiieesceensess
Study of wind effects....
Telemetryae e ersesessssnsessasenas .o
Telemeterirng services....
Antenna services.....eevecoocens ceos
Dovap development..
Cut off receivers.......... .
Silvercells. ..o ieresserenscnseanans
Recording tape...cvioviiceneecenannns
Recording Laper.cesescesstssesssasss
Calibratcrs......... .
Asp rocket systems..eeseeerereoannns
Aerobee systems....vieeriiierrieaesse
Nike-Cajun systemsS...cccerroeevennnas
Journeymen SyStemS...eceeeearuceosns

ooooooooooooooooo

Fiscal Year Fiscal Year Fiscal Year

1960 1961 1962
- $25,000 $25,000
-—- -—- 40,000
323,400 552,000 1150, 000
174,500 278,000 280,000
48,300 15,000 15,000
20,000 20,000 20,000
40,000 30,000 25,000
52,100 74,000 60,000
- 6,000 5,000
- 20,000 15,000
334,900 4143,000 150,000
17,700 43,000 60,000
64,400 - ———
——— 38,000 34,000
82,100 81,000 9L, 000
395,600 --- ---
65,000 _— -
1,000,000 365,000 -
250,000 1,000 -
300,000 300,000 —_—
22,000 50,000 50,000
11,500 100,000 50,0C0
109,200 195,000 210,000
100,000 200,000 200,000
35,000 50,000 40,000
95,000 50,000 40,000
125,000 50,000 80,000
25,000 25,000 25,000
17,000 10,000 10,000
15,000 10,000 10,000
60,000 32,000 25,000
181,600 138,000 150,000
794,600 900, 000 750,000
150,400 67,000 67,000
470,000 500,000 500,000



Fiscal Year TFiscal Year Fiscal Year

Flight Program 1960 106, 1962

Iris systems....... Cereeaeaeas ceeene $21L4,000 $100, 000 $L00,000
Nike systemsSesvieeesnvrieescocansas . 90,000 50,000 50,000
Nerv systems.eeseeeeererrvncecennnns 1,009,700 -——- 90,000
Nike launcher modiflcation ......... . - 40,000 -
Attitude pointing calibrator........ -—- 5,000 -
Attitude control scanner......... oo - 20,000 —ew
Performance gageS...ceeesreeescaranan -— 50,000 -—
Instrumentation for Nike-Asp rockets -—- 40,000 -
Instrumentation for Iris rockets.... - 60,000 -
Fine pointiag control......... e eses C e 250,000 ——
Solar aspzct cellSeeeeeerevenrnsan ‘e ——- 16,000 16,000
Aerobee Halidhead.vee e eiareanns e -—= 10,000 10,000
Structure tests.oeeiiiiiiiiiiinenen . ——— 20,000 20,000
Performancze studiesS.e.ereicieeeernnns - 70,000 50,000
Beacon and power supplies........... - 20,000 40,000
Dovap operations....coveveviinnne.. -—— 50,000 50,000
Dovap traas)onders. oo vere e -—- 30,000 30,000
Transmitiers.. et reeseneerennnen - 12,000 20,000
T iMerSee i et eeneensanssaaronsnssnans . - 5,000 5,000
Relayseeioe .. ettt ceeees -—- 5,000 10,000
Commutators. e ieeeeresrvaneonnee ceeas - 15,000 15,000
PTelefloWw WilrCee e eertereaarens cesesae - 5,000 5,000
Voltage conirol oscillators........ . - 64,000 60,000
Attitude control units.......... cons -—- 100,000 130,000
Test and evaluation...eeeeveeecenanns - 18,000 18,000
Procurement and fabrication of

componen:s and subsystems..... ceens - 199,000 180,000

5,535,600 1,297,000  -,L456,000

Total, Flight Program......... $8,427,800 $7,260,000 $¢,260,000

During the fiscal year 1960 the sounding rocket program continved to
gain momentum through the launching of rockets and experiments initiated
during the first year of NASA's existence. An Aerobee launching tower was
completed &t the Wallops Station, Virginia, in March 1960. The initial
NASA launch:ngs at Fort Churchill, Canada, had been conducted some months
earlier. The number of launchings has increased gradually and will level
out at approximately 85 per year. Fiscal Year 1959 and 1960 funds were
used to stert the build-up to this program level. The major efforts early
in the fiscal year were in the procurement of rockets and the construction
of payloads for launching late in the fiscal years 1960 and 1961. The data
obtained from the experiments performed in the first half of the fiscel
year 1960 were analyzed and follow-up experiments were being planned o
constructed. at year's end.

The rockets launched through the first half of the fiscal year 1961 wers

mostly Nike-Asp and Aerobee vehicles which were capable of attaining
altitudes of sbout 150 miles with normal payload weights. By the middle
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of the fiscal year 1961 the first launchings will be made of larger rockets
(Journeyman and Javelin) capable of carrying heavy payloads to over 500
miles in altitude and light payloads to over 1,000 miles.

The fuads planned for the fiscal year 1962 will continue the sounding
rocket program at the 1961 level of approximately 85-rocket firings per
year. Preparation of experiments, analysis of results, and continuation
of supporting research activities and advanced instrumentation develop-
ment will be continued at the level required to support the flight, program.
High-altitude investigations of the outer regions of the atmosphere and
ionosphere will be dincreased, and recovery experiments will be of par-
ticular value in the Particles and Fields program. The exact experiments
and the details of the instrumentation to be used will generally bhe de-
termined by the results obtained from launchings during the fiscal year

1961.

A major portion of the fiscal year 1962 funds will be utilized to
procure rockets and payload equipment. An increased level of activity in
the fields and particles program is indicated by the larger amounts re-
gquested for megnetometers, engineering services and calibration work. In
the other scientific disciplines, the 1962 level of activity will e about
the same as the 1961 level. The amount needed for hardware and gsneral
support cf the sounding rocket program has decreased since some of the de-
velopment costs for rockets and specialized hardware are no longer re-
quired. The fiscal year 1962 budget provides for the procurement of
approximately 25 Aerobees, 21 Nike-Asps, 12 Nike-Cajuns, 20 Iris rockets,
and 4 high-altitude (over 1,000 miles) journeyman rockets.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SCIENTIFIC SATELLITES

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.
1960 1961 ag

Advanced Research.......... $1,680,337 $3,327,000 $3,543,000 RD5-5
Advanced Technical Development 2,332,484 6,861,000 5,826,000 RD5-9
Flight Program....... e 16,228,293 27,754,000 55,331,000 RD5-1k4

PotBLe s ceneeeneenesnns $20,241,114 $37,942 ,000 $64 , 700 ;000

OBJECTIVES:

The fundamental objective of the scientific satellite program is the
expansion of human knowledge of phenomens in the atmosphere and space. This
objective encompasses two fundamental questions of universal intcrest. One
of these deals with the nature and origin of the universe, and the other is
concerned with the major role that the sun exerts over the natural physical
processes of the earth and its atmosphere. This broad fundamental objective
is being pursued by means of a research program utilizing satellites
designed to investigate specific problem areas in upper atmosphere and space
phencmens.

This fundamental objective can be further categorized in terms of
basic scientific investigations in the areas of Astronomy and Geophysics.
These gereral objectives are as follows:

Astronqg[

To investigete the electromagnetic radiations in all wavelengths, from
gemma rays to radiowaves, that reach the vicinity of the eerth from the
planets, sun, stars, galaxies, and interstellar and intergalactic matter,
and to use these observations to extend our knowledge of these bodies.

More specifically, this area is subdivided into the following scizsntific
program objectives:
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Solar Astronomy: To observe the sun and the solar atmosphere in the
X-ray, ultraviolet, and infrared region of the spectrum in an effort to
understanc. the detailed behavior of a typical star.

Stellar and Gelactic Astronomy: To understand the origin, present
state, and evolution of the universe and its component parts. For this
purpose, observations of stars, nebulae, galaxies, and plenets will be
made in the gemma ray, X-ray, ultraviolet, visible, and infrared region
of the spectium.

Astrophysics: To understand the physical processes occurring in the
universe. In particular, attention will be devoted to the nature of gravity,
to a thorough study of the gross features of the earth's gravitaticnal
field, and to the behavior of elementary particles in rapid motion as
evidenced in the production of radio frequency radiation.

Geopgzsics

To determine and understend the structure, composition, and dynamical
behavior of the earth's atmosphere and ionosphere. To investigate and
determine the nature and origin of the Great Radiation Belts. To determine
and understand the relations between solar activity, the earth's atmosphere,
and surface meteorology. To investigate phenomena associated with photons,
ions, cosmic rays, other energetic particles, magnetic, electric, and
gravitational fields, micrometeorites, and other matter; their interactions;
and their =ffects on instrumented and manned space flight. More specifically,
this area is subdivided into the following scientific program objectives:

Aeronomy and Micrometeorites: To study the atmosphere by measurements
of the composition, the density distribution with altitude, latitude, and
longitude, the motions of atmospheric gases; and to determine deilyr and
seasonal wvariations of these parameters. To determine the effects of solar
energy and the physical forces controlling the chemistry and dynsmics of
the atmosphere. To determine the relations to other basic and applied
research programs, including those relating to the ionosphere, energetic
particles, meteorology, and space vehicle performance. To determine quantity,
composition and impect velocities of micrometeorites entering the earth's
atmosphers=.

Energetic Particles and Fields: To measure the flux of energetic
particle radiations in the vicinity of the earth so that it can be
accurately described at any point in space and at any given time. To
carry out analytical and theoretical studies to determine the origin of the
particles, the mechanism by which they are accelerated, the paths -which
they follow in space, the effect of the solar cycle on their properties,
and their interactions with the fields in space. To accurately map out the
magnetic field of the earth, to determine fluctuations and interactions
with charged particles and plasmas, eand to carry on analytical and theoret-
ical studies to determine the mechanisms producing the field and the inter-
actions.
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Ionospheric Studies: To study the nature, dynamical behavior, and
spatial and temporal distribution of charged particles with thermal
energies. Parameters investigated are the concentrations of electrons
and of positive and negative ions, their energy distributions, the ion
masses, the coefficients of dissociation and recombination between neutral
and charged particles, the frequency of collisions, and the motions of the
charged particles and belts of such particles.

JUSTTFICATION:

The aew knowledge to be gained in the scientific satellite program hes
obvious applications. Spacecraft which are to return from orbital flight
must be designed with the characteristics of the upper atmosphere Iin mind.
These characteristics must be defined and studied in deteil. The iono-
sphere exerts such a tremendous control over radiowave propagation that it
is easy to recognize the benefits to be derived from a better understanding
of the phenomena of the ionosphere, radio noise storms and blackouts. The
radiation belts are of considerable interest because of the limitations
this regicn mey impose on manned space flight. Likewise, solar phenomens
and the gusts of energetic particles emitted by the sun from time <o time
are of sirilar concern. The micrometeorite hazard to space vehicles has not
yet been even broadly defined. These are but a few examples of known appli-
cations, end oftentimes the most important and spectacular discoveries are
those which cannot be anticipated.

Satellites offer the opportunity to conduct investigations over large
regions cf' space and for long period of time, in excess of one year if
required. Satellites also make it possible to perform many astronomical
observations, including studies of our own sun, which were not possible
earlier from ground-based or balloon-borne observations due to the absorb-
ing effects of the earth's atmosphere. The sun is the principal source
of energy for the earth. Daily and seasonal effects of the sun on the
earth and its atmosphere have been observed for centuries. Satellites now
offer the oppertunity of studying the energy cutput of the sun before it
reaches and is partially absorbed by the earth's atmosphere. Likewise,
satellites make it possible to perform direct observations and measure-
ments in the region of the upper atmosphere where the sun's energy produces
some of ils primary effects. The surface meteorology of the earth, the
propagation characteristics of radiowaves, the auroras, the radiation
belts, and other geopkysical phenomens are the results of interactions of
the sun's energy with the earth and its atmosphere. Ultimately, the
knowledge acquired through space research will lead to a better under-
standing of the earth and its relations to our solar system and the
universe, and to a fuller understanding of the relations of man tc his
environment.

The following is a list of scientific satellites and near space probes
included in this program. They are listed under the appropriate scientific
disciplines:
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Fiscal Year

Satellite or Probe Vehicle of launch
Solar Astironomy:
Orbiting Solar Observatory Delta 1961
Orbiting Solar Observatory (backup or follow-on) Delta 1962
Orbiting Solar Observatory (follow-on) Thor-Agena B 1964

Stellar end Galactic Astronomy:

Gamme. Bey Astronomy Satellite Juno II 1961
Gamma Reay Astronomy Satellite (backup) Scout 1961
Oribiting Astronomical Observatory Atlas-Agena B 1964

Aeronomy &nd Micrometeorites:

Air Density-Drag Measurements Satellite Scout 1961
Micrometeoroid Satellite Scout 1961
Atmospheric Structure Satellite ‘ Delts, 1962
Micrometecroid Satellite (backup or follow-on) Scout 1962

Energetic Particles and Fields:

Energetic Particles Satellite Delta 1961
Energetic Particles Satellite (backup or follow-on) Delta 1962
Recoverable Nuclear Emulsions Probe Scout 1963

Tonospheric Physics:

Ionospheric Direct Measurements Satellite Juno IT Nov.1960
Tonosphare Beacon Satellite Juno II 1961
Tonosphere Beacon Satellite (backup) Juno IT 1961
Electron Density Profile Probe (#1) Scout 1962
Electron Density Profile Probe (#2) Scout 1962
Swept Frequency Topside Sounder (Canada) Thor-Agena B 1962
Swept Frequency Topside Sounder (Canade) (backup) Thor-Agena B 1963
Fixed-Frzquency Topside Sounder (US) Scout 1963

Geophysical Observatories:

Eccentric Orbiting Geophysical Observatory Atlas-Agena B 1963
Polar Orhiting Geophysical Observatory Thor-Agena B 1964

International Programs:

International Tonosphere Satellite (United

Kingdom No. 1) Scout 1962
International Ionosphere Satellite (United

Kingdom No. 1) (backup) Scout 1962
Internat:onal Program Satellite (United Kingdom

No. 2) Seout 1964
Internat:ional Program Satellite (No. 3) Scout 1964
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FUNDING REQUIREMENTS:

Fiscal Year ¥Fiscgl Year Fiscal Year
Advenced Research 1960 1961 1962

Solar Astronomy:

S0lar reseBYChH. . vueirrieeniannenann $97,300 -——- $100,000
Theoretical research - solar activity ——— .- 50,000
Studies of solar flares............. -—— $50,000 50,000

Developrent of theories of solar and
stellar physics...ov.vvvennen. cene - 60,000 60,000
97,300 110,000 260,000

Stellar ard Galactic Astronomy:

Ultraviolet laboratory spectroscopy. 150,000 75,000 50,000
Photometric standards and optical
CONStAIES .t v e v v e rarnnneennseaenns 2k ,000 - 25,000
Theoreticel interpretation of ultra-
violet spectra.......iieviieeiennn - -——- 100,000
Formation and properties of inter-
stellar matter..cv. i ieeeenonnes ——— - 25,000
Interstellar reddening and polari-
b2 v o) o WU - -~ 25,000
17L,000 75,000 225,000

Astrophysics:

Relativi.stic deductions from

satell te motions.......covvivuunnnn - 10,000 20,000
Trajectory and orbit computations... —-——— 25,000 25,000
Trajectory analysis and programs.... 19,100 40,000 40,000
Gravity and relativity.............. ——— - 50,000
Astrophysical hydromsgnetics........ —— -~ 50,000
Interpretation of non-thermel

radiation SOUrcesS...cecveresccensss -—— ~—— 30,000
Millimeter receiver research........ --- 25,000 25,000

19,100 100,000 240,000

Aeronomy and Micrometeorites:

Planetary atmosphere studies........ 170,473 180,000 30,000
Micrometeorite simulation......... oo ~—— 37,000 50,000
Kinetic acronomy..ccoeveeeresasess . ~—- 50,000 50,000
Support of space science llterature
Bbstracts..vcu ittt ittt et 50,000 —-——— -
Studies in upper atmosphere dynemics ~—- 100,000 100,00C
Calibration of micrometeorite
detectors. st ittt rceitrneotnennns -~ 50,000 50,00C
Kinetics of the atmosphere studies.. ~=- 100,000 100,00C
220,473 517,000 385,000

RD5-5



Fiscel Year Fiscal Year Fiscal Year
Advanced Research 1960 1961 1962
Energetic Particles and Fields:
Cosmic ray monitoring........ceeoves -— $105,000 -
Anti-particles in space....... ceene - 77,000 $50,000
Rediation belt studies.............. $382,000 200,000 400,000
Charged particles and fields in space 114,441 78,000 100,000
Solid state energetic particles
16 1=3 (=Yoo 1 o - DA AP ——— 5,000 100,000
Geohydromagnetic theory.....c...oovu. —— 40,000 50,000
Riometer .easurements (Southern
Hemisphere)...ooerievrivunennannenens --= 0,000 50,000
196,551 625,000 750,000
Tonospheric Physics:
Ionospheric propagation research.... 343,126 480,000 500,000
Ionospheric reaction studies........ 59,277 60,000 60,000
True height ionogrems..........c.... 100,000 100,000 100,000
Very lcw frequency propegation studies 122,620 125,000 125,000
Studies of low energy ionospheric
TEECEIONE .. sttt eerareanaacrnanns 48,000 48,000 48,000
Theoretical studies on plasma probes -— 25,000 25,000
Analysis of spectrometer designs.... - 20,000 20,000
Ionized. sheath studies.............. --- 20,000 20,000
Dual spacecraft propagation measure-
 ¢17Y 04 V2= - 50,000 100,000
Propaget:ion research methods........ - 100,000 150,000
Ionospheric and cosmic radio noise
SEUALES . v oreaesoerrensancnsanas - - 75,000
673,023 1,028,000 1,223,000
General (Geophysics:
Analysis of terrestrial grevimetric
G 7= - - 10,000 10,00C
Geodetic investigations............. -~= 500,000 328,000
-——- 510,000 338,000
General Support:
Satellite payload recovery studies.. . 75,000 --
Effects of space environment on
5018 CELIS. . ccversernonccncnsenns -——— 150,000 -
Feasibility studies of advanced
instrumentation........ .. e -——— 50,000 -
Mathemstics and computing........... - 87,000 127,000
--- 362,000 127,000
Total, Advanced Research....... 1,680 $3,327,000  $3,543,000
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A comprehensive program of advanced research in space sciences is
essential to provide a sound basis for experimental investigations in
scientific satellites. This research builds on data obtalned through
ground baszd observations, sounding rocket experiments, balloon flights,
satellite and space probe flights, and laeboratory experiments to provide
guidance for planning future studies, to develop techniques for these
observations and explorations, and to interpret the results of satellite
experiments. Contracts and grants are placed with universities, nonprofit
institutions, industry and govermment agencies for this research.

Solar Astronomy

Ground based monitoring of solar activity, presently being conducted,
will provide a high speed, high resolution record of solar events vhich can
be correlated with satellite observations not only of the sun itself, but
also of cosmic rays, megnetic storms and other interplenetary, planetary
and geophysicel phenomena. Theoretical studies of the active and quiet sun,
in coordinstion with satellite observations, should lead to an understanding
of what produces solar activity and vhy different regions of the sun behave
differently. Ultimately this should provide a means for predicting the
occurrence of the flares which release the energetic particles which present
a hazard to maenned space flight. The program will continue beyond the
fiscal year 1962.

Stellar and Galactic Astronomy

In this area the emphasis is on providing laboratory data needed to
interpret ultraviolet photometry and spectrometry. This work will be con-
tinued through the fiscal year 1962 and theoretical studies will be
initiated on the nature of the interstellar medium, not only for its own
sake, but also because of its effect on the light observed from distant
stars.

Astrophysics

Studies are being conducted of satellite orbits for use in solving
problems of geodesy and relativity. Theoretical studies will be initiated
in the fiscal year 1962 in geodesy and relativity to support the inter-
pretation of satellite observations. Studies will also be conducted on the
theoreticel interpretation of the radiation received from radio stars and
from the galactic background. Related low-frequency redio astronomy
measurements are now being conducted from sounding rockets and are planned
for later sgtellites. Research is also being conducted to provide a basis
for development of components for millimeter and sub-millimeter receivers
for radic astronomy.
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Aeronomy and Micrometeorites

Studies in this ares are being conducted on the absorption and.
emissivity of planetary gases; the rate coefficients for chemical inter-
actions of atmospheric gases; and the turbulence, eddies and circulation
system of the upper atmosphere. In addition, laboratory studies are being
conducted to similate micrometeorite interactions with gases and surfaces
and to calibrate instrumentation for micrometeorite detection.

Energetic Particles and Fields

The stress here is on radiation belt studies to provide a basis for
development for better instrumentation to be flown on the geophysical
observatories. Research is also being conducted on methods of searching
for and measuring the flux of anti-particles in space. Research in
charged particles and field in space geohydromagnetic theory, and riometer
measurements are all a part of a combined study of relationships between
aurore, the outer radiation belt and the magnetic field. Research will
also be conducted in furtherance of newly discovered techniques foi
particle detection and measurement.

Ionospheric Physics

Major emphasis in this area is being placed on a research project on
ionospheric propagation being conducted by universities and the Neuional
Bureau of Standards. This project makes use of ground reception of radio
signals transmitted from satellites. The ionosphere beacon satelli te to
be launched early in 1961 contains transmitters specifically designed for
this research project. Work on true height ionograms is being conducted
in support of the ionospheric propagation research. Research on ionospheric
reactions, low energy reactions, plasma probes, spectrometer designs and
ionized sheaths is being conducted to provide a basis for direct ionospheric
measurenents from satellites. Work will also be started on technijgues for
measuring icnospheric characteristics by studying the propagation of radio
signals from one satellite to another. New efforts will be initiated in
research on very low-frequency and extremely low-frequency propagation and
on cosmic radio noise levels.

General Geophysics

Resegerch will be initiated in the fiscal year 1961 and will be con-
tinued ir the fiscal year 1962 in the measurement of the earth's gravita-
tional field and geometry through accurste computation of satellite orbits
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General Support

Investigation of improved methods for recovering sclentific payloads
will be mesile using fiscal year 1961 funds. Research will also be conducted,
with the objective of providing a basis for development of solar cells and
scientific instrumentation with improved operating charecteristics in a
space environment. Research will also be conducted in the fiscal years
1961 and 1962 on the solution of mathematical problems and computing

techniques directly related to space sciences.

Fiscal Year Fiscal Year Fiscal Year
Advanced Technical Development 1960 1961 1962
Solar Astronomy:
X-ray astronomy opticsS........c..... $98,205 - —-—
Gamma ray spectrometer...... RN $60,000 _—-
S01ar SPECEIOSCODY e v e v errernnenans 200,000 103,000 $300,000
Galactic background photometry...... - 100,000 -
Ultraviolet spectrogrephS........... 140,000 125,000 -
Gamma. ray detectors.........coveeuon. 46,800 - 100,000
Camme ray data handling............ . 86,020 - -
Solar X -ray measurements............ - lZO ,000 e
High-resolution spectrograph........ -—— 0,000 -
571,025 578,000 00,000
Stellar ard Galactic Astronomy:
Ultraviolet sky MBDPPiBRg....eocvvevese 289,927 - -
Engineering studies for orbiting
astronomical observatories......... 55,000 75,000 75,000
Miniaturized ruggedized phototubes.. - 30,000 50,000
X-ray sstronomy....coovve s v ereeenas -—- 50,000 -
Ultraviolet photometry.............. 104,992 - ———
Optical research......ci.vvevieeeenn. 123,000 150,000 150,000
Astronconicel image tube research.... -— 180,000 250,000
Far ultraviolet detector development -— 100,000 50,000
Infrared astronomical optics and
detectors....... Sttt es e et an - 50,000 250,000
Application of television to remote
E Tl o) 4 15 11 110,000 - -
Lightweight and specialized optics.. 14,980 20,000 100,000
Optical. filter development.......... 32,515 - -
Data transmission studies........... - 25,000 -~
Inert atmosphere crystal growing
1=To DRy o= ¢ v -—- 15,000 -
Radiometric standards........... oo -— 25,000 --
High-altitude recoverable astro-
nomical experiments.........cecevee -— 400,000 --
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Piscal Year Fiscal Year Fiscal Year

Advanced Technicsel Development 1960 1961 1962
Imege intensifiers............. “—- $50,000 $80,000
Alkeli helide photo-diodes and

photo-multipliers,.,..... Ceens - 30,000 25,000
Ion charter prototype production -—- 15,000 25,000
Development. of optical crystals -—— 25,000 25,000
Procurement and fabrication of

COMPONENEE . ¢ v e vvvmaeneonaanans - 96,000 100,000
Crystallographic orientation

devices..cvierieenen Geeseresr oo - - 10,000
X-ray instrumentation research - 100,000 100,000

$730,k1L 1,436,000 1,290,000

Astrophysics:

Directive antennas for radio

astronOIy. o cvvvtnevenoancsnsan -—- 100,000 300,0C0

Millimeter wave receiver
development .. oo eeeerronsonn T,000 50,000 300,000
Sweep frequency receiver....... 119,140 250,000 ---
Satellite clocK....eeeeeenensns 140,000 - -
Microwave planetary spectrometer ——— 100,000 200,000
Gravitation and relativity..... ~== 100,000 --=
266,140 600,000 800,000

Aeronomy and Micrometeorites:

Instrumentation, composition of

the upper atmosphere.......... 373,505 375,000 ———
Absorption spectroscopy

atmospheric analysis....... ces - 100,000 250,000
Advanced mass spectrometers.... - 100,000 100,000
Planetary atmospheres instru-

mentation...........coiiaee -——- - 50,000
Atmospheric structure detector

design... ittt -—- 50,000 50,000
Free radical sensors........... -— 95,000 30,000
Non-magnetic spectrometer...... -——- 50,000 20,000
Atmospheric structure detector

components......... e e - 15,000 26,000
Development of improved micro-

meteorite detectors........... - 50,000 50,000
Hypervelocity gun usage........ - 75,000 75,000
Development of micrometeorite

composition detector.......... - 50,000 100,000
Detector development........... - 30,000 30,000
Detector camponent procurements —=- 50,000 72,000

373,505 1,040,000 853,000
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Fiscal Year Fiscal Year TFiscal Year
Advanceé. Technical Development 1960 1961 1962

Energetic Particles and Fields:

Primary cosmic radiation telescope.. - $65,000 -
Primary cosmic ray instrumentation.. --- 300,000 $200,000
Cosmic radiation at high altitudes.. $20,000 50,000 200,000
Cosmic ray perticle detector

development...coeveeveecenanansenen -——- 90,000 75,000
Low energy particle detector develop-

MENT . e v s o v etoersassonsassscsasossos —--- 100,000 80,000
Measurement of neutron intensity.... - 100,000 100,000
Energy and mass analyzers for

energetic particles.....c.oeevanons - 260,000 100,000
Vector magnetometer development..... - 50,000 75,000
Auroral and solar proton experiments -~ -—— 85,000
Hydromagnetic wave analyzers....... === -~ 75,000

20,000 1,015,000 990,000

Ionospheric Studies:

Very-low frequency propagation ex-

PEriments. .. coveeeriiocotoontinnnn ——— 75,000 -
Advanced topside sounder development ——- 100,000 100,000
Plasme probe development............ -——— 150,000 150,000
Tonospheric noise suUrvey............ - 374,000 -
Developrent of ion spectrometer sensors - 60,000 50,000
Developrent of low-power motion for

flight field meters................ -—- 10,000 5,000
Procurenent and febrication of

COmMPONENtS. v veeesrecrneeecacnnonans - T,000 ngogg

-—— ,000 370,000

Genersel Geophysics:

Instrumentation for X-15 airplene... -——- 100,000 50,000
Atlas tests of instrumentation...... - 100,000 -
— 300,000 50,000

International Progrem Experiments..... -~ 200,000 200,000

Scientific Satellite Support:

Tempera-ure control devices and

CORLIIYES 1 v e vvernvorennrnocnnenanonns 143,700 58,000 40,00C
Wide-band flight recorders.......... 123,800 162,000 145,00C
Electrical and mechanical component

AEeVELOPMENE . « v et rverrnneraerernons 24,000 112,000 139,000
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Fiscal Year Fiscel Year Fiscal Year

Advanced. Technical Development 1960 1961 1962
Advanced telemetIy....vvueeeeennnnns $69,900 $65,000 $78,000
Advenced power supplie€s............. 10,000 60,000 60,000
Thermal energy conversion........... - 36,000 50,000
Memory tibe electronics and storage

EETICEE . vt e e rrenrenanennnnnnnnns - 170,000 115,000
Bearings for vacuum operation....... -— 40,000 35,000
Precession demping and spin control

AEVICES . et veteeeeeeareeeranaennnnns - 20,000 30,000
Spacecreft Propulsion........e.veeeas —_— 50,000 60,000
Antennga development......oceveveneen - 30,000 40,000
Vibration measurements and technology —-—— 37,000 40,000

General environmental and specifica-
tion deta on conditions at launching

T T ——- 50,000 -
Environmental test facility services - 56,000 000
371,400 946,000 Egs,ooo

Total, Advanced Technical
DeVelopmente v v oreennnneaaosas 2,332,U84  $6,861,000 $5,826,000

Development of instrumentation for scientific experiments must be
conducted on a continuing basis to provide more advenced instrumentetion in
future satellite flights. Technical development efforts are also required om
the electronic, thermsl, mechanical and power subsystems for future satel-
lites. Requirements in this area are for development contracts with univer-
sities, nonprofit institutions, industry and government agencies; snd for
components and materials for development activities at the Goddard Space
Flight Center.

Solar Astronomy

In this area emphasis is on the design of more sophisticated equipment
for observing the sun. Fiscal year 1962 funds will provide for continuation
of work now under way in high-resolution spectroscopy and gamma ray detectors.
Much of the instrumentation developed for stellar and gaelactic astronomy is
also applicable to solar astronomy. Some work covered in this area in the
fiscal years 1960 and 1961 will be conducted as a part of the orbiting
solar observatories project in the fiscal year 1962.

Stellar and Galactic Astronomy

Scme of the projects initiated in this area in 1960 and 1961 will
become a part of the orbiting astronomical observatories project in the
fiscal year 1962. Other projects are being continued in this area in
preparation for future observatories. These include engineering studies of
stabilization and guidance techniques, development of small ruggedized

RD5-12



phototubes and various types of astronomical detectors. Development must
be continved on new instrumentation for the far ultraviclet and on optical
equipment that can stand the strenuous environment of lsunch and outer
space. Work also must be done on far ultraviolet detectors to increase
their sensitivity and spectral resolution. Infrared astronomical instru-
mentation will be developed for the study of planets, cool stars arnd inter-
stellar material. Much can be learmed from photographs of the sky in the
ultraviolet and infrared, but the use of photographic film requires tech-
niques which have not yet been applied to astronomy. Development cf
photograph:ic instrumentetion for high altitude planes, balloons, and
rockets will provide & capability in this area. Image intensifiers provide
an alternasive to the use of photographic film as they can be used in non-
recoverable satellites, but further development is required before they
will have ~he resolution and sensitivity to be competitive with photography.

Astrophysics

Development in this area in the fiscal year 1962 will be primarily in
the field of radio astronomy. Work will be done on an expanding basis on
millimeter wave receivers for study of the inner reaches of the atmospheres
of the sun and planets and for study of interstellar material. The develop-
ment of directive antennas will provide better resolution for low-Ilrequency
studies of the solar corona and the outer atmospheres of planets. Develop-
ment of a microwave planetary spectrometer for satellite use will provide
valugble information on planetary atmospheres which cannot be obtained from
ground-bassd experiments, because the earth's atmosphere has many of the
ebsorption fzatures we wish to study in other planets.

Aeronomy and Micrometeorites

Emphasis will be placed on development of improved instrumentation for
measuring stmospheric structure composition and density employing spectro-
metry, backscattering techniques, free radical sensors and scanning
systems. Improved micrometeorite detectors will be developed. Thsese will
attempt tc increase the performance of the presently used impactinz satel-
lite senscrs. Work will be done to improve the stability and sensitivity
of micrometeorite detector components and for the development of iastru-
mentation fcr determining the composition of micrometeorites.

Energetic Particles and Fields

A substantial development program is being conducted to provide in-
strumentation which will yield information concerning the nature and origin
of cosmic reys. Improvement of instrumentation for other energetic parti-
cles will be continued. Vector magnetometers and hydrcmasgnetic wave
analyzers will be developed for studies of the geomagnetic field.
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Tonospheric Studies

In this area, the emphasis in fiscal year 1962 will be on development
of improved swept frequency equipment for topside socunding, and on plasma
probes and spectrometer sensors for direct ionospheric measurements from
satellites.

General Geophysics

A preogrem is being undertsken to package various types of geophysical
experiments to be carried asboard the X-15 research aircraft and on Atlas
ballistic missile flights. These experiments will supplement other geo-
vhysical dats from sounding rocket and satellite experiments.

International Program Experiments

Funding in this area in the fiscal years 1961 and 1962 is to provide
for develomment services in support of experiments originated by foreign
scientists. This service will be provided in those cases where the
experimenters need assistance to provide the prototype instrumentation for
evaluation of experiments for future satellite flights.

Scientific Satellite Support

A continuing progrem will be conducted in this area to lmprove
temperature control, data recording, telemetry, power supplies, dats
storage, and stabilization and control subsystems of satellites.

Fiscal Year TFiscal Year I'iscal Year

Flight Program 1960 1961 1962

Orbiting 5olar Observatories:

Design and fabrication of proto-

types and three flight units....... $1,498,300 $1,732,000 $1,628,000
Low-resolution X-ray spectrophotometer 175,000 28,000 -
High-resoclution X-ray spectrophotometer - 100,000 100,000
Development research on open window

multiplier detectors............... 51,800 50,000 50,000
Vacuum test chamber................. —-—— 25,000 -
Development of leboratory soft X-ray

SOULCES S e vesoenoenssessosnsesosaans - 50,000 50,000
Development of image intensifiers and

purchase of experimental units..... -—- 50,000 50,000
Detector development and purchase... - 25,000 25,000
Pulse height analyzers and data

handling circuitry purchase...... .. 64,400 65,000 45,000
Proportional counter experiment..... - 15,000 14,000
Associated electronics......cc.c00nn - 10,000 10,000
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Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962
Solar constant experiment.......... . —— $50,000 $60,000
Hydrogen Lyman-Alphs profile

experiment......cc ittt -—— 150,000 150,000
High- resolution spectrophotometry... -—— 300,000 300,000
Narrow-band monitoring of selected

solar rediations......cccceeevesnnnae -—- 125,000 125,000
Narrow-band detector and filter

AEVELOTMENt e« v e v vrrarennnnnsnnnans $13,500 10,000 25,000
Data reduction and continuation of

energy X-ray experiment........ ceee --- 150,000 165,000
Survey experiment for astronomy

PrOGYBIL. o o o vensssonscssenans ceses -—- -——— 120,000
Other wkeel experiments............. ——— 300,000 100,000
Rocket pointing controls........ ceen 60,000 ——— -—
Date reduction....ceeceveveneneeannns --- 375,000 50,000
Modificetion or eddition to ground

control equipment..........cev0.. . -— 50,000 100,000
Delta lsunch vehicles (two; funded

under vehicle development program). - -—- -
Thor-Agens, B launch vehicle......... - - 1,000,000

1,863,000 3,660,000 4,167,000
Gamme. Ray Astronomy Satellite:
Spectrcmeter design and construction 225,830 —~-- --
TOPE TECOTTET . e overvrncrnsnnansonnns 25,800 _—- --
Payload recorder............ teeeaoan 20,300 -—- --
Flight system components............ 8,600 7,000 --
Prototype and flight models......... 1,034,000 30,000 --
Data recuction..vvveeeieeeneenannas . —— 150,000 --
Juno II leunch vehicle.............. 870,837 55,000 -
Scout beckup vehicle (funded under
vehicle Gevelopment program)....... - - -
2,185,367 2l2,000 -
Orbiting Astronomical Observatory:
Intensifiers.. e iiecieeesocnoenns 55,500 ——- .-
Dielectric filters......ccceeveivnves 25,000 - .-
Flight optical design and con-

SEPUCEIL O v e veeevareccconnrecnnnns 38,900 70,000 50,000
Flight telescope design and con-

SErUCHION. e e v er v inneeriieneononenns 50,000 200,000 175,000
Flight detiectors....overeeeeanneenns 46,100 15,000 15,000
Ultraviolet mapping experiment...... —— 640,000 1,500,000
Ultraviolet spectrophotometer....... o 300,000 489,000
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Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962
Ultraviolet PhotometIy....veveeeeans .—- $500,000 $700,000
Planetary spectrometer.............. ——— 150,000 400,000
X-ray instrumentation............. .. - - 400,000
Infrared :nstrumentation............ - -—- 400,000
Secondary instrumentation........... $50,000 100,000 100,000
Test ard evaluation services........ ——- 100,000 200,000
Monochromatic light source....... ves -——- 20,000 10,000
Flight spectrometer grating......... -—— 20,000 10,000
Subsystem components and fabrication - 72,000 102,000
Flight systems electronics.......... 10,000 10,000 100,000
Component procurement and fgbrication 25,000 135,000 185,000
Jet systems and associated equipment - -— 58,000
High-precision radigtion measuring
Yok B 5 o PO N 45,900 -— -—
Test arc. evaluation of instrumentation - L ,000 166,000
Vecuum optical bench....ccceveveennn - 190,000 -
Digital to digital converter and
Plotter...coiiiii i, - - 20,000
Stellar similation equirment........ - - 40,000
Computing services......ecevveeerons - 40,000 55,000
Design end fabrication of prototypes
and flight units...eeevennrnvennnnn -—- 4,241,000 12,000,000
Atlas-Agena B launch vehicle........ -—- - 600,000
346,400 6,807,000 17,775,000
Air Density Drsg Measurements Satellite:
12-foot sphere..... treesceasearoanas 125,000 - -
Data reduction.....oveieenienernanss -— 50,000 -——-
Scout launch vehicle (funded under
vehicle development program)....... == - -
125,000 50,000 -—-
Micrometeoroid Satellite:
Test and evaluation.........eveeuns _——— 6,000 5,000
Dgta reduction and analysis......... -—- 75,000 75,000
Design ancd febrication of flight
hardwele. . cciviieivneocnnsaanecanas 225,000 - .-
Scout launch vehicle (funded under
vehicle development program)....... -—- - ——-
Scout vehicle for backup or follow-on
spacecraft...... ... o il o 0,000 _-——
225,000 31,000 80,000
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Fiscal Year Fiscal Year Fiscal Year
Flight Progrem 1960 1961 1962
Atmospheric Structures Satellite:
Mass spectrometer and relasted

€1eCtTONICS v evreeerennnasosenncnns $263,000 -—- --
Redhead flight GBEE.:cevevrrerenrnns --- $75,000 --
Flight detector calibration......... -——- 50,000 -
Caelibraticn of mass spectrometer.... - Lo ,000 -
Components for instrumentation...... 31,900 50,000 $26,00D

Componernts and assembly of flight
deta systems......coceeeeenonns . 81,600 187,000 4,000
Blectronic commtators.............. -—- 30,000 ——
Trensmitters............ Ceeteieaeae - 2k ,000 -
Frequency and power megsuring equipment -——- 10,000 .-
Component assemblies for flight systems -—— 80,000 29,000
Batteri€S . cvenneeerenernaconnnnnns 11,200 40,000 -—-
Mechanicsel subsystems end essemblies ——- 121,000 24,000
Satellite structurel shell contract. 113,100 200,000 10,000
Javelin peyloed structural parts.... - 50,000 -
Cogting for tempersture control..... - 10,000 -
Assembly of thermal systems......... -—- 10,000 -

Test anc. eveluation of components,
prototypes and flight units........ - 43,000 24,000
Leak test chamber for pressurized shell - 10,000 -
Testing of explosive breskoff....... —-——- - 15,000
Data processing.......cvieiiiiiannns -- - 150,000
Hypervelocity neutral beam calculation 27,000 50,000 -——
Date anelysisS.cce e iiansaseeassnna -- - 30,000
Ground steations for test and checkout -——- 280,000 -—
RECOTAEIS e e v v veneenennennennarocenns _— 6,000 -
Engineering and field service contracts 37,100 118,000 81,000

Delta laurch vehicle (funded under
vehicle development program)....... - - -
564,900 1,484,000 183,000

Energetic Particles Satellite:

Low-field magnetometer.............. 33,700 - .-
SUPPOrt SEIViCES..uereerneeenennnnns 62,800 -— -
Ion electron scintillation detector. 46,300 - -
Instrumentation for backup flight... 126,600 345,000 22k ,000
Sliding pulse anslyzer...........oee. 10,700 - -
Multi-channel analyzer and decoder.. 162,700 20,000 20,000
Antenng, development.......cevoevennn 10,500 10,000 -—-
Phase lock receivers.......o...eeen. 45,000 50,000 -—
Component assemblies .......ecveune. 51,900 20,000 20,000
Radio frequency systems.......... veo 72,000 51,000 31,000
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PFiscal Year Fiscel Year Fiscal Year

Flight Program 1960 1961 1962

Ten active solar cell paddles plus
eight dUMmIies. .. vveeerneeeneannnnns $206,600 $115,000 -
BALEETY JACKS. v vverennnereneennnees -—- 20,000 $15,000
Fabrication of mechanical systems... - 152,000 26,000
Engineering and technical services.. -—- 50,000 -—
S1x PLatfOImMS. v v e eaenrnranacnennns - 6,000 ---
Componen:s for thermel systems...... f——— 5,000 5,000
Coating for temperature control..... - 8,000 5,000
Test and evaluation.......coveeenvnas -— 61,000 ---
Degta reduction and analysis......... --- 310,000 150,000

Delta launch vehicles (two funded .
under vehicle development program). --= === —-=
828,800 1,223,000 4196 ,00C

Recoversble Nuclear Emulsions Probe:

Nuclear emlsions..coveveereenaannns -—- 21,000 25,000
Components and fabrication of subsystems 17,900 22,000 75,000
Flight telemetry equipment.......... -—— 85,000 50,000
Engineering services.......eccvue.. . -—- 30,000 65,000
Environmental test.....ooieviieniennn --- 55,000 45,000
QUATEZ LBIMPS. tveveeerorsecsnncnacnns - 18,000 15,000
Computing services .....vvvieinneens ——- 25,000 25,000
Nuclear emulsion processing......... -—- 20,000 20,000
Nuclear emulsion scanning........... -—- 10,000 10,000
Payload package design and construction 426,700 - -
Scout launch vehicle................ —-—— - 1,000,000

L% 600 286,000 1,330,000

Lonosphere Direct Megssurement Satellite:

Ultra-high vacuum system............ 35,000 -——— ——
Electrometer procurement and develop-

MENE . vt enenennonoosnreeoraoneonns 1,400 -— o
Field engineering services.......... 13,900 —— ——
Detector development................ 29,500 --- ———-
Ion-tray rrogrammer switch.......... 10,000 - ———
Ionospheric measurements............ 13,400 --- .
Procurenent and fabrication of

COMPONENTS. e e v v veerenerneroacnnnns 33,000 26,000 -
Flight cubassemblies................ 38,500 —— -
Command recelver..........cciiuveuenn 9,000 - ——
Flight systems measurement.......... Ll 700 5,000 e
Antenna development contract for

SAtELLItE. . ueriiiieiiiii i k2,000 —-- e
Flight ¢ata systems measurement..... 47,000 30,000 -
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Flight Program

Test and evaluation.......oovvnuunn,
Reduction of data. ..o enennnnns
Data reduction...cciveieeineeecnnenss
Data Banalysis. i v eeeiiicinnnnnnnnane
Design and fabrication of prototype
and two flight models.......c.vnun
Juno II launch vehicle..............

Ionospher:s Begcon Satellite:

Design and fabrication of flight

hardwars (2 flight units)..........
Data reduction....cvviuiiieeenneenas
Juno II laanch vehicles (two).......

Electron Density Profile Probes:

Instrumentation and fabrication of
tTwo payloads. ot iineiiieinnennnns

Antenna design and construction.....

Payload integration and telemetry...

Test and evaluation. .. vseeeeeenonns
Data acquisition field support......
Vertical. height station.............
Data analysis.eceieiieieerenroneenans
Scout launch vehicles (two; funded

under vehicle development program).

Swept Frequencies Topside Sounder (Canada):

Integration of experiments and sub-
Lo =1 S
Test and eveluation of components...
Thor-Agena B launch vehicles (two)..

Fixed-Frequency Topside Sounder (U. S.):

Subsysten and component procurement
and assembly .. .ottt atanercanne
Test and evaluation......ceeeeeveens
Flight instrumentation..............

Fiscal Year Fiscal Year Fiscal Year
1960 1961 1962

$8,200 $4 ,000 S

-—- 20,000 —_

-—- 150,000 $30,000

- 15,000 20,000

676,000 ——— ——

870,837 _22,000 —_

1,942,437 305,000 50,000

745,000 --- -—-

-—- 125,000 S

1,741,672 109,000 -

2,%88,672 233,000 —

77,400 125,000 95,00C

75,000 --- ---

- 150,000 -

- 30,000 ---

- 66,000 3,000

Lk ;700 60,000 60,000

—- 125,000 15,000

——— R 20,000

197,100 556,000 193,000

- k2,000 42,000

- 2,000 14,000

. 4,400,000 8,300,000

. L Wik 000 8,356,000

- 41,000 41,000

—— 23,000 18,000

269,808 755,000 ——
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Fiscal Year Fiscal Year JFiscal Year

Flight Program 1960 1961 1962
Systems s5tudi€s......coeeeuen. e $33,900 $87,000 $194,000
Scout launch vehicle......ccvovvene . -——— - 1,000,C00

303,708 906,000 1,253,000

Geophysical Observatories:

Mass spectrometers...c.eeeeeereenenes 14,700 64,000 425,c00
Preparation of experiments by

CONBIRCI0TE e s e e v rnennrnennans ceeee 3k ,400 660,000 1,500,000
Specieal photonmltipllers ........ cese -— 30,000 30,000
Phoswich development....... e easeas -—- 20,000 20,000
Instrumentation components.......... -— 39,000 225,000
Megnetoneter development and

PLOCUTEIEN e o ¢ e v e v eernnsooocunnnnns -— 56,000 100,000
Radiation belt and aurorsl measure-

MENES. . vevevsocoososssonossssssssns -—- 9,000 23,000
Ion spectrometer experiments........ -—- 14,000 52,000
Data storage techniques............. -—- 20,000 50,000
Electronic assemblies for instru-

MENEEELON. vt eerieeneneneneaenns 93,000 220,000 338,000
Fabrication and assembly of subsystems 16,000 25,000 65,000
Low-noise command receivers........ . —-—— 10,000 30,000
Telemetiyy systems...oveeeveueenennas 95,000 20,000 40,000
Development: of directive antenna

systems. ..eoveeeioneeennans seevan . -——— 5,000 10,000
Encoding tech.nlques .......... Cevena 18,000 20,000 40,000
Low~-drain telemetry....cceeeeeeenenn —— 30,000 30,000
Jet systems and associated equipment 19,T00 30,000 85,000
Control systems component development 37,300 1,000 60,000
Horizon SCANNETS....oceoceeeseaens .. — - 40,000
Gy T OSCOPES v ve v eecnnsocasesnnsnsnns - - 40,000
Torque controls...veeevieiencecennne - -——— 15,000
EBlectronic units..c.coviviieniienne —-- --- 20,000
Test and evaluation....coeeeeeceeans - 15,000 435,000
Turntable discriminator......... . 8,400 - -
Commutators, simulator, and eva.luatlon 58,000 - ———
Direct wirite recorder.........c.uu.n 6,000 - -
Air bearing stand.......ccihieiennn -— -—- 12,000
High-frequency megnetic f:Leld statlon -—- -—- 70,000
Computing Services.....civeeaeeceses - 41,000 27,000
Engineering services.......covevvene -—— -—- 30,000
Design and fabrication of prototypes

and two flight models.............. --- 3,188,000 11,000,000
Atlas-Agens B launch vehicle..... oo - - 3, 700,000

400,500 4,587,000 18,512,000
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Flight Program

International Ionosphere Satellite (UK No. 1):

Recorder development..............
Component develophent and. assemblies
Flight date systems......... tececans

Raedio frequency systems fabrication.
Batteries..........
Solar cells-10 paddles 8 dwmmies..
Components and fabrication of
mechanical systems.......
Manufacture prototypes and two flight
Mwitseeeeerenesnes -
Engineering and design services .....
Coatings for temperature control....
Test and evaluation of components and
flight units....cccvvviieiiiineennes
Data processing...ccveecececcnsocvas
Scout launch vehicle (funded under
vehicle development progrem)
Scout launch vehicle for backup

International Progrem Satellite (UK No.

Design and fabrication of payloed...

Interngticnal Progrem Satellite No. 3:

Design and fabrication of payload...
Explorer VI:

Design and fabrication of flight

Explorer VII:

Design and febrication of flight
NArAWEIE .t tvetstsrncesssosesessnna
Dota reduction...eeeeeneeeececenenns

Fiscal Year Fiscal Year Ifiscal Year
1960 1961 1962

$75,000
- 80,000 ———
— 195,000 $64,000
—— 73,000 16,000
- - 20’000 =
--- 200,000 o
— 52,000 31,000
-—- 100,000 -
-—- 23,000 ——
—— 8,000 -
— 22,000 20,000
— - 100,000
— ——a 1,000,000
—- 848,000 1,231,000

2):
— 250,000 1,000,000
—- - 420,000

$2,027,000

2,522,775

1,028,080

Eglzhgo
1,419,530

B

-
ety —
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Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962

12-foot Sphere:

Completion of experimental work..... $50,863 ——- ——

Radistion Belance Experiment:

Design end fabrication of flight

hardware......coovvennn., Cerieeeans 565,48k ——- -
Vanguerd III:
Data recuction and computing services - $50,000 $5,000
Jupiter Nuclear Emuilsions...cceeeeeeeens 2,212 _——— -

Integration of Emulsion Package:

Air Force reentry wvehicle........... 9,945 - -
Atlas PodSiecereneenrrernnnneneanannnas -—— 150,000 .-
Modification of X-15 for Payloeds..... ——— 641,000 -
Systems for Payload Recovery.......... --- 200,000 -

Total., Flight Program............ $16,228,293 $27,754,000 $55,331,000

Orbiting Solar Observatories

The first major satellite with the objective of measuring the electro-
magnetic radiations of the sun from ebove the absorbing curtain of the
earth's atmosphere will be launched in the 4th quarter of the fiscal year
1961. An automatic pointing control will be used to keep the scientific
instrumerts trained on the sun during the periods of observetion. The
satellite will weight about 350 pounds. The design goal for the operating
lifetime is one year. Funding of this satellite will be completed with
1961 funds. Work has been started on a second orbiting solar observatory
spacecraift, which will carry somewhat different experiments, which will be
launched in the fiscal year 1962. This spacecraft will continue the solar
observations initiated with the first unit. It is alsc considered to be
the back unit, should any difficulties be encountered with the first
satellite. Funding for this second satellite will be accomplished with
fiscal year 1962 funds except for data analysis which will require fiscal
year 1963 funds. The initiation of design and fabrication of & third
orbiting solar observatory, to be carried on a Thor-Agena B vehicle, rather
than on the Delta vehicle scheduled for the first two units, is planned for
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the fiscal year 1962. This spacecraft is to use the basic structure,
controls, etc., of the first units, with those modifications added which

the additional performance of the Thor-Agena B will permit. The launching
of this spacecraft is planned for early in the fiscal yesar 1964. Additionsl
funds will be required in the fiscal year 1963 for this third spacecraft
and for the Thor-Agena B launch vehicle.

Gamme, Ray Astronomy Satellite

This will be the first satellite experiment to measure cosmic gamma
radiation. Later experiments in larger satellites will be based on the
findings obtained by this exploratory experiment. It is hoped that a better
understanding of gamma reys will contribute to the solution of one of the
mysterles of modern science, the nature and origin of cosmic rays. The
satellite weight will be about 80 pounds. Funding for this satellite,
including data reduction and analysis, was completed with fiscal year 1961
funds. Two identlcel spacecraft are being febricated so as to provide
backup in case of a failure to achieve a satisfactory orbit. A developmental
Scout has been earmarked for use as the launching wvehicle for the bhackup,
if needed. ' The backup launching is tentatively scheduled for the Lth
quarter of the fiscal year 1961.

Orbiting Astronomical Observatory

This satellite is being developed to perform a series of astronomical
investigaticns that have not been previously possible due to the limitations
placed upcn astronomical observations by the absorbing and distorting effects
of the earth's atmosphere. Telescopes, filter and grating spectrameters,
and vidiccn systems designed especislly for the sutomatic, remote control
needs of this satellite will be used. The weight of instruments and
stabilizing equipment for this satellite will be more than three thousand
pounds. This will be the first satellite with stabilization and ground
control of direction of orientation for the conduct of long-term stellar
observaticns from above the earth's atmosphere. It is the logical follow-
up of the early sounding rocket experiments in astronomy and of the orbiting
solar observatory. The development of the stabilization and control equip-
ment will provide a satellite system adaptable to all types of optical
astronomical observations. A payload welght of about 3,500 pounds is the
design goel.. Development of the specialized sensors and instrumentation
required for this experiment was started in the fiscal year 1959 under
advanced research and technical development. In the fiscal year 1360 the
developmert of prototype flight instrumentation components and asssmblies
was initigted. Fiscal year 1961 funds will continue the development of
prototype instrumentation, and initiate the necessary subsystems and hardwar:
developmert and the design and fabrication of the prototype satellite. The
funding rlarned for the fiscal year 1962 will cover the major portion of the
costs for the flight instrumentation and the prototype assembly. The flight
models will be initiated and environmental testing of the instruments and
supporting subassemblies such as pointing controls, command and telemetry
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equipment, stabilization equipment, and power supplies will be funded. An
initial increment of the cost of the launch vehicle will also be funded.
Completion of this project will require fiscal year 1963 funding.

Air Density-Drag Measurements Satellite

This will be the first satellite orbiting test of the Scout vehicle.
The payload will consist of a 12-foot inflateble sphere; & radio beacon
will be carried by the sphere to facilitate precise tracking. The large
size and small weight of this sphere should result in atmospheric drag
effects of sufficient magnitude to give fairly definitive measurements of
air density at satellite altitudes. The payload weight will be about 85
pounds. The sphere to be used was developed under the earlier "Beacon"
program. The radio beacon was developed in connection with project Echo.
Payload integration is being provided by the Langley Research Center as a
part of the Scout development. Date analysis will be carried out as a
part of Langley's regular research program.

Micrometeoroid Satellite

This will be the satellite of the second orbital Scout vehicle. The
primary otjective of the satellite is to obtain a direct measure of the
micrometecroid puncture hazard for space vehicles. Five types of detectors
including pressurized cells, foll gages, wire grids, cadmium sulfide cells,
and piezoelectric impact detectors will be used. A total surface area of
sbout 2.25 square meters will be exposed by the various detectors. Another
experiment will determine the effects of the space enviromment of silicon
solar cells. The payload weight will be about 115 pounds. A duplicate
unit 1s being prepared for backup purposes. If it is not used as a backup,
it is scheduled for launching in the fiscal year 1962 as part of the
continuing program of micrometeoroid studies.

Atmospheric Structure Satellite

This will be the first satellite with the primary objective of
studying in detail the earth's upper atmosphere. Composition, density,
pressure, and temperature will be measured, and variations of these
properties with latitude and the time of the day will be determined. The
satellite weight will be about 370 pounds. This satellite was initiated
and funded to the extent of about 20 percent with fiscal year 1960 funds.
Fiscal year 1961 funds provide about 60 percent of the total cost, and
the remaining 20 percent will be required in 1962.

Energetic Particles Satellite

The satellite for this project is scheduled for launch by a Delta
vehicle. It will provide a continuatlon of the planned program for in-
vestigation of the radiation belts. In addition to energetic particles
detectors, this satellite will include magnetic and optical equipment to
study the directional behavior of the radiation and to study the inter-
actions of the earth's magnetic field with the radiation belts. The
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satellite weight will be about 80 pounds. Funding of the first space-
craft, including provisions for deta reduction and anelysis, will be
completed vith 1961 funds. Fiscal year 1961 funds also provide for the
partial instrumentation of the follow-up spacecraft. This spacecraft is
intended to follow in the fiscal year 1962 and to continue the program
of observation and monitoring of the radiation belts. Here agein, the
second unit also stands as backup to the first. Fiscal year 1962 funds
will gomplete the funding except for some date analysis to be completed
in 1963.

Recoverable Nuclear Emulsions Probe

This Scout probe will carry nuclear emulsions into the lower portions
of the raediation belts to measure the flux, composition, energy spectrum,
and anguler distribution of the particles in the belts. The emulsions
will be selectively exposed to measure the variation of these parameters
with altitude, geographic position, geomagnetic latitude, and the intensity
of the earth's field. The major experimental technique will be the use of
nuclear emilsions. Recovery of this probe is essential. The paylcad
weight will be 50 pounds. Fiscal year 1960 funds provided for the design
and construction of the payload package based on modification of the design
of the nuclear emulsions recovery vehicle which was successfully lsunched
in September 1960. Work on the experiments, telemetry, and other sub-
systems, and on environmental testing is being funded in the fiscal year
1961; 1962 funds provide for completion of this work and for procurement
of the Scout launch vehicle.

Tonosphere Direct Measurements Satellite, Explorer VIII

This safellite was successfully launched in November 1960. It con-
tains instrumentation to determine the concentration and the spectrum of
the charged particles forming the ionosphere and to measure the effects
of the ionosphere on the satellite's electrical charge. The satellite
weighs about 85 pounds. Funding of this satellite was completed with
1961 funds, with the exception of $50,000 which will be required irn 1962
for data reduction and for the analysis of the results obtained by the
satellite.

Tonosphere Beacon Satellite

Analysis of the effects of the ionosphere upon radio signals generated

by the satellite will be used to determine the spatiael distribution and

the variations with time of the charged particles forming the ionosphere.
In addition, very valuable direct information about the compositiorn of

the ionosphere in the immediate region of the satellite will be obtained.
The satellite weight will be about TO pounds. Funding of this satellite
was completed with fiscal year 1961 funds. This satellite is designed as
an integral part of a research program being conducted by the University
of Pennsylvania, the University of Illinois, Stanford University, &nd the
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Central Propagation Laboratory of the Bureau of Standards. Their work,
which is already under wey using signals from satellites launched for
other purposss, is funded under the advanced research portion of the
program. It is expected that other interested laboratories in this
country and throughout the world will conduct research using the trans-
missions from this satellite. A second spacecraft is being fabricated
for launcaing in the fiscal year 1961 in the event of failure of the first
attempt.

Electron Density Profile Probes

Two 3cout launched probes will be instrumented to measure by means of
a radio frequency impedance probe the density of electrons having thermal
energies and to investigate the ionosphere by studying radiowave propagetion
from rocket-borne transmitters. Vehicle potential and ion sheath phenomens
will also be investigated by means of Langmuir probes. The vehicle will be
used to achieve a very high altitude (over 5,000 miles) sounding. Two
experiments will be conducted to study day-to-night differences. 'The
payload weight will be 100 pounds. This experiment was initiated in 1960
with the procurement of the instrumentation and system development. Fiscal
year 1961 funds continued the instrumentation assembly, system development,
and telemetry procurement; 1962 funds will complete the instrumentation
costs and provide for data acquisition and analysis.

Swept Frequency Topside Sounder Satellite (Canada)

This satellite is being built by the Defence Research Telecommunicea-
tions Establishment of the Canadian Government. The NASA, under a coopera-
tive agreement, will integrate the payload into a satellite system for
launching. The data will be shared by the scientists of both countries.
This satellite will be equipped with complex electronic instrumentation
designed to study the upper portions of the ionosphere. It will ba an
important "first" in the investigation of the ionosphere because it will
obtain measurements not heretofore possible. Radio soundings of the lower
portion of the ionosphere have been made from the ground for many years
and much vseful information has been obtained. The nature of the ilonosphere
and its effect upon radio waves prevents the use of this technique in
obtaining information about the upper half of the ionosphere. The satellite
will be designed to make these sounding measurements from above th:2 main
portion of the ionosphere. The information thus obtained, plus ths results
from the earlier ionospheric satellites and the sounding rocket program,
should cortribute materially to our understanding of the nature ani
phenomena of the lonosphere. The satellite will weigh ebout 200 pounds.
Costs for the satellite itself are being borne by the Canadian Government.
NASA funding will provide for the Thor-Agena B vehicles and for the
integration of the satellite with the vehicle. A backup spacecraft and
leunch veticle will be built for launching in the fiscal year 1963 in the
event of failure of the first leunching. If the first launching is success-
ful, the vehicle will be rescheduled for other spacecraft.

RD5-26



Fixed Frequency Topside Sounder (U.S.)

This satellite has the same scientific objective as the Canadian
sounder, although a different experimental approach is being used. In
designing this satellite, the United States scientists have selected a
sounding technique based on the use of six fixed frequencies, whereas the
Canadians heve adopted an approach based on a swept frequency sounding
technique. The United States system will function as a low resolution,
fast informetion rate sounder, while the Canadian system will operate as
a high resolution but slow information rate sounder. The two satellites
will be leunched several months apart but close enough together so that
there will te a period of time during which both will be in operation
simultanecusly. The results thereby obtained should be considerably
more valusble than if no simultaneous observations were obtained. The
satellite will weigh about 100 pounds and is presently scheduled for launch
by a Scout vehicle. The instrumentation work was started early in the
fiscal yesr 1961. Planned 1962 funding will complete hardware procure-
ment and evaluation tests. The Central Radio Propagation Leboratory of
the Bureaui. ¢f Standards will have prime responsibility for data handling,
reduction, and analysis. A backup spacecraft will be manufactured.

Geophysical Observatories

The tasic satellite structure, solar cell power supply, stabilization
equipment and telemetry and command equipment will be the same for these
two satellites. They will carry different instrumentation, however, as
they are being launched with different objectives into two distinctly
different orbits. An Atlas-Agena B will launch one satellite into a highly
eccentric orbit extending to over 40,000 miles in apogee. This satellite
is intended to perform the most extensive exploration of the radiation
belts that has yet been accomplished and to study the upper reaches of the
earth's ionosphere and magnetic field to the region where they intermingle
with the fields characteristic of interplanetary space. The other satel-
lite will be launched by a Thor-Agena B into & much less eccentric orbit
with an apogee of about 600 miles and a perigee of about 150 miles. This
orbit will also be polar, that is, the satellite will pass over the
northern and southern polar regions. This satellite will be instrumented
to perform extensive explorations of the earth's atmosphere, ionoswphere,
and magnetic field phenomena to 600 miles altitude with particular emphasisz
being paid to the relatively unexplored polar regions. The payload weight
of each satellite will be about 1,000 pounds. The initial instrumentation
and hardware procurement for these satellites started late in the fiscal
year 1960. The majority of the instrumentation, telemetry, solar cell
power supply, and basic satellite structure will be carried throughout
most of the prototype phase with 1961 funds. Fiscal year 1962 funds will
complete ‘the prototype development and environmental testing costs, and
will provide for the two flight models. Construction of a third space-
craft will also be initiated. It will serve as backup for the first two
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or as a follow-on satellite as needed. Fiscal Year 1963 funds will be
required for procurement of the Thor-Agena B launch vehicle, for check-out
of the flight models, and for completion of the backup unit.

International Ionosphere Satellite (UK No. 1)

This is the first satellite under the NASA International Program and
will be instrumented by scientists of Great Britain. Experiments in the
ionospheric, cosmic ray, and solar radiation areas have been selected.

NASA will dc the payload assembly work and conduct the launching. The pay-
load weight will be about 150 pounds. Fiscal year 1961 funds have been
provided for most of the supporting systems including telemetry ani solar
cell power supplies and for most of the costs of payload integration and
testing. The funding requested for the fiscal year 1962 will complete the
satellite development and will provide for data acquisition and processing.
Data analysis will be done by the participating sclentists. This satellite
will be leunched by the last of the developmental Scout vehicles. A backup
payload is bteing built, and 1962 funds provide for a Scout vehicle to be
used for & second launching in the latter part of the fiscal year 1962 in
the event of failure of the first launching.

International Program Satellite (UK No. 2)

Preliminary study is now under way for a second satellite to be
developed jointly with the United Kingdom. British scientists will furnish
a new set of geophysical experiments. NASA will begin design of the space-
craft in the latter part of the fiscal year 1961. Design and construction
will be continued in the fiscal year 1962 with final assembly and test in
the fiscal year 1963. A Scout launch vehicle will be procured in 1963.
This satellite is scheduled for launching early in the fiscal year 196kL.

International Program Satellite No. 3

Preliminary study will be started late in the current fiscal year for
a third international satellite to be launched in the latter part of the
fiscal year 1964. Design of the spacecraft will begin in the next fiscal
year, and. construction of the spacecraft and procurement of the Scout
launch vehicle will require fiscal year 1963 funding.

Vanguard III

The recduction of data from the Vanguard II1 satellite launched in
September 1959 is being continued with fisca' year 1961 end 1962 funds.
These data are being used in studies of the Earth's magnetic field and of
the effect of space drag on satellites.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

LUNAR AND PLANETARY EXPLORATION

SUMMARY OF REQUIREMENTS:

1961
1960 1961 Supplemental 1962 Page No.
Advanced Research..... $1,857,546 $4,156,000 ---  $6,023,000 RD6-6
Advanced Technical
Development.......... 6,448,717 9,576,000 --- 12,080,000 RD6-9
Flight Program:
Lunar Programs...... 37,890,737 53,713,000 --—- 64,288,000 RI6-15

Planetary and Inter-
planetary Programs. 3,798,900 10,079,000 $5,000,000 21,508,000 RD6-15

Totaleeeerunnn. $49,995,900 $77,524%,000 $5,000,000 $103,899,000
OBJECTIVES:
General

Modern science and technology present challenging possibilities for the
unmanned exploration of the solar system. An extensive program to exploit
these possibilities is being undertaken by the NASA. In addition to its
direct contributions to science, this program will provide a sound scien-~
tific and technological foundation for subsequent manned exploration.

The scientific objectives of this program may be generally stated to
include s<udies of the physics of the moon and planets, solar and inter-
planetary physics, biosciences and extraterrestrial life, and cosmology.
Nearly all of the scientific disciplines are involved in these categories.
Physics o the moon and planets is comparable to geophysics of the earth
and as such includes studies of atmospheres, lonospheres, trapped radiation,
magnetic and gravitational fields, and properties of the surface end sub-
surface. BSolar and interplanetary physics is concerned with the solar
atmosphere and radiations, and with the properties of interplanetary space
as influenced by the sun, the solar system itself, and sources froem without
the solar system. Biosciences encompasses not only the search for



extraterrestrial life but the study of the behavior and propagation of
earth 1life forms in extraterrestrial environmments. Lastly, cosmology
is the effcrt to integrate the results of these studies into a better
understarding of not only the nature and origin of the solar system,
but of thke universe itself.

In the course of carrying out this program of unmenned scientific
exploration, vital technological objectives are expected to be achieved.
These fall in the areas of navigation, guidance and control; long-range
communicetlion; entry into planetary atmospheres; remote landings and
operatiors on the moon and planets; surface transportation technigues in
strange environments; and possibly utilization of natural resourcas
vwhich are yet to be found. The process of developing these technilogies
will lay the groundwork for more advanced missions to follow.

Lunar Program

The primary scientific objective of the lunar science program is
the explcration and investigation of the moon for the information
which it cen provide on the history of the earth-moon system and o>n the
origin of rlanetary bodies in the solar system. The experiments are
directed toward the determination of surface structure and physical
properties of the surface, the origin of the surface features, chemical
composition, properties of the moon as a planetary body, amd the thermal
history cf the moon.

The surface features and structure will be determined by television
systems. Fhysical properties of the surface to be measured include
electrical and thermal conductivity, and the size distribution of
surface rocks and particles. The chemical composition will be studied
by a variety of methods, including, initially, X-ray fluorescence
spectrometry and gamma ray spectrometry. The detection of radiocactive
elements in the surface will be a particularly important part of =his
study. Information regarding the thermal history of the moon will
come from the measurement of heat flow through the surface, and firom
the simultaneous consideration of the chemical composition, the
surface features and structure, and the degree of differentiation of
the moon's interior. The primary source of information on the
differentiation of the interior will be by analysis of the orbit of
an advanced lunar satellite. Seismic and gravimetric measurements will
be the principal source of information regarding the properties of the
moon as a planetary body. The seismic and gravimetric data may also
yield information on the differentiation of the moon's interior.

In addition, the moon has a biological interest through the
possible occurrence of organic molecules, precursors of living
organisms, in the layer of dust which has accumulated over may aeons.
The chemical analysis of this surface dust layer may prove to be of
immeasurable importance to the biological sciences.



Finally, the exploraticn of the lunar surface, and the analysis
of its physical and chemical properties, are necessary steps in th=
pPlanning and designing of manned instrument stations and the sclution
of the prcblems of construction and life-support for a manned lunar
station.

Planetary and Interplanetary Programs

The rrimary objective of the planetary and interplanetary scizsnce
program is the extension of man's knowledge of the solar system.
Investigations for signs of planstary life are among the most important
currently planned. These will be undertaken by measurements in ths
infrared spectrum surveying the surface for organic molecules and
solvents and by examining the planet atmosphere for carbon and oxygen
compounds, such as CO and ozoune, to determine if the planet enviroament
is compatible with the support of life. Some information can be
obtained from earth-based observaticns. Additional knowledge can e
learned from balloon observations at great enough height above earth
to eliminate most of the ultraviolet absorption. Still additional
measurements will be required from planet fly-bys, orbiters and
ultimately from probes diresctly examining the planetary atmosphere and
surface. In addition, measurements of planetary physics - atmospheres,
magnetic fields, radiation belts, and surface features - ares required.

Instrumentation planned for use in planetary study includes wide-
band infrared photographic squipment; narrow-band spectographs suitable
for space probes measuring in the ultraviclet, visible and infrared
spectrum and including data storingz and reporting cepability; mass
spectrometers for both atmospheric and surface use; long-range
telemetry anl command systsms suitalle for the distance to Mars, aad
energy sources to operate during the long period that the equipmen:
will be utilized near or on the planets.

Supporting research will be conducted to find materials and
develop iastruments that are resistant to the atmosphers and
temperatures of Venus and Mars.

Further, the structurs and composition of interplanetary space
itself are unknown; observation of this medium, the solar effects nupon
it, and its relationship to the terrestrial condition will be made with
the long-range objective of understanding the nature of the solar
system. This will be accomplished by obtaining measurements of the
interplanstary plasma density and 1its energy spectrum and some data
on the angular, spatial and temporal dependesnce of the flux. Detailled
neasurements of interplanetary plasma Jduring periods of minimum solar
activity as well as durlng periocds of great sunspot activity will he
emphasized. An important objective is the correlation of measurements
between interplanetary probes, planet orbiters and lunar orbiters which
should make it possible to establish the scale size of plasma clouds
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ejected by the sun and compare the interplanetary densities at different
portions of the solar system. Also a particularly important objective
is the study of cosmic dust which, as representative of the building
blocks of stars and galaxies, may be a key in the study of the origin of
the solar system and the universe.

JUSTIFICATION:

From a scientific viewpolint, as exemplified by the previously stated
scientific objectives, the motivations sre compelling. The exploration
of the moon is of great importance to science beceuse the surface of
this body has not been subjected to the erosion of winds and water, and
therefore may carry on the surface a record of the early history of the
solar sys:em. This record has been lost forever on the Earth, Mars, or
Venus, and may only be available on the moon. The moon may also have on
its surface, in the layer of dust which has accumulated there, organic
molecules which will give us a clue to the development of physical. life
on the Egrth.

Exploration of the planets presents a different type of attruction.
They all differ markedly from the Earth. In these very differences may
lie clues to the nature, origin, and evolution of the solar system. From
the study of other planets we will almost certainly come to know our own
better. The expected discovery of organic molecules and life forms may
have tremsndous implications not only in basic chemistry and biology but
even in madicine. The scientific study of solar and interplanetary space
will strengthen our understanding of the sun-earth relationships on which
not only our camfort but our life cycle itself so intimately depend.
Vital information will be gathered on potential hazards which awalt
future space travellers. Included in this category are lethal solar
radiation streams, luner and planetary terrains, and even planetary
meteorological conditions. Hopefully, knowledge may be uncovered to
permit utilization of natural resources at these distant destinations,

The lunar and planetary exploration program has been carefully
designed to avoid duplication and to promote reliability in the space-
craft development area. Every effort has been made to minimize the number
of types of spacecraft and to maximize the number of uses for eacn type.
Wherever possible, the same basic subsystems or their advanced derivatives
will be employed in successive spacecraft series. This will result in the
evolutional development of a smail family of unmaenned exploration space-
craft, wherein the relatively simple systems and limited capabilities of
early spacecraft will be extended and refined as launch vehicle weight-
lifting capebility is increased to the point where later spacecraft will
be capable oi the more sophisticated operstions required by the program.
This building-block concept will permit exploitation of early unmanned
scientific and technological missions as part of an orderly [flight-
qualificetion sequence prior to undertaking menned exploration activities.
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The proposed mission schedule under the Lunar and Planetary Explor-
ation progream follows:

Calendar Year

of first

Lunar Projects Mission Objectives Teunch Vehicle launch
Ranger Rough landing Atlas-Agens 1961
Surveyor Soft landing Atlas Centaur 1963
Surveyor Precise orbit Atlas Centaur 1965
Prospector Soft landing - mobile Saturn 1966
Planetary Projects
Mariner Fly-by Atles Centeaur 1962
Voyager Orbit and land Saturn 1966
Interplanetary

Projects

Pioneer 5 Radiation spectrum Thor-Able 1960

and fields

Magnetome=er Plasma and fields Thor-Delta 1961
probe

Ranger, Mariner, Spacecraft test plus Various 1961
Voyager -est interplanetary physics

vehicles

The detailed significance of this phasing will be apparent in the sub-
sequent discussion of each project.

A fundamental prerequisite to the exploration of the moon and the
solar system is the development of spacecraft capable of performing the
desired missions. Such spacecraft do not exist today. Their realization
will require perfecting and integrating many technologies, including:
attitude sensing and control; midcourse navigation (radio-command
techniques for lunar missions and self-contained celestial navigation
for distaat planetary missions); terminal guidance and spacecraft
propulsion; long-range communications; precise orientation of spacecraft-
borne compoaents such as antennas, sensors, and radiastors; long-term
power gensration sources and systems; control of internal and sur:ace
temperatures under widely varying conditions; extremely efficient
structures capable of functioning under the wide range of environmental
conditions to which the spacecraft will be exposed; the solution of the
problems of entry into planetary atmospheres; and the development of
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automatic or remotely-controlled devices for transporting instrumentation
over the planetary surface, gathering samples of planetary matter,
analyzing ~them and transmitting the data to earth.

Lunar and planetary projects evolve in such a way as to utilize the
full capabilities of the new launch vehicles as they become operational.
Spacecraft and instrumentation development are geared to this capability.
The funding build-up in support of this program is in consonance w..th the
ability of both the NASA and its supporting industries to implement: the
program. 'The lunar program is given initial emphasis wilth the planetsry
program phasing in from one to two years later. This makes maximun use
of technological and launch vehicle capability in that the planeta:ry
spacecraft are based upon lunar developments. The esgrth-moon region
serves as a proving ground for these advanced concepts. The increase in
funding in the fiscal year 1962 results primarily from the long lead
time reguired to prepare for the lunar soft landings and from the
requirements of the Mariner spacecraft for the calendaer year 1962-1.96k
planetary missions.

FUNDING REQUIREMENTS:

o : : Fiscal Year Fiscal Year Fiscal Yesar
Advanced Researcl 1960 1961 1962

Lunar Advaaced Research:

Tektite and meteorite

investizations..ceeeeereeieenaaas $205,000 -— -
Lunar ray Systems...eeeeececean.s 14,750 -— ——
Solar wind investigations........ 2k , 506 ——— -
Space venicle sterilization...... 50,726 - _——
Lunar surface sampler study...... 17,771 -——— -
Lunar gravity meter studies...... 55,000 $45,000 -
Chemistry of polymers and

PropellantsS. ccieeeeereenrcscenns 225,000 179,000 -
Testing of shock sensitivity of

propellants..vececcricrereras vaes 15,000 11,000 -
Combustion research...e.eeeeese..s 225,000 283,000 $345,000
Solid propellant research........ 60,000 69,000 144,000
Convective heat transfer......... 60,000 67,000 80,000
Propulsion heat transfer......... 76,000 86,000 96,000
Rocket motor injection research.. 205,000 228,000 25,000
Propellants and propellant

AEVIiCES e eareeonsassnnssnncceans 75,000 78,000 90,000
Investigations of lunar surface.. 115,000 215,000 435,000
Lunar mapping studies............ 117,630 221,000 150,000
Radiation investigations......... 316,163 100,000 200,000
Stresses associated with hard

18NAINGS et neeenrrnncesanaennens -—— 65,000 -
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Fiscel Year Fiscal Year Fiscal Year

Advanced Research 1960 1961 1962

Analysis by nuclear excitation..... - $150,000 -
Research in prototypical systems

for syece flighte.veveevveenennns . -—- 104,000 $154,000
Studies of internal structure of

moon...... Ceeeorarees Creeenas cees - 178,000 182,000
Plasma investigations....ecveeevuse - 100,000 100,000
Energetic particle investigetion... —— - 75,000
Anslysis snd interpretation of

lunar seismograph dat&........ oo - _——— 140,000
Anelysis end interpretation of

lunar gamme ray spectroscopy data. - - 75,000
Anglysis and interpretation of

lunar photographic data........... -—- - 100,000
Investigation of gamme ray

neasurements from & lunar orbiter. - —— 100,000
Investigation of the neutron

albedc from & lunar orbiter....... —-- -— 100,000

Advanced. techniques for the

chemicel anelyses of the lunar

ESR0 - o - - 110,000
Advanced. techniques for determining

the physical properties of the

lunar surface......... cecearracens - -—- 110,000
Advenced. techniques for measuring

fields ard particles from the

lunar surface.ceeeceseeenes PN - -—— 100,000

$1,857,546 2,179,000 3,131,000

Planetary and Interplanetary
Advanced Research:

Study by photographic techniques

of meteorites in flight......... .o -— 350,000 -
Luminosity and polarization of

PlaNetE. s seeenenenecacoonannanass - 280,000 -
Mars orptical system de51gn ......... - 75,000 45,000
Solar IrTOminenCesS.ccseecesssassassn -—- 35,000 35,000
Origin of meteorites ....... Ceeaeean -——- 45,000 40,000
Solar influences on cosmic rays.... -——— 35,000 25,000
Planetary observational net........ - 75,000 200,000
Basic craracteristics of planetary

surfaces and atmospheres.......... - 250,000 155,000
Helium content of meteorites....... ——— 20,000 15,000
Age and origin of solar system..... -— 20,000 20,000
Solar atmosphere and planetary

TESEATCH. it iriverrancenonennnsnnns - 298,000 352,000
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Fiscal Year Fiscal Year Fiscal Yeer

Advanced Research 1960 1961 1962
Interplanesary instrument research. -—— $462,000 $375,000
Advanced planetary studies......... - 32,000 715,000
Neutron albedO..esereeeseenns cseses - -——— 110,000
Solar enviromment.....ceoeeceroasos . -— - 180,000
Propertics of planetary and

Interplanetary space.....ccoeveees -—- - 225,000

Planetary investigations from
balloons.esweeeen. csereenracennen . - - 195,000
Advanced planetary mission analyses -—— - 50,000
Lyman-Alpha studies..ceecieeinocess -— -—- 50,000
Plasma studies....ceeieeeeennsn cene -— -— 75,000
Solar wind studieS.eseeeresernsoeas - -— 30,000
-—— 1,977,000 2,892,000

Total, Advanced Research........ $1,857,546  $4,156,000 $§2023200q

Advanced Resesarch

Supporting research in the lunar and planetary program creates and
maintains a fountainhead of new ideas from which scientists and engineers
draw in attaining the over-gll NASA space objectives. As the luna:r and
planetary exploration program has matured, it has become important to
support the scientific commnity in conducting theoretical and anaiytical
studies., Because of the long lead time between the conception of an
approach to problem solving and its successful application, a program of
theoretical and snalytical studies designed to advence the state-o-the-
art must look years ehead of the immediate flight mission requirements.
The objective is to prepare for missions utilizing the greater weight-
carrying capability of the Centaur and Saturn launch vehicles. Such
studies will be continmmed at approximately the same funding level during
the fiscal year 1962.

In lunar science, supporting research is directed at studying
problems related to landing instrumented packages on the surface. These
studies follow & variety of directions such as the study of stresses
associated with hard landings which will yield information on which to
base both sracecraft and instrument design; the acquisition of lunar
photographs from Earth stations from which studies of the surface :an
yield contours, elevations, squivalent "sea level" and geological
similarities to be used in the selection of mission landing sites; and
advances in the state of instrument-interpretative art so proper
deductions will be developed in time to design experiments required in
accomplisking stated objectives.
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In addicion, since the earth-moon region is considered a proving
ground forr trying out advanced systems for planetary missions, there
1s a two-Told requirement for research leading to the abllity to
maneuver or stabilize the spacecraft during periods when midcourse or
terminal guidance corrections are mesde, or when critical scientific
observations are to be undertaken. Since these maneuvers are acconplished
at great distances from the earth and require small, but extremely closely-
controlled, =hrusts, it is necessary to undertake studies of relatively
small engines, storable propellants and the effects of mutual constraints
between the spacecraft end its guidance devices. Initial emphasis on the
study of small engines and their propellants will be on the understanding
of propellani chemistry, utilization, shock sensitivity, and heat transfer.

By following a systematic approach, employing earth-based and balloon-
borne planetary observetion stations, important planetary information can
be acquired at relatively low cost. This informetion will then permit the
scientists to design missions cepable of extending knowledge of the solar
system at a much more rapid rate. In addition, advenced studies are
necessary o provide techniques and types of instrumentetion capable of
measuring and reporting characteristics of the planetary atmosphere,
surface and environment.

Fiscal Year Fiscal Year Ficcal Year
Advanced Technical Development 1960 1961 1962

Lunar Advanced Technical Development:

Geiger-Mueller tubes and

ionization chambers.........ee.. .. $148,130 _—— -
Lunar photo system development..... 500,000 ——— ———
Cosmic ray detector and magneto-

meter development. cveieeeeivooosos 450,000 ——— ——
Development; of impact-proof

payload components.....cceeese oo 105,000 -—— -—-
Spacecra’t sequence timer

develomment .. oeetoneenerasononss 445,000 - -—
Spectral. 1amp..ceeeeeeceaesoaoneon- 30,000 $50,000 -
6 kilowaht propulsion system

AeVeloPrent. s eesesescnenocaonnaos 1,606,000 822,000 -—
Spacecra’t nuclear source

integretion studies..... sevsnnocws 10,000 109,000 ---
Measurement; of atmospheric pressure

between earth and moon...eveseeses 50,000 50,000 $150 ,000
System study for roving vehicle.... 290,000 389,000 70,000
Infrared photography......ccveeeeuen 103,587 159,000 105,000
Tunar selslology.e.ceeionceocsoacsss 125,000 300,000 300,000
Data automation system............. 100,000 70,000 158,000
Thrust conbrolee.cveoeeriocaeoonaas 76,000 58,000 41,000
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Advanced Technical Development

Insulating techniques and case
and nozzle development....eoeeee.
Solid rocket motor development....
Propellaat development and
evaluation. s ieeeereocerecnconas .o
Spacecraft retrorocket....... N
Auxiliary propellant devices......
Thrust chEmberS..oeeeccesrsescesens
High~energy liquid propulslon

Propulsion systems analysis.......
Trajectory and guidance systems
analyslisS.eeeecosscnees cesscoeseas
Documentation.ceceeeresarescoscans
Surface and subsurface electrical
and thermsl properties......... -
Sample preparation end
manipulation.eeseersseesncsannasns
Subsurface logging techniques.....
Television microscopic and
telescopic opbtlcSeeeovaeens resenn
Ion and electron traps..... ceeaana
Organic molecules and sub-life
forms chromatography......... ceen
Lunar surface reflectivity........
Pattern recognizer.......ceeeeececeee
Instrument component development..
Electronic component development..
Mass spectrometer....cevveeenrasss
Power scurces development.........
Exploration equipment design
StudiesS.ceerescrarscvosasnosncasns
Flight mechanics analyses ....... .o

Planetary and Interplanetary

Advanced Technical Development:

Storable liguid propellant systems
Advanced liquid propulsion

development..cceeeernernnsesecconn
Guidance and control rocket
analytical design...... sessesoces

Design studies of spacecraft con-
figurations utilizing electric

ProPulsicneecececocases soscesesen

Fiscal Year Fiscal Year Fiscal Year

1960 1961 1962

$155,000 $126,000 $102,000
275,000 213,000 143,000
275,000 252,000 222,000
15,000 29,000 41,000
60,000 57,000 53,000
100,000 72,000 36,000
310,000 241,000 187,000
75,000 125,000 138,000
30,000 45,000 53,000
15,000 115,000 135,000
- 100,000 --

- 50,000 --

--- 100,000 -

_—— 80,000 --

- 50,000 --

== 75 2 000 -

- 30,000 --

- 20,000 S~
- 222,000 439, oou
- 229,000 668,000
- 100,000 150,000
- 77,000 280,000
-—- 145,000 562,000
——— 31,000 220,000
5,348,717 4,592,000 it+,253,000
350,000 26,000 164,000
475,000 679,000 Th3,000
75,000 109,000 165,000
60,000 120,000 120,000
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Fiscal Year Fiscal Year Fiscal Year

Advanced Technical Development 1960 1961 1962
Study of special structural

problens of radiator integration. $10,000 $80,000 $80,000
Study of dynamics of large pro-

pulsion system structures........ 20,000 50,000 50,000
Study of reactor radiation effects

on spacecraft instrumentation.... 20,000 80,000 80,000
Space charge neutralization and

effects on instrumentation....... 10,000 100,000 100,000
Trajectory analysis with electric

Propulsion...... ceeees Ceieieaane . 60,000 150,000 150,000

Utilization of electrical pro-

pulsion power supplies with

communi.cation equipment.....eeoe. 10,000 30,000 30,000
Design study of flight system to

test 60 kilowatt electric pro-

pulsion system...... checcnaceans 10,000 33,000 41,000
Development of attitude control in

presence of propulsion turbo-

MAChiNe Y. eeeereresssnanns cesenes -—— 144,000 150,000
Spurious interference fields from

electric propulsion systems...... -——— 70,000 70,000
Solid state radiation detectors... - 125,000 —-—-
Solar coronagraph...cceeseee ceaees -— 225,000 -
Planetary photogrammeter.......... ——— 85,000 -
Biological detection equipment.... -—- 75,000 -
Motor systems test.e.ceecionrecsen -—- 307,000 ———
Space biology equipment...... ceuee - 60,000 -
Redar measuring technigues........ ——— 125,000 125,000
High-resolution spectroscope...s.. ——— 90,000 75,000
Mass spectlroSCOPE. csssescocscccns . ——— 90,000 75,000
Wide-band infrared photography.... - 75,000 65,000
Temperature and pressure devices.. - 85,000 55,000
Guidance computer systeme.......... - 210,000 353,000
Guidance computer components...... - 373,000 534,000
Guidance electronic devices....... — 154,000 396,000
Analytical desighNeescsecasesesacas - 25,000 62,000
Structures and dynamics........... --- 169,000 237,000
Fluid mechanics and thermodynamics --- 167,000 198,000
Enviromnental survival of equip-

MENE e ev s oueoeoesnsooasaroansansss - 196,000 180,000
Systems integration and analysis.. —-—— 45,000 270,000
Advanced mission parameter studies -— 138,000 226,000
Prototype evaluation and

inspection..cceeeeencccanss ceereen - 256,000 273,000
Surface inirared instrumentation.. - ——— 140,000
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Fiscal Year TFiscal Year TFiscal Year

Advanced Technical Development 1960 1961 1962
Atmospheric infrared

instrumentation.....cciavooevsn o -—- “— $90,000
High-temperature instrumentation.. - ——— 90,000
Atmospheric propagation...ceeeco.. - -—- 60,000
Spectrophotometry developments.... - - 75,000
Instrument component development.. = —— Lok ,000
Electronic component development.. _—— -— 382,000
Data automation systems.....cevoo. -—— ——— 252,000
Antenna servo SYsStemS....eseescoo. - _—— 86,000
Celestial navigator.....ieeeveoass ——— - 239,000
Celestial SENSOrSeeeceessa. ceerees - -—- 234,000
Inertial SENSOTS.eveeecrecocenses . - - 2kt ;000
Power conversion devices.....c.... - - 200,000
Development of materials, method

and analysis techniques.......... - - 119,000

-—— 145,000

Design tecknique development...... _ -
$1,100,000 $%,58%,000 7,827,000

Total.,, Advanced Technical
Development.vee e eeeeaeeanns . $6,448,717 $9,576,000 $12,080,000

Advanced Technical Development

The exploration of the moon and the planets will involve many complex
and varied payloads, each containing a multiplicity of instruments for the
measuremens of the many phenomens of interest. With the results of
advanced mesearch studies indicating feasibility and approach to the
solution of a problem, there is a need for hardware development which can
mechanize the end results outlined in the advanced research studies. Such
efforts a2 necessary to produce laboratory working models and even proto-
types from which selections of flight hardware approaches can be made.
This is & continuing program directed at the growth development of
instrumentation from the relatively simple, through the first-gene:ration,
to the advanced instrumentation required by the national space objectives
and missions.

Two principal categories of instruments are needed to achieve the
objectives of the Ilunar and planetary exploration progrem. The first is
designed to analyze the surface of the moon or planets and their
atmospheres; the second is to measure interplanetary phenomena while the
payload is on its way to its destination target such as the moon or a
planet. Initial measurements and capabilities have largely pointel wup
the need for increased dynamic range and discrimination. In all
categories ¢f instrument development there is an urgent need for improving
lifetime end reliability of operation in the space environment.
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Utilization of the Saturn launch vehicle will, for the first time,
meke it possible for scientists to conduct varied and sophisticated
studies on the lunar surface. In order to take maximum advantage of
this coming cepability it is necessary now to develop completely
automatic explormtion devices and techniques through the prototype stage.
These devices will be capable of measuring surface and subsurface
characteristics, of taking samples on radio command, and of preparing
material and conducting analyses either on command or by preprogramning.
Electronic developments will also provide the means for determining the
nature and quantity of any sub-life or pre-life macro-molecules existing
on the luner surface. In the fiscal year 1960 basic developments were
started in a wide variety of problem areas. Additional surface and sub-
surface investigative techniques were initiated in the fiscal year 1961.
The funding for the fiscal year 1962 is to carry on those investigations
already uncer way.

The problems of spacecraft maneuvering will, for the next several
years, be met by the use of various chemical propulsion systems. Nid-
course and terminal corrections to the flight path are made by sensitive
controllable thrust elements. Retrorocket systems are needed to cencel
or reduce the impact velocity of a landing package. A variety of
throttling and thrust control techniques are required in this area.
Another (braking) system is required to permit a spacecraft to hover and
maneuver briefly over the lunar surface while the desired landing :spot
is being chosen from televised images.

The NASA has an active research and development program on electric
propulsion systems. A characteristic of electric propulsion systers is
that they pose complex problems of integration with the spacecraft.
These problems arise from such items as the large heat radiator, the
nuclear reacior, torques from turbomachinery, electric and magnetic
fields from the electrical power supply and accelerators, and the
increased reliability and equipment life necessitated by the long-:"light
times of electrically-propelled systems. In addition, the potential
utilizatioa of the propulsion system electrical power for communications
purposes 15 attractive and requires development. In order that these
problems may be solved in time to utilize electric propulsion when 1t
becomes awvailable, it is necessary to carry on considerable advanced
development work directed towards the spacecraft-propulsion system
integration.

The work outlined for the fiscal year 1962 in these areas is a
contimation of the program started during the fiscal years 1960 aaid
1961.

A wide variety of prototype scientific instruments must be prepared
for the many specialized experiments to be conducted on the planets. It
is necessary to improve the state-of-the-art in advanced circuit design,
components, and packaging. Efforts will relate to development of
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measuring devices and techniques; to advanced guidance snd control
system mechanization methods such as on-board computers for utilizing
sensor outputs and generating appropriate commands; to guidance sersors
and correction procedures in the vicinity of the planets; to celestial
navigation aids capable of obviating drifts associated with inertisel
guidance units; and to the problems of integrating many scientific
experiments into one package without unnecessarily degrading the
performance of any individual sensor beceuse of placement with relation
to another. It will be noted that effort in these sreas has just started
with fiscal year 1961 funding and additional items appear for the first
time in the fiscal year 1962.
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Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year
Flight Program 1960 1961 Supplemental 1962
Lunar Programs:
Atlss-Able Program... $18,348,737 $5,575,000 ——- ———
Ranger Program....... 19,542,000 40,21k,000 --- $30,954,000
Surveyor Program..... ——— 7,090,000 - 32,311,000
Prospector Program... —_— 834,000 i~ 1,023,000

Totel, Iunar Lo
_Programs......... $37,890,737 $53,713,000 ---  §$6k4,268,000

Planetary and Interplanetary Programs:

Pioneer V and Magnetom-

eter Probe.......... $3, 798,900 $ k25,000 _——— -
Mariner Program...... - 9,654,000  $5,000,000 $21,159,00C
Voyager Program...... - -—- - 349,00C

Total., Planetary
and lrrberplane~ .
tary Programs.... 3,798,900 $10,079,000 $5,000,000 §§'»2125082(@_9

Total., Flight

Program. o v oovve. $41,689,637 $63,792,000 $5,000,000 55;8527965&1




Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962

Lunar Prograas:

Atlas-Able Program:

Able IV spacecraft and vehicle...  $4,T746,000 - -
Able V spacecraft and vehicle.... 13,602,737 $5,500,000 -
Data @n121ysiSeecirrcreessscacsss -— 20,000 -
Lunar atmosphere pressure gage... ———— 50,000 -——
Test and evaluation...... ceeasans - 5,000, —

18,348,737 5,575,000 =

- Ranger: Program:

Spacecraft:

Ion chambers..... teeenas cecesane TO,000 - -—
Payload communications system

teStiNg . cvasscrrrecrocencnanssn 250,000 -—— ——
Solar corpuscular equipment and

cosmlz ray ionization chamber.. 240,000 95,000 -
Envirommental legboratory

equipment....... ceesens eeroesas 350,000 275,000 -
Investigation of lunar surface

characteristics........ Ceeneae . 100,000 293,000 $410,000
Gamme. rey spectrograph

exXperiment. e rcccsoacnonne 20,000 239,000 99,000
Impact TV systeM...ceeeeeceeocess 110,000 502,000 180,000
Teleme:ry system development.... 500,000 360,000 153,000
Flight telemetry system....... .o 1,310,000 893,000 326,000
Command system development...... 250,000 252,000 133,000
Attitude control system...... cos 1,533,000 533,000 161,000
Electrical conversion equipment. 950,000 850,000 &5,000
Pyrotechnics development...... .. 100,000 129,000 134,000
Component, electronic and elec-

tromechanical packaging........ 260,000 267,000 226,000
Spacecrra™t design and develop-

ment Gestinge.cecceeessiessenens 200,000 685,000 259,000
Spacec:raft mechanical and

structural components.......... 700,000 707,000 318,000
Midcourse maneuver propulsion

SYSTEIe vt ssatsocencennccasoesans 280,000 222,000 78,000
Trejectory analysesS.ceeeecssanes 50,000 270,000 211,000
Spacecraft systems design....... 100,000 327,000 240,000
TIunar capsule contract.......... 3,660,000 1,770,000 1,000,000
Systems test and field

OPETELLONE s sesocseesanons coeens 39,000 663,000 589,000
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Fiscal Year Fiscal Year Fiscal Year

Flight Program 1960 1961 1962

Electronic devices and module

PACKAZING o e cosooo0ocovoccccsscsn $340,000 $596,000 $226,000
Space environmental testing..... 500,000 419,000 277,000
Documentatione.eecooacocosccoass 270,000 794,000 257,000
Magnetometer experimentccs.ccosse - 304,000 —
Micrometeorite detector.cccccocco - 12,000 .-
Spacecraft friction experiment.. - 43,000 _———
Systems test hardwar€.c.ccccocooo .- 361,000 _—
Spectrophotometer equipment.c..o - 9,000 -——
Optical test equipmentecscccocose - 25,000 ——

Calibration of instruments and
preparation for handling

sclentific dat@sscsovoocvocoon -— 229,000 235,000
High-resclution television

OPtiCBocososoncosossocsoconoono -—- 255,000 99,000
Lyman-Alphs experiment..ccecoceco - 218,000 46,000
Single-axis seismometercocococooss S 168,000 102,000
Solar corpuscular detector..o... -—— 429,000 96,000
Semiconductor and Geiger tube

detectOrocccooocoooocoscoocnoss -——- 38,000 19,000
Triple coincidence detector..... -—— 53,000 19,000
Data automstion syst€Moosoocsooces - 391,000 104,000
Antenna ¢evelopmentooecoocossosco .- 187,000 136,000

Development and procurement
960 megecycle spacecraft

equipment..oocooscccscocosoccso -—- 536,000 499,000
Flight command SySteMoocsecososos -— 605,000 115,000
Ground command SySteMooooococeoos - 212,000 88,000
Guidance and control analytical

designecc.icocesecocoscoscoccsose - 108,000 112,000
Navigation system simulator.c... -— 370,000 206,000
Celestisl. 5€NBSOr8cccoccocccsoosssco -— 531,000 119,000
Inertial BeNSOXS..cocccoccocsssos —_— 665,000 76,000
POWET SOUTCEE o 0coeocoosoososscooa - 486,000 Lk ;000
Energy stiorage deviceSccooooooos - 178,000 31,000
Assembly snd systems check-out.. _—— 595,000 hO7,000
Spacecraf’t assembly equipment... - 184,000 114,000
Ground support equipment and

engineering...ccoeccoocccocooooe -_— 908,000 293,000
Controller Himer.ceococcoocoocoos -—- 1,080,000 254,000
Communications check-out

equipmeNt..svoocescoccevccoasons -— 482,000 1,403,000
Prototype evaluetion and

inspection - quality assurance, — 131,000 87,000
Vibration analysis servicesSccoco -—— 120,000 179,000
Technical facility engineering.. -—- 231,000 103,000
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Flight Program

Data reduction equipment and. . .
Processingceosceocccosccrsscccoce
Computing serviceS.cseseccccoes
Date handling systemeccesossscs
Spacecraft systems integration.

Atlaes-Agene launch vehicleSo..co.

Surveyor Progrem:

Soft-lancing spacecraft:
Anslysis of mission require-
MENtSecococcoesasoconsssccossno
Spacecreft instrumentation
develormenteessesoooocsoecoecs
Spacecreft instrumentation
hardwaleoscscececsocscsseoccss
Data automation systemescocscos
Ground communications
consulting and liaison service
Guidance and control
analytical desigheccoccscoccass
Structural and mechanical
systems analyseSc.seccecsssccene
Retro-propulsion development...
Systems analysis and
integration.coccocoecccccescecn
Soft-landing systems design
Btudiescecoocecoccssoscscoecss
Soft-landing spacecraft
developmentesoceescoccscecsoons
Sterilization equipment.eceeco.
Analysis of communications
systems requirementscccecococos
Documentatione..ccooceccssnccscces
Lunar orbiter design studies...
Lunar orbiter system
integrationeccocoscocsosoesccsse

Centaur leunch vehicleSoccocsvee

Fiscal Year Fiscal Year Fiscal Year
1960 1961 1962

——- $1436,000 $570,000

— 1,302,000 1,072,000

——- 166,000 273,000

—- 322,000 1,081,000
$12,182,000 23,51k,000 13,55%,000
7,360,000 16,700,000 17,500,000
19,542,000 %0,21%,000 30,954,000
_— 438,000 529,000

_— 771,000 2,651,000

— 655,000 1,124,000

_— 275,000 314,000

_—— 63,000 71,000

— 13,000 19,000

——- 80,000 90,000

.- 39,000 27,000

— 78,000 93,000

——- 554,000 158,000

——— 3,106,000 18,565,000

— 50,000 ---

--- 31,000 33,000

_—— 80,000 40,000

—— 487,000 29,000

—_— - 28,000

-—— 6,720,000 24,771,000

— 370,000 7,540,000

— 7,090,000 32,311,000
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Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962

Prospector Program:

Spacecraft:
Analyses and studies of
compatibility of subsystems.... -—— $520,000 $653,000
Scientific instrumentatione....s - 314,000 370,000

s 83%,000 1,023,000

Total, Lunar Programs......... $37,890,737 $53,713,000 $64,288,000

Lunar Programs:

The lunar flight program provides for orderly progress of advancing
scientific and technological experiments necessary to detailed exploration
of the mocn. An evolutionary family of spacecraft, providing a maximum of
continuity in developments from one series to the next, is a principal
ground rule in this program.

All of these projects are steps towsrd a common goal end each of the
earlier phases will contribute significantly to the subsequent projects.
The funding includes new developments in spacecraft and instrumentation
for specific lunar requirements. The fact that many new developments are
required Tor the achievement of a successful lunar program results in the
high non-recurring costs for these spacecraft and associated experiments.

Atlas-Able Program

The purpose of this lunar orbiting spacecraft utilizing the Atlas-
Able V laanch vehicle was to obtain scientific measurements of solar and
interplan=tary phenomena while "anchored" in the vicinity of the noon
within convenient communication range of the esrth, and to measure the
magnetic fi=ld around the moon., This spacecraft effort was terminated
following the failure of the launch vehicle.

Ranger Program

The Ranger Program consists of five missions. The first two of
these are alike, and have mission objectives to (1) test the basi:
design ard operational features of the lunar spacecraft, and (2) to
obtain irterplanetary data with scientific instruments carried in
Place of the lunar capsules. Because these are the first in the
series, they are simpler in some respects than the spacecraft which
will be used in the execution of lunar landings. The chief differences
are that they contein no midcourse maneuver system, no landing capsule,
and have only moderate firing constraints because no close approach to
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the moon is required. Should the first shot prove successful, an
alternate second shot is planned with more difficult and advanced
requirements, so that maximm progress toward the eventual use of
spacecraft for lunar landings can result.

Instruments to be carried on the first two Ranger spacecraft
include a solar corpuscular detector, a rubidium vapor magnetometer,
semi-conductor detectors and thin-walled Geiger counters, an ion chamber,
triple~coincidence telescopes, and a Lyman-Alpha scanner.

The last three Ranger spacecraft are intended to approach the moon
and rough land about 40 pounds of survivable payload. This series of
spacecraft has been designed for the primary objective of gaining
deteiled date on lunar surface characteristics. Each spacecraft hes
two major parts: the "bus," the basic hexagonal structure with power
supplies, radios, attitude control, and midcourse guidance; and the
"capsule," & separable survivable instrument package, and its
retrorocket.

The complete speacecraft will be launched on & lunar impact
trajectory, and midcourse corrections applied to improve accuracy. At a
suitable distance from the lunar surfece the spacecraft will be properly
oriented, and the landing capsule launched. The bus will continue on to
crash into the moon, but & retrorocket will decelerate the capsule,
allowing it to impact at a nominal speed not exceeding several huncred
feet per s2cond.

Experiments will be carried by both bus and capsule. The primary
experiments on the bus will be an advanced vidicon system and a gamms
ray spectromster, while the msjor experiment in the landing capsule will
be a singlz-axis seismometer,

The spacecraft will complete its terminal maneuvers, including
stabilization and the establishmernt of a telemetry link with the tracking
station, before the first picture is exposed. Thereafter, one complete
picture will be transmitted to the tracking station every 13 seconds,
providing a total of 100 pictures during the lunar approach. The flirst
picture will contain a field of view 25 miles square with a resoluvion
of 650 feet. The final piszturs will be of an area 2,000 feet square with
a resolution of 10 feet.

The gamma ray spectrometer experiment is intended to determine
whether or not the moon, like the earth, has formed a crust which
contains a relatively high concentration of naturally radioactive iso-
topes. This information bsars on problems such as the formation of the
moon, the heat balance of the mcon, and the source of chondritic
meteorites.
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The gammsa ray spectrometer, together with a 32-channel pulse-height
analyzer, is expected to operate for at least the last ten hours of the
66-hour flight time. If the most pessimistic assumptions are made
relative to the gamma ray intensity of the moon compared to the inter-
planetary background, then during the last 15 minutes of operation of the
spectrometer (prior to ejecting the capsule) the count from the lurar
surface will be at least twice the background level of space.

The najor scientific experiment on the landing capsule is a single-
axis seismometer weighing ten pounds. Seismic measurements made or. the
moon can answer fundamental questions regarding the nature of the moon's
surface, its interior, and its origin. The presently proposed single-
axis instrument is expected to operate and transmit continuously for one
to three months, and is sensitive enough to detect meteoritic impacts on
the lunar surface. This first-generation seismic experiment 1s not only
expected <o obtain scientific data, but will also provide design deta
for future more sophisticated seismic experiments.

An additional experiment which will be included in the landing
capsule includes means for making internsal temperature measurements. The
internal temperature measurements will be made by several simple thermo-
couples which will be distributed within the impact capsule to mon:itor
the internsl temperature enviromment. These data are required for
interpretation of the other scientific measurements and for the
evaluation of the engineering design of the capsule.

Much of the technology employed in the Ranger series will have
direct application to follow-on programs for lunar missions. The series
is designed to maximize the uge of proven techniques, and with an aim
toward achieving relisbility by rapested use of tested components.

The Atlas-Agena B launch vehicle will be used for the five Ranger
spacecraft. Incremental funding is reguired itwo years prior to launch.

Surveycr Program

The Surveyor spacecraft, desigred for use with the Centaur lsunch
vehicle, is expected to carry a =mst survivable instrumentation weight
of 100 to 300 pounds to ths lunsr surfsce and is the first spacacraft
in the national program for the lunsr soft-landing mission. The iastru-
mentation for the Surveyor will emphasize the acquisition of lunar
surface data leading most rapidly towsrd future landings and explora-
tions. All such data will be ¢f great interest to scientists concerned
with problens related to the formzation and subsequent history of tiae
moon, and the origin of the solar system.

The instrumentation is designed to explore the moon'fs surface. It

will provide a television survey cf the immediate landing area, the
determingtion of the surface texture and composition, and measurem=nts
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of the gerneral properties of the moon as a plenetary body such as

seismic activity, gravity variations, and magnetic fields. Physical
measurements will involve probes for tests of surface hardness and for
the measurement of surface thermsl properties, or the measurement of sub-
surface properties by a drill and sample complex. Surface composition
investigaticns will make use of such techniques as gamma ray spectroscopy,
neutron activation, and X-ray fluorsscence; and seismic measurements will
be taken using a *hree-axls seismometer. Atmospheric composition will be
analyzed with mass spectrometers, and biological experiments, concsrned
with the geerch for organic molecul=ss and primitive forms of life, may be
carried. Some of these experiments can be performed by lowering the
instrument, onto the lunar surfecs, while others will reguire ssmpls
collecticn and manipulation of surface and sub-surface samples.

Several different groups of experiments will be built for the
basic Surveyor spacecraft in this pariod. One will contain those
experimerts requiring large amounts of power over ralatively short life-
times; another will make ugs of those experiments sxpected to last for
a year or more with low power requirements. A third will have a very
long lifetime, covering an apprecigble fraction of a sunspot cycle.

The design studies for this Surveyor series are now in progress, and
it is expected that fabrication of the spacecraft and payloads will begin
by mid-cslendar year 1961.

The Surveyor project is divided grossly into two parts, the develop-
ment of the spacecraft, and the scilentific instrumentation which will be
carried. The spacecraft will be developed and bullt by a systems
contractor. During the fiscal year 1962 some $19 million will be
required for this effort. Ths scientific instrumentation represents a
composite of small subsystem procursments as well as contracts for
complete scientific experiments, most of which are inltiated in the
fiscal year 1961 and continued in the fiscal year 1962. Work on the
Surveyor soft-landing spacecraft sariss starts in the fiscal year 1961
and reaches a high level of effcri, largley through industrial cortracts,
during the fiscal year 1962 as =ffort on the Ranger series falls cff.,

Studies of the Surveycr soft land=ar are undsr way to examine the
feasibility of adapting this spac=csraft o the precise orbiter mission.
The luner orbiter is of gresat importance to science since it will provide
an opportunity to obtsin integratsd dsts for the entire moon. Detailed
local information cbtained from landing payloads must be interpreted in
the context of the ares survey which the orbiter can provide. An
orbiter can also be usged to collsct and transmit data from surface
vehicles on the back side of the moon.

The Centaur launch vehicle which will be employed with Survejyor
requires incrementsl funding starting approximately two years ashezd of
launch., Pour of the proposed launches thus require funds during the
fiscal year 1962.
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Prospector Program

The Prospector spacecraft for controlled lunar landings, designed to
use the Saturn launch vehicle, will have a landed weight of from five to
eight thousand pounds. This weight capability will permit detailed
surface analysis and will allow the incorporation of roving surface
vehicles for greater coverage of the various surface conditions of the
moon. A roving vehicle can provide a many-fold increase in scientific
return from & lunar soft lander., The Prospector spacecraft also oiffers
the possitility of including a vehicle capable of returning a lunar sample
to Earth.

The final design of the Prospector series will be directly inTluenced
by the scientific information obtained from the Ranger and Surveyo:r
missions. The first-generation experiments performed by these earlier
spacecraft are expected to establish ranges for the quantities to ne
megsured and to suggest new measurements. Lunar orbiters will have
collected over-all survey data for the moon, so that detailed investi-
gations can be made in the particular locations on the surface whi:ch are
of greatest interest. The return of surface and sub-surface samplzs of
lunar material to Earth is of great interest both scientifically and
technologicelly. Sample return will make a complete leboratory analysis
possible, including techniques not feasible with remote instrumentation
payloads.

The studies conducted during the fiscal year 1961 will be followed
by initisl development of scientific instruments in the fiscal year 1962.
The long leed time required for the development of the Saturn launch
vehicle on which this program is based allows a moderate build-up in the
spacecraft development, and thus ensbles maximum inclusion of advancements
from the Surveyor progrem. Many of the scientific experiments must have
extended clevelopment and usage, however, before they are expected to be
suitable for the crucial lunar application, and work is therefore
initiated on their development and integration into a generalized space-
craft design during the fiscal year 1962.

Fiscal Year
Fiscal Year Fiscal Year 1961 Fiscal Year
Flight Program 1960 1961 Supplemental 1962

Planetary and Inter-
planetary Programs:

Pioneer V and Magnetom-
eter Probe::

Pioneer Viceeoseoosoaoos $2,111,000 - ——— ———
Nuclear emulsionseeosscs 361,900 —-- ——— —
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Fiscal Yesar

Fiscal Year Fiscal Year 1961 Fiscal Year
Flight Program 1960 1961 Supplemental 1962
Magnetomeer probe:
Varian Associates services... $120,000 - - -
Frequency discriminator...... 25,000 —— - -
Telemetry encodeTeececesccecss 25,000 —— -—- -——
Plasma probe instrument...... 97,000 - - -——
Magnetic tape recorders...... 85,000 — - _—
Antennaseesesececossossenssas 20,000 - — ———
Non-tracking anternasS.eesees. 65,000 - ——— -—
Primary czosmic ray
investigationSecececeocccsee 40,000 - ——— -~
Structural componentSeeeseee. 85,000 - ——— -——
Program switCheescoscsosseces 35,000 -—— —— ——
Computation ServiceS.cescoces 18,000 $11,000 ——— -
Reproduction and digital tape 75,000 20,000 ———— ——
Field Engineering services... 120,000 20,000 —on -
Component development and
sub-assemblieSsceesevesscccs 297,500 107,000 - ———
Tracking filtereeceecsessesss 60,000 10,000 ——— ———
Special space components..... 30,000 72,000 --- ——
Monitoring equipment for
date reduction..eesessecccne 20,000 10,000 - ——
Non-magretic componentS.s.... Lo,000 20,000 — ~-
Test and. evaluationessesecsoss 68,500 47,000 ——— .-
Fluxgate magnetometersS.eceess —— 9,000 - -~
ANelyZel s oeeoossseenssccssss -—- 20,000 - ~——-
Data reductiofcececsconssccoss —— 25,000 -—— -
Coating for temperature
CONtIrO..cevecesessecscecssonseso - 9,000 - o o
De-spin deviceSeesecssaccoass —— 32,000 -——— ——
Test mounting jigs and
assembly t00lSceccsoesncnens —— 5,000 -—- -
Handling equipment and
special PArtSccesecessccssco -—- 8,000 -—— ———
3)798:900 1"25)000 e e
Mariner Program:
Spacecraft:
Scientific experiment studles —— 255,000 —— $255,000
Experimental ground support
equipmentessseseoossacscsoce ——- 100,000 $100,000 86,000
Experimental systems
integration.seesssccecsccscs -—- k5,000 - 6l ,000
Spacecreaft telemetry
develcpmenteeeseoosoesoscscso - 212,000 — 565,000
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Flight Program

Spacecraft command systems
developli€ntiececocssessccoves
Spacecraft command systems
hardware.eiecensececcsoccene
Spacecraff radio ground
support equipmenteccecceescs
Operation of data reduction
laboratorysecececeseossscene
Ground command SysSteMeeececeos
Spacecralt antenNlececcveeveses
Inertial 5€NSOrS.sceseccccese
Attitude control ectuators...
Attitude control systemMe.....
Central controller and
BEQUENCE s s snsecsossoosscescne
Guidance and control system
deBigNesoncccsocccsccnnsccsns
Guidance and control ground
support squipmentoscocsescces
Guidance and control parts
evalugatitNececocsecesseccnes
Power conversioNecescecsccesce
Power sSt0ragleseccecssnccsccas
Component packaging and
integration.eccessceccccccse
PyrotechnicSeeeesscceccscccss
Environmental facility
instrumentationesecsecceseese
Computing serviceSececcecesecse
Midcourse propulsioNecesceses
Mission studies and analysis.
Preliminexry systems design
and integratioNeeceessccocse
Program steffesecoscescccscss
Program informatioN.cesccsces
Spectrometer experiment......
Plasma detector experiment...
Radiometer experimentescceecs.
Magnetometer experiment...e..
Experiment data automation...
Spacecra’t telemetry hardware
Spacecraft radio equipment
hardwal e seocmcacsocnsosrncm
Celestial SenS0TrSesescccsrses
Power SOUrCeSesccesscnscmesec

Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year
1960 1961 Supplemental 1962

_— $112,000 _— $412,000
_— 225,000 -—- 679,000
_— 124,000 — 671,000
- 146,000 --- 663,000
_— 85,000 --- 124,000
o 25,000 --- 200,000
- 135,000 - 1355000
_— 118,000 -- 181,000
- 125,000 - 237,000
— 430,000 -- 319,000
- 134,000 - 78,000
- 362,000 - 575,000
- 366,000 --- 454,000
——— 523,000 --- 243,000
— 180,000 - 166,000
-— 124,000 - 21%,000
— 143,000 - 141,000
c—- 137,000 --- 178,000
—— 456,000 --- 977,000
-—- 286,000 - 186,000
- 158,000 - 150,000
——— 130,000 - 178,000
—e- 45,000 - 491,000
_—- 12k ,000 - 42,000
- 336,000 $20k ,000 28 ,000
— 125,000 202,000 218,000
- 217,000 183,00 239,000
- 252,000 212,000 111,000
——- 342,000 405,000 212,000
- 381,000 486,000 517,000
- 436,000 501,000 L02,000
- 736,000 375,000 €91.,000
-—— 286,000 100,000 386,000
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Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year
Flight Program 1960 1961 Supplemental 1962
Spacecraft structure.ecees.. -—- $437,000 $280,000 $736,000
Envirommental facility
OpPeTatiOn, ceosesrosenvesaes -— 101,000 530,00C 1,036,000
Cosmic dust experiment...... - - 298 ,00C 104,000
Particles experimentSecsecee ——— 300,000 587 ,00C 610,000
Ion chember experiment.ecoe. -— --- 336,00C 225,000
Autopilot and ServoSesccesoo -—— - 150,00C 162,000
Design Arafting.cseseeecoces - - 51,000 1.2C ;000
Systems test and operations. - - — L5k ;000
Spacecraft assembly
facility operatioNe.ececcces —— - - 114,000
Spacecraft assembly facility
eqQUITMENtercoscccescnccsaes - - - 33h.,000
Spacecralt cablingeecosssscce -— - - 226,000
-—- 9,65k,000 5,000,000 15,789,000
Centaur launch vehicleS.ce... ——— -—— o 5,370,000
——- 9,654,000 5,000,000 21,159,000

Voyager Program:

Spacecraf‘t stud.iGSQQQ-o. socees et - -

Total, Flanetary and -
Interplanetary Programs... $3,798,000 $10,079,000 $5,000,000 $21

349,000

, 508,000

Planetary and Interplanetary Programs:

A long-term cbjective of the planetary series is to place spacecraft
capable of gethering fundamental scientific knowledge of the planetary
enviromments and of the planets themselves in orbits about Vemis and Msr:z.

Spacecraft technology must thus provide long life (over one year), the proper

environment for the scientific instruments, adequate guidance, commnication
power and basndwidth for the scientific objectives, and an atmosphere entry
and landing capsule.

An important constraint from the planning viewpoint on the near planet
missions, as opposed to most other flights, is the relatively long wsit time
between opportunities. This wait is the result of periodicity batween
planet oppositions, and amounts to one and one-half years for Vemus znd just
over two years for Mars. Achievement of optimum progress toward the stated
scientific program objectives requires & successful shot almost every
opportunity and this requires each new spacecraft series to be preceded by
complete ground and flight testing. Lead times for the flight tests must
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be sufficient to incorporate needed changes. The development sequence
of planetary spacecraft starts with the fiscal year 1962 missions as fly-
bys, which are defined as pessing within several thousands of miles of a
planet, and. progresses through planet orbiters at about mid-decade and
planet lancters toward the end of the decade.

Interplenetary long-term objectives are to map and investigate the
interplanetary medium and solar influence on this medium.. The inter-
planetary nedium consists of cherged particles, solar rediation; electro-
magnetic end gravitational fields, neutral gas, and dust.

Typlcal instruments carried will consist of plasms and radistion
detectors, magnetometers, micrometeorite detectors, and Lyman-Alpha
telescopes., Besides providing new insights into solar-terrestrial
relationships, such as the distribution of electric currents in the
outer radiation belt of the Earth snd the form of the Earth's field in
regions where 1t merges with interplanetary space, experiments may pro-
vide the hegimnings of a new theory for thes understanding of the modu-
lation of cosmic rays.

Pioneer V and Magnetometer Probe

The higaly successful Pioneer V constituted the first truly intexr-
planetary probe. Launched in March, 1960, it continued to transmit dsta
to Earth for 23 months and to a distance 224 million miles; at this
point it nhad travelled ons-fourth of the digtance around the sun. Many
significant scientific findings can already be attributed to analysis of
the Pionesr V data, The usafulnesas of these data was magnified by cor-
relation with similtancous data obtasined from Explorer VII in a highly
elliptical Earth orbit.

Observation of spatial and temporsl perturbations of interplanetary
radiations and fields will continue in calendar yesr 1961 with the
rubidium ragnetometer probe to be launched with a Thor-Dslta vehicle.
This probe carries a precise magretometer, and in addition sensors to
accurately measure fluxes of interplanetsry plasma. The inter-
relationskips of plssma and magretic fi=ld fiuxes and their significance
to sun-earth effects ars amcng the most important problems in the area
of interplanetary science,

Beycrnd the magnetometer probe, interplanetary measurements will be
made primerily on test and operstional spacecraft for lunar and
planetary missions.

Mariner Program

In calendar year 1962 the first spacecraft of the Mariner series will
be flown. These craft will use the Centaur lsunch vehicles for planetaxry
fly-bys in the time pericd from calendar ysar 1962 to 1965. The Centaur
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launch vehicle can deliver, as a fly-by, approximately 1,200 pounds to
Mars and 1,800 pounds to Vemus. Since the Venus mission can be
accomplished with shorter trip times then for s Mars mission, and since
on arrival at the planet the Venus-Earth communication distance is less
then the Mars-Earth distance, the spacecraft for a Venus mission is
somewhat less complicated than that required for a Mars mission.

The fly-by mission ls a natural first step, both scientifically and
technologically. BScientific information on planetary enviromment will
both add to the fundamental knowledge and provide the necessary input for
later, more refined experimentation. A masjor portion of the technology
needed for later orbiter flights can be proved and evaluated on a Tly-by.

The first flight in calendar year 1962 will be timed to take
advantage of the Venus opportunity. Modifications and remedial action,
based upor. lessons learned in this first plenet fly-by attempt, will he
incorporated. end test flown as interplanetary missions during calendar
year 1962-1963 period. Although these missions will be interplanetary,
the trejectory will be chosen to proof-test all spacecraft subsystams
required for the calendar year 1964 planet missions.

The choice of scientific instruments to be carried on Mariner is
governed hoth by the basic scientific objectives and by the fact that the
fly-bys are preludes to more thorough investigation with orbiters and
landing capsules. Venus snd Mars ars the only plenets close enough to
be explored scientifically by space probes during the next few years.

For Venus, items of initisl interest are the nature of the
atmosphere, the surface tempersture, the rotation rate, the spin exis,
and magnetic field end particle messurement experiments. The structure
of the Cytherean atmosphere is of great scientific interest. Knovledge
of its pressure, temperature profile and constituents also is of
imnediate iamportance in planning a long-range planetary program. If
current estimates of the surface tempersture and pressure are correct,
designing a spacecraft that can survive entry and landing will be a
formidable task. On the other hand, if a predicted surface temperaturs
of 6009K is much too high, it is probsble that the unseen surface of
Venus is covered by oceans. If this iz trus, spacecraft design problems
become very different.

The strength of the magnetic field of Venus also is importan: to
the understanding of the science of the solar system and to the eagi-
neering of spacecraft. If ths magnetic field is exceptionally strong,
trapped radiation msy preosent suibtle communication problems. If; on the
other hand, the field is very wesk it is possible that the planet could
sustain & very dense icnized layer which would account for the high
brightness temperaturs detected from Earth with microwave telescopes.
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The Venus mission will carry five experiments directly concerned
with the planet plus an instrument package to obtain interplanetar)
data enroute. These planet experiments will utilize a microwave radio-
meter to measure temperature brightness; an ultraviolet spectroscope to
examine the upper atmozphere and look for the presence of such con-
stituents as water vapor, oxygen and ozone; a neutron counter to actempt
to measurs the ratio of carbon dioxide to nitrogen in the atmosphere of
Venus; a fluxgate magnetometer to determine the approximate strength and
character of the magnetic field and a scintillation counter for sampling
particle rediation trapped in ths magnetic field.

For Mars the central guestion is *the existence of life. Early
experiments will, therefore, be oriented toward this very subtle datection
problem. An infrared spectrograph will be carried to determine the
existence and location of organic mclecules. The upper atmosphere should
be examined for ozone to d=ztarmins if the surface of the planet is pro-
tected frcm ultraviolet r:zdiation which in large doses is damaging to life
as 1t is known on Earth,

A Mars mission would thus retain the ultraviolet spectroscope,
magnetometer and scintillstion counter of the Venus mission. The radio-
meter would be replaced by an infrared spectrometer which searches for
organic molecules on the Martian surface. In addition, since the Martian
atmosphere is clear. the spececraft would carry an optical system nated to
a vidicor cepable of taking ani transmitting photographs of the terrain.

Supplemental funding for the fiscal year 1961l: The Mariner program
is designed to give this country its first attempt at a planetary probe,
a fly-by of Venus, in the third quarter of the calendar year 1962.
Failure for any reason to meet this date will sutomatically defer such
missions 0 calendar year 1964 when Venus and Mars are again in the
proper positions. Thus every effort must be made to keep the Mariner
program to its flight schedule. It has become evident that supplemerntal
funding is required in the fiscal year 1961 for this purpose.

The additional furding rsquirsments result primarily from a need to
accelerate spacecraft subsystem Jevelopment, a need to accelerate
scientific ingtrumert development, ant & n22d for additional deve opment
on certailan subsystems.

In the interest of both economy and rzliability, one of the design
objectives for Mariner hss been to mske maximee use of existing Ranger
spacecraft technclogy. However, during the course of the preliminsry
design, which only startel in the fiscal year 1961, it became evident
that additional subsystem work was needed to accomplish a planetary
mission. As examples, the much gregter distance to Earth requires
higher power in the communications system and this requires additional
power from the solar pansls as well ss3 other components in the power
supply system. The conduztion of intermal hest generated due to the
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higher power, and the different enviromment at Venus result in the need
for redesign of the temperature control system., The need for pointing

the scientific instruments at the target planet while mgintaining the
basic spacecraft orientation during the fly-by also turmed out to be a
larger development problem than anticipated. The mission also requires
changes in the Ranger celestial sensors; the earth seeker must be uprated
because of the additional distance and a horizon scanner must be developed.
Finally, interwoven throughout all subsystems is the need for greater
operating lifetime.

Similar considerations apply to scientifiec instruments being
incorporeted in the Mariner spacecraft for the Venus mission. Mary of
these instruments do not exist at present; they are laboratory concepts
that require an intensive combined scientific and engineering effcrt to
mold them into relisble and successful flight systems. The ultraviolet
spectromeier, for exemple, designed to give measurements of the spectrum
of the radiation from the Venus atmosphere on both the dark and sunlit
sides, hes never been built before. The microwave radiometric exyperiment
intended +to provide information about the planet surface and lower
atmosphere is being assembled as flight hardware for the first time. As
indicated in the detailed list, there are a total of seven scientific
experiments and, in addition, the data automation system, that require
accelerated effort.

The Venus mission imposes religbility requirements of an unusually
high order. It is desirable to accelerate both the technological and
scientific preparations so as to insure as much developmental testing as
possible prior to launch. The fiscsl year 1961 supplemental funds will
permit th2 solution to the aforementioned problems on & time schedule
which would make this possible.

Regular funding for the fiscal year:1962: The major portion of the
fiscal year 1962 Mariner budget will be employed to continue work started
in the fiscal year 1961 on the design, development, and fabrication of
the spacecraft. The increase in the Mariner budget in 1962 over =hat in
1961 reflects the increasing effort as hardware is purchased, assembled,
and checked prior to flight.

Centaur launch vehicles ars incrementsally funded approximately two
years before flight. However, the first two missions in the Mariner
Program utilize development launch vehicles which are not charged to
the Mariner Program.

Veyager Progyam

A gcod start on planstary missions will have been made under the
Mariner series and its associated developments of terminal guidan:e
technology, and long lifetime components. Nevertheless, to obtaia
measurenents essential for the stated planetary scientific objectives,
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many missions will require the spacecraft to fly in proximity to the
target planet for long periods of time. This, in turn, establishes a
need for further spacecraft refinements and associated Instrumenta-ion
and technological development. The planetary spacecraft series that
follows Mariner is phased in time and capabilities with Saturn launch
vehicle development. This series, the Voyager planetary orbiters, begins
with test shots in calendar year 1964 and 1965. Spacecraft weight in
orbit will be better than 2,000 pounds. This weight is consistent with
larger power requirements and with the redundancy needed for long-life
orbiters.,

The orbiter is the secoml step in planetary exploration. The long
stay times will permit excellent mapping of the enviromment and a landing
capsule will provide details of the lower atmosphere and surface. Space-
craft orbit elements will also permit evaluation of planetary mass and
mess distribution. Scientific experiments will be advanced verslons of
those of the Mariner series.

The complete orbiter mission, including the ability to carry a lerge
entry and landing capsule, will begin with the availability of the growth
version of the Saturn launch vehicle. First mission will be to Mars in
calendar year 1967. Studies on the design and utilization of the Joyager
spacecraft will start in the fiscal year 1962.
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NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

METEOROLOGICAL SATELLITES

SUMMARY OI* REQUIREMENTS :

1960 1961 1962 Page No.
Advanced Research............. $1,331,000 $ 2,070,000 $ 1,100,000 RD7-3

Advanced Technical Development 1,606,000 2,270,000 2,850,000 RD7-3

Flight Program........o...vu.. 4,993,000 13,760,000 24,250,000 RD7-L
TOBBL e v e e eenennranneenns $7,930,000 $18,100,000 $28,200,000
OBJECTIVES :

To establish a meteorological satellite capability for world-wide
coverage and for providing observations of atmospheric elements recuired
by the meteorologist in order to understand atmospheric processes end
predict the weather. These elements include cloud cover, storm location,
precipitation, temperature, wind direction, heat balance, water varor
and other constituents. To achieve this objective will require the
development. of stabilized satellites for polar orbits of 500- to 1,000-
mile altitudes and stationary satellites for equatorial orbits of 22,000~
mile altitudes; the development of suitable on-board detection equipment,
including television, infrared detectors, radar and spectrometer; snd
the development of adequate date storage, handling and communicaticns
equipment and techniques.

The long-range objective is to develop the principles of a system
of instrumented orbiting satellites and a communications network by means
of which world-wide meteorological information may be transmitted to the
National Meteorological Center of the Weather Bureau for its operational
use.

JUSTIFICATION:

The earth satellite represents a new observational tool which
promises to be of great value to the science of meteorology and to the
practice cf weather forecasting. Although it would be a mistake to
imply that such a device will eliminate our meteorological limitations,
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there is no doubt that it will supply a tremendous amount of useful
meteorological data not now obtainable. It will do this not only tecause
of its ability to give world-wide coverage to some metecorological parame-
ters, in contrast to the current five to ten per cent coverage, but also
because of its unique vantage point above the atmosphere which will make
new measurements possible. Improved basic scientific understanding of
atmospheric processes and a more comprehensive knowledge of world and
regional climatology will result and these should assist in producing
advances ir. weather forecasting.

The benelits to be derived from these improved capabilities in
meteorclogy include protection of life and property from weather dis-
asters; safeguarding transportation; crop planning, control, and pro-
tection; industrial planning of weather-dependent products, outdoor
enterprises, and heating and cooling loads; convenience in planning per-
sonal activities; eventual limited weather modification and control;
and good will in return for providing current global meteorological data
to other nations. 1In addition, the same meteorological deta requir:d
for world-wide civilian needs can, by proper handling, be made to m:et
special military needs as well.

The formulation of the operational concepts and the preliminar;
planning of a national operational meteorological satellite system are
now being considered by the Panel on Operational Meteorological Satel-
lites established by and under the National Coordinating Committee i'or
Aviation Meteorology. Membership on the Panel includes representat:ves
of the United States Weather Bureau, the Department of Defense, the
Federal Aviation Agency, and the NASA.

The development of an effective operational system of meteorological
satellites is dependent upon continuing programs of advanced research and
advanced technical development which point the way and make possible:
highly productive flight programs. The advanhced research program will
give emphasis to the reduction and processing of data acquired by satellites.
The advanced technical development program is primarily concerned with
improved sstellite instrumentation and equipment needed to measure end
interpret critical atmospheric parameters. An evolutionary flight program
of progressively more sophisticated meteorological satellites is plsnned
to capitalize upon knowledge gained in these research and developmert
programs. This program was begun with Tiros I and II, which are already
in orbit, and continues with a third Tiros which will be launched in the
fiscal year 1962. Following will be the earth-stabilized, polar ortiting
Nimbus, of which four are planned with the first scheduled for launch in
the fiscal year 1962. Still later will be the Aeros, a single satellite
that will provide continuous data from nearly a third of the earth. A
tabulation cf the planned flight schedule follows:
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Fiscal Yecer

;gfsion Launch Vehicle of Launck
Miros T Thor-Able 1960
Miros IT Delta 1961
3rd Tiros Delta 1962
st Nimbus Thor-Agena B 1962
2nd Nimbus Thor-Agena B 1963
3rd Nimbus Thor-Agena B 1963
lith Nimbus Thor-Agena B 1964
Aeros Centaur 1965

FUNDING REQUIREMENTS :

Fiscal Year Fiscal Year Ficscal Year

Advanced Research 1960 186], 1962
Atmospheric dynamics........ccon.tn ' $380,000 — -—
Meteorological data analysis and

TESEATCH. « vttt r ettt 581,000  $1,050,000 -—-
Radiation data studies............. 270,000 270,000 $350,000
Radiation data studies............. 100,000 100,000 100,000
Data sys:ems analysis (ground)..... —— 350,000 350,000
On-board data analysis............. --~ 300,000 300,000

Total. Advanced Research........ $1,331,000 $2,070,000  $1,100,000

Basic radiation studies, including the interpretation of ballcon flown
radiation sensors, will be continued in the fiscal year 1962. Systems for
simplifying <he presentation of data will be investigated and the reduction
of data transmission bandwidth requirements through systems of on-loard
analysis will be studied. Fiscal year 1962 funds for the study anc. analy-
sis of actual satellite data and satellite simulated data from otler
sources (rocket probes, aircraft recomnaissance, etc.) are being requested
directly by <-he United States Weather Bureau.

Fiscal Year Fiscal Year Fiscal Year

Advanced Technical Development 1960 1961 1962
Radiation detector development..... $530,000 $400,000 $60C, 000
Electronic instrumentation

AeVeloPMeNt -+ ¢ vt vvvn et 625,000 820,000 90C, 000
Electronic component development... 50,000 300,000 10C, 000
Srectromater development........... 100,000 100,000 10C, 000
Mechanical instrumentation

development. .....cvveeinriennans 250,000 hO0,000 400,000



Fiscal Year Fiscal Year Fiscal Year

Advanced Technical Development 1960 1961 1962
ifeceorolecgical instrumentation

AeVEIOPHENT e« o v vt e $51,000 $150,000 $250,000
Advanced data transmission...... - 100,000 5Co 0

Total, Advanced Technical
Develovment . .......c..vnn. $1.606,000 $2,270,000  $2,350,000

Continuing development is necessary to improve the performance and relia-
bility of existing flight instrumentation and to develop new instrumentation
to provide additional meteorological data not yet available. The increased
effort in the fiscal years 1961 and 1962 will be applied to the improvement
of existing mechanical and electrical components. The development work on
radiation scanning detectors, direct radiation sensors, and spectrometers
will be continued in the fiscal year 1962. The program initiated ia the
fiscal year 1961 for the development of advanced data transmission instru-
mentation will be expanded in the fiscal year 1962.

Fiscal Year Fiscal Year Fiscal Year

Flight Program 1960 1961 1962
Tiros I:
Payload development............. $2,320,000 _— _——
Kaena Po:int operations.......... 155,000 —-——— ---
Teledynamics. .« oo e neannn 28,000 ——— ——
Vehicle trajectory.............. 590,000 _—— ——
Thor-Able vehicle (funded by
ARPA) ..ottt iia e - —— =
3,093,000
Tiros II: .
Radiation tape recorder......... 98,000 - -—-
Payload integration............. 400,000 800,000 -
Ground station installation and
operation..... ..o, -—- 320,000 —-—--
Radiatiorn data analysis......... -—- 300,000 -
Film, duplicating and cataloging -—— 20,000 -
Test and evaluation............. - 8,000 _——

Delta vehicle, procured with
Delta vehicle development

1 o I J - .- - -
98,000  I,LLE,000 -
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Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 162
Tiros (Third):
Payload maintenance and testing... -—- $300,000 $:200,000
Ground station installstion and

operation. . vo i ittt -— 120,000 200,000
Film, duplicating and cataloging.. - -——- 20,000
Delta wveanicle, procured with Delta

vehicle development funds - - -—

150,000 1130, 000
Nimbus (First):
Scientific payload.....evvveuenn.. -——— 236,000 209,000
Structure, integration............ -— 1,100,000 500,000
Stabilization.........civivinnnn $500,000 2,000,000 -
Power supply..ccvviiiein it —— T00,000 -—-
Vidicon systems and ground equip-

173 X AU 500,000 1,600,000 500,000
Electrostatic tape.......oveven... 302,000 400,000 -—
Radiation subsystem............... -~ 500,000 200,000
Ground station equipment.......... -—— 600,000 £00,000
Command system.......cocvvvenvunnn -— 300,000 150,000
Satellite telemetry............... - 350,000 100,000
Environmental testing............. - 243,000 1,C00,000
Command receiver........ovvvereunn —_——— 31,000 -
Coating for temperature control... ——— 12,000 S
Test and evaluation............... -— 20,000 -
Ground support operations......... - L e 452,000
Data hancling. ...eeeevverenennanns ——— - 400,000
Radiatior. data analysis........... ——— —— 500,000
Tape and film, duplicating and

cataloging.....coiiviiiiiiiinnnn - ——— 300,00
Thor-Agena B vehicle.............. - 2,100,000 4 020,000

1,302,000 10,192,000 3,912,000

Nimbus (Second):
Payload modification.............. —— - 1,858,000
Environmental testing............. -—— ——— 500,000
Thor-Agena B vehicle.............. - 1,000,000 3,800,000
—— 1,000,000 6,168,000
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Fiscal Year TFiscal Year Fiscal Year
Fligkt Program 1960 1961 1662

Nimbus (Third and Fourth):

Structure and integration......... ——— ——— $500,000
Stabilizetion ...... ..., - -—-- 1,100,000
POWEY SULPLY- -t evenenernnnanennnnnn - - 400,000
Vidicon systems and ground

equipment. .. .covviii ittt - - 800,000
Electrostatic tape................ —— - 220,000
Radiation subsystem............... -—— -—- 200,000
Ground station equipment.......... - —-——— 500,000
RAGAT:. t vttt e tninein i etnennnennns $100,000 $400,000 520,000
Tmage orthicon «veeevinneenennnn. - 300,000 450,000
Ground display equipment.......... - -—- 520,000

Thor-Agena B vehicle
(Third Nimbus).cevveeerereneennn. _—— - 2,120,000

Thor-Agena B vehicle
(Fourth Nimbus)....veevernrenn... === --- 1,020,000
100,000 700,000 8,250,000

Aeros:
Varifocal 1eNS.cesececsensennnase - - 520,000
Total, Flight Program........ $4,993,000 $13,760,000 $24,250,000
Tiros

The major activity in the fiscal year 1960 in the meteorological flight
program was the completion of development and the successful launch on
April 1, 1950, of the Tiros I satellite. During its 3-month useful operat-
ing lifetims, Tiros I transmitted almost 23,000 picture frames of which
about 60 percent were of the earth and its cloud cover and applicab.le to
meteorologizal analysis. The pictures transmitted by Tiros I were of
exceptional quality and showed areas of weather and storms very clearly.

The meteorological analysis is being conducted at the Weather Bureau, and
the inclusion of other groups, primarily university research groups. is
planned.

Tiros II was successfully launched on November 23, 1960. This satel-
lite contained special infrared radiation detectors for measuring the
earth's albedo, the total radiation of the earth and its atmosthere the
direct radiation from the earth's surface or cloud tops, the radiat:ion
from the earth's water vapor layer, and radiation in the visible porticn
of the spectrum for reference purposes. Gross measurements of the earth
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and atmosphere heat budget were also made. Tiros II contains vidiccn camers
systems, like those of Tiros I, for cloud cover measurements. About 6 to 9
months afte:r the launch of the Tiros II, the launch of a third Tiros satel-
lite is planned. The variations in the data of these satellites will be
studied for seasonal influernces.

The first Tiros was launched with a Thor-Able launch vehicle finded by
ARPA and transferred to the NASA. The remaining Tiros satellites employ
two of the twelve Deltas which are being procured under the Delta vehicle
development program.

Nimbus

In the fiscal year 1961, the rate of funding for the Nimbus satellite
is being increased. This will be the first in a family of earth-oriented
meteorological satellites which are being designed to have flexibility in
carrying a variety of sensors and sxperimeants. The Nimbus satellite will
weigh 650 pounds and will be launched in a polar retrograde (about €0
degrees) 600-mile circular orbit. It will consist of power, stabilization,
and sensory subsystems. The power subsystem will consist of two paddle-
like structures covered with solar cells and arranged to face the sun
directly whenever the satellite is in sunlight. Nickel-cadmium storage
batteries will be used for power storage. The stabilization system will
keep the sstellite pointing directly at the earth with an accuracy of one
degree in all three axes -- roll, pitch, and yaw. The sensory system will
consist of improved television vidicon systems to provide almost complete
coverage of the globe; an electrostatic tape system to permit higher
resolution studies of specific meteorological events, such as hurricanes;
a comprehensive infrared radiation system containing high resolution
(five mile) sensors for coarse nighttime cloud cover representation,
medium resolution (30 mile) sensors for atmospheric and terrestrial radi-
ation measurements, low resolution (300 mile) sensors for gross measure-
ments of the earth -- abmosphere heat balance, and auxiliary measurements
of importance to meteorology; &nd measurements of the solar constant, solar
ultraviolet radiation, and solar particle radiation to study their iatlu-
ence on the earth's weather.

The first Nimbus will be complet=d during the fiscal year 1962 and
will be launched during the secoand half of that fiscal year. The second
Nimbus will be launched about six months thereafter. It is planned to
have the spscecraft structure, power, and stabilization fairly well
standardized with the sucvessful launch of the second Nimbus.

During the fiscal year 1962, work will begin on the follow-on Nimbus
satellites. These will carry more advanced sensory systems such as
radar, spectrometer and an image orthicon camera system which can viaw
clouds under lower levels of illumination. On-board analysis technijues
and ground data analysis and presentation systems that have been devaloped
will be included in the advanced Nimbus flights. The techniques and
systems are being developed to reduce the amount of data transmitted by
the satellite and tc facilitate their use.
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Funding is also requested in this project for the operational Thor-
Agena B vehicles required for launch of the Nimbus satellites. The first
and second Nimbus Thor-Agenas will require an increment of $3,100,000 in
the fiscal year 1961 funding and $7,800,000 in the fiscal year 1962. An
increment of $3,100,000 will also be required in the fiscal year 1962 to
initiate Ffunding of the Thor-Agena B vehicles for the third and fourth
Nimbus satzllites.

Aeros

The Tiros and Nimbus satellites view different portions of the earth's
geography during their transit around the earth. The meteorologist is
interested in a capability of continuously observing the developments of a
particular storm area. The Aeros satellites to be launched into a stationary
orbit of 22,300 miles around the earth, will be designed to satisfy this
requiremens. The first flight is planned for the fiscal year 1965. The
principle instrumentation to be developed for Aeros is a cloud cover
observational system with sensors having a variable focus, in order to
view in greater detail the particular storm area chosen for observstion.
The fiscal year 1962 funding for Aeros will permit the initial work to be
undertaken for the development of such an instrument.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

COMMUNICATIONS SATELLITES

SUMMARY OF REQUIREMENTS:

1961
1960 1961 Supplemental 1962 Page No.
Advanced Research.... $817,000 $175,000 $400, 000 $800,000 RD8-5
Advanced Technical
Developmenteeecsesss 705,000 625,000 550,000 3,650,000 RD8-7

Flight Program:
Passive Progrem.... 1,528,000 2,550,000 7,500,000 17,950,000 RD8-9

Active Prcgram..... -— 562, 000 15,550,000 22,200,000 RD8.-10

Totales.eseses  $3,050,000 $3,912,000  $24,000,000  $uk, 600,000

OBJECTIVES:

For a period of two years NASA has been conducting a scientific research
and develorment program of space exploration. Much valusble information has
been obtained, and several "firsts" have been accomplished. It is, of course,
anticipated that the knowledge acquired from these investigations will result
in tangible benefits to mankind. The earliest most likely payoff of space
research now appears to be in the field of world-wide communications.

Recent: successful satellite flights by the United States have clearly
shown the great potential utility of communications satellites as relay
stations in world-wide communications systems., Two potentially useiful
systems--active and passive--have been demonstrated. Industrial interest in
bringing gbout an operational communications satellite system at an early
date has been expressed. However, there are many technical prcblems yet to
be investigated and solved, particularly in the matter of space environ-
ment effects, before commercial utilization of communications satel.ites can
be soundly underteken. The NASA Communications Satellite program has as



its objective the rapid solution of these problems so that the charscteristics
of operationa’. commmications satellites can be established.

The specific NASA objectives in passive and active communicaticns
satellite research are as follows:

Passive Communications Satellites

The Echo I flight has demonstrated the technical capability of reflecting
ground-transmitted radio signals from a space-borne reflective surface to
remote ground receiving stations. Even though the Echo I satellite was a non-
rigid structure, it has shown that the inflated sphere concept can yield
relatively long orbital life with the predictable orbital elements necessary
to obtain accurate ground antenna pointing. The program effort now has three
major objectives for early solution: (1) the development of techniques for
rigidizing the reflecting structure in space to increase orbital life,

(2) the develcpment of techniques for ejecting more than one satellite :into
a predictable orbit from a single launch vehicle, and (3) the development of
improved grcund transmission and receiving equipment including equipnent
operating at high, more nearly optimum microwave frequencies.

Active Commmunications Satellites

The tremendous potential of active communications systems has bz2en
indicated by the success of specialized communications satellite expariments
conducted recently by the Department of Defense. This potential is further
supported by recent industry advances in the development of commmunications
system components. The NASA program has as its objective the early
demonstration that an active satellite communication system is hoth feasible
and sultable for civilian application. Maximum interchange of appli:zable
technology will be made with the Department of Defense where the priacipal
continuing interest is in the synchronous orbit (2k-hour) satellite. The
NASA approach will be to develop a relatively low altitude, long-lived,
instantaneous repeater satellite. Necessary to the development of this
satellite are: (1) the development of long-lived components, (2) the
testing of components and systems in the space environment, (3) the develop-
ment of required ground commmnicabions and tracking equipment, and (i) the
launching of satellites which will contribute to the determination o an
optimum operational system.

JUSTIFICATTON:

The limited capabilities of existing communications facilities are being
pressed by today's demands, and will be inadequate in the next decade. A
most attractive possibility for providing the needed increase in comrmnica-
tions capability is the communications satellite system. The commun:ications
satellite has the potential ability to provide long distance communications
at ultra-short wave and microwave frequencles where bandwidths are availeable
to permit tha transmission of television or, alternately, many simulianeous



voice messages (600 two-way conversations per television channel). Thus,
the satellite holds the promise of new and reliable links in long distance,
transoceanic telephonic and telegraphic communications as well as new means
for intercontinental radio and television services.

The commmnications satellite program has heretofore been primarily
concerned with research in signal propagation, the demonstration of inflation
techniques for large spherical structures in space and the perfection of
techniques for tracking these structures. The recent advancements in
communications satellite technology demonstrated by Echo I and develorment of
long-lived corponents clear the way for rapid developments in both passive
and active cormunications satellite systems. This budget proposes a rapid
move forwerd toward the demonstration of operational feasibility of both
types of systems. A necessary prerequisite to this accelerated move forward
is the approval of supplementary fiscal year 1961 funding which is required
for the following purposes:

1. Research must be initiated immediately to determine the
extent o radiation damage to satellite components in the space
enviromment. Little knowledge is now available on the effect of
rediation upon the performance of solar cells, transistors, and
other solid state components.

2. Concurrently, the development of radiation resistant
materials must be undertaken. New materials such as gallium
arsenide and cadmium sulfide offer promise of greater resistance
to radiat:ion damage.

3. Tmmediate funding is required in the passive program to
initiate lead time procurement of launch vehicles., The rapid
advance in passive commnications technology places this program
in a position of requiring launch vehicles to accomplish missions
not previously contemplated on this time scale.

4., Recent developments in long-lived components, particu-
larly in travelling wave tubes, indicate the technical and
economic feasibility of an active repeater satellite system.
Funds are required to initiate the rapid development and demon-
stration of an operational system utilizing low altitude active
repeater communications satellites., The fiscal year 1962 progran.
is a coniinuation of this accelerated fiscal year 1961 progranm.
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Passive Communications Satellites

The technical feasibility of a passive communications system has been
undeniably confirmed by the spectacular success of the Echo satellite
communications experiments. In spite of this success, the Echo experiments
have only scratched the surface of the passive satellite communications
field. The desirability of any communications satellite system depends
heavily on the reliability and life expectancy of the satellite. Since a
passive satellite does not depend upon satellite-borne electronic ccmponents,
it is a useful communications medium as long as the satellite retains its
shape and reflectivity.

The fact that Echo did not become significantly distorted aftei loss
of internsal pressure indicates that only a nominal increase in material
stiffness 1s required to insure a really long-lived satellite. This would
indicate that regidization of these structures can be accomplished without
a mpjor increase in satellite weight. Studies have indicated that with
suitable ground facilities about 60 satellites similar to Echo placed
randomly in selected orbits of 2,000 miles altitude could provide a com-
munications system which would be operable 99 percent of the time between
points on the earth's surface 3,000 miles apart. Thus, solution of the
rigidizaticn problem coupled with the possibility of placing a number of
satellites in orbit from one launch vehicle will meke possible a durable
(10 years or more in orbit) and efficient operational satellite commnica-
tions system whose capacity would be limited only by the number of zround
stations.

Active Communications Satellites

Active repeater communications satellites, those which receive and
retransmit messages, are of three general types: (1) the instantaneous
repeater in a low-altitude orbit, (2) the instantaneous repeater in a 24-
hour synchronous orbit, and (3) the delayed repeater in a low-altitude
orbit which receives a message from one point on earth, stores it, then
on commend from another ground station, transmits the recorded message.

The Department of Defense is investigating types two (Project Advert) and
three (Project Courier) although the bulk of this effort is centered on
type two. The NASA active communications program will be of the first type.

The iastantaneous repeater satellite in a low-altitude orbit sppears at
this time to offer the most promise for early achievement of an operational
high-quality active communications satellite system. The technology exists
for assembly of such a satellite; its early test in orbit will reveal any
problems assoclated with its use, and will assist in their solution.

However, the low-altitude application does pose problems. Fo:r
example, it has been discovered that serious radiation damage to solid
state components may occur at these altitudes. Both ground and fl:ight
tests will be initiated to determine the extent of this problem and indicate
possible solutions.
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The fligat schedules for the passive and active programs are as

follows:
Fiscal Year
Mission Launch Vehicle of Launch
Passive Program:

Echo (nonrigid). Delta 1960%
Echo I (nonrigid). Delta 196L
Echo (rigid):

Suborbital test Thor 1962

Suborbital test Thor 1962

Orbital test Thor-Agena B 1962
Rebcund §3 rigid spheres) Atlas-Agens B 1963
Rebcund (6 rigid spheres) Centaur 1964

Active Frogram:

Radiation measurement at 24-hour

altitude Centaur 1962
Radiation measurement at 2L-hour

altitude Centaur 1962
Phase I low-altitude repeater Delta 1962
Phase I low-altitude repeater Delta 1962
Phase II low-altitude repeater Atlas-Agena B 1963
Phase II low-altitude repeater Atlas-Agena B 1963

¥Failed to achieve orbit.

FUNDING REQUIREMENTS:

Advanced Research

Electrically steerable antenns
arrays for ground and space-
craft applications - experi-
mentel studies....ceeveecennn

Influence of ultimate utiliza-
tion on communications satel-
lite design and orbit........

Frequency interference problems

Operational switching tech-
nigques for multi-satellite
communications systems -~ study

High-gain reflective space
structures - experimental
studies...... cececerrseansan .

Fiscal Yesr

Fiscal Year Fiscal Year 1961 Fiscal Year
1960 1961  Supplementel 1962

$43,000 $4 ,000 - $100,000

86,000 - ——— -

50,000 - - 100,000

100,000 ——- —— —

--- - - 300,000
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Fiscal Yea:

Fiscal Year Fiscal Year 1961 Fiscal Year

Advanczed Research 1960 1961 Supplenental. 1962

Attitude stabilization -
SEUAY v v eevvrrnnonsonscnonas $84,000 $21,000 -
Satellite materials and com-
ponents - anvirommental

StUALSS . e trrernnnancnrnannsos _— 100,000 $400,000 $150,000

Deep~-space communications -
STUAY . eeteenessinencensescnns 100,000 - -
Analysis of communications

sacellite experiments...v.o..s 50,000 50,000 - 150,000

Scattering properties of alu-

minum-coated infiatable

sphere - experimental study.. 120,000 -—- -
Economic evaluation cf various

commnications satellite

systems - study..eeeceecenenn 184,000 -~ —_— L em=
Total, Advancsd Research..... $817,000 $175,000 $400,000 $800,000

The rssearch and development programs are designed to provide she studies
which are necesssry to the proper direction of the development effort and to
bring along those technological develcpments which are the prerequisites of
cperational communicationg satellite systems.

The fiscal year 1960 work on high-gain antenna concepts, particularly
of thae kind that can be "pointed” electrically rather than mechanically,
will be continusd in the fiscsl year 1962. The fiscal year 1960 initiated
study to dstermine the ophimumm design and orbit for communications satellites
will be completed duriaz 1961, Oue of the factors influencing design of
both satellites and ground-based egquipment is the interfarence of satellite
ground terrinals with other -ommimications media; studies of these problems,
begun with 19A0 funds, will %e iriansified in the fiscal year 1.962.

Multi~-satellite gysteme operations raguire a concept of switching
between one satellite and ancther to avoid breaks in transmission;
correlatior. tetween ground siations is essentlial. The study o1 multi-
satellite switching techni funded in the fiscal year 1960, will provide
the knowledge necessary Jor

Studies on high-gain reflective space structures will be initiated in
the fiscal year 1962. The use of such structures which are inherently more
efficient than spheres, 1s dependsnt upon attitude stabilization, waich was
studied in 1960.

The requirement of long life for communications satellites makss nec-

essary intensive investigetion irtso the effects of the space enviroament
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on materials end components from which such satellites are fabricated.
Supplemental. 1961 funds are required to initiate studies which will
determine radiation effects upon the performance of solid state
components such as transistors, diodes and other semiconductor devices.
Tests will be conducted in various cyclotrons and electron accelerators
which will provide rediation data on proton damage.
used to predict the performence life of components exposed to protons in
the inner Van Allen radiation belt and electrons in the outer belt. In
addition to this determination of radistion effects on existing componentry,
new materials such as gallium arsenide will be investigated. This and
other high atomic weight materials show promise of greater resistance to

radisation damage.

These data will be

Critical analyses of the experiments carried out as part of the flight
programs axre essential to insure appropriate follow-on effort. Thece
studles were initiated in the fiscal year 1960 and will continue. The
fiscal year 1960 experimental work on the scattering properties of eluminum-
coated spheres will provide necessary data for complete analyses of the

Echo experiments.

The choice of which type of communications satellite system will

eventually be established for civillan operationsl use 1is
great extent on the relative cost of each.

dependent to a
The economic evaluation study,

funded in the fiscal year 1960, will give a cost comparison of the ‘arious
systems, and the trade-off between cost and performence for each.

Advanced
Technical Development

Echo transmitter.....eeeeu...
Digital antenna-pointing
equipmente..ceeeecnirancanns
Paremetric amplifiers........
Rigidization techniques for
space structures............
Instrumentsation system for
passive satellites..........
Developmert of radiation
resistant materials and
COmPONEeN S, s seeeeceernessesns
Long-lived travelling wave
BUDES . etuoterecscoscscnsosses
High-powered (40 Kw) trans-
mitter development..........
Attitude stabilization system
Development; of improved space-
borne bat:eries....c.eveeeene
High-powered spaceborne broad-
cast transmitter............

Total, Advenced Technical
Developmant...ecvveevnnnnan

Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year

1960 1961 Supplemental 1962
$45,000 - .- SRS
70,000 -—- ~—- “—
300,000 --- - ---
190,000 $125,000 - -
100,000 ——- - -
_— -—— - $600,000
— — ——- 250,000
- 500,000 --- 2,000,000
—-- --- - 500,000
- - 550,00C -
——— _—- - 300,000

$550,000  $3,650,000
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Development of a special purpose transmitter, digital antenna-
pointing equipment, and parametric amplifiers for experimentation at the
Jet Propulsion Laboratory's Goldstone facility in comnnection with Project
Echo were completed in the fiscal year 1960. A development program for the
rigidizaticn of space structures such as the Echo sphere was initially
funded in the fiscal year 1960 and is planned for completion with fiscal
year 1961 funding. The multi-sphere flight scheduled for 1963 will take
advantege cf these techniques. The instrumentation system funded ia 1960
will provide for the measurement of such parameters as pressure, temperature
and skin stress, and the:telemetering of this information. This system will
be incorporated on passive satellites upon completion of develorment.

In addition to the investigation of radiation damage to satellite
components and advanced research on new radiation resistant materigls
(advanced research effort) fiscal year 1962 funding is necessary to initiate
the development of components employing the new materials which show a
higher resistance to radiation demage.

Grounc. end spaceborne camponents for active satellite systems are being
developed. Fiscal year 1962 funds are required to develop travelling wave
tubes capeble of long life in the space environment. It is intended that
tubes such as these will be used in the Phase II low-sltitude repeater
satellites. Development of a high-powered (MO kilowatt) transmitter will
be initiated in the fiscal year 1961 and fully developed during 19€2. This
higher powered transmitter is required to provide an adeguate signal for
reflection from the higher orbit passive satellites. The initial rortion
of this development will be directed toward a power output tube in the 600C
megacycles region, and the effort should culminate during the fiscel year
1962 with the development of complete 4O kilowatt transmitters at this
frequency. This higher power will provide for the demonstration of
feasibility of the transmission of television bandwidths via the setellites
of Project Rebound.

Development of an attitude stabilization system for high-gain passive
satellites will also be initiated in the fiscal year 1962. This development
will be an outgrowth of attitude stabilization research funded in 1960, and
it will emphasize a reevaluation of stabilization systems which do not rely
on a supply of propellant which can be exhausted. This reevaluation is
made necessary because of technological advances in providing large erectable
structures. For example, a reevaluation of gravity stabilization possi-
bilities nay be in order with the possibility of erecting satellites with
extremely large separations of mass concentrations.

Batteries are and will continue to be a necessary part of any satellite
or space probe containing active components. Work is being pursued on the
development of reliable batteries for space applications, with emphasis on
nickel-cadmium rechargesble batteries having lifetimes up to one year. In
order to bhe useful, however, active communications satellites will require
much longer battery lifetimes. Immediate effort is required to in:itiste the
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development and simulated service-testing of both nickel-cadmium anc.

silver-cadmium batteries that show promise of meeting the reliability
requirements of communicatlons satellites. Supplemental funds for the
fiscal year 1961 are requested to initlate and accelerate this effort.

Finally, the development of higher power (lOOO watts) satellite-borne
power output tubes will be initiated in the fiscal year 1962. This timing
will be consistent with the reelization of high output power sources for
satellite applications such as the 3 kilowatt Sunflower unit which is being
developed under the Space Power Technology Program. This power level will
provide for a satellite capable of broadcasting directly to the home radio.

Fiscal Yea:

Fiscal Year Fiscal Year 1961 Fiscal Year
Flight Program (Passive) 1960 1961 Supplements.. 1962
Echo (nonrigid sphere):

Basic spacecraft..eecessse.. $616,000 S —— —
Beacons.e.eeencnns ceectesien 9,100 - - ——
Delta third-stage hardware.. 33,833 _— — —
Data acquisition and re-

AUCEION e seevsarerannnnonns 46,062 --- _— ——
Operation of Goldstone trans-

mitter end receiver site... 378,000 - - ——
Operation cf Holmdel trans-

mitter end receiver site... 145,870 ——- —- .——-
Operatior. of USAF Scotland

radar site....... thenane ‘e 22,135 -—- - ———

Ground coammunicetions equip-

ment mcediflication and

‘improvenment.. .. aeeeceonn 277,000 - --- -

Delta launch vehicle (funded

under Leunch Vehicle Develop-

ment PrOgram)....eeveseeess --= -== --- ===
1,528,000 --- --- -—-

Echo (rigicd sphere):

Suborbital tests:
Spacecralt development, fab-

rication and assembly..... -——— 1,700,000 —— -
Spacecraf’t-vehicle integration -—- 350,000 - -
Type approvel and flight

check-0Ut .oy ereneeennnnnns - -_— $450,0C0 -
Thor launch vehicles........ - - 2,000,0C0 $400,000



e
{5y

Fiscal Yea:r

Fiscal Year Fiscal Year 1961 Fiscal Year
Flight 2rogram (Passive) 1960 1961 Supplementa;. 1962
* Orbital test:
Fabrication, assembly,
and teST. e viverennenenensns - - - $900,000
Ground support and
operations.....eccneien.. —-- - - 200,000
Thor-Agena B launch vehicle --- ---  $3,400,000 3,200,000
--- $2,050,000 . 5,850,000 L&,T700,000
Rebound (3 rigid spheres):
Design, fabrication, assem-
bly, mating and check-out.. ——— 500,000 250,000 3,000,000
Low-noise receivers......... - -—- - 450,000
Antenna feeds and equipment. - - - 300,000
Atlas-Agena B launch vehicle - - 1,400,000 5,700,000
- 500,000 1,650,000 9,450,000
Rebound (6 rigid spheres):
Design study.....cevvvnnnn. ——— - -—- 300,000
Centaur launch vehicle...... - —-—= --- 3,500,000
-—- -—— --~ 3,800,000
Total, Passive Program.... $1,528,000 $2,550,000  $7,500,000 $17,950,200
Flight Program (Active)
Phase I - Low-altitude Active Repeaters:
Systems engineering......... . $ 562,000 —— ——-
Systems Integration and
operational management..... _—— ---  $1,250,0C0 $1,000,000
Spacecra’t fabrication and
FXST=1=111] o JUN O - - 3,500,0C0 500,000
TransmithersS. e e eeeeonnans —— - - 560,000
Receivers - low noise,
2200 megacycleS. e iaeanas —— - —-——— 379,000
Feed modifications for U. S.
site..... Weee e ane e -—- - - 150,000
Initial and operating spares ——— ——— --- 370,000
Data acquisition and services - -——- - 250,000
Delta launch vehicles....... - - 6,500,000 1,000,000
- 562,000 11,250,000 4,200,000
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Flight Program (Active)

Fiscal Year

Phase II - Low-altitude Active Repeaters:

Spacecraft design, develop-
ment, and fabrication...... ———
Atlas-Agena launch vehicles.

Rediation Measurements at 2L-hour Altitudes:

Spacecraft fabrication and
test... .o et -
Centeaur launch vehicles (funded
under Latnch Vehicle Develop-

ment Proprem).....eeee... ..

Fiscal Year Fiscal Year 1961 Fiscal Year
1960 1961 Supplemental 1962

_——- $800,000  $7,700,000

- ——- 1,500,000 10,300,000

- - 2,300,000 18,000,000

--- 2,000,000 ——-

_— — 2,000,000 o

$562,000 $15,550,000 $22,200,000

Total, Active Program.... -

Passive Program:

Echo I (nonrigid sphere)

The first passive communications satellite, Echo I, was placed in

orbit on August 12, 1960.

Its spectacular success has demonstrated the

feasibility of placing large inflateble structures in orbit, and the utility
of such structures as passive communications relays.

has providec. the following:

1. Adequate demonstration of the feasibility of passive

cormmunications satellites.

2. A confirmation of radio propagation theory which in-

dicates no fundamental barriers to the use of such systems.

3. A confirmation of orbital behavior theory which will
permit adequate prediction of the exact position of these
large, light-weight satellites so that communicating
antennas may be pointed with sufficient accuracy.

4. Justification that such large, erectable structures can
be provided which will live in the space environment for

long periods of time.

Specifically, Echo I

A primary objective of Echo I was to determine what it takes to provide
a satellite which will not degrade in shape or reflectivity with tine.
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The life of Echo I was insured for approximately 16 days through the use

of a sublimating powder, carried inside the satellite, which by evaporating
would provide & sustaining internal pressure over this period. Leakage

and micrometeorite damage caused dissipation of thils material a few weeks
after launch, yet the satellite continued to maintain its shape long
afterward. There has been some wrinkling of surface of the sphere, result-
ing in variations in the reflected signal strength, but not severe enough
to destroy its usefulness.

The fact that Echo I did not become distorted significantly after loss
of intermal pressure is highly encouraging. It indicates that only a nominal
Increase in material stiffness is required to insure a really long-..ife
satellite, and this in turn means that it can be accomplished without a
major increase in required satellite weight.

All of this indicates the need for an acceleration of the NASA passive
commnications satellite follow-on effort to develop the technology
necessary to passive satellite systems on an earlier time scale thar.
originally planned.

Echo (rigid sphere)

The first step toward & passive satellite system is the develorment of
an improved sphere - one that will be larger (approximately 1LO feet in
diameter) ard more rigid than Echo I. This development will include tests
of inflation and ejection techniques in suborbital flights, the procesdure
which proved to be extremely useful in the development of Echo I. Two Thor
launch vehicles will be used in these tests, early in the fiscal year 1962.
The 700-mile altitude orbital launch, scheduled later in 1962, will employ
a Thor-Agena B.

Supplemental fiscal year 1961 funds in the amount of $5,850,000 are
requested to perform ground tests in preparation for the suborbital [flights
scheduled for early fiscal year 1962, and to provide the necessary lead~
time funding of two Thor vehicles and one Thor-Agena B vehicle. The fiscal
year 1962 funding will provide for fabrication, assembly, and testing; for
ground support and operations; and for completion of the vehicle fundiling.

Rebound (3 rigid spheres)

Operational passive commnications satellite systems can be achieved
most economically by placing several satellites into orbit with a sirngle
launch vehicle. Project Rebound has been established to bring about the
perfection of this technique on an early time scale.

A spacecreft capsble of carrying three rigid spheres and ejecting them
once orbit hes been attained will be developed. In the fiscal year 1963
an Atlas-Agera B launch vehicle will be employed to place the spacecraft in
the 1500-mile cperational altitude orbit. The inclination will be
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approximately 45 degrees. A design study is being initiated in the
fiscal year 1961 with spacecraft development and ground test to start
in late 1961, and fabrication in 1962.

Supplemental fiscal year 1961 funds in the amount of $l,650,000
are requested to initiate this development and to provide the necessary
lead-time funding for the Atlas-Agena B vehicle. An additional increment
in the fiscel year 1962 will complete the Atlas-Agena B funding.

Rebound (6 rigid spheres)

The firal stage in the development of passive systems consisting of
spherical sgtellites calls for the Centaur launching of a spacecraft
containing six spheres in the fiscal year 1964. Agein, this launching
will result in an operational orbital altitude of 1,500 miles with 45
degree inclination. Both the Atlas-Agena and Centaur launches will
therefore ccntribute to the eventual system, in addition to providingz at
least a nominglly useful intermittent capability by themselves. This
mltiple launch technique may also be applied to establish an active
repeater system. Fiscal year 1962 funding of $3,500,000 will provids the
first increment for the Centaur vehicle.

Active Program:

The low-altitude active repeater satellite is one likely form of
satellite fcr commercial use. There are two distinct edvanteges to such
satellites compared with active satellites in a 24-hour orbit:

1. Ability to provide large bandwidths at rather nominal
grcund equipment costs.

2. Promise of relatively long life (assuming that the
rediation damage problem is not serious). For
example, the life of a 2k-hour satellite is in part
determined by the quantity of propellant carried
ebcard to continually control position and altitude.
The low-altitude active repeater does not require
attitude stabilization and therefore is not subject
to this limitation.

The objective of the NASA active communications satellite flight
program is to provide an early demonstration (Phase I) that a relatively
low-altitude active satellite is both feasible and suitable for com-
mercial applications. Such an early demonstration will provide many
answers regarding the operational problems in using such satellite s;stems
in addition to the testing of typical componentry in the space environment.
This will result in an earlier realization of operational systems.
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Following this early determination of the parsmeters, a more
sophisticated satellite (Phase II) will be developed capeble of being
launched in the numbers required for operational systems.

Phase I Low-altitude Active Repeater

This rhase calls for two launchings of a very simple active repeater
satellite into an 1800-mile altitude orbit inclined at approximately 45
degrees to the equatorial plane. This satellite will weigh approximately
80 pounds, be capable of one-way transmission of a television bandwidth,
and will be instrumented to indicate deterioration of satellite componentry
which may fail in orbit.

This step will provide the demonstration of feasibility of the low-
altitude active repeater satellite. A trans-Atlantic capebility will be
demonstrated by a communication experiment between the United States and
BEurope, via the satellite. An existing antenna in the eastern United
States will be utilized in conjunction with a selected European sita.

Supplemental fiscal year 1961 funding in the amount of $11,250,000
includes $6,500,000 as an increment on the two Delta launch vehicles
required for Phase I; the remaining increment is included in the 1952
requirements.

Phase II Low-altitude Active Repeater

This phase of the program calls for the development of an active
repeater satellite capable of two-way transmission (television bandwidth
or 600 two-way voice circuits), and two launchings of this satellite into
operational orbital altitudes. At this time the altitude will be 3,000
miles unless Phase I and the investigations indicate a severe radiaiion
damage problem. Should this be the case, the altitude may have to e
increased.

The previously selected European facility will be used in conjunction
with the tracking facility to be built on the East Coast of the United
States, to provide operational demonstration during this phase.

This step when completed will bring technology to the point where
operational systems mey be considered. Mualtiple spacecraft launche:s will
be desirable for the ultimate system and the experience gained in the
multiple launchings of Project Rebound will be of considerable value in
this regardi. Continued upgrading of componentry to further extend “he
useful life of such satellites will probably be necessary.

Supplemental fiscal year 1961 funding in the amount of $2,300,000
will provide incremental funding of $1,500,000 for two Atlas-Agena 3
launch vehicles and $800,000 for spacecraft design. The 1962 estimate of
$18,000,000 provides $10,300,000 as a follow-on increment for the two
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Atles-Agens B vehicles plus $T7,700,000 for spacecraft design, develop-
ment and fabrication.

Radietion Measurements at 2hk-hour Altitudes

The Department of Defense is planning to assemble test packages of
components for evaluation of radiation damage in & 24-hour orbit in support
of the Advent program. These flights will be made on NASA experimental
Centaur vehicles. As part of the NASA communications satellite progrem,
supplemental fiscal year 1961 funding is requested to provide instrumenta-
tion for measuring the quantities of energized particles encountered at
the 2k-hour altitude. This NASA developed equipment will provide valuable
correlation and verification of the space environment and its effec: on
the components of the Advent satellite.
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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

MERCURY
SUMMARY OF REQUIREMENTS:
1960 1961 1962 Page No.

Advanced Technical Development $3,418,600 $5,850,000 $2,510,000 RDpg-2

Flight Program................ 80,909,770 103,675,000 71,735,000 RDG-8

TOtaleveruvennononvsnoerss $84,328,370 $109,525,000 $74,245,000

OBJECTIVES:

The cbjectives of the Mercury program are twofold: (1) to develop
the technclcgies required to construct a manned satellite capsule which
can be either manually or automatically controlled and which will provide
a safe environment for man during launch, orbit, reentry, landing, and
recovery; and (2) to determine what effects, if any, a prolonged w2ightless
environment may have on man's ability to perform useful functions in space.

JUSTIFICATION:

It has become increasingly apparent that full exploitation of the
potentialities of space flight will be strongly depéndent on the develop-
ment of practical capabilities for carrying man into space. Many space
missions can be and are being accomplished without man. However, <here
are many advanced missions in which the presence of man will greatly
enhance thz research value and over-all reliability. The weight o future
spacecraft will be sufficiently large that trade-offs can be made Detween
man and instrument payloads. When operating in the new space envi::onment,
mission flexibility and reliability will be increased by incorporazing
a human operator who can evaluate the flight progress, perform maintenance,
make observations, and modify the flight plan to insure maximum mission
usefulness. Becguse of these considerations, it is a basic objective
of NASA to develop and utilize manned space flight capabilities.

The Mercury program was chosen to accomplish the initial objectives
of manned space flight. Mercury uses a one-man space capsule which will
be launched eastward from the Atlantic Missile Range, circle the esrth
three times and accomplish a parachute water-landing. Communicaticons and
tracking support for this mission will be provided by a world-wide network
of ground stations. Maximum use will be made of existing tracking and
communication facilities. Through the accomplishment of the Mercury
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program we expect to be able to establish the degree to which a pilot
can be exrected to operate in an advanced manned spacecraft. Earliest
achievement of manned orbital flight dictated the use of an ICEM launch
vehicle and a ballistic high-drag reentry capsule. This approach uses
an essentially unmodified launch vehicle and & proven ICBM reentry nose
cone technique in order to achieve minimum development time compatible
with reliability and safety. Many ICBM high-drag nose cones have
successfully undergone reentry heating rates much higher than will be
encountered during the Mercury program and the Atlas launch vehiclsz

is developing a history of successful flights.

FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year
Advanced Technical Development 1960 1961 1962

Configuraticn and Performance Tests:

Construction of special test

MOAELE e evesencooeasaannncnonns $2,800 $313,000 .
Instrumentation and support

EQUITMEnteseeeseocoracssannons 2,700 260,000 $50,000

Ground environmental tests...... 1,000 300,000 10,000

Analytical investigations....... 343,800 120,000 42,000

350, 300 993,000 103,000

Escape System Development.....o... 74,100 270,000 252,000

Landing Tests:

Air dArcp SUPPOTLeeerccassnccsses 130,700 220,000 70,000
TeSt eq:l.‘Lipment-...;.....-..-...- - 1302000 _30’000
130,700 350,000 100,000

Retrograde, Posigrade and other

Pyrotechnic TestS.eceeesscccoses 821,500 450,000 120,000
Structures and Impact TeStSeeeses. 72,500 350,000 430,000
Navigation, Stabilization and

Control:

Component test rigSeesessesoseas 32,000 400,000 70,000

Instrumentationsescece... ceeraon 24,000 100,000 €5,000

Test equipmente.ceeecs.. cesessas 12,400 100,000 ¢0,000

Analytical investigationS....... 8,000 100,000 20,000

76,500 700,000 275,000

RD9-2



Advanced Technical Development

Fiscal Year Fiscal Year Fiscal Year

Recovery Equipment Tests:

Test support services
Receiver development..
Beacon development......

Communication and Instrumentation
Systems Hardware Tests:

System component development..
Systems test apparatus...
Test support services....

Development of Mercury Life-Support

Equipment:

Pressure suit modifications...
Improved survival equipment...
Test equipmentecececss
Instrumentation for test equip-
mefNteesoeocoenoocnee
Component hardware...
Biological tests......
Improved biosensorSescesecsces
Environmental equipment and
pilot compatability tests...

Mercury Pilot Treining and Capsule
Simulator Support:

Anglog equipment for similator
NO. loceosos
Computer for simulator No. 2..
Environmental chamber for
pressure suit and equipment
check-out.....
Pilot training and development
of motion simuletors....
Services of engineers and
technicians for simulators
Nos. L and 2eeeveecess
Navigational training and
equipmenteccceceesssos

o0 o000 0s 0000

1960 1961 1952
..... ceee $45,300 $167,000 $50,000
creeenes 14,200 48,000 30,000
ceeees 23,900 65,000 20,000
83,400 280,000 101,000
231,400 240,000 120,000
ceees 161,200 190,000 100,000
ceens 87,300 105,000 _ 80,000
79,900 535,000 300,000
39,100 77,000 150,000
34,100 50,000 50,000
ceesoens 2,000 250,000 45,000
cereciee 3,000 45,000 15,00C
ceeesenae 2,000 150,000 23,000
ceeees 8,000 20,000 10,000
18,000 40,000 4,000
51,700 155,000 _60,000
157,900 787,000 395,000
coene - 40,000 ———
-—- 75,000 -
. - 100,000 ———
cere 60,000 115,000 90,000
veesns 80,000 120,000 110,000
...... . 205,100 195,000 150,000
345,100 645,000 350,000



Fiscal Year TFiscal Year Fiscal Year

Advanced Technical Development 196C 1961 1952
Mercury Acceleration Tolerance
Tests:
Test equipment for centrifuge and
S1eAeereconesossootsscennnnns $190,000 $120,000 $40,000
Instrumentationeseecececsssocesse 72,800 95,000 -
Restraint support tests and
equipment.cescesesseavconcas 224,000 115,000 16,000
Biological tesStSecessseercescsns 40,000 30,000 155,000
Landing impart progralle..scese. 300,000 130,000 25,000
EE%fBEG 590,000 xy,000

Total, Advanced Technical
Davelopment.ssecevenosss $3=h18,6oo $5=85o=ooo $2‘519,ooo

When the Mercury program was initiated in mid-fiscal year 1959, a
wide range of studies and experimental investigations was undertaken to
define the concept of the Mercury satellite and provide fundamental.
technical data on which to base the design of the capsule and its +rarious
operational systems. Detailed specifications were evolved for the develop-
ment and construction of the Mercury capsule. After evaluating several
proposals from industry, a production contract was awarded. At the same
time, the Mercury pilots were selected and an extensive program forr their
training was initiated.

These initial efforts were continued and extended during the Tiscal
year 1960. This included the conduct of a wide range of studies and
investigations for further refinement of capsule arrangements; the
solution of ecritical aerodynamics, hydrodynamics, loading, structures,
materials, propulsion, electronics, mechanical, functional, and
performance Jroblems; the development of alternates for critical com-
ponents and systems; and the detailed evaluation and proof testing of
prototype aardware.

The new Little Joe launch vehicle was first flown in the fiscal
year 1960 and use=d to launch prototype Mercury capsules for successful
demonstration of the abort capabilities of the escape system at cr:itical
flight conditions and for simultaneous tests of the parachute land:ng
and recovery systems. During this same period, a major milestone vas
reached when the capsule heat shield concept was successfully demon-
strated with an Atlas-launched full-scale model duplicating the trajectory
of reentry into the atmosphere from orbit. These tests also permit.ted
demonstration and refinement of the technigques being developed for using
aircraft aad Naval ships for post-flight location and recovery of the
space capsule.
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These activities are being continued and extended in the fiscal
year 1961. The program for training of the pilots is continuing and
includes further familiarizaetion with the details and operation of the
capsule systems, learning to control the capsule through the use of the
capsule simulstor on the Navy Centrifuge at Johnsville, Pennsylvania,
and the use of various NASA motion simulators.

A nunber of Mercury capsules are being delivered in the fiscel
year 1961, and the initial qualification flight test program is being
carried outs, The purpose of this flight test program is to identify design
end menufacturing deficiencies of & type that could not be found in the
extensive ground test program. Historically, in manned flight programs,
a gradual buildup of capability is required to achieve a system that
is safe Tor manned operation under design conditions. With this background
in mind, the Mercury flight test program was set up to include a step-
by-step buildup in mission objectives. Experience in this project, to
date, has amply demonstrated the need for such a program; unexpec*ed
problem areas have been uncovered, while the adequacy of many syswems
has been demonstrated. Tnevitably, the results of each test require
a re-examination of some ui’ the systems, an improvement in design or
fabrication techniques, or a change in some component part.

Beceguse the largest part of the flight qualification program will
be carried out in the latter part of the fiscal year 1961, the resulting
re-examination, improvement, and modification program will carry well
into the fiscal year 1962. Continuing technical development will be
required in the following areas:

Configurstion and Performance Tests

These tests,involve, in part, the complex stability areas which
are encountered with the Mercury capsule. For instance, as a result
of the early Little Joe escape tests, it was learned that the stability
of the escape configuration was lower than anticipated. This result
caused the retrofit addition of a stability augmentor on the base of
the escape tower. This modification necessitated additional wind.
tunnel mins. Using the wind tunnel data, computer studies were made
to predict the dynamic motions of the capsule. Data from successive
flight tests will be used to update capsule motion predictions. These
types of calculations will continue throughout the flight test program.
Other investigations which will continue into 1962 involve emergency
drag stabilization and reentry systems which could be used in the
event of malfunction of the capsule reaction control system and “he
retro-rockets.,
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Escaepe System Development

The capsule escape system consists of tripod support legs which
are attached to the capsule at the base of the conical-shaped anteana
canister. Voice and telemetry signals are attenuated by radio inter-
ference caused by the metallic legs of the escape tower. Although the
capsule can be flown in the current configuration during the early
flights, & modified tower configuration must be developed in 1962 which,
based on early flight-test results, will produce minimum interference
with redic transmissions.

Landing Tests

The capsule weight distribution must be such that after a water
landing the capsule will float in the correct attitude, allowing
pilot egress and permitting the recovery radio antennas to operate
above the weater line. Because the flotation characteristics are
dependent upon capsule weight distribution, parachute release timing,
wind velocity, and sea state, many tests will continue into 1962 to
simulate the cepsule configurations and environmentel conditions
which will be encountered with the rocket-launched orbital versiors of
the capsu’e.

Retrograde, Posigrade, and other Pyrotechnic Tests

The capsule contains retro-rockets to initiate descent from orbit
and posigrade rockets to separate the escape tower from the capsule
and to separate the ceapsule from the launch vehicle. Although all
of these rocket motors are being qualified within the required
specifications, development work will continue into 1962 in an eff'ort
to extend the operating temperature limits. A unique requirement
for pyrotechnics is in the explosive-operated egress hatch. Since
the early capsules utilize mechanical-latching hatches, there wil..
be no opportunity for flight test experience with the explosive hatch
until later in the flight program. Consequently, development tests
of this device will continue into 1962.

Structures and Impact Tests

The presence of men in a parachute-landing space capsule requires
that the structure maintain pressure integrity during water impact and
that vertical and lateral impact accelerations be attenuated. A landing
impact bag has been fabricated which will reduce the vertical and lateral
impact forces transmitted to the capsule and pilot. Development work
will be conducted to extend the impact protection for higher lateral
impact velocities.
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Navigation, Stabilization, and Control

The capsule stabilization and control system is one of the most
complex and important systems in the capsule. It is required to
orient the capsule in the proper position for visual navigation aml to
hold the capsule in the correct attitude during retro-firing. The control
system utilizes hydrogen peroxide reaction jets which can be either
manually or automatically controclled. Manual control of the capsule
is required in case of failure of the automatic system during early
flights and will be required for the development of manual pilotingz
and navigation techniques on later flights. A continuing test and
analysis effort will be directed toward investigating all the control
modes to te used in these later flights.

Recovery Equipment Tests

The Mercury capsule is equipped with a number of transmitter
beacons and other devices that are used to aid in the location of
the capsule after it has landed. The recovery beacons installed in
initial versions of the capsule have & rather limited range, thereby
necessitating the use of a large number of search and retrieval ships
and airplenes. New equipment is currently being developed that will nearly
double the transmitting range of the recovery beacons. Final evaluation
testing end installation will take place during the fiscal year 1G62.
The use of this equipment will enhance the probability of a fast recovery.

Communications and Instrumentation

Detailed monitoring of the capsule systems is accomplished through
an elaborate instrumentation system. Nearly one hundred parameters
are being monitored. It is necessary to transmit this informatior.
to the ground stations by voice and radio telemetry. Because the
capsules will fly various missions, and because instrumentstion perameters
will depend on the results of the previous flight, a continued eff'ort to
provide new instrumentation is required throughout the flight program.

Development of Mercury Life-Support Equipment

As a result of the pilot training program, recommendations for
pressure suit modifications are continually being carried out. Al.though
the Mercury pressure suit is now adequate for manned opersations in space,
its safety and reliability aspects will be improved as more fligh: test
experience becomes available.

The environmental control system in the Mercury capsule is entirely
new, designed without prior experience with similar systeuws. Consequently,
this system will undergo continuing improvement and testing as the flight
program progresses.
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Mercury Pilot Training and Capsule Simulator Support

Because of the unique control modes and emergency manual systems,
consideratle pilot familiarization and training is required. Two capsule
similators have been procured from the capsule contractor. One simulator
is located at the Langley Center and the other is installed in the Mercury
Control Center complex at the Atlantic Missile Range. In order to gain
maximum benefit from these simulators, they have been augmented by analog
computers and special navigation map-projection equipment. In ordsr to
keep maximun continuity between capsule and simulator details, the
services cf contractor engineers and technicians are necessary. In
addition to the capsule simulators, a special air-bearing motion simulation
is being developed for pilot training. Pilot familiarization and training
must continue throughout the flight program.

Mercury Acceleration Tolerance Tests

Acceleration tolerance testing has been accomplished at the Air
Force impect acceleration facilities at the Wright Air Development Center
and at the Folloman Air Force Base. These were impact tests which simulated
the high onset rates which are expected during capsule impact on both land
and water. The tests performed at the Navy Johnsville Centrifuge served
the dual purpose of tolerance testing and pilot training. The centrifuge
cab controls were arranged similar to the Mercury capsule controls. The
pilot actually controlled the motions of the simulated reentries through
a closed-locp centrifuge computer circuit. Coincident with many of the
previous tests, several pilot restraint systems were tested. Centrifuge
training ené. impact testing will be continued into the fiscal year 1962.

Fiscal Year Fiscal Year Fiscal Year

Flight Program 1960 1961 1562
Capsules, Support Equipment

and Services:

COPSULES e v avevoosonnesnneones  $45,183,800 $39,800,000 $2k,822,000
Training simulators..ccecssss 3,660,400 1,408,000 8€0,000
SPATEe TETtSeeeeecescoscosanns 2,466,900 469,000 425,000
Ground support eguipment..... 6,810,200 1,959,000 9¢ 8,000
Flight test Supportecscscecses 2,706,170 3,286,000 3,875,000

Support equipment and services 1,022,300 1,798,000 1,1£0,000
61,649,770 48,720,000 32,0€0,000




Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 19562

Network Operationel Implementation:

Overseas transportation..... . $780,000 $250,000 -
Dynamic check-out of network. - 200,000 ---
Design ¢f training simulation

SYStelMeseoeeeasessonaasoans 160,000 400,000 -
Hookup ¢f simulation system.. 85,000 300,000 -
Training 8idS...eceoessscsses 230,000 650,000 ————

Back up electronic supplies

for telemetry and ground

communications....... ceeens 284,000 700,000 110,000
Back up electronic equipment

for telemetry and ground

commNicationS.coseseecacss 190,000 650,000 <0,000
Flight controller tralning
equiprient..... cecesscasases 90,000 210,000 ---

Back up electronic supplies
for tracking and Gata
8CqUISIitione.eceereneoons .. 214,200 750,000 145,000
Field equipment modifications 482,000 1,824,000 170,000
Back up electronic equipment
for —racking and data
acqUISItion. . veeeeanosooas 180,000 800,000 25,000
2,695,200 6,734,000 750,000

Network Ooperations:

Bermuda station.esscescseasss - 2,007,000 3,109,000
Australia stationS..ececescs. ~——- 1,852,000 3,004,000
Canary Islands statioN..se... - 705,000 1,276,000
Kano statloneeseessocessses ves - 786,000 1,422,000
Zenzibar station........ ceeas ——- 613,000 1,108,000
West Mexico statioN..eceecsss - 1,460,000 2,64k ,000
Southern California station.. - 119,000 215,000
Hawaiian statione.ceeecaceens -—- 110,000 220,000
Canton Island station........ ——— 316,000 573,000
Atlantic Missile Range....... 110,300 313,000 1,424,000
Corpus Christi and White Sands

StatiONS.eseesscsnorcosasns 30,000 848,000 1,534,000
Air Proving Ground station... 4,500 18,000 35,000
Ocean range vesselS....eseoss - 958,000 2,608,000
Port Lecuis ship support station - 193,000 349,000
Training..cecocos cetesens ceene _— 209,000 134,000
Lincolr. Laboratory services.. _—— 1,500,000 -—-
IBM computing center services - 212,000 -—=

14,800 12,219,000 19,€35,000



Fiscal Year Fiscal Year Fiscel Year
Flight Program 1960 1961 1962
Recovery Operations:
Nevy Buresu of Ships support $125,000 $4,079,000  $3,1L47,500
Navy Buregu of Weapons
SuPPOI‘t...-a..‘..-.....-o. 175,000 5,8%,000 3,96’2,500
Retrievel equipment......... 53,000 60k ,000 720,000
353,000 10,573,000 7,650,000
Launch Vehicles:
REAStOL€ . cesvovcersosonsronss 4,477,000 2,450,000 -
o - P 11,390,000 22,979,000 11,500,000
15,867,000 25,429,000 11,500,000
Total, Flight Program.. $80,909,770 $103,675,000 $71,755,000

Becsuse of the urgency of the Mercury program, its various phases are
being conducted in parallel. Portions of the research and development program,
such as parachute and escape system development, have been accompl.ished con-
currently with the capsule manufacture. The flight program consisits of
research and development flights, followed by qualification flightis of
increasingly complex capsules, termineting in manned ballistic andl orbital
flights. Twenty-four capsules are being built by the contractor f'or the
ground tests, qualification flights, and manned flights.

After a production contract was awarded in the fiscal year 1959, a
progrem of large-scale flight experiments was initiasted to permit demon-
stration of the practicability of design and operational concepts for
protection of the capsule from critical aerodynamic heating on atmosphere
reentry from orbital flight, for safe escape of the manned cepsule from
the launch vehicle in the event of imminent catastrophic failure, and for
landing and sea recovery of the capsule &t the termination of the flight.
The initial full-scale demonstrations of the parachute landing system
and launch pad escape of the capsule from the booster were successfully
accomplished,

Modification and construction programs on suitable launch vehicle
systems, including the liquid-fueled Redstone and Atlas and a specially
designed Little Joe solid-propellant system,were undertaken to support the
conceptual proof tests and the planned series of development and qualificat:on
flight tests leading to manned orbital flight.
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During the fiscal year 1960, progress was made in fabrication,
assembly, and check-out of operational Mercury capsules. Three capsules
were delivered. The first was launched at the Wallops Station in a
simulated launch pad abort. Subsequently this capsule underwent severe
structural testing. The second capsule was fully instrumented for a
structural and heating flight test. The third was prepared for later
flight on the first Mercury-Redstone vehicle.

Blockhouses and launch pads were modified and check-out facilities
were constructed at the Atlantic Missile Range. Personnel were trained
for the preflight check-out and preparation of the Mercury capsules for
short-range Little Joe and Redstone flights and for the long-range
ballistic or orbital Atlas flights.

During this period, a program for using lower primates in some
Little Joe, Redstone, and Atlas flights with simplified and operational
Mercury capsules was begur %tc provide biological loading tests of the
capsule ervironmental and instrumentation systems prior to manned o>peration.
As a result, animal experiments were successfully conducted in two of the
previously mentioned capsule escape system tests with Little Joe launch
vehicles. Methods were established for the conduct and integratioa of
various activities necessary for the launch, global flight tracking and
data acquisition, flight monitoring and control, capsule recovery, and
debriefing. Provision of necessary training aids, including operations
simulators for flight monitoring and control activities, and associated
personnel training were initiated.

During the fiscal year 1961, these activities are being continued
and extenced. Detailed development and construction of the operational
Mercury ceapsules is continuing and, as dictated by various qualification
and preliminary flight test programs, necessary refinements to the
capsule systems are being evolved and incorporated.

Basic édesign and construction of the Mercury tracking and ground
instrumentation network is being completed, and check-out and demon-
stration of the systems undertaken. Training of network operations
and maintensnce personnel is facilitated by operation simulation
programs &nc by the support of the initial unmanned orbital flights.
As proved necessary by initial sxperience, system refinements will be
made to provide adegquate support to the ensuing flight operations.

Majcr efforts are being directed during the fiscal year 1961 to the
gualification and progressive flight demonstration of the operaticnal
Mercury cepsules. Extensive vibration and noise environment tests
will be made to qualify the capsule under simulated launch vibrations,
and & Little Joe launch vehicle will be used for qualification of the
escape system at the most severe abort conditions during boosted flight.
Atlas launch vehicles are being used to test the adequacy of the heat
protection methods and landing and recovery systems of the operational
capsules n trajectories dupliecsting atmosphere reentry from orbit,
and in demonstrating the effectiveness of both capsule and ground support.
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systems for handling emergency abort of the flight during the orbital
insertion phase.

Concurrently, a program of suborbital ballistic flights of the
operational Mercury satellite capsule with Redstone launch vehicles
is being underteken. Initlal flights are being used to qualify the
capsule systems and demonstrate the operational techniques. Only
after these objectives have been accomplished will manned Redstone
flights be undertaken. These flights will provide initial experience
for both -<he pilot and ground support personnel in handling a manrned
flight operation, permit major evaluation of both flight and ground systems
in actual manned flight operation, and contribute directly to the flight
training of the pilots prior to the orbital missions as an adjunct tc
their extensive ground training program.

Orbi=al flight tests will be conducted in the fiscal year 1962,
For this purpose, it is again planned to pursue a build-up of experience,
with necessary correction and refinement of the hardware systems end
operational methods, through preliminary orbital flights of the operationsal
Mercury capsule. When g8ll the systems have proven sufficiently reliable,
manned orbital flights will be undertaken. These flights will provide
for detailed investigation of the effectiveness of the Mercury systems
and opereaional technigues, and the influences of the space environment
on human reactions. Later phases of the orbital flight program will also
permit at-ainment of initial experience in using the capabilities of manned
space flight for the conduct of specialized scientific or advanced.
technological operations in space. Following is & description of each
major category within the flight program.

Cagsules

The :nitial contract with the capsule contractor specified orly
12 capsules. It was not obvious at the time the contract was sigred
whether recovered capsules should be refurbished or additional capsules
should be ordered. As the design details and operatiomal procedures
materializec, it. became clear that the scheduling difficulties involved
in refurbishing capsules, the uncertainties in capsule damage, ané. the
long lead times would make refurbished capsules impractical., Cost
estimates for the refurbished capsules were equal to those for new
capsules. A total of 24 capsules are now on order but production has
not started on the later capsules, The complexity of the Mercury
capsules ncreases as they are phased into subsequent stages of tke
flight qualification program so that the later capsules are more
expensive than the early models. During the fiscal year 1962, the majority
of the flights will involve orbital capsules with complete subsystem
components. In addition to increased construction costs, the systems
test and check-out procedures will require a greater degree of cor-
tractor effort.
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Training Simulators

The contractor was directed to construct two capsule simulators
which would provide capsule familiarization and training for not only
the pilots, but also for the flight controllers who will monitor the
capsule systems' operation from the various tracking stations. Tae
simulators are doubly complex in that they must simulate the operation of
all the pilot's instruments and also permit an instructor to easily
similate nearly all possibilities of launch vehicle and capsule systems'
failure. Funding for the trainers will continue into the fiscal ;rear
1962 becmise they must be continually updated to maintain compatibhility
with the wvarious capsule configurations.

Spare Parts
Spare parts must be available in order to provide an expedit:ous
means for handling capsule subsystem mglfunctions at the Atlantic Missile
Range check-out facilities and launch sites. This item will require
1962 funding to cover capsule configurational changes.

Ground Support Equipment

Fiscal year 1962 funding is required to maintain ground hardvare
compatibi’ ity with the continually modified orbital capsules. This
equipment, serves the purpose of exercising and checking the operation
of the verious capsule systems at the contractor's plant and at the
Atlantic Missile Range. The blockhouse and launch site instrumentation
must also be modified to meet the specific mission requirements.

Flight Test Support

The contractor's effort in flight-test support will peak in 1962.
From the stendpoint of flight-test support activities, the most ccmplex
capsules will be used during the orbital flights, most of which are
scheduled during the fiscal year 1962. A major consideration in this
category is the post-flight tear down and analyses of the capsules,

It is expected that very detailed post-flight analyses will be conducted
on the early orbital capsules since they will be the first final-
configuraticn capsules and will have been subjected to a space environ-
ment for e much longer duration than the ballistic capsules.

Support Equipment and Services

As mentioned above, cepsule development work will continue
throughout the duration of the Project. Thils work will require
contractor-furnished support equipment and services in 1962.
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Network Operational Implementation

Maximum probability for mission success and safety can be insuared
by a world-wide network of tracking and communication stations. Taere
are 16 stations spotted under the orbital flight paths. Maximum use
has been rade of the Department of Defense communications network and
existing stations in the United States and Hawaii. The NASA Wallops
Station facility is being used as a demonstration and check-out site.
The Goddard Space Flight Center will act as the network computing and
communication center. The Mercury Control Center at the Atlantic
Missile Range will coordinste and exercise command authority over the
network stations.

In the fiscal years 1960 and 1961, the construction phase at all
sites was being implemented and completed. Funds were required for the
overseas transportation of station equipment, for the dynamic checx-
out of all stations, for the design and installation of a training
simulation system, and for back up supplies and equipment. As a rasult
of the diversified nature of this network, the operational implemeantation
was found to be a tremendous undertaking, involving not only the complete
functional check-out of each station, but also the integration of the
entire network together with Mercury capsule equipment.

By the fiscal year 1962, all stations will have achieved a state
of operational readiness. Funding will then be required to replace and
update electronic equipment, and to make changes dictated by corresponding
changes in capsule components.

Network Operations

Most of the network stations will not be manned until the lasi half
of the fiscal year 1961; all stations will be manned continuously during
the fiscal year 1962. The operating costs are dependent upon the amount
of tracking and communications equipment which must be maintained and
operated, and also upon the amount of Department of Defense suppors:
already existing at established tracking stations.

The stations at Bermuda, Canary Islands, Kano, Zanzibar, and West
Mexico will be operated directly under NASA contract. The Australian
Govermment will contract for the operation of the stations in Aust:iralia
and the Department of Defense, or its contractors, will operate the
remaining seven stations and the ships in the Atlantic and Indian fceans.

Recovery Operations

Recovery ships and aircraft will be deployed in the Atlantic cean
along the launch track and at the end of each of the three orbits.
Widespread deployment along the launch track is necessary to provide
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emergency pickup in the event the flight is aborted during the launch

or if Atlas burnout occurs before orbital velocity is attained. Recovery
ship deployment for the ballistic Atlas and Redstone flights will be

down the Atlentic Missile Range. Helicopters will be stationed on some of
the ships and at the launch site.

In eddition to deployment during flight missions, considershle
recovery training is being accomplished with full-scale boilerplate
models of the capsule. Additional participation by recovery forcszs
is also required during the evaluation of recovery beacons. Recovery
costs include only those that are additional to normal operational
expenses of these military units,

Launch Vehicles

Eight Redstone launch vehicles are scheduled for short-range
ballistic qualification flights of the Mercury capsule. The Redstone
was chosen for these intermediate flights because of its relative
simplicity and inherent aerodynamic stability. Redstone flights
were initiated in the second quarter of the fiscal year 1961,

The Atlas launch vehicle was selected for the design orbital mission.
Preliminary Atlas flights, however, will be ballistic and will flight-test
the capsule under severe abort reentry conditions and normal atmospheric
reentries. The initial ballistic qualification flight took place early
in the fiscal year 1961. A total of 15 Atlas launch vehicles are
currently programmed for the Mercury program and are being increm:antally
funded at a rate compatible with production effort.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

APOLLO

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.

Advanced Technical Development $100,000 $1,000,000 $5,099,C00 RD10O-5

Flight Program................ - --- 24,h01,c00 RD10-10

Total....ooeeiieinennnn §lOO ,000 il ,000,000 §22 200,000

OBJECTIVES:
To provide the capability for the menned exploration of space through

the deve._opment of a spacecraft suitable both for manned lunar exploraticn
and for use as an earth-orbiting laboratory.

JUSTIFICATION:

In the past, man's scientific and technicel knowledge was limited by
the fact that all of his observations were made either from the earth's
surface or from within the earth's atmosphere. Now man can send his
measuring equipment on satellites beyond the earth's atmosphere end into
space beyond the moon on lunar and planetary probes. The knowledge that
hes been derived from these initial ventures into space is already
extensive, but the exploration of space in its truest sense will begin only
when maen himself can participate directly.

Man is destined to play & vital and direct role in the explcration cof
the moon and the planets In this regard, it is not easy to conceive that
instruments can be devised that can effectively and reliebly duplicate
men's role as an explorer, a geologist, a surveyor, a photographer, a chemist,
a biologist, a physicist, or any of a host of other specialists vhose
talents would be needed. In all of these areas, man's judgmeit, his ability
to observe and to reason, and his decision-making capabilities are required.
Only men can cope with the unexpected; and the unexpected, of course, is the
most interesting.
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The search for extraterrestrial life, for instance, is a problem of
formidable difficulty for pure instrumentation systems that is much more
easily within the scope of man's abilities. Even in more prosaic endeavors
such as photography, it is extremely challenging to duplicate man s ability
to select pertinent subject matter and optimum photographic methods, to
focus and choose the most profitable instant for exposure, to recognize
that his view is obstructed, or even to note that the lens has become dirty.

Closer to earth, man's special abilities would be employed in meanned
orbiting space laboratories or space stations. Man's observationsal,
analytical and functional capabilities can provide an advantaege in the
conduct of a range of meteorological, communication, broadcasting, mapping
and search activities in orbiting vehicles. Orbiting leboratories will also
permit the investigation and proof-testing of vehicular components and
operating techniques required for the development of other advanczd space
vehicles and missions. Of note in this area are the evaluation of micro-
meteorite and radiation damage to space materials, the development o space
propulsicn systems, the study of spacecraft erection and construction, the
investigetion of rendezvous techniques, and the detailed assessmeat of the
long-duretion capabllities of man in & weightless environment.

The initial step in providing the capability for the manned =xploratio:n
of space is the Mercury program, designed to put a manned satellite into an
orbit mcre than 100 miles above the earth's surface, let it circle the
earth three times, and then bring it back safely. From the Mercury program we
expect to learn much about man's cgpabilities in a space environmsnt; such
knowledge is vital in determining what must be done in order to allow man
to participate effectively in other, more difficult, space missions. But
the deteirmination of man's capabilities in a space environment 1s only one
of the benefits that will be derived from the Mercury program. Of equal
importance is the technical knowledge being gained during the design,
construction, and operation of the first vehicle specifically enginecred
for manned flight in space.

Acquisition of extended capabilities for manned space exploration and
investigation beyond the Mercury program will need to proceed in logical
steps as defined by the growth of pertinent technologies. A primary
constraint resides in the scheduled availability of suitable prorulsion
systems for accomplishment of the required flight missions. Within the
next ten years, the Saturn launch vehicle offers the best possibility for
important advances in manned space flight. This launch vehicle chould
provide a capability for launching relatively large manned space labora-
tories iato earth orbits, or a manned spacecraft into a circumlurar
trajectory, with possible close lunar-orbiting for extended scientific
observatioa before return to the earth. While the latter flight mission
will not yleld the ultimate potentialities of a manned lunar lanc.ing
mission, it is expected to offer important scientific rewards anc at the
same time pprovide for the development of a proven spacecraft system that
can be diresctly used in a manned lunar landing mission when suitable launch
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vehicle advancement makes this possible. The size of the step inio the
future visualized for the Apollo program will take full advantage of the
Saturn development. The Apollo spacecrgft will be capable of mamned lunaxr
reconnaissance, as a logical step toward future goals of landing men on the
moon and the planets; the design of the spacecraft will also be sufficiently
flexible to permit its use as an earth-orbiting laboratory, as a necessary
intermediate step toward the establishment of a permanent manned space
station.

During the fiscal year 1960, initial efforts were made in establishing
the long-range objectives of the advanced menned space flight and the
rational steps that should be taken to extend manned space flight capabili-
ties beyond those being developed in the nation's initial programs. This
work included examination of the interrelation between desired ob,;ectives,
the limitations imposed by the programmed availability of suitable launch
vehicles, the general technological problems confronting the accomplishment
of various flight objectives, the existing confidence that such problems
could be adequately resolved in time by diligent application of acvanced
engineering and development techniques, and possible specific approaches to
the solution of some of the fundamental problems. Preliminary efforts were
also direczted to the analysis of specific flight missions and of sssociated
vehicle requirements and concepts that would meet basic objectives while
reducing technological uncertainties and long-range cost factors. This work
then permitted formlation of general guidelines for proceeding with the
detailed development of the Apollo program.

Of great promise is a modular concept for a vehicular system that would
be initially utilized for performence of manned orbiting laboratory functions,
but would ultimately be capable of manned circumlunar flight and readily
adaptable to lunar landing. Such a vehicle might consist of three component
modules. The first module could be called the command center, which would.
house a mmiltimanned crew during launch, serve as the control center during
the basic mission, and generally be the only component designed fcr return
with the crew to the earth. To this would be added a propulsion rodule
that would provide the necessary energy for safe return of the cormand mod:ile
to earth in the event of an emergency abort of the mission, for mid-course
corrections, for lunar-orbit insertion and ejection, for earth-orbit
corrections or rendezvous with other satellites, and for reentry corridor
control. For later lunar landing missions, the propulsion module would be
used to launch the spacecraft from the moon back toward the earth. For
circumlunar flights, an additional special purpose mission module would be
added to provide the extra life-support and power supply requirements of
this mission and the particular laboratory facilities associated with the
scientific study of the earth-moon system. For earth-orbiting flight a
different special mission module of considerably greater weight-carrying
capacity would be substituted that would support the basic needs of the
missicn and provide for an arrsy of equipment for scientific and techno-
logical space experiments, or for pertinent meteorological, commnication,
observational or related services. In addition, the command center and
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propulsiorn modules might be used together as a unit for special space
applications such as the re-provisioning and maintenance of other
satellites or the construction and support of future permanent menned
space stations.

In the Apollo program it is planned to embody the great flexibility
and utility that i1s inherent in the modular scheme. It is apparent that
the use of mutipurpose components for a variety of missions shoull offer
significant financial adventage over the provision of comparable capabili-
ties by development of a number of special purpose spacecraft.

The Apollo spacecraft, therefore, will be a versatile vehicle having
dual mission capability that will enable man to accomplish important
functions in space. The spacecraft will be capable of a variety of
scientific and technological services as an earth orbiter, and will also
serve as an intermediate step toward the establishment of manned space
stations. Tt will also provide the capability for scientific observation
of the eeith-moon system through lunar reconnaissance as a logical step
toward future goals of landing scientific teams on the moon and the
exploration of other elements of the solar system.

In edldition to formulating the mission guidelines, intensive
research and study programs on many of the technical problem areas of the
Apollo program were initiated at the NASA research and space flight centers
during the fiscal year 1960.

During the fiscel year 1961, the analytical and experimental investi-
gations undertaken by the NASA centers are being continued. Wind tunnel
and free-:1ight model tests are being made to determine the aerodynamic,
stability, loads, and heating characteristics of possible spacecraft con-
figurations. Results of these tests will aid in the selection and design
of optimum arrangements, and will permit detailed evaluation of flight
performence characteristics. Corresponding investigations are also being
underteken n the areas of structures and reentry heating protection,
space navigation, stabilization, flight dynamics control, and landing and
recovery.

During this period, three contractors were selected, by competitive
bid, to define the characteristics of a feasible manned. spacecraft system
to meet the Apollo mission objectives. Their investigations will include
an analysis of launch, circumlunar, lunar orbit, and reentry trajectories;
studies to establish structural requirements imposed by the expected
environmental and operational conditions; analyses of the onboard propulsion
needs to satisfy mission requirements; evaluations of the effects of
radiation on spacecraft occupants; studies to define crew display and flight
control requirements; and studies to define the characteristics of
envirommental control, crew support, power supply, commmunications,
telemetry, guidance, stabilization, control, instrumentation, landing,
and recovery systems.
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FUNDING REQUIREMENTS:

Advanced Technical Development

Fiscal Year

1960

Fiscal Year Fiscal Year
1961 1962

Spacecraft Design and Feasibility
StudiesS. .t ieriiininniieiienrnaannns

Mission Analysis and Simulation:

Analysis of optimum mission and
abort trajectories, and associ-
ated flight characteristics......

Mission simulation and evaluation.

Loads and Heating:

Analysis of heat inputs, and
means of attenuation or
dissipation.......cviiiiiienn...

Analysis of configuration
8erodynamicCS. o oeeeernennssnnanes

Wind tunnel and free-flight model
tests of aerodynamic character-

istics, loads and hegting........
Model tests of land and water
IMpPECES. .t veeeeenreinenaneneansnes

Airdror test payloads and services
for landing system concepts
developments. v e eevnnneoasenss

Rocket models for high Mach
number tests of landing system
deployment.....cuoeiieiinnernnnnn

Analysis and evaluation of land
and water impacts, impact load
attenuation, and buoyancy........

Models for launch pad escape
systen. conceptual development
tests...... J . et sesesieanae

Materials and Structures:

Analysis and evaluation of basic
construction methods, and
materials. i ineneoncaans

High temperature and space
envircnmental tests of materials,
and strvetural concepts and
COMPOIEINES. et vinetnvinnecennanns

$100,000

$1,000,000  $2,000,000

- 218,000

——— 156,000
- 374,000

- 24,000

——- 17,000

- 363,000

- 48,000
- 411,000
S 180,000
- 11,000

- 272,000

- 1,329,000

——- 11,000

- 358,000



Fiscal Year Fiscal Year Fiscal Year

Advanced Technical Development 1960 1961 1962
Develgpment of special structures B}
for impact attenuation....... ceeen — — $12 2;;888
Radiation:

Investigation of space radiation

and solar flare prediction .

methodis for Apcllo mission........ _—— ——— 127,000
Evaluation of radiation - biology

factors, and shleldling effective-

ness 0 possible Apollo con-

figurations.....cov.... eeceens ‘e - === 52,000
— . 179,000

Crew Acconmodaetions:

Developrent and evaluation of
special rressure suits; support
and restraint gear; food, health-
and survival methods; and bicin-
strumentation system.......... veer  mma - 146,000

Evaluation of Systems and
Component:s

Guidence, stabilization and
control system:
Anelysis and evaluation of

guidance and control methods... ——— -—- 27,000
Simlated pilot displays and
control slmulation.....eeeees.. -—- - 65,000
Onboard propulsion system:
Analysis and evaluation......... - - 25,000
Vacuum chamber tests of pro-
pulsion components.......... . - -—- 140,000

Environmental control system:
Evaluation of methods for

environmental control..... seeee -——— -——- 12,000
Environmental testing of
systems components....... tCecnan - —— 23,000
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Fiscal Year Fiscal Year I'iscal Year
Advanced Technical Development 1960 1961 1962

Communication and telemetry system:
Anglysis and evaluation of
frequencies and special

transmission problems......... - -—- $12,000
Component evaluation........... -—- -—— 11,000
Instrumentation:
Development and evalustion of
scientific instrumentation.... -— - 85,000
Investigation of operationsl
instrumentation techniques.... - - 42,000

Power surplies:
Evaluation of alternate power

supply methods... .. vvueveenans ——— - 15,000

Power supply component
development......coueuvivnnans edd . --- lEZOOQ
-—- —-- T4 ,000

Ground-based Flight Support
Methods and Systems:

Development of requirements for

ground monitoring and control of

spacecraft flight................ - ——- 23,000
Developrient and evaluation of

tracking and ground instrumenta-

tion techniques and equipment for

Flight SUDPPOTte: e cvereneronsnns -— .- 60,000
Investigation and refinement of

spacecraft location and recovery

technigues...civeevrnniinienenen, === - =-- 20,000
- ——- 103,000

Total, Advanced Technical
DEVELOPMENT s+ v e v e v eveeneannenans $100,000 $1,000,000  $5.099,000

Spacecraft Design and Feasibility Studies

By mid-May, 1961, the three study contractors will have completed
the preliminary work of defining the characteristics of the Apollo
spacecraft system. Detailed design of the spacecraft and its compcnents,
based on the composite findings of the preliminexy study, must then be
carried out in the fiscal year 1962 in preparstion for the start of
Apollo spacecraft fabrication the following year.
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Mission Analysis and Simulation

Mission trajectories must be analyzed, with particular emphasis on
all possible return trajectories for aborted or unsuccessful miss:.ons.
The analyses will include evaluations of required guidance accuracies
and related dispersions. Complete missions will be simulated on analog
computing davices.

Loads and Heating

Becaase the heating problem is far greater for reentry from
circumlunar flight than for reentry from satellite missions, ilmpoitant
extensions of technology in the area of aerodynamic heating and orn
means of atienuating or dissipating the expected heat inputs will be
required. Analyses of aerodynamic characteristics such as loads &nd
stablility parameters must be mede. Extensive wind tunnel and free-
flight model. testing will be carried out to complement these analytical
investiga:ions.

Land: ng impacts on both land and water, impact load attenuation,
buoyancy, and hydrodynemic stability, are problems of considerable
concern for vertical-landing manned flight. These problems will te
studied analytically and experimentally through the use of small-scale
model tests in ground facilities and larger-scale models to be released
from aircraft and helicopters. The loads associated with the all-
important pilct escape system must be similarly investigated, both
analytically and experimentally.

Materials and Structures

The expected high levels of reentry heating will impose severs
requiremerts on the spacecraft's structure. The structure must not
only be atle to withstand the space environment, and the attendant
hazards such as meteorite and radiation damage, but also must survive
the loads of a launching, and the loads and heating of reentry.
Alternate concepts of structural design and various materials and
camponents must, therefore, be evaluated and tested in high temperature
and vacuur. facilities.

Badiation

In the Apollo mission, three types of radiation will be
encountered: +trapped radiation in the Van Allen radiation belts;
cosmic radigtion; and solar flare particles. The trapped radiation
in the Van Allen belts is of vather high intensity but of sufficiently
low energy to meke shielding feasible. The energies of cosmic
radiation, on the other hand, are so high that shielding becomes
impractical. However, the peak intensity is sufficiently low that no
danger is anticipated in a circumlunar flight.

ED10-8



The most serious problem results from the particles generated by
some solar flares. The energy of these particles is of a magnituds
that may require more shielding than is practical from the standpoint
of weight; following a major flare, the intensity may be so high as
to cause severe biological demage. However, there are some indications
that it will be possible to predict major flares, or at least their
absence, several days in advance, thus allowing missions to be
scheduled dvring relatively safe periods.

In order to attack these problem areas as specifically relatel to
the Apollo mission, studies must be supported to evaluate radiation-
biologicel factors and to establish reliable solar flare prediction
methods.

Crew Accommodations

The further development and evaluation of special pressure suits
will be uvndertaken; reliable garments with proper provisions for
quick dorming, and with proper mobility for use both within and out-
side the spacecraft, will be required. Special pilot support and
restraint gear, food, health and survival methods, and biloinstrumentation
systems rmust be studied.

Evaluation of Systems and Components

A spacecraft as complex as the Apollo craft will require the
judicious selection of meny systems and components; these systems must
be exceedingly reliable, sufficiently light, and compatible with
operation in many environments.

It will be necessary to evaluate, on a continuing basis, new
technolog:.cal developments as they become available in an effort to
develop, ultimately, the most efficient and reliable spacecraft. For
example, guidence and control methods must be investigated and
components rmst be evaluated as they become available. Similarly,
many different approaches to the dynamic pilot displey system must be
similated for proper evalustion. Onboard propulsion environmerntal
control, cormmnications, instrumentation, and power supply systems
must all be evaluated.

Ground-based Flight Support Methods and Systems

A basic requirement for all future manned space missions is that
the primesry command of the mission be on board the spacecraft. Hcwever,
there will be a need for nearly continuous communication, and for
exact tracking, to provide a reference for the onboard systems. A
study mus’ be made to determine the detailed requirements for ground
monitoring and control with a view toward maximum utilization of
existing “acilities. New techniques for monitoring and flight cortrol
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during the critical reentry phase will have to be developed. In view
of the world-wide aspects of these flights, it will be necessary to
develop new techniques for the location and recovery of the spacecraft
after emergency landing.

Fiscal Year Fiscal Year Fiscal Year
Flight Program 1960 1961 1962

Devel opmental Spacecraft for Short-
Range Ballistic Flight Tests,
using Little Joe Booster:

Design and engineering....ee.... - S $700,000

Component and subsystem
develcopment....seeeen. Ceeeaneaes - - 360,000
Spacecraft construction.......... -— - 389,000
Systems integration......ceeeee.. -——— -——- 51,000
Rocket and airframe procurement.. - -— 400,000
- =< 7,900,000

Orbital Flight Tests:

Component and subsystem

development..oesecasss cecesseaas - - -.,585,000
Spacecraft construction.......... --- --- 2,604,000
Systems integration.............. - -—- 411,000
Atlas launch vehicles......euv.. . - - 1.,200,000
-— -——- 5,800,000

High-Speed Reentry Tests:

Design and engineering.....c.ec.. —— - 3,274,000

Component and subsystem
developmenteeeeeesss. teeerreenas -—- -—-- e,175,000
Spacecraft construction......ee.. - - 1,600,000
Systems integration......... ceaee --- - 522,000
Atlas-Agens launch vehicles...... - - €,200,000
-- === 1,771,000

Developmental Spacecraft for Saturn
High—Speed Reentry Tests:

Design and engineering..... ceeeas --- -—- 800,00C

Operations and Services:

Spacecraft preflight preparation. - - 30,000
Spacecraft launch handling equipment - - 100,000
—— -—- 130,000

Total, Flight Program........ -—— ---  $24,401,000
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The initial phase of the Apollo flight program will consist of
research and development flights using Little Joe, Atlas, Atlas-
Agena-B, and Saturn launch vehicles. Ultimately, flights of
production spacecraft using the Saturn launch vehicle will be madle.
In the fiscal year 1962, construction of the spacecraft for the
research and development flights will be started and the funding for
Jlaunch vehicles for these flights will be initiated. Spacecraft and
launch vehicles are incrementally funded during the fiscal year 1.962.

Devslopmental Spacecraft for Short-Range Ballistic Flight Tests

One of the most critical times in the launching of a manned
vehicle, from the standpoint of pilot safety and spacecraft recovery,
comes duriang the initial phases of the launch trajectory. At this
time the aerodynamic drag is very high, and it becomes exceedingly
difficult to execute a safe and controlled escape maneuver. The
very large launch vehicles required later in the flight program will
not be needed to duplicate this phase of the flight trejectory.
Regasonably small vehicles, such as Little Joe, can be used for tlis
similation. Three Little Joe flight tests are required to develcp
and test the Apollo escape system under conditions of high aerodynamic
pressures. These tests will also aid in the development of a cayeble
landing system. In the fiscal year 1962; the design and construction of
the spacecraft for these tests will be undertaken, and three of the
Little Joe rockets and airframes will be ordered. Flight testing
will start in the fiscal year 1963.

Orbital Flight Tests

The Apollo spacecraft will require many new developments,
including practical methods for accomplishing onboard attitude and
position referencing, stabilization, velocity vector control, and
energy management in normel and emergency trajectories. Although
many of these developments will be supported by laboratory tests,
flight testing will also be required. For the purpose of developing
satisfactory men-machine systems, prototypes of such systems will be
flight-tested aboard Mercury capsules.

Construction of these capsules will be initiated in the fiscal
year 1962, and required components for the camplete integration of
man-machine systems will be developed. Two flight tests are planned
for the fiscal year 1963, with five additional flights scheduled for
later years. Atlas launch vehicles for these flights will requirs
initial funding in the fiscal year 1962 because of the lead time
required.
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High-Speed. Reentry Tests

Whern & spacecraft returns from the moon, it will enter the earth's
atmosphere at a velocity of about 25,000 miles per hour, or nearly one
and cne-half times the speed of a reentering satellite. Reentry at
this high velocity, referred to as parabolic velocity, causes new and
severe spacecraft heating problems which must be investigated
experimentelly. Because laboratory facilities cannot yet completzly
simulate this condition, flight-testing is necessary.

The Atlas-Agena-B launch vehicle and reduced scale models of
Apollo spacecraft will be used for these tests. This launch vehicle
has the capability of boosting relatively large-scale developmental
spacecraft to parabolic velocity. During the spacecraft's reentry,
measurements of heating and stability characteristics will be mads=.
Recovery of the model is planned because of the importance of post-
flight inspection and materials analysis.

In the fiscal year 1962, the design, engineering and fabrication
of these developmental spacecraft will be initiated. Two flight tesus
are planred. for the fiscal year 1963, and two tests will be performed
in the following year. Initial funding for the Atlas-Agena launca
vehicles will be required in the fiscal year 1962.

Full-Scale Developmental Spacecraft for Saturn High-Speed Reentry Tests

In the fiscal year 1964-1965 time period, full-scale parabolic
reentry tests, using the Saturn launch vehicle, will be undertakea.
These teste will be used to verify the external aerodynamic and
structurel design of the final command center or reentry module.
Reentry et parabolic velocity along various flight paths in the
entry corridor will be accomplished. In order to meet the long l:zad
times required for Saturn spacecraft, the design and engineering phase
for these spacecraft must be carried out in the fiscal year 1962.

Operations and Services

Initial preparations for the flight missions utilizing the
Little Joe, Atlas, and Atlas-Agena-B vehicles will be made in the
fiscal year 1962. Specisl handling equipment required at the lauach
sites will be purchased.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

IAUNCH VEHICLE TECHNOLOGY

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page Yo.
Systems......ocevenne ceesanns -—— $3,392,000  $5,150,000 RD11-2
Components...... Cericaes - 2,703,700 5,450,000 RD11-3
Supporting Effort....cccouee.e — 3,004, 300 4,400,000 RpD11-L
Total........ e e $9,100,000  $15,000,000
OBJECTIVES :

To advance the technology that will be required to support future launch
vehicles; o solve technical problems faced by launch vehicles that are now
being designed; and to examine alternate design concepts.and systems to
accomplish space missions.

JUSTIFICATON:

The design and development of any complex system presupposes tie ex-
istence of a large body of theory, extensive knowledge of material oroperties,
the appropriate structural techniques and the "know-how" to develop the
necessary sub-systems. Generally, this information can be obtained from a
variety of technical sources; however, in the field of rockets the :rate of
progress is so rapid that in many areas the background of basic technology
has been outdistanced by regquirements for specific developments. In order
to meet the long-range goals of manned flights, lunar orbits and landings,
and eventual planetary missions, the basic technology must keep pace with
advancing vehicle concepts. The lack of such data could result in & temporary
stoppage of malti-million dollar projects with an inevitable sacrif:ce of
dollars and time.

The long lead times associated with the development of launch vehicle
systems require that basic technology be available well in advance ¢f the
design of & particular vehicle. For example: an improved guidance system
will be required by the very long transit times assoclated with planetary
flights; sensors, communication systems and power supplies must be improved
to survive prolonged operating times; very large vehicles pose problems in
materials and fabricating techniques and in the fluid motion of the propellant
within large tanks; computer studies are needed on lunar and planetary tra-
Jectories; end aerodynamic forces and aero-heating effects must be iavestigated
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for advanced vehicle designs. In addition, the relative size of stages for
advanced vehicle designs must be studied to determine optimum sharing of pro-
pellant between stages.

In connection with the solution of technical problems now faced by
current vehicles, the demands for results are immediate. Problems of pro-
viding instrumentation and data for multi-barrelled engines, the motion and
state of liquefied gaseous propellants after long periods of free-fall,
sloshing of propellants in large diameter booster tanks, are but a few of
the areas that are being supported. These types of problems characteristi-
cally arise during the design phase of a vehicle and must be solved. before
the design and development stage can proceed.

Alternate ways of performing space missions must be examined to determine,
for example, whether it is economically more feasible to refuel a manned lunar
vehicle in orbit (or assemble the vehicle in orbit) thaen it is to fire directly
from the surface of the Earth; or, in the area of flight control, to determine
whether or not a forward or "canard" set of control jets may be a tetter design
solution than attempting to swivel the very large rocket engines that are row
being built.

The 1962 effort in this program will be geared to current and growth
versions cf the Saturn and to the advanced vehicle systems that are now
contemplated. A major task will be the establishment of vehicle design
requirements that are being generated by advancing technology in thz related
fields of propulsion, space flight, and launch operations.

FUNDING REGQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year

Systems 1960 1961 1962
Advanced Vehicle Design......... -—--  $2,332,000  $3,600,000
Orbital Cperations.............. - 1,060,000 1, 550,000

Total, Systems......c..oec.. ---  $3,392,000  $5,:.50,000

Advanced Vehicle Design

This area provides for conceptual and preliminary design of advanced
vehicles, sbtage size studies, studies of logistic and economic aspects of
launch vehicle systems. In addition, operational analyses will be performed
to provide objective guidance for future planning. In the fiscal year 1962,
for example, studies will be made aimed at a 2- to 3-million pound thrust
launch vehicle concept, lunar transportation systems, and vehicle ccnfiguraticn
requirements based on the concept of clustering the 1.5 million pourd thrust
F-1 rocket engine.
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Orbital Operations

Included here are analytical study and investigation of problems re-
lating to orbital rendezvous, orbital launch, vehicle refueling, assembly
and transfer in orbit. Knowledge in this area is prerequisite to the
development of vehicles which will be capable of meeting long-range inter-
planetary flight goals.

Tiscal Year Fiscal Year Fiscal Year

Ccmponents . 1960 1961 1962
Structures and Mechanics...... ---  $1,508,700  $2,300,000
Guidance and Control........ .. -e- 1,195,000 2,550, 000

Total, Components........ ---  $2,703,700  $5,450,000

This area covers design investigations of electrical and electionic
parts, improvement of material properties, effect of space enviromment on
material properties, and the development of specific component items; and
assemblies to meet existing and anticipated space requirements.

Structures and Mechanics

Investigations to determine radiation effects and spectral emissivities,
for determination of material properties, development of new materisls for
space application, and the design, development, and testing of vehicle
components Jor orbital rendezvous. Among studies to be conducted ir. fiscal
year 1962 are: evaluation of hemispheric and spectral emissivities of selected
materials; study of radiation effects at extremely high rates of irradiation;
determination of thermal properties of materials at temperatures ranging frcm
-250°C to +1500°C; development of inorganic polymers and adhesives for use as
sealants at high and low temperatures; and development of automatic fuel line
couplings, fuel transfer equipment, and mechanical links for orbital rendezvous
operaticns.

Guidance and Control

This area includes improvements to and the development of telematry
transducers, gyros, accelerometers, and other vehicle components as required
to meet new space envircmments and conditions. Effort will be placeil on:
development of cryogenic accelerometers; miniaturization and reliability
improvement of missile borne heavy-duty electrical contactors; small, light-
weight, pressure transducer development; development of digital inpus-output
devices; and lateral photocell techniques applied to position sensing of a
space vehicle in three axes.
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Fiscal Year Fiscal Year Fiscal Year

Supporting Effort 1960 1961 1962
Aeroballistics.eceeenneenrenns ceee ——— $940,000  $1, 500,000
Fabrication..c.cveeernonenenens e - 514, 300 700,000
Computation and Data Processing... -——— 1, 325,000 1,300,000
Instrumertation....oevevuenn. Ceeen - 225,000 400, 000

Total, Supporting Effort..... ---  $3,004,300  $4,:400,000

This area includes investigations and developments that will support
the System and Component areas or will have broad functional application to
the overall field of vehicle development, as follows:

Aeroballistics

Work is conducted here on aerodynamic and ballistics theory, aeroheating
effects, trajectories, and real-time computer evaluations. Examples are:
adaptive coatrol studies, statistical trajectory studies; basic empirical wind
shear investigations, aerodynamic effects of fuel sloshing, and real-time
computer evaluation of test data.

Fabrication

This includes techniques, process, methods and specialized equipment
for the fabrication and assembly of space vehicle structures. Examrles are:
the development of tooling concepts for large diameter tanks, the basic study
of electrical discharge phenamena as related to metal forming, and the study
of techniques for forming stainless steel elements to 100,000 pounds per squar:
inch yield strength level.

Computation and Data Processing

This irccludes the development of improved methods for reduction of flight
data and for the application of data processing techniques to the rejquirements
for test, analysis and automatic check-out of vehicle systems. Exampjles are
studies of: Doppler data reduction techniques; investigation of methods and
techniques applicable to automatic or semiasutomatic instrumentation and testing
in the area of radio frequency systems, measuring systems, electronic components,
and electrical wiring systems; design and development of high-speed digital
computers for simulation of flight conditions; and the development o a digital.
incremental function generator for use in flight simulation and other compu-
tation problems.
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Instrumentation

The development of specialized instrumentation equipment and component
testing methods is carried on under this heading. The 1962 estimate provides
for the development of densitocmeters for liquid hydrogen, for automatic
pressure calibration system development, and for development of an end-to-
end automatic thrust calibration systen.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES
LAUNCH OPERATIONS DEVELOPMENT

SUMMARY OF  REQUIREMENTS: '

1960 1961 1962 Fage No.
Leunch Operations Studies....... ---  $100,000 $500,000 ED12-2
Advanced Instrumentetion........ : --- 1,000,000 ED12-2

Total..oeoveenns ceteens ceee ---  $100,000 = $1.500,000

OBJECTIVES:

To analyze operational requirements.and to .provide advanced ground in-
strumentation for launch vehicle operations. ‘Analysis of launch operations
requirements will be concerned with the determination of the most desirable
sites for launching nuclear and very large vehicles, definition of problem
areas which must be dealt with in launch operations from various sites,
and proper sequential modifications of the various NASA launch complexes in
future years. Advenced instrumentation relates to measuring, tracking,
ground telemetry, timing, data reduction and analysis, and over-all
launch complex instrumentation.

JUSTIFICATION:

A continuing requirement exists to modify and improve existing launch
operations equipment and to develop new devices or techniques in parallel
with advances in vehicle technology. This work must take the form of
hardware development and a varlety of analytical studies.

The hardware effort will be aimed at satisfying the unique require-
ments imposed by current and near future vehicles and will take the form
of advanced instrumentation dealing with telemetry, measuring, tracking,
and data reduction. Specific items will include optical devices, telemetry
equipment and & frequency reference station.

In the snalysis and study area, the major effort will be directed
toward advanced planning to meet future vehicle requirements. The advent
of more sorhisticated vehicle systems, and the resultant need for massive,
complicated and expensive launch complex installations has created an
urgent demsnd for the best possible planning approach in: this area.
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FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year

Launch Operation Studies 1960 1961 1962
Leunch Equipment Studies......... cees -——— $100,000 _—
Launch Safety Studies.......... cerees - --- $500,000

Total, Launch Operation Studies - 100,000 $500,000

Launch Equipment Studies

Studies in the fiscal year 1961 are aimed at the general aspects of
reliebility with particular emphasis on standerdization of ground support
equipment. The reliebility phase will determine the interfaces between
manned and automatic functions and the resulting effect on design, test,
inspection, transportation, and operations at the launch site. Ground
support equipment standardization study will determine the intercharigeability
of expensive ground support equipment between programs with a view toward
possible simplification.

Launch Safety Studies

In the fiscal year 1962, advanced vehicle concept and nuclear upper
stage studies will be conducted to enable & definition of site require-
ments in sufficient detail to provide a basis for launch site selection.
In view of the size, complexity, and possible remoteness involved in the
launch operations of such advanced vehicles, it is estimasted that, if ad-
ditional sites are required, &s much as one year will be needed for top-
ographical surveys and site selections with additional time requirec for
facility design. Leunch site selection and ensuing site construction must
be initiated in sufficient time to insure timely completion of the required
launch faclilities. Completion of the subject study is required ear.y in
the calendar year 1962.

Fiscal Year Fiscal Year Fiscal Year

Advanced Instrumentation 1960 1961 1962
Development of Optical Equipment
arld DEViceB.. uuuuuuuuuuu RN R X bt - ::;)"’75,000
Development of Telemetry Equipment.. —— - 275,000
Offset Frequency Reference Station.. --- =" 250,000
Total, Advanced Instrumentation --- .~~~ $1,000,000
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Advanced instrumentation that is oriented specifically to NASA missions
is required: to provide automatic optical tracking; to permit real-time
telemetered parameters during launches with self-checking and fail-safe
features; and to develop a frequency reference station for the ultra-high
frequency Doppler system for tracking offset transponders of the Ranger
type. This improved instrumentation is required in the fiscal year 1962
to permit adequate and properly calibrated data to be made available for
development of the Saturn vehicle.

Development of Optical Equipment and Devices

Improvad optical instrumentation is required to provide light sources
with greater intensity than existing systems and to provide flash devices
with considerable reduced on-board weight as a primary tracking device and
for use in the calibration of electronic tracking systems. A major object-
ive during the fiscal year 1962 will be to develop a light source wi.th a
50 percent increase in intensity over those presently available.

Development of Telemetry Equipment

During the fiscal year 1962, experimental tracking antennas will be
developed for the reception of ultra-high frequency telemetry -that will be
used when the very high-frequency telemetry band is vacated in 1970. The
ultre-high-frequency transmitting equipment which will be developed under
other progrems will require these antennas during the experimental »eriod
of operation. ‘

New equipment and techniques will be developed in the fiscal year 1962
for reliable real-time display of telemetered parameters for launches that
require instantaneous decisions on the ground. To ensure crew safety, the
nevw equipment will be designed to incorporate self-checking and fail-safe
features. In addition, provisions will be made for relisble demodulation
equipment related to single side band telemetry systems, as will be
utilized with future Saturn vehicles.

Offset Frequency Reference Station

This item will provide a synthesized reference signal as required for
the advanced transponders that will be used in the Ranger-type spacazcraft.
The combingtion of reference signal and the advanced’vehiclé transponder
is designec. to achieve greater accuracy for determining wvehicle position
by minimizing the -effect of ionospheric refraction. Development of the
basic hardware will be initiated in fiscal year 1962 for delivery in
fiscal yesxr 1963.
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NATIONAI, AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SPACECRAFT TECHNOLOGY

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page llo.
Advanced Research....... $4,019,349 47,875,000 $10,360,000 RD13-2

TOta). s vernroennnas $4,019,349 §1!812!ooo $10,360,000

OBJECTIVES :

The objectives of this program are to obtain research data, to de-
velop advaaced techniques, and to demonstrate the feasibility of improved
materials, components, subsystems, and systems which can be applied in
future spacecraft.

JUSTIFICATION:

The successful accomplishment of an ambitious program of space explor-
ation will require the development of spacecraft which embody majo:r ad-
vances in the state of the art of materials, structures, component:s and
subsystems. In many cases, spacecraft designs must be established with a
minimum of new concepts or unproven components in order to assure mission
reliability. The basic objective of the Spacecraft Technology prozrar in
to provide a demonstration of the feasibility of new and improved materials
components, and techniques, in order that they may be incorporated in
future spacecraft which will be able to perform their functions more ade-
quately ard reliably with minimum weight.

The program objectives will be achieved by o combinetion of rasearch,
development, and testing in ground facilities, supplemented by flight test-
ing of ccmponents and subsystems as engineering test payloads on test
vehicles wvhich are primarily intended for launch vehicle development.

The program is being conducted by a combination of in-house effort at

the Jet Propulsion Laboratory, supplemented by a program of contracting with
industry, institutions, and universities.
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FUNDING REQUIREMENTS:

Advanced Research

Spacecraft Materials and Structures:

Materials research.....cccoenses o
Structures research.....ceeeeessese

Spacecraft Chemistry and Physics:

Chemistry and chemical physics.....

Physics researche..veeeciiecencecnss
Fluid mechanics and thermodynamics
research...ccceeeeeeenns cieseresens
Gas dynamics research....cceeeve. -

Guidance and Control:

Sensors and actuator research......
Guidance systems research......... .
Digital control devices research...
Cryogenics research........vevveves

Envirommental Simulation and Ilab-
oratory Instrumentation Research....

Data Handling, Reduction, Analysis,
and Computation:

Digital data systems research......
Research in analytical techniques
and systems analysis......... ceeee

Scientific data processing research
Research in basic numerical
analysis techniques........ esesans

Spacecraft Wind Tunnel Testing and
Program SUuPPOrt..ceceeveeessaassacoss

Engineering Research in Space........

Total, Advanced Research..... .

Fiscal Year Fiscal Year Fiscal Year

1960 1961 1962
$254,000 $833,000 $950,000
300,000 107,000 200,000
554,000 940,000 1,150,000
.- 918,000 1,015,000
157,900 960,000 1,100,000
-—- 103,000 130,000
_— 619,000 655,000
157,900 2,600,000 2,900,000
364,800 242,000 330,000
1,169,349 107,000 270,000
— 173,000 400,000
45,000 138,000 100,000
1,579,149 660,000 1,500,000
78,000 240,000 500,000
213,300 Lok ;000 500,000
150,000 183,000 250,000
- 105,000 250,000
——— 88,000 100,000
363,300 800,000 1,000,000
1,287,000 2,635,000 2,710,000
_— —— 700,000
$4,019,349 $7,875,000 $10,360,000
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Spacecraft Materials and Structures

The research being conducted on spacecraft materials and structures
includes the determination of properties of high-temperature refractory
metals, ceramics, graphites, and ablation materials; the effects of’ lab-
oratory vacuum and high temperature on organic materials and lubricants;
and the development of analytical methods for use in the design of space-
craft structures. This effort will be broadened in the fiscal year 1962
to include research on improved structural materials, electronic materials,
improved thermal insulaetion materials, and surface coatings with desired
values of absorptivity for solaer radiation and emissivity for therral
radiation.

Spacecraft Chemistry and Physics

The rasearch being conducted on spacecraft chemistry and physics in-
cludes stuldies of the microwave spectra of gases, the kinetics of chemical
reactions and combustion, the effect of molecular forces on viscos:ity of
liguids, thae synthesis of high-energy chemical compounds, research on
analytical caemistry methods, stability problems in fluid mechanics,
turbulence in gas dynamics, low-density gas dynamics, and studies of the
physical roperties of ionized gases and plasma and magneto-fluid—
dynamics.

The program planned for the fiscal year 1962 will continue these re-
gearch projects and will provide for additional research in chemicel
physics, s0lid state physics, radiation chemistry, and the use of radio-
active tracer techniques to study chemical reactions.

Guidance and Control

A major effort on guidance systems research was conducted in the fis-
cal year 1960. The funding level is lower in the fiscal year 1961 as a
result of initiation of major spacecraft development programs, but the
funding should be increased in the fiscal year 1962 to provide basic guid-
ance and control capability for future spacecraft. The efforts presently
underway ia guidance and control include research on infrared and cptical
sensors, servo-actuators, digital control devices and inertial devices in-
cluding gas-oearing, electrostatic and magnetic suspension of spherical
flywheels and research on the cryogenic gyro for orientation reference and
control. The funds for the fiscal year 1962 will provide for continuing
and expanding these research projects and for conducting research cn
guidance comoubers, inertial components, and attitude control devices.

Envirommental Simulation and Laboratory Instrumentation Research

The research being conducted in this field includes studies ard re-
search on methods for simulating space environmental conditions anc. develop-
ment of unique instruments and transducers for use in spacecraft research
projects. The funds for the fiscal year 1962 will provide for an expanded
effort to devise new and more economical means for simulating space en-
vironmental conditions, particularly the simulation of uniform, parallel
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rays of sunlight having the proper spectral distribution for operation in
space vacium chambers. Additional research will be conducted on the simu-
lation of meteoroid penetration phenomena and space radiation damage.

Data Handling, Reduction, Analysis, and Computation

The research presently underway in this field includes the investiga-
tion of new and improved methods for processing mathematical date by means
of digital computers, the preparation of computer programs, and the use of
analog and digital computers to support research projects in spacecraft
technology. This research is directed primarily toward the improvement of
spacecraf't equipment rather than ground equipment. The funds for fiscal
year 1962 will provide for continuation and expansion of this effort.

Spacecraft Wind-Tunnel Testing and Program Support

This effort is being devoted to aerodynamic, heat transfer, and
stability testing of spacecraft models to simulate conditions of flight
in the atnospheres of earth or the planets. Studies are also conductad
on the properties of the plasme sheath which is formed around a spacecraft
at hypersonic speed, and which affects radio signal propagation. The funds
requested for the fiscal year 1962 will provide for the continuation of
test operations in various wind—tumnel facilities, including the Jet
Propulsion laboratory hypersonic tunnel.

Engineering Research in Space

The diffficulty in providing an adequate simulation of the combin=d
space environment during ground testing of spacecraft components, makes it
more economicel in certain cases to conduct englneering research experi-
ments in the actual space enviromment. This is particularly true when a
space experiment can be devised which is light in weight, relatively in-
expensive to develop, and when it can be carried without interference in
spacecrafd; which are flown for other purposes. Beginning in the fiscal
year 1962, it is planned to initiate the preparation of two types of
engineering experiments which will later be flown as "piggy-back" pay-
lcads in spacecraft which are primarily intended for vehicle testing but
which can carry additional experiments. The two flight experiments for
which funding will be initiated in the fiscal year 1962 are:

1. DPerformance testing of experimental solar photovoltaic cells,
sransistors and other electronic components in the protor and
electron fluxes of the Van Allen belts, in order to evaltate
—he performance of new or improved designs and to verify the
results of radiation damage experiments conducted in particle
accelerator facilities on the ground.

2. Measurement of the long-time stability of the values of
absorptivity for solar radiation and emissivity for thermal
radiation of special spacecraft surface coatings which will
be exposed to space vacuum, meteoroids and plasma bombardment.
This experiment 1s required to permit the rational desigr of
thermal control systems for long duration spacecraft.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SOLID PROPULSTION

SUMMARY OF EEQUIREMENTS:

1960 1961 1962 Page No.
Advanced Systems and
CompPONENntS. «vvveueennnrnns $1,720,000 $1,300,000 $3,100,000 RD1L-2
TotaL. e evvnrennnnnn $1,720,000 $1,300,000 $3,100,000

OBJECTTVES :

The purpose of this program is to establish, on an experimental basis,
the background that will permit exploitation for space wvehicle use of the
high reliability, simplicity, and economy which are intrinsic to sonlid
propellant engines. Advanced techniques will be utilized to make possible
very high performance solid rockets for upper states. Techniques will also
be developed for improving the utility and versatility of solid propellant
rockets by devising advanced methods for vectoring, modulating, and termi-
nating thrust. Studies and experimental programs will be conducted to
determine the specific application of solid propellant motors as a first
stage, high-thrust booster.

JUSTIFICATION:

Solid propellant rockets have many potential advantages. From a
manufacturing and logistic point of view, the following characteristics
are significant: (1) solid propellant motors are extremely simple in
design, since they contain no complex components nor moving parts; (2) the
complete loaded motors are prepared at the mesnufacturing plant, can be
shipped easily and saflely by common carriers, and no further loading or
preparation at the launch site is required; (3) the propellants are non-
toxic, non-corrosive, and non-explosive, and can be made from materials
easily available in large quantities at a low price by basically s:mple
processes; and (h) the loaded motors can be stored on the ground for
extended periods of time and remain ready for immediate use with no,
further preparation. As a result of these characteristics, the solid
rocket enjoys a relatively low development and manufacturing cost ith a
high degree of reliability in operation.
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From a performance standpoint, solid propellant rockets also have
characteristics which can be exploited to great advantage. The high
density of' solid propellants and the high volumetric loading in the
motors result in & very high ratio of propellant to inert weight. This
characteristic is particularly desirable for upper stages. The thrust
level and burning time of solid propellant motors can be varied over a
considerable range as desired so that the losses involved in overcoming
the effects of gravity and air drag are minimized for initial stages. In
addition, solid rockets possess quick and reliable ignition characteristics
and simple thrust reversal capabilities.

The proposed program will aim at improvement in the general state-of-
the-art of solid rockets with emphasis on application of the performance,
religbility, and logistic advantages of solid rockets for NASA missions.
In the area of basic propellants, NASA will rely on the results obtained
from research and development programs conducted by the Department of
Defense.

FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year

Advenced Systems and Components 1960 1961 1962
Large Motor Technology.. ..coveeeenne $370,000 $250, 000 $420,000
High Mass-Fraction Motors........... 830,000 450,000 980,000
Thrust Vector and Velocity Control

and Modudation. vove e ereenennennns 372,000 260,000 1,100,000

Improved Motor Materials, Fabrication

Techniques, and Space Environment
StUAIES .ttt v ettt e 148,000 340,000 600,000

Totel, Advanced Systems and

Components......ccovveev... §127202000 §l!3001000 §3210010Q9

Large Motor Technology

This area of endeavor is designed to investigate the engineering
feasibility, and probable development cost, of solid rocket motors with
thrust levels of 1- to 2-million pounds. In the fiscal year 1961, studies
were initiated to define the dimensions and structure of these motors, and
to give rough estimates of mission capabilities. ©Smsall-scale experimental
programs vere also conducted to investigate the concept of a tapered,
segmented structure (through sub-scale firing) as a design approach for very
large motors. In the Piscal year 1962 a detailed design study will be made
of a specific vehicle using a cluster of solid motors in the first stage
with a ccmbined thrust totslling approximately 15-million pounds. The
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experimental program will continue the investigation of the segmented
motor, will examine the problems in clustering solid motors, and will
investigate the feasibility of fiberglass structures for large motor
cases. This phase of the program reflects the growing importance of the
large sol:id booster concept, and the growth of sub-scale experimental
work to prrove new concepts.

High Mass-Fraction Motors

Experimental development in the high mass-fraction motors (high ratio
of propellant to inert weight) was initiated in the fiscal year 1$61 and
will be continued in the fiscal year 1962. Effort will be concentrated
on refinenent of the basic designs and utilization of the best prcpellants.
Lightweight nozzle configurations investigated in prior years will be
adapted to lightweight chembers for final evaluation. Nozzle weight re-
duction is a particularly fertile area for improving mess-fractior. because
of the disproportionate amount of inert weight that exists in the current
nozzles. TFunding in this area covers manufacture of full-scale flight-
quality motors and components, costs incidental to flight test evaluation,
and the initigtion of new studies on low pressure systems.

Thrust Vector and Velocity Control and Modulation

Two of the steering and velocity control systems investigated in the
fiscal year 1961 will be ready for flight tests in the fiscal year 1962.
Other vectoring techniques, such as secondary injection (injection of a
fluid into the nozzle expansion cone, forming a shock wave and diverting
thrust), will be well established by the fiscal year 1962 and adartations
to flight design motors will be initigted. For thrust modulation, the
acoustical concept (injection of sound waves for varying thrust), will be
pursued, end hybrid motors will be studied.

Durirg the fiscal yesr 1962 a number of the programs will reach the
stage of flight testing, the very early work on the acoustical system will
grow to irclude larger motors, and new applicstions ' of fluid injection
will be irvestigated. The requested increase is geared to this expanded
level of effort.

Motor Materials, Fabrication Methods, and Space Environment Studies

Studies of methods for fabricating extremely large first-stags solid
rockets will continue in the fiscal year 1962. Space environment studies
will also continue to determine whether or not any degradation occurs when
solid rocket motors and propellants are exposed to long-term space storage.
Work towasrds solution of the problems resulting from these studies also will
be initiated. Other studies will relate to improvements in the high
temperature and gas erosion resistance of construction materials.
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NATTONAL AERONAUTICS AND SPACE AIDMINISTRATION
FISCAL YEAR 1962 ESTIMATES

LIQUID PROPULSION

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.
Prototype Development:
1,500,000 pound thrust
engine......... Ceeee $24,217,000 $40,000,000 $42,320,000 RD15-2
200,000 pound thrust
engine...... tesenenas 1,700,000 15,000,000 28,700,000 RD15-L
Advanced Systems and .
Components..... N 1,300,000 2,000,000 7,000,000 RD15-6
Total...... cereeaeas §2Z!21I!OOO §§Z!OOO!OOO £§8!O20!OOO

OBJECTIVES:

To develop liquid propellant rocket engines of improved reliatility
and performance as necessary to support launch vehicle development; to
anticipate requirements for space operations involving rendezvous tetween
vehicles, lunar orbiting and landing operations, and extended duration
flights to planets or deep space; and to undertske the required advanced
design and experimental investigations so that the basic technology will
be available when specific equipment developments are needed.

JUSTIFICATION:

The liquid propellant rocket engine is currently the principal
propulsion device for launch and maneuver of space vehicles. Since NASA
objectives in space exploration are pointed towards manned operaticns
in space, improved propulsion systems of greater thrust, improved
reliability, better performence, and lower cost will be required. For
booster vehlicles it is NASA's intent to provide a small number of
appropriately sized engines to meet these requirements.
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The prototype development part of this program includes two engines
in the fiscel year 1962: the 1,500,000-pound thrust liquid oxygen-RP-1
engine for booster application; and the 200,000-pound thrust hydrogen-
oxygen eng/ine for general purpose upper stage use.

The J.,500,000-pound thrust engine will be clustered to provide the
extremely high thrust vehicles required to launch menned spacecraft and
to conduct manned lunar explorations. Development of the engine is be-
ing perfcrmed by Rocketdyne, a division of North American Aviation, Inc.,
under the technical direction of the Marshall Space Flight Center. Design
and fabrication is accomplished at the Rocketdyne plant in Canoga Park,
Californis; component test operations are conducted at the Santa Susana,
Californie facility of Rocketdyne; and engine tests are run on test
facilities provided at Edwards Alr Force Base in California. The current
development program is aimed at completion of preliminary flight rating
tests during the calendar year 1963 with completion of engine qualifica-
tion by the early part of the calendar year 1965. The level of funding
requested for this project during the fiscal year 1962 is required to
assure that this development schedule will be maintained. A limited
portion of these funds will be spent on long-lead-time hardware procure-
ment for the qualification program.

The 200,000-pound thrust hydrogen-oxygen engine is a general-purpose,
high specific impulse rocket engine that will be used in upper stages of
advanced vehicles, and is specifically planned for use in the second stage
of the Seturn C-2 configuration. The 200,000-pound thrust engine project
is also being developed by Rocketdyne under the technical direction of the
Marshall Space Flight Center. The development program is scheduled to
complete preliminary flight rating tests in the calendar year 1963 and
qualification of the engine in the calendar year 1964. With this stage,
the Saturn payload capability can be more than doubled in earth orbits
and tripled for missions to the moon.

FUNDING REQUIREMENTS:

Fiscal Year PFiscal Year Fiscal Year

Prototype Development 1960 1961 1962
1,500,000--Pound Thrust Engine:
Design. evesensercrncsasnsss cee $500, 000 $430,000 $415,000
Component development......... 12,215,000 17,150,000 8,770,000
Component test....eoeascooas .o 2,188,000 4,450,000 7,450,000
Engine development..see:oseecs. 5,145,000 9,725,000 9,882,000
Fogine test.oieeeerenaneenes _— 2,125,000 7,178,000
Fabrication and test equipment 2,969,000 3,820,000 3,7€5,000
Propellants.....cc... ceseeceas 1,200,000 2, 300,000 L,5C0,000
Propellant transport equipment - - 320,000

Total, 1,500,000-Pound

Thirust Engine......... .o §2h!2lZ!OOO ihO!OOO!OOO §h2!§20,000
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‘The development of the 1,500,000-pound thrust engine thus farr has
progressed through design and preliminary component tests. Engine tests,
supported by experimental testing programs on each component, will be
conducted during the fiscal year 1962 at a rate of approximately one
test per day.

Design

This area covers primary engineering design of all components of the
engine and the integration of these components into a complete system.
Design work during 1962 will be concentrated on detailing engineering
modifications resulting from improved fabrication procedures and I'rom
test program results. In addition, this area will provide for design
modifications resulting from vehicle application studies.

Component Development

The major engine components are the thrust chamber, turbopump, gas
generator, and the engine valves and controls. Fach component in turn,
comprises several subassemblies. For example, the turbopump consists
of two large high-pressure centrifugel pumps and a two-stage turbine
mounted o a single shaft. The design, fabrication, and test of
components will continue throughout the engine development progran.. The
component development costs in the fiscal year 1962 include engineering
supervision, purchase of materials, tooling for shop support, fabrica-
tion labor and supervision. Additional component development will be
required to incorporate modifications indicated desirable by vehicle
design and application studies.

Component Test

Experimental testing is required for each major engine comporent,
wherein each component is subjected to a planned series of tests that
will generally continue throughout the life of the engine developnent
progrem. Funding during the fiscal year 1962 will include the cost of
test materials (not including propellants), test labor and supervision,
data reduction and analysis, and the preparation of engineering reports.

Engine Development

This area covers engineering and fabrication of the complete engine
system and ZIncludes the cost of materials, engineering shop supervisiormn,
fabrication and assembly labor, and inspection and quality control. By
the end of the fiscal year 1961 three engine systems will hav= been
assembled. Seven additional assemblies will be completed during the
fiscal year 1962 with the requested funds. To assure the engine de-
velopment schedule, it will be necessary to increase the test hardwars
inventory and provide funds for rebuilding engine equipment damaged or
worn during testing operations. 1In addition, long-lead-time hardware
items will. be purchased in anticipation of the engine qualifircation test
program beginning in the fiscal year 1963.
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Engine Test

Funds are included for the cost of complete engine system testing
to be conducted on stands 1-A and 1-B at the Edwards Air Force Base in
California. Testing will include the actual test run, data reduct:.on,
test analysis and the preparation of engineering reports. The eng:.ne
development and testing program will reach its maximum activity dwring
the fiscal year 1962 with test runs reaching an approximate rate of’ ore
test per day.

Fabrication and Test Equipment

Fabrication and test equipment covers the cost of special instru-
mentation, fabrication machinery and tooling required for manufacture
and test of the engine and its components. Specific items include
geging and inspection equipment, systems handling jigs and transport
equipment, lnstrumentation and expendable materials for test. Since
many of ths items are subjected to wear, deterioration or obsolescence,
continuing replenishment will be required during the fiscal year 1062.

Propellants

Liquid oxygen, liquid nitrogen and other propellants will be c¢b-
tained through Air Force procurement channels for use in engine conm-
ponent and engine system testing. Approximately 80,000 tons of licuid
oxygen and nitrogen and approximately 6,000,000 gallons of kerosene will
be used during the fiscal year 1962.

Propellant Transport Equipment

During the fiseal year 1962, the NASA demand for propellants to sup-
port the F-1 development program will exceed the propellant handlirg
capability now provided by the Air Force. The funds requested will pro-
vide for six truck transport trailers that are equipped with insulated
vessels forr handling cryogenic propellants.

Fiscal Year Fiscal Year Fiscal Year
Prototype Development 1960 1961 1662

200,000-Pound Thrust Engine:

DESi@N.toecrcernseonennnennnns - $585,000 $200,000
Component, development......... -—— 4, 415,000 4,730,000
Component test...eevevneenenn. -—— 910,000 4,050,000
Engine development.......... .. - 490,000 2,600,000
Engine test...... Cetereeeaeans —— -— 6,190,000
Fabrication and test equipment $1,700,000 5,100,000 5,560,000
Propellants...... Cerereraaaaen - 3,500,000 5,372,000

Total, 200,000-Pound

Thrust Engine.......... §13ZOO!OOO iléEOOO!OOO 28 02,00

:
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During the fiscal year 1961, the major effort in the 200,000.-pound
thrust engine development is being devoted to component design and
testing, engine systems planning, and to the modification of exiswing
test stands to accommodate the use of liguid hydrogen. The first testing
of the complete engine will be undertaken in the fiscal year 1962.

Design

Since the 200,000-pound thrust engine is approximately the seme
size as several missile engines that have slready been developed by
the contractor, and since the fuel pump is similar to that being
developed for the Rover project, progress in the design phase has
been extremely rapid. The design effort during the fiscal year 1S62
will be maintained at & nominal level as necessary to refine system
design details and incorporate changes resulting from tests.

Component Development

Component development during the fiscal year 1962 covers engineer-
ing, procurement of materials, and fabrication and shop support for all
components snd subassemblies of the engine system. Major components
are the tkrust chamber assembly, two separate turbopumps (one for oxident
and one focr fuel) the gas generator, and controls and valves.

Component Test

Funding under this heading covers stock materials (other than
propellants), test engineering and labor, procurement and maintenaice
of general special test equipment, dats acquisition and reduction,
and the preparation of engineering reports. The purpose of component
testing is to eliminate design and fabrication deficiencies and to
develop reliable, high-performance units prior to incorporation in the
engine system.

Engine Development

This area covers engineering, purchase of materials, fabrication,
assembly, inspection, and check-out as well as the preparation of engincer-
ing models and mockups. During the fiscal year 1962 the effort in this
area will increase markedly with a corresponding decrease in the component
area beginning in the fiscal year 1963.

Engine Test
Funds for test operations include the costs of engineering and lsbor,

test crews, special test equipment, transportation, data reduction and
analysis, eand the preparation of reports. The engine tests consist
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of experim=ntal runs with the complete engine assembly to prove its
reliability and performance and to detect and eliminate any design
or construztion faults that may have been undetected during the
component test phase or may result in the future when the component.s
are combined into an integrated system. The first complete engine
test firing will occur during the fiscal year 1962.

Fabrication and Test Equipment

A requirement for the procurement of special fabrication, assembly,
and testing equipment, and for the procurement of the associated tcoling
and jigs will be continued into the fiscal year 1962. As the program
progresses, funding in this area will be reduced principally to maintenance
and replacement costs.

Propellants

The increased test effort in the fiscal year 1962 will result in
a cormmensurate increase in propellant requirements. Liquid oxygen will
be purchased through Air Force channels and liquid hydrogen from ccm-
mercial sources.

Fiscal Year Fiscal Year Fiscal Year

Advanced Systems and Components 1960 1961 1662
Advanced Design Investigations..... $1,100,000 $1,150,000 $2,750,000
Materials and Instrumentation...... -—— 150,000 1,300,000
Propellant Investigation........... 200,000 566,000 1,550,000
Operating ProblemS....coceesecocoscos -—— 134,000 1,400,000

Tote.l, Advanced Systems
and Components....ceoeeee . $1,300,000 $2,000,000 $7,000,000

To meet the requirements for advanced missions, systems and components
investigatiorns are planned to improve and extend the capabilities of liquid
propellant rccket engines. The advanced technology budget also supports
investigations of the fabrication techniques and operating problems
associated with rocket engine development.

The advanced systems and components effort 1s oriented principally
to the requirements of "space" rather than "booster" propulsion. Taese
requirements include planetary landing and take-off, orbit maneuvers,
retrorocket systems, trajectory correction, and attitude control. lnlike
booster prcpulsion, which has a background of intense technological
development, the space application of liquid propulsion is relatively
undeveloped. It is therefore necessary to intensify the effort in -—his
area to ensure that the basic technology is ebreast of new mission
requirements.
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Advanced Design Investigations

The advanced design investigations will involve component studies
and experimental investigation of rigidly mounted rocket engines,
variable thrust rocket engines and small control rocket systems.

Studies of various nozzle designs and propulsion concepts in the
application of rigidly mounted rocket engines in contrast with a
gimballed engine for vehicle directional control were initiated in
the fiscal year 1961. This effort will continue in the fiscal year
1962 in an attempt to evolve & design approach and to identify more
precisely tae advantages of a stationary engine system, in terms of
reliability and over-all launch costs.

Variable thrust engines will be required in order to accomplish
lunar and planetary landing and take-off operations (with men or impact-
sensitive equipment) and for space flight rendezvous. Experimentel
work to establish the techniques and equipment for accomplishing controlleable
thrust will be carried out as a follow-up to the conceptual studies that
were initiated in the fiscal year 196l.

The advanced design investigations: will also include experinental
projects 0 develop highly reliable propulsion systems for vehicle
attitude control and trajectory adjustment.

Materials and Instrumentation

Advencement in rocket engine technology involves improvement in
materials and fabrication methods and in the instrumentation required
for developmental and flight testing. NASA will undertake investigation
of alternative methods and materials of fabrication of rocket engine
components with the objective of improved quelity, minimum weight, ani
reduced cost. Associated with these objectives is & re-examination of
the design end construction of liquid rocket engine propellant injsctors
in terms of the factors affecting performance. Improved techniques
of injector-face cooling will be investigated as part of this effort.

Space cperation of rocket engines will permit realization of
increased propellant performance through use of very large expansion
ratio nozzles. Investigations will be conducted of thin high-temparature
metallic nozzle materials cooled in space by radiation and of ablative
chamber and nozzle materisls. In the area of metering and sensing, work
will be initiated to develop improved instrumentation for both test s+and
and flight use.
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Propellant Ihvestigation

The work in this area covers studies on the effects of space
environment, the applicability of new higher specific impulse propellant
combinations, and the possible substitution of new propellants in existing
systems.

The environmental work is the continuation of investigations started
in the fiscal year 1961 to define the character of the space environmment
as it affects the storability of propellants. This work involves the
design of suitable thermal insulation, and provisions for protection
against the hazards of micrometeorites and against ionizing forms of
radiatiorn.

Promising new high specific impulse propellants will be studied
experimenially to determine their performance characteristics and the
feasibility of their use. This work is part of a continuing program
which must be carried out in order to provide the technology that will
be required to apply such propellants to space propulsion use. Studies
of substitute propellants to upgrade the performance of existing engine
systems without requiring extensive changes in the system will be
undertaker..

Operating Problenms

Continuing work on several basic operating problems inherent to
rocket engines is necessary to achieve improved reliability, and to
establish a firmer basis for future improved engines.

Combustion instability is frequently responsible for the destiruction
of rocket engines in testing and in flight, Continuation of work started
in previous years is needed to better rationalize the design of stable
combustion chambers and to insure a more rapid thrust chamber devel .opment.
Performance improvements of liquid propellant rocket engines can be achieved
by several approaches, some already indicated in other projects in this
program. In addition to propellant improvement, it is possible to increase
performancz by raising the operating chamber pressure, which tends to
reduce the size and weight of the engine. To do so it will be necessary
to refine and further develop, by experimentation, the bhasic heat transfer
and cooling technology. Different approaches to the cooling problem such
as use of high~strength, high-temperature materiasls will be investigated.

The phenomenon of "non-equilibrium" flow in rocket exhaus no:zzles
makes it extremely difficult to predict the performance and behavicr of
an engine, particularly one with a large expansion ratio nozzle. Studies
leading toward better understanding of the problem will be undertalken.
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A detailed anslysis and design study of the engine equipment to
carry out the NASA space missions is required. In particular, the best
engineering compromises to meet the requirements for lunar landing and
take-off and for orbit trajectory corrections are needed. More detailed
examinations of the problems of rendezvous in space will require precise
control of the motion of the approaching wvehicles in order to ach:eve
the "docking" maneuver. These studies were initiated in the fiscal
year 1961 and will be continued in 1962.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

ELECTRIC PROPULSION

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.

Advanced Systems and )
CompPOneNtE . s o v oovvss N $100,000 $1,500,000 $3,000,000 3RD16-2
Prototype Development...... 1,200,000 1,800,000 3,800,000 3D16-k

POtAL e e oo erennn. e $1,300,000 $3,300,000 $6,800,000

OBJECTIVES:

To advance the basic technology necessary to exploit electricel
propulsion for general space application, and to develop the specific
engines required in support of anticipated space missions.

JUSTIFICATION:

The ability of future vehicles to boost increasingly larger peyloads
into orbit around the earth will overcome many of the major obstacles for
space flight and space operations. It becomes apparent, however, ~hat
once a payload has been placed into orbit, a small electrical thrust
applied for long durations of time can be utilized to maintain a fixed
programmed flight position in relation to the earth, to travel to a higher
orbit, or even to deviate from orbit and fly an interplanetary spa:ze
mission. The inherent propellant economy of the electric engine takes on
particular significance for missions of this type, since every pouad of
propellant that can be eliminated imposes that much less of a weigat
penalty on the boost vehicle system; also, a decrease in the weight of
the propellant required for a given space mission means a corresponding
increase in the weight of the wvehicle's payload. In this context, the
electric engine appears promising as ‘a primary propulsion system for
unmanned and manned interplanetary missions; for lunar missions wh2re long
transit times are acceptable or for slow transport of spacecraft from low-
altitude orbits to high-altitude orbits; and for satellite attitud: stabi-
lization or for control of trajectories for lumar and interplanetary

missions and space probes.
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Applied research and advanced engineering developments are needed to
translate these basic concepts into specific engine applications. To
this end, NASA is developing three genersl types of electrical rockets for
space propulsion. These are: the lon engine; the electrothermal (arc jet)
engine; and the magneto fluid dynamic engine. In each instance, the
engine will receive its required electrical power input from nuclear
electric power units discussed under Nuclear Systems Technology prcgram.

FUNDING REQUIREMENTS :

Fiscal Year Fiscal Year Flscel Year

Advanced Systems and Camponents 1960 1961 1662

Ton Engine. ..voveeenennnneeennns $100,000 $975,000  $1,700,000
Arc Jet Engine..... theseresaanen - 125,000 200,000
Megneto Fluld Dynamic Engine.... --- 200,000 ¢00,000
Mission StudiesS..c.eeecvnconanss - 200,000 00,000

Total , Advanced Systems and

Components.ccoeeeveeenanes §lOOzOOO §lz§002000 §3ZQOOZOOO

This area comprises advanced experimentation and studies needed to
provide information for the design, development, and testing of electrical
engines. Support for this area was initiated in the fiscal year 1961 and
will contiaue in the fiscal year 1962. At the present time, special
emphasis oa this part of the program is necessary since new knowledge is
needed immadistely to support the engine developments.

Ion Eggine

The ion engine, employs & principle of propulsion that is based on the
acceleration of charged particles. The major problem areas are those re-
lated to the ionizer materials which transform the cesium atoms to positive
ions; the techniques used to neutralize ion beams; the alternate methods
of producing a positive ion beam by collision between electrons and mercury
gas; the improvement in the propellant flow control system; materials
that will permit longer operation time, and measurement techniques and
instruments for the ground and flight tests.

On the assumption that, in the near future, power supply units of capac-
ities greater than 30 kilowatts will be available, action must be initiated
at this time to delineate clearly the problems which must be solvel in order
to develor ion engines capable of operating at higher levels. In addition
to the usual critical problems of propellant feed, ion sources, elactrode
focusing systems, neutralization methods and measurement technigues, other
formidable rroblems exist relative to the clustering, scaling and parallel
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operation of ion engines, and to the integration of the engine with the
power supply and control devices of the spacecraft. The study results in
this area will point the way for detailed investigations of the many
aspects of high-powered ion engines.

Arc Jet Engine

The s&rc jet engine is based on the acceleration of a gas through the
use of a high~intensity arc heat source. Investigations aimed specifically
at improvement of the component parts will include: regenerative cooling
of the chamber and nozzle walls; reduction of gaseous recombination and
dissociation energy losses; energy exchange mechanisms between the arc
and the propellent; determination of the optimum propellant; improved
electrode materials for longer operations; effect of the radio frequency
signals from the Jet upon communications; and instrumentation for ground
and flight tests.

Magneto Fluid Dynamic Engine

This engine is based on the acceleration of a conducting plasma. It
has great potential for space application in that the trade-off between
thrust and specific impulse may be varied with comparative ease. Since
a predomirnantly neutral gas is ejected, there is no problem of neutraliza-
tion.

Acceleration of the plasma in the magneto fluid dynamic engine is
obtained bty the application of various combinations of electriec and
magnetic fields. Some arrangements use a moving magnetic field to
achieve plasma acceleration; others use a combination of fixed electric
end magnetic fields. By verying the type of gaseous plasma, the per-
centage of ionization and the values of electric and magnetic fields, a
wide range of specific impulse values may be obtained.

In continuation of the fiscal year 1961 investigations, the fiscal
year 1962 effort will be concerned with the optimum specific impulses,
techniques for ionizing selected gaseous fluids, problems cof propellant
storage anc feed, and instrumentstion techniques.

Mission Studies

These studies are designed to determine the optimum sizes, types
and operating characteristics of electrical propulsion systems for various
spacecraft missions. The effort will be based on fairly definitive engine
and power supply data, (such as weight, dimension, specific impulse,
thrust and operating life) and will be aimed at the application of low-
and high-specific impulse electrical engines for course correction and
main drive, the optimum time use of arc jet engines on earth-orbiting
and lunar flights, as well as the combined use of chemical and electrical
engines for one-way and round-trip planetary missions.
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Fiscal Year TFiscal Year TFiscal Year

Prototype Development 1960 1961 1962
30 Kilowatt Ion Engine............. $500, 000 $900,000  $2,500,000
1 Kilowatt Arc Jet Engine.......... 200,000 100,000 300, 000
30 Kilowatt Arc Jet Engine......... 500,000 _SOOLQOO 1,000,000

Total, Prototype Development $1,200,000 $1,800,000  $3,800,000

The obJectives in this area are to develop three basic engines: a
30 kilowatt cesium ion engine (0.1 1b. thrust); a 1 kilowatt arc jet engine
(0.01 1b. thrust); end a 30 kilowatt arc jet engine (0.5 1b. thrust). The
30 kilowatt cesium ion engine, with its high specific impulse, coull be
employed as the main propulsive unit to propel spacecraft on missions to
Mers, Venus, and for other deep space missions; the 1 kilowatt arc jet
engine could be used to control the stability and attitude of spacecraft;
and the 30 kilowatt arc Jjet engine could provide e main propulsive driwve
for an earth-orbiting spacecraft or for spacecraft on lunsr missions. All
three engines are being developed by industrial organizations under con-
tract.

30 Kilowatt Ion Engine

The objective here is to develop a 30 kilowatt cesium ion engine that
can be powered from a Snap-8 power supply unit. The first step toward this
goal is the construction of a laboratory model by the end of the fiscal
year 1961. This model will be a complete engine including not only the
thrust unit, but also the zero gravity propellant feed system, automatic
feed controls, neutralization system, and instrumentation. During the
fiscal yesr 1962, a fully engineered flight model engine will be completed
and by the end of the fiscal year 1962, approximately ten such engines
will have been produced. A number of these engines will be given complete
environmental ground tests and prepared for flight testing to be con-
ducted during 1963.

1 Kilowatt Arc Jet Engine

During the fiscal year 1961, work continues on the development of
a laboratory model of a complete arc jet engine for use in vehicle
attitude control; +the model should be developed to the point that work
can proceed on a flight test model. A number of these flight test models
will gndergo ground envirommental tests in preparation for flight testing
in 1963.
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30 Kilowatt Arc Jet Englne

The baesic pattern of development for the 30 kilowatt arc jet engine is
the same as that for the 30 kilowatt ion engine and the 1 kilowatt arc jet
engine. It is expected that by the end of the fiscal year 1962 a labora-
tory model engine capable of operating from a Snap-8 unit will have been
developed ss the predecessor of a flight test model which will be
undergoing development during the fiscal year 1963.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

NUCLEAR SYSTEMS TECHNOLOGY

SUMMARY OF REQUIREMENTS:

1961

1960 1961  Supplemental 1962 Page No.
Nuclear Heat Transfer
Rocket. oreeesayeess  $3,999,768 $6,110,000 $2,600,000 $17,500,000 RD17-2

Nuclear Electric Power
Systems. es0rocsvecee l=61;§z 2;22 3_)890) 000 o - 10, 50()_,_000 RDl?"s

Totaleseseseeees.  $5,613,000 $10,000,000 $2,600,000 $28,000,000

OBJECTIVES:

To develop nuclear rocket propulsion systems capable of carrying large
raylosds on space missions over extended distances; and to develop nuclear
electric power generating systems as required for electrical spacs propulsion
or for auxiliary power sources in spacecraft.

JUSTIFICATION:

The principal applications of nuclear energy that are considered
suitable for propulsion of heavy spacecraft into space are the nuclear heat
transfer racket and the nuclear electric generating system as source of
power for thrust producers discussed under the Electric Propulsicn progrem.

The nuclear heat transfer rocket engine embodies a propulsicn system
in which hydrogen 1s heasted to high temperature in a nuclear reactor and
ejected as a propulsive Jet. BRecause of the high specific impulse inherent
in the miclear rocket engine, long range miseions involving large peyloads
(manned lunar or interplanetary missions) may be accomplished with lighter
and simpler vehicles requiring fewer stages than can be obtained from the
more conventional forms of propulsion. The current NASA-Atomic Energy
Commission program for development of & nuclear rocket engine 1is aimed at
experimental ground tests to demonstrate the feasibility of achieving the
potentially high specific impulses within a reasoneble weight end size
configuration. During the fiscal year 1962 this joint effort will cover
the continued development and testing of a nuclear reactor, engine
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component development and subsystem Integration, and seversl advanced
technology progrems necessary to provide design dats. Three research
reactor tests have been conducted to date by the Los Alamos Scilentific
Laboratory of the Atomic Energy Commigsion. During the fiscal year 1962
the non-nuclear component development that has been funded by NASA will
result in the installation of liquid hydrogen turbopumps and liquid
hydrogen cooled nozzles into the Kiwi-B reactor series, Radiation effects,
radiatior. shielding, hydrogen properties evaluation work, and steady-state
and dynemic instrumentation necessary to supply the date needed for oper-
ational ruclear rocket systems are examples of the advanced technalogy
that will be conducted.

The area of nuclear electric power generating systems is oriented to
general sdvancement af the basic technology with specific application in
the develomment of a 30 kilowatt power generating unit., The 30 kilowatt
unit, identified as the Snap-8, is being undertaken as a joint development
by NASA &nd the Atomic Energy Commission. The Snap-8 will exist in two
configurations: as a 30 kilowatt nuclear electric generating system using
one reactor and one conversion unit; or as a 60 kilowatt unit using one
reactor with two conversion units operating in parallel. In the 50 kilowatt
version, the Snap-8, when combined with the electrical thrust devices
described under the Electric Propulsion program, will provide an electrical
propulsion capability for missions to Mars and Venus, out-of-the-plane-of-
the-ecliptic prohes, solar probes and other misslons where a long duration
propulsion capability is required. Depending upon the results obtained
from the Snap-8 development and concurrent studies in the basic technology,
& larger nuclear electric generating system in the order of 1 megawatt
(electrical) may become practical., Applied research and component develop-
ment in this area is under way to detemmine the feasibility of higher
powered systems.

FUNDING REQUIREMENTS:

Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year

Nuclea:: Heat Transfer Rocket 1960 1961 Supplemental 1962

Advanced Systems and, Components:

Reactor test support: nom-

nuclear component development $2,135,185 $3,950,000 ---  $4,500,000
Reactorr test support;

PropellantBeesscesveeseessess 1,154,628 1,110,000 $800,000 2,000,000
Fuclear rocket technologyee... 509,955 k50,000 300,000 2,000,000
Vehicle studieSeesesescvressens - 00,000 --- 1,000,000

3,799,768 5, glo,ooo 1,100,000 9,500,000
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Fiscal Yeer
Fiscal Year Fiscal Year 1961 Fiscal Year
Kuclear Heat Transfer Rocket 1960 1961 Supplementel = 1962

Experimental Engine Development:  $200,000  $300,000 $1,500,000 $8,000,000

Total, Muclear Heat

Transfer Rocket.......... $3,999,768 $6,110,000 $2,600,000 $17,500,000

Reactor Test Support -~ Non-Nuclear Component Development

NASA has the responsibility for supplying and developing certain non-
nuclear components for the Rover Reactor test program of the Atomlc Energy
Commission. During the fiscal year 1962, the liquid hydrogen pump developmert
that has been in process during the past two years, will advence to a full
rated flow and pressure configuration. Turbopump feed systems wil'. be com-
pleted and installed at the Nevada Test site of the Atomlc Energy Commission
and provided with the necessary supporting spare parte and equipment. Hard-
ware development of turbopumps for use in higher power syatems will. be
undertsken.

In addition, a high heat intensity jet nozzle is required for the
Atomic Energy Commission reactor test program. This item covers the cost
of completing development of a suitable hydrogen cooled nozzle and of
conducting the necessary hardware development of nozzles that will be capable of
operating at higher heat fluxes and powers than those that will be en-
countered in the early tests.

Resctor Test Support - Propellants

Hydrogen is used in the reactor tests, and in the development of 8ll
of the non-nuclear components. In addition, nitrogen and helium are re-
quired at the various test facilities to purge and to preccol or chill the
system 80 that excesslve evaporation of the costly hydro can be
eliminated. Supplemental 1961 funding in the amount of $800,000 i3 re-
quired for propellants to permit acceleration of the turbopump development
program. This acceleration results from a decision to go directly to the
turbopump liguid hydrogen feed system previously planned for use ia later
reactor tests.

Nuclear Rockst Technology

The work covered by this item 1s aimed at developing the techaology
that is necessary before nuclear rocket systems can be designed, build and
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operated. This technology involves problems that result when the reactor
and other components .in the nuclear rocket are packaged closely together

as they would have to be in a flight system.as well as analysis and
experimentation to determine and solve the problems associated with the

use of hydrogen in & reactor radiation field. Procurement of the necessary
experimental equipment and instrumentation is included in this requirement.

The packaging of the non-nuclear components around the reacto:r in a
nuclear rocket results in the operation of certain components in a radiation
field at liquid hydrogen temperatures as low as 430 degrees below uero. Al-
though a considerable amount of work on the effects of radistion on the en-
gineering properties of materials has been and is being done as pa:t of the
various nuclear power plant programs, to date no work has heen directed at
the extremely low temperatures that will be encountered with the use of
hydrogen in the nuclear rocket. It is, therefore, necessary that --hese
effects be experimentally evaluated since the effects of radiation may be
much more pronounced in the lower temperature of the nuclear rocke? than
they are in other nuclear systems. Supplemental 1961 funds amounting to
$300,000 have been requested to permit incorporation of design feaiures
needed to comply with rigid safety requirements of the test reacto:r and to
provide for the high rate of data output necessary to the effectiveness of
this project.

The application of nuclear power to rocket propulsion systems will
require shielding of the payload and the hydrogen propellant tank. For
high-power systems, or for long durstion flights, severe shielding re-
quirements can be enticipated. To maintain the maximum payload capability,
new light weight shield concepts for use in a space environment and accurate
methods of calculating shield performsnce must be developed.

It has been determined that many of the properties of hydrogen that
are required in system design and operation are unknown at this time. In
eddition, it is necessary to develop instrumentation that will be used to
measure hydrogen conditions throughout the nuclear rocket so that these data
moey be sensed and fed into the automatic control system of the nuclear rocket.
Because of the background of experience of the National Bureau of Standards
Cryogenic Laboratory in this area, funds will be transferred to that labora-
tory to determine the data that are necessary and to establish sultable means
of measuring such factors as hydrogen mass flow, pressure, and temperatures.

Instrumentation for sensing reactor power thrust, temperature, and
specific impulse under steady-state and dynamic operating conditions will be
developed. Such instrumentation must be radiation resistant and, at the same
time, extremely sccurate in order to maske certain that the vehicle will
achieve the necessary trajectory when assigned to a particular miszion.

Vehicle Studles

Design of & nuclear rocket for incorporation in a vehicle inwvolves
interacticns between the engine system and the wvehicle which are ns>t encoun-
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tered in chemical rockets. For example, a reduction in shielding weight can
be effected by increasing separastion between the propellant tank and the
engine. This approach, however, creates major design problems. Research
studies and experimental component development pertaining to such vehicle
requirements will be initiated during the fiscal year 1962 in order to assure
e suitable englne design capable of adaptation to & vehicle.

Experimental Engine Development

The initiel phase of the experimental engine development involves desigm,
program planning, and research on engine systems components to establish detailed
development plans and to determine testing requirements and reliahility goa's.
Supplemental 1961 funds are required to initiate development at an earlier
date than previously planned. Funds will be gpplied to the experimental
design, engine subsystem applied research, and other supporting functions as
required to advance to the stage of ground testing an experimental nuclear
rocket engine.

During the fiscal year 1962 the engine contractor selected late in
the fiscal year 1961 will initiate. research and development work aimed at
ground testing an experimental engine. Concurrently, the contractor will
continue his initial effort in engine and subsystem design and will parti-
cipate in supporting work required by the Los Alamos Scientific Laboratory
of the Atomic Energy Commission.

Fiscal Year =
Fiscal Year Fiscel Year 1961 Fiscal. Year
Nuclear Electric Power Systems 1960 1961 Supplemental 1962

Advanced Systems and Components:

High-power systems technoiogy $746,063 $1,790,000 --- $6,500,000
Reactor direct conversion.... - 100,000 = 500,000
T%,%B 1,890,000 -—— 7,000,000

Prototype Development (Snap-8): 867,169 2,000,000 --- 3,500,000

Total, Nuclear Electric

Power Systems........ .ee. $1,613,232 $3,890,000 ~-- $10,500,000

High-Power Systems Technology

This work is aimed at developing the new technology required for high-
powered systems. Included are experimental work to extend the knowledge of
the thermodynamic and transport properties of liquid metals and related
work on corrosion, emissivity, condensation and boiling of liquid metal,
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and heat transfer studies. Application of the results of this work to the
design of high-powered components (including turbinee, generators, and heat
rejection systems), will be accelerated as part of a preliminary design
study of the complete engine system.

Reactor Direct Conversion

The direct conversion of nuclear heat into electricity has significant
potential for the development of a simple, high-powered electrical conversion
system. Such systems are expected to require fewer moving perts and there-
fore will offer a potential increasse in reliability when compared to the
turboelectric generator systems. Studies have indicated the feasibility
of this approach, provided that a suitably long-life electrode can be
developed. "The work planned in 1962 relates to physical and metallurgy
property determination necessary to evaluate the electrode life.

Prototype Development

NASA responsibility for the Snap-8 includes development of the power
_conversion system and integration of the reactor and conversion unit into
an operational system. During the fiscal year 1962, design work and test
equipment construction will be completed and component and subsystem
testing will be under way. A target test flight date of spring 1965 is
planned.
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HATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SPACE POWER TECHNOLOGY

SUMMARY OF REQUIREMENTS:

1960 1961 1962 Page No.
Advanced Research.......... $1,250,000 $985,000 $1,200,000 RD18-2
Advanced Technical
Development. oo seeecosnss 2,264,000 3,215,000 4,300,000 RD18-5
ey - IDNP $3,514,000 $L,200,000 $5,500,000

OBJECTIVES:

To develop the technology of generating electrical power from
solar and chemical energy sources for use in spacecraft.

JUSTIFICATION:

Nearly all spacecraft require an electrical power supply (auxiliary
power system) to provide electricity for operating instruments, communi-
cations end other equipment. Solar photovoltaic cells and batteries are
used at present, but research is needed to determine the amount of
shielding required to protect solar cells from radiation demage and
development is needed to provide more religble, lighter weight storage
batteries. For power requirements of 500 watts to 30 kilowatts, other
auxiliary power systems should be developed which will have lower
weight, higher reliability or lower cost. Solar-heated systems using
solar ccllectors and either turboelectric or thermionic power conversion
equipment sppear promising for long duration missions. Chemical
combustion auxiliary power systems and fuel cells are desirable for
certain relatively short duration missions, such as manned spacecraft.
Improved lightweight electrochemical storage units such as electro-
lytically regenerated fuel cells are desirable for use with solar
auxiliary power systems.
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FUNDING EEQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year

hdvanced Research 1960 1961 1962
Radiation demage to solar cells.. $170,000 $390,000 §250,000
Fabrication techniques for solar

COLlectOIS. s ineerineereresnonnns 100,000 -—- 100,000
Solar collector testing.......... 30,000 —— -—-
Space power systems.............. 200,000 200,000 200,000
Thermionic conversion............ 300,000 200,000 300,000
Thermel energy storage materials

for solar-thermionic systems.... 200,000 ——— 100,000
Spray condenser for space heat

rejection.eieceeeereeiiencannnne 100,000 - -—
Electrolytically regenerative

fuel cells.ciiereneneinancsiarsas 50,000 50,000 100,000
Magnetohydrodynamic power

generation..... et eeseaceieennan 100,000 - 150,000
Thermal radiation properties of

spacecraft materials.....cvvenn. ——— 145,000 ~—-

Totel, Advanced Research.... $1,250,000 $985,000  $1,200,000

Radiation Damage to Solar Cells

The purpose of this work is to determine the radiation demage effects
of proton and electron bombardment on various types of solar cells with
various types of shielding. A contract initiated in the fiscal year
1960 has resulted in the very significant discovery that silicon solar
cells mads with a thin layer of negative-doped silicon on top of positive-
doped maieriel were considerably more resistant to radiation damage than
the positive or negative type which are presently in production.

Radiation testing has shown that radiation damage to solar cells by high
energy protons in the inner Van Allen belt and from solar flares vill be
more severe than anticipated. Therefore, research is heing expancded in
scope during the fiscal year 1961 to include testing in six different
cyclotrons to cover the proton energy range of interest. Research will
be continued in the fiscal year 1962 to evaluate new and improved solar
cells which are being developed, particularly of the negative on positive
type, axnd to provide a basis for interpretation of solar cell per:’ormance
as telemestered from spacecraft.

Fabrication Technigques for Solar Collectors

The purpose of the work undér this heading is. to ilnvestigate various
techniques for fabricating optically accurate, lightweight, jorabolic
solar concentrating mirrors for use with solar-heated power systeus.
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With fiscal year 1960 funding, techniques were developed which mske it
possible o febricate a lightweight replica of a searchlight mirrcr.
No funds are required in the fiscal year 1961 because the existing
contract extends through this period. Funds are required in the
fiscal year 1962 to solve some of the problems which are being
encountered, particularly the optical distortion caused by tempereture
gredients in the structure. This fabrication technology may prove
useful. for antennas and telescopes as well as for solar-thermionic
power syssems.

Solar Collector Testing

Piscal year 1960 funds were used to purchase special test equipment
for solar collectors. No funds are required for the fiscal years 1961
or 1962.

Space Power Systems

Fiscal year 1960 funds under this heading were utilized to conduct
analyses and design studies of various power systems for use in space-
craft. These studies provided the basis for selection of a solar cell
power system for the Ranger spacecraft. Funds for the fiscal year 1961
are being used to study and compare solar-thermionic, solar cell, and
other power systems for potential application in planetary probes and
satellites. The fiscal year 1962 funds will provide for study contracts
to compare the merits of various power systems for application in manned
satellites and for lunar landing missions and to study sun orientation
systems for solar power systems.

Thermionic Conversion

The purpose of this work is to gain a basic understanding of
thermionic conversion processes and to determine ways to optimize the
performance of thermionic converters. A goal is to find means for
maximizing the efficiency and the power output with cathode temperatures
low enough to assure long life. Fiscal year 1960 funds were used for
research on thermionic converters of various types, including vacuum
diodes, cesium diodes and gas-filled converters. The 1961 funds are
being used to evaluate the feasibility of utilizing a cesium vapor
thermionic converter with a solar concentrator as the heat source.
Funds for the fiscal year 1962 are required to perform continuing
research on cesium and gas-filled thermionic converters to permit the
attainmert of higher efficiency and longer life.

Trermal Ene. v Storage Materials for Solar-thermionic Systems

A promising method of energy storage for use with solar-thermionic
power systems is to melt a materiel while in the sun and let it freeze,
giving vp its latent heat of fusion while in the shade, to operate
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thermionic converters at constant power. Research is needed to

determine the heat of fusion and other properties of verious materials
having melting points above 2000°F., and to find materials which can

be used to contain the molten material. Fiscal year 1960 funds were

used to conduct exploratory research on materials and structures for

the containment of molten silicon and its alloys. No funds are required
in the fiscal year 1961, but it is anticipated that the research will
uncover problem areas requiring continued effort in the fiscal yeer

1562 to determine whether thermal energy storage is feasible for tse with
solar-the:rmionic power systems.

Spray Condenser for Space Heat Rejection

The purpose of this work 1s to investigate the basic processes
involved in condensation of a liquid metal vapor by injection of sub-
cooled 1liquid. The potential gpplications include a condenser for
liquid metal cycles which would not be affected by zero-gravity. The
feasibility of the spray condenser wmas established in the fiscal jear
1960, and continuing effort und-: ithe contract established for this
purpose will provide data to permit the design of spray condensers fcr
mercury which msy be used in solar or nuclear turboelectric power
systems sach as Sunflower-l or Snap-8. No additional funds are
required in the fiscal years 1961 or 1962.

Electrolytically Regenerative Fuel Cells

Research is under wey to gain an understanding of the electrochemical
behavior of fuel cells when operated cyclically, being alternately
charged and discharged like a storage battery. A contract was ini.tiated
in the fiscal year 1960 to conduct research on a hydrogen-oxygen :‘uel
cell. The contract is being extended in the fiscal year 1961. Funds
for the fiscal year 1962 will provide for continuing the research
effort on hydrogen and oxygen fuel cells and for initiating exploratory
research on other high energy electrochemical systems which maey have
potential advantages for a rechargeable fuel cell battery.

Magnetohydrodynamic Power Generation

Studies are required on the plasma properties, electrode pro:esses,
and on the design optimization of magnetohydrodynamic power converters
vhich use chemical cambustion to produce electrically conducting j;zases
(plasma). Potential applications are for generation of high power
levels fcr relatively short durations. Funds for the fiscal year 1960
were utilized to fund a contract for research on a vortex magneto-
hydrodynamic power generator. This contract is funded until the f[iscal
year 1962 and no additional fiscal year 1961 funds are required. The
fiscal year 1962 funds are required to perform additional researca on
materials and plasma properties and to determine the feasibility of using
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hydrogen-oxygen combustion products, seeded with an alkali metal, as
the plasma working fluid in a magnetohydrodynemic power generator.

Thermal Radiation Properties of Spacecraft Materials

The objective of this project is to measure the absorptivity for
solar rad:ation and the emissivity for infrared raediation of wvaricus
special coatings and metal surfaces which may be used in controlling
the temperature of spacecraft. Temperature control is important for
proper operation of payload components, such as batteries. Fiscal
year 1961. funds were used to support a contractual research program.
No funds are required in the fiscal year 1962 because work of this
type will be performed under various spacecraft development projects.

Fiscal Year TFiscel Year Ficcal Year

Advanced Techpical Development 1960 1961 1962
Solar cell array technology...... $314,000 $180,000 $200,000
Improved solar cells and power

system components....e.eeeeeoons 4k5,000 435,000 200,000
Improved storage batteries....... 300,000 300,000 300,000
Testing of batteries in simulated

space environments....cieeacsons 135,000 - -
3-kilowalt solar euxiliary power

system (Sunflower-1)........... . 1,070,000 1,500,000 1,800,000
Primary fuel cellsS..ieeeeeroasese ——— 500,000 500,000
Solar concentratorsS...cecsesseses -—- 300,000 400,000
Chemical combustion auxiliary

power Unit..ceceeecneceeeanens - —— 300,000
Solar-thermionic power system.... - -— 500,000
Electrolytically regenerative

fuel cells....c.. ceseteesnae oo - - - 100,000

Total, Advanced Technical
Development. ecoees.. ceenee $2,264,000 $3,215,000  $4,300,000

Solar Cell Array Technology

The objective of the work under this heading is to evaluate the
potential of solar cell power systems by the testing of developmental
solar cell arrays under simulated operational conditions. Advanced
development and testing of solar cell panels in the fiscal year 1960
lead to the development of the solar cell panels for the Ranger space-
craft. Funds for the fiscal year 1961 are being used for the development
of improved solar cell arrays with solar energy concentrators to increase
the power output per unit area of solar cells. Funds for the fiscal year
1962 are required to develop solar cell arrays of lighter weight vhich
have rugged and reliable construction.
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Improved Solar Cells and Power System Components

Fiscal year 1960 funds were used to develop and test componerts
for solar cell power systems and to develop radiation resistant sclar
cells. The 1961 funds are being used to initiate several contracts
for the development of lower cost solar cells, radiation resistant
solar cells, solid-state power converters, and circuit-breakers. The
contracts initiated during the fiscal year 1961 will be contimued in

1962.

Improved Storage Batteries

Funds for fiscal years 1960 and 1961 are being utilized to support
the development of both nickel-cadmium and non-magnetic silver-cadmium
batteries., A critical need exists to improve the qualilty of batteries
used for energy storage with solar cell power supplies. Funds for the
fiscal year 1962 are required to continue the existing contracts and to
concentrase on the development of reliable batteries for application in
satellites with at least a one-year life expectancy.

Three-kilowatt Solar Auxiliary Power System (Sunflower-1)

Work on this system was initiated in the fiscal year 1960 with
the objective to deliver two experimental prototypes by mid-1963.
Funds for the fiscal year 1962 will be primarily devoted to the ccnduct
of performance, environmental, and endurance testing.

Primary Fuel Cells

Contracts are being initiated in the fiscal year 1961 to develop
fuel cells for potential use in manned spacecraft or lunar and
planetary landing vehicles. This effort will be continued in the
fiscal year 1962 leading to a developed modular unit by 196kL.

Solar Concentrators

Fabrication methods will be developed for large parabolic solar
concentrators (diameters from 15 to TO feet) for use in solar heat
sources with turboelectric or thermionic conversion systems. Fiscal
year 1962 funds will provide for initiation of the development of a
solar heat source applicable for use with the 30-kilowatt Snap-8
turboelectric conversion system. The primary application for a sclar
heated Snap-8 system will be for a manned orbital laboratory.

Chemical Combustion Auxiliary Power Unit

It is proposed to demonstrate the feasibility of a power conversion
system for use with hydrogen and oxygen combustion products. Potential
applications include manned spacecraft and lunar landing vehicles,
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including power for propulsion of a roving lunar surface wvehicle. The
fiscal year 1962 funding will be used to determine the feasibility of
an internal conbustion engine, operating with liquid hydrogen as the
fuel, and liguid oxygen as the oxidizer.

Solar-thermionic Auxiliary Power System

It is proposed to initiate the development of a solar-thermionic
power system capeble of genersting 1 to 5 kilowatts in satellite or space
probe missicns. It is estimated that the system will require five years
for develcpment and total funding of several million dollars. The
system will utilize no moving parts and is intended to be a general
purpose power system which will ultimately replace the Sunflower-l solar-
turboelectric power system for specialized satellite and spece prooe
missions. Work will be started in the fiscal year 1962.

Electrolytically Regenerative Fuel Cells

Fiscel year 1962 funding is requested to initiate the development
of a modular rechargeable fuel cell battery with at least 50 watt-hours
capacity vhich can be used for energy storage with solar cell power
systems. An objective is to achieve at least five times more energy
storage per pound than is obtainagble with nickel-cadmium batteries.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

SCOUT

SUMMARY OF REQUIREMENTS:

1961
1960 1961 Supplemental 196:2 Page No.

Vehicle Development $1,612,000 $1,510,000 $1,075,000 $1,075,000 RD19-2

Engine Levelopment. 1,079,000 140,000 --- 1,100,000 RD19-3
System Support..... 309,000 500,000 750,000 1,500,000 RD19-k
TotBLe e eernrnnnnn $3,000,000 $2,150,000 $1,825,000 $3,675,000
OBJECTIVES:

The purpose of the Scout program is to develop a reliable, relatively
inexpensive vehicle for general space research. The vehicle's capabilities
include orbital, probe, and reentry missions. It is the smallest >f the
basic NASA family of launch vehicles and is planned to fulfill a large
variety of requirements for small size payloads.

JUSTIFICATION:

The Scout development program comprises a total of eight developnment
vehicles, three of which have been launched to date. Scout Nos. 1 and 2,
launched on 1 July and 4 October, respectively, performed satisfactorily;
Scout No. 3, launched on 4 December, failed to achieve second-stag: igni-
tion; Scout No. 4 is scheduled for launch in early 1961.

Until recently, the complete system management and some manufacutring
of specific components for these first four vehicles was performed as an
in-house effort at the langley Research Center. To provide for an orderly
transition from development to operational procurement, the four ramsining
vehicles of the eight-vehicle program are now being procured throuzh a
prime vehicle contractor.

The Scout vehicle, in its present configuration, is capable of placing
a 150-pound payload, with a maximum diameter of 25 inches into a 320
nauvtical mile orbit. Anticipated NASA and Department of Defense missions
in mid-calendar year 1962 will increase this requirement to a payload of
200 pounds and a maximum diameter of 30 inches. By increasing the
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performance of the third and fourth stage motors, a standard vehicle can be
achieved to meet the requirements of both agencies with a resulting
simplicity of logistics and economy of production. As currently planned,
the Scout development program is oriented to this concept.

The combined fiscal year 1961 and fiscal year 1961 supplementel funds
will complete procurement of the baslic eight development, vehicles. The
supplemental amount for 1961 will cover increases resulting from tte re-
alignment of costs in the establishment of a prime contractor, and other
elements that were not anticipated at the time of the original pricing of
the program. The level of effort in the fiscal year 1962 will be epplied
primarily <o development of the improved motor capability, increased cone
dilameter, standardization of the basic vehicle design and completicn of
component gualification tests.

FUNDING REQUIREMENTS:

Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year

Vehicle Development 1960 - 1961 Supplemental 1962
Vehicle .o v oreinenerrenenneaennns $786,000 $400, 000 $325,000 $575,000
Guidance and CORNETOL..s..cveern.n. 826,000 1,110,000 250,000 50,000

Totel, Vehicle Development $1,612,000 $1,510,000 $1,075,000 $1,075,000

Fiscal. Year 1961 funds, including the supplemental, will be applied to
the procurement of the second four Scout development vehicles with iesign modi-
fication ard qualification testing of critical components. The fisczal year
1962 funding will be applied to the changes required for standardization of
the vehicle to meet both NASA and Department of Defense requirements, in-
creased reliability, and simplification of check-out procedure at tie launch
site.

Vehicle

The vehicle consists of the airframe, instrumentation, electri:al net-
works, and destruct systems. The requested supplemental funding for the
fiscal year 1961 will be used to manufacture instrumentation that was con-
ducted initially as an in-house effort at the Langley Center. During the
fiscal year 1962, a design and test effort will be initiated to determine
the optimum nose cone diameter to length ratio for the standard vehicle and
to establish compatiblility of electrical and destruct systems with ~ange re-
quirements. In addition, all of the new components will be qualified to
standards established by flight test experience.
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Guidance and Control

During the initial testing of the Scout vehicle unexpected '"rc¢ll forces"
were encountered in the third-stage motor to the extent that they com-
pletely overpowered the roll control system. The supplemental 1961 funds
will be applied to the correction of this problem through modification, re-
design, test and qualification of critical components. Fiscal year 1962
funds will be used to simplify the basic design and qualify all conponent
parts.

Fiscal Year PFiscal Year JFiscal Year

Engine Development 1960 1961 1962
Engine Procurement.....eeeeecevss. $1,079,000  $11:0,000 .-
Engine Development............. .o -—— -~ $1,100,00C
Total, Engine Development. . $1,079,000 $140,000  $1,100,00C

Engine Procurement

The procurement of motors for the eight development vehicles vas
covered by funding in the fiscal year 1960; additional funds were later re-
quired in the fiscal year 1961 for replacement of first- and third-stage
engines that were expended on preliminary stage testing of the vehicle.

The amount now indicated for 1961 will complete the funding of motcrs re-
quired for the eight basic vehicles.

Engine Development

The key factor in achieving a heavier payload capability and larger
nose cone (iameter is the utilization of recent advancements in prcpellant
state-of-the-art that have been realized under the Minuteman and Pclaris
programs. By adapting these existing, higher. specific impulse prcpellants
to the configuration required on Scout, a significant increase in rperform-
ance can be achieved with relative economy of time and resources. The
Department of Defense is funding approximetely one-third of the program
during the fiscal year 1961 with the remaining portion to be completed by
NASA with fiscal year 1962 funding. As now planned, the new motor config-
uration will be available for incorporation in the third operational wvshicle
(Scout No. 11) scheduled for mid-calendar year 1962.
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Fiscal Yeer

Fiscal Year Fiscal Year 1961 Fiscel Year

System Support 1960 1961 Supplemental 1052
Ground Support Equipment...... $8L4,000 - $300,000 $20C,000
Launch Services.....coveeeonn. 225,000 $500,000 200,000 1,00¢, 000
Engineering Coordination...... - - 250,000 300,000
Total, System Support.. $309,000 $500,000 $750,000  $1,50C,000

Support of the Scout system requires provision for a complete system
check-out 2apability in the contractor's plant, launch services through
launching of the basic eight development vehicles, and engineering effort to
insure prooer reliability and payload coordination.

Ground Support Equipment

A system check-out capability is being provided at the contractor's
plant to achieve a higher level of quality control and to minimize the
expensive and time-consuming check-out procedures that would otheririse be
required at the launch site. The supplemental 1961 funds will cover the
special test tooling and equipment necessary to meet this requirement for
Scout No. 5 and all subsequent vehicles. The fiscal year 1962 effort will
be direct=d toward the development of a horizontal pre-flight checl-out
system for use at the launch site. This system will cover the final check-
out prior to flight and will be designed to minimize vehicle preparation and
count-down time. The horizontal feature of the system will allow riore
flexible operation of the vehicle and will reduce the cost and complexity
of launch cperations.

Launch Services

Funds in this area cover costs of contractor launch personnel that
must be planned at a constant level to maintain continuity of the crew.
Supplemental 1961 funds will cover costs that were underestimated in the
original program pricing. Fiscal year 1962 funds will cover all launch-
ings required for completion of the development program.

Engineering Coordination

As part of the total program effort, contractor services are required
on a continuing basis for payload and vehicle integration, preparaiion of
trajectories, range safety analyses, failure reporting, data reduction,
and preparation of handbooks. These functions, previously perform:zd
in~-house ty the langley Center on a limited basis, will require supplemental
funds for contractor effort in the fiscal year 1961 with a corparasle
level of effort in the fiscal year 1962.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

DELTA
SUMMARY OF REQUIREMENTS:
. 1960 1961 1962  Page No.
Vehicle Levelopment........... $6,218,297  $3,550,000 -.- RD2O-2
Engine Development............ 300,000 50, 000 -.-- RD20-2
System Support..ecceeeeeesoans 5,957, 500 8,200,000 $2,900,000 RD20-2
TOLALe e v v ennreeraenanns $12,475,797 $11,800,000 $2,900,000

OBJECTIVES:

To provide a reliable space vehicle to replace the Thor-Able, Juno II,
Jupiter C, and Vanguard vehicles for medium payload satellites and small paylcad
space probes

JUSTIFICATION:

The Delta vehicle will be used to launch a variety of scientific and
operational satellites and space probes until such time as the newer Scout
and Thor-Agena B vehicles now under development become available. The Delta
is a three-stage vehicle with the first stage a production Thor missile with
the nosecone and the guidance unit removed. The second stage is similar to
that of Thor-Able and Vanguard with a new engine thrust chamber and an improved
radio inert:ial guidance system. The third stage is a solid propellent rocket
motor developed for Vanguard.

Although similar in design to the Thor-Able series, the Delta incorporates
a number of changes, including a coast-phase attitude control syster that will
permit higher injection altitudes and additional flexibility in establishing
trajectories. The capabilities of this vehicle were well demonstrated on
August 12, 1960 when the second Delta vehicle successfully placed the Echo
satellite in & precise, nearly circular orbit, at an altitude of abcut 1,00C
miles; and egain on November 23, 1960, when the third Delta placed into orbit
the Tiros 1. meteorological satellite at an altitude of approximately 40O miles.
Delta has a psyload capability of up to 500 pounds for satellite aprlications
and up to 75 pounds for space probes.
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FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year Fisczal Year

Vehicle Development 1960 1961 1962
Design and engineering........... $1, 600,000 $1,100,000 -
Fabrication. eeeeeeenrersneoerans 4,618,297 2,400, 000 -
Thor PartS.ceecerrensocencnesoans -——- 50, 000 ===

Total, Vehicle Development.. $6§218;297 $3§SSO;OOO ———

During the fiscal year 1960, the development of the basic Delta vehicle
system was essentially completed and procurement of hardware for a number of
the test vehicles was well underway. The first launch attempt on May 13, 1960
was unsuccessful due to a failure in the second stage control system. During
the fiscal year 1961, the redesign effort generated by this failur: was com-
pleted and the basic soundness of the design modification was firmly established
through the successful firing of Deltas No. 2 and 3. Fabrication of the twelve
test vehicles will be completed with 1961 funds; no additional funding for this
area will be required in the fiscal year 1962.

Fiscal Year Fiscal Year Fis:al Year

Engine Development 1960 1961 . 1962
Engine modification.............. $300, 000 --- -
Changes to third stage motors.... - $50!OOO ===

Total, Engine Development...  $300,000 $50, 000 -

This portion of the Delta program was restricted to the second and third
stages. Work on the second stage consisted of the development and substitut:ion
of a stainless steel thrust chamber. Changes in the third stege solid pro-
pellant motor originally developed for Vanguard were relatively minor and
consisted principally of applying closer control over dimensions and performance
characteristics. No fiscal year 1962 funds are required to compleie the Delta
engine development effort.

Fiscal Year Fiscal Year Fiscal Year

SYstem Support . 1960 1961 1962
Guidance Services......coceveennns $625,000  $1,000,000 -
Shipping costS.cveeriveineensnsas 125,000 200,000 -
Range support services........... 707, 500 1,200,000 -
Contractor launch services....... Y4, 500,000 5,800,000  $2,900,000

Total, System Support....... $5,957,500  $8,200,000  $2,900,000

Funding for all system support services except launch services will be
completed in the fiscal year 1961. Guidance services are procured through
the Air Force and cover utilization of the radio guidance systems during each
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of the Delta launches. Funds required for shipping costs are transferred to
the Air Force which supplies airlift services in the transportatior. of Delta
stages from the West Coast to the Atlantic Missile Range. Range support
services include such items as the purchase of propellants, range cvertime
compensation, provision of telemetry support services, and direct work orders
issued to the Atlantic Missile Range. No funding for these items will be
required in the fiscal year 1962.

Funding is required in the fiscal year 1962 for contractor launch services
to receive, assemble, check out, and launch the vehicle. The requested fund-
ing will complete all requirements for contractor launch services for the twelve-
vehicle Delta program. The last development vehicle launch is expected late in
the fiscal year 1962.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1962 ESTIMATES

CENTAUR

SUMMARY OF REQUIREMENTS:

1961
1960 1961 Supplemental 1662 Page No.

Vehicle Development.. $19,344,203 $28,700,000 $13,394,000 $32,8C0,000 ED21-3
Engine Development... 16,300,000 16,100,000 ~-- 19,5C0,000 RD21-L4

System Support.secse.. 1,000,000 2,200,000 2,181,000 4,1C0,000 ED21-6

TOte . evensoosons $36,6hu;203 $h7;ooogooo $15,275,ooo $56,uqo,ooo

OBJECTIVES:

To develop a general purpose launch vehicle of high-performance and
reliability for Earth satellite, lunar, and planetary exploration nissions.

JUSTIFICAT 'ON:

The NASA mission requires launch vehicles capable of injecting, on a
wide variefy of space trajectories, scientific spacecraft differing exten-
sively in weight and volume. In order to cover the range of NASA mission
requirements at minimum cost of time and money for launch vehicle develop-
ment, procurement, and operations, NASA has settled on a relatively few
different multi-purpose launch vehicles ranging from the Scout to the
Saturn. These launch vehicles will be used repeatedly by the NASA and in
most cases by the Department of Defense as well, in order to build reliabil-
ity, which is a dominant factor in the cost and rate of progress ir. space
exploration. Composed of an Atlas first stage and & new liquid-hydrogen
liquid-oxygen second stage, the Centaur is a vitelly important and urgent-
ly needed member of this launch vehicle family. On a low Earth-ortit mission,
the Centauwr will have a payload-carrying capacity of 8,500 pounds, thus fill-
ing the need for a vehicle capable of carrying payloads which are too heavy
for the Thor or Atlas-Agena B vehicles (up to 5,000 pounds) and toc light
to warresnt the use of the more expensive Saturn vehicle (payload 1¢<,000
pounds). There is no other vehicle currently in existence or under develop-
ment which can perform this role.
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It is planned to launch ten Centeur vehicles between late-calendar
year 1961 and mid-calendar year 1963 as part of the vehicle develcpment
program. An early and successful completion of this flight progrem is
egsential, for the following reasons:

l., Centaur is the firat rocket vehicle to utilize liquid-hyc¢rogen
and liquid-oxygen as propellants. Thls combination promises more than
one-third greater performance than the conventional kerosene liquid-oxygen
propellans combination., Successful solution to the many problems associ-
ated with the use of this advance propellant combination will constitute
a substan<-ial technical breakthrough in rocket performence, an area in
which the United States space program most needs improvement.

2. 'The Centsur second-stage engine will be used to power the S-IV
and S-V s-ages of the Saturn vehicle, the development of which carries
the highest national priority.

3. All the upper stages of Saturn will utilize liquid-hydrogen as
fuel. The success of the Saturn program, therefore, depends upon the early
solution of hydrogen problems encountered in the Centaur program.

4, The Rover nuclear rocket engine will use liquid-hydrogen, and is,
therefore, similarly dependent upon Centaur's early success.

5. The lunar and plaenetary exploration programs of NASA and the
Departmen’; of Defense Advent 24-hour communication satellite progream,
cannot proceed effectively until a vehicle of Centaur's capability is
available,

In view of the meny developmental problems to be overcome anc. the need
for adequate time to construct the necessary facilities for ground. testing,
lawnching, tracking and data handling, late%l96l was selected as the
earliest date that a first launch of Centaur could be scheduled. The budget
amounts and time phasing are considered the minimum to enable meeting the
time schedule for the technical objectives established for the Certaur de-
velopment program. A delasy in providing funds on the time schedule indi-
cated will necessitate either delaying the flight program and thus the
important programs cited above which depend upon Centaur's early success,
or attempting a flight program without having completed the minimm level
of preliminary ground testing end reliability assurance work whicl. sound
engineering dictates, thus hazarding & failure of the flight program and
consequens damage to our internationel prestige. Both of these alterna-
tives are unacceptable,

The smount requested as a 1961 supplemental estimate is a critically

important. element of the minimum funding plan. It is required to help
finance the pre-launch efforts without which the success of the first
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Centaur leunch, and follow-on launches, would be in considerable jeopardy.
It will provide funding for:

1. Procuring and installing a television system for in-flight obser-
vation of propellant behavior in the first three Centaur flights. Non-
visual instrumentation for this purpose has not been developed.

2. Procuring and launching four Aerobee rockets carrying zero-gravity
test articles. These tests are necessary to give data on the behavior of
liquid-hydrogen in the air-less, zero-grevity enviromment to be encountered
later by actuasl Centaur flight vehicles.

3. Extending the amount of component ground testing necessary to
improve our confidence in the adequacy of vehicle components and launch
site equipment to perform thelr intended function.

k, ¥mergency overtime at contractors' plants to help meet tke very
tight schedule of eventas leading to first launch.

5. Engineering changes necessary in system components to make them
relisble for first flight.

6. Additionsl ground instrumentation to adapt the existing NASA
world-wide instrumentation network for use with Centaur.

The fiscal year 1962 estimates provide for & continued and strength-
ened Centaur development program. Recent technical difficulties vwith the
development of the Centaur engine and its assoclated equipment have given
evidence of insufficient strength in the development phase., It has heen
decided to extend the development period approximately four months and to
strengthen it substantially by increased vehicle ground tests and increased
engine ground tests prior to and during the fllght program. It is con-
sldered easential that this strength be sdded to insure vehicle success in
flight ani to help avoid the very high costs of development flight failure.

FUNDING REQUIREMENTS:

Fiscal Year
Fiscal Year Fiscal Year 1961 Fiscal Year
Vehicle Development 1960 1961 Supplemental 1962

Second-Stage Design and

Engineeringeeseeessecsses b, 444,203 $3,940,000 $3,810,000 $5,750,000
First-Stage Procurement

and Modification...sseees 800,000 5,600,000 -e- 8,400,000
Fabrication of Second-Stage

Test VehicleSeecvoesscence 11’900,000 6,160,000 6}98"")000 6,)4'60,000
Ground Testingeeceeessseess 2,200,000 10,350,000 1,800,000 5,640,000
Reliability.veecsocssscocas -- 2,650,000 800,000 6,550,000

Total, Vehicle

Developmen‘t...........§l9§3lﬂ+§203 §28;700!000 213;39%000 gsagfmogooo,
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This portion of the program includes the design, engineering, fabrica-
tion, ground testing, and reliability testing for the Centaur second stage
(1ess engines), and the design of modifications to, and fabrication of, the
first stage (Atlas). Two Centaurs have been assembled. The first Atlas-
Centaur has been erected on a stand at the Atlantic Missile Range for
compatibility checks. Three guidance sets have been delivered. Ground
tests are proceeding at the contractors' test facllitles, and at the
Langley Research Center. Hot static firings will soon begin at a con-
tractor's facility and at the Lewis Research Center,

Second-Stage Design and Engineering

This item includes engineering services for the design of the Centaur
second stage, engineering studies of various flight trajectories, and
technical reports. Extensive design work is necessary to improve +he per-
formence of tank insulation, tank vents, propellant acquisition syntem,
boost pumps and cooldown system. Component re-design will be necesnsary as
the testing program progresses.

First-Stage Procurement and Modification

This item includes design of modifications necessary in the Aulas ICEM
to adapt it for use with the Centaur second stage, and the fabrication and
check-out of the modified Atlas. Ten such Atlases are provided for in the
program.

Fabrication of Second-Stage Test Vehicles

This item includes the manufacture of Centaur second-stage veiaicles
(less engines) and their check-out. Ten such vehicles are provided for in
the program. New vehicle components must be fabricated to reflect the re-
‘designs necessitated by the results of ground end flight tests.

Ground Testing

This item includes preparation of a special test wvehicle and other
vehicle components, and the carrying out of tests to obtain data on
storage, pumping and heat transfer characteristics of liquid-hydrogen,
operation of integrated attitude control systems, jettisoning of heat
insulation penels, and on the operation of integrated second-stage flight
propulsion systems. The program includes the estimated costs of ground
systems-tests of a complete flight-type second stage vehicle in an altitude-
simulation facility. These tests, or their equivalent, are considered a
prerequisite to adequate flight reliability.
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Reliability

This item ineludes environmental testing, on the ground and in flight,
of multiple samples of vehicle components (such as guidance components),
statistical analysis and reporting of the results of such tests, and feed-
back of test results to the component designer to aid in re-design of the
component, if necessary.

Fiscal Year Fiscael Year Fiscal Year
Engine Development 1960 1961 1962

Engine Design and Engineering...... $14,700,000 $8,400,000 :$800,000
Fabrication of Prototype and ’

Production Engin€s.ceceececccccacs 1,600,000 6,000,000 5,160,000
Ground Testingeeoececsscesessnsscss - 1,200,000 l3,2h0,000
Ground Support Equipment....ceeeess --- 500,000 300,000

Total, Engine Development..... $16,300,000 $l6§ldO;OOO $19,500,000

The Centaur second-stage engine is the first flight-configurel rocket
engine utilizing ligquid-hydrogen and liquid-oxygen as propellants. It
features & tubular-walled combustion chamber fed by a turbo-pump assembly
that is pcwered on the "boot-strap" principle, i.e., the turbine desrives
its power solely from the heat that is transferred from the combustion
chamber to the liquid-hydrogen coolant. This portion of the program in-
cludes the cesign, engineering, fabrication, and ground testing of the
Centaur seccond-stage engines and the auxiliary ground equipment necessary
to support the transportation, checkout, and firing of Centaur engines in
ground tests and in the flight program. Preliminary flight rating tests of
the Centair hydrogen engine are currently under way and will be completed
soon. Twelve ground test engines and sufficient flight engines for the ten
Centaur development vehicles, plus :-spares, are provided for in the program.
Ground tests at the West Palm Beach test facility are currently under way
in support of the coming flight program.

Engine Design and Engineering

This item includes engineering services for the design of the Centaur
second-stage hydrogen engine, engineering studies of the engine's adapta-
bility te operation under off-design conditions, and technical reports.
This design work will continue into the fiscal year 1962 to improve the
engine igniticn, thrust control and cooldown systems, sufficiently to
qualify for flight.

Fabrication of Prototype and Production Engines

This item includes the manufacture of Centaur second-stage ergines
and thelr checkout prior to delivery. Twelve ground test engines embodying
the design improvements currently under investigation are requirec. to
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support the Centaur ground testing program at the engine contractor's plant,
in the altitude facility, at Edwards Air Force Base and at the Lewis Re-
search Center.

Ground Testing

This item includes the fabrication of non-deliverable developmental
engines, treir instaliation in the West Palm Beach test facility, and the
conduct of the tests in that facility. It also includes technical services
provided by the engine contractor during engine-vehicle tests at the vehicle
contractor's test facilities. Considerable effort is required to improve
the safety ard utilization of contractor test stands and to give heavy
emphasis to reliability by extensive engine ground tests. Over 100 addition-
el engine rurs on the ground are scheduled prior to flight.

Ground Support Equipment

This item includes the design, fabrication, and check-out of suxiliary
equipment recessary to support the second-stage engines., Engine ground
handling dcllies, and engire testing and check-out equirment for use at
ground test sites are required.

Fiscal Year

Fiscal Year Fiscal Year 1961 Fiscal Year

System Support 1960 1961 Supplemental 1962
Ground InstrumentatioNeseoocooos - —ee  $1,981,000 e
Launclhi ServiceScescseosocossocea - $l,500,000 o= $Ll-,lOC',OOO
Test Ground Support Equipment.. $1,000,000 700,000 200,000 -

Total, System Support..... $1,000,000 $2,200,000 $2,181,000 $4,100,0

00

Thig portion of the program includes the design, engineering, fabrica-
tion, ground testing, end installation of tracking, telemetry and communics-
tions equipment of existing down-range tracking stations to adapt these
stations to their intended use for Centaur flights. Included are test ground
support eguipment at the Centaur launching site at the Atlantic Miessile Range
and the services required &t the launch site to prepare the first-:ztage and
second~stage vehicles for launch and to launch them. Leunching services for
the ten Centaur development vehicles are provided.

Ground Instrumentation

This ~tem provides for the procurement and installation of newv ground
equipment required at existing tracking stations to track, recieve data,
and trensmit the data received from the Centaur vehicles in flight.



Launch Services

This item provides for services by the Centaur contractors required
at the launch site to prepare the first-stage and second-stage wvehicles
for launch and to launch them.

Test Ground Support Equipment

This item provides for the design, fabrication, checkout and installa-
tion of the speclalized test and operating equipment at the Atlantic
Misslle Range necessary to support the launches of the Centaur vehicle.
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NATIONAL AERONAUTICS AND SPACE AIMINISTRATION

FISCAL YEAR 1962 ESTIMATES

SATURN
SUMMARY OF REQUIREMENTS:
1960 1961 1962 Page No.
Vehicle Development...... $33,755,000 $67,253,000 $157,770,000 RD22-5
Engine Development....... 14,938,000 33,800,000 34,070,000 RD22-9
System Support....cecee... 8,627,000 17,005,000 32,320,000 RD22-10
TOtaLeevennnns ceera 57,320,000 $118,058,000 $224.160,000
DODeeveerennnns . h7:87o:ooo o
NASA.:veevoneses 9,450,000

OBJECTIVES:

To develop a multi-purpose vehicle system using a "building-block-
approach" for the upper stages to achieve a variety of configurations
and cepabilities. This concept will provide a family of vehicles to
meet future space requirements for large payloads on a sound basis of
reliability, safety, timeliness, and economy.

JUSTIFICATION:

The Saturn vehicle development, which carries the highest national
priority, involves the development of vehicle stages, a guidance system,
engines, and the development of special support equipment for handling,
check-out,, transportation, and launching. Saturn will be a multi-purpose
vehicle, capable of sending large payloads into interplanetary space and
even larger peyloads (3 to 5-man crew) into orbits near the Earth.

The Saturn project was initiated by the Advanced Research Projects
Agency (ARPA) of the Department of Defense (DOD) in August of 1958. The
first-stage concept, based on the utilization of multiple "off-the-shelf”
engines to obtain a thrust of 1,500,000 pounds has remained relatively
unchanged since that time. The use of multiple engines in each stage
will provide the capebility of carrying out the desired space mission
with one engine inoperative. After the President, in early Noverber 195G,
announced his intention of transferring the Saturn program from the DOD
to NASA, a joint NASA-DOD committee recommended that all the upper stages
of Saturn should utilize high-energy propellents (specifically liquid
hydrogen and liquid oxygen). The configurations now planned are the two
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or three-stage C-1 (stages S-I + S-IV + S-V) and the two, three- or four-
stege C-2 (stages S-I + S-II + S-IV +8-V). It is significant to rote that
the Satura stages S-I, S-II, and S-IV are each physically larger than any
missiles previously developed in the United States, and also the latter
two are pioneering developments using the new cryogenic fuel, liquid
hydrogen. The planned launch schedule for the ten Saturn developrient
vehicéis is one in calendar year 1961, two in 1962, five in 1963 and two
in 1964,

The Saturn C-1 is being reconfigured to accommodate design changes
evolving from the S~IV stage development program (i.e., the incorpora-
tion of six engines instead of four.) With the increased thrust avail-
able fror the S-IV stage, the Saturn C-1 vehicle, when comprised of two
stages (£-I and S-IV), will put increased payloads into low orbit with
higher reliability than can be accomplished with the three-stage z2onfig-
uration (8-I, S-IV and S-V). Refined mission analysis has indicated that
the primery role of the Saturn C-1 vehicle will be orbital missions for
such space progrems as Apollo.

The additional stage (S-II) in the second version of Saturn (the C-2)
will provide approximately 2 times the payload cepability of the C-1 and
will add to this country's vehicle capability by making possible more
difficult missions, such as manned circumnavigation of the moon and orbit-
ing of other planets. The primary role for the Saturn C-2 will be escape
missions with early application to hyperbolic reentry testing for the
Apollo program. The planned developmental launch schedule for the C-2
version provides for one launch in calendar year 196k, four in 1665, and
two in 1966.

A nore detailed discussion of the various developments whick make
up the whole Saturn program follows.

Vehicle Development

The configuration of Seturn currently under development (the C-1)
is a two-stage or & three-stage vehicle. The first stage (S-I) is under
development as an in-house project at the Marshall Space Flight Center,
utilizing engines manufactured by the Rocketdyne Division of Norwh
American Aviation, Inc. The second stage (S-IV) and the third suage (S-V)
are being developed by the Douglas Aircraft Company and by the Convair-
Astronautics Division of General Dynamics Corporation, respectively.
The latter two stages will utilize engines provided by the Pratt & Whitney
Division of United Aircraft Corporation. An all-inertial guidan:ze
system will be employed with the C-1l. The two~stage configuretion will
be cepatle of placing approximately ten tons of payload into orbit ahout
the earth, and the three-stage version will send about three tons beyond
the earth's effective gravitational field. Assembly of the first and
second flight vehicles (SA-1 and SA-2), each consisting of a live booster
and durmy upper stages, is now underway. Both static and dynamic tests
of the first stage (S-I) are being made in 1961.
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The planned growth version of Saturn (the C-2) will be used in two-
stage, three-stage. and four-stage configurations. For the C-2, a large
new second stage @-ii), also using hydrogen and oxygen, must be de-
veloped. The former (-1 second stage (S-IV) becomes the new third stage
and the former C-1 third stage (S-V) becomes the new fourth stage. An
advanced all-inertial guidance system is planned to be used with the
Saturn C-2. Two-stage or three-stage vehicles will be used for most
earth orbit missions; the three-stage version also will be used for lunar
and interplanetary missions. Extremely high energy missions, i.e., probes
to Jupiter or Mercury, will require the four-stage version. It is
significant to note that the heavy payload launching potential of the
Saturn cannot be attained unless the new second stage (S-II) is rrovided.

S5-I stage: The first stage (S-I) of Saturn employs eight Rccketdyne
H-1 engines, each delivering 188,000 pounds of thrust at sea level, for a
total thrust of 1.5 million pounds. The stage is about 21-1/2 feet in
dismeter and 80 feet long. Liquid oxygen and RP-1 (kerosene) form the
propellant combination; they are carried in a cluster of eight elongated
tanks, of the same diameter as the Redstone missile tank, surrourding
one elongated tank of the same diameter as the Jupiter tank. The engines
can be individually shut off on commend when an incipient malfunction is
detected. Since the engines are simplified adeptations of the well-proven
engines used in Atlas, Thor, and Jupiter, the number of malfunctions dur-
ing flight is expected to be low.

S-TI stage: This new second stage, to be used only in the Saturn
C-2 configuration, will be the same diameter as the S-I stage (21-1/2
feet), will contain over 300,000 pounds of liquid hydrogen and oxygen,
and will be powered by four engines. Present plans call for the initia-
tion of 5-II stage development in the first half of the fiscal year 1962.

S-TV stage: The second stage (S-IV) of the Saturn C-1 configuration
utilizes the liquid-hydrogen liquid-oxygen propellant and a cluster of
six Centaur engines built by Pratt & Whitney Aircraft to provide a total
thrust of 90,000 pounds. This stage is about 18-1/2 feet in diameter
with a length of over 40 feet and a propellant capacity of 100,000 pounds.
A preliminary study contract followed by a development contract Zate in
July 1960, initiated the development of this stage; its first flight is
planned for early 1963.

S-V_stage: The third stage (8-V) of the Saturn C-1 is a Centaur
upper stage, modified to fit Saturn launch equipment. Two of the same
engines which are to be utilized in the S-IV are to be used to power this
stage. It will be 10 feet in diameter, and will contain about 283,000
pounds of usable hydrogen/oxygen propellant. Coasting, attitude control,
and engine restart capabilities will be incorporated in this stage, as in
Centaur, to permit the attaimment of more difficult orbits and deep space
trajectories. A preliminary study contract was awarded in October 1960.
Due to primary emphasis on orbital missions for the first Saturn vehicles,
the S-V development will be limited to engineering design studies in the
fiscal year 1962.
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Guidance: The guldance system will be physically located above the
upper stege of each C-1 and C-2 configuration, and will send commands to
the control systems of all vehicle stages to ensure that the proper tra-
Jectory is flown. An all-inertial system will be used, in order that a
number of ground guldance stations spread around the world will not be
required., It is planned to use a digital computer linked to the required
sensors, so that a greater storage capacity for trajectory information
will be availsble, The trajectory changes associated with engine-out flight
capability will require this greater guidance flexibility.

System integration: The Marshall Space Flight Center is responsible
for the over-all design and development of the Saturn vehicles, including
the system check-out and launching and the integration of the various
developments to ensure that all pleces are compatible with each other and
with the planned launching technique. The Marshall Center is also
responsible for the design and development of the S-I stage. The Douglas
Aircraft Company has the responsibility for the S-IV stage, and Convair-
Astronautics for the S-V stage. The guidance system development
responsibility will be a partnership effort between the Marshall Center
and industry. The Goddard Space Flight Center, the Jet Propulsicn ILab-
oratory and the Space Task Group will have the responsibility for the
design and development of the payloads to be placed atop Saturn.

Engine Development

The rocket engines to be used in Saturn are developed under separate
contracts and are supplied to the respective stage contractors as govern-
ment furnished equipment. This procedure helps to minimize the rumber of
engine developments required; one engine can thus be used in more than
one stage. Described herein are the so-called H-1, J-2, and RL-10 engines.
The H-1 and J-2 engines are used in the Saturn S-I and S-II stages,
respectively, and the RL-10 engine is used in both the S-IV and £-V stages.
A series of static tests, using eight clustered H-1 engines for & total
firing time of more than 500 seconds at the 1,320,000-pound thrust level,
has been completed.

H-1 engine: The H-1 engine is the loglcal outgrowth of the engines
already developed for the Atlas, Thor, and Jupiter missiles. The engine
burns ligquid oxygen and kerosene. It is a simplified version of the
missile engines previously mentioned which is being uprated from 165,000
to 188,000 pounds thrust. Because of the simplifications incorporated in
this engine, its development history, thus far, has been outstandingly
good. With the presently achieved record of reliability the use of eight
of these engines in the Saturn S-I stage should provide a rocket power
plant which is considersbly more relisble, at any given point in time,
than any other of comparable thrust rating.
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RL-10 Engine: The RL-~10 engine is to be used in both the S-IV and
S-V upper stages of Saturn and is basically the same engine that will be
used in the Centaur vehicle. This 15,000-pound thrust engine will be
the first flyeble engine to utilize the high-energy propellant combina-
tion of liquid hydrogen and liquid oxygen. Changes to the basic Centaur
engine for adaptation to the six-engine cluster to be used in S-IV
Saturn will be kept to & minimum.

J-2 Engine; Four J-2 engines will be used to power the S-II stage.
This engine, capable of producing 200,000 pounds of thrust, is the
largest engine currently under development that uses liquid oxygen and
liquid hydrogen for propellants. Since the 5-II stage development is be-
ing advanced in conjunction with the Saturn C-2 schedule acceleretion,
experimental hardware procurement must be funded for Saturn in fiscal
year 1962.

System Support

A number of areas of developmental effort are required to bring a
space launching vehicle to such & level of reliability that expernsive
peyloads can reasonably be assigned to it. Some of these areas ¢f ef-
fort do not result in hardware which flies with the operational vehicle,
yet they are nevertheless necessary if the hardwere developments are to
be successful. Such areas are grouped under System Support. In the case
of the Saturn program, the System Support effort includes the development
of ground support equipment, the development of appropriate system instru-
mentation, the development of satisfactory launching operational tech-
niques, and the procurement of the necessary propellant components. The
ground support equipment necessary to permit the transportation of the
large first stage and to provide for the fueling, check-out, and launch-
ing at the Atlantic Missile Range will be complete in 1961.

Ground support equipment: This encompasses the development of
those items of equipment which are used for the handling and check-out
of the Seturn vehicle. Any such equipment which is related to the con-
struction of facilities for the Saturn program are budgeted in the
Construction of Facilities appropriation. The development of equipment
items not related to facility construction, but to the Saturn vehicle
itself, ere budgeted here. Examples of these latter items are road
transporters for the various stages, handling slings and dollies, and
electricel and pneumatic check-out panels. In general, these items may
be used either at the Marshall Center, supporting either the static
firing ef'fort or the pre-shipment mating and check-out, or at the
Atlantic Missile Range, supporting either the hangar checks or ths on-
pad checks. Some items, such as the transporters, will stay with the
vehicle, and hence be used at both locations.

System instrumentation: During a rocket vehicle development, ob-
taining knowledge of the environmment to which the wvehicle is exposed
during flight is essential to the development team, if they are to
know what made the vehilcle perform as it did. Internal pressures,
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external pressures, vibration levels, compartment temperatures, the
activation of essential electrical relays, valve operations, and the
response of the guidance sensors all serve as examples of the type of
informetion which is needed. An extensive set of vehicle-~born instru-
ments is required to measure these parameters and to telemeter the in-
formaticn back to the ground. Alsc needed, of course, are telemetry
recelivers and decoders, to present this information in usable form.
Since Saturn is larger and more complex than missiles previously de-
veloped, more extensive and more sophisticated system instrumentation
is needed to gather, transmit, and present the necessary information.
It is noteworthy that this system instrumentation is primarily used
during the vehicle development flights; far less vehicle instrumentation
will be required during Saturn's operational phase,

Lsunch operations: This support ares includes the supply of material
for general use at the launch complex, the supply of replacement parts for
the launch complex, the transport of the various stages, and studies con-
cerning possible improvements of either the launching equipment or ‘the
launching techniques.

FUNDING REQUIREMENTS:

Fiscal Year Fiscal Year Fiscal Year
Vehicle Development 1960 1961 1962

Development Engineering:

S=T 558Z€0cacesonvsnacsasoonons $1k,940,000 $13,110,000 $16,000,000
S-TIT StaZEecerenoconnnsaannnans - --- 12,900,000
S-IV StAEE..ceccrreacaoasooanns 805,000 13,150,000 1,600,000
S~V StBZE..ecascarscasconaoanns - 700,000 2,000,000
Guidance SYSteM.c.cooececoonsns 1,460,000 1,370,000 3,200,000
System integrationcc.evocesooos 850,000 2,485,000 9, 740,000

18,055,000 30,815,000 58,4L0,000

Flight and Expendabls Hardware:

S=T SBAEE. v evreevonuonennnrons 13,950,000 25,018,000 53,100,000
S-IT StaEC«.cotuoasrvonnans ceen - - 3, 300,000
S~-IV stage..... ceneee ceceeeroes - 6,110,000 23,400,000
S-V stage..... teeavosecssessans 370,000 1,200,000 —--
Guidence systemM...o.eeceeascas .. 1,380,000 3,387,000 7,670,000
System integration............ . - 723,000 5,860,000

15,700,000 36,435,000 93,330,000

Total, Vehicle Development $33,755,000 $67,253,000 $157,770,000
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Develcpment Engineering

S-I stage: The firgt flight test vehicle of the Saturn first stage
has already been deslgned, fabrizated, and is undergoing static tests.
Additionsl resesrch and development work will consist primarily of test-
ing of a modified control system; study of trajectories and interactions
with structural dynamic effects in first stage; launching of the first
and second Saturrs (SA-1 and SA-2) with dummy upper stages; static tests
to obtaln feedbhack information from flights; simplification of assembly
and checkout; prwof of the structural and dynamic integrity of the booster;
and mejor efforts on reliability proof of components. Additional effort
will be required to determine the structural modifications required for
the C-2, S5-I configuration.

5-I1 stege: With the President’'s decisipn to accelerate the 3aturn
C-2, preliminary design of the 5-II stage will be conducted and more de~
tailed anelysisg made of higher payload escape missions. A contract for
the develcpment of the S-I1 ghage will be initiated during the filrst half
of fiscal year 196%, The remainder of the year's effort will be con-
centrated primarily oo wvehicle design and development fecility modifica~
tion.

S5-IV stage: Initial design work on the S-IV stage was based on a
planned engine of higher thrust “hsn the RI-10 used in the Centaur vehicle.
In order to teke advantazs of the englre already developed for Certaur
and to avold ancther expensive engine development program, a decision has
been made to use the Rl-10 engine for the Saturn S<IV stage. This engine
should provide magimim reliscility ab sn early date. However, in order to
provide adequate thrust, gix engines will be required for the S-IV design
instead of the four advsnced design engines that had been planned.

Although some of the initial design work of the S-IV will have to be
modified to accommodate the six RL-10 engines, no schedule slippage will

be incurrad by these mcdifications, During much of the fiscel year 1962,
"battleship” testing cf the S-IV propulsion system will be cerried out.

In "battleship” testing the flight wehicle system is made simpler and more
rugged, irn order to accommodate possible developmental mistekes. During the
same interval, an experimental determination will be made of the lnter-
actions between the S5-IV tank structure and the insulation. The lnsulation
18 needed to keep hydrogen from vaporizing excessively and the lijuid
oxygen 1n proximity to the hydrogen from freezing. Late in the yszar,
static testing of a fully instrumented flight stage will be initiated, to
assure tkat the S-IV ig satigfactory for flight testing. Other develop-
ment programs which will be carried on lnclude the development of the

S~-IV contrcl system and reilability testing of the major flight components.

S5-V stage: Although most migsions for Saturn can be accomplished with
the stages defined above, the addition of another stage (S-V) may prove
useful when certain high-energy mizzions must be performed. It is
planned that for thess missions the S-V stage will be obtalned by using
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a Centawr that has been modified to the minimmm extent possible. In-
vestigations into the operational requirements of these high-energy
missions will be made and design analyses will be initlated to in-
vestigate the adaption of Centaur for these purposes.

Guidance system: During the fiscal year 1962, the development of
a high-accuracy, digital-type guidance system will be continued, with
emphasis on the flexibility which must be obtained in order that the
Saturn may achieve all the varied types of planned missions. Extensive
evaluation of improved sensor and ccmputer equipment must be vigor-
ously pursued. The initial guidance will be modified as requirecd by
eveluation of the results of the first Saturnm flight tests, The Centaur
guidance system will be analyzed to determine the modifications neces-
sary to satisfy Saturn requirements. '

System integration: The problem of system integration is expected
to grow larger &s more types of payloeds are assigned to Saturn. The
planned program includes resolution of all interface problems arising
between stages, the determination of the various systems effects due
to the interactions expected during flight (propellant, aerodynanic,
thermodynamic, and trajectory problems) and detailed integration ef-
forts on the initial Saturn payloads.

For maximm economy and relisbility of the Saturn vehicle, recovery
methods must be examined. Also, in later phases of the program, in-
creased launching rates will require that the current barge transporta-
tion method must be augmented, possibly through modification of an
existing transport ajircraft such as the C-133. The reliability of both
the C-1 and C-2 configurations can only attain its highest potential
value if existing propulsion, structural, aerodynamic, guidance and
control subsystems and components are adequately proven in flight en-
vironmerte obtained from the actual flight test program. Accordingly,
analysis and synthesis of reliability programs for specific equipment
will be conducted.

Flight and Expendable Hardware

&gi_gatgﬁe: In the early stages of the Saturn development program
a lead time of 23 months is reguired for most of the components which
are assembled to form the 8-I stage. During the fiscal year 1962
components will be ordered to satisfy the requirements of five boosters
(flights SA-5 through SA-9), Also during this period, the assembly for
four boosters will be completed (those to be used in flights SA-k through
SA-T), as well as the checkwout for the four boosters which will fly in
flights SA-3 through SA-6. Other components will be obtained to serve
as flight spares, to support the reliability testing program, and to aid
in the program of general development testing. For the acceleration of
the Saturn C-2 vehicle, earlier delivery of hardware will require ad-
ditional funding for the 8- stage contractor to cover advanced engineer-~
ing planning, test facility modification, assembly, inspection and check-
out equipment as well as hardware and assembly manufacturing labor.



S-11 stage: Sufficlent components and equipment will be procured
in 1962 to insure the feasibility of the preliminary design proposed and
to insure that the first flight test components will be avallable cn time.

S5-IV stage: Components for five stages (8A-U4 through SA-8) will be
ordered during the fiscal year 1962, Assembly of the two stages tc fly
in SA-lI and 8A-5 will be completed and the pre-flight static firing and
Government acceptance of the S-IV stege for SA-k are scheduled to cccur.
Also to be obtained in this period are espare flight components and
components to support both the general development testing and the re-
liability testing programs.

Guidance system: The guldance system for Saturn operates on the
same lead time schedule as the S-I stage. During the fiscal year 1962
components will be ordered to support guildance systems for five Saturn
flight vehicles (SA-5 through SA-9) as well as components to support
general development testing, reliability testing, and to serve as f'light
spares. (uidance systems will be assembled and checked out to support
flights 3 through 6. The Centaur guidance system will be modified for
test flights in SA-5 and SA-6; flight spares and checkout equipment will
be required.

Systems integration: Components and subsystems, which sre necessary
to solve, experimentally, the various propellant, aerodynamic, thermo-
dynamic and trajectory problems will be purchased as required. Engineer-
ing analyses, including model testing of transportation of Saturn stages
by aircraft will be conducted. Investigations, including model testing,
will be performed on techniques for recovery of Saturn launch vehicles
Reliability testing of components and subsystems will be undertaken to im-
prove the rellability of both the Saturn C-1 and C-2.

Fiscal Year Fiscal Year Fiscal Year

Engine Development 1960 1961 1962
Development Engineering:

H-1 €ngine..oveesevennucassns $6,775,000 $5,325,000  $4,500,000
RL-lO engine.......---....-.' ——— 300,000 12,100,000 3,0‘)042000
7,075,000 17,425,000 7,530,000

Flight and. Expend&ble Hardware:
H-l engine.coveeervenvenncnne 7,365,000 11,475,000 11,570,000
RI-10 ergine..ceecereccsnseons 498,000 4,900,000 12,000,000
J"'2 engi!le.....-.'-......o..q - - 3,0‘00,000
7,863,000 16,375,000 26,570,000
Total, Engine Development  $14.938,000 $33,800,000 $34,070,000



Development Engineering

H-l engine: During the fiscal year 1962 the major developmental
work on this engine should be completed. The engine will have success-
fully passed its preliminary flight rating test at the derated lev=l of
165,000 pounds of thrust, and ite final qualification test at the
188,000~-pound thrust level. Therefore, the engineering effort on ‘this
engine will continue to decline. The ather developmental effort will in-
clude emphasis on reliability and such special developments as are shown
to be necessary by the results of the 8-~ static firing program ani of
actypal Saturn flights.

RL-1C engine: With the reconfiguration of the S~IV stage propulsion
to use six RL-10 engines, the RL-10B development program has been termi-
nated. Development funds originally planned have been reduced to a level
required to modify the Centeur engine (RI~10) configuration to the Saturn
58-IV stage requlrements.

Flight and Expendable Hardvare

H-1 engine: Sufficient engines and spares will be delivered to
support the S-1 assembly plan, the S-I static firing program, and the
actual Saturn flights. In addlitlon, components will be procured as neces-
sary to support the H-l development program and the agsoclated reliability
program. Included, also, is the provision of instruction manuals and field
engineering support for the engine.

RI~10 engine: Engines and spares will be delivered to support the
S-IV asserbly plan. Reconfiguration of the S-IV, changing the number of
engines from four to six, will require additional hardware procurement and
the increased production rate for the engine will require augmentation of
test facllities, BSpecial components, needed elther in the development
program or in the associated reliability program, as well as field engineer-
ing suppoirt and instruction manuals will he provided.

J-2 engine: To support the scceleration of the S-1II1 stage, procure-
ment of lLong lead time items for ground test engines, to be supplied to
the 5-II stage contracteor, will be required,

Fiscal) Year PFilscal Year Fiscal Year
System Support 1960 1961 1962

Development Engineering:

Ground support equipment.....,ee. $2,555,000 $1,486,000 $2,400,000
System Llnstrumentation..cceececess 2,532,000 1,120,000 1.,500,000

L&U.nch Oper&tions................ Lttt 50 OOO g-,700 OOO :
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Fiscal Year Fiacal Year Fiscal Year
Flight‘and Expendable gardvawe: w1960 1961 1962

Ground Bupport eqnipmﬂnt..-...c... $l’500,000 $5’h19,000 $10y960,000
System ingtrumentetioneesecccscesee 1,090,000 2,280,000 5]900’000
Launch Oper&tionso-o'............. - 150,000 600,000

Propellanta...oooo.ooyo.oo,ooqvooo OQOO 6 500 000 9,260!000
”':3,55)‘5'0',"'6'0"0' 15,559,000 26,720,000

Total, System SuppOrtecsecscees §2§627§000 : il?;OOS;OOO iggi;320§000

Development Engineering

Ground support equipment: As of the beginning of the fiscal yesar
1962 all the necessery ground support equipment to support the first
three Saturn flights from Lesunch Complex No. 34 at the Atlantic Missile
Range will have been obtained. The major engineering tesks during the
fiscal yeer 1962 will be to incorporate modifications into the equipment
designs as dictated by actual field handling and flight experience, and
to incorporete additional modifications as required for compatibility
with Launch Complex No. 37. Complex No. 37 is being designed to be sble
to handle both the C-1 and the C-2 configurations of Saturn and hence is
not a carbon copy of the Launch Complex No. 3k.

System Instrumentation: The final proefs of satisfactory operation
of the nev telemetering and tracking instrumentation will be obtained.
There will be incorporated into the various designs whatever meodifica-
tions to the instrumentation seem required as a result of the experlence
obtained in the first Saturn flights. Also in this time period will be
included an extensive effort on improving component reliability for
instrumentation. ’

Launch operationg: Studles will be undertaken during the fiscal
year 1962 concerning better water tranaportation techniques for the
Saturn stages, the possible utllity of alternate methods of transporting
these stages, and possible improvements in launching techniques, particu-
larly from the standpoint of minimizing vehicle time-on~stand. Addition~
-al experimental explosive regearch data will he obtained on liquié-
-oxygen and liquid-hydrogen to establish the launch structure design para~
meters,

Flight and E;Qendgble Hardwere

Ground support equipment: During the fiscal year 1962 orders will
be placed for the procurement of the special ground support equipment
required for Saturn. The equipment will be used for fueling, launching,
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handling, transport, and field check~outs. Spare check-out equipmeat
and equipment to replace those items which may be destroyed during the
launching cperations will glso be procured, Cantractor fleld support
for the check-out of the equipment 1s included.

Syster instrumentation: Instrumentation will be ordered for five
Saturn flight vehicles (BA-5 through SA-9). It is presently estimated
that approximately 1,000 telemetry channels per vehicle will be employed.
The assembly and check~out of flight ilnstrumentation for four vehicles
will also te carried out in the fiscal year 1962, Spare tracking and
field check~-cut equipment for the instrumentation will be obtained.

Launck opergtionst The funds under this heading are reguired for
transporting the various Saturn stages to the Atlantic Missile Rangs,
supplying replacement parts for Launch Complex No. 3k resulting from
losses during Saturn launchings, end supplying standard materlals aad
equipment reguired in the launching operations.

Propellsnts: Propellaents must be supplied for the Saturn fligats,
for the development of the Saturn stages (S-I, S-II, S-IV), and for
development. snd acceptance tests of the H-1 and RI»10 engines. The pro-
gram will require liquid oxygen, liquid nitrogen, liquid hydrogen,
kerosene, &nd helium. The eppreciable rise in the 1962 estimate over
the previous year is due to much more extensive testing of the RI-1D
engine and of the S-IV stage. '
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES

VEGA
SUMMARY OI" REQUIREMENTS:
196 1961 1962 Pege fo.
Vehicle Development..... $840,000 e --=  RD23-2
Engine Development...... 1,780,000 -— -=-  RX®3-2
System £upport....eees.. 1,380,000 -—— --~  R)23-2

Total.eoevvaennaen $4,000,000 —_ ——

OBJECTIVES:

The Vega program was initiated by the National Aeronautics and Space
Administration to providé a space-research vehicle caepsble of launching
earth-satellite and deep-space payloads at the earliest possible date.
However, in light of other vehicle developments of similar capability, the
Vega program was terminsted in December 1959, to reduce the total number
of vehicle types required to support the United States space progruam.

JUSTIFICATION:

The Vega vehicle was planned for use as either a two-stage or three-
stage vehicle system. In both versions, the first stage was an Atlas
and the second stage a modified Vanguard (first stage), incorporating
an altitude start and re-start capability. The third stage employed a
6,000 pound-thrust storable fuel engine under development by NASA's Jet
Propulsion Laboratory.

Increnentally funded contracts were initiated in the fiscal year
1959 for the design, development, fabrication, test, and launch of eight
Vega vehicles, including modification of the Atlas first-stage and
development, of the Vege second-stage power plant. Concurrently, the Vega
third-stage snd the associated lunar instrumentstion developments were
undertaken by the Jet Propulsion Laboratory. Design of modifications to
the first-stage Atlas was completed during the fiscal year 1959; develop-
ment in all cther areas continued into the fiscal year 1960. On De:zember 11,
1959, the Vega program was terminated.
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FUNDING REQUIREMENTS:

Fiscal year Fiscal year Fiscal year

1960 1961 19652
Vehicle Development:
Second BtAZEececcesovecasess $7%,ooo -—- _—-
Third st@geesceccerscccsscess 1 o:ggg “'“EEE ‘___555
Engine Development:
Second-stage engine....see.s 880,000 - _—-
Third-stage enginecececeseces l’goofggg _ ::: ____555

System Surport:

Lunar instrumentation
develcpm.ent-ooo..-o.-o'oo. 1’3&,000 -

Tot'al..n..o.loooonotlonn il}-gOOO;OOO - — -
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NATTONAI, AERONAUTICS AND SPACE ADMINISTATION

FISCAL YEAR 1962 ESTIMATES

TRACKING AND DATA ACQUISITION

SUMMARY OF REQUIREMENTS:

Advanced Rese@rchieovesecsooss
Advanced Technical Development
Flight Program:
Network Operations..... cesan
Network Communications,.....

Computation and Data
Rediictioneeeseeceeovsncoos

1960 1961 1962 Page lo.

$190,600 $3,235,500 $2,862,500 RDRL-2
h,07h,600 7,064,900 10,208,000 RD2L.-T

7,943,160 12,784,900 14,106,000  RD2kL-15

580,200 6,660,700 9,122,900  RD2L.-15

3,400,440 1,910,000 2,350,000 RD2hL--15

TOLBLuoesereeeoassesssoos $16,189,000 $31,656,000 $38,650,000

OBJECTIVES:

To continue to operaie tracking and data acquisition facilit:es
necessary to support the over-all NASA space flight program; to provide
tracking and data acquisition support for space flight operations upon
request by other Government agencies; and to provide for research and
development on improved tracking and data acquisition systems and
equipment, Some major technical objectives included in fiscal year

1962 program are:

1. Provide tracking and data acguisition services for
NASA and in support of certain Department of Defense

projects.

n

. Improvement of the over-all operating efficiency and

sccuracy of existing NASA tracking stations.

L
.

Development of prototype tracking and data acquisition

equirment to provide greater precision and versatility.
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4., Development of advanced communications techniques for
spacecraft at planetary distances.

5. ©Speed-up of date handling, data reduction, and on-site
data computing to reduce time lag between the conduct
of’ the experiment and the results.

JUSTIFICATION:

In al. cases of space flight operations, whether a scientific
satellite, a space probe, a sounding rocket, or a manned vehicle,
there is a need for tracking stations capable of providing orbital
data or position time histories, and a need for telemeter receivers
for data acquisition. These stations must be properly integratec.

by & commnications network to permit the data to be transmitted

to a sultable computing center, where it may be rapidly reduced 1o
a form in which it can be studied and analyzed by the scientists.

The data represent the raw material from which the scientific
experimeaters will gain their new knowledge of space.

The quantity

and quality of these data will largly determine the rate of progress

made in space research.

While the NASA network of stations is designed to afford the

maximum amount of operational flexibility, there are special
conditions associated with particular projects which may require

equipment modifications, or in certain cases, the temporary instal-

lation of new items of eguipment at new locations.

In order to

minimize the requirements for new stations, or to compensate for

temporary deficiencies, the NASA proposes to provide support to

cooperating non-NASA stations which are suitably equipped to per:’orm

a useful function for the purposes of a particular experiment.

In addition to providing tracking services, a continuing
effort must be maintained to advance the state-of-the-art in
tracking systems and methods, in data reduction and analysis
techniques, and in methods of telemetry and data transmission
to keep pace with increasingly complex spacecraft programs.

FUNDING REQUIREMENTS:

Advanced Research

Theoretical Analysis, Tracking
and Deta Systems:

Comparative analysis, tracking
and. deta acquisition systems

Fiscal Year Fiscal Year TFiszal Year

1960

1961

1962

$31,000

$60,000
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FPiscal Year Fiscal Year

Fiscal Year

Advanced Research 1960 1961 1962
Study of orbit computation
and data reduction methods -—- $100,000 $9k ,000
Computing serviceS..esvecss. ——— - 4,000
- 131,000 158,000
Experimental Studies; Tracking,
Data Acquisition, and Timing
Systems:
Components for development....... $28,100 64,000 52,000
Solid state devices studies...... 10,000 65,000 62,800
Low-noise pre-amplifier studies.. 10,000 85,000 50,000
Precision propagation delay
MEASUTEMENES .t e v vesnecnaes cssee ——— 75,000 -
Sytems studies - tracking
systems drives..... ceesssevoane - 110,000 -—-
Study of on~site reduction
BYStemS e eeeesescessssecsansnses ——— 30,000 -
Synchronoms demodulation
StUdieBeecesrssocessccrcsssccnnen -— 35,000 -—-
Telemetry coding and modulation
StUGIEBeenrveconcssoncescnsnnns ——— 32,800 25,000
Very low frequency timing
StUQ ESsevrseroesoscsonranssncsns —_— 87,000 1.00,000
Precis:ion ranging systems studies - 35,000 1.00,000
Study on calibration of parabolic
AN ENNAS e e seeesssstssssracssse -— 30,000 50,000
Reduction of sun tracking data... ——— ——— 20,000
118,100 18,800 1%5?80‘0
Optical and Electric-Optical
System Studies:
Optical test and research equip-
ment CcomponentSe.aecsosocsascae -——— 100,000 50,000
Optical techniques development... - 100,000 100,000
Electronic-optical test equipment
and COMPONENtSesceescsscecssann ——- 88,500 80,000
Electronic-optical sensors and
reCOrAErS . neverrsssosssosnescnsas -—— 100,000 120,000
Infrared . tracking contract...... - 124,000 150,000
Component testing...ceeeeconesonone - 25,000 50,000
-—- 537,500 550,000
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Fiscal Year Fiscal Year Fisca. Year

Advanced Research 1960 1961 1962
Pre-prototype Development;
Tracking, Data Acquisition,
and Timing Systems:
Calculations at David Taylor
Model BaSiNeeeoeeescscscassssss  $25,000 — -
Other data acquisition analysis.. 22,100 $32,000 $30,000
High-speed paper tape punch...... —_— 15,000 -
Vacuum equipment and other
special instrumentation for ‘
maser testing.ceveecseoccoacsss ——— 15,000 ———
Pre-prototype ranging tramsmitter -——- 25,000 -
Wide-band magnetic tape recorder. -—- 35,000 ———
100 megacycle test equipment..... - 108,000 ———
Transmitter modulator...ceeeeeoss -—- 62,000 -
Tracking receiver development..e.. —— 60,000 -
Satellite antenna development.... -—- 60,000 -
Beacon L band development....eeece - 30,000 -
Rubidiun. vapor frequency standard
equiprent.development .contract. ——— 75,000 82,000
Timing system studye-ceesseseocees -— 16,500 72,000
Special research equipment-wide-
band ¢scilloscopes, counters and
PrinterBeseseccecocsncscscscnres -— 12,000 12,000
Ultra-high frequency wide-band
airborne transponder....c.seeee --- 40,000 32,000
Ultra-high frequency wide-band
reCEIVET e s eeossvcasscsansanssns -—- 10,000 32,000
Componerte and electronic material
for leboratory uUS€....esececees - 229,200 123,600
High-power interrogation trans-
mitter and ranging equipment... --- ——- 135,000
Low-frequency range antennf...... - - 45,000
Installetion and evaluation of
pre-prototype equipment...c.... 70,400 127,200 165,000
117,500 951,900 718,600
Calibration System Development:
Punching of star catalogSeeseosse 25,000 25,000 -
Airborne celibration equipment... --- 5,000 -
Multi-channel portable recorder.. - 15,000 -
Calibretion system component
procurement and evaluation..... -— 40,800 ———
25,000 85,800 T -
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Fiscal Year Fiscal Year Fisca% Year
Advanced Research 1960 1961 1962

Basic Research; Lunar and Inter-
planetary Telecommunications:

Communication systems theoretical

StudieSeeeeeseecsescococosoonnse - $215,000 $2355,000
Anglytical and experimental

commnications studi€S..e..o... - 21k, 500 230,300
Circuit elements researCiice.ce.. -——- 251,000 290,000
Antenna elements basic research.. -— 200,000 200,800

—_— 880, 500 955,100

Total, Advanced Research.... $190,600 $3,235,500 $2,86:2,500

A program description by individual projects best defines the scope
and direction of the Advanced Research effort. Pre-prototype equimment
referred to in ~onnection with Advanced Research denotes bread-board or
experimental improvisations to make empirical tests to confirm stuilies.

Theoretical Analysis, Tracking and Data Systems

As out knowledge of the space enviromment increases, and as more
practical use of satellites is made, such as in communications and
meteorology, our needs for precise tracking and data handling will
increase. The NASA Goddard Space Flight Center will have primary technical
cognizance of this work for satellite payloads. Comparative analysis
of existirg and proposed tracking and data acquisition systems is
necessary in order to insure that future systems are developed to
meet our increasing requirements. Orbit computation and data reduction
methods are, of course, an integral and very important part of this
problem. Systems must be analyzed in terms of their efficiency,
accuracy, ard information handiing capacity. These basic studies may
eventually generate new concepts and will be aimed at indicating the
types of tracking and data systems, development of which should be
pursued in the future. Some of these studies in the fiscal year 1962
will be a continuation of work started the previous year, while others
represent new efforts.

Experimental Studies; Tracking, Data Acquisition, and Timing Systems

Work in this area will include experimental studies of modulation and
coding techniques directed toward increasing the amount of information
transmitted per watt of spacecraft power; the feasibility of increasing
the effective capacity of data transmission facilities by partial on-board
or on-site data reduction; and the development of more efficient data
editing techniques. Precise systems for time-correlating tracking data,
obtained at the stations distributed at distant points around the world,
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must be developed. This is necessary for accurate orbit determinations.
Work in this line will be directed toward more stable time and frecuency
standards, toward support of very low frequency timing research, ard
toward development of precise methods of determining propagation delays
between a frequency standard transmitter and a receiving site. Research
and experimental analysis will be directed toward the development of
improved low-noise electronic receivers to increase the range and data
handling capacity of our systems as satellites become more complex and
transmit more data.

Optical and Electronic-Optical Sybtem Studies

Basic theoreticel and experimental systems studies will be unier-
taken in the field of optical systems and electronic optics. Application
of these studies to optical tracking systems will make possible fast
and precise readout of data and detection of fainter satellite objects
by optical means, when required, or when the object is not radiating
signals for electronic tracking. The development of several promising
basic sensing devices developed by contractors will be supported &s
well as integration of these devices into an over-all system for in-
house eveluation.

Pre-prototype Development; Tracking, Data Acquisition, and Timing Systems

Included here is the development and evaluation of pre-prototype
equipment, for more detailed practical analysis of systems chosen by the
earlier theoretical and experimental studies. Certain components will,
after construction and lsboratory tests, be installed at one of the
tracking stations for further analysis. This work in the satellivze
instrumentation area generally takes place at the readily accessindle
Blossom Poiat, Maryland satellite tracking site.

Calibration System Development

This item includes the study of calibration systems for use with
advanced tracking systems and the development of improved calibration
techniques for tiose presently in use. Periodic calibration of our
electronic stations is necessary to insure that the data obtained during
operations is accurate. New technigues will be investigated from both
a theoretical and operational viewpoint. Pre-prototype equipment will
be produced and evaluated for such applications as automatioan of the
photographic plate data reduction procedures used with the photographic
plates cbteined from optical tracking systems. Optical detectior. of
an object whose position can be accurately defined by photographic
means, when compared with simultaneous electronic tracking detection,
serves as one calibration method now commonly used. Available fiscal
year 196.. funds are adequate to fund this work through the fiscal
year 1962.
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Basic Research; Lunar and Interplanetary Telecommunications

The planned lunar and interplanetary research programs will require
information to be returned from greater distances (millions of miles)
and at ever increasing rates. These communications and tracking requirements
under the primary technical cognizance of Jet Propulsion Laborator; are
unprecedented. Although the new and more efficient systems now being
developed within the present state-of-the-art will appreciably incirease
our capabilities, future requirements can be met only by continuing
support of esdvanced research efforts. Advanced information theory will
be applied to the development of more efficient radio modulation and
coding techniques for improving tracking accuracy and communicatioas
capability. Experimental investigations to be carried out in-hous: and
under contrect will include evaluation of selected communication aid
control systems; studies of circuit elements, including thin-film
techniques, parametric and molecular devices; means of generation of
energy for communications; and investigations of factors affecting
large antenna operation.

Fiscal Year Fiscal Year Fiscal Year
Advenced Technical Development 1960 1961 1962

Prototype Equipment for Evaluation
of Advarnced Tracking Systems:

Servo-evaluation instrumentetion

SYStEMesaossvesoasssnsnnssasnns -— -—— $20,000
Servo equipment, gears, amplifiers

and Prime MOVETrS.sseecesesocess _— $20,000 30,000
Procurement of operational

instrumentation.cseeceecescssacss $12,100 21,000 50,000

Tracking filters and data
instrumentation system for

improved tracking system....... - -—- 1C0,000
08cillofrephSesscescscccessosncsss 22,900 50,000 2,100
Antenne prototype development and

construction.eseeesseecens cenen 414,000 ——- -
Preampl:fiereieeceecasececcecscancs 7,500 -——- -—
Date reduction...ceecee.. cesscenas 68,800 50,000 -——
400-megacycle receiver converter

developrent..cceeceseensoe ceenae L e 36,900 -_—
Ranging equipment development.... 48,900 50,000 _—
Commercilal receivers and special

test equipment.cececccrersacesns -—- 30,000 -
Evaluation, test and development. 69,100 103,100 103,100
Frequency synthesizer......coeee.. 9,600 - ———-
Precision tracking system (1400

megacycles)seeesesss secessrsans - 100,000 ---

282,900 61,000 345,200
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Fiscal Year

Fiscal Year

Fisca.. Year

Advanced Technical Development 1960 1961 1962
Prototype Development of Data
Acquisition and Timing
Sub-systens:
Digital date handling breadboard
type system..cceeeccososccnnnns —— -— $30,000
Procurenment of components for
development and evaluation..... $105,800 $2oh7,200 267,200
Special purpose module equipment
for special analog data system. -——— - 75,000
0SC1l10ECOPESsesrsssosnccscssnsns -—- 8,000 ——
Paremetric amplifierS.ceecesceces 5,000 112,400 52,800
Analog to digital converters..... ~—— 10,000 ——
LOO-megecycle preamplifiers...... R 40,000 20,000
400 and 1430-megacycle small ground
telemetry dishecoeceeeeneenens - 155,000 155,000
Comb filter spectrographecececess -—— 70,000 -
Phase locked discriminators...... - 40,000 -
Tracking filtersS.eeeecceceecocess 50,000 35,000 10,000
RECOTAET B csvavososnssvssssnsssses 45,000 10,000 —
Tracking receivers.cecsesccessnscss —— 90,000 25,000
Maser developmenNt.scececesescocee -——- -—- 1€0,000
Feeds for 400 and 1780-megacycle
parebolic antennas..ceccccescese -—- -—— 1€0,000
Prototype minitrack Mod-I 135-137
MEZACCLES s eeassarsosnssananass 47,100 - -
Prototype coordinate transfer
director SysteMis.esereeseosene -— -—- 240,000
Frequency multipliers and
0SCillatorS.esccccccerccsnceccosne 7,900 10,000 -
Timing equipment prototype
evaluation cc.ecvecsescecaronnes 21,500 17,500 50,C00
Development of very low frequency
rECE VeI Sseeseestscscsenansanss ——— 10,000 50,000
Portable atomic resonance
frequency standard systen...... —— - 50,000
252,300 855,100 1,235,000
Optical Systems Prototype Development:
Special research equipment and
test equiTment.eeccoesernnsnnen 7,400 37,500 ——-
Prototype portable optical tracking
SYSteMe e vencroseveosccocasosss - 100,000 150,000
Components for development and
evaluation.v.eeeseeecnnerennass 6,600 25,000 _ 5,000
14,000 162,500 155,000
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Fiscal Year ZFiscal Year TI'iscal Year
Advanced Technical Development 1960 1961 1962

Advanced Data System Development:

Tracking filterSeeeceececsesesaes  $42,000 $50,000 $50,000
Video terminal equipment.ccesceses -— 50,000 190,000
Comb filterSeeseacoasccsssncnsane 38,700 100,000 100,000
Digital tape decKkS.ceesseacssecee - 140,000 50,000
Magnetic memory and controls..... - 50,000 50,000
Printed circuit equipment.cccec... -— 10,000 10,000
Recorders.icecceceesessccecncanane -——— 70,000 70,000
Video recordersS.ccccecssescccccns - - 200,000
08CillOLTEDPNS s eesoescoecosaascess 4k , 600 - -
Digital conversion equipment..... -— -—— 200,000
Plot DO&rdSeeeecencoceerssocsccsns - 70,000 100,000
Video display and equipmentec.... -——- 100,000 1C0,000
Spectrunm analyzZeTecesceccscessocss —— 10,000 -——-
Tape search and control equipment 25,200 40,000 £0,000
High-speed punChescecsesecceseccs - 15,000 -—-
Station's data reduction equipment - 150,000 150,000
Power supply pulse generators.... 49,300 - ——
Tape 1loop transportS.ceisacsesces - 50,000 )
Misc. display control and data

reduction equipment....ceeeseee 209,700 215,600 2£6,600
Comparative data system analysis. 110,700 100,000 1€0,000
Study of computer characteristics ——— 200,000 -
Control center design studyeeeeo. - 100,000 ——
Component and sub-system develop-

ment, high-speed data terminal. -- --- 625,000

520,200 1,520,600 2,371,600

Calibration System Development:

Airborne celibration equipment... - 15,000 -——-
Ground station equipment improve-

MENT . wevoooneroasrossessossanss - 10,000 40,000
Astrographic camera.c.cececsescsse -—— 25,000 —_——
Calibration equipment for develop-

ment and evaluation..coeees. eee 31,900 13,200 10,000
Evaluat:on of Minitrack calibrating p

anterIA. evesesosscossancscscosscsse 300 - -——

38,200 63,200 £0,000
System Development for Advanced
Satellie ProgramsS..ececssscsess 1,500,000 500,000 5,000
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Fiscal Year Fiscal Year Fiscal. Year
Advenced Technical Development 1960 1961 1962

Communications Systems Development:

Earth-based continuous wave radar

system development............. $200,000 $500,000 $800),000
Advanced telemetry and command

systems development....eveeoees - 400,000 601,000
Exploitation of new elements and

teChNiGUES.esuisesecnrssococeaens - 158,600 300,700

200,000 1,058,600 1,700,700

Commnications Elements Development:

Antenna technical systems design

and developmenteeeceesscescccees 500,000 130,000 250,000
Structural and optical evaluation

of antenna design conceptS..... - 380,000 351,000
Servo systems advanced development -—- 154,000 252,000
Acquisiticn aids for large aperture

BNLENIAS e sesssscocssasncccanes - 105,000 402,000
New circuit elements fabrication

and evaluatioNeeeescsesssscosns -— 310,600 381,600

500,000 1,079,600 1,631,600

Ground Systems Develorment:

Calibration and test equipment

development.ecceoecoocessssconcs 500,000 150,000 202,000
Prototype construction and
evaluation of ranging apparatus - 400,000 500,000
Prototype construction and
evaluation of command apparatus - 9k, 700 249,700
Prototype construction and
evaluation of telemetry apparatus -—- 28,800 34,800
500,000 673,500 9¢h, 500

Datea Reduction Systems Development:

Date handling instrumentation and

computer development...eeee..es 237,000 373,500 5¢1,400
Tracking system date analysis.... - 203,000 2£9,100
Date reduction progrsm development - 114,300 228,900
237,000 690,800 1,119,400

Total, Advanced Technical
DEVELOPMEN e v e orennnsens SU,074,600 $7,064,900 $10,208,000
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In general, the advanced *techrical development required by the
tracking program includes the design, construction, test and evaluétion
of prototyoe systems and sub-systems to meet the requirements of fuiture
flight missions. Descriptions of the individual tasks being undertaken
follow:

Prototype Equipment for Evaluation of Advanced Tracking Systeris

A modsrate level of effort will be continued in the fiscal yeaur 1962
in the devzlopment and evaluation of prototype sub-systems for an advenced
tracking system. The effort will be directed towards providing a detailed
concept of an improved radio tracking system in order to expedite :‘ts
implementation when the specific and foreseen requirements arise. As
presently envisioned, the system will consists of a high-frequency
extension of our present tracking system, probably combined with a ranging
capability to measure accurately the distance and direction of spacecraft
with respect to the earth station.

Protctype Development of Data Acquisition and Timing Sub-systems

A nurber of sub-systems must be developed in order to utilize properly
the 85-foct antennas for wide-band telemetry reception from satellites at
moderate ranges. An 85-foot antenna is currently being installed 2t
College, Aleska for initial use with the meteorological satellite. The
time scheéule has made it necessery to use essentially off-the-shelf
sub-systems, whose limitations still require changes and improvements
in the servo drives, th= dish feed system, and the basic data and
tracking acquisition electronic receivers. Improved systems must also
be developed for driving such antemnas from program tapes and for slaving
them to other antennas., Extremely precise time standard systams will be
developed to meet requirements at selected stations expected to arise late
in the fiscal year 1962. More accurate timing is a necessity, both in
use of tracking information and in correlation of telemetry data with
respect to the position in space to which the data refers.

Optical Systems, Prototype Development

A portable optical tracking system is needed as a calibratior aid
to insure the accuracy of radio tracking stations and as a prime cata
source for meeting certain tracking requirsments. For example, such
accuracy requirements may arise in measuring specific portions in the
flight of developmental spacecraft such as Apollo and in developuent
of vehiclas such as Centaur and Saturn. A portable optical systen will be
developed and used both for the calibration task mentioned above and for
engineering evaluation of one or more simple electronic optical srstems.
In one type of electron cptical system, a highly sensitive photo-electric
detector replaces the photographic plate, and will permit use of Taint
satellites for calibration. This would provide greater accuracy —:hen
now possible by use of high-altitude aircraft to simulate a satellite.

RD2L-11



Advanced Data System Development

This necessary developmental work is directed towards providing
adequate capability to transmit large quantities of date from ground
stations to a control and data reduction center, and the development
of an adequate dasta reduction and processing capability. The art of
satellite telemetry is gradually becoming more stabilized, making
practical. the very desirable development of high capacity automatic
equipment for reduction and presentation of data. The advent of wider
band-width satellites, such as meteorological television systems,
requires development of special methods to reduce such data efficiently
and avoid building up a large backlog of data.

Calibration System Development

Work will continue on the development of prototype apparatus,
including both airborne and ground station units, for the more accurate and
efficient calibration of tracking stations.

System Development for Advanced Satellite Programs

These funds provide for the development of special tracking and
data acquisition apparstus unique to a particular program. Typical
are special command systems, abnormal band-width requirements, speciel
telemetry links, and non-standard frequencies. The bulk of the funds
in the fiscal years 1960 and 1961 were applied to contracts for advanced
development and technical support during the implementation of the Mercury
network. In the fiscal ysar 1962, the funds will be used primarily for
determining ground instrumentation requirements for the Apollo amd other
advanced programs. The work will include both analytical and hardware
studies.,

Communications Systems Development

Work in this area will bs Airzcted toward designing and testing
prototype communications systems for use in the lunar and planetary
programg., Results of supporting research in information theory aand
coding technigues will be exploited ir increasing our capability to
communicate with and measures pozsitionsl coordinates of spacecraft.

The earth based continuous-wave radar system, using an advanced modulation
technique, will eventuaslly make possible the unambigious determination

of range within the solar system to & resolution of 15 meters. The

system w1l use a high-powered ground-based transmitter and a modestly
povered spacecraft transponder. Recent experiments in connection with
Echo I combined this range measuring system with range-rate (Doprler)
measuremnents to demonstrate the practicality of the proposed deer

space tracking system. Further development of the transmitters,
receivers, range coders, and other components of the system will be
carried out in the fiscal year 1962. Current plans call wor full
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implementation of the precision deep space tracking system by 1963.
In the meantime, the Goldstone tramsmitter-receiver installation,
operating in & coherent CW reflection radar mode should prove an
invaluable research instrument for studying satellites, the moon axd
the planets.

Equal in importence to the tracking system development for deszp
space is the application of new coding techniques and new commmications
elements to improvement of telemetry and command systems, thus providing
better control and more data transfer from distant spacecraft. This
will include the exploitation of new circuit elements and techniqusas
such as mesers, parametric amplifiers, and other solid state devices
to increase the sensitivity of recelving systems. Telemetering goals
will include high reliability, sustained performance for long peridds,
increased flexibility (possibly including on-board determination of
data usefulness), fractional percentage accuracy when required, minimum
power consumption, and compatibility with automastic ground dats processing.

Communications Elements Development

Fiscal year 1961 and 1962 work in the area will be directed toward
the development of low-noise circuit elements and high-gain, low-
noise antenna facilities to increase the effective commmunications
capability of the deep spsace program. This advanced development effort
will include experimental evalua*tion of new antenna feed systems, structural
design approaches, servo systems, and acquisition aids. The problem of
acquisition of a signal with the very narrow acquisition beam of &£ high-gein
large antennas is g serious one; a number of possible solutions to this
problem will be evaluated. One promising approach is indicated by studies
showing that proper application of early tracking information obteined
from lowe: gain and smaller antenna facilities will provide sufficiently
accurate pointing data for acquisition at greater ranges with the large
antennas. lMasers and cooled parametric amplifiers using presently
known techniques will soon have completed their advanced development
phase. However, recent discoveries have shown that considerable
simplification of these low-noise devices may well be possible anc. that
further effort is clearly worthwhile. Low-noise amplifiers using the
present techniques are bulky and quite impractical for spacecraft
operation because of size and weight. If they could be used, they would
enhance the communications range cgpability of the entire space program.

Ground Systems Development

Funds are required for development and engineering of calibration,
ranging comnand, and telemetry systems which have previously been proven
suitable for use in the deep space instrumentation facilities. Frototype
apparatus will be developed including the necessary instrumentation and
test equipment for calibration, adjustment and performance evaluazion of the
various systems. Included will be such items as telemetry decoding and antenna
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collimation equipment, the necessary test beacons, integration and.
evaluation of new command facilities, and integration of prototype
ranging facilities. In most instences work included under this item
will be of a prototype nature, developed by the Jet Propulsion
Laboratory or by contractors, and tested at Goldstone tracking stetion
prior to acceptance for use in the complete deep space network.

Data Reduction Systems Development

With the much greater quantity of data to be transmitted back
from lunar and planetary probes, and the more precise tracking infor-
mation which is to be required by these probes, the development of
improved date programming and date analysis methods is a definite
necessity, Work under this item will include analysis and computer
programming necessary for most efficient and accurate use of tracking
data and the development of the necessary systems for telemetry deta
handling and reduction.
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Fiscal Year TFiscal Year

Fiscal Year

Flight Program 1960 1961 1962
Network Operations:
Satellite (Minitrack) Network...... $3,675,400 $5,283,000 $5,287,000
Deep Space NetworkK...eeoeseeereonse 1,341,000 2,996,900 3,322,300
Smithson’an Astrophysical
Observatory Network........... ees. 1,450,000 2,160,000 2,250,000
Non-NASA Stations...cevecreveeaanes 800,000 1,500,00Q 1,850,000
Special Operations and Services.... k00,000 500,000 500,000
Space Parts, Repairs,
and MeintenBnee . .....vvviieeennnnn 276, 760 345,000 897,300
7,943,160 12,784,900 14 106,600
Network Communications:
Satellits (Minitrack) Network...... 480,200 1,113,900 2,584,800
Deep Space NetworkK....eevueeesanens - 371,100 838,100
Smithsonian Astrophysical
Observatory Network............... 100,000 140,000 200, 000
Mercury Network.......ovvevvenenanns - 5,035,700 5,500,000
580,200 6,660,700 9,122,900
Computation and Data Reduction....... 3, 400, 440 1,910,000 2,350,000
Total, Flight Program..... ....$11,923,800 $21,355,600 22225792500
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Fiscal Year TFiscal Year Fiscal Year

Flight Program Operated By 1960 1961 1962
Satellite (Minitrack) Network Operations:
Blossom Point, MA. . ceeeueinieaannnnn. Bendix Corp. $276,000 $286,000 $330,000
Fort Myers, Fla......covveenieinnenns ... Bendix Corp: 254,000 260,000 297,000
San Diego/GolaStone....-vevveenenneons Bendix Corp. 214,000 220,000 297,000
Antigua, British West Indies.......... RCA/Pan American 55,000 200,000 -——-
QUito, BeUAAOT. «vevetrrenrrranarrannen Bendix Corp. 411,000 415,000 429,000
Iima, PeTU...ccievivennnns Cher it Bendix/Geophysical 325,000 325,000 325,000
Institute, Huancayo

Antofagasta, Chile.................... Bendix/Univ. of Chile 380,000 370,000 435,000
Santiago, Chile. ... reiinneencnnnncs Bendix/Univ. of Chile 380,000 382,000 435,000
Woomera, Australia........ccecennvenen Australia 50,000 185,000 185,000
Esselen Park, South Africa............ South Africa 50,000 175,000 175,000
East Grand Forks, Minn................ Bendix Corp. ——— 185,000 297,000
Falrbanks, Alaska.....ceiviencaceeeosns Univ. of Alaska -~ 105,000 517,000
St. John's, Newfoundland........vsen.. Canada -—- TO,000 121,000
Winkfield, England.....oceeeeveencesns England — 234,000 234,000
Microlock Stations............... veeee Bendix Corp. -—— 50,000 ———
Space control center operational

SUPPOT e e v v eevernensnsosoncnnsesanss Bendix Corp. 43,000 200,000 220,000
Calibration operations of airplane.... Bendix Corp. 320,000 450,000 450,000
Call order ServicesS....ceeeereerasaess Bendix Corp. 200,000 206,000 220,000
Special logistic support.............. Various 90,800 150,000 150,000

Calibration of field statioms:
New Mexico State University calibra-

tion data reduction................ 60,000 55,000 50,000
Ambiguity resolving slide rules..... - 5,000 ---
Aircraft modifications for parabolic

antenna calibrations............... -— 15,000 -——-
Calihratinn aqipment.. ... ... 0000 - 20;000 10,000
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Replacement of electronic equipment:

Magnetie tape recorders....
Telemetry data recorders...
Timing oscillators........
Comminications transmitter.
Fixed transmitter..........
Tunable discriminator......
Switchable antenna.........

Deep Space Network Operations

Goldstone, Calif...........
Woomera, Australia.........

...........

...........

...........

...........

-----------

...........

-----------

South Africa (Hartebeesthock - near

Krugersdorf)......covnnn..
Mobile tracking station....

-----------

...........

Reimbursement for foreign stations....

System tests and operations
Iogistic support...........

...........

...........

Fiscal Year

Fiscal Year

Fiscal Year

Smithsonian Astrophysical Observatory (SAQ)

Network Operations:

Jupiter, Florida...........
Organ Pass, New Mexico.....
Haleakala, Maui, Hawaii....
Curacao. North West Indies.
Arequipa, Peru.............
Villa Dolores, Argenmtina...

----------

..........

..........

..........

----------

Olifontsfontein, South Africa........

Operated By 1960 1961 1962
$229,100 $560,000 -
- 110,000 $110,000
—— 25,000 -
-— 25,000 -
143,600 -—— ——-
71,400 -~ -
122,500 - -
3,675,100 5.283.000 5,287,000
Jet Propulsion Lab. 1,341,000 1,371,500 1,431,800
Weapons Research -— 193,400 72,100
Establishment, Australia
Union of So. Africa -— 339,400 486,700
Not selected - 432,200 331,400
Foreign Govts. —— 300,000 600,000
Jet Propulsion Lab. ——- 167,400 179,100
Jet Propulsion Lab. - 193,000 221,200
1,341,000 2,996,900 3,322,300
SAO
SAO +
SAO
SAO
SAO ! o [
SAO 1,200,000 1,910,000 2,000,000
SAO ! ! ]
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San Fernando, Spain........eevvvnnen..
Shiraz, Iran........eveiriinnnennnnnns
Woomera, Australia..........covvevunen.

Mitaka, Tokyo, dJapan .....-....c.cevvunn

Naini-Tal, India.......occviiennenennn
Moon-Watch 110 active stations........

Non-NASA Station Operations:

Jodrell Bank Station..................
Fort Churchill Station................
Phototrack optical stations........... ‘
Reimbursement for Department of Defense
stations and other agencies..........

Special Operations and Services for

Flight Missions:

Special items of equipment to meet
ground instrumentation requirements,
such as for Explorer VII, Centaur,
and Agena projects............co.0nn

Spare Parts, Repairs and Maintenance:

For network tracking stations.........

Total, NetWwOTrK UDEYaTIlONS. ... »s oo oe

Fiscal Year

Fiscal Year

Fiscal Year

Operated By 1960 1961 1962
SAO Lo :
SAO, Weapons Research | | o i
Establishment, Australia
SAO, Japan i i ¢
SAO, India o : :
Volunteer teams $250,000 $250,000 $250,000
1,%50,000 2,160,000 2,250,000
100,000 250,000 300,000
650,000 1,000,000 1,200,000
50,000 50,000 50,000
- 200,000 300,000
800,000 1,500,000 1,850,000
400,000 500,000 500,000
276,760 345,000 897,300
her Alva LA b QL A b ) InKL (h:
c.p ] ,7'1'_),.!.\.1\.1 WAy | VVT g TV YbTT 5 N g
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Fiscal Year Fiscal Year TFiscal Year

Operated By 1960 1961 1962

Satellite (Minitrack)Network Communications:

Naval Station, Cheltenham, Md. - GSHC Commercial $1,800 $2,400 $2,400
Fb. Monmouth = GSFC.v:veerernrrnnannnn " 2,500 7,500 11,000
NASA Headquarters - GSFC - MSFC - AMR. o - 39,600 k2 koo
Newfoundland - GSFC....coveverernnonnns L — 36,000 38,000
NWL Dahlgren - GSFC....oveeueennennnnn " 2,400 3,000 3,000
Pentagon (Terminal for South American

stations) - GSFC......vcn.. Ceereneas " 9,500 18,500 18,500
South Africa - GSFC...eevvenenne ceeaes 110,400 114,000 480,000
Blossom Point - GSFC..vvvvenennnnn. ces " 3,000 3,000 3,000
San Diego - JPL - STL - PMR - GSFC.... " 39,600 132,000 240,000
Woomera = GSFC.vvvvervennenn. Ceerranas " 170,000 182,400 190,000
Ft. Myers = GSFCuveuiereranenonennecnns " 20, 400 21,600 52,000
Grand Forks Links = GSFC.vevereneennes " - 32,400 59,000
Maska - GSFC (high speed data)....... Military e 60,000 660,000
Computing Center, Wash., D. C. - GSFC. Commercial T,500 14,700 -
Cape Canaveral - Antigua..... teseesaes  Military 18,000 21,600 22,000
Cape Canaveral - GSFC...vivveincserees Commercial T, 200 12,000 12,000
Weather Bureaul - GSFC..vevereeeenacens " 600 2,k00 2,400
Wallops Island - 2 lines - GSFC..... .. " ——- 19,200 19,200
Special relocationsS...eveececencscosss " 1,200 2,400 3,000
Terminal ChargeS...eereeeeosereascanns " 2,400 120,000 120,000
2 lines to teletypewriter exchange.... " -—- 3,600 3,600
Special internal circuitS..eseeeeecen. " -—- 8,ko0 9,000
Panama terminal (for South American

stations)eeeeeenennns Ceeeenes eereses  Military 28,600 50,000 50,000
Operational traffic......c.cvvvuuvnnn. Commercial 10,000 20,400 22,000
Operational equipment and material

COSES et vnnrenrenneneaenerannronnnns " 21,900 72,600 114,700
Suori Lerm lease cosys Ior o : o :

operational Periods........ccevvenan " 23,200 11k, 200 LoT,600

80,200 1,113,900 2,58%,800
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Deep Space Network Communications:

JP1L, to

Cape Canaveral (2 Teletype)....

JPL to Cape Canaveral (3 Voice).......
JPL to Goldstone (3 Teletype).........
JPL to Goldstone (U4 Voice)............
JPL to Australia (1 Teletype).........
JPL to Africa (1 Teletype)............
JPL to Huntsville (1 Teletype)........

Smithsoni

an Astrophysical Observatory

Network C

ommunications:

Communi
(5 Te

SAO to
(N.Y.

SAO to
(Camb

cations Center at Cambridge
letype) . oottt
International Western Union

) (1 Teletype)..vvvvevernennnn.
Domestic Western Union

ridge) (1 Teletype)............

Mercury Network Communications:

GSFC to
GSFC to
GSIC to
GSFC to
GSFC to
GST? to

Woome
GSFC to

Mid-Atlantic ship.............
Canary Islands and Zanzibar..
Kano ...t inienncerennnans
Tndian Ocean ship. Muchea and
- .
Muchea, Woomera and Canton

(via Vancouver).....oceeuuvesnn. ceus

Fiscal Year Fiscal Year

Fiscal Year

Operated By 1960 1961 1962
Commercial A )
,, | |
" $371,100 $838,100
—= 371,100 838,100
Commercial 4
$100,000 140,000 200,000
100,000 150,000 200,000
Comercial ——— 257,800 311,300
" _— 336,400 370,200
" - 166,500 80, ko0
" -—- 1,189,700 1,266,000
" — 158,700 196,400
" - 586,600 1,000,000
" ——— 423,800 410,000
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GSFC to Hawall.......iiieeiennnnrnnnnn
MAS to Canary Islands.................
GSrC to Muchea, Woomera, Hawall and
Canbton. ... iiiiiininiiiiennnnne .
GSFC to Arguella....civeinennnnnenran
GSFC to Guaymas. ..t vttt ereveeennnnas
GSFC to White Sands........cvvvuvnn .
GSFC to Corpus Christi............. .
GSFC to BEglin AFB. .v.veiierenreanennn .
Eglin AFB to Cape Canaveral...........
Switching Center - GSFC....... ceraiaes
Switching Center - Hawaii.............
Switching Center - Muchea........ e
Switching Center - Woomera........... .
Input-output converter GSFC............
Short term leased costs for operational
0= e Ko T = T cenene

Total, Network Communications.......

Computation and Data Reduction:

Data reduction services............ oo
Computing services:

QEerated EZ

Commercial

1"

IBM contract for Space Computing Center

CEIR - computing service.............
BuStandards - computing services.....

Contract services for Computing Center

SAO computation, data, reduction and

Total, Computation and Data Reduction

Total, Fiight Program............

Fiscal Year

Fiscal Year

Fiscal Year

1960 1961 1962
-— 115,000 152,700
-— 39,3CC 72,600
_— 480, 900 651, 200
—— 60,600 85,600
- 66,100 93, 300
—— 39,600 68,000
--- . 32,500 . 99,500
- 23,700 40,400
- 22;900 39;300
——— 250,000 2ko, 000
— 50,000 72,000
—_— 35,000 2k, 000
- 50,000 2k, 000
—— 60,000 30,000
- 590,600 213,100
--- 5,035,700 5,500,000
$580,200  $6,660,700  $9,122,900
4k 600 60,000 -
1,220,040 550,000 -
225,000 —— -——
k33,000 --- ---
58,800 100,000 100,000
1,419,000 1,200,000 2,250,000
$3,400,450  $1,910,000  $2,350,000
$11,923,800 $21,355 A00  $25,579,500




Satellite (Minitrack) Network Operations

These stations, opersted under contract or by foreign agreements,
employ racio interferometers and are used primerily for tracking
satelliter which send our radio signals, where real-time data is not
required. They have all weather capability. They cannot track passsive
satellites (ones which do not emit signals) nor can they provide the
precise orbit data aveilable from optical systems. They have the advantage
of being able to detect the angular direction of a satellite with respect
to the station without prior information as to precisely where to look.
These stetions must be located in areas free of extraneous electrical
disturbances. From a number of obgervations from different staticns, a
reasonable orbital determination can be made. The stations are sc
located that several observetions will be obtained each time a satellite
orbits the earth, regardless of its orbital path.

Each station also receives and records telemetry data on magretic
tape. Data from these stations are fed to a central control, comrunicaticns,
and compul:ing center at the Goddard Center. Teletype operators are furnished
by the operations contractor at the Center. Automatic data read-cut equip-
ment is being provided at stations to speed up date collection and to permit
tracking & greater number of satellites. The operating costs are defined
in considerable detail. The increase in cost for the fiscal year 1962 for
Alaska is due to the addition of new facilities for the Nimbus prcgram.
The over-all cost in the fiscal year 1962 is not increased as cost increases
in utilities and services are offset by economies in other cost factors.

Deep Space Network Operations

During the fiscal year 1962 the JPL station at Goldstone, California,
the Woomera, Australis station, and the South Africa station will be
operational. These stations will be under the technical directior. of the
Jet Propulsion Laboratory, but in Australia and South Africa they will
be operated by technical groups in the country concerned.

The deep space stations are used primarily for tracking and data
acquisition from vehicles penetrating deep into space, since they have
great sensitivity to very faint signals, not detecied by ordinary
electronic receiving systems. They may also be adapted for gathering
larger amounts of data, such as may be involved in the transmissicn of
television pictures from space vehicles, and are capable of transritting
command signals to distant spacecraft. They are not suitable for satellites
in low orbits because of low tracking rates of the antennas which cannot
move as fast as the satellites. The transmitters may also be used for
communications satellite experiments which are in a relatively high orbit.
The stations are so located as to permit one station to always be in
position 1o see the moon or far out spacecraft. Funds are included
under this heading for the contractual services required in the oreration
of the awriliary mobile ("gap-filler") tracking and command staticn to
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meet operational requirements for specific projects. IFunds are also
included to cover the govermment-to-government agreements, which invclve
reimbursement for foreign services to be performed for NASA, beyord
those under the cognizance of the NASA technical directing activity.

Smitiasonian Astrophysical Observatory (SAO) Network Operations

The existing twelve Baker-Nunn optical stations will continue in
operation during the fiscal year 1962 under the technical and admin-
istrative direction oi' the Smithsonian Astrophysical Observatory.

A prime purpose of the observetions under this program is directly
related o scientific studies performed by SAO in connection with
learning more about the density of the upper atmosphere, the
gravitational field of the earth, and the geometric shape of the
earth to help define more exactly the location of continents and
islands. The optical observations are also backup for the electronic
tracking systems, both as a check of their accuracy and in event of
Tailure of transmission signals from the satellite.

The optical stations can photograph relatively faint space
objects (satellites) against star backgrounds to provide a precise
determination of the angular position of the object. Observations
can only oe made when the visibility is good and by virtue of
sunlight reflected from the object. Therefore, observations can
only be made in periods of clear twilight. Moreover, the camera
can see & small segment of the sky at a time, and it must have a
prior knowledge of where to look or the satellite will pass out of
range before the camera can search any appreciable segment of the
sky. Information on where to look is obtained from electronic tricking
stations which do not have the acquisition limitations of optical
systens, or from one of the Moonwatch observation stations mentiored
below.

It is theoretically possible from three or more optical obseivations
to obtain the most precise orbital data of any technigue known. Ior
certain geophysical experiments, such as in geodetic and air drag
experiments, the maximum precision of optical techniques is necessary.
The optical stations must be located at sites where the weather conditions
are such that good visibility generally prevails. This site limitation
is not necessarily compatible with the site locations of electronic
systems, which have other criteria governing their best location. About
800 satellite positions are precisely reduced each month, which it
several Told increase in out-put over 1959. To date over 6000 precision
positions are availlable for rescarch and analysis.
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In addition to the cost of operating the optical stations is the
cost of data transmission, data reduction and analysis and data inter-
pretation which is performed by the Smithsonian Astrophysical Observatory
at Cambricdge, Massachusetts. Funds are included for the cost of the 110
Moonwatch teams which are volunteer groups assisting the Smithsonian
Astrophysical Observatory in securing observations of satellites at
different places in the world, using simple telescope equipment. The
compensation to the Moonwatch teams merely defrays expenses for materials
and for certain items of equipment. There is no compensation for the
volunteer services as such. Approximately 2500 volunteer observers
participate on & world-wide basis. Since October 1957, more than 24,000
observations have been obtained from the Moonwatch stations.

Non-NASA Station Operations

The MNASA will meke use on & part-time basis of a number of co-
operating non-NASA stations which provide tracking capebility. Examples
are the fecilities at Jodrell Bank, England, and at Fort Churchill,
Canada. The extent of the NASA use of these facilities is arrived at by
muitual agreements based on the duration and complexity of the particular
experiments. In certain cases the NASA will provide funds for reluburse-
ment to Department of Defense and other agencies for special services or
items of equipment needed to accomplish particular experiments. Examples
of Departrent of Defense stations used by NASA are the Signal Corps
station in Deal, N. J. and the Pacific Missile Range station at Saa
Nicholas for the Tiros meteorological satellite. Funds are also made
available to the Commerce Department to continue the Agiwarn servi:e at
Ft. Belvoir for the world-wide dissemination of NASA satellite and space
probe data in accordance with CoSpar sgreements. FPhototrack opticil
stations are operated by the Society of Photographic Sclentists amni
Engineers, who provide useful coverage on projects such as Shotput and
Echo.

Special Operations and Services for Flight Missions

While every effort is made to make our ground instrumentation
facilities flexible and adaptable to anticipate all space flight prrograms,
there are often unique experiments which impose modification requi:rements
on certain stations. Until the instrumentation plan has been comp.eted,
the detaila2d requirements for ground equipment are not fully known--nor
is it possible to predetermine the exact station locations needed. Generally,
the work iavolved consists of adaptations to existing station equipment with,
possibly, some minor installations of a temporary nature. This is partic-
wlarly trus where NASA is involved in inter-agency projects and must, as
in the case of the Centaur vehicle test project, cooperate to meet certain
tracking and data acquisition requirements not required by its own projects.
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Spare Parts, Repairs and Maintenance

NASA will have operational cognizance of over L0 tracking and

date acquisition sites. An allowance of the order of 5 per cent of
the opereting cost is made for equipment failures or masintenance
and repair problems and vo maintain a high order of reliability.
In the case of military equipment, an allowence of 10-15 per cent
is normal for spares. However it is recognized that ground based
equipment at fixed installations is not as subject to damage, and
is easier to maintain,

Network Communications

The communication networks for the satellite programs, including
the Mercury progrem, feed into the Goddard Space Flight Center at
Greenbelt, Maryland, which is the primary nerve center for all NA3A
tracking operations. For space probes and for lunar and planetary
programs, a communication control center for the three deep space
stations is maintained at the Jet Propulsion Laboratory. The
Smithsonian Astrophysical Observatory utilizes the available satellite
ground comunications system to a large extent, as well as a certain
amount of commercial facilities and the mails, for its normal traffic.
These chaannels are utilized for transmitting and receiving orbital.
data to and from various activities, both foreign and domestic,
including the Baker-Nunn photographic stations, the Moonwatch teans,
observatories, and other installations. Commercial facilities,
consisting mostly of radio or cable teletype, are utilized by NASA.
Military circuits are used when avallable and suitable. Voice
circuits are used where necessary or critical to operating efficiency.

Computation and Data Reduction

Data reduction services for space flight tracking operations
are performed at the Godderd Space Flight Center, the Jet Propulsion
Laboratory, and the Smithsonian Astrophysical Observatory. It will
be noted that the contract costs for computing services have decreased
markedly as a result of the buildup of in-house cgpabilities in ttis
field. Only the costs in the grant to SAO remain, which include not
only the costs of deta reduction and computations, but the considerable
costs of data analysis aad interpretation such as are involved in the
experiments to determine air density, effects of solar radiation on
orbiting vehicles, and other scientific investigations. The work on
SAO goes beyond that of a computing service and includes scientific
work. A computing facility is employed in this activity along with
programmers and research and analysis personnel who analyze the data
for scientific conclusions,
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