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Resparcr Axp DevELoPMENT v

@‘gr an additional amannt for “Research and Development”. as
authorized by Public Law 86-12, $16,675,000, to remain available until
expended.]

For contractual research, development, operations, technical serv-
ices, repairs, alterations, and minor construction, and for supplies,
materials, and equipment necessary for the conduct and support of

aeronautical and space research and development activities of the I M

National Aeronautics and Space AdministratiogEE‘ not to exceed 5300 other than scientific and technical,
for newspapers and periodicals} and purchase of Ehirty-twolpassenger
motor vehicles, of which ﬁline’teelﬂ"shaﬂ be for replacement only; trade, or traffic periodicals for

318,675,000 to remain available until expendedf Provided, That no official use
part of the foregoing appropriation shall be available for other items
of a capital nature which exceed $250,000 until fourteen days have
elapsed after notification as required by law to the Committee on — sixty
Science and Astronautics of the House of Representatives and the twentv-nin
Committee on Aeronautical and Space Sciences of the Senate: Pro- Twenty-nline
vided further, That no part of this appropriation shall be available L
for payment of salarijes of National Aeronautics and Space ————$621,453,000
Administration personnelif

nevspapers and periodicals, but

:Provided, That $20,000,000 of
this appropriation shall be
i)_'_a U.s.C. 214-51 et seq.; immediately available

50 U.S.C. 151-160, 511-515;

Supplemental Appropriation Act, 1960; authorizing

legislation to be proposed for 1961.)

Appropriated 1060, $335

Appropriated {adjusted) 1960, $320,350,000

8Includes $92,684,000 transferred in the estimates from "Salaries and expenses, Advanced Research

Projects Agency, Department of Defense." The amounts obligated in 1959 and 1960 are shown in the
schedule as comparative transfers.
— LIBRARY

Natlonal Aeroncutics and Space- Administration
' . Washington, D.C. 20%6 1 U U



- ‘ Appropriation title: ' NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Standard Parm O 00, & 1. o Bushy RESEARCH AND DEVELOPMENT
President )
Yune 15, 1928 Pragram and Financing
Revised Ootober 28, . - it =l it
1047) ' 1059 actual 1060 estimate 1961 estimate
Program by activities:
1. Aeronautical and space research:
Type sise:
6 poing, .
2 pioe _ (a) Support of NASA plant.ccccecesccccccas $2,271,100 $11,500,000 $22,000,000
(b) Research grants and contracts......... 256,950 2,000,000 6,000,000
2. Space flight development and operations:
) (8) Support of NASA plant..cccceescccsccas 613,000 1,000,000 23,000,000
g (v) Scientific investigations in space.... 16,808,332 45,000,000 | 85,000,000
g (c) Satellite applications.s....eessecocss 233,282 5,000,000 15,000,000
(d) Manned space flight.c.coeoccoconoccans 4,339,192 50,000,000 80,000,000
; ) Vehicle development...ccscscoscosscoss 21,404,778 90,182,980 98,000,000
83 )
‘Sg (f) Space propulsion téchnology..sooeooss- 5,261,086 25,000,000 52,000,000
3 . Kkg) Vehicle systems technology...scosccsae 2,972,610 5,000,000 12,000,000
(h) Tracking and data acquisition........ 911,33k 11,000,000 15,000,000
Y
; 3. Program direction: Support of NASA plant.... hh 716 1,500,000 2,000,000
i Total Progrem COStE....eeccscscosocssacscss 55,116,380C 250,182,980 110,000,000
z L. Supplies or services transferred in (-) with-
: Out chal‘ge, netoaooooouoeoocaoeoooaoe aaaaaa ”2,h08,121 "1)5&,931 ml,637,000
£ ’ \
; Total program costs, funded......coeoouoo00e 52,708,259 28,622,049 403,363,000
H
: (Mono cast: 2.9 (Moo cest: 7.9) (Mooo cast: 7.9) (Moo cet:7)
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Type sire:
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23 pims

Uso in prepwring schedules of obligations accoin,..nying estimates for
lump-sum appropriations

16—358(4—¢

$ 8. GOTERNBERT PRINTING OPFICE

Approprisfion title: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
(0. 10 O. & L. o, Dush) RESEARCH AND DEVET.OPMENT
Program and Financing
1059 sactusl 10 60 estimate 10 6] estimate
5. Relation of costs to obligations: Obligations
incurred for costs of other years, net....... $142,300,252 $132,946,972 $213,000,000
Total program (obligations).....c..co000ce000 195,008,511 381,569,021 621,453,000
Financing: A
Comparative transfers from (-) Department of Defense -19,325,020 -55,182,980 cbsoccosoves
Unobligated balance transferred from "United States
sclentific satellite,” Department of Defense (72
stat. h33)oeoogonoounnouooo-oooocou‘eooeoqooo'ooooo u25,51‘1,282 0000 06000 8B " 2.0 CH T > e s v s &
mobligated balmce brought forwm“doaanooanu'oooeooo © 9 000000090 O ‘20,936,0hl aaO;‘Om,wo
Advances and reimbursements from other accounts (-) -5,100,000 -5,000,000
Unobligated balance carried f£orward....c.cooocasocoae 20,936,041 20,000,000 25,000,000
New obligational authOrity....coscoccecoscccsss 171,078,250 320,350,000 621,453,000
New ébligationsl authority: . ’
@propriation'ﬂ.c".lﬂ.‘ou&oﬂa"&.05006D.boﬂlacaombo $50’0w,w0 $335,350’m0 $621j""‘+53’000
Transferred (72 Stat. 433) from--
"Salaries and expenses, Advanced Research Proj-
‘ects Agency, Department of Defense"......... 59,200,000 cesoecsannan
"Aircraft, missiles, and related procuremént,
Air Force".aocqo-on ﬂﬂﬂﬂﬂ 0 G850 09OH» S D OOTAOQ R T hs,lm,m ¢ 00D aC e O o a 4 6 00 0o 0 & o o
"Research, development, test, and evaluation, :
Air Fcrce"lﬂ..'..ﬁﬁdoblﬂ'QQOOQ...ODODOBQOOQQ 12,7‘-‘,&]‘) *® 0 Q0 GO0 P GOV X0 O o > 00 00 &@ 000 9 0
"Research, development, test, and evaluation,
m“..ﬂ.?@ﬂﬂ...'.en.obﬂnouODOQCOOQOOOQGB#OD h,o78,250 & e o e o q 000 2CO 000 beC
Transferred to "Construction and equipment, Na<
tional Aeronautics and Space Administration”
(Public mw8&213)0.0@000....BQ‘GQOGG.OD OOOOO L e 0 COCO8 004> _j’b,wo,wo LRI - B - -
Appropriation (edjusted).....c..cvverencecnncn 171,078,250 320,350,000 621,453,000
(Mano cant: 21.4) (Mono cast: 7.9) (Mano cast: 7.9) (Mono cast: )



NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOFPMENT

PROGRAM AND PERFORMANCE

This appropriation provides for the contractual costs of research, development, procurement,
and operations.

1. Aeronautical and space research--(a) Support of NASA plant.--The increase in 1961 in the
requirements for contractual services, supplies, and equipment required in the operation of the
NASA research centers results chiefly from the need for providing the laboratories with new
specialized types of equipment required for research on problems of space which were not required
in prior years when the principal emphasis was on aeronautics.

(b) Research grants and contracts.--The 1961 program contemplates additional support of
research on materials and in certain fields, such as the space aspects of medical and biological
research, for which the NASA does not have a capability at its own research centers.

2. Space flight development and Qperations—-(a) Support of NASA plant.--Funds are provided
in this subactivity for contractual services, supplies, and equipment required in the operation
of the NASA space flight development centers, stations, and offices. The increase in 1961 is
required to support the increased personnel and workload of these organizations.

(b) Scientific investigations in space.--This provides for an increased scientific program
in space in 1961, utilizing socunding rockets, earth satellites, and lunar and planetary probes.

(c) Satellite applications.--Development of meteorological and passive communications
satellites will be continued in 1961.

(d) Manned space flight.--The funding included for 1961 is expected to carryv the Mercury
program into the operstional phase. In addition; & supplemental approprietion 1s anticipated

for ]_oén and i1g shown below under Propoged for later trenmmission
B4 SJOU and 1g shoWn Delow unger POECC I0Y later Trapmmigelon.

-

.~ (e) Vehicle development.--~This subactivity provides for the development, fsbrication, and
launching of advanced space vehicles. Principal emphasis in 1961 will be on the Saturn very
high thrust booster vehicle and on the Centaur vehicle with a high-energy upper stage.

103



{f) Space propulsion technology.--This subactivity funds the develcpment of advanced
propulsion techniques and systems for application to future space vehicles. Work will be
continued in 1961 or the single chambered 1.5 million pound thrust engine; advanced liquid
and solid fuel rocket engines; nuclear rocket and electrical propulsion systems: and nuclear,
solar, and electrical auxiliary power supplies for payload applications.

+—(g) Vehicle systems technology.--Increased funding is provided in 1961 for developing
systems and components for midcourse and terminal guidence, and attitude control systems for
peyload packages.

(n) Tracking and data acquisition.--This subactivity provides for the operation by contract
of the Minitrack satellite tracking network, the deep space network, and the special tracking
facilities for the Mercury manned space flight program. It also covers costs of data transmission

and reduction, and research and development in the fields of tracking, data acquisition, and
date handling.

3. Program direction.--This activity provides for the coutractusl services, supplies; and
equipment for the Administration's headquarters and western operations offices.

L, Relation of costs to obligations.--The relationship is derived from year-end balances
of selected and applicable adjustment resources as reflected in the following table:

1958 1959 1960 1961
actual actual estimate estimate
Selected resources at end of year:
Inventories and items on order:
Stores (goods unconsumed by
Projects).eeeevsossnsosvssaas $2,514,811  $2,375,654 $2,360,642 $3,080,6L2

Unpaid undelivered orders

{appropriatiocn balances

obligated for goods and

services on order not yet

received)....veeoiancoasencss ceeessees 140,821,634 273,299,471 L8k, 669,471
Advances (payments for goods

and services on order not

yet received).t\iiééﬂiiic53“-3: e e e e 2prae L 15515,853 2,@,&0 . »3zmo!mo




1228 1959 1260 1261
actual actual estimate egtimate
Total selected resources st
end of YyeaTesoccoscoocoscecss 2,514,811 1hk,713,141 277,660,113 490,750,113
Selected resources at start of year {=).cccoccocaoo -2,514,811  -144;713,141 -277,660,113
Adjustment of selected resources
I‘ePOI'ted. &t Start Of yeal‘oova9oaobooooponooooooo 101,9& DO OO OROAIOOD 60D O0OQO0O0O0BO0O0
Obligations incurred for costs of other
years, netaooooooooaono-ooooaouooaoooooooooooooo ll"2’3w’252 132’9%’972 213’090’000

=

[



Appropriation titles NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

oy | (C.120.&Le fuah) RESEARCH AND DEVELOPMENT
President
June 18, 1923 Object Classificghbior
Revised October 28,
1847) N e £ 18 £ cmtlmbe
18 55 actmal 18 3o estimale i% ] estimabs
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Total number of permanent positions......cccosocaos 356 Wevcsoeccesons tecececnsesen.en
TFype sizec ' _
$pointy Average nimber of all employees...ccoocscococscoceso 150 cecoc000s800s 000000008008 0000

Fumber of employees at end of year..cooccsocccocooo 356 cecocavcno0oo

000000000V O00O020 D

A"rm G’s me and salaryoaoooeooog‘anoonoooooooon 1103 $79295 sooo00op0000000 06000000050 060000 .

Average sa}ary for grades established by the
Administ:ator of the NﬁADGGQ’OGDGGOOOO?OOOOOODOBBO $h’312

P000050000000O0 ‘-0000500006‘000000
01 Personal services:
E --vpement positiOD.Soooud;oonoooeboaoaoceooono $l,016,h36 0Oe 0D DOOCO0D 0D 0000000006060000
2
% Positions other than permanent......cccc0c0a0 1,687 co0s000000000 os00800000000000
g otherpersonal semceSacuaaaaeczaco:o:noa;ac l53j870 IR R Y B R RR V) VOO WwAROTOETO G OO0
g

V0000300000 ¢0000

Total personal S8erviCesS.c.oeccccccocococcacos 1,171,993 s00000000000a
02 mvelﬁ.‘.ﬁﬂ"ﬂ’."DQOQGQOO“O'OOOUGOQOOOQDDOO.Q 1%96\)3

0000006000000 ©c00R20000CO00G0COAOC

03 Transportation of thingSeccccccococcsscocccanas 9,182 1,48

\n
>
Q

CC 3,993,000

Une In preparing schedules of obligntions accompanying eatimates for

16—88604~4

Of Commmnication Services....c.ccecceccasccooncons ccecocooscosens 2,346,500 7,746,000
. 07 Other contractual services:
: Repairs and AlterationsS. .. s.oooeecoossoconnne 129,878 2,022,022 5,060,000
g
Miscellanecus ServiCes........cocsocresrsores 54,995,270 154,487,332 338,614,000
: Services performed by other 8gencies......... 91,138,549 145,182,980 140,006,000
: (Mono cast: 21.0 , (Moo cast: 7.9) (Mono cast: 7.9) (Mono cast: 7)




Standard Form 3a
(Approved by
President
June 15, 1923
Revised October 28,
1947)

Type slze:
6 point,
22 picas

Use In preparing schedules of obligations accot. .«nying estimates for
lump-sum appropriations

1685604~

@ 8. GOVERNMENT PRINTING OFFICE

Appropriation title:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND  DEVELOPMENT

(0.130 0. & L c. flush)
A St T e 0 e S v
VoL v o LD P e e S b W e S A
18 59 actua! 19 ) estimate 19 61 estimate
= i
~ Tdgw mamd o o
08 Supplies and ALETAEISe.euuenuonvnennvnoivnnnn. b2 hhii S20 A0 00, 006 160,000,000

3

Eq‘limentoooooooaoanuuaooooooaoéoouooooooooouaaa
11 Grants, subsidies, and contributions...ccccscos

15 .Tﬁxes and hasesmntSooooeooooogoo'oooooooanooao

To'tal, National Aeronautics and. Space
Aministmtionﬂ@"o&ﬁoooﬁ00000'0000000000000
. ALLOCATION ACCOURTS
Total number of permanent ﬁositionsoooouoacoooaooao

Average number of all employeeS..cccscoccsssaccacos

Avér.age GS m aﬂd salaWoaooeoooeaaooooaooaooaoo

0l Personal services:
Permanent positionscccccscesoscccsoccocassscs
Other personal services....c.occssccsvccoconon
Total personal services...oosccccooccscosacs
VOMIHUWIAACOVAUIL BClV4CCBocosccecescececoossscvavonsee
07 Other contractual services...cccocecscconccooss

w BquimentOOQ.eoeoloooooeocooo.ootooaonecoccuo-on

10 mdsmdstructureso.ooo..oo&a..oo...oaoaowoca

(Mono cast: 21.9)

20000020000 PDAIDBO

6820800092000 000

0000000000009 00

3
90000000V DOOOCD

381,523,834

621,453,000

900000 Q00200600

5000000000006 QO00

000000000G¢QQPOCO0

8000000600000 O0DQ

9@000C0BO0CRQROODOC

0000000000003 0O0

VOO0 OOPOD V00D OO

Po08 0000000606800

00D 0O EICOOEOL D

6000003900033 00D

(Mono cast: 7.9)

¢enoo 8OO0 D60COGS

(Mono cast: 7.9)

@9 008 0CE0GD0 9300

29030040000 @3 00

(Mono cast: 7)
JRVN



Appropriation title: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
S avorovet oy | (0.120C.& . c. fush) RESEARCH AND DEVELCPMENT
President
Beji:e!:;ésc’tigﬁm, ' Uiject Cilassification
1947) T 1!\‘_; ﬁ.ij o I R 19 ‘41 ostimata
11 Grmt’ su‘bsiu‘ie’, m&contributiOHSeoooaaoaoo 6?8 ® 030 GO0 GO C OO0 ® 8 000800 CPOO OO0
ype s Total, allocation accounts..ecoccoososscss 2,004,813 45,187 cscccscssoasanse
6 point,
23 picas ,
Tota_l;oblig‘t'_ionso.oooeooaOloo.ooooaooeaoo 195;0085511 3815569;021 621,“‘53,@
Obligations are distributed as follows:
L National Aeronsutics and Space Administration. $193,003,698 $381,523,834 $621, 453,000
g mp&rmnt Of the Am.uoe-oo'-oooo.OObooooooqa 1329836 17’1& © 0800 DSOS S OO0
gt Atmic herg cmission.B...QlQID....Q.IO0.000 1’8719977 289023 OO0 00200080 009@ &0
EE . _
i}
F]
3!
£2
g |
]
8o
1
;
i
§
: (Mono ceet: 1.0 (Mono cast: 7.9) {Mono cast: 7.9) (Mono cast: 7) -|L U U
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

RESEARCH AND DEVE

.

LOPMENT PROGRAMS

T . ;run o wan
ey

AERONAUTICAL AND SPACE RESEARCH:
Support of NASA plant....
Research grants and contracts......
Support of JPL plant....

SCIENTIFIC INVESTIGATIONS IN SPACE:
Sounding rocketsS..coercoscenssecons
Scientific satellitesccecesceccscocs
Iunar and planetary exploration....

SATELLITE APPLICATIONS:
Meteorology..
CommunicationS.sesescecocsesasacace

MANNED SPACE FLIGHT:.cecoossescesoans

VEHICLE SYSTEMS TECHNOLOGY....0ccocee

SPACE PROPULSION TECHNOLOGY:
501id rockels.ceceeccscovssavscsncrs
Liquid rocketS...eieevcoesss
Nuclear systems technology..cesses-
Space power technology...

VEHICLE DEVELOPMENT:
SCOUL . esvevcsocnsossvsensacessansosacae
DeltBesccecrcsnsavessscossscsssnsos
Vega....
Centaur...covvevicsccsssccsscsssses
B8EUYTecvcocsocnsesssasacascssassns

TRACKING AND DATA ACQUISITION........

s eees s

s eess o ee

2806000 0CP000®aa0OC0 e eI

o e e 9 e

e P e rcO B

a8 08 PO IFReEeEINIT TIORGOS SRESEISSC

TOTAL...

l/ Funded under program activities in 1960 and 1961.

Fiscal Year

Fiscal Year

Fiscal Year

1960

Fiscal Year

1959 1060 Surmlemental 1061
$1,097,651 $22,68k,000 - $51, 345,000
3,028 000 4,950,000 - 10,000,000
8,156, 500—/ ——— e -——

3,556,170 8,811,000 - 8,000,000
21,305,114 23,813,000 - 41,700,000
31,882, 607_/ 49,000,000 - 45,000,000
21,943, 582 caw S _—

987,550 7,930,00C === 20,700,000

3,574,806 3,170,000 - 5,600,000
46,416,333 k4,962,000 $12, 200,000 107,750,000

1,903,651 6,737,000 ——= 21 2rn Ann

615,898 3,785,000 -e- 2,800,0007
15,978,589 30, 328,000 --- 7 (63,000,000
3,810,496 6,000,000 ---= % \10,000,000
—— l") 81)"’5 000 = 53 81000,000
%

6,048,000 2,800,000 —_— N —-
1?9927,hl7 13,300,000 --=- % | 12,500,000
1h,291, 494 4,oooyooo --=% -=-

h; 000 ,; 000 ;000,000 - H 7,000,000

- —-- --- 134,308,000

3,095,674 16,266,000 - 32,550,000

$204,619,532  $320, 350,000 $12,200,000 $621, 453,000

g3



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SUPPORT OF NASA PLANT

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$1,097,651 $22,684,000 $51,345,000
OBJECTIVES:

To provide funds for certain tramnsportation expenses, leased communication lines,
contractual services, repalrs, alterations, minor construction, supplies, materials, and

JUSTIFICATION:

A summary table of the funds required under this program is presented on the following
page, breakdowns are provided by location and by object of expediture. The major funding

increases reflected in the estimates for 1961 are due primarily to the following factors:

(2) Transfer of the development operations division of the Army
Ballistic Missiles Agency, Huntsville, Alabama to the NASA.

(b) The expensive and increasingly complex nature of experimental
research in general and on space programs in particular.

(¢c) High initial tool-up costs for accelerated attack on advanced
research areas (materials, electrical power generation, hyper-
sonic aerodynamics and control, guidance and navigation).

(d) The addition of a number of major new facilities involving high
operating costs (the Lewis Plum Brook research facilities, the

Ames 3.5-foot hypersonic tunnel, and the Langley 7-foot thermal
structures tunnel).

114

Support of NASA Plant
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(e) The large backlog of necessary repair, alteration, and
facility modernization projects.

(£f) The increasing rate of obsolescence on research equipment
and instrumentation.

(g) The substantial increase in the anticipated number of research
vehicle firings.

Detailed breakdowns by object of expenditure are presented on pages 110b through 143.



(e) The large backlog of necessary repair, alteration, and
facility modernization projects.

(f) The increasing rate of obsolescence on research equipment
and instrumentation.

(g) The substantial increase in the anticipated number of research
vehicle firings.

Detailed breakdowns by object of expenditure are presented on pages 110b through 143.
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|

SUPPORT OF PLAMT - HASA HUNTSVILLE

R&D Appropriation

Estimates by Ubject

03 Transportation of Things

Ol Communications Seivices {lezsed lines)
Huntsville to Cape Canaveral
Huntsville to Goddard Certer
Huntsville to Vashington

07 Other Contractual Services
Major Repairs < Alterations: {480,000)
Modif. of aeroballistic building
Modif. of blidg
Alterations of the mock-up building
Modif. of the photographic lab.
Modif. of the vehicle maintenance bldg.
Modif. of the equin. naintenance bldg.
Minor Repairs & Alterations: (1,320,000)
Automotive equipment ¢ aircraft
Bldgs, facilities % giround
Instruments and reseaich equip.
Shop & office equipment
Utility inssallations & process systems
Miscellaneous Services: (5,370,000)
Contractual operation of computing center
Plart & vehicle maintenance
Consulting % engineer:i .ng services
Photographi: services
Modif. to bldgs.
Machine sho? & metal "ab. sves.
Hire of motor vehicles
Janitorial services
Graduate stidy leave -suition

Services performed by other Govermment Agencies:

Tenant occupancy overhead charge

08 Supplies and Materials
Fabrication
Plant Operations
Maintenance & Improvements
Office operations
Report Reproduction

$

to provide additional office space

(
(
(
(
(
(
(
(
(

(

(
(
(
(
(

FY 1961

2,124,000

100,000

(21,800)
(40,500)
(37,700)

9,773,000

(120,000)
(120,000)
( 90,000)
( 60,000)
( 50,000)
( 40,000)

2,600,000 )
1,400,000)
300, ooo)
260,000)
250, ooo)
240 ,000)
170,000)
100,000)
50, ooo)

2,603,000)

4,000,000
1,500,000)
300,000 )
1,000,000)
500,000 )
200,000)



-Dn

stimates by Object

03 Supplies and Materials (cont'd)
Medical Security & Safety
Rocket Propellants
Other fuels & lubricants

09 Equipment

Replacement Equipment: (2,066,000
Scientific & research equipment
Machine tools & shop equip.

Recurring Equipment: (413,000)
Indicating & recording equipment
Operating & testing equipment

New Equipment: (276,000)
Machine tools & shop equipment

TOTALS

_FY 1961

(  20,000)
( 320,000)
( 150,000)
2,755,000

(1,737,000)
{ 329,000)

( 298,000)
( 115,000)

( 276,000)

$18, 752,000




NATIONAT. AERONAUTICS AND SPACE ATMINISTRATIOR

Al 8 WAV LA AV i iyt R R B X T AN RO |

FISCAL YEAR 1961 ESTIMATES

SUPPORT OF 'I\TAQI\ DT AN

e

F.Y. 1959 F.Y. 1960 F.Y. 1961
Salaries  Research Research Research
and and and and
Anslysis by location: Expenses Development Total Development Development
NASA HeBdquarters..sc.oecoocscosasncosons . $1,096,530 $90,047 $1,186,577 $1,683,000 - $2,025,000
Langley Centerccocoossoccscosoooss ceeesan . 3,804, k25 518,403 4,322,828 5,262,600 9,100,000
Ames Center....ccoeeeeosonas cevanesanaas . 2,521,478 --= 2,521,478 3,637,000 4,070,000
Lewis Center.c.occovcocnsssas cocesansione e 3,633,192 187,656 3,820,848 6,256,000 9,180,000
Flight Center........... feec et oo . 670,328 21,562 691,890 833,600 1,050,000
Goddard Center......c.couoss coroeans cerees 107,737 1hk, 700 252,437 L,190,800 6,068,000
Wallops Stationc..covevvonsees bececoraenoas 592, 693 —— 592,693 769,000 1,052,000
NASA Huntsville..oeveeoononerercanse N S - S l§&752 000,
Western Office....cvvvevvonoocancs sesoan .o 21, 772 - 21,772 k6,000 35, ooo§
AMRO OffiCe.ccce v cnnrossononsonnnnsnas coee 125 - 125 6,000
PMRO Offic€c.cecscocencs Cevecoorscssesanas - ——- - ——- ,ngf
Wright Office........ cessoencoen ceaeenen .e 18 —om 18 -— —
Total obligations, 1959...... coeaseacenen 12,48 298 962,368 13,410,666 - ——
New obligational authority, 1960 and 1961 o ——— - 22,684,000 51,345,000
1959 balance available for obligation in
1960...... ceeeene Ceetecreececacesesacaans - 135,283 135,283 - -—-
Totaleeoewoss Geescesesasacesacs $12, 418,298 $1,097,651 $13,545,949 $22,684,000 $51,345,000
Analysis by object of expenditure
03 Transportation of thingsS...c.eceoes.. . $271,055 - $271,055  $1,485,000  $3,993,000
Ol Communication SErviceS.e..oocseconvacs 60,313 - 60,313 156,500 336,000
07 Other contractual serviceS......cc.... 2,200,531 $318,869 2,519,400 6,090,500 17,542,000
08 Supplies and materialsS...ceeecereonssn 6,513,992 413,061 6,927,053 8,636,000 17,607,000
09 EQUipmentcceseoncacecocacoanss ceceennn 3, 402, 407 230,438 3,632,845 6,316,000 11,867,000
Totaleesoo. Ceeerconseronnsaana $12,448,298 $962,368 $13,410,666 $22,684,000 $51,345,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

03 TRANSPORTATION OF THINGS
F.Y. 1959 F.Y. 1960 F.Y. 1961
Salaries  Research Research Research
and and and and
Expenses Development  Total Development Development
Analysis by location:
NASA Headquarters...... cecoeo $35,790 -—— $35,790 $200,000 $300,000
langley Center....o.covooss oo 81,922 ——— 81,922 117,400 120,000
Ames Center..c.oeco.cos cenanoe oo 26,929 -—— 26,929 40,000 5,000
Lewis Center..oeoocasscas ceasee 94,796 -—— 9k, 796 173,000 300,000
Flight Center.c..... sebversocanae 8,806 —— 8,806 16,600 9,000
Goddard Center........ soasesess 7,813 ——= 7,813 916,000 1,012,000
Wallops Station....oovoceoosoos 14,999 ——= 1k,999 20,000 80,000
NASA Huntsville..... cecsees ceen - —— - - 2,124,000
Western Office............ esoen e - o e 1,000 1,000
AMRO Office.......... ena e —— -—— ——— 1,000 1,000
PMRO OffiCeceenrnenonnoncnsnss ——— _— —_— ——— 1,000
Total..o.oeeoeaneooass §271205§ ~—- §2712055 $1,485,000  $3,993,000
Analysis by types of transportations
Mannanartatian af amnlian and agninmant . dncn 214 @1 hes ano 42 802 000
e e \A—LLULJVJ. VLL v\l b 1Y _bl-l-:-l.\.rh) Aded, LNA w\iu..a._’:u.u\.a;u lllllllllllllll t*u./l_, o t*a.l-, ‘T//, N NS YJ, V/J, ~ s
T™hrarrarn and Adhar TAanral +vrmancnartatdAn 18 720 20 NNONO T00 . NNN
et d kA-J ub\, it bl Nt VAN b el A ATy ke WLUHV-I. WAV \SAL® * 0T T DOV PRI DG U YOS J-V) | J/ J:, N N wdn o N , VVV
TObBEL e e e e vveenornesosncnnensasansnn Ceeeereee . $271,055 $1,485,000 3,993,000



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

Ok COMMUNICATION SERVICES

F.Y. 1959 F.Y. 1960 F.Y. 1961
Salaries  Research Research Research
and and and and
Analysis by location: Expenses Development Total Development Development
NASA Headq_uax‘ters. LB LR LR B N B ) se 0 s $Ll" 52)4' - $Ll" 521“ $311-,OOO $)+O’OOO
Langley Centeres.eeessesoscscscscscssons - —-— - 8,500 10,000
Le‘WiS Center-....-................ ooooo . 57)4' -—— 57)"' 3’000 6’000
Flight Center.vecceecessessscscaascsnnss 52,036 - 52,036 108,000 108,000
Goddard Centerieeseessrecsscssscssnccnnna 3,179 - 3,179 --- -—-
Wallops Station.eceeceveecesceroscscsanns -—- - -—— 3,000 72,000
NASA Huntsville.ecoeeaesss cestcesercssenns -— -—= - -~ 100,000
o - I 60,31 - $60,313 $156,500 $336,000
Analysis of leased lines:
NASA Headquarters:
Washington to Langley Center...... et eieeeeeenietetaaeaaaa $2,012 $3,000 $3,000
Washington to AMRO Office.ecveienc.s Crerseresesctercenenens veas 2,512 3,000 35000
Washington to Los Angeles, Californif..ceceecsvcecnscacass o e - 28,000 32,000
Washington to PMRO Offic€es.ieneccans seetnccececanancona sie s _——— - 2,000
Langley Center:
Langley Cenler U0 Wallops Stalion.seecicesssscsscccnecsscones - 5,000 5,000
Langley Center to Washington........ ceescesencsrcacanaannaena -——- 32,500 5,000
Lewis Center:
Cleveland t0O PlulbDIOOK: co s cssessocscoerassasssooscsssasocsescnse 57k 3,000 6,000
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Flight Center:

X=15 tracking TaBINEE e s eeeerecerscsessonsonssssenens cereenes $52,036 $108, 000 $108,000
Goddard Center:

Langley Center to Wallops StatioN.ececvsicereeenrocsnesoonnens 3,179 -—- -
Wallops Station:

Chincoteague to NASA HeadquartersS.sseeeeeesecseoscecscnseenns -—— -— 22,000

Chincoteague to various FAA and Air Force stations, and

Uo S- WeatherBureau..-.........-.......o-......-.........- -—— 3,000 50,000

NASA Hunstsville:

H\lntSVille tO Cape Canaver&l................;.....o-.-....... - - 21,800 -

Huntsville t0 GOAAArd Cenber....eceeeeceseescossoscosscaneses _——- --- Lo,500 \ joo*

EllIl.'tSVille tO W&Shington-.........--......... ......... LI IR -—— - 372700

e o7 0 260!313 §126!200 §§§6!ooo
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

07 OTHER CONTRACTUAL SERVICES

F.Y. 1959 _F.Y. 1960  _F.Y. 1961
Salaries Research Research Research
and and and and

Analysis by location: Expenses Development Total Development Development
NASA HeadquarterSeesreessrocecsssscsansns $553,246 $32,000 $585,246  $1,059,000  $1,200,000
Langley Centerseessersosscnscecsanosnacsas 629,588 281,204 910,792 875,200 1,342,000
Ames Cenber...oeeeroaecnorocsosanesnanses 293,303 -— 293,303 767,000 1,125,000
Lewis Center.ceieeeccsoereesecsososcncens 523,830 ——- 523,830 1,000,000 1,374,000
Flight Center...evceseecococronesoanncses 126,505 1,885 128,390 135,000 149,000
Goddard Center.iiivscseeoncescennsns ceseas 2,332 3,780 6,112 1,964,800 2,331,000
Wallops Station.eeceseeeoscesresacoscansssse 68,825 -—- 68,825 271,000 235,000
NASA Huntsville...oeseesocovsconsnsasanss - - -— -— 9,773,000
Western Officeeeecriererecncsesasososasans 2,894 —— 2,894 18,500 13,000
Wright Office.c.vessrcaess Ceeeiesesiienas 8 - o -

TOtALeserosesensnconrecansas $2,200,531 §§18,869 $2,519,400  $6,090,500 $17,542,000
Analysis by types of service:

Repairs and alterations..ecsecececescssans $1,091,832 $129,878 $1,221,710 $2,012,100  $5,060,000

Miscellaneous ServiCeS..eeeeceessceasssse 753,61k 176,991 930, 605 1,522,400 7,403,000
Services by other Government
BEENCIES st ivseessocnronsnsaosscsansons 355,085 12,000 367,085 2,556,000 5,079,000

Total.eve onnres Ceeeeeseans $2,200,531 $318,869 $2,519,L00  $6,090,500 $17, 542,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

REPATRS AND ALTERATIONS

- F.Y. 1959 F.Y. 1960 _F.Y. 1961
Salaries  Research Research Research
and and and and

Anslysis by location: Expenses Development Total Development Development
NASA HeBdQUArterS.e.soessscsoscssasconsns $6,282 - $6,282 $10, 000 $10,000
Langley Center.cuecoaoseececsosssosssnses 469, 432 $128,227 597,659 565,200 958,000
Ames Center...cviveisseiosnnssnsascnscnaa 160,832 —— 160,832 508,500 766,000
Lewis Center..coviseseesctrcecssnrossone 300,759 - 300,759 528,000 669,000
Flight Center.cic.ceeeecevecsanncscanase 9k, 493 - 94, 493 92,500 60,000
Goddard Centerseccessecrasescsosncnsoncs -— 1,651 1,651 107,800 600,000
Wallops Station.ceescoseesocecacsvasosns 58,878 -—- 58,878 189,500 191,000
NASA Huntsville.seesaserescanoosoancsnns. -— -— - ——— 1,800,000
Western Offlceisriesr vnercanesnssnscnas 1,148 - 1,148 10, 600 6,000
Wright Office.ecieeseensesasecsnonsnnnns 8 - 8 - -——

Total.eevioeaosecnoanoannen .o §15021!822 129,878 §l!22l!ZlO

Analysis by item or category:

NASA Headquarters:

Minor repairs and alterations:

Antomotive ecniivment
- W bl W wdm 8 v\lv\*:.“vﬁﬁv.'.l.......'..'... ............ ® & 8 % ¢ 0 s ® o0

offiCe eq_'LIipment.-.-..-.--...........-.........-..-.........-.

Total, NASA HeadquarterSeieeeeeeesserscssonsnon

§25012!100

§25060!OOO

&1 NN
W.LVV

9,900

ilO!OOO



F. Y, 1959 F.Y. 1960 F.Y. 1961
Langley Center:
Major repairs and alterations:
Alterations to building to provide office space for -

Goddard Space TasK GIOUD.ssseccesescasessssosossssssoanrscnsee $103, 45k $102, 200 -
Modification of transport aireraft....... ceiereseasesessessennns 198, 7ko - -
Maintenance of groundS......... 56,706 60,000 $60,000
Maintenance of buildings, structures, and parking lots..seeecee.. -—— 75,500 75,500
Replacement of hot-water pipe line in West aresiceecceescccceass - 28,300 ———
Construction of Mach 15 helium jetee.ieeieieenecesoacersesesssnas -—— SM,hOO -
Construction of Mach 13 ceramic-heated jet and velocity

COMPUL T s e v sevoscososocasecssssssssesssassesssssasssassssssss - 25,800 -—
Construction of 20-mm 1ight-ga85 ElNecceeeseerestoscosssosconssase - 43,500 ——
Replacement of main drive shaft couplings of the

Unitary Plan tunnel..oceesvssecocescosssscasssossscasoscsssnce - -— 80,500
Modifications to equipment to develop instrumentation

for interplanetary orbiting vehicles..veeecreeacecesscrencncns -—- - 75,000
Improvements to radar equipment” for detecting cbjects

during atmospheric reentry.ceccccoceeessenrorscsscrccssasonsssse --- ——— 100,000
Installation of equipment for developing airborne detectors

for guidance of intercepter missileS.ceceesvessccceresccscsnsa - ——— 100,000
Modifications to equipment tc provide measuring devices

for reentry heating and thermal radiation.......ccccecicannns - - 152,000
Installation of equipment for heab-transfer oblation studies.... -—- -——— 120,000

Mlinor repalrs and alterations:

Automotive equipment and aircraft....ivcicececsccossasosssonsancs 2,366 2,500 2,500
Builldings, facilities, and groundS.e..seesevecsse teecrasetessns 145,890 80, 500 100,000
Instruments and research nqnﬂpment ...... e s emsvssresvuseoee e 49,993 L?«’J,OOO 50,000
Q'hn'n and offica equi}\-_ment_..__ e et ee e ae s eaias 21)06"7 99 '—1(‘30 - 22’500
Utillty installations and prooe<s sysbemq cecssrcscasseasaioses 19, 443 202000 20,000

Total, Langley Center..vscsscecoscoceascconcacaosacoas §22Z2622 §262!2OO $958, 000
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Ames Center:

Major repsirs and alterations:

Modification tc the 1- by 3-foot supersonic tunnel to

increase speed range. Ceeeescsasevetesevessstasacannanns soes
Alterations te the 7- by 9 foot supersonic tunnel to
increase window area in side walls of tunnel.. ceesacsaenans

Modernization of lighting equipment in shop areas........,......
Improvements to the power supply in various facilities to

permit use of advanced-type instrumentation.....eecieesscenaens
Painting exterior of the Unitary Plan tumnel.....vieceseencassaa
Alterations to the 6-foot supersonic tunnel auxiliary air

system to provide additional vacuum capacity.eee.cs.. cececeesns
Modifications to the supersonic free-flight tunnel

diffuser to permit use of larger air ZUNS.eeeeicescsssscassses
Installation of air conditioning equipment in the

Unitary Plan tunnel control rOOMS.eseccssscosecscsccsossacsans
Alterstions to the supersonic free-flight tunnel to

provide additional shop space.s..eo... tieseeesscesscresssasnans
Installation of a high-pressure air and helium

distribution SystemMee.scecivrosoecsascesensossnsoncasssssocscana
Erection of a prefabricated buililding for stOring of

military supplies and equipmente.......... soccesecsseanns .
Modification of the hypervelocity ballistic range to

increase test capabilities.esiceerccersccscercacscssassasoscsans
Alterations to the airplane hangar No. 2 to provide

heating facilitieS.iececcssocas cccasascreasaesscsasesosesesemno
Repairs to the fan blades of the 40- by 80-foct tunnel.....,,...

| T C RN Pt I ] o Vde amande f e~

LIV - QL L Gl DLVCLGU.LULID
Automotive equipment and aircraft.....ciiveiovsoanecosocacasnsea
Building, facilities, and grounds........ seesiessaseeseccscasesa

F.Y. 195  F.¥, 1960 F.Y. 1961
$52, 144 —— —
--- $80,000 —

--- 60,000 —

--- 60,000 —

--- 50,000 -—

- 48,000 —

--- 30,000 ——

- 29,500 -

-—— 25,000 -

--- --- $128,000

--- —— 80,000

-—- --- 175,000

--- - 157,000

--- - 85,000
1,368 1,000 1,000
34,301 50, 00C 6,000
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Ames Center (continued):

Minor repairs and alterations (continued):

Instruments and research equipment.....ceeeeeeeeecas.
Shop and office equipmente.esce...

eeas e s a0 ssr0e e

Utility installations and process systemB.cvesscveocrsorarsnass

Total, .AmeS Centerloonooooooroloooo'.lototo-..ooolt.

lewls Center:

Major repailrs an§ alterations:

Installation of contaimment vessel for liquid

flourine rocket propellant test rigeeceecccrseerstnscsnescenna
Installation of computing equipment.....cceevececces
Maintenance of roads, walks, and parking lotSBee.ceveserocesonns

Painting of buildings and structures....
Maintenance of groundS.cesecesss

LRI BCEE U R B BE JE IR I IR BUBE BE I 3 I I Y

Modification to research apparatus for fuel element

experiments....

LRI RIS R B U T R I IR S I IR I I ]

®Se0 e s 000

Repairs to the 8- by 6-foot supersonic tunnel exhauster........
Alterations to the 2h-foot valve at the Unitary Plan tunnel....
Modifications to rocket vehicles for research on

space landing maneuvers.....

Modifications to B-57 aircraft for propulsion

research in Zero MmaneuUverSB..cscccicsessesssssessssnes
Renovation to bullding at Plum Brook.e.eseeeecseccass

Installation of transient data playback equipment...

T“a+n'|1n+-|n“ n-F' +'vu:v-u:4nv\+ Adn

Ak 13 W Gk LG U J S & CAlliD
TrotanlTlakdAan AF Armie
whded b AP Sttt e, Gt 4 e N ke N ke ot

-

solid propellants.....

ey et A
1gtdoan funnal '~
[ Nt gelen N

dats csgble.

e 0080t R PRI NN RBRLOICOCCECCOOERNTPONTYS

es 000000

-----------

LA I I B A BN 4

Alterations to the 10-foot supersonic tunnel for research on
problems of take-off and landing of rocket powered vehicles..

F.Y. 1959 Y, 1960  F.Y, 1961

$20,848 $25,000 $30,000

6,249 10,000 10,000

45,922 40,000 _gnggg
160,832 08,500 $766,000
$29,5k2 --- ---
50,800 --- _—

9,825 $43,000 $40,000

7,564 25,000 25,000

2k, 971 33,000 33,000
——— 25,000 -

--- 28,000 -

——- 25,000 -—-

- 28,000 -

——— 50,000 -

——— 30,000 ———

::: hslgég :::

— _ie 70,000

-a- - 35,000
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Iewis Center (continued):

Major repairs and alteraticns (continued):

Installation of equipment for liquid propellant
pressurization researchic.ec.vse

Modifications to test rig for research on gas generator

»e 08 s s s B0 ePI 0 OO0

and heat exchanger systems for space vehicleS..eoevveess

Modification of equipment for research on liquid
hydrogen liquid oxygen flow systemS...ceoeeveesvonss

Installation of test facility for studies on scale
effects of liquid hydrogen fuel tankS.seece.veveecsnses

Minor repairs and alterations:

Automotive equipment and aircraft.seceeccsosseesss
Buildings, facilities; and grounds......
Instruments and research equipment...
Shop and office equipment....vvves. teeeseasens
Utility installations and process systems..

e s 88042000000

s e v e DI I
e 09 0 000000

Total, Lewis Center.....

Flight Center:

Major repairs and alterations:

Extension of flight line ramp........ seevsssecsscnne ceeca

Minor repairs and alterations:

Autoamntive nmnmpnf and aireraft. ... ...
Buildings, facill+1es, and grounds ereans
Instruments and research eguipment.. ceecesrasereesns
Shop and office equipment....,...,a..,.

ce s 08 oo

cse0Daessse e s

4088 P eeRCaR s OB EPOO0D A8 DS

ea 00020000000

F.Y. 1959 F.Y. 1960 F.¥. 1961

s e -—— === $}+0,000

s 2aea ——— . B0,000
EEEREEERERN] —-——— - —— 60,000
chees _—- - 70,000
$269 $500 1,000

cenes 43,500 40,000 40,000
cors 76,412 90,500 100,000
ceenens 17,938 25,000 25,000
Ceenes 39,938 40,000 50,000
$300,759 ., $528,000 669,000

a o0 - $u0,000 -
e $3,212 1,000 $3,000
senae 29,875 32,000 15,000
seesase 38,860 . 11,000 25,000
seeo 3,927 1,500 4,000
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Flight Center (continued):

Minor repairs and alteratidns (continued):

Utility installations and process systems.
Total, Flight Center...........

Goddard Center:

Major repairs and alterations:

=
rd

LR N I B N A I IR B A RN N SN 3

$18,519

$94, 493

LRI N B A I R O I AT U A Y I

Alterations to powerplant building at Langley Center to
provide additional space for Goddard Space Task GroUPececece.s: ————
Alterations to Vanguard hangar at Atlantic Missile Range

to provide space for Project Mercury space groupses....

Construction of electrical substation....
Erection of security fence.c..esveeececese

Minor repairs and alterations:

Buildings, facilities, and grounds..........

Instruments and research equipment........
Shop and office equipment........ cecenannn

Total, Goddard Center.........

Wallops Station:

Major repairs and alterations:

Maintenance o

Maintenance of b

oy
o 3

adar tracking equirment

C R e e

buildings and groundSa. ¢ .«

Minor repairs and alterations:

Automotive equipment and aircraft.........

o000 e

cses 00 ——
s e s s s e 0e0 s s

S 08300 0000000000000 ——

$57,800
40,000

10,000

* 800 ce 000

b7 105
FEA g 2

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

4,580

ilOZ!8OO

¢3£ nnN

ISR

70 500

5,000

$150,000
240,000
25,000

180,000
2,000

3,000

§6oo!ooo

€24 nNN

0,000

5,000
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F. Y. 1959
Wallops Station (continued):
Minor repairs and alterations (continued):
Buildings, facilities, and groundS..seccseeessssocsescsscananao $18,043
Instruments and research equipment..... Crreesrarerac et 808
Shop and office equipment...cvieecvsrecenrssesseeosnsesasnsnanaanse 2;2
Utility installations and process SystemSe.s:cesceesceonesosnss 8,040
Total, Wallops StatioNeeeeetoecerocecerccsoasssnsans §28!818
NASA Huntsville:
Major repairs and alterations:
Modification of the aeroballistics building.....eeviievcecniens ---
Modification of builldings to provide additional office space... -
AJ.tErations Of the mOCk-uP -buildingoo--oooo-o-c-oo.oooo-oucnlcc _—
MOdificatiOD. Of the phOtOgI‘EIPhiC laboratory. 4 06000 4880 A88 8088 -
Modification of the vehicle maintenance bullding.e.ceoececscsas -
Modification of the equipment maintenance building.scesceosases -
Minor repairs and alterstions:
Automotive equipment and aircraft..ccceveceosccescesoscaccnsenaa -
Buildings, faCilitieS, a.nd. grou.nds-ooc-o-ocn-ooco'nvocoooncoc-c -~ ——
Instruments and researCh eq_u:i.'pment..-....-......-.....oe....-.. -
ShOP aIld. Office equj.'pm.ent.-..‘-...................o.-..--..-.... -
Utility installations and process SyStemSes.ececcasoscnscscanas -
Matnl NMACQA Thiwmadtarwd 1T~ -
bl Vldde g ANSAIL MHLAD VO Y LA LT e 0 0 00 0000080080000 062080e3003060
Western Office:
Minor repairs and alterations:
Building MAIntenanceee e ssssrserossssassssesssassssssssssssnass $1,006

$66,000 $68,000
1,000 1,000
1,000 1,000
10,000 10,000

189,500 ilgl‘OOO

——- $120,000
--- 120,000
-—-- 90,000 |
- 60,000 |
- 50,000 |
--- 40,000
—_— 80,000
- 700,000
- 400,000
_— 40,000
- 100,000

$10, 100 $5,500



J el e J.j;g F Lo J‘.leG F.q,. 1901
Western Office (comtinued):
Minor repairs and alterstions (continued):
Office equizmentee:veee venrennenanns toesecaseniasonsacasasncanns 142 $500 $500

Total, Western Office.c..viscronicnsscscnssssncnnass $1,148 $10, 600 $6,000

Wright Office:

Minor repairs and slterations:

Automotive eqQUIPHENt . it iveterceinrentecesesennrsnoorssssnnsse ié ——— ——-

Total, repairs and alterations..ce.veiececes §l!221!ZlO igEOlQ!lOO §2!O60!OOO
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NATTONAT, AERONAUTICS AND SPACE ADMTINISTRATION

FISCAL YEAR 1961 ESTIMATES

MISCELLANEQUS SERVICES

F.Y. 1959 F.Y. 1960 F.Y. 1961
Selaries Research Research Research
, and and and and
Analysis by location: Expenses Development Total Development Development
NASA HeadquarterSeceseeseccecssanscsncnn. $287,650 $20,000 $307,650 $469,000 $570,000
Langley Centericevsecesscrocnsseaesoscana 77,159 152,977 230,136 228,000 246,000
Ameﬂ Center.-.--....o-.................. 12)‘*',306 ——— 12)4',306 240,500 252,000
Tewls Center.e.oeeecteesescaerssanncnnas 219,735 -— 219,735 467,000 700,000
Flight Center.eeuueeeserseeceoseesaonsns 31,151 1,885 33,036 40,000 85,000
G0ddard Centere..veceseesecnsacsasessans 2,332 2,129 L L6l 50,000 131,000
Wa.llO‘pS Station-.............-.-..--.... : 9,535 —— 9,535 20,000 )‘*'2,000
NASA mmtSVille...--..........-....--... - —-———— .- ——— _—— 5)370,000
Western OffiCEeeeeerveeecensaronnossnnes 1,746 - 1,746 7,900 7,000
TotBlesossovancanecsonnseans $753,614 $176,991 $930,605  $1,522,400 $7, 403,000
Anglysis by item or category:

NASA Headquarters:
Abstr&Cting SeI'ViceS..-....'....-...-.o..........-o-o. ev e s - $T5)OOO $75,000
Buillding Maintenance.ee . oeevesvescsescsassscsssassssenssasannsse $3,554 5,000 5,000
Consultants and management SUIVEYS...eeceosasscesssass seesaes 88,358 20,000 20,000
Exhibits for public information.....e.oeeecessscsocensens ceenees 4,340 50,000 50,000
Graphic and related art SEIVICES..e.ceescocioscecsesssasnocosss 61,557 100,000 100,000
Microfiiming services...... i cecrcsesenss - -—— 30,000
Miscellaneous IHemS..coveuencennosnnrsncnssssosancannans caaeaanns 1k,567 20,000 10,000
Photographic and film processing ServiCeS.ec.ieeececsccacsonesas 58, 426 100,000 120,000
Recruiting advertisingees eevreeereosensssenecsceceoncssnncneses 40,481 39,000 100,000
Translations of foreign periodicals....eceeeeseercesscsoseassons 36,367 60,000 60,000
Total, NASA HeadqUarterSeeesesseescesearacasscssansans $307,650 $469,000 $570,000
il
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Langley Center:

Cleaning and laundering S€rviceS.:iseseves
Consulting BErViCeS.seercotesssesseesesssosssnsnssnossssascassas
Graduate study tuition............ Ceeessseesrsesaoebto st bsass s
Hire of motor vehicleS.ceencverorossososasconaconns sesasasascaee
Machine shop and metal fabrication sericesS.cieeccececessocsasvas
Photographic and film processing servicesS...eevesees
Recruiting advertisingeeeesecseesverresennes ceses
Rigging and carting ServicCeSeecsscecsrscsscosesressessocseoasenss

S ee e 003 csBerIetert e

e ve e v

e0e s s e e

Total, Langley Center..cciv.versecsscncsscensssanecnca
Ames Center:

Cleaning and laundering ServiCeBecescsceersccsscersccosencscnsanse
Consulting and engineering ServicCeS.ceiceeescecossrenctcsscesaose
Graduate study tultione.. cesceeeniscesinonecravnrasssconsscanes
Hire of motor vehlCleS.eeveessestctereerccsscsnssossescescoscsasscss
Machine shop and metal fabricgtion services....
Medlcal ServiceSeee icsrserseesaneaocnnrsossssasnecossaassascsonsa
Photographic and film processing servicesS.eeieeesceresssresesnss
Recruiting advertisingeceeceecerecestvsoccesessosscosssscoesenaas
Rigging and carting ServicCeS.eesececcsscroossssscssssssssecnnsccs
Technical services for maintenance of computing machines........

o9 693600 cas et NS

Total, Ames Center.......

63008 B0000c00ePeDO2eeeIS e

Lewlis Center:

Cleaning and laundering 8ervicCeS..cesececccsscescsoscacssccasesna
Consulting and engineering serviceS.ceiiesesneiessacesoosesoseas
Gas cylinder refiliing CRABIEES.scssrecrsesstscssssosssncancosossos
Graduate study tuition.....cccvecicreecresocnnrcrscrssasscsencaces
Machine shop and metal fabrication serviceS.sevesceess. cercsensa
Medical serviceS.ciecicescss sessteceseseacasssesena
Miscellaneous itemSeececessnoosscass

BN EEEE R NEEREAE RN ]

9 0 0000 B0 PR R COCES EECOEOESINIES

F.Y. 1960

$10,650 $11,000
67,856 40,000
13,275 40,000
25,349 26,000
83,932 80,000
17,909 20,000

3,048 3,000

8,117 8,000

$3,289
10,906
12,545
786
17,893
Lk
9,537
L48
14,899

53,589

$124,306

$2,787
21,965
3,202
14,460
135,127
17,880

7,170

§228!OOO

$5,000
50,500
26,000
1,500
25,000
25,000
22,000
500
30,000

22,000

240,500

SO e

$11,000
42,000
43,000
26,000
90,000
23,000
3,000
8,000

§2A6!ooo

$9,000
55,000
30,000

2,000
30,000
35,000
30,000

1,000

-

60,000

§222!000

$30,000
30,000
3,000
15,000
460,000
20,000
6,000

-
[p %)



Lewis Center (continued):

Photographic and film processing services........

Pnrs'r'n* +4 ng advartd od ne

AT e W emtwomAM[}Y ¥ T T v ® W E YU ®SU TYEPEWEDPOOTIPOO WPV EINONOCEBEN

Removal and disposal of radioactive waste materials........

Testing and analysis services.......

Total, Lewis Center......

FPlight Center:

Janitorial services.....

Machine shop and metal fabrication services....

Miscellaneous items....

Total, Flight Center...

Goddard Center:

Cleaning and laundering services.,..
Consulting and engineering services....
Exterminating services........

Graduate study tuition..

Medical services....

ss 000 00

s 00000

Hire of motor vehicles.......
Machine shop and metal fabrication services...

e s 0520 00

9 e 00 o0

d0ecos e e

Photographic and film processing services......

LI SR B Y

o0 09 s 0000

o s s 0000

3400

LI

ce oo ss 0es 00

Photographic and film processing services.......

Rigging and carting services

Total,

Wallops Station:

Consulting and engineering services..

Exterminating services...
Graduate study tuition..

LRI SNy

©cceeeod o e

e 0000088
40 ss 000300
e s 0006308

e 003080800

e et = R = A - I I I I A I I I I IR B A L R S )

LY

862060808000

s 00

298 60

F.Y. 1959 F.Y. 1940 F.Y. 1961

$3,780 $4,000 $4,000

1,177 Mo ele; 2,000

ceee 2,000 16,000 120,000
ceee 10,187 10,000 | 10;099
ces $219,735 67,000 $700,000
ceeo $26,000 $26,000 $26,000
.. 3,291 10,000 55,000
ceee 1,970 100 100
.o L7715 3,900 | 3,900
coes §§§!o§6 gho!ooo ggggooo
e e -——— - ——— $lo,ooo
Y . o-—— ———— lo,ooo
L) - - l,ooo
e - $5,000 10,000
L) - - 15,000
cees $h, 461 30,000 35,000
» o - - 2,000
ces -— 3,000
ces —- 15,000 45,000
§4!u61 ggo!ooo §131!ooo

cens $339 $500 $500
cees 240 300 300
coee 1,450 1,500 1,500

by

(G)

;.
H



Wallops Station (continued):

Hire of motor vehlicleS.veccesess
Machine shop and metal fahricgtion cervices. .|

Total, Wallops Station.seveceses.

NASA Hunstsville:

s e 0808

Sse a0 o

*® 882008080 00080

Photographic and film processing ServiceS.vece.vseensss
Rigging and carting services....

Contractual operation of computing center...ieieeeesssesecesenocss

Plant and vehicle maintenance..

Consulting and engineering ServiceS.ceseeecescscocccsosscooss

Photographic serviceS.ieveeeses
Modification to buildings.e....

Hire of motor vehicles.....
Janitorial serviceSe.seseecerase
Graduate study leave tuition..

Total, NASA Huntsville,..

Western Office:

Rental of motor vehicle........
Engineering serviceS.seececeess
Janitorial serviceS.ieeeccecess
Recruiting advertisingee.ceese.
Photographic services......

“c s 00 s e

CRCRE BN BN )

LRSI I Y

" 600000000008

Machine shop and metal fabrication services....

Ses 098000000 0

LU I I )

5 2000000000000 00 00 e00tRNtsRs0S

e s s s 0080000

s s e0 s 0008000

s 0000

20800009000

S 4 3 22000900 R00EENLL0NSLOGLCGCIOEEONEBBOENS

es v 00 o0 o

LI LRCIY . "o LECIC N
e 90000 0 L] se 80 s
s 020 00 s 000 se e s s 00

Miscellaneous ServViCeS.eiccescsasesacaceasescasaatacaasnnansncannena

‘Total, Western Office..........

TOTAL, MISCELLANEOUS SERVICES..eeceeeeecccsses

€1 =11
Ty 7

$930, 605

$2,6oo,ooo{
1, 400, 000¢

300,000}
260,000}
250,000 |
240,000
170,000 °
100,000 -
50,000

$1,000
2,100
1,600
2,700
500

gzggoo
$1,522,400

0,000

$2,100
1,000
3,400
500

§Z!ooo
$7,403,000

oy



NATTONAT. AERONAIFPTCS AND SPACE ADMTNTSTRATTON
FISCAL YEAR 1961 ESTIMATES

SERVICES PERFORMED BY OTHER GOVERNMENT AGENCIES

F.Y. 1959 F.Y. 1960 F.Y. 1961
Selaries  Research Research Research
, and and ‘ and and
Anelysis by locations: Expenses Development Total Development Development
NASA HeadquarterS.ceecsccscscoesnsssosns $259, 314 $12,000 $271,314 $580,000 $620,000
Langley Centerse.seeesosecssssenenoncnns 82,997 - 82,997 82,000 138,000
-Ames Cen’teru_...--.--.-...-....-....-..-. 8,165 - 8,165 18,000 107,000
Iewis Center..ceeeieersscsisnnnsocccnsns 3,336 -——- 3,336 5,000 5,000
Flight Cen'ter...'...-....-....-......... 861 - 861 2,500 )'{',OOO
G‘Od.d&rd Cen’ter.......-......-.......o-.. ——— ——— - —— 1,807,000 1,600,000
WallO'pS S'ta.'tion..o-..---...-..........-. )'{'12 -—— )'"]2 61,500 2,000
NASA Huntsville. .o eereeasereassonscnas - == -—= - 9]
TOtALe conevvencnnanscnnnnnen $355,085 $12,000  $367,085  $2,556,000 079,000
Analysis by agency and type of service:
Atomic Energy Commission:
CONSULLING SEIVIiCEBuaeeesioroesestoasssssscsssccasosnsscsconsss $900 $2,000 $2,000
Department of Agriculture:
Maintenance of roads and GroundS.e.esescscescseoecascocoennos ——- ——— $20,000
Department of Commerce:
Bureau of Standards:
Research servicesS.e.eiieciaiss. esecsesccscnsecoa cesoencossa 111,317 -—- —-——
Calibration of instruments....... cieans cescesciceeccsscesaans 1,718 2,500 2,500
Patent Board.....icviiaeiaeiaiiiorinoeranacnnnannannan teeseens 2,700 3,000 3,000
Weather Bureeu:
Measurements and forecastS......... Checeaeaatecacasseroatenens - 60,000 ---

127



Analysis by egency and type of service: F.Y. 1959 F.Y. 1960 F.Y. 1961

Department of Defense:
Air Force:

Contract administration serviceS.iseisviaccsass fecerecceaseannn - $210,000 $240, 000

Machine shop and metal fabrication serviceS.e.eccvececessssos $u26 1,800 3,300

TeChIliCB.l SeI'ViCeS...-."-.....................-.u..e,a..u..... 2,767 3,200 3,200

Contract administration and auditing serviceS.....eceveecnces 1,975 84,500 107,000

TeChnlcal SEIViCES...eeecestocesrosoaosssssasosssosssnsocsoases 3,306 1,500 1,500

Tenant occupancy overhead charges (Huntsville)...ceeeeeevecess - -—- 2,603,000
Navy:

Contract administration and auditing services.....eescieecess - 107,500 155,000

Machine shop and metal fabrication serviceS.cecccescncasoccas 69,578 70,000 150,000

Research SerViceS...-...................-.................... 15,000 30’000 ——

TechnicCal BEYVIiCES. e tvereeeeersasnnosssoesatsssessssonnsssss 1,438 2,500 3,000

Tenant occupancy overhead charges (Goddard).sseeceessoesssoes 6,802 1,813,500 1,336,500

Tenant occupancy overhead charges (AmeB)eeececccvenssocresans 7,402 16,000 101,000
Department of Health, Education, and Welfare:

MediCal serViCes'.l.l.'......l..’.o..e....l.l'..ﬁv'..l.ll.... 1,6)"'2 5’000 15’000
Department of the Treasury:

Bureau of Engraving:

TGChnical SeI'ViceS...........-..................eu......... l,83l - -

General Services Administration:

Bullding maintenanCe. e vets sasscssosronssosnscsanseoassanas 101,063 60,000 60,000

Guard and Janitorial serviceS.s.cececceascracccan eocsescsssns - 30,000 250,000

Technlcal ServiCeS.iccevecsecssssronsncossscssoscssasasassona 3,170 3,000 3,000
National Science Foundation:

Regegrch BerviceS,uiuiecsasscosossvovsssasssarssscasensossnaceso 22,050 5G, 000 20,000

U. 8. Information Center:
Preparation of foreign brochure..coccsesscssccavccccsasssssas 12,000 -—— -

TOTALeeecoevocnocscnsnsnsno $367,085 §§!226!OOO 079,000

N>
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

08 SUPPLIES AND MATERTALS

F.Y. 1959 F.Y. 1960 F.Y. 1961
Salaries Research Research Research
and and and and
Expenses  Development Total Development  Development
Analysis by location:

NASA Headgquarters....... coseses $191,115 $20,661 $211,776 $240,000 $320,000
Langley Centers.vscecoeseseses . 2,385,304 176,782 2,562,086 3,224,500 5,610,000
Ames Center...... Ceieeecaceenan 1,177,031 - 1,177,031 1,500,000 1,500,000
Lewis Center..cesececs.. ceenes 1,994,105 187,656 2,181,761 2,800,000 4,000,000
Flight Center........ ceeeroeas 297,161 2,705 299,866 250,000 400,000
Goddard Centers.esseerscasonnes ——— 25,257 25,257 210,000 1,227,000
Wallops Station..ceeeeesssa. ves 467,789 -_— 467,789 405,000 540,000
NASA Huntsville...oveveessnanns - - - -—- 4,000,000
Western Office........... ceeans 1,352 - 1,352 4,500 6,000
AMRO Office......... i eveeaaen 125 - 125 2,000 3,000
PMRO Office.......... Cereecanes - - — —-- 1,000
Wright Office...ceeeivecuenanss 10 - 10 --- -—-
Totale.esssess creeen $6,513,992 $u13,061  $6,927,053  $8,636,000  $17,607,000

p—a
N



F.Y. 1959 F.Y. 1960 Y. 10A1

Analysis of transactions:

Procured from appropriated funds:

Inventory, close of fiscal year......... ceseceonsens .o $2, 409,710
Inventory adjustments.......... P yossonroarnaa esesonsas 101,132 ‘
Inventory, start of fiscal yearéfeoo,, ......... cecosas 2,308,578 $2,3;7,4l3 $2,310,642
On order, not received, start of fiscal yeaZ.......... 1,752,905 1,142,166 1,147,000
Net adjustments..cocoocecocaccooconcnocass ceoscsccecanse 188,245 204,000 204,000
TOtal ObligAEIONS .« soroonrenonsonooconcnocesosnnnnnn.. 6,927,053 8,685,905 17,607,000
Total available fOr USBEZE....coccoooooccessss 11,176,781  12,3h9,48L 21,268,642
Less inventory, end of fiscal yearl/.“.,,,,.m,,m° 2,317,413 2,310,642 3,030,642
Less on order not received, end of fiscal year........ 1,142,166 1,1k7,000 1,307,000
' Total usage....... e esacsecaacaneoaaonnnas $7,717,202  $8,891,842 $16,931,000

Acquired without reimbursement:

Inventory, start of fiscal year.......ooveveeeevresno. $105,101 $58,2L3 $50,000
On order, not received, start of fiscal year..... coons 43,940 8,230 12,540
Inventory adjustments.......os0...., ccocssoccocaanosasea -3,232 _—— 7 ———
Total acquired s coceescesonneososonss tesesecsonnsnnss 2,328,783 1,557,000 1,637,000

Total available fOr USAZE..svoesreoccnn. ceose 2,7k, 592 1,623,471 1,699,540
Less inventory, end of fiscal year........ seocescene oo 58,241 50,000 50,000
Less on order not received, end of fiscal year........ 8,230 12,540 12,540

Total usage......... coeereenareanas beerecnaon $2,408,121  $1,560,931  $1,637,000

1/
—~ Does not include figures for NASA Huntsville Facility.



Fiscal Year 1959

(actual):

Headquarters..
langley...oose
AmesS.ceoceenen
LewliSeeecooans
Flight.eeooens
Goddarde.esses
WallopSeeeaes.
Western..a.....
AMROO. oeavenn
Wright..eeveeo

TOTALO.Q..O.

Fiscal Year 1960

(estimated):

Headquarters..
Langley.......
Ames..eeseenns
Tewis.ceeeone.

WallopSesoosss
Western.......

AMROO.ccevesse

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

USAGE OF SUPPLIIES AND MATERTAILS

Maiube=- Medical, Fueis and lubricants
Plant nance and Office Report  security Rocket
Fabri- oper- improve- oper- repro- and propel- All

cation ations ments gtions duction  safety iants other Total
- - - $223,834 ——— o cme o $223,834
$1,013,851 $697,852 $748,843 102,932 $125,000  $i5,052 451,165 $257,04k 3,011,739
413,454 2k9, 587 155,500 117,176 39,100 12, 244 - 123,215 1,110,276
737,11k 829,252 122,67k 70,549 30,152 17,563 105,886 104,376 2,017,566
83,661 106,242 L0, 308 11, by 2,243 937 2,850 L 752 292, 4o
- ~== m—— 25,257 ~=m === —e= —— 25,257
38,799 64,388 46,996 k,253 - 1,293 818,395 60,479 1,034,603
--- -=- - 1,352 —e= - - - 1,352
-— - ——- 125 - - — o 125
- - - 10 —_ e e - .o 10
$2,286,879 $1,947,321 $1,114,321 $556,935 $196,L95  $47,080  $978,206 $589,866 $7,717,202
--- --- ---  $2L7,077 —e o S me- e $2L7,077
$1,003,675 $679,909 $729,945 100,073 $120,676  $14,717 $458,037 $24L,;296 3,351,328
468,000 344,000 217,000 120,821 L2 ,000 16,000 150,000 125,00¢ 1,480,821
650,000 750,000 113,176 80,000 30,000 20,000 1,00C,00C 200,000 2,843,176
71,000 70,000 30,000 12,000 o, 500 1,000 5G, 000 23,196 259,696
110,000 — --- 101,093 —— ——- . —— 211,093
120,000 100,000 105,651 15,000 —_— 3,000 30,00C 120,000 493,651
-=- — - 3,000 - - ——— “e- 3,000
-— ~-- - 2,000 .- - - —-- 2,000
$2,420,675 $1,943,909 $1,195,772 $681,064 $193,176  $54,717 $1,688,037 $712,492 $8,891,8L2



USAGE OF SUPPLIES AND MATERIAIS ~ CONTTINUED

Mainte- Medical, Fusis and lubricants
Plant nance and  Office Report security  Rocker
Fabri- oper- improve-~ oper repro- &nd propei- A1%
cation gtiong ment. s ationg quction ssfety lants other Lotad.
Fiscal Year 1961
(estimated):
Headquarters... - == $320,000 e - .- ——- $320,000
langley.eoccooco $2, 1&19533 $719,103  $772,02L 105,842 $127,633 $15,565 $1,382,921 $258,379 5,523,000
AMES.eocnocones LaQ, 000 3Lk, 000 210,00 120,000 LG,000 16,000 160,000 130,000 1,480,000
LewiSseecoesons 900,000 1,000,00C 160,000 80,000 35,000 25,000 1,700,000 200,000 4,100,000
Flighte.vooveee 80,000 80,00¢C 60 000 12,000 3,000 1,000 11,000 55,000 401.,000
Goddard.cc..o.. - 150,000 132,00@ 100,056 30,000 15,000 - 40,000 467,000
WallopS.eeeoess 50,000 150,000 166,000 20,000 wee L 000 30,000 210,000 630,000
NASA Huntsville 1,500,000 300,000 1,000,000 500,000  20¢,00C 20,000 330,000 150,000 4,000,000
Western. ... .. ——— R — 6,000 S —_— ——— ——— 6,000
AMROC. 0 cavonse - -—— - 3,000 oo - - - 3,000
PMROO: oo ssvcnns —oe - - 1,000 o o e —_— 1,000
TOIAL.sov.... $5,131,533 $2,743,103 $2,500,025 $1,267,8L2 $435,633 $96,5605 $3,7is,922 $i,043,379 $16,931,000

Definitions of Functionsl Headings

{jl

Fabrication - In-house construction of research models, resesrch set-ups, test vehicles, temporary installations,
instruments, and items of equipment.

Plant operations - Operation of all facilities, supporting shops, utility systems, motor vehiclies; and aircraft.

Maintenance and improvements - Maintenance, repair, alteration, or improvements tc land, buildings, structures,
facilities, equipment, rosds, utlLny systems, motor vehaoJes, and aircraft.

NPL£3 Lok vis oS ahel NLPLL o ot S el 3 AT A S e Asam £ 3 S e, war A et e s sk 3 A
1rice V_y\,a.cuua.uuc - V.A..L4.\.,c ag L.I_V.I_U.I_\.O} J_;L\._a..uu._a.ug_ \.u,uu,x..x.ur—'.y “La.‘ug,uq.‘]'g Q% LMW LAl v

work not included under "Report reproduction”.
Repcrt reproduction = Processing, duplicating, and distributing research reports.
Medical, security, and safety - Execution of health, security, and safety programs
Fuels and lubricante:

Rocket propellants - Solid and iiquid rocket propellants

A1d octher - Nuclear fuel elements an 11 a 1e)

PP ARG R lements an

(2;
4]



NATICNAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

09 EQUIFMENT

F.Y. 1959 F.Y. 1960 F.¥Y. 1961

Salariss  Research Research Research

and and and and

Anslysis by location: Expenses Development Total Development Development
NASA HeasdquarberSesoeesssosocesscossoos $311,855 $37,386 $349, 2L $150,000 $165,000
Langley Centeroccoocosssossossassossso 707,611 60,417 768,028 1,037,000 2,018,000
Ames Cembereocssscsosasasosssssasososse 1,024,215 -—- 1,024,215 1,330,000 1, 409,000
Lewls Centerosseoescooscssasscasssanas 1,019,887 -—- 1,019,887 2,280,000 3,500,000
Flight Centercecereoccososcscencacosans 185,820 56,972 202,792 32L ;000 384,000
Goddard Center.scoocsssocsssccssscsans 9L, k13 115,663 210,076 1,100,000 1., 498,000
Wallops Station.ee.ecsercessavaccossss 41,080 - 41,080 70, 000 125,000
NASA Huntsville..ouesesasesssnscoasnas - - - —— 2,755,000
Western OfficCeceiesscersssecscncsscos 17,526 - 17,526 22,000 15,000
AMRO OffiCCevcrcesnrnsesesosonsoscncas - —_— -— 3,000 4,000
PMRO OFffiCeustasacessosvaosacosasascan - --- -—— --- 3,000

Tot8l:eeesvassasescossasonoce §§ghozghoz §2§0§h§8 §§é6§2§8h2 §ég;16§ooo §112861;ooo

Analysis by class of equipment:

Replacement equipment...csccceasascsss $396,559 —— $396,559 $433,550  $2,68k,300
Recurring equipment..ceceecccocscncane 1,121,790 $665 1,122,455 1,820,350 2,847,850
New equitment..cceeeseeecesesnsaseceses 1,884,058 229,773 2,113,831 4,062,100 6,334,850

TObBLlesescocnasccscenssnnanse §§!h02!hoz gg;o!u§8 §§!6§2!8u2 §ég§16‘ooo §11§86z!ooo



Equipment acquired withoub reimbursement:

Atomic Energy CommissioNescscccccson

Department of Defense:
Alr FOrcesssoscessnscass

aseso0000080

AYTY.sosersosesscorsonsncancosassansocans

c 238200380000

0603080830800

38 ecea

ca a0 0

2 e

Co 00 8e0CeEIO s LIRS

Nauyocooabcoouoiocuoac-ooccoo.ooo.lon...l0055.;0603.@00060

O‘ther.oe'oeoon-ua.n.l.uoooonbo!sacnn.a'aocnasoaeulowooocasoo

Tota\l.goaononutoeauoe-..'oonno'o.!onveoono!ocro

LY

®

®

F.Y., 1960

F.Y. 1961

353
660, 570
709,070
12,239

A A
P gAY

2,571,000
160,000
12, 000

12,000

hnn AnA
PO g WAL

2,571,000
160,000
142,000

11,000

$6,75L.029

§§22162000

§§g2162000‘



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

REPLACEMENT EQUIFPMENT

F.Y. 1959 F.Y. 1960 _F.Y. 1961
Salaries  Research Research Research
and and and and

Analysis by location: Expenses Development Total Development Development
NASA HeadquarterS.ese-escecsocscsscas $61,110 - $61,110 $10, 000 $10,000
Langley Centerseeceeccccsssorsscccesas 84,095 _— 84,095 183, 300 185,000
Ames Centereecsesssscossoranaassenssce 179,473 ——- 179,473 136,850 207,400
Lewls Center.ve vseccssscessasccscss 33,772 --- 33,772 40,000 107,000
Flight Centeriecicsececesccsssssccons 33,363 - 33,363 30,000 40,000
Goddard Cenbersccecsesesecossascscses - - - 11, 400 21,900
Wallops Station.se.seeereesssssccocss 3,247 -— 3,247 22,000 47,000
NASA Buntsville.esessevsnsesoosascses —— -— - - 2,066,000
Western OFffiCEeeerscecsessrencasnnans 1,499 ——- 1,499 - -—-

POt Leseeeosarnsooscenannsos 22263222

$396,599

$433,050

§£!68h5200

-
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NATTONAL AERONAUTICS AND SPACE ADMINISTRA

FISCAL YEAR 1961 ESTIMATES

REPLACEMENT EQUIPMENT

TTON

p AR A |

Scilentific Automotive  Drafting
and Utility systems, Machine tools and other offices, and
research service, and and shop mobile reproduction
equipment safety equipment equipment equipment equipment Total
Fiscal Year 1959: '
NASA Headquarters.. - —_— ——e $1,500 $59,610 $61,110
Langley Center..... - $2,408 $9,845 16,896 5k ,946 8L ,095
Ames Center..... oo $45, 401 2,567 98,944 9,806 22,755 179,473
Lewis Centerccooces 1,449 1,462 2,043 17,6L9 11,169 33,772
Flight Center..... 9,854 6,310 75200 7,326 2,672 33,363
Goddard Center..... - - coen - e ——— ———
Wallops Station.... - - 735 2,000 512 3,2L7
Western Office..... ——— —— ——— 1,499 - 1,499
Totaleeeoosanse .o 6,70k $12, 747 $11.8,767 6,676 $151,665 $396,559
Fiscal Year 1960:
NASA Headquarters.. ——— — —e- ——- $10,000 $10,000
Langley Center..... - $2,000 $2,000 $64,300 115,000 183,300
Ames Center........ $80,000 2,500 30,000 2,800 21,550 136,850
Lewls Center....... 1,000 1,000 2,000 21,000 15,000 40,000
Flight Center..... . 10,000 7,000 8,000 4,000 1,000 30,000
Goddard Center..... — - ——— 11,400 S 11,400
Wallops Station.... - 3,000 4,500 12,500 2,000 22,000
Total..... ceaina $91,000 15,500 $46,500 $116,000 164,550 $433,550



Seientific Automotive Drafting

and Utility systems, Machine tocle and other  office; and
research service, and and shop mobile reproduction
equipment safety equipment equipment equipment equipment Tolal
Fiscal Year 1961:

NASA Headquarters.. - -—— - - $10,000 $10,000
Langley Center..... o $10,000 $20,00¢ $105,000 50,600 185,000
Ames Center........ $112,000 3,000 65,000 3,900 23,500 207 ,40G
Lewis Center..c:... 76,000 1,400 2,000 12,600 15,000 107,000
Flight Center...... 15,000 10,000 10,000 4,000 1,000 40,000
Goddard Center..... - - -——— 21,900 ——— 21,900
Wallops Station.... ——— 4,000 5,000 34,900 3,100 47,000
NASA Huntsville....1,737,000 = --- 329,000 == 2,066,000

Tot8leoersnonvans $1,940,000 $28,400 $431,000 $182,300 $102,600 $2,684,300



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Analysis by locsation:

FISCAL YEAR 1961 ESTIMATES

RECURRING EQUIPMENT

Langley Center..cacecicreencsorccnenss
Ames Ce!rter'.....-....'.l.‘.l.....'00
Lewis Centercciecciescsescccercncsacnss

Flight Centercecececscss

2900 e

GOdd.&rd Centercc.v.oo-.0‘.0!.00!-.0.0

Wallops Stationeecese.
NASA Hunstsville.es...

TOt&l...-o-..-.

s e 00 s ones

s 00 e

N N NN RN ERE N

__* F.Y. 1959 _F.Y. 1960 _F.Y. 1961
Salaries Research Research Research
and and and and

Expenses Development Total Development Development
$437,380 ---  $437,360 $482,700  $1,180,000
239,570 -— 239,570 280,000 300,000
372,891 ——— 372,891 470,000 525,000
57,880 - 57,880 65,000. 78,000
- $665 665 500, 650 305,850
14,069 - 14,069 22,000 46,000
$1,121,790 $665 31,122,455 $1,820,350 $2,847,850



Fiscal Year 1959:

Langley Center.....

Ames Center

Lewis Center...

I

e 3000

c o0 0

Flight Center......
Goddard Center.....
Wallops Staticn....

Fiscal Year 1960:

Langley Center.....

Ames Center

Lewis Center

ooooooo

Flight Center......
Goddard Center.....
Waliops Station....

Total.se.

¢ s

NATIONAL AERONAUTICS AND SPACE ADMINTSTRATION

Indicating and recording equipment

FISCAL YEAR 1961 ESTIMATES

RECURRING EQUIPMENT

Operating and testing equipment

Electrical Mechanical Photographic

Electrical Mechanical

and and and and and

electronic hydraulic optical electronic hydraulic Optical Tetal
$327,582 $5,970 $42,675 $58, 54 $495 $2,20k $437,38C
131,882 22,463 18,532 36,920 18,904 10,869 239,570
152,139 48,811 5,127 23,652 131,523 11,639 372,891
36,895 —== 75425 13,560 - cee 57,880
665 ——— ——— oo —-= —ow 665
oo 240 8,565 5,264 —o - 14,069
649,16 $77, 1484 $82,32L 5137, 850 150,922 $ob,712  $1,122,h55
$369,700 $9,000 $20,000 $80,000 $1,000 $3,000 $L82,700
150,000 25,000 25,000 40,000 25,000 15,000 280,000
200,000 60,000 5,000 30,000 160,000 15,000 470,000
40,000 3,000 8,000 14,000 S -—— 65,000
465,650 S~ 35,000 — - - 500,650
14,000 500 10,000 6,500 500 500 22,000
31,229,350 397,500 $103,000 $170,500 $186,500  $33,500 $1,820,350

| S



Indicating and recording equipment Uperating and testing equipment
Electrical Mechanical Photographic  Electrical Mechanical
and and and and and
electronic hydraulic optical eiectronic hydrauliic Optical Total
Fiscal Year 1961:
Langley Center.... $836,000 $10,000 $110,000 $220,000 $1,000 $3,000 $1,180,000
Ames Center....... 150,000 25,000 25,000 50,00C¢ 25,000 25,000 300,000
Lewis Center...... 250,000 60,000 5,000 30,000 160,000 20,000 525,000
Flight Center..... 47,000 5,000 8,000 18,000 - = 78,000
Goddard Center.... 285,850 -—-- 20,000 e - o 305,850
Wallops Station... 6,000 1,000 28,000 9,000 1,500 1,000 46,000
NASA Buntsville... 223,000 35,000 ... .40,000 ... 80,000 . .. 15,000 . 20,000 . _ 413,000
Totaloe:veecsosos $1,797,850  $136,000 $236,000 $407,000 $202,000  $69,000 $2,847,850




NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

NEW EQUIPMENT

F.Y. 1959 F.Y. 1960 F.Y. 1961
Salaries Research Research Regearch
and and and and

Analysis by location: Expenses Development Total Development Development
NASA HeadqUartersS..eececscceosascncnns $250,745 $37,386 $288,131 $140,000 $155, 000
Lengley Center.ccsusseeesscesonersnnns 186,136 60,417 246,553 371,000 653,000
Ames Center....overiessscsnsecsasnccons 605,172 -— 605,172 913,150 892, 600
Lewls Center.ccceeesiesincsoeraenconns 613,224 - 613,22k 1,770,000 2,868,000
Flight Centerse.sceiceececscscconenanns ok, 577 16,972 111,549 229,000 266,000
Goddard Center.cevessvesescossoonvesss 9L, 413 114,998 209,411 587,950 1,170,250
Wallops Station..eiiecessesecensoncnes 23,764 -—- 23,76k 26,000 32,000
NASA Huntsville.easiseeessasscscaaosss ——- —- —_— - 276,000
Western Of fiC@eeeeeveeercccscanannnons 16,027 - 16,027 22,000 15,000
AMRO OffiC€uuterevscrencsocssocsccanas -—- -—- --- 3,000 4,000
PMRO Offic€is.ceencaneccncannaos ceoees - - ——- --- 3,000
- . $1,884,058 $229,773 $2,113,831  $4,062,100  $6,334,850



Fiscal Year 1959:

NASA Headquarters..
Langley Center.....
Ames Center.csccsos
Lewis Center...c...
Flight Center......
Goddard Center...-.
Wallops Station....
Western Office.....

Fiscal Year 1960:

NASA Headquarters..
Langley Center.....
Ames Center........
Lewis Center.......
Flight Center......
(joddard Center.....
Wallops Station....
Western Office.....

AMRO4.veveoonens cee

TOLALe e eesvnnnense

NATIONAL AFERONAUTICS AND SPACE ADMINISTRATION

Scientific
and

FISCAL YEAR 1961 ESTIMATES

NEW EQUIPMENT

Utility systems,

Machine tools

Automotive

and other

Drafting

office, and

research service, and and shop mobile reproduction

equipment safety eguipment equipment equipment equipmént Total
——— ——— “eo $3,450 $28L,681 $288,131
$38,066 $91,006 $16,632 3,713 67,136 246,553
512,260 25,643 48,636 - 18,633 605,172
481,459 57,430 50,012 - 24,323 613,224
88,349 6,012 5,509 5,499 6,18C 111,549
R 2,324 2,210 1,800 203,077 209,411
—— 6,514 3,180 - 14,070 23,764
- - .- - 16,027 16,027
$1,120,134 $188,929 $156,179 $iL,h62 $63h,127  $2,113,831
——— - - $1,500 $138,500 $140,000
$211,000 $70,000 $40,000 -—- 50,000 371,000
778,150 35,000 75,000 -—- 25,000 913,150
1,629,600 30,000 60,400 25,000 25,000 1,770,000
207,500 8,500 13,000 - - 229,000
369,000 15,000 36,000 56,550 117,000 587,950
- 8,000 3,000 ——- 15,000 26,000
——— -—- “-- 1,500 20,500 22,000
- — --- ——- 3,000 3,000
195,250 $166,500 $221,400 $84,950 $394,000  $h4,062,100



LY o4
and Utility systems; Machine tools and other office and
research service, and and shop mobile reproduction
equipment safety equipment equipment equipment equipment Total
Fiscal Year 1961:
NASA Headquarters.. ——— _— ——— - $155,000 $155,000
Langley Center..... $417,500 $80,500 $120,000 - 5,000 653,000
Ames Centere.occcce. 735,000 50,000 90,00¢ $7,600 10,000 892,600
Lewis Center....... 2,710,000 30,000 80,000 33,000 15,000 2,868,000
Flight Center...... 224,700 8,500 25,000 3,800 4,000 266,000
Goddard Center..... 655,000 47,000 143,000 90,250 235,000 1,170,250
Wallops Station.... - 10,000 7,000 55900 9,100 32,000
NASA Huntsville.... - ——— . 276,000 o mes - 276,000 .
Western Office..... -— . —- . 15,000 15,000
AMRO Officesceencae === eee === .. === bk,o00 4,000
PMRO Office.ceoesns -—- -—- , - 1,500  _ 1,500 3,000

Totaloceosessooa Sl 72,200 $226,000 $741,000 $142,050 $483,600 $6,334,850



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

RESEARCH GRANTS AND CONTRACTS

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
1
$3,99k, 510-/ $4, 950,000 $10,000,000
OBJECTIVES:

To utilize most effectively the non-governmental research talent and facilities of
the nation for the conduct of fundamental and applied research necessary for advancing aero-
nautical and space technology.

JUSTIFICATION:

In order to keep pace with the nation's growing space program it is necessary that
an increase in funds be made available to permit the NASA to utilize, through the medium of
researcn grants Oor contracts, the services or the scientific personnel of the nation’s univer-
sities and other non~governmental research establishmente. It is only through this mechanism
that the services of some of the nation's most eminent sclentists may be utilized to assist in
the solution of existing urgent problems in aeronautical and space technology, and to conduct
the long-range Ifundamental research investigations that provide the knowledge upon which
future programs may be based. This procedure also permits the Government to utllize unique
facilities that exist outside its own laboratories for the solution of urgent problems.

Particular attention must be given not only to encouraging work by existing groups but

also to aiding in the establishment of new centers in the nation's universities for research
in the space sciences.

Y/ ncludes $966,510 provided under "Salaries and Expenses".

Livi
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Research Grants
and Contracts




Shortly alter the establishment of the NASA, a program of long term support was
initiated in the universities by means of vTesearch grants. Where appropriate, research
type contracts were developed for utilization in the suppori of research that was applied
in nature. The continuation and expansion of these programs during the fiscal vear 1960
oo shown Uiy Lhie NASA has aeveloped the facility for handling this type of program with
a high degree of satisfaction to the universities and research centers involved and in a
manner that promotes the best interects of the Govermment. To keep pace with the growing
needs of the nation's space programs, $l0,000,000 is required for the fiscal year 1961,
as follows:

Physical sciences: Research is required on numerous problems in the areas of
physics, chemistry and mathematics. The investigation of the physics and chemistry of
solids is of the first order of importance in the search for improved meterials. Of equal
importance is the investigation of the physical and chemical phenomena of high-temperature
gases. At the speeds and densities encountered in space operations, the gases are subjected
to a number of relatively unexplained phenomena such as dissociation and ionization. These
and many other similasr problems in the physical sciences should be extensively explored.

Cosmological sciences: The inaccessibility of space prior to the launching of
satellites and space probes requires that investigations in the planetary sciences (astro-
physics and astronomy) be accelerated. These are areas of great importance about which
comparatively little is known. Although major efforts in these fields will be carried
on by the space flight development programs of the NASA, there are numerous problem areas
involving cosmic rays, planetary mapping by rader techniques, and trajectory calcuiations,
to which the universities, the traditional centers of fundamental research in the nation,
are in a position to make important contributions.

Bioscience: During the fiscal year 1960 an intensive study of the NASA's role in
the biosciences is being undertaken. The problems confronting men in traveling through
space are becoming well known and the first steps of the NASA to cope with this important
problem area have been initiated. There are numerous problems in biophysics, biocengineer-

ing, metobolism, behavior, and space environment. The attention of the nation's biomedical
geienticts can be directed Loward these problems through support of their work by research
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Engineering sciences: Engineering research in the field of energetics, electro-
magnetics, fluld mechanies, materials technology, mechanics, systems analysis and control,
and flight cperations is required Lo bring aboul urgently needed improvements in both the
performance and the efficiency of the extremely complex svstems required for snece £lishi,
For example, in the field of energetics, it is important that an increased effort be de-
voted to research on new means of energy conversion and utilization from nuclear or solar
sources, or possibly from matter in space, if certain of the required space missions are
to be performed.

Socio-economic studies: Man's exploration of space poses many social and economic
problems that require study. The exploration of these problems is necessary to permit
sound policy determinations to be made in future space age planning.

Miscellaneous: The NASA research associateship program administered by the Natilonal
Academy of Scilences and the advice and counsel provided by the Space Science Board of the
National Academy of Sciences are invaluable adjuncts to the NASA's space effort.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1561

Physical sciencesS...eceesevrravecnes $1,057,853 $1,000,000 $2,500,000
Cosmological sciences....... Cereree 638,164 900,000 2,000,000
Biosclences.ioivnnniieiiiniiinanannsn ——- 1,250,000 2,000,000
Engineering sciences................ 1,796,275 1,050,000 2,500,000
Socio~economic studies..e.ceceuee ., 41,818 250,000 500,000
Miscellanecus....... Cerreieseanoenes 460, koo 500,000 500,000

1
TOTALe e evvneenn. P $3;29h;510-/ §A;950;ooo $10,000,000

1/ Includes $966,510 provided under "Salaries and Expenses'.
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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SOUNDING ROCKETS

Fiscal Year 1959 Fiscal Year 1961

Fiscal Year 1960

$3,556,l70 $8,811,000 $8,000,000

OBJECTIVES:

To determine and understand the composition, structure, spatial distribution,
dynamical behavior, and equilibria of the earth's atmosphere; to investigate the inter-
actions of incident electromagnetic and particle radiations with the earth's atmosphere,
including solar-terrestrial relationships; to determine and understand the relations between
the earth's upper atmosphere and its surface meteorology; and to carry out exploratory geo-
physical and astrophysical investigations leading to later satellite and deep space probe
experiments.

JUSTIFICATION:

A sounding rocket is a rocket used to carry a scientific payload to a height of up
to one earth’'s redius, i.e. about 4,000 miles. The sounding rocket affords & means of in-
vestigating the earth's atmosphere in vertical cross section out to the distance at which
the atmosphere merges with the medlum of interplanetary space. Doth explorstory and rontine
experimental programs are possible with relstively simple tracking ranges and launching sites.
Many investigations of atmospheric structure, composition, ionizstion, motions, aurors, air
glow, agbsorption of solar radiation, and interactions with cosmic rays and other particles
can best be conducted by means of sounding rockets, particularly at altitudes below those
at which satellites can remeln 1n orbit. Moreover many sounding rockets are easily and
quickly launched from shipboard or other special sites on short notice for the investiga-
tion of sporadic phenomena such as the aurora, magnetic storms, and solar flares. The

e e o o Mt i St cion s o
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Sounding Rockets



sounding rocket also provides a means of testing under actual operating conditions egquip-
ment intended for later use in satellites or deep space probes, thus providing a check on
the equipment before it is committed to the much more expensive wvehicles. The current NASA
program is based on experience gained from 13 years of rocket soundings, and is a program
designed to extend and to fill in the gaps in the knowiedge so far atyuiisd oo ohe carth'c
upper atmosphere and in rocket astronomy.

Operationally, the NASA rocket sounding program divides into 3 parts: (a) "low
altitude" soundings up to 100 kilometers (60 miles), (b) "medium altitude" soundings reaching
to 400 kilometers (250 miles), and (c) "high altitude” soundings above 400 kilometers, ex-
tending to one or several thousands of miles. Part (a) is directed toward completing our
knowledge of the lower atmosphere, and includes detailed measurements and synoptic studies
of geographicel and temporsel variations in atmospheric properties, with particular interest
in relations of the higher atmosphere to surface meteorology. Part (b) involves the study
of the high atmosphere, with particular emphasis on the ionosphere and solar-terrestrial
relationships. This portion of the program slso iIncludes rocket astronomy. Part (c) in-
volves the study of the outer portions of the earth's atmosphere and the fringe regions
vhere the atmosphere merges into interplanetary space. Work in this portion of the program
is still in its beginning stages, and measurements in the immediate future will be of an
exploratory and survey nature, laying the groundwork for more detailed and precise observa-
tions later on.

PROGRAM PHASING:

In the fiscal year 1959 a large part of the work was devoted to the analysis of data
obtained during the International Geophysical Year. In addition, work was started on the
development and preperation of advenced instrumentation for continuing the rocket sounding
program. Exsmples of this instrumentation include the development of a new type of magne-
tometer and the development of new types of mass spectrometers, pressure gages, and ionospheric
instrumentation. During this fiscal year sbout 35 sounding rockets of the low and medium
altitude types were procured for the sounding rocket program. Both low altitude and medium
altitude soundings were conducted.
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During the fiscal year 1960 the analysis of data obtained from sounding rocket
flights in continuing. The medium sltitude sounding program is being greatly strengthened
and the rste of soundings increased. The development of advanced Instrmentation begun in
the fiscal year 1959 is continuing. About 75 sounaing rockets are being procured and their
payloads funded. Most of these are of the Iiscal year 1960 aliliude rauge, but some high
altitude rockets are included. By the end of the fiscal year 1960 the rate of rocket
soundings will attain a level of about 90 rockets per year. A beginning is being made in

the performance of outer atmosphere experiments, using such vehicles as the Jason and Javelin
rockets. ‘ :

The funds requested for the fiscal year 1961 will permit the continuation of the
rocket sounding program at the level of about 90 rockets per year, including purchase of the
necessary rockets, preparstion of the payloads, and analysis of the results. Development
of advanced instrumentation will continye. " In addition to continuing the low and medium
altitude work vigorously with sbout 70O rockets, the high altitude soundings will be stepped
up, with particular emphasis on the outermost portions of the ionosphere, interactions be-
tween the ilonosphere and the radiation belt, studies of the aurorae, and studies of the
earth's magnetic field.

PROGRAM COSTS: Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
Advanced technical development: “
Scientific and technicel studies...... $220,000 $711,000 $500,000
Development of advanced instru-
Mmentation..esssscssccsscsccssses 420,000 2,100,000 1,300,000

Flight research program:

Sounding rocketSesesscscosocascaseeass 1,380,000 3,100,000 3,200,000
TLOBAS e e earsvocacsissscccssessnansns 1,536,170 2,500,000 3,000,000

Paylord 3 230,144 ) IUV Dy >
TOTAL e e o veneoneeese$3,556,170 8,811,000 $6,000,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SOUNDING ROCKETS

Objectives

A sounding rocket is a rocket which rises to a maximum altitude of 4,000 miles (one earth's
radius) and then falls back to the earth. The primary use of sounding rockets is for the scientific
.exploration of the upper atmosphere. Tasks for which sounding rockets are particularly suited are:

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

2. Measurements of vertical atmospheric cross-sections 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
a short period of time.

5. Experiments which require the recovery of film after a short exposure at
altitudes up to several thousand miles.

c+ [oN

ete¢m1“e the nature, structure, and behavior of the atmosphere and
r icne and icularly those from the sun: and to

measure radiation arriving from other celestlal bodies, from gbove the obscuring and distorting

lower atmosphere which handicaps all earth-bound astronomers. In additlion, sounding rockets are

used for the extremely valuable purpose of testing equipment before its use in the far more cosiliy
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satellites and space probes. The relative simplicity of the launching facilities required by
sounding rockets is a distinct advantage. ILaunchings are planned from the Arctic (Fort Churchill,
Canade) and from the Southern Hemisphere (Australia), as well as from the NASA facility at Wallops
Island, Virginia, to achileve Letter world wide coverage.

The $8,000,000 requested in the fiscal year 1961 budget for the Sounding Rockets program
will provide for its continuation at about the level established during the International Geo-
Physical Year and maintained in the NASA schedule for the second half of fiscal year 1960 and
the first quarter of fiscal year 1961. This level of 90 to 100 rockets per year, as shown in
the schedule, will provide for the continuation of the planned research program in the scientific
areas of aeronomy (atmospheric physics) and astronomy, which each consume roughly one-third of the
rockets; and in the areas of energetic particles, magnetic fields, and ionospheric physics, which
each consume about one-tenth of the rockets. The special problems category includes rockets which
are used for several scientific areas jointly, or for a project which does not fit into any one
of those areas. This NASA space research program using sounding rockets is coordinated closely
with the NASA scientific satellite and space probe research programs, and with the upper atmos-
Phere research programs of other U. S. agencies, to form a unified national program of scientific
space exploration.

Sounding Rocket Schedule

Fiscal Year Fiscal Year
1960 1961
Scientific Area Quarters Quarters
3 & : 1% 3"_%
ACTONOMYceveeeossssenannoans 5 6 1313 9 ¢
AStronomysseceseaecesnenss 6 8 8 8 6 6
Energetic particles....... 2 6 2 1 3 2
Magnetic fields..e.evease. - 5 1 - 2 3
Ionospheric physicSeessees 2 2 2 2 2 2
Special PrOLICHSscevecesen o0 32 3.1 2 2
Totalessseess 25 30 29 25 2k 24
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Scientific and Technical Studies

The sounding rocket program costs are divided between the advanced tzchnical development
aud flight rcscarch programe. Inder the former category is included $50C,000 in the fiscal year
1961 for scientific and technicsl studies. These studies include long lead time theoretical and
laboratory investigations of the probvable natuve of the upper atmosphere and the radiant energy
incident upon it. They are based on past experimental and theoretical research, and lead to an
increasingly accurate picture of this region of space and to new experiments based on this new
knowledge. The funds for the fiscal year 1961 are to be devoted to the areas of upper atmos-
pheric composition and circulation, and of the problems associated with mepping the celestial
sources of ultraviolet radiation, which were just discovered during the IGY. Tt may be noted
that the ionosphere and plasma investigations studies which were funded in the fiscal year 1960
have moved directly into the payload area in the fiscal year 1961, because the basic instrumenta-
tion development required prior to launching payloads in these scientific disciplines has been
completed.

Fiscal Year Fiscal Year Fiscal Year
Item " 1959 1960 1961

Composition upper atmosSphere...eceeeccacscss $160,000 — -
Energetic particles studyscessceccosccsaccees 40,800 .- —
Gas composition study.sssececcesescersscanss 19,200 $85, 400 $174,500
Winds and diffusion (sodium)ececescescccncss —— 256,000 125,500
Plasma environment measurementSeccsecscsccces -—=- 137,700 -
Ionosphere current measurementS.cescescesces ——— 40,000 -
Ultraviolet mapping experiment..c.cccevececs ——— 100,000 200,000
Ionosphere propagation measurement...veceecs -——— 91,900 -_——

e 220,000 $711,000 $500,000
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Development of Advanced Instrumentation

The second item under advanced technical development is the development of advanced
loslrumenbaticn, for which $1,300,000 ics heing requested in the fiscal vear 1961. The decreased
amount in this category in the fiscal year 1961 reflects the fact that the fiscal year 1960 pro-
gram funded much of the basic first generation scientific and technological support instrumentation.
As shown in the table, five tasks will be completed with fiscal year 1960 funds, including the
$561,000 development of the important nuclear emulsion recovery vehicle (Nerv). Only two new
tasks, the development of upper atmospheric wind instrumentation and of an Aerobee rocket aspect
control system, will be initiated with the fiscal year 1961 funds.

Fiscal Year Fiscal Year Fiscal Year
Ttem ' . 1959 1960 1961
NEULTON SENSOTS e eecsoscevsssastosencasnsonnssse $100,000 ——— ———
MEgNnetometers s vseesronsasecsansossssscsconnns 75,500 -——— $80,000
Magnetic mass spectrograph.....ceoceceeccesesss 124,500 - 120,000
Video 1eCOTder.cceconsecsssestosscesssnsssnensas 120,000 -—— -
Telemetering and range instrumentation........ --- $200,000 200,000
Antenna development..seceiecscessosssesasnonas ——— 50,000 50,000
Dovap development.seeesseeessssencsnasssosccoas -—-- 100,000 100,000
Dovap trafler..cuieiesecsscssssnecssssssosanasses - 20,000 20,000
Development of photographic probe
for meteorological study.eceeecsseesoceconas - 68,000 30,000
Energetic particle instrumentation for
micrometeorite detection system.........sv., - 250,000 70,000
COTONAZTADN ¢ e esescosrentosososssrsocnsasnssns - 16,000 20,000
Rocket aspect control system (Aerobee)........ ——— ee- 50,000
FM transistor telemeters........eevvevinns ceas -—— 50,000 50,000
Telemetering and range instrumentation
Integration,seeeee i cosscsscssrnnnanannaa - 110,000 150,000
Devclopment of ultra-high vacmum system....... --- 120,000 50,000
Development of total pressure gage. veessans - 50,000 55,000
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Upper atmospheric wind instrumentation.cess. -—- Se= $50_ 000
Gas diffusion pump....... Ceeescsacsssocneras -— $40,000 —
Gas BNElYZETees oresrssessestsccoancesocssans - 20,000 -—-
Atmospheric structure inst ent development —-——— 195,000 100,000
Sweep frequency receivericecceesssesesesscca -—— 50,000 -—
Ultraviolet scattering densitometer......... -——- 50,000 30,000
Design, development and construction of
micrometeorite detection system..cecoesese -— 60,000 -
Rocket borne antenna development.ec.ececcessse - 50,000 50,000
Development of Nerv package.s.cecesscasecss - 561,000 -——-
Development of electrometers.seecceecsecssas - 40,000 30,000

TOtal..on..o....Q.o......

iZ;lOO;OOO

$1,300,000

Sounding Rockets

The fiscal year 1961 amount of $3,200,000 requested for sounding rockets is at about the same
level as the fiscal year 1960 allocation. It will be noted that instead of purchasing a few of
each type of rocket every year, rocket purchases are concentrated to buying larger quantities of
fewer types in any given year to secure the economics of purchasing in larger quantities. This
is particularly applicable to the Arcon, Nike, Asp, and Cajun types, which cost less than $10,000
apiece, and which are kept "in stock" for use as needed. Approximately ten percent of the fiscal
year 1961 sounding rocket funds are devoted to improvements of the Argo D-8, Aerobee 150A, and
Arcon rockets which have been found to be necesssry for their most efficient employment in the
research program. The average cost per sounding rocket is $27,000, which will allow 120 rockets
to be purchased with the requested funds. This number provides one backup rocket for every five
launching attempts, to achieve about 100 successful launchings. The cost per ind
ranges from & low of $6,000 for the Arcon, which carvies 30 pounde *te & ile

$50,000 for the Javelin, which carries 90 pounds to 700 miles.
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20 Nike~ASD DOOStErS.ccvsesecsscassvonanae
X-2U8 A6 roCKetSevieeeasasssrsocassssnnsse
12 Honest John rocketSesescesnscaceesssces
24 Nike rocket MOtOTSeeccesecesssssssccnss
5 Aerobee-100 rockets and boosters.escess.
7 Aerobee-300 third stageScece:vecescccsns
15 Aerobee-Hi rockets and boosters.seesses
20 Aspan rocketSeeeccrsecssssessssscsnnsne
5 Javelin rockets and 7 vehicleSeecceeesss
15 Aspan rocketS.seeesvvccccecesccasennans
22 Nike-Cajun rocketS.ssececececocescenens
2 Nike MOLOTrSeevescesoscacscsccsensroncens
47 AMuminum-plastic laminate Aspan rockets
b Skylark rocKetS.seeeesssseccsccsssosocne
4 Argo D-8 rocKetSeiescscssesscscsccscasane
6 ATgo D-4 TocketSeeceesssaccascsscncsnnns
25 Aerobee-Hi rockets and boosterseeecsees
Development of aluminum-cased Nike-Asp
VehicCleieesesesesesossocscssscsnssnssanns
Improvement and modification of various
sounding rocketS.sceecssecccocsonscacsce
Development of Iris sounding rockets......
Wind tunnel tests of Aerobee vehicles.....
35 Nike-Asp rocketsS.eeecerescresosocsnsans
24 Nike-Cajun rocKebtSeeeseeescscsesssnnsns
5 Skylark roCKebSeessccseceorsssscrsecccass
L4 Argo D-8 rocketseeecereverosenencncecnns
12 Argo D-4 rocketS.eesiesssccoccacacsocne
10 Arcon rocKketSeeeseeeccessossasscsccanss
30 Aerobee-Hi rockets and boosters.eec.ee.

Fiscal Year Fiscal Year Fiscal Year
1052 1060 1961
$50,000 - -
135,000 - -

90,000 - -—

60,000 - -—-

160,000 -—- -
50,000 - -—

450,000 -—- -—-
140,000 $3,900 -—
245,000 68,900 -
- 103,500 -—

-— 123,200 -——-

- 5,000 -—

--- 279,500 ---

-— 150,000 -

- 580,000 -

- 300,000 -—

-— 750,000 _—

—— 480,000 ——

- 103,000 -

-— 141,500 —_—

- 11,500 —_—

--- --- $332, 500

--- --- 137,500

- - 180,000

S - 560, 000

- - 600,000

— - 60,000

——— --- 900,000
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Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961

Design and develcopment of Arga D.8

payload housing.escesceescessccssasescocs -—- - $30,000
Development of improved Argo D-8 fincees.. -—- —-- 50,000
Development of motor shedding systeMleees.s - ——— 150,000
Incorporation of de-spin system for

Aerobee 150-A.ceeeeressnssscososscccanns - - 100,000
Development of aluminized grain super Arcon —— -—= 100,000

TOtBlesseoseoccssssnscnse §1l§8o!ooo §§!100!000 iggzoo!ooo

Pazloads

A total of $3,000,000 is required in the fiscal year 1961 to construct the payloads for
the rocket sounding program. These payloads will permit a number of rocket firings in each of
the major areas of research: (1) solar physics and astronomy; (2) energetic particles and mag-
netic field soundings; (3) lonospheric soundings; and (4) atmospheric soundings. A concentrated
effort in solar physics and astronomy is necessary to collect the basic research information re-
quired to support the detailed design efforts on the orbiting astronomical observatories (future
earth satellites). The rocket studies of primary particles will include investigation of the
true nature of cosmic rays from galactic space and the search for new fundamental particles.
Further investigations of the nature of the particles creating the aurora will be carried out
with rocket flights from Fort Churchill. The payloads for these flights require accurate point-
ing controls and recovery systems to return films and photographic emilsions exposed to free
space. The instrumentation for the ionospheric and atmospheric soundings will include accurate
densitometers, ion probes, particle spectrometers and other experiments to probe the ionospheric
region in a systematic mamner. Some of these experiments will be selected to correlate with

at ¢ experiments Special perturbations relating to sudden ionospheric disturbances and
- o he investigated with rockets.

ra vt v
WAl liLilEs W
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Fiscal Year Fiscal Year Fiscal Year

Item 1952 1060 10A1

Solar physics and astronomy:

Solar pointing controlS.e.eeceeecesseess $99, 700 $60,000 $60,000
Stellar pointing controls.cecesescresans - 51,000 154,000
De-spin mechanism (Nike-ASD)esecsccvoose -——- - 20,000
Ultraviolet spectrographSecescsssesescas - -— 90,000
Stellar structure instrumentation....... - 50,000 80,000
Grating spectrometers for rockets....e.. -— 97,000 50,000
Aspect control systemS.cs.eeescecessecne 7,800 34,000 140,000
Photomultipliers and optical filters.... - 15,000 50,000
Synoptic solar radiation payload

integration.ee.veevescecsconescenacans -— 69, 300 47,000
High-speed electrometers.sccecesccececses - 25,000 50,000
Ultraviolet detectorS.ieseiescecescsscnss —_— 34,000 50,000
Field serviceS.iesesececscescssecscsscscs -——- - 20,000
CoroNagraPNescecsecssesssassssessescascsne -— - 30,000
Solar radiation instrumentation......... - 100,000 120,000
Rocket optical systemMeieeceeeeesersnaesss — 25,000 40,000
Detectors (photo emissive and ‘

10NIZatION) e eeeraeeeirnocecescncosonns ——— 75,000 45,000
Densitometeresecescscesessscsvocsnscensns -——— 10,000 .-

Energetic particles and magnetic field sounding:

Nuclear emulsion recovery vehicle (Nerv) 275,000 150,000 115,000
Engineering SuppofL LOYr NeIVeeseesasnsas 62,700 200,000 150,000
Nuclear emulsions. et seseae cseerecns ——= AQ 500 95,000
Energetic partlcle 1nstrumentatlon

for Nike-ASPieses... Cesecssessasses e - 250,000 7G,000
Magnetometer fabrication....oeeseoessses 28,700 60,000 30,000
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Ionospheric probe equipment and
fabricationeeeesessesrescssecesocascane
Electronics and payload integration.....
Electrometers.cecescccecccscccecccscscns
Conduectivity nose cones.ecsesscesssceace
Electric field metersSiseccessesscccsscnese

Atmospheric soundings:

Rocket mass spectrometersSc.ccecceccecseves
Photographic probe for meteorological
BtUudYeeeececescscensscsssascccsssncnans
E-region structure electronicsesecccecss
Coincidence micrometeorite detection

systemo---..ololoo.o.o.aooo.onoo.o.loo

DenSity gages....n...............-......

Payload engineering and support:

Telemetry and tracking:

Airborne antennasessccescecccssccscscscse
Radar beaconsS..iccesscesscsccscccocsscsns
Dovap (receivers and service contract)..
Telemeter (DKT-7, SMI-10)cecceocssocases
PPM (telemeter and calibration).ceececs.

Cut-off receiver

Engineering:

-~

Ceecceoccecvccscesecsvcccsose

Small rocket payload fabricationfeseessss
High pressure valveB.sesscescssscscoscsa
Payload structure integrationecscecsecees

Fiscal Year

1959

49,900
200,000
100,000

49,600

50,000

101,000
27,500

Fiscal Year
1960

$118,000
40,000
50,000
15,000

27,400

68,000

40,000
25,000
89,400
50,000

Al atatal
U, 000

[
(W}

100,000

186,000

Fiscal Year

1961

$117,000
40,000

56,000

30,000
40,000

20,000
80,000

40,000
50,000
120,000
50,000

e Yatal

G, 000

[}
W

100,000

170,000
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Aspect cells, commutators, and spare
PartS.eeese.

P e s

Ttem

B N e et )
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Design and construction of rocket

instrumentation sections..ceeeccensecsss

Data analysis:

Magnetic tape recordersS.eceiscecccscecasss
Data reduction and trajectory analysis..

Tota].....-couonuuioool'-o

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961

o/l LA~ v A~

- PIVy TUY Py VUV

- 50,000 L2,000

- 160,000 100,000

$20,970 --= -~-

29&2900 300,000 2802000

§152§611Z0

§2!200!OOO

$3,000,000
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2.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SCIENTIFIC SATELLITES

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$21,305,114 $23,813,000 $41,700,000
OBJECTIVES:

To determine the nature, extent, and dynamical behavior of the earth's outer atmos-
phere, and its relation to the medium of interplamnetary space; to determine and understand
the nature, extent, dynamical behavior, and causes of the earth's ionsphere; to understand
the nature, extent, and temporal variations in the gravitational, magnetic, and electric
fields in the vicinity of the earth; to understand the origin, nature, moticns, spatial
distributions, and temporal variations of particles reaching the vicinity of the earth and
having energies apprecisbly greater than thermal; to investigate the electromagnetic radia-
tions in all wavelengths, from gayme rays to radio waves, that reach the vicinity of the

mowtkh Pweam +hha ]l anade o atana el aviaoa anA trntaraetrall ar» anAd dintercoalantin mattar.
N e ot i L R Aok S r-ﬂ-“‘\— VV’ Hw" Lt R ] mmvu’ oty win St D e R e s aaa] Sarirte vl ——cw‘-v—ovv——w-— - - iy e im

and to use these observations to extend our knowledge of these bodies; to determine and
understand the interrelstionships among the above listed phenomena; to determine and under-
stand the environmental conditions encountered in the upper atmosphere and in interplanetary
space, and the effects on vehicles traversing these regions, including effects on materials,

equipment, end living organismes; end to determine ond understand possible departures from the

laws of classical physics which mey be demonstrated under conditions of satellite flight.

‘\
)

JUSTIFICATION:

Scientific Satellites |

The projects under this program support the above objectives by providing for the
continuation of a series of exploratory measurements followed by more advanced experiments.
The exploratory measurements in new areas are intended to give order of magnitude estimates
of the quantities under investigation and to probe for new discoveries. The advanced ex-
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periments are designed to make accurate measurements within the ranges indicated by the
earlier investigations. The knowledge to be gained will lead to a better understanding

of the esrth and man's environment and consequently to a better use of the enviromment

to man's benefit. In this connection, it must be recalled that the surface meteorology

of the earth, ine propagation characteristics of radio waves, the auroras, ihe radiation
belts, and other geophysical phenomena are closely related to the sun and the interactions
of the sun and the earth. The proper investigation of these interrelations requires obser-
vations and measurements at the outermost portions of the earth's atmosphere, for which the
artificisl earth satellite provides an indispensable and highly effective tool.

PROGRAM PHASING:

In the fiscal year 1959 the analysis of results obtained from Explorer and Vanguard
satellites was continued. A Vanguerd satellite designed to furnish cloud cover information
was placed in orbit. The development of advanced instrumentation for the measurement of cosmic
rays, the application of accurate clocks to relativity experiments, radio beacons, electron
density Langmuir probes, and for the measurement of solar ultraviolet radiation was initiated.
Funding was initiated for the purchase of seven Juno II vehicles and one Thor-Able to be used
in the launching of satellites. The construction and testing of payloads for these vehicles
was initiated.

The analysis of earlier satellite results is continuing in the fiscal year 1960.
Development of instrumentation is being undertaken for the measurement of atmospheric pressures,
densities, temperatures, composition, and winds; and work is continuing on the Langmuir probe
instruments and on the development of special satellite magnetometers. Funding is being largely
completed during the fiscal year 1960 for the Juno II vehicles and the one Thor-Able vehicle
for which procrement was started in 1959. The preparation of payloads for these vehicles for
launching in the fiscal year 1960 and eerly in the fiscal year 1961 is continuing along with
the proparation of the payloads for the scientific satellites to be launched by Delta vehicles
the last half of the the fiscal year 1961 and the first half of the fiscal year 1962. The
Thor-Able satellite Explorer VI, the Vanguard IIT satellite, and the Juno IT satellite Explorer

VII were launched and have already yielded valugble sclentific results on the Van Allen radis~
tion beit, the magnelic [ield ol lhe earih, cosumic rays, micrometeorites, and solar-terrestrial

phenomena., and, in addition, an elementary one-line television scanner was checked out.
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Fiscal year 1961 funds will be used to initiate the funding and procurement of two
Atles-Agena B and two Thor-Agena B vehicles and their payloads, and to procure seven Scout
vehicles and four payloads. Three of the Scout vehicles are for the international program.
The Thor-Able, Juno II, and Delta vehicles which have been used to this time are being re-
placed in the programming by the newer and more poweriul Allas-Ageus B aud Thoi-Agena D
vehicles. The Atlas-Agena B will be capable of launching satellites into very high altitude
elliptical orbits and of launching heavier satellites into low altitude circular orbits.
The Thor-Agena B will be used to launch lighter satellites into low and medium altitude
orbits. The Scout is a versatile, solid propellant rocket capsable of placing 200 pounds
into a 300 mile orbit. The higher payload capacity of these vheicles makes 1t possible to
install more scientific instrumentation in each payload for meking more measurements simul-
taneously, thus Iincreasing the value of each set of data.

The experiments planned for the fiscal year 1961 will provide information on at-
mospheric and lonospheric composition; atmospheric structure and dynamics; ionospheric
structure and dynamics; the radiation belt and 1ts associated magnetic field; the earth's
magnetic field; and on meteoroid and other envirommental factors affecting materials. An
Atlas-Agena will be used to launch the orbiting astronomical observatory satellite into a
circular orbit of about 500 miles altitude. This satellite will be stabilized in inertial
coordinates and will be instrumented to perform astronomical observations not possible on
the earth due to the interference presented by the earth's atmogphere. Another Atlas-
Agena will be used to launch the orbiting geophysical observatory satellite into a highly
elliptical polar orbit extending as far as 60,000 miles from the earth. This satellite will
be instrumented with radiation counters, ‘magnetic field instruments, and various detectors
and equipment designed to obtain a description of the earth's atmosphere and environment
from pole to pole and from a few hundred to 60,000 miles in space.

One Thor-Agena will be used to launch a solar geophysical satellite equipped with
a pointing control and instruments for studying solar phenomena, and instruments for making
terrestrial observations simultaneously. A Thor-Agena will also be used toc launch the
polar geophysical satellite into a low altitude circular polar orbit. This satellite will
be instrumented for the determination and comparison of atmospheric and ionospheric structure,
properties and composition, and for measurements of energellic particles v T

field of the earth from equatorial to polar regions.
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One Scout and its payload will be devoted to & detailed study of the radiation belt
especially with respect to biological implications. Another Scout payload will be a satel-
lite launched into a 300-mile polar orbit for studies of the Interactions and interrelation-
ships of the earth's atmosphere, magnetic field, and the energetic particles of cosmic rays,
the radiation belt, and auroras. Other Scout payloads will probe the atmospnere and 1omo-
sphere to distances of 6,000 miles in studies of atmospheric composition and structure, and
ionospheric charged particles distributions.

It should be pointed out in connection with program phasing that the purchase of
vehicles and the initiation of preparation of payloads are both long leadtime items. Thus,
vehicles purchased in one year are fired one or two years from the date of purchase. Sim-

ilarly, the payloads for these vehicles must be started one or two years in advence of the
actual launching.

PROGRAM COSTS: Fisecal Year Fiscal Year Fiscel Year
1959 1960 1961
Advenced technical development:
Scientific and techincal studies.......... $1,155,11k $1,500,000 $2,000,000
Development of advanced instrumen-
tation......‘Q.....O'I'..l.'......l..".. 1,520,000 3’061’000 6’000,000

Flight research program:

Juno II VEh1CleSeceveesscsecisvacsasacases 8,540,000 5,100,000 -
Thor-Able VehiCleseeseeosscsscansnsssseeaes 2,120,000 727,000 -—
Atlas-Agena B vehicleSececsecsecnsnsnsccees ——— - 3,000,000
Thor-Agena B vehicleS.cceccecccecssaasncne - - 3,000,000
SCOUL VEhICleS.eeotoeascrvenssssscncnssnse - ——— 3,500,000
Satellite PayloadSe.cccoscssssssssaseseess 1,970,000 13,425,000 24,200,000

TOTAL.esvvesneeeeneneo $21,305,000  $23.813.000  $41,700,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SCIENTIFIC SATELLITES

Objectives

Scientific satellites are satellites launched into orbits about the earth for the pur-
pose of performing scientific research investigations of the upper atmosphere and the phenomena
of space. Satellites launched for technological applications or for highly specialized activities,
such as meteorology or communications, are not included. Satellites offer the opportunity of per-
forming investigations cver large regions of space and for long periods of time, in excess of one
year if required. Satellites also make it possible to perform many astronomical cbservetions,
including studies of our own sun, which were not possible earlier from ground-based or balloon-
borne observations due to the absorbing effects of the earth's atmosphere.

The fundamental objective of the scientific satellite program is the expansion of human
knowledge of phenomena in the atmosphere and space. This objective encompasses two fundamental
questions of universal interest. 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 cver the natural physiesl
processes of the earth and its atmosphere. The sun is the principal source of energy for the
earth. Daily and seascnal effects of the sun cn the earth and its atmosphere have been cbserved
for centuries. Satellites now offer the opportunity of studying the energy output of the sun
before it reaches and is partially abscrbed by the earth’s atmosphere. Likewise, satellites make
it possible to perform direct observations arnd measurements in the region of the upper atmosphere
where the sun’s energy precduces some of its primary effects. In this connection, it must be re-
called that the surface meteorclogy of the earth, the propagation characteristics of radic waves;
Lhe auroras, the radiation belts; and cther geophysical phenomens are the results of interactions
ol the sun’s euergy wilth the earth and its atmospnere. Ultimastely, The knowliedge acquired ftnrough
space research will lead to a better understanding of the earth and its relations to our sclar
system and the universe, and to a fuller understanding of the relations of man to his environment.
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The research program is considered in terms of scientific disciplines for purposes of
program piamming. These disciplines are: (1) the atmosphere; (2) the ionosphere (the ionosphere
is a region of electrically charged particles in the upper atmosphere produced by the sun and
which evert o major role over radin nn-nmnm-tr-n+-tnnq\ (‘2\ energetic particles (a.urora.l Phenomena.
cosmic rays, the radiation belts); (&) magnetic and electric fields; (5) astronomy. Each of
these five major disciplines includes many separate research problems. Equally important are
research investigations into the various relations that exist between and among these discipline
areas. The scientific experiments and the payloads for the satellites are assigned under this
discipline plan. The following table shows the launching schedule and the booster vehicles of
the present program and that plenned under this budget request. The next section describes the
satellites to be initiated under this budget and also those for which work is already in progress.
The total number of satellites involved is 22,

Scientific Satellite Schedule

Fiscal Year Fiscal Year . B
1960 1961 Fiscal Year Fiscal Year

Vehicles (Quarters) (Quarters) 1962 1963 Total
B T L~ 123t
JU.nO II..'.Q.'.O. l - l 2 - - - - )'l'
Scouts.'....-...- - l - - - 5 2 9
Deltaotoooooo.oon - - - l - 3 - 5
Thor-Agena B..... - - - - - - 1 1 2
Atlas-Agena B.... - - - - - = - 2 2
TOotaleeceesocossecossocosssossesescvsoaessestsssssosscssssesssnncesssossas 22

Eight new satellites are planned under this budget. These will be launched in 1962 and
d 1963. Four of these are quite large and require Atlas or Thor-Agena B boosters for
nnching. The remaining fonr; although considerably lighter in weight, are still heavier than

any scientific satellite which NASA has yet 1aunched. These four will be placed in orbit by
Scout vehicles.
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Superficially, the total of 22 scientific satellites from the last half of the fiscal year
1960 through the fiscal year 1963 seems to be quite large. However, an examination of the muber
of scientific areas to be explored, while remembering that the Juno payloads average less than
S0 pounds, indicstes that +thie ia s very small nrogram in view of the immensity and complexity
of the task. Actually, no more than one major effort is made each year in any principal field
of investigation. For instance, in one of the most important of these problems, the radiation
belts around the earth, only three satellites with the major objective of investigating these
recently discovered phenomens can be scheduled in these 3 1/2 years.

Four Juno II satellites, five Delta satellites, and two Scout vehicles and payloads are
under way &t this time. The Juno II satellites now under construction are:

Radiation belt satellite, Juno IT, 3rd quarter, fiscal year 1960: This
satellite is & continuation of the program of investigation of the radiation
belts and will extend the results obtained by the earlier Pioneer probes and
Explorer satellites. A light payload of 20 pounds is being used to extend the
orbit to the highest possible altitudes to ensure that most of the depth of the
belts can be reached.

Tonosphere direct measurements satellite, Juno II, lst quarter, fiscal
year 1961: This is one of 3 satellites in a program with the major objective
of erriving at an understanding of the ionosphere through a concentrated pro-
gram of determinations of the detailed nature and the phenomena of the ionos-
phere and the effects of the ionosphere upon space vehicles and radio trans-
missions. This satellite will contain instrumentation to determine the con-
centration and the spectrum of the charged particles forming the ionosphere
and the effects of the ionosphere on the satellite and its radio transmissions.
Payload wéight - 85 pounds.

Gamme ray asbtronomy satellite, 2nd quarter, fiscal year 1961: This will
be the first gatellite experiment to measure cosmic gamma radiation. Later
exneriments in larger satellites will be based on the findings obtained by this

exploratory experiment. Scientists hope that a better understanding of gamma
rays will contribute tc the solution of one of the mysteries of modern science,
the nature and origin of cosmic rays. Payload weight - 80 pounds.
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Tonosphere beacon satellite, 2nd quarter, fiscal year 1961: Analysis
of the effects of the ionosphere upon radio signals genersted by the satellite
will be used to determine the spatial distribution and the variations with
Lime ol Lhe charged parLicles forming Whie 1onospueic. iin aaaisicn, very
valuable direct information about the composition of the ionosphere in the
immediate region of the satellite will be obtained. Payload weight - 100
pounds.

Five Delta-launched satellites will follow the Juno program. As with the Junos, each
satellite makes a strong attack upon a specific problem in one of the scientific disciplines:

Solar spectroscopy satellite, Delta, 2nd quarter, fiscal year 1961:
The first major satellite with the obJective of measuring the electromagnetic
radiations of the sun from above the absorbing curtain of the earth's atmos-
phere. An automatic pointing control will be used to keep the scientific
instruments trained on the sun during the pericds of observation. Payload
weight - 300 pounds.

Advanced radiation belt satellite, Delta, 3rd quarter, Ffiscal year 1961:
This satellite will provide a continuation of the planned program for investi-
gation of the radiation belts. In addition to the energetic particles de-
tectors, this satellite will include magnetic and optical equipment to study
the directional behavior of the radiation and to study the interactions of
the earth's magnetic field with the radistion belts. Payload weight - 100
pounds.

Atmospheric structure satellite, Delta, fiscal year 1962: This will be
the first satellite with the primary objective of studying the earth’s upper
atmosphere. Composition, density, pressure, and temperature will be measured,
and varistions of these properties with latitude and the time cf the day will
be determined. FPayload weight - 400 pounds.

Geodetic satellite, Delta, fiscal year 1962: This satellite will be used
to obtain more exact information abouit the earth itself rather than teo study
the atmosphere or space. It will carry an automatic flashing light ¢f high
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intensity. Very precise photographic tracking of this satellite will
furnish data leading to a more exact knowledge of both the location of
selected sites upon the earth's surface and the configuration of the

IR A B P R T, B VEMN anmannad o~
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Topside sounder satellite, Delta, fiscal year 1962: ‘This satellite
will be equipped with complex electronic instrumentation designed,to study
the upper portions ¢f the icnosphere. It will be an important "Pirst" in
the investigation of the ionosphere becasuse it will obtain measurements
not heretofore possible. Radio soundings of the lower porticn of the
ionosphere have been made from the ground for many years and much useful
information has been obtained. The nabture of the ioncosphere 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
meke these sounding measurements from sbove the main porticn of the ionos-
phere, The information thus obtained, plus the results from the earlier
ionospheric satellites and the sounding rocket program, gshould contribute
materially to our understanding of the nature and phenomena of the lomnos-
phere., Payload weight - 200 pounds.

Two Scout launchings are scheduled through the fiscal year 1961, The payloads for these
early operational launches of the Scout vehicles include one for micrometeorite studies and one
payload as a possible backup of the Juno program.

Four large satellites are to be initiated in the fiscal year 1961, Two Atlas-Agena B
and two Thor-Agena B vehicles will be used as the launching vehicles. Seven Secout launches are
planned. Three of these are intended for use in the NASA inter na+ional program and the payloads
will be built as o cooperative effort with the participabing nation The remaining four Scouts
will be usged to launch satellites averaging 150 pounda into quclflc orbite chossn for the scien-
tific invesuigation of selected regions cof the earth’ onosphere. These NASA
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description of four Agenz launched satellites fo

The orbiting astronomical observatory sabellite: This satellite; to
be funded under this budget for launching in the fiscal year 1963, will be
a very important first-of-its-kind scientific experiment. % 1s intended
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to make astronomical observations from above the obscuring and blanket-
ing effects of the earth's atmosphere. The weight of instruments and
stabilizing equipment for this satellite will be more than two tomns.

Mt wi11 ho the Finct catellite with etohiligatian and ground rontral

dodded b W dek,

of direction of orientation for the conduct of long-term stellar obser-
vations from above the earth‘s atmosphere. 1t is the logical follow-up
of the early sounding rocket experiments in astronomy and of the solar
spectroscopy satellite. The development of the stabilization and con-
trol equipment will provide a satellite system adaptable to all types
of optical astronomical observations. The Atlas-Agena B will be used
as the launching vehicle.

The orbiting geophysical obsgervatory: This satellite will also be
launched by an Atlas-Agena B during the fiscal year 1963. It will carry
e large number and variety of experiments designed to study the upper
atmosphere and space around the earth from pole to pole in the region
from 150 miles in altitude to about 60,000 miles. Its general objective:
will be to make measurements of many different parameters of the environ-
ment of the earth, to obtain correlations of the interactions that occur,
and to determine the variations that occur in these parameters and inter-
actions at different altitudes; latitudes, times of day, and seasons of
the year. The radiation belts and the magnetic field of the earth will
receive intensive specific study, together with determinations of their
mutual interactions. Micrometeorite detectors and other detectors and
sensors will also be included to obtain as complete a picture as is
possible of this entire region over a period of about one year of
active satellite life. Payload weight - 575 pounds.

The golar geophysical satellite: This satellite, te be launched by
or-Agena B in the fiscal year 1963 will carry equipment tc make si-

ultanecus observations of solar and terrestrial nhenomens with the ob-
jective of learning more shout the role of the sun in determining and
controlling geophysical events. A pointing control to keep observation
instruments trained on the sun will be a significent portion of the pay-

load. Payload weight - 600 pounds.
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The polar geophysics satellite: This satellite will contain instru-
mentation to study the properties of the earth's upper atmosphere at a
constant altitude and to determine the variations in properties that occur
over the gilobe lur a period of about Skt yoars T+ will he lounched hy o
Thor-Agene B in the fiscal year 1962, Atmospheric and ionospheric phenomena
and interactions with energetic particles in the polar regions will be of
major interest. Payload weight - about 1,000 pounds.

0f the four plammed NASA Scout payloads, three will be satellite payloads, each one de-
signed to perform detailed measurements in a different one of the three scientific disciplines--
atmosphere, ionosphere, and energetic particles. A major emphasis will be place on the Artic
and Anterctic regions. The fourth Scout will be used to make a study of the winds and diffusion
phenomena in the upper atmosphere extending to a maximum altitude of over 5,000 miles.

Tt is worthwhile to compare the eight new satellite payloads to be started under this
budget with previous space science satellites. The average payload weight for the four Agena B
satellites will be roughly 1,500 pounds. Thus, the average Agena B sabtellite will be about
three times the total weight of all scientific satellite payloads launched by NASA during
calendar year 1959. The average Scout payload will be about the same as the 142-pound Explorer
VI, the heaviest scientific satellite launched by NASA to date.

Thus, while the same number of scientific satellite launchings are scheduled for fiscal
years 1961 and 1962, the total weight and number of scientific instruments to be flown has in-
creased tremendouly from the fiscal year 1959, due primarily tc increased vehicle capabilities..
This increased activity in scientific measurements is relfected in the greater amount required
for scientific payloads in this budget. This increased budget will support and continue work
on satellites already under way for launchings in the fiscal years 1960 and 1961 as well as pro-
viding for the initiation of work for satellites to be launched in the fiscal years 1962 and 1963,

Scientific snd Technical Studies

o

o L0 o o mdem rmmanme mana Al 3 t
In thils category are the gtudicec in the v
L

n

o varione secientific disciplines of interest to NASA
which are initiated and pursued in order to lay a firm foundation for the experimental and ana-
lytical programs in the space sciences. Before a gpecific payload can be assembled and launched,
it is first necessary to review the state of knowledge in a given discipline and establish the

oy
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major gaps in the existing understanding. Then, a program for the development of advanced
instrumentation, generally including a laboratory develcpment followed by rocket tests, is
started. If this program shows reasonable progress, then payload instrumentation effort and
a gnacific f1ight schednlie are established.

Several scientific and technical studies of this nature were initiated in the fiscal
year 1959 to continue the support of research efforts which had been originally asscciated
with the IGY. Other studies were recommended to NASA by the Space Science Board of the
National Academy of Sciences. Typical of these were studies on the radistion balance of the
earth, of the feasibility of the geodetic flashing light satellite;, and the early studies for
the orbiting astronomical telescope. The study of the orbiting solar observabtory was salso
initiated in 1959. A number of the areas supported in the fiscal year 1959 do not appear in
the fiscal year 1960 programs in the category of Scientific and Technical Studies. The con-
clusions reached in certain study areas resulted in the establishment of program effort for
the fiscal year 1960 which is listed below either under Advanced Instrumentation or under
Payloads. These are continuations in the scientific program area representing a step for-
ward toward operabtional status. This will be true of the efforts on the crbiting astrcnomical
observatory and the orbiting solar observatory. The fiscal year 1959 study on the topside
sounder has also led directly to payload effort in the fiscal years 1960 and 1961.

Several studies, such as those bearing on the improvement of frequency standards and
on the orbiting stabilized telescope are being continued. The ionosphere propagation studies

are typical of those which are of a continuing nature and which also appear in the program for
the fiscal years 1960 and 1961,

There is an gpprecisble lead time required for the establisiment of satisfactory experi-
ments to be flown in satellites. Thus, in the present fiscal year, studies are being supported
on ultraviolet techniques, the investigation of the characteristics of the energetic particles
and fields encountered in space, on radiation effects on components, on solar-terrestrial re-
lations, and on studies related to relativity and gravitational fields. In all these areas, some
directly related payload effort will be passible in 1961. In mary cases it is impossible to
cammplete guch studies in a year, making incremental funding in succeeding vears necessary. A
number of purely theoretical studies which are complementary to the experimental program are
supported to maintain balance within the oversall effort.
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In reviewing the program for the fiscal years 1960 and 1961 it will be seen that increases
in funding are projected for studies of solar-isrrestrial relstions ard,f v feasibility studies
on new techniques and experiments,

Solar-terestrial studies will be particularly benefited by analysis of the results obtained
in the IGY, the data from which is now ccllecting in the world data centers., Analysis of this
data for correlation of the effects arising in the ionosphere as related to solar output and the
fluctuations of the earth's magnetic field is typical of the research required. Such studies,
utilizing the available data, are a prime necessity if well-founded flight experiments are to
be planned, The NASA has found in its initial period of operation that many proposals of merit
for exploratory or feasibility studies have had to be rejected for lack of funding. We have
accordingly programmed more support in this area in the fiscal year 1961.

NASA will initiate funding in certain ionospheric research areas and for studies of very
low frequency propagation to support the experimental work which will be carried out in satellite
payloads in the forthcoming year. The orbiting radio astronomy satellite effort will be supported
by the studies on the development of radio noise standards. These are needed to calibrate orbiting
radio astronomy antenna-receiver systems.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961

Radiation balance studieS.ceeeeeesecesococone $39,631 - -
Geodetic flashing light........ Goesacercsosas 19,650 -—- —~——
Topside SOUNAETr.ee veseseacrnsassscsasssasosnae 15,000 - ———
Solar pointing control study..eveeccccsccense 247,000 - -
Solar UV radiation studieS..c.oveecesscsscnns 110,600 -—- ---
Reimbursement to AOMC for special research

SEIrViCEeBeoeeansosecoeosoansoossassascesasasns 100,000 ——— -
Special computations at NBS.cecesescesssosean 80,000 - -
Date analysisS.eevecervonnrvvsvsvsssscscnossss 19,320 - -——-
Study for orbiting telescope...ovie ooz 99,935 - ~--
Study for UV telescope sySteMeecooooos. vesase 62,641 --- ---
Research studies on stable telescope clement, 30,000 $50,000 -
Improvement of frequency standards for

relativity studieS.sscecooaccacscesssnoasss 50,000 50,000 -
Studies of flight pathse.scoviecosssesssccoss 100, 000 100,000 -——



Fiscal Year Fiscal Year Fiscal Year

Jtem 1859 1560 1961

Orbiting toloscops Studiete e ivcnrnnnnccrnnen $oh 017 420 000 $20, 000
Ionosphere propagation researchc.ccososssssss 156, 420 k59,000 500,000
Solid state photo detectors.ic.cccovcosseansscs - 123,000 70,000
Theoretical studies in relativity.iecceocecceo - 10,000 20,000
Theoretical studies in energetic particles... —-—— 20,000 40,000
Charged particles and fields in spac€...ceess -— 114,000 150,000
Radiation effects on components...c.essvess000 ——— 30,000 50,000
Compute electron densitieSe.ecseoccscasconcas -—— 100,000 100,000
Studies of UV in vACUWM.eeeessvocecsanssanane -—- 153,000 160,000
Kinetic 8€TrONOmMY..cessscosssssacssssscsansses - 50,000 60,000
Solar-terrestrial relationS.eecesscoscscssess - 40,000 200,000
Theoretical studies in solar and stellar

PHYSICSeeeerncssosassonssasnsssssssscssanes - 20,000 40,000
Sub-millimeter wave Study.e.essesceccsssccacs —— 7,000 50,000
Coatings for temperature control.e.cocesseasscs - 25,000 45,000
Space science abstracts.sececcssescccscscaccnn - 50,000 50,000
Payload dynamics studieS.c.cesecesecccccccons -—— 20,000 50,000
Feasibility studies of new techniques

and experimentS.sceesesescosscsoascresassas - k9,000 150,000
VIF studieSecsceecssscecscsscesccsscanscsessse -—— -—— 100,000
Jonospheric studieS.sceeeeeensccccecsctscsacnn - - 100,000
Radio noise standards...ccoscesecssosessncnes - ——— 35,000

Totalecessseevecscorsoennenns 1,155,111k 2152005000 §2!OOOQOOO

Development of Advanced Instrumentation

To continue the support of the projects which were transferred to NASA; and to expand the

NASA space science activities, a number of contracts 1eading to the development of advanced instru-
mentation were initiated in the fiscal year 1959. ™o of these were associated with the development
of atomic frequency standards. These frequency standards or "clocks" would eventually be used in the
experimental verification of the relativity theory prediction that the frequency of an atomic clock
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should shift when the gravitatlonal field in which the clock is placed ig varied. This would
occur when the clock is in an orbiting venlicis. The resuibs of the initial contract effort on
clock development will be determined in the fiscsl years 1960 and 1961 when comparative tesths
of the clockr will he mada. The rcontimied develiorment of the mogt Tikels ewvstom will then ke
supported. A major contract effort initiated in the fiscal year 1659 was for development of
upper atmesphere instrumentation and for studies of the results already obtained by such in-
vestigations to aid in the determination of a new physical model of the upper atmosphere.

This contract activity is programmed through the fiscal years 1960 and 1961 as the develcpment
of such instrumentation and the analysis of results of tests thereon is a continuing effort,

Studies on instrumentation for the measurement of the electronic density in the ionosphere
and for the measurement of gamma rays were also funded in the fiscal year 1959. Efforts on a
number of different optical elements for use in the ultraviolet wavelengths for application to
the orbiting astronomical telescope were initiated. Studies were started on the measurement
of radio noise above the ionosphere; for this purpose, special receivers and antennas must be
developed and tested. Funding for the development of solid-state and scintillator-type de-
tectors for the investigation of the characteristics of the energetic particles in the radia-
tion belts was initiated.

In the fiscal year 1960, effort on the development of the instrumentation equiyment for
the orbiting astronomical observatories is being intensified. In addition to the work that has
grown out of the technical studies category, a number of contracts have been initiated in instru-
mentation which will be carried on through the fiscal year 1961. These will include development
of ultraviclet sensors, development of televisicn techniques for telescopes, equipment for the
ultraviolet sky survey, ultraviolet photometry, image tube development, and the development of
photometric standards. Additional scientific groups have been brought into the program for the
fiscal year 1960 for the development of instrumentation capsble of determining the composition
of the upper atmosphere. Cosmic ray and radiation belf detection studies have been funded at
several universities. These studies result in specific flight proposals as instruments are
proven out by laboratory, balloon or rocket tests.

The measurement of the magnetic fields in space ia’ closely connected with the measurements
of the flux of charged particles. Correlsted studies are required, and these studies are de-
pendent on an abllity to measure the strength and direction of extremely weak fields. High

sensitivity magnetometers with directional sensitivity are the objective of the work programmed
in this area for the fiscal years 1960 and 1961.
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First efforts on simple biological experiments and materials tests are included in the 1960
program. Additional support in these areas will be needed in the fiscal year 1961.

Twn very important instruments in the experimental solar physics studles are the coronagraph
and the ultraviolet spectrograph. As satellite paylosds increase in size it becomes aesirable
to make effective use of the svailable capacity. The development of instruments of this type
for the larger payloads is being started. Continued support ab an lncreased funding level is
anticipated for the fiscal year 1961 and eventual use in a specific payload in the fiscal years
1962 or 1963 is contemplated.

Approximately half of the increased funds requested for advanced instrumentation are presently
programmed for the initiation of new effort on specific techniques or devices. Here again the
possibility of scientific investigations on larger, attitude-stabilized payloads some two or
three years from now makes it imperative that development be started now on those instruments
which can study in detail the phenomens encountered in space flight.

For this objective, studies are outlined on detector and instrument assemblies for sampling
the corona (in the vicinity of the earth); neutron, X-ray and gamma ray analyzers; and advanced
energetic particle detectors. Also programmed are antennas for very-low-frequency radio astronomy
satellites and introductory work on radio-ranging devices for gravitational and celestial mechanics
studies. As the multi-experiment satellite design work progresses, it becomes obvious that an
appreciable effort must be put into general engineering support studies on extendable elements;,
command control, and on dynamic tests.

With the larger satellites, interference between the experiments quickly becomes an item
of major importance, and it is thus necessary to devise methods of separating particularly sensi-
tive pickup devices from the immediate proximity of the sources of disturbance which are unavoidably
built into payload. Gages for pressure measurements, mass spectrometers for composition determina-
tions, magnetometers and energetic particle detectors are all subject to this difficulty. Command
control is alsc a necessity if time-sharing of the the data transmission channel is to be used to
permit efficient use of the large payloads., Dynamic testing, both mechanical and thermal, has
been an effective tool in uncovering basic design difficulties in satellite instrumentation. A
gpecific effort devoted to the establishment of the relative imporbance of the factors invoived
end the improvement of the testing technigue is planned.
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961

Infrared inctmmentotion .. ... ... ciienenn $18 300 _—
Electron density 1nstrumentat10n..,,......... 110,900 -— -
Gemma ray instrumentatiolececscoceccseecs ceseses 68,000 - —_—
Materials for UV filters..... coeseecesesssens 25,000 - -
UV and X-ray astronomy..ecsccees secsccacntase 25,000 —-—— -—
Ammonis heam MaSeTee s cosessessssssossssccose 200,000 $70,000 -
Regearch on rubidium frequency standards..... 272,100 100,000 $250,000
Counter for cosmic radiatioN..c.cecsecescocss 63,100 63,000 75,000
Instrumentation and model atmosphere studies. 450,000 Lok, 000 440,000
UV solar spectrum instrumentatioN.esceceecses 76,000 200,000 200,000
Radiation detector developmentosevsseessssass 100,000 75,000 15,000
Lightweight optical elementS..ee.cevecccesses 30,000 15,000 40,000
Radio noise &bove 10n0SPhere€..essecscossecsas 81,600 50,000 200,000
Development of astronomical stabilized

PlatfOTMe seaosacssvssossssocsssssesosssases - 200,000 —-———
Television techniques for telescopeS.iecessoss -——- 110,000 350,000
Low energy gamma ray teleSCODPEC:s.sssvssveseses - 40,000 40,000
Tmage tube development....ecsvcesoessssassssa ——— 130,000 100,000
Photometric standards and constants.cesceesss - 35,000 50,000
UV PhotomEtTyeseseeesersesonosssansassanssoass -—- 124,000 350,000
Equipment for UV sky survey....... tesecaesena ——— 225,000 400,000
UV sensors developmenteo-ccssseseccvsasosasas - 75,000 80,000
Development of atmospheric composition

instrumentation.e.ososcossecescossessossace -— 175,000 400,000
Upper atmosphere density instrumentation..... --- 50,000 60,000
Detectors for primary cosmicC rayS.esscccscese ——— 250,000 300,000
Detectors for radiation belt studiescosceiscess ——- 300,000 325,000
Development of advanced magnetometerg........ - 100,000 150,000
Radio astranomy receiver vesearch......:::::: - 20,000 20,000
Instrumentation for biological experlments..; - 20,000 50,000
Tnstrumentation for matorials testSeoseseesos ——— 5GC,00C 10C,00C
Satellite coronagrsph development.cceccsnscss - 90,000 150,000
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Fiscal Year Fiscal Year Fiscal Yesar

Ttem 1959 1960 1961

Develomusnv Of 50lal UV SpeClLloglipilseccessee ——— $90, 000 $200,000
UV spectroheliographece coecececooscrsosocanss - ——— 200,000
Corona sampling instrumentation.cscsssvssscso - - 25,000
Neutron monitoraececeeeesescetececsssosassnnnas - - 25,000
Planetary spectrographe.. .cesecceesesescrocsss ——— = 150,000
X-ray telescOpeiesereessccsscasrcscssnscsanan -—— —— 100,000
Solar gamma ray telesCopeisccescccsccsssccsss —-- -—— 50,000
Soft gamma ray Instrumentation.cceescescocsss -— ——— 150,000
Development of VIF antennas for radio

B8 rONOMYeeceoesossssrscosasasscosasessceces - -—- 125,000
Gravity monitorsesceccecsssecsccsssscsocssssnse - -——— 50,000
Celestial mechanics probesssscsscccessccsscns - -—— 30,000
Development of advanced energetic particles

detectorS.sieseieecisacacronosossensonssnce --- -—- 150,000
Development of extendable elementS.ceceescess ——— ——— 175,000
Command control for multi-experiment

Ss8telliteBiesececsssrrionsoccenanssasnennene - - 225,000
Dynamic testing of prototype instrumentation. -—- -—— 140,000

Totaleeeossossoossocssasssense §l§220!000 §22061!000 §é§000£000

Flight Research Vehicles

In the conduct of the flight program with scientific satellites, five vehicles will see
extensive use; Juno II, Atlas-Agena, Thor-Agena, Scout, and Delta.

: e ~ o~ _ — o
The Junc I is programmed for use in Lhe fiscal yesrs 1959 and 1960. Funding was initiated
for five Junc II vehicles in the Tfiscal year 1959 and will be completed with the riscal year 1960

increment. This procurement will complete the use of the Juno II in the Scientific Sa ellltesa

Funding of the Thor-Able vehicle used to orbit the Explorer VI is being complete in the
fiscal year 1960.
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The Atlas and Thor-Agens B vehicles are being pruchased on an incremental funding basis.
In the fiscal year 1961 the initial increment for these vehicles has been in@icated, ‘Eirst
flights for the Atlas and Thor-Agena B are scheduled for the fiscal years 1963 and 196k, re-

enecrntivelvw.
R34 V.

The Scout vehicles which will be Tflown in the course cof the fiscal years 1960 and
1961 are available to the program from the developmental series of vehicles, and as such, no
direct funding from the Scientific Satellite progrem is required. The Scouts scheduled for
launch in the fiscal years 1962 and 1963 are to be initially funded with fiscal year 1961 monies.
Seven Scouts are involved, three of which have been tentatively earmarked for use in the inter-
national programs and four for the national space science programs.

Like the first Scouts, the Delta vehicles used in the Scientific Satellite program are
being funded in the vehicle development program.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
JUNO TTeeeeeoneannonsseocnnnocasonssncesonnns $8, 540,000 $5,100,000 -
THOT=ADLE4 s e eseennsnenneesaneesssssenscssnnns 2,120,000 727,000 S
At1aS-AZENa Buseesesossssassssssnsscssssonsns - -— $3,000, 000
Thor-Agens Besieeseescoosesassssscsssrsvonsssas -—— —— 3,000,000
SCOUL . eeseosocesenssssscssssessossesscsonsone - -—— 3,500,000

Totaleeesooeesarrsossensonsae §lO!660!OOO 827,000 §2QZOO!OOO

Satellite Payloads

Funding for psyloads can be congidered as being almost entirely directed to the support of
gpecific flights. However, in the fiscal year 1959, some funding was devoted to the provisinon of
general payload instrumentation. With this funding, the procurement of instruments which could be
made available on a relatively routine basis to the general run of satellite payloads was started.
It hag already been found that 1f satellites intended for research in a specific scientific dis-
cipline weigh as much as 100 pounds or more, it is generally possible to introduce one or two
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additional lightweight instruments to supplement the original project objectives. In these cases,
such supplementary instrumentation is extremely valuable as it permits correlations in two or more
associated research areas. This "add-on" process can appreﬂiably increase the statistical value

-+ Kamd T A~ omomd B o che o —d - -1
of the date .hb-'“.g cclleoeted 1":,’ ?Lt uin.g SLARLLOT LQOUCThuLig GYyGelind intsc a sCqueiice Of SaveLlives

80 as to verify the initial data and then obtain an indication of the time and space variations
which occur. Consequently, instrumentation effort on magnetometers, micrometeorite detectors,
gamma ray detectors, radiation detectors, and the like is continuously being supported. In this
way a number of payload instrument equipments for routine use are made available. Some of the
general support is continued in the fiscal years 1960 and 1961 programming, while other areas
have grown into major projects and are covered in specific payloads detailed in the tabulation.

Funding of Explorer VI, the "Paddlewheel"” satellite, and Explorer VII will be completed
in the fiscal year 1960. Explorer VII shows no fiscal year 1959 funding in the tabulation because
the project was initially established by ARPA and was supported through the fiscal year 1959 by
the original funding.

Payload instrumentation to measure the penetration and damage hazards of micrometeorites
is being prepared for the third developmental Scout vehicle as a part of the fiscal year 1960
program.

Several satellite payloads were initiated in the fiscal year 1959. These were: the
ionosphere beacon satellite; the ionosphere direct measurements satellite; the radiation belt
satellite; the atmospheric structure satellite; the advanced radiation belt satellite; and the
solar observatory satellite., In each case, the funding programmed in the tabulation reflects
the lead time required to design, fabricate and launch a payload.

Funding for data acquisition and processing is introduced for those projects which require
special handling of a type which cannot be supplied by the esteblished network. Special equipment
needed for a single payload, is included in the payload funding where appropriate.

Funding hes been initiated in the fiscal year 1960 for the geodetic satellite, the topside
gounder; the gamma ray agtwonomy sstellite, the solar gecphysicel sghtellite, the orbiting gco-
phy31cal observatory, and the orbiting astronomical observatory. For all of these, program costs

d and ’ " ar in

in the fiscal year 1961 are indicate
flight programs.

1962 to complete the
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It should be noted that, to meet the lead time requirements for a balance flight program,
it is necessary to start payload work in the fiscal year 1960 for the launches scheduled for the
last half of the fiscal years 1962 and 1963. Thus, the four payloads for the Thor-Agena and
Allas-fgena bousiers are already belny planned and worked on vhils year. Toe [irst lurge ilncre-
ment in the funding for these flights is shown in the fiscal year 1961 estimates. These estimates
reflect the next increase in payload weight and associated complexity of experimentation. The
polar geophysical satellite will probably weigh about 1,000 pounds. This marked increase in
weight will make it possible to study in some detail, with coordinated instrumentation, atmos-
pheric and ionospheric phenomena and their interactions.

The costs for the solar geophysical satellite reflect the introduction of an attitude
control system and the fact that instrumentation for the detailed investigation of the sun's
radiation is relatively more expensive than that for atmospheric or ionospheric studies.

The major single payload is that for the orbiting astronomical observatory. Study con-
tracts and advanced instrumentation programs will continue while the payload effort is getting
well under way. The payload for this project will weigh as much as 4,000 or 5,000 pounds. It
will be fitted with both coarse and fine pointing controls, attitude stabilizers and a command
system for directing the optical axis to a desired location in the heavens. The systems develop-
ment is programmed for the fiscal years 1961 and 1962 and is expected to be accomplished in large
part by contracts with industrial organizations. An acceleration of the effort on the instru-
mentation for this project is also programmed in the fiscal year 1961 to insure that both the
experimental equipment and the stabilized satellite will be ready at the launch date in the
fiscal year 1963.

There remain in the tabulation the seven Scout payloads; four of these are to be used in
the national space science program as outlined in an earlier discussion. Payload sizes and com-
plexities are comparable to the lighter units being built for the Delta boosters. Funding for
these payloads is programmed for the fiscal year 1961 in order to get the projects under way with
sufficient lead time to afford adequate planning and testing.

Three of the vehicles are presently expected Lo be assigned o the inbtermational space
science program and the programmed costs have consequently been reduced to reflect the fact that
the cooperating nation will provide the scientific instruments and NASA will provide the remainder.
Completion of the funding for these payloads will occur in the fiscal year 1962.
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Ttem

Qeneral mavload insftrmmentation:

Scout micrometeorite payload..csvecss

Cosmic ray detectorSissescesecotosasansas
Magnetometer testers (mobile equipment)..
Magnetometer tester (fixed).eseeeessesses
Magnetically shielded encloSur€eeceses-ee
Micro-ammetersS.eesecessessecstessccacssnos
Optical design and ultraviolet detectors.
Photomultiplier (ultraviolet)
ruggedizationeiecs scscsssscsccsesssncans
Solar pointing controls.s.icieesccicacnss
Solar ultraviolet detector elements......
Tracking beaCONSeeccseccrscsssessscsosess
Rubidium vapor magnetometersS.eccecsssveses
Spectrophotometer assemblies.eceecacescese
Garma ray detectors..ceeieccccccecsecasce
Micrometeorite detectors.ceeccececesesces
Air density instrumentation...eceeceecees

Explorer VI:

Payload effort and field supportec.cseec..
Data reductionNiceccescececsecsssoscsccsces

Explorer VII:

Pavload effort and field support.........
Data acquisition - Pacific stations......
Data processingiccceccccssncencucsvvscsss

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$75,000 -=- -—-

50,000 ——- -
160,000 -—— —
100,000 . -

90,000 - —

50,000 - -
195,000 _— _—

80,000 - -
120,000 —— ---

90,000 -—- -—
170,000 $60,000 ——-

96,000 100,000 -—-

32,000 60,000 $100,000
160,000 160,000 160,000

-—- 99,000 ---
5,000,000 1,290,000 ——
—-— 363,000 -
- 150,000 ——-
- 2,000,000 —
——- 50,000 ——-
-—- 300,000 -
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Item

Ionosphere beacon satellite:

Payload system design and fabrication....

Ionosphere direct measurements satellite:

Instrumentation.ceseesceeesersenccscncaes
Structures, including antennas..sccescess
Data processing,.cecesscesssccesscccsscana

Advénced radiation belt satellite:

Cosmic ray-detectorsSicececcccesceccecsscs
Solid state radiation detectors.s.esecscs.
MagnetometersS.issccccesceccocsscsssescnscns
Pulse height an8lyzZerS.eccecscccscsoscssces
Signal processing circuitryeieececsceseses
Telemetryeeecccosocscscacoscscsncsssnsnoas
Power SupplieS.cescscscesccsccscaccccssas
Structures, including antennas..ccceecese
Testing ServiCeSececesecccrassssscccscsne
Payload for test on Scoubecscecccscaeceans
Data Processingeeccecsccecsscecessssocncss

Atmospheric structure satellite:

Mass spectrometers and pressure gegesS....
Signal processing circuitory.ecccececacess
Telemetryee.ooeescscesessacsscsscesconnsse
Power SUDPPli€Secoccsstcsessscssscscsnssens
Structures, including antennasc.sccecesess
Testing serviceScicsiecescecsroscossassccas

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$557,000 $300, 000 $270,000
220,000 292,000 56,000
- 585,000 150,000
-— - 50,000
30,000 60,000 60,000
15,000 95,000 30,000
15,000 95,000 50,000
30,000 165,000 60,000
-—— 20,000 25,000
10,000 40,000 35,000
20,000 63,000 20,000
- 144,000 192,000
_—- 50,000 140,000
60,000 110,000 -
-— - 100,000
60,000 300,000 100,000
10,000 40,000 80,000
20,000 80,000 100,000
10,000 40,000 80,000
45,000 174,000 295,000
-— 50,000 110,000
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Fiscal Year Fiscal Year FiscalAYear
Item 1959 1960 1961

Design and construction at AOMCeeessoeeen $150,000 $700,000 -
Anglysis of orientation and temperature.. -—- 75,000 ———
Da.ta.'pI'OCeSSing.....-........-.o..-...... - S0,000 $loo,ooo

Solar observatory satellite:

X-ray spectrographS.ecsccessescsessssnsenses . 30,000 250,000 ———
Photomultiplier detectors.ceesccccessesss -—- 50,000 -—
Gamma ray GetectorS.seessiesessccsscsascss - Lo, 000 -—-
Signel processing circuitry.icecececsesees —-—— 20,000 S——
TelemetrYeese ssoesscansessosesssssosoanse 10,000 80,000 -——
Power supplieS.eceesnseceeccsssscssnsnssne ——- 70,000 -—
Structures, including antennas and

pointing controlS.essecesceccoescossess 90,000 679,000 .-
Testing serviceS.ccecsssescccasoscvscssas 10,000 100, 000 -—
Pointing controls for rocket teste.eve... 20,000 80,000 -——-
Spectrographs for rocket test.ieiveceesss 30,000 100,000 ——
Payload fabrication for rocket test...... 60,000 10,000 -
Data acquisition equipment....vecevevcess - -—- 200, 000
Data pProcessingeiecccercececensvsessssceensns -——- -—- 200,000
Date analysiSicesr ecscccsssccccassssnses ——- -— 150,000

Geodetic satellite:

Flashing 1ight system...vvvecooosesooonse - 250,000 100,000
Timing units.eeeveeannancnss cocosessesace -— 45,000 40,000
Earth eensors. . ... .cvccuorcessvssosssocncs - 35,000 20,000
Tracking beacOonSessccevoceosonososscesocosne - 25,000 50,000
Ranging transponderccecsscescscocossosase - 35,000 100,000
Telemetry.eeeieocococnascesnsassncasasonsss -—- 35,000 50,000
POWEr SUPPLi€Seeieeecoosssecsocssconsoccas -— 40,000 80,000

153-20



Item

tdne [ Aamntieoaal
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Antenna systems developmenteccecccocssses
Prototype structures.scccccscsccconsnssce
Testing serviceSesccococececscssosocsssocas
Data acquisition equipment.e..cecccecscess
Data processing equipment..cececcossscoos

Topside sounder:

Project coordinationessscesecececessocaas
Payload design and fabrication.ccesescess
Testing serviceSecessecoescoesscoscccscncs

Gamma rey astronomy satellite:

Design, faebrication, and test at AOMC....
Gamma ray ingtrumentatioN.s.ccsececcsscscs
Tape recorder for date storagececscssssas
Data processingeesceseescoasscecscoscscsns

Polar geophysicael satellite:

Scientific instruments.ccceiecccscsosscse
Payload structural prototypesccsceaccssascs
Prototype dynamic testS.ccecsscoscsceoccs
Signal processing clrcuibry.coccoccoescsss
Telemetry.ccevoocooevsoosccessscscssossace

--------- s U0 P9 0T DGO

Power supplieS.ccccoscossocssnaocsssasasoo
Flight structuresScscccscccscscecscessocsso
Testing servicesSc.cscesocccscosoccccesocss

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
- $40,000 $30,000
-— 200,000 150,000
—— 50,000 100, 000
_— 50,000 350,000
- - 150,000
-— 34,000 87,000
-—— 270,000 725,000
--- - 100,000
-——- 690,000 470,000
-— 225,000 —
- 22,000 _—
-— -— 50,000
-—— 90,000 350,000
- 60,000 250,000
—— Lo, 000 160,000
— 20,000 80,000
-—- 20,000 200,000
-— 20,000 80; 000
- 10,000 70,000
- 80,000 koo, 000
-—- 10,000 100,000
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Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961

honwmratavesr.
- - ¥ w“\l&‘d °

Orbiting germhvaical

Scientific instrumentSececcscscoooncsscse - $140,000 $350,000
Payload structural prototype.ccccscsccces —— 60,000 250,000
Signal processing circuitrycccccscscsosco - 20,000 80,000
Telemetryooocooassoososanccoocoscasonsena ——— 20,000 200,000
Antenna systems desigNecoccocccossscssosos -— 20,000 80,000
Power supplieScecccsscsccoscscavencsncans -—— 10,000 70,000
Flight structures.cccoscecccccosscscscsccs -— 80,000 400,000
Testing serviceScccocooccosccssososccosssss - 10,000 150,000 -

Solar geophysical satellite:

Geophysical SeNSOrScesccssosocsossscsssoe - 150,000 200,000
Solar radiation detectorsc.cccscecossssoscs —— 100,000 150,000
X-ray spectrographS.ccscsaccsscococsascsa -— 80,000 100,000
Signal processing circuitryecoccococvocso -—— 20,000 80,000
Telemebryoceccoassscscoacocoooococoscaoas - 20,000 200,000
Antenna systems desig@liccccacccseacecossss —— 20,000 60,000
Power supplie@Scccccocecocsccosssscssscsao - 10,000 100,000
Flight and prototype structures..cosececs - 80,000 650,000
Testing ServiceSceccrcsessssscssnscsconne e 10,000 200,000
Pointing controls for rocket testecececes -——— Lo, 000 60,000
Spectrograph for rocket testeiceseecsnces - 50,000 80,000
Payload fabrication for rocket teste..... -—— 20,000 50,000
Orbiting astronomical observatory:
Instrumertation:
Photoemissive detectorscesceoccccccessssss -—- 125,000 200,000
Photomultiplier detectorseesesccosscsssoo —— 60,000 120,000
FilterSsesesssecssccoccnosossscosoccocscos -—— 60,000 80,000
Crystalline optical componentS.eececcoscess - 40,000 80,000
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Urbiting astronomical observaiory: (coubiuued)
Instrumentation: (continued)

Tmage intensifierScccococcescecccssacscss -— $80,000 $175,000
Optical system desighecocsococscscosccsoo -—- 75,000 250,000
Ion ChamberSnooengonnoao‘uoeoooooaonacacn -e—— - 75,000
Solid state detectorsS.esccccoccocsscoacosos -—— — 45,000
Spectroscopic gratingsccecsecsscoscscscsce ——— -——— 30,000
Construction of opticSicececccscsccsccons ——— ———— 200,000
Optical test equipment..ccccccccsccscosca - -——— 190,000

Stabilization, structure, and control:

BaSiC sthtureo.uoo.oeeocncooono'otleooo -———— - 1"50’000
Attitude SENS80YSo0o0sceceosnsecccosocossoose - - 350,000
SerVO StabilizerSocoacoao.oueaooonoononne - - 500,000

Coarse pointing unit.ceeccosccoscocsccocs -—- -—— 250,000
Fine pointing uniteceococscsscasccsccooss ——— -——— 400,000
Command. systeMeccoocosecsaccocoscccsoconsne —— -—- 200,000
Electronic processing circuitry.ccecocecss - — 180,000
Telemeblry.eocoocccoscosssoscncsscscovcseso - -——— 200,000
Power supplieSccscscsccosssossassaccosncan -— -— 200,000
Antenna systems desigheoccecsceccccssccasc --= ——- 100,000
Testing serviceS.ccscccsccssoscscascncose —— -—- 200,000
Ground control equipment...ccocccesocoace - —-—— 250,000
Checkout and test setScecccccccscocosnasns - -—- 200,000

Four Scout payloads:

Scientific instruments.sscecccsccscccescs - ——— 1,300,000
Signal processing circuitry.occscecccscss - - 400,000
Telemetryeeeeeascsessoscccoocaccscssoscsss —— ——— 600,000
Power SUPPli€S.esciecsscccoceccsasoscocas ——— — 600,000
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Ttem
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Antenna d.esig!lwsaacca&ocsannosoa-ocaaouao
Structural design and fabricationcsoccesss
Testing servicesSacccsococcocoscoscosnsscnsnao

Three Scout payloads - international program:

Signal processing circuitryceccococccscas
Telemetry'oooo-oooooeeonao-nonoooeoeocooeo
Power S'upplieSoeoo-ooaonono.oooccoceooooo
Antenna d.esign.oooeooooeoocoecacooe.oooooo
Structural design and febrication.escccce
Testing services.sccccececssccoecossovcone

Totalocovooooooooeoeoonno.oo

Fiscal Year
1959

Fiscal Year
1960

Fiscal Year
1961

§1§!h222000

$320,000
1, 400,000
800,000

300,000
450,000
450,000
290,000
1,000,000

600,000

§24!200§000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

LUNAR AND PLANETARY EXPLORATION

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$31,882,607 $49,000,000 $45,000,000
OBJECTIVES:

To acquire fundemental physical and chemical information on the moon and planets;
to investigate space phenomens and their variations over the range of lunar and interplen-
etary distances; to explore the surface and nearby environment of the moon and to measure
and describe in detall its characteristics, for example, the surface composition, radio-
activity and structural features, and the magnetic and gravitational fields; to investigate
the constituents, processes, and characteristics of the interplanetary regions so as to
understand how and why they vary with time and location within the solar system; to extend
these Iinvestigations to the detailed study and exploration of the planets; to develop improved
mesns and techniques for the conduct of lunar. interplanetary and planetary investigations

end explorations.

JUSTIFICATION:

As our nearest major body in the solar system, basically unchanged for billions of
yearsg, the moon itself offers unique potentialities for better understanding of historic and
contemporary phenocmena of the solar system and for clarification of basic physical, chemical,
and biological concepts that are fundemental to modern science. It can be hoped that the moon
will provide the first answers that will unlock the secrets of the origin and evolution of
the solar system. Until now, progress along these lines has been subject to the limitations
imposed by remote observations and indirect measurements. The understanding which can be
gained from direct measurements and observations will be far greater. 8Space flight vehicles
now offer research capebilities for overcoming meny of these limitations.

1ol
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In particular, it will be possible to utilize appropriate instrumentation to deter-
mine by direct measurement, lunar, planetary, and interplanetary characteristics, and thus
provide a wealth of fundamental information on the nature, mesgnitude, distribution, and
variations of the electromagnetic radiations, energetic particles, electric and magnetic
fields, cosmic dust particles, lunar, planetary and solar atmospheres which are continuously
interacting within the solar system. These interactions are slready known to markedly in-
fluence the earth's atmosphere and fields, and a knowledge of their mechanisms will clarify
our understanding of terrestrial phenomena.

The advancedment of scientific knowledge obtained from early lunar explorations
and space probes and the experience that will be gained from the operation of space flight
systems hundreds of thousands of miles from earth, will provide the basis for the appro-

priate design of instrumented spacecraft which will eventually explore the planets and
deep space.

PROGRAM PHASING:

During the fiscal year 1959, lunar and cislunar space probes permitted evaluation of
initial problems associated with the placing of wvehicles into lunar trajectories and provided
preliminary information on envirommentsl characteristics of cislunar space. Work was initiated
on advanced instrumentation and measurement techniques, Including, for example, a lunar seis-
mograph system, a plasma probe, a magnetometer to be used in lunar probe flights, and instru-
ments for measuring lunar radioactivity. Pioneer IV, which was initiated by ARPA and trans-
ferred to NASA, was placed in permanent orbit around the sun. The Instrumentation in Pioneer
IV furnished valuable new data on the radiation belt and its extent into space, showing for
one thing that the outermost portions of the radiation belt vary quite markedly with activity
in the sun. Funding was inlitiated for an Atlas-Able vehicle to be used in placing a scientific
payload in orbit about the moon, and a Thor-Able vehicle to launch a deep space probe. Devel-

opment, construction, and testing of payloads for both lunar and deep space probe missions were
initiated.

Work is being started during the fiscal year 1960 on the development of instrumentation
and vehicle sgystems with improved capabilities for investigating cislunar space and beyond. The
development of advanced instrumentation started in the fiscal 1959 is continuling. A lunar or-
biter payload was designed and constructed for the Atlas-Able vehicle for which funding was
started in the fiscel year 1959. A pre-flight failure of the vehicle made it necessary to pro-



vide a second booster system. This launch attempt was unsuccessful. Additional lunar
orbiters and probes are planned for launching in the fiscal year 1960 and in the fiscal
year 1961. Work will also be started on planetary probe payloads. The Thor-Able vehicle
funded in the fiscal vear 1959 will be used to Vaunch a Aeep epace mprobe; itz poylcad is
being completed during the fiscal year 1960.

The funds requested under this program for the fiscal year 1961 will provide for
the design and development of measurement techniques, scientific instruments, and space-
craft for use in lunar and planetary investigations. Work will continue on the construction
and testing of advenced systems to observe, study, explore, and investigate the lunar envi-
ronment, surface, and Interior. Studies and preliminary research and development projects
will be extended in the fiscal year 1961 to acquire needed technology for spacecraft with a
capability for precise circumlunar orbits and instrumented soft landings. Terminal ori-
entation devices and landing controls and propulsion units for spacecraft will be investi-
geted. Design and construction of prototype instrumentation will be initiated for a lunar
selsmograph and gravimeter system, advanced penetrometers, thermistor probes, and fluores-
cence spectroscopes.

Beginning in the fiscal year 1961 the Atlas-Agena will be utilized for launching
of lunar probe spacecraft. Construction and envirommental testing will start on payloads
for lunar impact missions with the objective of providing knowledge necessary for the proper
design of soft lunar landing wvehicles. Thesge payloads will be instrumented to transmit
data on the surface characteristics of the moon.

Typical projects included in the advanced development program for lunar, planetary,
and interplanetary instrumentation will be: studies of infrared sensors and penetrometers
for the investigation of lunar and planetary surface structures; improvement of plasma probes,
gelger and scintillation counters for measurements the interplanetary medium; improvement
of magnetometers to be used in particle flux-magnetic field correlations; beta and gamma ray
detectors and spectral analyzers for studies of lunar surface radioactivity; and improvements
of television type image transmission equipment for lunar studies.

An interplanetary space probe will be launched during the fiscal year 1961 by means
of a Delta vehicle funded under the Delts development program. Design and development effort
on the payloads for use in an initial pair of planetary probes will be carried forward with
the expectation that Atlas-Agenas will be used as booster vehicles.
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PROGRAM COSTS:

Advenced technical development...... veeeas

rlight research program:

Completion of Pioneer IV vehicle

system operations..e.cecessse.

Thor-Able vehicle....
Atlas-Able vehicles..

e s ess 00000000

Atlas-Agena vehicles...
Design, development, fabrication, and
launch of spacecraft and payloads......

CECRC Y IR A0 Y

Fiscal Year

1959

$8,102,607

- 2,140,000
2,843,000
1,097,000
3,500,000

11,200,000

TOTAL. e seeesaccnnme | §§1!882!601

Fiscal Year Fiscal Year
1960 1961
$5,223,000 $9,000,000
3,446,000 ---
7,360,000 9,500,000
32,971,000 26,500,000

§§2!000!000

$45,000,000
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NATTONAL AFRONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

LUNAR AND PLANETARY EXPLORATION

Objectives

The NASA has established a sound program for the exploration of the Moon, Mars and Venus
which is designed to provide leadership in acquiring scientific knowledge about these bodies.
The program is far from an extravagant one. Rather, it is soberly conceived to exploit an
orderly evolution of launching vehicles, spacecraft, and scientific payloads to the achievement
of several selected goals. Within the next half decade these goals may be simply illustrated by
their related missions, which are:

1960 Interplanetary probes

1960 Lunar orbiters

1961-62 TLunar impacts (reconnaissance)

1962 Planetary probes to Mars and Venus
1963-64 Iunar soft landings

1965 Planetary orbiters to Mars and Venus
1965 Lunar soft landing with mobile vehicle

The scientific objectives of these missions are no less exciting than the spectacular
flights themselves. As our nearest major body in the solar system, unchanged by winds and rain
in the several billion years of its (and the Earth's) existence, the Moon offers unique oppor-
tunities for a better understanding of the solar system. The discovery of some form of life on
Mars and Venus could prove far more than a scientific curiosity. dJust as the planned missions
constitute an orderly sequence of technological and scientific development, so do they lay
groundwork for the more difficult missions to follow. The program is now in its formative

The actual programmed flight schedule which must be considered tentative beyond 1962,
follows:
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Tunar Missions

Orbiter

Orbiter

Impact - spacecraft development
Impact - spacecraft development
Impact-reconnaissance
Impact-reconnaissance
Impact-reconnaissance

Soft landing

Soft landing

Soft landing

Soft landing

Soft landing

Soft landing

Soft landing

Soft landing - mobile

Planetary and Interplanetary Missions

Interplanetary probe
Interplanetary probe
Venus probe

Mars probe

Venus probe

Mars orbiter

Venus orbiter

This mission schedule has been developed in accord with the following prineciples:
1. BSelect the most important goals and pursue them with determination.

2. Establish an evolutionary sequence of missions where each step paves
the way for the more difficult phase to follow and which makes full

Launch Vehicle

Atlas-Able
Atlas-Able
Atlas-Agena
Atlas-Agena
Atlas-Agena
Atlas-Agena
Atlas-Agensa
Centaur
Centaur
Centaur
Centaur
Centaur
Centaur
Centaur
Saturn

Thor-Able
Thor-Delta
Centaur
Centaur
Centaur
Saturn
Saturn

Year

1960
1960
1961
1961
1961
1962
1962
1963
1963
1963
1964
1964
1964
1965
1965

1960
1960
1962
1962
1964
1965
1965

use of increased technological capability as it becomes available.
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Lunar Missions

These missions are clearly oriented toward the achievement of controlled lunar landings.
It is the feeling of the NASA that this approach will yield the meximum scientific results and
will pave the way for more ambitious manned lunar missions at some later date. The series begins
with two attenpts to place an instrumented payload in orbit about the Moon using the Atlas-Able
booster. These missions represent the best current capability and are, in fact, the third and
fourth attempts at this mission following two failures in 1959.

These missions utilize a spin stabilized payload with rudimentary but effective midcourse
guidance, without which the mission could not be accomplished at this time. The payload con-
tains a variety of radiation detection experiments to make measurements in the lunar enviromment.
As an "anchored" space station away from the Earth's influence, the payload assumes additional

importance when its long-term measurements are compared with related measurements in the vicinity
of the Earth.

Tn 1961 the NASA will begin the second phase of the lunar program. The Atlas-Agena B will
be used to launch a new spacecraft to achieve & controlled lunar impact with surviveble equipment.

A "spacecraft" is a vehicle designed to fly through space carrying a useful payload and
maneuvering as required to maintain the desired course and orientation. In earlier days the
scientific payload and telemetry equipment were packaged into & structure which was little more
than a can and which either tumbled freely or was spin stabilized. In contrast, the soft landing
lunar spacecraft of the future may be likened to a fighter aircraft in complexity and cost.

This is readily understandable when one considers that this remote descent to the lunar surface
is without benefit of an atmosphere and that the total deceleration and landing is dependent on
rocket braking and appropriaste electronic sensing equipment to guide and control this braking.

Returning to the sequence of Agena B launchings, the first two in the first half of 1961
will actually not be directed toward the Moon but rather into orbit about the Sun to test vital
spacecraft components and at the same time ccnduct selected scientific experiments. Toward the
end of 19€1 the first of three attempts at the complete lunar mission will be ready. The space-
craft for this mission will consist of two sections. The main section will contain guidance
and control, telemetry, and propulsion equipment which will make it possible to impact the
Moon within a predetermined area and with attitude control during the entire flight. In ad-

dition to carrying scientific instruments for measurements in cislunar space, this section of
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the payload will carry a television camera capable of transmitiing during the final moments of
flight pictures of the impact area having optical resolutions of less than ten feet. The space-
craft is also being designed to carrv a capsule which will bhe slowed hy a retrn-racket from
about 8,000 feet per second so that its impact velocity will be less than 500 feet per second.
Survivable equipment within the capsule may include instrumentaticon to study the lunar surface
consistency, structure, and temperature.

In 1963 the availability of the powerful Centaur should meke possible the first true lunar
soft landing of a spacecraft carrying television, a seismograph, a spectrometer, and radiation
detection devices among other relatively fragile scientific instruments to observe and analyze
the lunar surface and subsurface properties. Telemetry and an electric power supply must also
be included in the same 600 pounds of structure and equipment which can be deposited relatively
gently on the lunar landscape. The television reconnaissance of the terrain obtained in the
preceding Agena series should facilitate the selection of design criteria for the Centaur space-
craft landing structure. A long service span is predicted for this spacecraft since spot in-
vestigations of many lunar areas will be conducted over a period of years.

The Saturn soft landing spacecraft will be required for those areas of the Moon which are
to be explored intensively, either for purely scientific reasons or to lay the groundwork for
manned landings. This spacecraft will weigh at least several times that of the Centaur. This
vehicle, planned for 1965 with & three to four year lead time for development, is planned to be
self-powered for mobility over the lunar surface. By this technique the actual area which may
be explored and sampled will increase many fold. Here again, television will play a key role
in this remote exploration.

Planetary and Interplanetary Missions

A Thor-Able and a Thor-Delta probe will be launched this year to obtain scientific
measurements of magnetic fields and of particle and electromagnetic radiation fields deep into
interplanetary space. The first capability of launching probes into the vieinity of Mars and
Venus will come in 1962 when it is planned to use the Centaur launch vehicle and a variation
of the spacecraft designed for use on the Atlas-Agena lunar missions. These planetary probes
are designed to pass close enough to the planets to permit critical scientific measurements to
be made and transmitted back to Earth. Television and/or spectrographic observations are be-
ing considered, although difficult to achieve due to guidance problems and uncertainties in the
position of the planets.
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In 1964 another favorable opportunity to fire at Venus will occur. This flight will

probably be used to test stellar navigation equipment planned for operational use aboard the

Mars and Venus OT"h'l'f"l'nD' ':M(\nr\'r'nf"l‘ achedAnled for lsimah writh +hs Gotien In 1965. M--ss laiier

spacecraft will weigh several thousand pounds and are conceived as ejecting instrumented
capsules to penetrate the atmosphere of the two planets.

Advanced Technical Development

The exploration of the moon and planets involves complex payloads containing instruments
for the measurement of a wide variety of phenomena. The program wes initiated in the fiscal
year 1959 by the procurement of relatively simple, first-generation instruments; either off-the-
shelf items or those requiring a minimum of research for development. The funds required for
the fiscal year 1960 thus could be decreased over the initial fiscal year 1959 procurement level
when completed payloads become available for space probe launchings. At the same time, neces-
sary research studies were started for the development of more complex, second-generation
instruments for later flights. Building up from this basic level of effort, the development and
procurement costs for this type of advanced instrumentetion are contained in the fiscal year
1961 requirements.

The complexity of physical phenomena in space necessitates the use of numerous scientific
instruments, each requiring for its successful development the highest technical talent avail-
able. Two principal categories of flight instrument are needed to achieve the objectives of the
Lunar and Planetary Exploration program: (1) specialized instruments for specific measurements,
such as analyses of the surface of the moon or planets, which frequently require long lead times
for intensive research on meny problems facing the experimenter; and (2) instruments to measure
interplanetary phenomena while the payload is on its way to a target such as the moon or other
planets. These instruments measure cosmic rays, magnetic fields, meteorites, solar radiation,
and similar space phenomena. While initial space probes were able to measure the basic values
of these quantities, consecutive developments, increased sensitivity, and progress in measuring
techniques are required to measure the same quantities at vast distances away from the earth
deep in interplanetary svace.

For example, the development of lunar selismcgraph systems for measurements of the interior
of the moon was otarted early in the fiscal year 1959. It was continued during the fiscal year
1960 and a simplified system will be continued in the first payload impact on the moon. Con-
currently, the development of an advanced seismograph system is under way for later flights to



the moon which will deposit a seismograph for sustained operation on the lunar surface. Another
example is the development of television systems for obtaining pictures of the lunar surface as
well as of Mars and Venus. Initial instrumentation consisted of simple scanning devices which
relayed crude piclures [iGi ouver opacc. To obtain high-resolntion pictures of the lunar sur-
face, a necessary preview to selection of landing sites, an advanced television system is under
development. For planetary exploration, different requirements will be placed on the capabil-
ities of television systems to transmit information over millions of miles. And finally, the
analysis of lunar surface samples will be greatly aided by systems which obtain and transmit
microscopic pictures back to earth. These vastly different television systems require and are
receiving study and development.

As the payload weight capabilities of space probes increase, current progress in the
development of scientific instrumentation will lay the basis for the future employment of greatly
advanced instrumentation to enhance our knowledge of the solar system.

Fiscal Year Fiscal Year Fiscal Yesar

Lten 1959 1960 1961

Cosmic ray instrumentation - development... $7h4,951 -_— -
Lunar data recording system - development.. 75,000 - ———
Study of lunar soft landing systems........ 150,000 —-——- ———
Lunar radicactivity instrument development. 150,000 -—- -
Coherent radar explora&tionS.....eceeeeeeecss. 126,000 -— -
Radistion instruments - development........ 150,000 - _——
Studies of radiation belt properties....... 311,420 —— -—-
Studies of primary cosmic radiation........ 300,280 - _—
Magnetic calibrations...icvevecaveicvenens. 27,000 -— ———
Coincidence telescope - development........ 63,140 - —
Special computations at NBS..... vessrensas 50,000 _—— ——
Television for space vehicles - development 300,000 —— ———
Study of deep bpace system reguirements.... 50,000 -—— ——
buppo.[ b.LU.% reésearch on lurnar miseion

problems.ceceenees . Ctetreerrevrtaoarans 90,000 - ———
Lunar and planetary'exploratlon Stud¢CS-..- 1,300,000 e S
Development and construction of lunar

orbiter and space probe payloads......... L,522,616 - -
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Ttem

Flaswas lustiumentoticn - Aevelopment........
Lunar seismograph system - development, CIT.
Advanced lunar seismograph system - develop-
ment, Columbia University........... senses
Lunar photogrammetry - development..........
Spectral lamps - development...cceecevecnces
Tunar map studies..ccvcinsencerscseccaccoonnns
Instruments to measure atmospheric pres-
sures between Earth and Moon - development
Study of lunar surface characteristics......
Electromagnetic investigation of lunar
gurface propertieS.icescsiaricesccsccsccsens
Space radar equipment - development.........
Micrometeorite simulation studies...cccceeee
Ionosphere of Jupiter - studies.....ccceenss
Detection of planetary microorganisms -
studies..ssereceasnne eesessessacerisc e
Ultraviolet sensors - developmentese.oceecse
Photo-diode system for planetary surface
light - developmentesceeseecesceccscocases
TLunar photographic system - development.....
Cosmic ray and megnetometer - development...
Development of impact-proof payload
COMPONENTS. cacacasrssarnerocncscerssscnnssns
Spacecraft sequence timer - development.....
Development of lunar retro-package..........
Sterilizetion of space payloads - study...

Lunar penetromcter - development........... .

Mass spectromcter - ReveWﬂﬂment ........ ceeen

TLunar surface gravity meter system -
AeVelopmertceassssoseeosnorsoabesszes seene

X-ray fluorescent spectrometer - development

Fiscal Year

1959

Fiscal Year
1960

Fiscal Year

1961

$97.,200
125,000

125,000
15,000

$75,000
150,000

150,000
72,370
30,000
67,630

50,000
115,000

50,000
50,000
50,000
50,000

4,500
215,500

368,000
500,000
450,000

105,000
445,000
1,500,000
30,000
80,000
75,000

55,000
135,000

$90,000

250,000
90,000

80,000
125,000

P YN

155,000
195,000
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Surface sampling complex X—ray development - $100,000 $150,000
Heavy cosmic roy dotectore oo . .lllll, -— 75,000 100,000
Interplanetary gas and dust - studles... . -—- 50,000 75,000
Gamma, ray spectrometer - development...... . - 20,000 150,000
Infrared photography of moon...... cecssecnn -—- 105,000 125,000
Photogrammetric interpretation of lunar

composition - study..... tesesanesrssaenee -— —— 110,000
Instruments for measuring lunar atmospheric

characteristics - development...ccceeeees -—- -—- 220,000
Solar corpuscular detector - development... -——- - 100,000
Photoconductive particle detector - de-

VElOPMEN T e s vasassoorsossassncasocannssss - -— 400,000
Rubidium vapor magnetometer - development.. - -—-- 100,000
Coincidence detectors ~ development........ - - 400,000
Ton chamber ~ development..eseecsccescesnes ——— -——— 100,000
Lyman alpha scanner - development.......... - ——- 200,000
Micrometeorite dectector - development..... -——— - 100,000
Vehicle electrostatic charge - development. —-—— —— 275,000
Envirommental testing of instrument as-

SEMblieS.s cevecenssctsstessscsnsescannass -—— —— 325,000
Advanced vidicon - development...sssceccaas - ——— 750,000
Skin temperature sensors - development..... -—- -— 115,000
Ion trap - development...cveeeesecreccecans - _— 80,000
Procurement of 2 service-test instruments:

VidiCONS e seessssesssssscssescsoanasonces -—- - 780,000

Gamma ray spectrometers.....cceveesicnees - -—— 200,000

SeismOgIaPNS . csesacssssrocoscsccescsnsnns -— —— 260,000

PenetrometerS.e i cecsocosncsensscosasscns - ——- 130,000

Temperature SENSOrS...:sscsssreasees ceeee — -~ 80,000

TN LXODCearerseciiistiranannaananes -— ——— 80,000
Magnetic and electric field instruments,

Venus - developmentssveesecacisassasnsans ——— - 125,000
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Fiscal Year biscal Year Fiscul Tear
Ttem 1959 1960 1961
Energetic particle instruments, Venus -

AeVelODMEN T e s cesassrcrossnarsoscssasosnnns - - $275,000
Atmospheric instruments for Venus -

developmente i ieeseorsoccnnccas Cesrireaaans - -—— 100,000
Ionospheric instruments for Venus -

developmenteeceescecsnsessesssnnnsnnosanss -—— -——— 100,000
Spectroscopic photometer - development...... - -—— 450,000
Development of television for Mars probe.... - - Loo,000
Magnetic and electric field instruments,

Mars -~ developmenteecececeessnseasassncans —— - 100,000
Spectroscope, Mars - developmentecevessscoee -—- ——— 150,000
Advanced megnetometer ~ development..ccessoes -— - 30,000
Surface thermal measuring instruments -

Gevelopmenteesecesosososscososncosossncnsne - ———- 35,000
Advanced plasma probe - developmenteceeseass - - 55,000
Remote controlled TV - development.eseevecs. -—- -—- 185,000
Advanced instruments for solar probes: ‘

"High resolution spectroSCOpPCeseceessssesss —- -—— 200,000

Colomagraphic equipment.ccceesecececessene ——- -— 100,000

Temperature and pressure deviceS.sececeass -—- -—- 160,000

Mass spectrometer.iceecececcesccsccosennes - ——- 100,000

o) - . $8,102,607 223,000 $9,000,000

Vehiele Procurement

The Pioneer IV operations are now completed. The Thor-Able deep space probe is now
scheduled for early 1960. The fiscal year 1959 funds will complete the operation. The Atlas-

Able vehicles referred to were launched during 1959 with the indicated expenditure of funds
now completed.

The Atlas-Agena B vehicles are being incrementally funded. This funding plan is based
on cost estimates from BMD and the vehicle contractor.
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Fiscal Year fiscal Year Fiscal Yens
Item 1959 1960 1961

Completion of Pioneer IV vehicle system
ODErationS.sescevereceracnses cheases crres $2, 140,000 -—- -—
Thor-Able vehicle for deep space probe..... 2,843,000 —-— -—-
Procurement of 2 Atlas-Able vehicles....... 4,097,000 $3, 446,000 -——
Procurement of 5 Atlas-Agena B vehicles.... 3,500,000 7,360,000 $9ZSOOZOOO
TOtALe s enveennsennnnaseessses  $12,580,000 $10, 806,000 $9,500,000

Design, Development, Febrication and Launch of Spacecraft and Payloads

Completion of Able payloads: These costs, which do not carry into the fiscal year 1961,
reflect the NASA contract with BMD-STL for the development and procurement of payloads for two

Atlas-Able and one Thor-Able launch. The Thor-Able interplanetary probe will be launched in
1960 to complete the series.

Construction of magnetometer probe payload: This payload is being prepared for the
Thor-Delta interplanetary probe scheduled for the second half of this year.

Completion of two electron density probe payloads: These probes will be launched using
Scout vehicles to an altitude of 6,000 to 8,000 miles.

Procurement of nuclear emulsion recovery payload: This payload will also be completed
within fiscal year 1960 funds. The payload, again launched with a Scout, is designed to ex-

pose an emulsion to the Great Radiation Belt and cosmic rays before recovery for subsequent
analysis.

Procurement of two lunar orbiter flight systems: Negotiations are currently under way
with BMD-STL for the two Atlas-Able lunar orbitor attempts in 1960. This will be a "package"
contract including launch vehicles, launch services, and payloads (3). The project constitutes
a continuation of the Atlas-Able lunar program of 1959.

Design, development, and fabrication of five Agena and two Centaur spacecraft and
payloads: This grouping of line items constitutes the spacecraft and payloads to be used by the
NASA in the lunar and planetary program in 1961 and 1962. The lunar impact missions have been
previously described as directed toward reconnasissance prior to impact and survival of some sci-
entific equipment. The planetary missions will conduct experiments in interplanetary space and
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will study the planets at their point of closest contact. These expenditures began in the fiscal
year 1959 with a largely in-house effort at the Jet Propulsion Laboratory directed toward the de-
velopment of a planetary spacecraft for the Vega. In 1960 the missions were more clearly defined
and the level of eftort increased commensurabe wion an carly 1061 launching date. The change from
Vega to Atlas-Agena as the launch vehicles has caused remarkably little disruption to the effort.
It is expected that the majority of the spacecraft and payload expenses for these seven missions
will be completed with the fiscal year 1961 funding. The funds cover development of flight hard-
ware from the early research phase, through the "breadboard" and prototype equipment, to the
flight articles. A minimum amount of prototype (nonflight) equipment is included for adequate
envirommental testing prior to the actual missions.

General program support: The analyses and studies funded here are necessary to determine
the most desirable trajectories to fly and the optimum equipment required to fly them. Without
this effort it would be virtually impossible to "freeze" on a mission, a configuration, or the
subsystem equipment with any degree of confidence.

-Design study and preliminary engineering for Centaur and Saturn spacecraft: The rela-
tively short lead time before the Centaur lunar soft landing mission requires that specifica-
tions be prepared and preliminary engineering accomplished as rapidly as possible so that the
critical subsystems (navigation, guidance and control) can be contracted for at the earliest
possible date. This work is now under way and will continue in fiscal year 1961. The contract
monies for Centaur guldance and control are listed under the Vehicle Systems Technology pro-
gram.

The situation with the Saturn spacecraft is somewhat less pressing although with a
lead time of 3-1/2 to L years required, coupled with a 1965 launch date, the indicated funds
are considered the minimum to carry out preliminary study contracts prior to a hardware con-
tract in the fiscal year 1962. The extreme complexity of the mobile spacecraft for the
Saturn lunar soft landing as well as the complexity of the planetary orbiter with landing
"probes" dictate very careful planning for these projects.
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Fiscal Year

Fiscal Year

Fiscal Year

Ttem 1959 1960 1961
Compeetion of Pioneer payloadS.:csccscsceccs $2, 460,000 - -
Compiction of ALLS POFICGISeeevv v 3,7L0 000 $2.289.000 -
Construction of magnetometer probe payload:

Magnetic field DProb&.cceevevocccscccons - 174,900 -
3 nontracking telemeter antennas........ . -——- 150,000 ——
Speclal data processingecsesecsceccscossns ——— 3,900 -—-
Electronic SystemSsicsssscececsecasosascsss -—— 88, 400 -
Radio-frequency SystemS..eaeeeesessococscs - 168, 300 -
Mechanical SystemS.cececseccessccsecsscone ——— 272,200 -—-
Thermal sysStemS.ececscesscssseesoscnsscsnsoc —— 11,300 -
Component and payload testing..eecesecseo.e - 59,000 -
Completion of 2 electron density probes:
Raedio frequency SYSteMS.essecereosescssces - 265,500 -——
Thermal SYStemS.eeesescasscsssscssosssoses -— 11,800 -
Mechanical SYStemS..eceeessoscececacacascs -—— 208,700 -
Procurement of nuclear emulsion recovery
PAYLOBA. s vsesececesotrssssacacscscosscsce - 600,000 -
Procurement of 2 lunar orbiter flight
SYSLEMS e sosunocacnanns Cetecseasroccannna . - 10,000,000 $3,500,000
Design, development and fabrication of 5
Agena and 2 Centaur spacecraft and
payloads:
StrUCtUTES.ceecrnrensns cesens Cereanes ceees 100,000 1,300,000 1,600,000
Flight telemetry.eeesceetonscesssersccanncs 12,000 1,400,000 1,200,000
Ground telemetry and data reduction.... 637,000 1,000,000 986,000
Radio command system...... ceesoscoanoene .o 250,000 550,000 500,000
Solar PoOWer SYSteMesosscsssesessncccasones 770,000 1,670,000 1,450,000
Attitude control systemeseeocecseccs covecs 310,000 1,533,000 1,260,000
Payload communications system.....::cco:xne 895,000 2,350,000 2,300,000
Tayload communications system testing..... 200,000 250,000 350,000
Electronics module packaging.....,.eec.... 36,000 340,000 353,000
Spacecrafi system integraticn...cocec.ceen 54,000 350,000 350,000
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I Year Fiscal Yeur
Ttem 1959 1960 1961
Spacecraft environmentsl reliability
design and testing.ceereesressnescneaneess  $388,000 $892,000 $900, 000
Special environmental test equipment........ 290,000 450,000 420,500
Special ground electronics equipment........ 32,000 290,000 326,000
JPL launch crew at AMR.iveveeiecnonrocscnsa 30,000 360,000 400,000
Mission control center operation......... vee 5,000 101,000 276,000
Midcourse guidance rocketSescesececessescneas 25,000 242,000 237,000
Payload radiation instruments............... --- 240,000 330,000
Payload lunar photographic system........... - 200,000 1,100,000
Payload cosmic ray counter and magnetometer. -—- - 560,000
Spacecraft sequencing timer..... Cetcecareaas — 100,000 600,000
Impacting retro-package........ ceescessesnes -—— 100,000 2,500,000
Technical documentation of Agena system..... 71,000 323,000 535,000
General program support:
Analysis of lunar and planetary trajectories 200,000 324,000 3244,;000
.Analysis and evaluation of guidance methods 500,000 1,045,000 600,000
Analysis of scientific missions ...eoeeveense 195,000 752,000 193,000
Design study and preliminary engineering for
Centaur spacecraft........ eresecsessactcrons -— 1,500,000 1,500,000
Design study and preliminary engineering for
Saturn spacecraft.ccceccicrscsscscsccacsncans - 1,000,000 1,250,000

Total'.b'...."

e 600000000000 %llz2002000

§32!9712000

$26, 500,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

OBJECTIVES:

METEOROLOGY
Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$987,550 $7,930,000 $20,700,000

To establish a meteorological satellite cepebility for world-wide coverage and for
providing observations of atmospheric elements required by the meteorologist in order to
understand atmospheric processes and predict the weather. These elements include cloud
cover, storm location, preclpitation, temperature, wind direction, heat balance, water
vapor and other constituents. To achieve this objective will require: (a) the develop-
ment of stabilized satellites for polar orbits of 500- to 1,000-mile altitude and "sta-
tionary" satellites for equatorial orbits of 22,000-mile altitudes; (b) the development
of suitable on-board detection equipment, including television, infrared detectors, radar
and spectroscope; and (c) the development oI adequate data storage, handiing and communica-
tions equipment and techniques.

The long range objective is to develop the principles of a system of instrumented
orbiting satellites and communications network by means of which world-wide meteorcliogical
information may pe transmitted to the National Meteoroiogical Center of the wWeather 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 of weather forecasting.
Although it would be a mistake to imply that such a device will eliminate our meteorological
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limitations, there is no doubt that it will supply a tremendous amount of useful meteoro-
logical data not now obtainable, It will deo this not only because of its ability to give
world-wide coverage to some meteorological parameters, in contrast Lo the current Tive to
ten percent coverage. but also because of its unique vantage point above the atmosphere
which will make new measurements possible. Improved basic scientific understanding of
atmospheric processess and a more comprehensive knowledge of world and regional clima-
tology will result and these should assist in producing advances in weather forecasting
and in approaches to weather modification and control.

The benefits to be derived from these improved cspabilities in meteorclogy include
convenience in planning personal activities, protection of life and property from weather
disasters; safeguarding transportation; crop planning, control and protection; industrial
planning of weather-dependent products, outdoor enterprises, and heating and cooling loads;
eventual limited weather modification and control; and good will in return for providing
current global meteorological data to other nations. In addition, the same meteorological
data required for world-wide civilian needs can, by proper handling, be made to meet special
military needs as well.

PROGRAM PHASTNG:

Project TIROS was initiated by ARPA and transferred to NASA in April, 1959. In
addition to the support provided by ARPA in payload and booster development, NASA purchased
the following items with fiscal year 1959 funds: (a) radiation detection equipment and
agssociated ground equipment for a meteorological satellite (TTIROS) to be launched once
during the fiscal year 1960 and again during the fiscal year 1961; amd (b) tracking, tele-
metering, data processing, and data analysis equipment and services for the satellites.

The fiscal year 1960 funds provide for the continuance of this program at an
accelerated rate with strong emphasis on the development of equipment for a series of
stabilized follow-on meteorological satellites, These include a radar feasibility study,
the develorment of an electrostatic tape recorder, the development of a vidicon camera,
optics and controls, radiation scanning heads, low resolution heat budget instrumentation,
attitude control development, spectroscope development studies, the develcpment of reccrders,
programmers, transmitter controls and receivers for the satellite. A substantial effort in
basic meteorological research for the utilization of meteorological satellite data is also



being conducted. Studies using data from rocket probes, aircraft reconnaissance, and the
current metecrclogical observation sources simulate the kind of information that will be
available from satellites and develop technigues t¢ be applied tc the analysis of actual
satellite data from TIROS. In the fiscal year 1960 TIROS I (containing TV to map cloud cover)
will be launched. ,

The fiscal year 1961 funds have been programmed {a} tc maintain basic research at
approximately the same level; (b) to allow for some increased activity in the development of
advanced instrumentation (specifically in the development of stabilized vehicle control sy-
stems, and in the further development of IR detectors, TV systems, radar, and spectroscope;
(¢) to launch TIROS II (containing both TV and IR sensing instruments); (d) to allow for
increased activity in the analysis of data acquired from the meteorclogical satellites
(TIROS I and II); and (e) to initiate payload development, booster vehicle purchase and
launch of the follow-on meteorological satellite.

Fisecal Year Piscal Year Fiscal Year

4., PROGRAM COSTS: 1959 1960 1961,

Advanced technical development:

Atmosphere, radiation, and data

systems research.ccc.ccoccccoscocassas $158, 550 $1,250,000 $1, 400,000
Development of advanced instrumentation. 11,000 3,099,000 4, 400,000

Flight research program:

PayloadsS.seocsoseccssassssosconscscscnss 818,000 3,581,000 9,200,000
Booster vehicles....... sstcsescssoosanas - == - 5,700,000

TOTALc e voscsan $987, 550 gzgggo!ooo $20, 700,000
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NATIONAT. AFRONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

METECROLOGY

Obgectives

The over-all objective of the NASA meteorological satellite Program is to establish
.the technological background needed for operation of a system of satellites to provide
world-wide observations of atmospheric elements required by the meteorologist in order to
understand atmospheric brocesses and predict the weather. These elements include cloud
cover, storm location, Precipitation, temperature, wind direction, heat balance, water
vapor and other constituents. To achieve this objective will require: (a) the develop-
ment of stabilized satellites for polar orbits of 500- to 1,000-mile altitude and
"stationary" satellites for equatorial orbits of 22,000-mile altitudes; (b) the develop-
ment of suitable on-board detection equipment; including television, infrared detectors,
radar and spectroscope; and (c¢) the development of adequate data storage, handling
and communications equipment and techniques.

Flight Program

Two Tiros satellites will be launched the calendar year 1960 -- one during the
first quarter and one during the third querter. These satellites will be spin stabilized
and so will have a fixed orientation in space and an intermittent coverage. They will be
launched on an inclined orbit thus further limiting the coverage of the Earth’s surface to
between 50° N and 50o S latitude. Tiros I will have & vidicon television system for

determining cloud cover as its principal instrumentation. Infrared radiation sensors will
be added in the Tiros II payload.

The Tiros experiments will be followed by a series of advenced meteorological
sateliites to be known as the Nimbus series. This will be a family of satellites with
many common components (data storage, controls, orientation, stabilization, data trans-
mission, structure, etc.) but with a flexible capability for accepting new or improved
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sensory systems, as required. Nimbus will be polar launched from the Pacific Missile Range
and hence will be able to traverse the entire globe. It will be Earth oriented, so that the

gananre will fena the Fawth at 2171 +dmas Miaern dlam oomdcem T Twdo

oY ey daAUE?  WIIG G W UGk LUGh WG uuvc&asc UJ. u.uu.uub w.LJ..I. Ut:
much larger than with Tiros.

The first Nimbus satellite will be launched during the third quarter of calender
year 1961. Succeeding satellites will be launched at approximately six month intervals with
improved or new instruments.

The meteorological data from the Tiros and Nimbus satellites will be analyzed and
correlated by the U. S. Weather Bureau. In addition to their basic value, these data will
be used to develop improved techniques of Hendling a.nd interpretation sc that req_uirments for
an operational system can be developed.

Atmosphere, Radiation, and Data Systems Research

Basic studies are required to assist in the design of meteorological satellite
experiments and apply satellite date to forecasting. Examples of the work being conducted
by the U. S. Weather Bureau under NASA support are: the analysis of cloud pictures obtasined
from rockets; the study of the general circulation of the atmosphere and its relation to
the atmospheric heat balance as messured from satellites; the study of the feasibility of
and the method of approach to making satellite measurements, such as precipitation, by redar
and atmospheric temperature and composition by spectrometers; basic radiation studies and
calculations to develop methods of determining meteorological parameters from satellite
infrared measurements.

At the University of Michlgen, studies are being conducted with rocket launched
grenade experiments for determining- temperature and winds in the 20- to 60-mile altitude
region, by messuring the travel time to the ground of the grenade explosions' sounds. In

addition; at the University of Michigen, ballcon and rocket-borne measurements will be made
of the md‘\n'l-im\ 'nmnn'v"i"\nq of the Barth sg cbserved from high altitudes. Specific measure-

ments are intended to aid in the interpretation of satellite measurements.

A study will be directed to the question of how to present, in analog form, the very
large quantity of data transmitted by the satellite so that the meteorologist can make the
best immediete use of it. Since the results of this study are desired within a year, the
level of effort of this study will be substantial.
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The transmission of the large quantity of data fram the satellite to the ground is a
1limiting factor in the experimental meteorologist's ability to use the information. A study
will be suppuried Lu expiore Lhe proviems aud methods of imlegraling end digilalizing tue

data aboard the satellite with a view to reducing the amount of information transmitted.

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961

Basic studies by Weather Bure@u.....e...... . $140,000 .$600,000 $400,000
Basic radiation studies, University of

WiBConBin. ceeeversecococsesescscsasossane 18,550 -— -—
Basic rediation studies, University of

MichigBN. e rveeecoscacrarscrecoosancacansas -— 270,000 350,000
Research in dynsmics of atmosphere, Texas

Western University.c.ccceesvevesencaccocnes - 80,000 -—
Research in dynamics of atmosphere, University

Of Michigan. .eeavsvesoeccsseceancosnsncans -—- 300,000 -
Study of data presentation systems.......... —_— -—- 350,000
Study of on-board data enalysis.......c..e.. - -——— 300,000

Totale.veeeroeeeennssss  $158,550 1,250,000 $1,400,000

Development of Advanced Instrumentation

NASA is maintaining an active instrument development program to improve the performance -
and reliability of existing flight instruments and for developing new instrumentation to provide
additional meteorological data not yet available.

An engineering test model of an electrostatic tape recording ceamera is being developed fram
basic laboratory principles. It is expected to lead to equipment which is to be incorporated on
board Nimbus I. By means of the elecirostatic tape recording cemera subsysiem, it will be possivie
to obtain better quality pictures and of higher resolution then now possible. When perfected,
this system may replace the vidicon picture taking system.
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By including image enhancement technigues to image orthicon television systems, 1t may
be possible to obtain TV cloud pictures under very low light levels. This capability makes
such a system applicable to the problem of obtalning cloud pictures of the night side of the
earth under moonlight or perhaps star light conditions. In & single contractual effort, there
will be developed a rigidized, simplified orthicon and the application of image enhancement
will be investigated. ‘

Until other systems such as the electrostatic tape recording camera or the image orthi-
con television systems are perfected, the vidicon camera system remains the best all-around
system applicable to satellites at this time. The present Tiros vidicon camera systems, how-
ever, are limited in resolution, religbility and recording capability. The use of such
vidicon systems in the earth oriented Nimbus satellite will require considerable develop-
mental work to improve the resolution and stability of the vidicon tube, the relisbility
of the electronic sweeps and controls, and the capacity and flutter and wow characteristics
of the tape recorder.

Radiation measurements are fundamental to the meteorological satellite program and a
continued study and development of sensor and scanning systems are most essential. In
particular, increesed activity in detector development is required.

In the fiscal year 1960, & feasibility study will be undertaken to determine the general
specifications required to produce satellite-borne radar equipment for the identification and
tracking of precipitation areas over the earth. There will be & continuation of this effort in
the fiscal year 1961 directed toward the development of prototype equipment. The performance
of this equipment will first be demonstrated in balloon flights.

A series of developmental contracts are under way for electronic and mechanical devices
for present and future satellite use. Improvements in these devices will contribute to the
efficiency of processing, storing, and transmitting data from the meteorological sensors to the
read out stations. In addition, the desired performence of the satellite places specisal
requirements on the electronic components included irn the vericus subsystems. Continued vigo-
rous development of special electronic components will be pursued slong the lines dictated by
the specific requirements of the flight program.



Of major importance to the Nimbus flight program, is the development of a suitable stabi-
lization subsystem capable of pointing the sensors toward the earth throughout the life of the
satellite. A modest effort has heen hegim in the fiscal vear 1960 in the develomment and
production of a prototype stabilization subsystem. To meet the leunch-schedule requirements an
immediate and intensive program in the development and production of such a prototype needs to
be undertaken in the fiscal year 1961.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Studies of advanced radiation methods......... $11,000 $100,000 $100,000
Tape recorder for Tiros radiation experiments -_— 154,000 -—-
Electrostatic tape recording cameréi........... —-- 350,000 -
Advanced vidicon cemera systems.......c..... oo -—- 500,000 ---
Rediation scanning heads and detectors:
Scanning systems studies........cccvc000000- . -—- 100,000 100,000
Uncooled detectors for region beyond 6.3m.. -—— 80,000 150,000
Dielectric and related bolometer studies.... --- 100,000 100,000
Detector cooling techniques.......cccc00vuene -—= 50,000 50,000
Electronic and mechanical instrumentation:
2w, 240 mcs wide band transmitter........... - 50,000 —_—
Special 5 channel telemetry........cc.cc0... -— 30,000 -—-
Control electronics for special tape recorder -- 25,000 —--
Clocks, programmer, controls and switching
system. . crereaaans seeeeeenens e seeraen -—- 120,000 -
Tape recorders esevsassasanss ceseceniossonns —— 25,000 100,000
Secure digital cammand system.. ceesenns - ——— 100,000 100,000
5w, 1700 mcs, wide band transmltter.a,...... -—- 50,000 100,000
Special telemetry beacon and switch......... - 50,000 50,000
VHF, UHF, and microwave antennsa systems..... .- 50,000 50,000
Infrared radiation satellite systems:
Special supplies and materials.........e... . _——- 560,000 410,000
SUPPOTt BETVICES.:c::vsarenrcsscccnecrsecnns -— 125,000 340,000
Attitude control components and system........ -— 380,000 1,500,000
Satellite-borne radar........... coeeen eiesoe - 100,000 400,000
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Electronic components:
Constant beta, low-noise transistor..... ——— -——- $70,000
1000 mcs, 1 watt transistor....ccccas:oo - -—- 100,000
High-resolution electron gun....... ceons - ——— 80,000
Far infrared imaging device....covvvecss -—- -—- 100,000
Image orthicon system..c.ooeveneneveceoncas - ——— 300,000
Advanced data transmission study.....c.c.o --- —-—— 100,000
Spectrometer-..-.....g.--............-.... -——— - 100,000
Totaletaveenooocoonns 11,000 $3,099,000  $4,400,000
Payloads

When the meteorological satellite program, Tiros, was transferred to NASA from the
Department of Defense in April 1959, some $7,977,000 had been provided by ARPA for payload
development either directly to the contractor or through NASA. The funding by NASA since the
transfer has been for completing the development and production of five basic payloads in
the Tiros series, the modification of equipment at read out stations, special support operations
involved at these stations and the analysis of the data acquired by the satellite.

With the availability of data from Tiros I and Tiros II, the major effort of the
Meteorological Satellite Section of the U. S. Weather Bureau will turn to the problem of
satellite data analysis and interpretation. The scanning radiation data acquired by Tiros II
will be converted from analog to digital information and processed for Weather Bureau use.

The data will also be analyzed for application to future satellite-borne rediation measurements.

[a LIPS B | -

The follow-on satellite to the Tiros series will be the Nimbus satellite. One of the
Lasic problems in Nimbus is the development of a suilable sputelrame whose structure and

components are compatible with the structure and components of the terminal stage of the launch
vehicle. In the fiscal year 1960, the basic hardware and test equipment will be acquired for
the spaceframe development. Nimbus is a large and complex satellite with a number of meteorolog-
ical sensory systems, a stabilization system, and & power supply system. The selected contractor



for the Nimbus satellite payload development and integration will provide through approved and
appropriate subcontractors the structures, television subsystem components, the electrostatic

tepe recorders, the radicticn measurcment cguipment, the slecticnic contiols {Limers, vrausmiiiers,
receivers, beacons, tape recorders) and other mechanical parts that will constitute the satellite.
In addition, there will be a single contractusl effort for the development and production of the

solar cell power supply intended for the satellite.

The proof of the reliability of a finished satellite is the most difficult and most
critical phase of the satellite development effort. The testing program will include vibra-
tion, acceleration, vacuum-thermal and life testing of each of the seven basic Nimbuses
developed. A three-month life test program will be carried out for each of the five flight
models.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Tiros I:
Completion of payload development and
CONBEIUCEION e eeenererreerenerncesnocennne $278,000 $1,555,000 -

Modification of equipment and station
operation for data acquisition:

DeBl, NeW JerSey . oeeeeueocnassneonens 260,000 - -

Keena Point, Hawaii..ceoeneeeneennnnnns 280,000 155,000 -

Atlantic Misgsile Range...cceeeeeecaccs. -—- 30,000 -—-
Quick demodulation equipment......e.ece... . _—— 28,000 -
DELA BNALYELS. e vreernronrenennennencnnnnss ——- 300,000 -

Tiros II:

Payload modification..... Ceeremraneeeoa . - 400,000 -
Station operation for date acquisition..... - 113,000 -
Pre-launch payload operations.............. - R $50C,00C
Data analysis....ooeeeene.. ceereetensons oo - -— 800,000
Special radiation analyseS....ccceeeesn. con ——- - 106,000
Anglog to digital data conversione........ . —— _—— 200,000
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Nimbus:
Terminal stage structure and hardware.... - $350,000 -—
Stabilization componentse.c.oeva. covoeans -—— 150,000 -—-
Stabilization subsystem structure con-
struction..c.coceoscecoseonnse cescessas -——— 250,000 -
Special test equipment for stabllization
system.cooeeoronnans cesesoescsvescosans -—- 250,000 -
Payload development and construction..... - — $5,000,000
Envirommental testing of payload......... --- -— 2,000,000
Payload power supply, development and
construction......... . crrrearecenns - -— 600,000
Total.veo.n.. N $818,000 $3,581,000 $9,200,000

Booster Vehicles

The Tiros I vehicle (Thor-Able) was funded by the Department of Defense during the period
of inception of the progrem in thet agency. The Tiros II vehicle (Thor-Delta) was funded under
the Delta vehicle development program. Consequently, no booster vehicle costs are indicated in
the meteorological satellite program in the fiscal years 1959 and 1960.

The funding during the fiscal year 1961 will partially cover the cost of two Thor—-Agena B
launch vehicles.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Procurament of four Thor-Agere B lsunch
vehicles (partial funding).............. . - - '$5,700,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

COMMUNICATIONS
Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$3,57k4,806 $3,170,000 $5,600,000
OBJECTIVES:

To develop communications satellites and operating techniques for use in a world-wide
communications system using satellites as relay stations for ground-to-ground, ground-to-
satellite, and satellite-to-ground transmission of messages, data, voice and television; to
develop communications systems for the transmission of scientific data from deep space probes
to earth and of commands from earth to deep space probes; and to conduct studies of the appli-
cation of active relay satellites to civilian and commercial communications.

Long-range communications in the form of telephone, telegraph, and television networks
are now accomplished by means of land lines, cables, long and short wave radio, and microwave
relay stations. The total bandwidth of land lines, cables, and low-frequency radio is limited.
Short-wave radio bands are crowded and are unreliable because of atmosphere interference and
ionospheric irregularity. Ultra-short-wave or microwave radio is usually limited to line-of-
sight range; long distance communication at these frequencies is commonly achieved by means of
repeater sgtationms.

Satellites offer the possibility of world-wide communications by ultra-short-wave or
microwave radio because the line-of-sight range at satellite altitudes is very large. The
bandwidth or channel capabilities at these wave lengths is sufficient for television and most
other foreseeable communications needs.

Communiceations




The scientific exploration of outer space is accomplished by the use of deep space
protes. The data these prcobes accumulete must be transmitted to earth, and the earth gtations

must be able to send commands to the probes at various points along their paths. This requires
a two-way communications link between the earth and the probe.

PROGRAM PHASING:

During the fiscal year 1959, work was initiated on Project Echo - a project to place
several 100-foot diameter inflatable spheres into circular orbits about the earth. These
spheres will be used to reflect passively electromagnetic energy from one ground station to
another. Part of the project is the development of the sphere itself, its packaging into a
payload, and methods of inflating and ejecting the sphere from the final booster stage. A
12-foot diameter version of this sphere, which was also to furnish data for air density studies,
was launched in August 1959 but failed to achieve orbital velocity. The development of a beacon
to aid in the tracking of the satellites was started in the fiscal year 1959. Improvements were
slso made to the JPL Goldstone transmitter and receiving sites at the Jet Propulsion Laboratory.

In the fiscal year 1960, the large-sphere flight research program will be initiated.
Several 100-foot diameter inflateble sphere payloads will be ejected from boosters in vertical
sub-orbital shots to test ejection and inflation techniques. Following this, a 100-foct sphere
will be launched to orbit. Communication experiments will be conducted between east and west
coast transmitting and receiving stations, using the sphere as a passive relay.

Research and development will be conducted in the fiscal year 1960 in several areas.

In the area of inflatable structures for use as passive reflector satellites, work will be done
on radio propagation characteristics, the feasibility and development of larger structures, and
on regidization techniques. Studies will be undertaken in the field of world communications
needs, of communication satellite system requirements to fulfill these needs, and of the ground
support systems required for their use. These studies will be directed toward providing recom-
mendations for the optimum communications satellite system.

''ne tiscal year 1961 progrem is a continuation and broadening of the 1960 program.
Additional 100-foot spheres will be launched for further communications experiments. Since a
world-wide passive gatellite communications system will require several satellites simultaneously
in orbit, the development of a multi-sphere payload for launch by a single vehicle will be started.
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One of these will be launched in 1962. Data transmission requirements will be studied, with
emphasis on a data relay for meteorologicel satellites. The advanced equipment development

-program will result in prototyve models of a high-gain antenna and mount. Development of

suitable modulation systems will be initiated.

During the fiscal years 1960 and 1961, work on active relay satellites will be
limited to studies on the cilvilian and commercial applications of these satellites, the
requirements imposed by commercial needs on such satellites, and the application of pertinent
developments resulting from the Department of Defense program.

During the fiscal year 1959, work in the area of deep space communications was carried
out by the Jet Propulsion Lsaboratory as part of its Juno II program. Their work included the
design of a space vehicle communications and tracking system for the Pioneer III and IV experi-
ments and the evaluation and improvement of elements of existing systems.

In the fiscal year 1960 studies will be made to determine the requirements for deep
space communications, and the development of new components will be continued. Fiscal year
1961 will continue studies and component development, and will provide for communications
equipment for use in planned deep space experiments.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Advanced technical development:

Conmunications satellite studies and

equipment development.cecesecssceocosss $28L,806 $740,000 $1,100,000
Deep space communications studies and
equipment development....ooeececeecosas -— 400,000 350,000

Flight research program:

Boosters...... Cesasirercenstanes sseresens 2,150,000 -—- -
Payload development, procurement, and
OPEration. v evesrnoeosarnnasrconsnse 1,140,000 2,030,000 4,150,000

TOTAL. cevosesne $3,574,806 iéngO!OOO §2!600!OOO



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

COMMUNICATIORS

Obgectives

One of the major objectives of the NASA is to investigate the utility of satellites for
providing global communications. Communications satellite systems show great promise and almost
unlimited capacity for the instantaneous transmission of voice, teletype, television and telemetry
data throughout the world. In addition to providing ground-to-ground communications, such satellite
systems can provide ground-to-satellite or space vehicle communications on a continuous basis. The
NASA communications satellite program has as its objectives the research and development on one form
of communications satellite system, the passive satellite system, and on the supporting technology
necessary to the use of such satellites. To achieve these objectives will require (a) the develop-
ment of techniques for erecting large, light-weight structures in space, (b) the development of
techniques for rigidizing these structures once erected, (c) the development of the optimum shape
Tor such satellites to effect minimum transmission losses, (d) development of satellite stabiliza-
tion techniques to take advantage of more efficient satellite designs, (e) development of satellite
tracking and antenna pointing techniques, and (f) the development of high powered ground trans-
mitters and very sensitive receivers.

The advanced technology which must be provided for passive communications satellites (so
that the very weak signals which are reflected may be received) very closely parallels that re-
quired for communicating over the very large distances of space. As planetary and space probes
become larger and more sophisticated, so will the requirements on communications for these probes
increase in volume and distance. For this reason the program also cells for the extension and
application of this advanced technology to the deep space communications problem.

Flight Program

Three Project Echo launches are scheduled -- one during the second quarter of calendar
1960, one in the second quarter of calendar 1961, and one in the first quarter of calendar 1962.
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The satellites in this series of launches will be 100 foot diameter inflatable spheres made of
thin mylar plastic and covered with vapor-deposited aluminum te provide reflectivity. The pur-
nnaa nf thia carice Af Flidichte fc +n Aavralam +ha +anthnalarmr wanndwnad PAaw Arant s nnd Lwmcen 2 an e
g - - ———— e mn —— - —— ——— . ) —— . e Rt o i o eV vuu“av-‘-vw n e N Mo s e s e N b Nt e N Ud.LLb S & N ke bk bt VA J--I.Lb
the durability of such structures in space and tc utilize these satellites in communications
experiments tc demonstrate feasibility and to develop the ground equipment necessary for com-
munications via passive satellites.

Following this series of Project Echo satellites there will begin a program of research
and development on the elements of an operation system. In the fiscal year 1961 there will be-
gin the development of a capability for launching a number of communicstion satellites with a
single booster. Since an operational system may require as many as 26 satellites in orbit to
acliieve 99 percent availability for communications it is desirable to put as many as possible
in orbit at one time with the large boosters that will be available in this time scale. The
first launching of this payload, using an Atlas Agena-B vehicle, will occur in the third quarter
of calendar 1962.

Communications Satellite Studies and Equipment Development

The studies and equipment developments initiated in the fiscal year 1959 were all
associated with the system represented by the first Echo configuration.

In the fiscal year 1960, the scope of the program has been increased to a consideration
of reflector shapes other than the simple sphere, and to the associated problems of regidization,
gtabilization, and radio-propagation characteristics of these more complex structures. This work
will continue through the fiscal year 1961.

Two studies are also being initiated in the fiscal years 1960 and 1961. These will con-
sider the operational requirements of satellite communications systems for integration into
potential commercial systems (radio, telephone, television) and for integration into other space

. . . R .o
flight activities as a link in the scientific dats transmission from spacecraft to carth control

it activitie
and data centers.
.

e ER e e P Py o S X S

Developments of high-gain antemnas are aiso being undertaken starting in the fiscal year
1960, These efforts will be aimed at the development of antenna that can be electrically, rather
than mechanically, "pointed". Such antenna are needed for airborne as well as ground installations.
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Fiscal Year Fiscal Year Fiscel Year
Item 1959 1960 ”1961

Echo computer program requirements - study.. $40,000 -—— -
Radio beacon - development.es.ceeeeoensecascs 44 ;000 -—- -
Inflatable space structures facilities -

development and modification.....cieeeeesse 70,806 -— ——
Echo transmitter - development.eecesecessecs 130,000 45,000 -
Digital antenna pointing equipment -

developmenteesesccescovsncocccssssassscans —— 70,000 -
Influence of ultimate communications system

on satellite design and orbit - study..... - 200,000 200,000
Larger sphere and other forms of passive

satellites - study.c.coveecsssccosssnsscnns - 50,000 200, 000
Rigidization techniques for space structures

- development.e.e ceeecanrocsrsrscnanonanso -— 150,000 150,000
Propagation characteristics of reflector

designs - development.sceeeccssssscesssens -—— 75,000 100,000
Electrically steerable antenna array -

developmentes.eeeernsesesscscnensasssonnss ——— 50,000 150, 000
Passive sagtellite stabilization system -

BhUdY e it ientonrencrersrasostnssarsesce - 100,000 200,000
Communications satellite's requirements

for scientific data transmission - study.. - - 100,000

Totale.evensooocsons 281;;806 40,000 ilglOO!OOO

Deep Space Communications Studies and Equipment Development

In the Tiscal year 1960, a one-year study will be undertaken to determine the required
rate of information transmission for communications with advanced deep space and planetary probes
and to specify those areas in which available communications techniques cannot meet these needs.
Mready begun in the fiscal year 1960, and continued in the fiscal year 1961, are developments
in sensitive receivers with low-noise amplifiers, investigations for increasing the efficiency
of the Goldstone antenna by operation at higher (X-band) frequencies and the development of more
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efficient modulation techniques., All of these developments will assist in increasing the rate
of information transfer for use by both deep space probes and communications satellite systems.

Fiscal Year Fiscal_Year Fiscal Year
Item 1959 1960 1961

NASA requirements for deep space comminica-

tions - SHUAYeeeceveccevervoscescessscnsas - $100,000 -——-
Parametric amplifier development,

modulation techniques development, and

X-band antenna investigations.esccecoceses - 300,000 $3BOZOOO

TOtaleeeeesoncoasaces —— $400,000 §§go!ooo

Boosters

Boosters for commnications satellite payloads in the fiscal year 1960 and the fiscal year
1961 will be funded under the Delta vehicle development program.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Juno II procurement and launch........... ves $2,150,000 - -

Totalieeveveooronnns iE;lZO;OOO b -

Payload Development, Procurement, and Operation

MaA WAt~ T -\.-nr1r\nf1 Rn-n-r\'lr\ nt wrosran wao ﬂl\m1l\+f\11l’ -R-v\Rr\R dm +ha Pleaennl aranw» TOE0O
dlie LIVAIV A MOy dvaRe e v L bu.u\-u.u MLiURBL QU Wi VUL Uy 4 WG wdl Ve L d sl gt A e

As part of the development program, four ballistic flights from Wallops Island were scheduled

to test the satellite ejection and inflation techniques. Necessary rocket motors and associated
flight hardware and ground facilities were provided.
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Echo IT and IIT will incorporate improvements to provide for structural rigidity using
techniques resulting from the rigidization development program. Ballistic flights will also
he nged to test thege mavliasds. Althongh these payloads will be more advanced than Echo TI.
development costs will be substantially the same inasmuch as a great portion of the basic
development for this type structure was performed in the Echc I program.

To meet the flight schedule for a multiple rigidized sphere launch in the third quarter
of the current year, payload development is partially funded in the fiscal year 1961. The
balance of this development will be funded in the fiscal year 1962,

Operation and improvement of ground facilities and data reduction for the communications
experiments to be performed with the Echo satellites will continue.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Echo I Payloadecs .sscesocsesescaccssasnsasns $1,094,000 --- -

4 Sergeant rocket motors.e.... $161,069
4 X-248 rocket motOrsS.eeecs.so 40,000
8 recruit rocket motors....... 32,604
Stabilizing finSees eeocssnsos 80,000
Nose falringSeecceccacescnnnss 20,000
Spin tableSeceseecsseacrosesse 140,000
Balancing equipment..cec.coeas 25,138
Instrumentation.cceseeesesecss 39,075
Assembly hardware....seeeceoss 70,400
100-foot diameter spheres..... 107,334
Payload containerSieceressesss L8, 777
Fabrication and folding

facility.eiiieevesossssnscss 16, 647
Instrumentation and de-spin

mechanisSMeescsooressscacocss 178,238
Miscellaneous hardwalC.eesesos 26,759
Type approval and flight

CheCKOUtsessseseonasoanscnns 66,622
Launching preparations........ 41,837
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
E'Eh’.‘ II 1.\’3.,;‘”‘]_':\13.'.:[;;;;;;.;;.;;;;;;;;:;;;;;.’.;;.;.~ w———— $73)‘.l,000 $300,000
EChO IIT PAYLOBA..seessoeacocencsnassssscsnss -—-- - 1,100,000
Mu.].tiple I‘igidized Sphel‘e payloado cesceecoeadoo0 - - el l’hso’ooo

Design and systems engineering..... 250,000
Sphere development.cososssceesssees 350,000
Dispersing system development...... 270,000
Attitude sensors and control system 230,000
Beacon ard instrumentation......... 200,000
Satellite air frame development.... 150,000

Operation of Holmdel transmitter and receiver

Sit€ocroososooresosavasssasssssenssssconsao $46,000 126,000 200,000

Operation of Goldstone transmitter and
Tecelver Site.eeescoscssssesscacsssacssasno —e= 378,000 400,000
Operation of Milstone radar sit€.esceescscase - 50,000 100,000

Modifications of Goldstone transmitter
equipment.ccceceersssronsse ceessessascosase - 277,000 ---
Data reductioneececcesecesscccosconssconcscasa N 200,000 250,000
Ground communications equipment modifications —— 265,000 350,000
Totaleeesssssasnns $1,140,000 $2,030,000 $4,150,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

MANNED SPACE FLIGHT

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$46, 416,333 $67,162, OOO'IJ $107, 750,000
OBJECTIVES:

To provide a capability for accomplishing advanced space flight missions with
vehicles where on-board human intelligence and operations are required; to rationalize
and refine the technology of manned space flight vehicles and associated systems; to
achieve successful orbital flight and the recovery of a manned satellite with an ICBM
booster and drag-reentry system; to evaluate the physiological and psychclogical effects
of a space environment on man; to establish his capabilities and limitations for perform-

ing useful missions in space; and to devise and develop improved manned vehicles with
increased capabilities for verforming important advanced missiona.

JUSTIFICATION:

The ultimate benefits that might accrue from manned space flight are, in a2 large
measure, unknown. It 1s clear. however. that instrumentation alaone will not tell ns as
much about the moon, or the planets, as man himself will be able to report once he has
visited those distant places. Man contributes observational, analytical, and decision-
making ability concerning both expected and unanticipated problems. He provides a vast
flexibility of action for operation, correction, and maintenance of scientific and tech-
nological instrumentation and equipment that characterize his present usefulness in
airplanes and in the scientific laboratory.

;/ Includes $12,200,000 requested in fiscal year 1960 supplemental estimates.

Manned Spece Flight



In order to provide the capability for the manned exploration of space; a progressive
program of research and development has been undertaken. A broad range of investigatioms,
directed to the solution of basic technoleogical problems concerning vehicular configurations
and construction. human factors. life-support equipment and accommodations, launching systems,
stabilization and control, reentry and recovery systems and techniques, operaticnal and scien-
tific instrumentaticn, and other vehicular subsystems, is under way. These investigations are
presently directed towards solution of the problems associated with the nationfs first manned
venture into orbit - Project Mercury. On the basis of extensive studies, it was determined
that Project Mercury should be based on the use of an ICBM booster lsunching system and on a
ballistic type of reentry into the atmosphere. The use of ballistic reentry offers the best
potentiality for early success because of the relative simplicity and reliability of this
approach. However, ballistic reentry pays for its simplicity with landing point dispersions
that will be operationally and economically unacceptable for sxtended use. As Project Mercury
nears completion, extensive studies and configuration tests in wind tunnels and free flight
vill be undertaken as part of a program to develop the capability for landing point comtrol.

A crucial part of the system for attaining landing point control is the stebilization
and control system. It is important that thils system be capable of both manual and automatic
operation; in order to enhance relisbility through human back-up and in order to allow for the
use of on-board human judgment to vary the landing site choice. A comprehensive study, in-
cluding flight simulators for pilot training, will be required to provide this capability.

In crder to meet the foremost cobjective of Project Mercury - the attaimment of manned
orbital flight at the earliest practicable date - additional funds in the amount of $1232009000
have been requested as a fiscal year 1960 supplemental estimate. The additionsl $12,:200,000
is required to pay for contractecr overruns, changes in capsule design and construction, and
for added capsule requirements. The design changes and added requirements have arisen as a
result of development tests and a continuing anslysis of safety requirements. The compressed
time-phasing of Project Mercury between inception and scheduled flight has required that
research, development, design, and fabrication be undertaken simultaneously. Under these
conditions, experience has required that modifications to design, arrangement, and structure,
be made during the conduct of the program. Efforts to make the Project Mercury svstem as safe

as humanly possible have inevitably added to the cost, as detailed analyses have uncovered
new schemes for enhencing the safety and relisbility of the system.
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PROGRAM PHASING:

During the fiscal year 1959, much of the pre-flight research and development effort
for Project Mercury was accomplished and contracts were let for major components of the
system. Specifications for the world-wide radio tracking network were prepared and sentc

out to prospective contractors.

During the fiscal year 1960, the major part of the Mercury pre-flight and flight
development program will be completed, and component qualification and astronaut training
flights will be in_itiateda The tracking network will near completion during this period.

During the fiscal year 1961, it is anticipated that the Mercury qualification pro-
grams will be essentially completed and that the tracking network will become operational.
Large expenditures for the recovery operations and for the operation of the tracking net-
work will be added to flight hardware purchases.

Systems for achieving landing point control will also be under study during the
fiscal year 1961. In this connection, two major problem areas require immediate atten-
tion: the use of 1ift to reduce the landing area, and guidance and control methcds for
piloted landings. Extensive analyses will be made, and scale models of controllable
reentry vehicles will be evaluated in wind tumnels. Flight simulators will be used to
evaluate the pilot’s capability to fly such vehicles.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Advanced technical development:

Biological and human engineering

StudiesS..civenererivnenenscnsnnsneasnas $170,000 $2,180,000 $2,090, 000
Mercury development program.......cco-.e. 3,100,000 5,270,000 4,050,000
Advanced reentry configuration.......co.. — - 800,000

Manual and sutomatlic guidance and

control systems for advanced
reentry configuration...s.eocecosesasso -—- 100,000 200,000
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Fiscal Year
1959

Fiscal Year Fiscal Year
1960 1961
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Atlas and Redstone boosters.............. $20,840,000
Mercury capsules;, support equipment,
and support services....ssso0ccco0c000ss0 22,299, 333
Tracking network operations and
equipment...ccoccccevovosssonncooccanss 7,000
Recovery operationsS...ccoccesacsccocsssoca -

$23,460,000  $25,650,000
h7,212,oool/ 35,290,000

5,410,000 2k ;670,000

TOTAL:cooooso.s $46,416,333

§2Z216220001/ ilOZgZEOZOOO

1/ Includes $12,200,000 requested in fiscal year 1960 supplemental estimates.
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NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

MANNED SPACE FLIGHT

ObJjectives

Our long-range plans for the exploration of space are based on the premise that man will
actively participate in many of our space missions. These plans, therefore, strongly depend on
the assumption that manned space flight is feasible, and that man will indeed be able to per-
form useful functions in space. Much of our future effort depends on the validity of this as-
sumption, and it is therefore imperative that man's capabilities in space be determined as soon
as possible.

Project Mercury was conceived, and is being carried out, in a manner that will attempt
to achieve manned orbital flight at the earliest practicable date. Its primary objective is
to determine man's capabilities in a space environment.

In the Mercury mission, a satellite capsule will be launched into a 120-mile orbit, using
an Atlas booster. The capsule will be fitted with an escape system, designed to separate it
from the Atlas in case of a booster malfunction. In a normal mission, the satellite will
circle the globe three times; at the end of three orbits, the capsule's retro-rockets will be
fired to initiate its descent toward the atmosphere. During its flight within the atmosphere,
it will be slowed down, by the drag of the air through which it flies, to a speed where the
landing parachutes can safely be deployed. After a parachute landing in the Atlantic Ocean,
the capsule will be picked up by recovery ships that are standing by.

The accomplishment of Project Mercury will mark a tremendous step forward; putting a
man into space will immeasurably extend the trontiers of manned flight. The speed of fligni
will be increased by a factor of eight over present achievements, and the altitude by a factor
of five; the enviromment encountered in space flight will be one that heretofore has not even
been approached.
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Research and Development Program

Because the ultimate achievement of manned orbital flight will constitute a stretching
of the existing state-of'-the-art, its accomplishment requires a logicel and methodical bulld-up
of capsbility. As a part of this build-up, broad scientific and engineering investigations
have been undertaken, using a wide variecty of technical equipment, tc determine a suitable shape
for the manned satellite capsule.

Following these investigations, a flight program was initiated to develop and qualify the
various components of the capsule. A Mercury fiight schedule is shown on a following page. The
flight program includes airplane drop tests, in which full-scale capsule models were dropped
from large cargo aircraft at high altitude. The tests were used to develop & highly reliable
parachute system, and to determine procedures to be used in the recovery operations. In other
tests, capsule models were released from fighter aircraft at supersonic speeds, to develop and
qualify the capsule's drogue parachute. The escape system was perfected by launching full-scale
capsules with the escape rocket as the only means of propulsion.

Rocket-boosted flight tests were required to check the capsule and its components over a
range of speeds and altitudes. A solid-propellant rocket booster, nicknamed "Little Joe", was
designed and fabricated especially for Project Mercury. This booster, which develops 2~l/h
million pounds of thrust at take-off, was used on a number of occasions to further aid in the
qualification of the all-important emergency escape system.

The validity of the Mercury design concept was demonstrated in the fall of 1959 during
an Atlas-boosted capsule test, called "Big Joe". In that test, a capsule was made to re-
enter the Barth's atmosphere, after being accelerated to nearly orbital speed. The Big Joe
capsule, which survived the scorching heat of reentry, was later recovered many hundreds of
miles from Cape Canaveral.

To date; more than 100 wind tunnel tests of the Mercury capsule have been performed; and
122 capsule models have been dropped from airplames in the parachute development program. The
escape system has been tested three times in simuiated off-the-pad abort maneuvers, and four
more escape system tests were performed in connection with four successful Little Joe flights.
A small monkey was carried along on two of the Little Joe flights, in an attempt to gain
further physiological data on the effects of space flight. And, as mentioned earlier, a single

Atlas-launched capsule flight has been made.
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A1l flight tests to date were made with so-called "boiler plate capsules". These capsules
simuizte the shape and weight of the Mercury capsules, but: do not contain many of the systems and
subsystems that will be required for manned operation. Boiler plate capsules are of simple con-
gtruction, utilizing heavy, welded sheet metal.

Mercury Capsules

In January 1959, the McDonnell Aircraft Corporation was selected as the prime contractor
to design and construct the Mercury production capsules. The selection was based on an industry-
wide competition; twelve firms submitted proposals based on NASA specifications for the capsule.

The Mercury capsule is by no means a simple device. It has been 2 major engineering task
to-design a satellite that can withstand the heat and forces of reéémtry, and yet is light enough
to be boosted into orbit. All of the components of the satellite - the envirommental system,
the attitude control system, the communications system - constitute major developments of cur-
rently available equipment. The complexity of the device is perhaps best illustrated by the
fact that seven miles of electrical wiring are interwoven into the capsule, in order to control
the many valves, rockets, explosive volts, and electronic systems.

The compressed time-phasing of the project, between inception and scheduled flight, has
required that research, development, design, and fabricstion be undertaken simultaneously. In-
evitably, under these conditions, experience has required that modifications to design, arrange-
ment, and structure be made during the conduct of the progrsm. To date, a large number of
capsule changes have been made, as a result of potential trouble areas that have been uncovered
in the research and development program; further changes were incorporated tc insure the
safety of the pilot.

A total of 2k capsules will be required for the various phases of the flight program.
Currently, & number of capsules are nearing completion, and delivery of the first capsule is
scheduled for March, 1960.

Qualification Flight Tests

Immediately after delivery of the first capsules, a qualification flight test program
will be initiated. In this program, the production capsules will be flown on successively more
difficult missions, culminating with the design mission of orbital flight.

167-3



In the first tests, to be carried out in the first half of calendar year 1960, the escape
sequence will be tested in a simulated off-the~pad abort flight, and in another Little Joe
flight.

Redstone Ballistic Flights

Starting in about the middle of this year, an important series of ballistic flights will
be started, using the Redstone booster.

The Redstone will carry the capsule to an altitude of 125 miles, and to a distance of 200
miles from Cape Canaveral. The flight will last 16-1/2 minutes. During that time, the capsule
will be accelerated to a speed of 4,000 miles per hour and will withstand g-forces as high as
6-1/2 during exit, and 11 during reentry. A weightless time of 5-1/2 minutes will be sustained.

Initially, the Redstone-boosted capsules will contain only instruments. Later on, a
capsule containing a chimpanzee will be flown along the same trajectory, and, when all systems
are sufficiently reliable, manned ballistic flights will be made. In these flights, man will
be subjected to more than five times the period of weightlessness that had heretofore been
possible. The experience gained by the astronaut in the operation of the capsule in these
relatively short flights will be exceedingly veluable as part of the training program for the
latter manned orbital flights.

Atlas Ballistic Flights

Capsule qualification at speeds higher than those possible with the Redstone will be
carried out with the Atlas. The Atlas will launch the capsule along a series of ballistic
trajectories before it is employed in the orbital mission. In these flights, the capsule will
be subjected to the speeds, forces, and heating that will be encountered in orbital flight.
All of the Atlas ballistic flights will be ummanned. The Atlas flight test program will start
in the middle of this year.

Orbital ¥Flights
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The first time the capsule is sent into orbit, it will contain only instruments so that
the functioning of all the equipment can be checked. Later on, a capsule containing an animal
will be flown to check the life-support system, the biological instrumentation on board, and
to determine the physiological effects of long-term exposure to weightless flight.

Only after successful instrumented and animal flighits have been completed, will ihe
first manned flight take place.

Advanced Reentry Configurations

Project Mercury is only the first step in our long-range program for the manned explor-
ation of space. Long-range goals in our program include manned landings on the moon, and still
later, on the planets. Manned flight around the moon will be a prerequisite for a lunar land-
ing.

The Mercury capsule is not suitable as a return vehicle for & lunar mission. Instead,
a capsule capable of reentering the stmosphere at higher speeds will be required. Our studies
also indicate that a lunar-return vehicle must be capable of generating some aerodynamic lift,
in order to minimize the midcourse-guidance requirements. Aerodynamic lift may also be ap-
plied to control the landing point upon return from a satellite or space mission.

During fiscal year 1961, two major areas of advanced reentry configurations will be
considered: the use of 1lift to facilitate reentry from space, and guidance and contrcl methods
for piloted space flight. Extensive analyses will be made, and scale models of various con-
figurations will be evaluated in wind tunnels. Flight simulators will be used to evaluate
the pilot's capability to fly such vehicles.
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Mercury Flight Schedule

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961 Fiscal Year
Vehicles (Quarters) (Quarters) (Quarters) 1962
3k 123k 123k
Beach abort........ 1 1 1 - -« 1 - - = =
Little Joe.csevsasa - - 1 3 1 1 - - - -
Mercury Redstone... - - - - = - 2 3 2 1
Mercury Atlas...... - - 1 - -1 2 2 2 2 5
Research and
development McDonnell capsules
capsules

Biological and Human Engineering Studies

This portion of the budget provides for:

Development, evaluation, and acquisition of specialized personnel
equipment such as pressure suits and life-support systems: The pressure
suit procurement was initiated in the fiscal year 1960. During the fiscal
year 1961, extensive evaluation of the suit will be made under simulated space
conditions. Acquisition of suit testing equipment and apparatus will be re-
quired during this period. Similarly, the life-support system of the Mercury
capsule will be evaluated under simulated space conditions during the fiscal
year 1961. Procurement of testing apparatus and instrumentation, and develop-
ment and procurement of alternate system components were initiated in the
fiscal year 1960 and will be continued in the fiscal year 1961.

Personnel training, acquisition of training aids, such as motion-
simulators, and provision for installation and operation of procedures
trainers: The training activities will be conducted within existing NASA,
military, and civilian facilities including the U. S. Navy Aero-Medical
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Acceleration lLaboratory, and the Moorehead Planetarium. Acquisition of con-
sole equipment for training of network monitoring personnel is provided for
in this category, as is procurement of air-bearing motion simulators and dis-
plays. The motion simulstors carry the asirvuaul, wOvE il IE&5ponsc o actro-
naut action, and thus provide a degree of simulation that is not attainable
with the fixed base procedures trainers.

Research and development on physioclogical tolerance to stress: This
Phase of the program provides for support of animel flight and ground test
programs, and for procurement of animal handling supplies and equipment for
use at Wallops Island and Cape Canaveral. Also included is the development
and procurement of animal task-performance equipment for in-flight use.
Procurement of test equipment for evaluation of water-impact and land-impact
physiological effects are also included in this category.

Much of the biological and human engineering program was completed in the fiscal year
1960; however, & substantial effort remains to be completed in the fiscal year 1961.

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Personnel equipment:

Pressure suit DrOgIaAmM. ccacesrccocossoscoocos - $230,000 $210, 000
Restraint system DProgramesc.cccceccooccocos $75,000 20,000 50,000
Life-support system prograMeec.eeeccecosscas 25,000 75,000 360,000
Astronaut transfer equipment....o..ccoecocco —— 125,000 30,000
' 100,000 150,000 650,000

Training and training aids:
Military facility program supportc...scoaoo - 375,000 200,000
Civilian facility program SUPPOItc.ccscoscs 3C,00C 25,000 25,000
Training aidS.ccccecsccrsoratsacancnnaa ovas -——— 100,000 100,000
Network operation training.ccoceecscoccocso -—— 290,000 220,000
Navigation and piloting training...ec.ceeco. - 350,000 545,000
30,000 1,140,000 1,090,000
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Ttem

Tolerance studies:
USAF-5AM animal program support........
Holloman AFB animal program support.. - .

Animai handling supplies and equipment.....

Other tclerance tests...

Tota8locococaccooooconosse

Fiscal Year Fiscal Year Fiscal Year

1959 1960 1961
L) o o= oo $‘LI'O}OOO - o
e —— 135,000 $100, 000
—— 365,000 170,000
coe Lo, 000 50,000 80,000
, 000 590,000 350,000

$2,180,000  $2,000,000

Mercury Development Program

This portion of the budget provides for
Mercury systems.

general research and development effort on Project

Specifically, the following items are covered in the fisecal year 1961 request:

Wind tunnel and laboratory tests of the various booster and model con-

figgggtions:

Over 100 different model configurations are being used in this

phase of the program which was initiated in the fiscal year 1959 and continues

through the fiscal years 1960 and 1961.

Completion of the parachute system development and qualification by means

of air drop tests and investigation of alternate parachute systems.

Development and qualification of capsule pyrotechnic and solid propellant

rocket systems through tests at various NASA and military test facilities.

Structural development tests:

Provision is made in the fisecal year 1961 for

developments to correct structural deficiencies which show up during flight tests.

de T

Development and analysis of

vhe stabilization and control systems for the

capsule: In the fiscal year 1961, altitude chamber tests of the reaction jet

system and analytical studies of capsule motion will be completed.

Provision

is made for procurement of alternate components of the control system and for
post-flight tests of equipment to correct deficiencies discovered in flight

tests.
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Tests of capsule on-board recovery equipment and investigation of

capsule handling and retrieval methods: These tests will be particularly
concerned with the effects of the recently-added landing impact absorbing
bellows svstem which apnrecishly alter +the copsulstc hydrcdynamic

B AL PR THT A \-LLCl-.L G UC:L -

istics.

Communication and instrumentation systems development and evaluation:

Included here 1s procurement of special purpose test apparatus and develop-
ment of improved components for the systems. Provision is also made for

correction of deficiencies after initial flight tests.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Configuration and systems tests:
Models and equipment for AEDC, ARC, LRC
tunnel testS..eceeeecrernscoccncscencncns $80,000 $130,000 $90,000
Models and equipment for scale model
flight tests.ceeereeconcccsssnnccesconnes 20,000 120,000 200,000
Components and equipment for structures,
impact, and vibration tests of Mercury
SYyStemSoeeoeocnoass tesoscsesescesccssasae 15,000 170,000 180,000
Models and equipment for hydrodynamic tests 25,000 30,000 -——-
1E6,ooo 150,000 170,000
Escape system development:
Beach abort development testS.esecssescocoe 80,000 200,000 -—
Support of MAC beach abort test..coececescas -— 200,000 =
80,000 1100, 000 -———
Parachute tests:
Components for preliminary airdrop tegts... hn,ggn 2CC, 000 50,000
Closeout costs, balloon drop testS..eeeecoee -- 110,000 -
Air-lsunched drogue tests at NASA-FRC....e. 10,000 55,000 -——-
Eglin AFB rocket-launched parachute tests.. - 80,000 ——-
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Fiscal Year Fiscal Year Fiscal
Item 1959 1960 19

Parachute tests {continued):

SaIldiatest supporto.ooue.-oeconnoo'noocooo .- $185,000 $75 OOO
Investigation of parachute deployment in
orbit as an emergency means to initiate

reentry-unn-ooo-oaooou-ooooovoooo.o.auooo b 150,000 150’000
Alternate parachute system tests..eeeceosss -—— 100,000 100,000
50,000 886,000 375,000

Retrograde, posigrade, escape motor and
pyrotechnic tests:
Posigrade rocket tests at Lewis Research

CEnNter s escsrenrassssssosessassencsascassns - 140,000 -
Retrograde rocket tests at OAL-Daingerfield - 80,000 _———
Escape rocket tests at USAF-AEDC and NASA-

LRCucsoeecenasoosoosronsecsasensacsnneanse $70,000 60,000 -——
Squib and igniter testScccessccrocscssensocs 10,000 40,000 185,000
Other rocket and pyrotechnic testScicvcocos 20,000 10¢,000 365,000

160,000 120,000 550,000

Structures and impact tests:
Instruments and equipment for Atlas noise

teSteesersererosscncnscessecssssscrssaans ——— 35,000 -
Capsule shingle tests at OAL-Daingerfield.. -—— 140,000 -
Crushable materials tests.cecsccsesscsocons 5,000 40,000 80,000
Landing shock absorption testBeeececceccasns 15,000 70,000 50,000
Other capsule shingle and coating tests.... 10,000 85,000 125,000
Capsule reentry heating tests...c.cecesecccs 20,000 300,000 125,000

Structures and impact tests necessitated
by flight test results..i.ccroscecssscasns - 100,000 350,000
Altitude chamber testS .cceeitecancossvessns - 150,000 -—
50,000 920,000 735,000
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Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Navigation, stabilization and control
programs:
Remction jet tests at Lewis Research Center - $25,000 $50,000
Motions analysis and navigation services
(Princeton University)..eceeeeeesssscsnes ——— 65,000 25,000
Alternate contrcl system components........ _—— 75,000 175,000
Control system evaluation and test
apparatusScce.. .. chereaeicesesasvresnenas - 125,000 225,000
Post-flight tests of stabilization and
control equipment..cceeeciececssecocacenne -——- 0,000 275,000
- 3 )000 750}000
Recovery equipment tests:
Preliminary water-borne capsule handling
BB S e s eesresoesccacesscacessesscascsoces $80,000 110,000 75,000
Preliminary capsule beacon testS.cicoesnsoes 30,000 40,000 100,000
Alternate retrievel methods testS.c.cececcas 10,000 50,000 100,000
120,000 200,000 275,000
Communication and instrumentations systems
hardwere and tests:
Magnetron development..ceeeseescsseanassocsns -——— 40,000 50,000
Alternate components evaluation....... sencse 35,000 110,000 350,000
Post-flight evalustion and tests of equip-
MENLeseeoseascaosssnsssassssossssssssssssas -——- 50,000 250,000
Test BPPATatUS. ceescscssossscasscosssosssoss 65,000 60,000 250,000
100,000 230,000 900,000
Little Joe program:
Airframe development and procurement........ 1,170,000 540,000 -
Instrumentation and data handling equipment. -—- 555,000 -
Capsule construction.ceeeieenesceone cerssencs - 105,000 -
Flight control system developmentec.esescscs --- 100,000 ——
1,170,000 1, 300,000 -
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Fiscal Year Fiscal Year PFigcal Year
Ttenm 1959 1960 1961

Big Joe program:
Capsule construction, proof testing, and
CheCK OUbeeeesoceorceenracanccaoannnoansos $160,000 $60,000 -
Instrumentation and data handling equipment. 680,000 40,000 _——
Flight control system development and

procurement--..-..o..-.o.-...o'...-....... 1502000 - -
1,260,000 100, 000 -

TotBleeteevsoereecsneaosocanes $3,100,000 iéEEZO!OOO ih!OQO!OOO

Advanced Reentry Configuration

Project Mercury is only the first step in our long-range program for the manned exploration
of space. Long-range goals in our program include msnned landings on the moon, and still later,
on the planets. Manned flight around the moon will be a prerequisite for a lunar landing.

The Mercury capsule is not suitable as & retwrn vehicle for a lunar mission. Instead, a
capsule capable of reentering the atmosphere at higher speeds will be reguired. Our studies also
indicate that a lunar-return vehicle must be capable of generating some aerodynamic 1lift, in
order to minimize the midcourse guidance requirements. Aerodynamic 1lift may also be applied to
control the landing point upon return from a satellite or space mission.

During the fiscal year 1961 two major areas will be considered: the use of 1lift to facil-
itate reentry from space, and guidance and control methods for piloted space flight. Extensive
analyses will be made, and scale models of various configurations will be evaluated in wind tun-
nels. Flight simulators will be used to evaluate the pilot's capability to fly such vehicles.

Development of a suitable guidasnce and control system for the advaenced reentry configura-
tion will alsc be initiated in the fiscal year 1961.
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Item

Advanced Reentry Configuration:

Wind tunnel tests:
Models and equipment for ARC, LRC, and

ABDC tunnels..c.cceeccoceosnces Cesescone -
Models and equipment for ballistlc range
teStSeo. oooooooo 000000 00400000000 Re00OESN

Structures tests:
Models and equipment for OAL-Daingerfield
tests.cve..., cesessccsensae
Simulated reentry heating and locad tests...

Subsystem development:
Actuator system for control surfaces.......
Instrumentation and display equipment......

Totalnaonoo-oaoeoneoo-oocala

Manual and Automatic Guidance and Control Systems
for Advanced Reentry Configuration:

Inertial components development.cecocsccoosos

Fiscal Year

1929

Piscal Year

1960

Fiscal Year

1961,

This category includes:

The procurement of eight Redstone boosters, to be used in capsule quali-

100,000

fication and pilot training flights:

These boosters are being procured from

$235,000

65,000
300,000

90,000
60,000
150,000

200,000
150,000
350,000

800,000

200,000
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ABMA. The total cost for the eight vehicles, including launching costs,
is $16,770,000, or approximately two million dollars per booster.

contract cost incurred by ABMA, the remainder being for work performed at

the Huntsville facility. In the fiscal years 1959 and 1960, NASA reimbursed
ABMA for "in-house" expenses. In the fiscal year 1961, however, only con-
tractual costs will be required, because the Huntsville facility will be
operating under the NASA funding. Because of the long lead time required, the
Redstone purchase was initiated in the fiscal year 1959, and nearly completed
in the fiscal year 1960, even though none of the flights will take place
until 1961.

The small additional funding for fiscal year 1961 is for electrical,
mechanical, hydraulic, guidance and control, and telemetry components for
the last of the eight boosters; for the completion of the fabrication and
assembly; and for launching operations costs.

The procurement of 13 Atlas boosters, used in ballistic development and
qualification flights, and in the orbital mission: These boosters are being
procured through the Ballistic Missile Division of the Air Force's Air Re-
search and Development Command. The total cost for 13 vehicles, including

launching costs, is $45,550,000, or approximately three and one-half million
dollars per booster.

One of these Atlases was launched in September 1959; another one will be
launched during the current fiscal year. Eight more will be required in the
fiscal year 1961, and the remaining three in the early part of the fiscal
year 1962. 1In spite of this launching schedule, nearly one-half of the costs

for these boosters were incurred in the fiscal years 1959 and 1960, because of
the long lead times required.

The Atlas costs can generally be divided into two categories: basic
booster and lasunch costs, and "peculisr" booster and launch costs. The basic

costs are those that apply to ummodified launching vehicles, exactly as they
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would be used in the missile program. The peculiar costs cover the modi-
fications that are incorporated to make the booster adaptable and safe for
manned operation.

In the fiscal years 1959 and 1960, approximately two-thirds of the
basic and peculiar booster costs were incurred; the remaining one-third is
required in 1961. To date, only one-quarter of the launch costs have been
expended, with three-quarterxs remaining to be funded in the fiscal year 1961.
Fiscal year 1961 funding will also be required for spare parts and miscel-
laneous costs to USAF-BMD; and for anticipated additional costs for services
within the scope of the Air Force development plan, such as, for example, the
testing of the Mercury abort sensing system on scheduled ballistic missile
flights.

Initial funding for the two remaining Atlases required for Project
Mercury: These boosters will be launched during the fiscal year 1962. The
funds will be made aveilsble to USAF-BMD for the initial hardware purchases
for two Atlas boosters; the funding will be completed in the fiscal year 1962.

Atlas launch guidance modification. The Atlas guidance computers at Cape
Canaveral are designed for ballistic missile flights, and not for manned
satellite operation. Certain computer modifications, alterations, and ad-
ditions are required in order to make the computer compatible with Mercury
requirements, and to permit real time predictions of whether or not the Atlas
has injected the capsule into a safe satellite orbit. One-fifth of the re-
quired funds in this category were allocated in the fiscal year 1960, with
the remainder being funded in 1961. Funds will be made available to USAF-
BMD.
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Item

Redstones (8):
Hudme.ﬂ‘.05"0..'9....0.......‘-'DO...

Fabrication, &ssembly and CRECKOUT....css
Design, development and engineering of
systemeceeeeeeens secsccocosans ccevsesos

Iamchoperations....o.....l"...l..!.l.l
Special tooling and instrumentation......

Jupiters (2 - cancelled):
572k s 17 s o e
Fabrication and checkoUbieeeecacsceocscees
Design, developmént and engineering of

BYySteMesecseecsescoscoscnnne

ee e 00 cao e

Atlases (13):
Basic boosters.iscccececsscccscssecoansoa
Basic 1aunch.cesssceccesoccocoscccacsesce
Spare componentsS.ccceioseccccscecaccssnn
Peculiar missile engineering modifica-
tion and studieB.ccveeccsescecscasnacs
Anticipated additional costs for
services within scope of present
development pPlBNesscesescosescssccsssce
Peculiar launch cOstSceecsccescscsscecas
Miscellaneous costs to USAF-BMD..c.vvoes

Little Joe rocxets.
)S.M.Lyl‘J.L rockets \d‘“-,., .......... cosoces
TX33-20 and 22 rockets (28).............

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$2,435,000 $3,053,000 $290,000
1,206,300 2,327,000 15€,00C
2,849,000 2,799,000 _—

- zgl,ooo 304,000

. 0,000 -
6,190,000 9,530,000 750,000
2,237,000 —_— ——
260,000 20,000 ——
243,000 20,000 -—
2,750,000 10,000 —
7,572,000 10,572,000 10, 425,000
- 2,050,000 5,800,000
267,000 246,000 675,000
789,000 478,000 1,300,000
- J— 3, 500,000
75,000 105,000 825,000
57,000 239,000 575,000
8,760,000 13,690,000 23,100,000

T AN
e A

2,190,000
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Fiscal Year Fiscal Year

Item

Fiscal Year

Little Joe rockets (continued):
TK33 HAIGWHLCeesesorossassonnsaasassassscnne 470,000 -—
Special development, tooling, and handling
equipment..csceeeccana

Atlases (2):
Initial funding..........o.....-............ badhadnd -

% 0 8 980 0O eSS0 O e NSO e 11-80000 - -

1959 1960 1961
2,850,000 —— —
$1,000,000

Atlas launch guidance modification:
Computer alterations and additions to suit

manned fligh.t req_uirementSo e v s 0ot oo - %200,000
TOtal..-.---....o...-....c-.. §2038)+0!000 &25:’"‘60,000

Mercury Capsules, Support Equipment and Support Services

800,000

§22!6§O!000

The funds allocated in this category cover the costs of the Mercury capsiules, and of the
support services and support equipment procured from the McDonnell Aircraft Corporation.

Specifically, the following items are covered:

Procurement of an initial quantity of 12 capsules:

tion labor with associated overhead expense.
of the cost-plus-fixed-fee for this part of the work was $19,450,000.

AN o

The costs associated
with these capsules consist of approximately 50% outside procurement from sub-
contractors by McDonnell, and approximately 50% McDonnell in-house effort. The
McDonnell in-house effort is divided among engineering, tooling, and construc-
The contractor's original estimate
Most of

this cost was funded in the fiscal years 1950 and 1960, with only & small amount

e
to be funded in the fiscal ycar 1061, As of
were determined to be approximately $10,000,
This added cost was largely due to increased ¢
equipment, and the increased cost of McDonnell in-house labor.
cost was funded in the fiscal years 1959 and 1960.

R

Aunguet 1959, the rontractor's costs
000 greater then his original estimate.
osts for subcontractor-supplied

This additional
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On the basis of the costs incurred as of August 1959, an accelerated

om PP A L1 +lhnd Amd A~ A s 2.9 - 0 .. _A _ o~
controctor offert since that dotc, and o convimuing nesd 1o thils level ol

effort throughout the remainder of the fiscal year 1960 and through most of
the fiscal year 1961, it has been estimated that the cost of the original
procurement will increase further by about $17,000,000, $9,350,000 of which
will require funding in the fiscal year 1961. These additional costs again
are divided among subcontract procurement and in-house labor categories.

Training simulators: Early in the Mercury program, the scope of the
McDonnell contract was increased to include provision of two operating mock-
ups of the capsule, suitably outfitted for use in training the astronauts
and ground crews in flight operating procedures prior to actual flight.
These procedures trainers will be of the fixed-base type - that is, the
capsule does not move in response to the astronaut’s actions - only the in-
struments and indicators move. In addition to these fixed-base simulators,
McDonnell is supplying couches, restraint systems, and accessory equipment
for use with other simulator equipment used in the Mercury training program.
The training simulator equipment was largely funded in the fiscal year 1960;
approximately $550,000 is required to complete the procurement in fiscal year

1961.

Capsule changes: As the Mercury research and developmeni program has
proceeded, changes in the Mercury capsule design have been found to be neces-
sary. In order to enhance safety and reliability, provisions have been made
for astronaut emergency egress, improved astronaut visibility, improved hesat
protection, additions of alternate or back-up systems for use in case of
prime system failure, and other similar changes. Continuing changes of this
nature will require funding in the fiscal year 1961.

v - T T T o]
Grnare marts: Proviscicn of sparc parvs for the capsule systeums was

largely funded in the fisecal year 1959. However, additional spare parts to
take cere of capsule changes and additions will require additional funding
in the fiscal year 1961.
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Additional capsules: As the detailed Mercury program was formulated,
it was determined that & total of 24 capsules would be required to accommodate
the various phases of the flight program. and a decision was made to procure
additional capsules rather than attempt refurbishing and reuse of the
original 12 capsules. One capsule will be used in an off-the-pad simulated
abort flight, one in a Little Joe flight, eight for Redstone flights, and 14
for Atlas flights. These capsules will be configured for ummanned, animal,
and manned flights, as required. Initial funding for the 12 additional
capsules was undertaken in the fiscal year 1960, and will be completed in the
fiscal year 1961.

Ground support equipment, for handling, servicing, and checking out
the capsule, prior to flight and monitoring capsule systems during flight:
This equipment will be used at Huntsville where the capsules will first be
mated to the Redstone, and at both the Redstone and Atlss pads at Cape
Canaveral. The equipment includes electronic devices to check the operation
of each of the capsule systems and subsystems, and telemetry receiving equip-
ment to monitor the capsule equipment during the countdown and early stages
of flight. Some of this gear will be housed in trailers, so that it can be
utilized in several locations, such as the assembly building and the launch-
ing pads ac Cape Canaveral. Other equipment will be installed in the as-
sembly hangar, the blockhouse, and the gantry. This category also includes
capsule handling equipment, and ground cabling. Funding was initiated in the
fiscal year 1959, continued in the fiscal year 1960, and will be essentially
completed in the fiscal year 1961.

The flight test support services provided by the capsule contractor:
When the Mercury operations reach the peak of activity, between 100 and 200
contractor personnel will be required in the field to support these opera-
tions. These activities will be carried out at Wallops Island, Huntsville,
and Cape Canaversl. The crews will perform final assembly and checkout
functions, and will maintain the capsuiefs equipment in working order during
the countdown prior to flight. Costs in this category will be inecurred
initially in the fiscal year 1960, and will continue 1o be incurred during
the fiscal year 1961.
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Equipment and support for the research and development progrem:

is McDonnell production-type equipment used in the research and development
program, as opposed to the actual Mercury missions.
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rockets used in the "Little Joe" tests.

It includes, for example,
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Other typical equipment in this
category includes special capsule equipment for the animal program, and on-
board commnications equipment to be installed in alrplanes that will be used

to check out the world-wide tracking and commmunications network.

Ttem

Basic contract - 12 identical capsules:
Engineering.ceescosecsccoesaccecocoascnscss
Toolingoeooooo.oocecc-ooooc-aaocobeooaoeono
Experimental construction..seccessesssscoss
Czpsule, system, and subsystem construction

,Feeoo.ncouoo..ooooooe.ocoea.oooao-noc"oaoo

Contractor additional costs:
Engineering.ccoccesossccocscoscoesassscssosco
TOOlinge cosoccscscsososoanssoscesssssscsseona
Experimental construction...ceceeococesccos
Cepsule, system, and subsystem construction
Capsule delivery chang€.sccecesoccsssssccsas
InspectioNecesceccsoceescosscsscacsanccocasa

Anticipated additional costs for services

-2 gL f
within preseut scope of work:

J—U-LBJ-MCCL-LLI-&QQ.oowo.-cneowomcco-o.oon uuuuuuu
Experimental construction and production...
Capsule, system, and subsystem construction
InspectioNeeccsecscoccosesssccsososcccessscs

This

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$2, 640,000 $1, 400,000 $113,000

807,000 429,000 36,000
1,327,000 705,000 53,000
6,850,000 3,640,000 300,000

716,000 386,000 48,000

12, 310, 000 . 6,560,000 550,000

930,000 801,794 .-

-18, 400 -16,007 —--

-204,000 -174,363 —
3,960,000 3,347,357 -

800,000 200,000 -—

167,601 107,151 -
5) 35)201 ’2 5)932 -

- 2,030,000 2,170,000
— 620,000 765,000
—— 4,720,000 €,132,000
--- 230,000 283,000
— 3i266f666 9, 350,000
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PFiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
Training simulators:
Hocedures trainernaooo--ooocoooc---nonoeeo —— $l,839,903 $)"'18,000
Couches, I‘estr&in‘t Syste!nSoootooonooocneoeo haladd .L(5,000 ;'"7,000
MAC personnel services and minor changes... —— 75,000 38,000
Air bearj.ng tr&iner eq.uipment-.otuoc-co-ono - 25 000 h72000
— 2,11%,903 550,000
caps‘lle chaln.gesa.i.l.‘IOQG.....'.b;..'ib".i. 359,389 8,528’701 h’750,000
Spare Pms.enoo...-ouo.o-cooo-oo.o.oooouoc.. 1,565,21.2 — 360’000
Additionml capsules:
TWO &dditionﬂl C&PB’U.leS...-.o-a...-...o.... bl 3,228,)"'27 330,000
Six additional capsules........-......c.... - ——— 6,060,2'73 5,590’000
FOUJ.‘ addi‘tion&l Ca.psules......a....-....... - - 8,)4-00,000
- 9,288,700 1k, 320,000
Ground support equipment..eeceseccesecccscsss 1,094,890 5,689,375 1,630,000
Flight teS't Suppor‘b.....................@.... m—— 820,0% 2,300,000
R&D support equipment and services..c.coeeses 1,304,641 2,344,389 1, 480,000

1

TOtBLe cooesrosnsccoancscscns $22,299,333 §h1!212!ooo—/ $35,290,000

l/ Includes $12,200,000 in pending fiscal year 1960 supplemental estimates.

Tracking Network Operations and Equipment

The success of a Mercury mission will depend to a large extent on the operation of the
world-wide tracking and communications network being prepared for this project. The Mercury net-
work consists of 16 stations dispersed throughout the world, a control center located at Cape
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Canaveral, and a computing and communications center located at the Goddard Space Flight Center
near Washington, D. C. A detailed description of the network is presented in the Construction
and Equipment section of the estimates. Although the construction of the Mercury network is
funded under the C&E appropriation, the operational expenses incurred in connection with the
operation of the network are funded under the K&D appropriation.

The funding required for network implementation and operation through the fiscal year 1961
is $30,087,000. A minimal amount was expended in 1959, approximately one-sixth will be required
in the fiscal year 1960, and the remaining five-sixths in the fiscal year 1961 when the majority
of Mercury flight operations will take place.

Specifically, the following items are included in the fiscal year 1961 estimates:

Station transportation equipment: Fork-lifts, tractors, and similar
equipment items are required in the operations of some remote tracking stations.

Consulting services: The services of highly competent technical groups,
in the areas of operational procedures, equipment selection, communications,
flight simulation, and safety and reliability of operations are required. In
fiscal year 1961, approximately 95 percent of these funds will be allocated to
the Lincoln Laboratory of the Massachusetts Institute of Technology.

Shipping costs: Costs will be incurred in shipping all types of network
equipment, such as radars, antennas, and communications gear to the remote
network stations. Approximately one-half of these funds.. will be required in
fiscal year 1960, and the remainder in 1961.

Computing equipment services at the Bermuda station: This computing equip-
ment will be used to obtain real-time trajectory data immediately after Atlas
burnout. Based on these data, a decision will be made as to whether or not to
abort a given mission. The Bermuda station will thus perform one of the key
functions in the Mercury operation.

Transportation services: These services, required during the operational
period, include for example, the rapid shipment of data and magnetic tapes
from all remote stations after every flight.
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Spare parts, supplies and materials: Included here are the spare
parts required to keep all stations operational prior and during each
Mercury mission. A prolonged breakdown of equipment at some stations
could have catastrophic cffcctc on 2 menmed Meroury f£light. Alen in-
cluded are supplies and materials such as magnetic tapes, power, and
utilities.

Maintenance and operations personnel training: This item covers
the expenses incurred in training the station personnel prior to their
assigmment to the various stations.

Station operation services by contractor personnel at all network
gstations: Contractor operating personnel requirements range from Th
required at Cape Canaveral, to 8 required at the station on Grand
Bahame Island. A total of 575 contractor personnel will be needed to
man the 16 stations, and the Control and Communications Centers. During
the fiscal year 1961, these men will be assigned to their duty stations
for the largest part of the year.

Reimbursement to the Department of Defense for military range con-
tractor personnel: Many of the Mercury stations will be located at ex-
isting military network stations. Maintenance and operation of these
stations will, in part, be done by the existing military range contractor,
although additional personnel will be required. A total of 160 men in
this category will devote full time to Mercury operations.

Factory equipment services and modifications: Included is the repair,
at the factory, of malfunctioning equipment, and the modification of
certain network components, as dictated by operational experience. The
electronic devices required at the various network stations are exceédingly

. . X
complex. The breakdcwn rate, and required repairs for this equipment, were
bascd on pact experience with gimilar equipment

Special support for Mercury cperations by the Atlantic Misgile Range

contractor: This category includes special cabling and circuitry services
between the Mercury control center and the Redstone and Atlas blockhouses,
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and at downrange stations. It includes also supplies and materials re-
quired at Cape Canaveral, such as hydrogen peroxide for the capsule control

+ha anF-nr\M of +]nn
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capsule assembly building, and minor modifications to the gantry and other
Cape Canaversl facilities. Transportation and communication services at
the Caepe, peculiar to Mercury operations, also fall into this category.

m~arend oven Fmandth3ne Aveirean PAw +‘ha 1-!-Pa an'r\'hr\-nrl- cﬂrc-l-am
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Relocation of FAA equipment at Bermuda..... - $160,000 -
Reactivation costs of network ships........ —— 210,000 ---
Communications equipment alterations at
Canton Islands and HawBii...eieuvevennons -— 300,000 -—
Station transportation equipment........... ' -—— 90,000 $20,000
CONSULLING SEIVICES.eeureerensenrsensensens $7,000 650,000 940,000
Equipment shipping services.....c.ecveeee.s -— 800,000 780,000
Computing equipment services...oc..... ceees - k90,000 1,800,000
Tramsportation services....... Ceeeececenoee — 160,000 600,000
Spare parts, supplies, and materials csssse —— 720,000 2,100,000
Maintenance and operations personnel
training........ ceesaeas cesecencans -—- 300,000 880,000
Statlion operation.......vcovcienstcronssens -—- 520,000 11,500,000
Military range contractor reimbursement . - 660,000 2,900,000
Factory equipment services and modifica-
tions....... teseencaasennans seeecnecenana -_— - 2,050,000
AMR-PAA operations support cesseses -—- 350,000 1,100,000
Total...... casasecees cecno g;!ooo 410,000 §5h16103000
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Recovery Operations

Thia ecategory covers the costs associated with capsule recovery planning and the costs
that will recur with each flight mission, including consulting contract costs for trajectory
calculations and recovery planning; costs of data acquisition by alrcraft and telemetry ships for
each flight; costs of data reduction and analysis for each flight; costs of operation of the mid-
Atlentic and Indian Ocean tracking ships; development of improved recovery aids and beacons;
development and construction of special shipboard and helicopter capsule handling equipment and
the costs of capsule search and recovery following each flight mission.

Part of these expenses will be incurred by U. 8. Navy ships and aircraft. An agreement
has been negotiated with the Navy, whereby NASA will be billed only for the direct expense in-
curred during recovery operations. In calculating this direct expense, it was agreed that military
pay and ship overhaul costs would not be included. Based on the methods of calculation agreed upon,
the U. 8. Navy has estimated the direct reimbursable costs associated with each flight operation
scheduled during the fiscal year 1961. The U. 8. Navy estimated costs are indicated in the fol-
lowing table for the 16 Redstone and Atlas flights during the fiscal year 1961.

In addition to U. S. Navy recovery expense, provision is made for Military Air Transport
Service ailr rescue serwvice stand-by and data transport for each Atlas flight.

During manned Redstone or Atlas flights, special provislons must be made for astronaut
rescue in case of aborted flights, wherein the capsule may come down on land. Such provision
has been made for the appropriate Redstone and Atlas flights in the fiscal year 1961. Expend-
able recovery supplies and materials, communications expense, technical motion picture coverage
and post-recovery analysis costs are also provided for each of the 16 flights scheduled during
the fiscal year 1961.

Fiscal Year Fiscal Year Fiscal Year
Item ‘ 1959 1960 1961
Operations planning:
Trajectory calculstions - aeroneutronics..... - $40,000 -
Trajectory calculations - Bureau of Standards -— 125,000 $180,000
Abort calculationsS.ccaverscesroesocacenos ceoe ——— 50,000 ———
Alternate recovery methods study contracts... - 145,000 150,000

366000 330,000
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Item

Aircraft and shipboard data acquisition
facilities:
Big Joe flightBeocaeesoeeerecennntcnsensnns
Redstone flights....... “esacabenctevecacnns
Atlas ballistic flightSeseeesceoscececeannsns
Atlas orbital flightSeccsosescscasrscsscsacns

Data reduction and analysis services:

DAMP ship and trajectory data - RCA
MoOreStOWe s s veoarssonsssocssntsnsosssnes
FPS16 and other tracking data - RCA-PAA....
Other contractorsS.essesccvessessnscsssseacsee

Tracking ship operation servicesS.eceeeieccieees

Shipboard and alrborne beacon receiver equip-

men-t.lbﬁlb.ilI.l'.'...I.l..l..l.'.'........
Improved beacon and recovery aid development.

Special shipboard and helicopter capsule
handling equipment - development and con-
stmctionl..!....l'."l.....Q....l.l.......

Miscellaneous beach abort, airdrop, beacon
evaluation and other test support:
Navy operationsS,.ccceccacssesascscscososscans
Other expenses..... et seessesensresecasann

Fisca.l Yea Flscul Yeal Tiscal Yeoor
1959 1960 1961

Aan~ AAn
hifded PV y VIV

- 240,000 1,260,000

—— 290,000 510,000

- - 1,040,000

— 750,000 2,810,000

—-- 200,000 520,000

- 220,000 700,000

— 200,000 260,000

-— 620,000 1,480,000

- -— 1,500,000

- 250,000 250,000

-— 210,000 250,000

——— 80,000 160,000

- 100,000 100,000

- 50,000 502000

——— 150,000 150,000
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Item

Little Joe test support and capsule recovery:

MMea~rr Ao mlmrna and hald anntan n-nn-no-l—-‘nnc
wavVy CaLpP, Paall, 0% LSl petl S

Supplies, materials and other expense..... .

Big Joe test support and capsule recovery:
Navy ship, plane, and helicopter operations
Supplies, materials, communications, and

Oother eXpenBSe..seeescssssecsssssssscssnss,

Redstone test support and capsule recovery:
Provision for pad abort land rescu€........
Navy ship, plane, and helicopter oper-

BLIONSescttavecsastsnsscsssscssesssocnces
Supplies, materials, communications, and
Other eXpPenBe.icsecescoosssscssssssasassn

Atlas ballistic test support:
Navy ship, plane, and helicopter operations
MATS air rescue stand-by..... Cesesecesanans
MATS equipment and date transport.c...cec..
Supplies, materials, communications, and
Other eXpens€.ccscceceasssscscsscsosccssacs

Atlas orbital test support:
a h

Navy ship, plane, and h
4

MAMQ adw racapiia aavr

oH e A AR R e

MATS equipment and data transport cesesenne

Fiscal Year

Fiscal Year

1959 1960 1961
—— 4107000 _——
S 43,000 -
— 150,000 -
--- 255,000 ---
—-- 65,000 -
- 320,000 -
_— 100,000 $180,000
——- 8k, 000 756,000
_— 86,000 554,000

—_—d
——- 270,000 1,590,000
—— 231,000 1,075,000
_— _— 121,000
——— 30,000 125,000
——- 109,000 279,000
- 370,000 1,600,000
—— — 2,910,000
_— _— 250,000
—_— —— 250,000

167-27



Item

Atlas orbital test support (continued):
Land rescue te8llleceeceresvoccscascsanacsns
Supplies, materials, communications, and

Other eXpenSECeeesscrecresosscssssssscnns

Totalo.to.o’.u!ooo.-'-.-..t

Fiscal Year

1959

Fiscal Year

1960

Fiscal Year

1961

$100,000

1,470,000

EZ9BO!OOO
$15,000,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

VEHICLE SYSTEMS TECHNOLOGY

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$1,903,651 $6,737,000 $21, 200,000
OBJECTIVES:

To conduct studies and to develop materials, components, subsystems, and systems
which will provide the optimum structure, configuration, guidance, control, and orientation
and auxiliary power systems for space investigations such as deep space missions, lunar
missions, and earth satellite projects.

JUSTIFICATION:

Space exnlaration depends upon guidance; control, attitude, and stabilization equip-
ment for placing vehicles into the desired trajectories and with the desired orientation.
Much of the guidance and stabilization technolougy which has been developed for the ballistlc
missile is applicable to space exploration. For example, injection guidance for space missions
may be directly sppropristed from ballistic missile experience; with only the additional
developments required to produce lighter weight systems and to adapt existing knowledge and
guldance technology to larger boosters such as the Saturn. However, the total requirements
generated by space missions are different in both kind and degree. Consequently, development
effort is required to provide vehicle and component contrcl at great distances from the earth.
These developments relate to components and systems for sensing and modifying the velocity of
spacecraft in a manner to follow prescribed trajectories. They also are needed for stabilizing
spacecraft and components with respect to known coordinate systems such as those involved in
establishing a proper propulsion thrust vector, controlling temperature through heat absorption
or radiation, or in collecting solar energy. Further system developments are needed for sensing

169

~ Vehicle Systems
Technology




position and orientation of spacecraft, subsystems or components, and for providing reaction
forces to modify the orientation required ir such applications as maintaining communication
through the use of high-gain antennsae.

Successful space missions also depend upon the protection of scientific instruments
from the hostile environment of space. The pursuit of this objective leads tc research on
materials to provide protection through the fabrication of durable but light-weight structures
or by the development of resistive materials from which components or instruments can be
assembled.

In the area of vehicle engineering, emphasis is on structural aspects and integration
aspects of the variety of subsystems which compose the spacecraft. As a part of this effort
there is a study on types of propulsion systems which should be used under different conditions;
studies on landing techniques; and a look at the general problems of entry and reentry.

PROGRAM PHASING:

Guidance and control activities during the fiscal year 1959 were restricted to research
on components and to a study of NASA space mission requirements, with the objective of defining
& productive guidance approach. During the fiscal year 1960, the first steps outlined in the
guidance study are being undertaken: (1) the start of work on a first generation, or Phase I,
inertial injection guidance system utilizing analog techniques and guiding all stages of the
launch booster, (2) start on a Phase II inertisl guidance system utilizing digital techniques
and possessing great flexibility in Programming, and (3) the development of a completely digital
Precision autopilot for use in earth satellite missions which require supervison through burnout
of the final booster stage but which can be accomplished with less expensive control mechanisms.
Radio guidance techniques were extended to the post injection, or mid-course, portion of space
flight. Efforts at first generation vehicle-contained mid-course guidance, terminal guidance
and attitude control will be undertaken during the fiscal year 1960 in the spacecraft developed
as the connecting link between the capability of the Agena B booster and the desired circumlunar,
or rough lunar landing missions.

In the fiscal year 1961 s start will be made on vehicle-contained capability for tra-
Jectory corrections. Terminal guidance and attitude control will be continmued in conjunction
with the development of more sophisticated spacecraft to be carried ton advanced boosters.
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Guidance and control equipment will be designed to provide the capability of circumnavigating
a celestial body, establishing precise orbits; clircularizing ellipftical orbits at prescribed
altitudes, controlling the approach and let down for soft landings, and providing a mesns for
sample return from the moon and reentry intn the earthie atmngphere either from ecceope velcoclty
or from a satellite orbit. This will be accomplished through the evolutional development of
vehicle-carried systems. Component development for controls and sensors must be carried on

at a parallel rate.

Materials research will require increased emphasis during the fiscal year 1961 tc
provide knowledge relating to the behavior of materials under the three conditions of thermal
equilibrium, namely, space flight, the cold lunar night, and the lunar day with its high level
of infrared reflection; to thermal shocks resulting from transitions between these stages of
equilibrium; and relating to the effects on materials during reentry from either escape
velocity or satellite orbits.

Fiscal Year Fiscal Year Piscal Year

PROGRAM COSTS: 1959 1960 1961

Advanced technical development:

Development of injection guidance

SYStemMSeasecconorosoensasscescacanaoas . - $3,804,000 $1,800,000
Development of mid-course guidance

SYSTeMBascoscosscesrnsooscassansiocssoo -— 50,000 1,300,000
Development of terminal guidance

Systems.s.sesoacaasonsorcasscsossossonss -— - 250,000
Development of attitude control

SYyStemMS.cee ncencosascesssssscscnsssoso --- - 200, 000
Development of guidance and control

system for Centaur-boosted spacecraft.. - - 13,000,000
Development of guidance and control

system for Saturn-boosted spaceeraft... —— 250,000 1,650,000
Vehicle engineeringeeeccececeesscossncens -~ 1,708,000 1,000,000
Advanced technical developments,

components, and materialsS.eiecisscosess $122032651 925,000 2,000,000

TOTAL..oeoeveo.  $1,903,651 $6, 737,000 $21,200,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAT. YRAR 1961 RSTTMATRS

VEHICLE SYSTEMS TECHNOLOGY

Objectives

In order to accomplish any space mission it is necessary to have a container or structure
which integrates the variety of subsystems, components and instrumentation required to achieve
the mission objectives. It is also necesssary to control the orientation of this flight package
.80 that instruments relying on solar energy constantly point towsrd the sun and so that compo-
nents which must be kept cool find themselves on the shaded side of the structure. Addition-
ally, some missions require space maneuvers sfter the flight package has been separated from
the booster which has carried it from the surface through the Earth's atmosphere. To accomplish

these space maneuvers it is mandatory that the rocket nozzle be pointing ir a manner which will
give the desired direction when it starts to push.

In the injtial flights into space elementary procedures were followed. For instance,
the structures or containers for the flight package were little more than cans. This was so
because the weight-lifting capability of the boosters available to the United States was
severely limited. In these initisl flights orientation was maintained by relying upon the
gyroscope principle; that is, spinning the package to keep the axis pointing in a given direction.

With the advent of boosters of greater weight-lifting capability such as the Centaur and
the Saturn it now becomes possible to undertake more sophisticated and complex missions utiliz-
ing active elements of guidance and control. Such advanced integrated structures and control
systems have been given the terminology of spacecraft.

Because a spacecraft may be thought of as a bus to carry scientific equipment to the
point in space where it is to be used, and then align it with respect to celestial bodies so
the equipment can perform as designed, it takes on a functional aspect which has many elements
common to all space missions whether they are Earth-circling satellites, Moon probes or planet
misgions.
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Another ares where all space missions find a common mesting ground iz in the guidance
equipment which is used %o control the flight path of the booster from the surface of the
Earth to the point where booster fuel burns out.

Theze areas of universal application, which have to be developed for any and all space
missions regurdless of flight schedule, have been grouped under a general hesding of vehicle
systems technology. This progrem then embraces that research and engineering development
which is required on a given time scale but is not identified in terms of a specific flight
program.

Development of Injection Guidance Systems

The term injection guidance is spplied tc the system of components which makes it
possible to balance a booster on its jet and then cause the booster to accurately follow a
Predetermined path from the lsunch pad through the atmosphere to a point where all booster fuel
has bzen burned. During the first years of the space age, guidance systems developed by the
military for use in ballistic missiles wers modified and used with the military vehicles for
which they were dsveloped serving as the booster in the space missicn.

Although every effort is made to employ the cuzrrent state of the art in guidance and
control, each new booster introduces problems which are peculiar to itself. Among these
problems there are such things as different bending modes as the iength or the dismeter of the
booster is changed. Therefore guidance equipment must be capable of sensing different bending
and must have the capacity to swing the engine nozzle in a manner to compensate for such bend-
ing. Essentially this means that the guidance system platform with itse gimbal structure,
which permits the platform to remain level as the booster tosses about, can be adapted from
one vehicle to another; but such things as the autopilot, the computer program, and the
interaction of sensor signals, are peculiar to the specific booster under development. It
therefore becomes necessary to initiate new work for the new classes of boosters as they
came along. The work done in the fiscal year 1960 forms the basis for the fiscal year 1961
program. The Agena series of vehicles will be in use by the end of the fiscal year 1961 and
it will be imperative that its guldance systems be thoroughly appropriate to the various missions.
The Saturn vehicle poses more stringent lead time requirements in that it is the most ambitious
booster development yet undertaken and its guidance must have both very high precision and very
great reliability if the booster's full potential is to be utilized.

170-2



Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Guidance system platform and gimbal
including testing. ceeceeeevecernrnencaoe . --- $1,250,000 -
Test, check-out, and allgnment equipment.... - 380,000 -
Gyroscope, accelerometer, and torquer system
develomment e .o ecrorrenasoasascnsoas creees _— 41k ,000 -—-
Roll control system development.. ovae -——- 120,000 ——
Vehicle controller and timer development..,. - 350,000 ——
Analog guidance computer development........ _—— 400,000 —
Terminal stage autopilot development........ ——— 810,000 -—
Pitch and yaw control system development.... ——— 80,000 -
Phase II - injection guidance system modifi-
cation fOr SatUIN.ceeccoreccecsencns ceenne - - $1,000,000
Precision autopilot modification for Agensa.. - -—— 150,000
Precision autopilot modification for Saturn. -—— - 150,000
Agena radio guidance system development..... - -—- 500,000
Totaleeevvaronnss crennn --- $3, 804,000 $1, 800,000

Development of Midcourse Guidance Systems

In space applications, a midcourse guidance system may be thought of as the device which
effects the extensions of control of the spacecraft after it has separated from the booster.
For short distances this control could be effected by radio commands from the Eerth. When the
distances become large, as in travelling to a planet, it is necessary to have aboard the space-
craft equipment which can look at the stars and planets, decide where it is, and determine what
should be done to place it where it should be.

NASA was fortunate in being able to extend and reorient at a very modest cost a generasl-
ized study of vehicle-contained navigation initiated by the Department of Defense. The results
of this study already indicate that such a system should be developed. The fiscal year 1961
estimates include an incremental peyment on a system which is expected to take a few years in
its development. To completely exploit such a system, further studies on application, techni-
ques, and limitations of midcourse guidance are desirable.
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Fiscal Year Fiscal Year Fiscal Year

Ttem | 1959 1960 1961
Midcourse navigation system requirements
study..cconnn.. vescrana Gt ea o e -—— $50,000 -
Midcourse navigation system development. . -—- - $l,OO0,000
Midcourse guidance applications, techniques
and limitations - study....oeevevennno. -—— --- 300,000
Total.oororcooenvonense. ——— $50,000 $1,300,000

Development of Terminal Guidance Systems

With a combination of injection and midcourse guidance as discussed in previous sections
it should be possible to hit the Moon but not *o select a specific spot on the Moon. To
accomplish this latter maneuver it is necessary to have stili a third guidance system which
depends upon information acquired from sensors locking toward the destination. Also, in the
case of planetary missions, possible errors in the value of the astronomical unit would make
it sheer luck if the spacecraft came as close as 50,000 miles to Venus or Mars. A third
application of temminal guidance deals with the problemsz of locking at snother spacecraft as
the target and trying to effect a rendezvous for purposes of refueling, transferring equipment,
making repairs, ete. Since the first two applications of terminal guidance are being treated in
terms of specific spacecraft developments, this section deals only with the rendezvous problem.

It is already apparent that boosters of the capability of Saturn will provide new tech-
nological horizons. To fully exploit the Saturn capability it will be necessary to solve the
problem of rendezvous in space. Since development of the rendezvous technique is a long lead
time item it is necessary to initiate a study during the fiscal year 1961.

Pigeal Year  PFiscal Year  Fiscal Year
Item 1959 1960 1961
Space rendezvous guidance requirements study -—— - $250,000

170-4



Development of Attitude Control Systems

Attitude control embraces the sensing and control of angular oiicntation of Lle velicle
or spacecraft as required for maneuvering, for guidance meagurements, for obtaining data, for
coomunicating from one point to another, and for similar applications. Sensing may be accomp-
lished by radiation from light, heat, or radio, or by inertial references. Control may be by
means of reaction jJets or by flywheels. In some applications the difference in the pull of
gravity on one part of the spacecraft as compared to another part of the spacecraft can be
utilized either for sensing or for control. A wide variety of sensors and controllers are
theoretically available to the experimenter in space. It is intended to undertake a study to
Permnit a better understanding of the factors which make one system preferred over another in
a specific application. :

Fiscal Year [Fiscal Year Fiscal Year
Ltem 1959 1960 1961

Attitude control requirements for space-
craft, components, and subsystems -
SEUAY e v eeencorocrncennnorsaroocannans - - $200,000

Development of Guidance and Control System for Centaur-boosted Spacecraft

A spacecraft to be used with the Centaur booster is being developed primarily for soft
landings on the Moon. A later version or modification of this spacecraft will make it suit-
able for missions to the planets Venus and Mars. Such a spacecraft will be considerably more
sophisticated than anything previously employed and will require subsystems of midcourse guid-
ance, terminal guidance, and attitude control whose functions, while similar to those described
in the several preceding sections, are sufficiently peculiar to this vehicle to require sepa-
rate development.

The midcourse guidance is a precision vehicle-borne system which has as its function
the correction of flight path after separation from the booster, and navigation between the
point where booster fuel burns cut and the position in space where the terminal guidance takes
over. The components would be star trackers; planet seekers; sun seekers; equipment to issue
commands for steering, thrust initiation and cut off; computers; precision timekeepers; radio
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overrides; and neeessary power supplies.

The attitude control system to go with the spacecraft boosted by the Centaur has as its
Tunction stapllization of pitch, roll, and yaw of the vehicle, determination of the vertical,
component orientation and stabilization, thrust orientation and antenna pointing. Equipment
would be torquers, autopilot, radiation sensors, gyrc platform, and programmer.

The terminal guidance in this spacecraft is designed tc position the vehicle on the
surface of the Moon to within 50 miles, to circularize the orbit, to sense forward velocity
and horizontal drift with respect to the surface so as to effectively slow the spacecraft
from about 8,000 fest—per-second to a soft vertical landing, and to accommodate hitting the
proper corridor for a successful return through the stmosphere to the Earth. Equipment needed
is thrust controllers to slow the spacecraft, three-asxis doppler to detect drift with respect
to a point on the surface as well as altitude above the surface, TV monitors, radio override,
vehicle-contained computers, inertial platforms, radio program changer, and associated power
supplies.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Midcourse startracker system..... Cerocaneas —-— - $1,000,000
Planet see€ker....eeeeeveeen cereeens crirecons - - 600,000
SUN BEEKEY e« cvvvroreancroorornonass . -— -—= 100,000
Power supply...ccceceveon csreesenesossncoas ——— ——— 20,000
Cutoff and steering command generator...... -—- - 50,000
Vehicle~borne computer......cv.veeoeen. esenn .- -—— 2,000,000
Precision low-drift oscillator....... ceneon -— -—- 30,000
Thrust controller.......c..e.... ceeraceanea - ——— 200,000
Three-axis doppler system.......... cesoeees -— - 2,000,000
Terminal stage power sSUpPPlye.eevesencssons . -—— ——— ~ 30,000
Television monitor....... ceestoaaseons oraee ——— -—- 4,000,000
fadio command OVerTider.::-::cececcssoscsses —— --= 200,000
Program change decoder and servo system.... - - 270,000
Torquers.c...o.... Pecseacsecans e arersoses -— - 1,000,000
Autopilot......... Ceioasseescasesiesesaaaas ——— -—— 500,000
Radiation sensor..cccoeoscccocssscocens oeen —_— -—— 500, 000
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Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
PrOgIaMer . c o cvvoeccncencns cerereeesones - -—- $100,000
Systems Integration..cc.ceoerosrcanoncos -—- -—= 400,000

TotaLeoconoooonassns o --- $13,000,000

Development of Guidance and Control Systems for the Saturn-boosted Spacecraft

As in the case of the Centaur-boosted spacecraft already described, the Saturn-boosted
spacecraft will have unique requirements for guidance and control. The concept in the engineer-
ing of these guidance and control subsystems is to provide for an evolutional development from
an earlier system through each succeeding system. By following this concept components can be
utilized as previously developed but advantage can be taken of the greater weight-lifting
capability of the Saturn to provide additional capability such as hovering above the surface
of the Moon while instruments aboard the spacecraft examine the surface below and decide whether
such a location is suitable for a soft landing of a scientific package.

During the current year an intensive study of the optimum utilization of the Saturn
booster in lunar missions has pointed to a need to start the development of the guidance and
control system peculiar to the Saturn-boosted spacecraft during the fiscal year 1961. This
start is exclusively in the area of terminal guidance and specifically those portions of the
terminal guidance which require the longest lead time. Among such items are computers capable
of teking sensor information and determining and generating the proper command to meet pre-set
criteria for an acceptable landing site in such terms as steepness of the hillside, irregular-
ities due to boulders or craters.

Complementing such vehicle-contained equipment would be TV monitoring on the part of
an Eax* -based operator. To carry out this function it is necessary for the Earth-based display
. Ve PR B Uy PUSR- | = P I A clam +Tha vralhd AT A Tver &anA Ay
[ 5 t::}_)bu _}_-JCJ.\-U_}_JU.LUM., a sense of DMTTUy and a J.CC.LA.AAE, Ol W4l il venlclac is &Cing and oW

soon it will get there. Looking forward to the presence of man in the spacecraft, it will be

.

necess to have light-weight vehicle-borne display equipment to aid the humen pilot.
Y €q
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FPiscal Year Fiscael Year Fiscal Year
Ttem 1959 1960 1961
Saturn lunar landing study...... Creereceans - $250,000 -

Adaptive computer development for landing
site selection, position and orbit

determination............ Crreeann e --- - $1,000,000
Earth-based operator display development - ——- 500,000

Manned vehicle astronaut display develop-
meNt.oeeoesenosoncososnansons esscssessasans ——— -=- 150,000
Total..... Cirerereaeeaans -—- $250,000 $1,650,000

Vehicle Engineering

Here the word vehicle is a generic term which would include either the spacecraft or the
booster. Severml of the studies being conducted under this heading will be concluded at the
end of the fiscal year 1960. However, wind tunnel testing and studies will continue to be
necessary to insure that each new vehicle has the proper aerodynamic characteristics to survive
the flight from the Esrth's surface. This is particularly true for the spacecraft which must
be designed to travel through the air before it reaches the enviromment where it will be used
even though it will spend most of its useful life beyond the Earth's atmosphere. This wind
tunnel work at JPL will be particularly applied to the Agena, Centaur, and Saturn spacecraft
under current development.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Optimization of structures - study...... - $300,000 -—
Vehicle-borne instrument engineering.... - 258,000 -
Vehicle date handling - study....c.e.... - 150,000 .-
Spacecraft wind tunnel testing.......... -— 1,000,000 $1,000,000

TotBleeevvervenencnsos --- $1,708,000 $1,000,000
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Advanced Technical Developments, Components, and Materials

Tn thie Pn“'po'n"“’ are "“‘m“’*'"g"*"‘cr“ Ints the fundamenval HWQJ»\IG:L laws J.t:J.ul.a,Lng Lo

improvements in electronic and communication materials, such as, radio frequency sensor
development; antenna systems research; solid state developments in circuit components, and
Masers, cryogenic and other regearch efforts to reduce the noise levels in circuits.

Another group of studies desls with improved materisls for space vehicles, with psrti-
cular emphasis on nozzles and other hot parts of the rocket.

A third group examines the effects of the space enviromment: specifically, such things
as the weight loss in high vacuum with the resulting effect on mechanical elements, and the
problems affecting lubrication and servo systems in space.

The increased level of effort indicated for the fiscal year 1961 is required to keep the
accomplishments in this area in balance with the flight programs that are the ultimaxe benefi-
ciaries of this work.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961

Optical sensor development......c.ovoeeo.. . $85,000 _— -—
Infrared sensor development................ 67,000 — -—-
Angle encoder and coordinate computer

development. .. verecooconens ceneansanens . 84,000 --- -—
Teletype code converter and time comparator

development.....ccoveevuceonons creecosen 113,000 -—- ---
Servo analog error generator.. cos oo 105,000 -—— ———
Solar cell orienter and follcwer development 72,000 --- -
Booster recovery system development........ 500,000 -—- -
Radic frequency sensor development......... 51,800 450,000 $100,000
Antenna systems research......ccoveceeceons 76,000 75,000 125,000
Solid state single c ys+al developmen - 67,500 65,000 125,000
Solid state metallic whisker development 37,400 40,000 120,000
Maser researche....... ceienees Ceeesscantana 43,000 50,000 125,000
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Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961

Cryogenics research...c.occeecn. Cerenoran $45,000 $45,000 $110,000
Long-life, low-noise circuit research..... 60,000 70,000 150,000
High temperature graphite research........ 57,000 60,000 125,000
High temperature ceramics resesrch........ 48,000 50,000 100,000
High temperature metals research....c..... 89,000 90,000 200,000
Ablation researCh.e.cccceceecesreesoceccosns 30,000 40,000 100,000
Vacuum effects on mechanical elements

researche.ceieronenns cesenons Ceesaneenns 45,000 50,000 125,000
Vacuum effects on lubricetion research.... 78,000 80,000 175,000
Servo systems research...... cecereens ceen. 55,000 60,000 150,000
Airborne computer rese@rch......vesvscoeee 67,500 T0,000 140,000
Information processes research....c.eeuess 27!h51 30,000 30,000

TOLRLe e veesensenrenese  $1,903,651 $925,000 $2,000,000
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' NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES
SOLID ROCKETS
Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$615,898 $3, 785,000 $2,800,000

OBJECTIVES:

To establish, on an experimental basis, the background which will allow exploitation
for spaca vehicle use of the high reliability, simplicity, and economy of solid propellant
engines; demonstrate advanced techniques in the use of very high performance solid rockets
as upper sbages and as auxiliary rockets for space vehicles; develop techniques for improving
the utility and versatility of solid propellant rockets by devising improved and advanced
methods for thrust vectoring, modulation, end tarminstion; eonduct studies and experimental
programs to establish the application of solid propellant motors as first stage high thrust
boosters for space vehicles; and to explore teshniques for exploiting the properties of solid
rockets for sounding vehicles to obtain grestsr simplicity and economy.

JUSTIFICATION:

Solid propellant rockets have saveral inlisrent adventages. From a logistic and
handling standpoint, they ere storable for extended periods of time, they ubilize simple
operating principles, they involve essentially no eomplex machinery, they are generally
trangportable in the loaded condition, and they offer sdvantages of simple firing techniques
for relatively untrained launching crewe. ' These general charscteristics make for high reli-
ability and, in general, lower costs in development and uge compered to liquid rocket systems.
The basic characteristics of solid rockets also allow them to be fabricated readily in
different sizes on & sghort development time scale.

-~ PR
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From a performancs standpoint., solid propellant rockets have two inhereat character-
istics which can be axploitad to grest adventage for propulsion in spacs boosber vehicles.
First, the physinal propertiss of sclid rockets allow them to be comstructed to vary high
ratios of propellant to inert psrts when employed asz upper stages in & vacuum snvironment.
The second edvantegeous performancs charachzristic is the ease with whish thrust levels can
be viried. Tk is not distinetly more difficult or expensive to develop thrust levels of
1,000,00C pounds as compared to the 100,00C to 500,000 pound thrust levels now employ=d.

The utility of solid rockets is limited by the present cumbersome and relstively
inefficient techniques for controlling thrust level during burning, for terminating
thrust, and for obtaining thrust directional contrel. In addition, the inability to
reignite a solid motor after initial termination decreases its utility as a terminsl
stage or as 8 retro-rocket. While high propellant-mass ratics of .96 to .97 are achievable

in solid rockets, little has been done to demonstrate-on a significant size scale the achisve-

ment of such performance.

The proposed program will aim at improvement of the deficienciss discussed above and
at the demonstration of some of the performance, reliabillty, and logistic advantages of
solid rockets. A program will be continued to evaluate and develop new propellants for
space propulsion as new ingredients and propellant materials become available.

PROGRAM PHASING:

The solid rocket program is divided into four parhs as follows:

High performence motors: In the fiseal yesr 1959; work was initiated to demonstrate
the fessibility of rocket motors with a propellant to loaded mobor weight ratio of .96. In
the fipeal yesr 1960, a limited number of sbtatie firings are being conducted to prove out
these designs. In the fiscal ysar 1961, work will be continued on advancad technigues for
achieving ratios of .96 and beyond, and for solviug associsted propellant geometry, case,
and nozzle derign and development problems. Advancaed techniques for achieving economical
sounding rockets of high performance will also be explored. Sufficient data should be avail-
able by the fiscal year 1961 to conduct design studies and initiate development of very
high performance terminal stages for specific space vehiclss.




Advancad thrust modulation and vestoring systems: Limited work was initiated during
the fiscal year 1959 on exploring the feasibility of thrust modulation by ultra-sonies. The
1960 program is expanding the effort on thrust modulation and includes work on the explora-
tion of new techniques for thrust vestoring and thrust termination. In the fiscal year 1961
work will be continued on the most promising programs. Studies to apply some of the ad-
vanced techniques to specific solid motors will also be initiated.

High performance propellant systems: In the fiscal year 1959 work was initiated on
the evaluation of new propellents and ingredients, and on their incorporation into propellant
systems for application to the unique needs of space propulsion systems. This effort will
be continued in the fiscal years 1960 and 1961 with particulsr emphasis on exploiting the
new ingredients and materials that are being synthesized and developed under programs
sponsored by the Department of Defense.

_ Improved motor materials and manufacturing techniques: Solid rockets. for space
applications require menufacturing techniques of high reliability and precision. Fiscal
years 1959 and 1960 programs were initiated on non-destructive inspection techniques, in-
spection criteria, and on advanced methods of fabricating rockets, such as building a
loaded rocket motor in separate sections and then assembling them. These programs will be
continued, and the non-destructive testing techniques and inspection criteria developed
will be applied to motors actually being menufactured for application to spaes vehicles.

} Fiscal Year  riscal Year  Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Advanced technical development:

High pPertormance MOTOTB:seecssocsssssss $26V,898 $1,515,000 31,300,000

Advaenced thrust modulation .

and vectoring systems....ceeoveov.os 90,000 930,000 500,000

High performance propellant system.... 175,000 910,000 700,000
Improved motor meterials and

manufacturing techniques....coevoees 90,000 430,000 300,000

TOIA—L.......l............... §612§828 iBg?BZEOOO 2800000
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Estimated end of year employment..e.ceevssasss

10 Personal services and benefits...

......

21 Travel and transportation of persons.......

22 Transportation of thingS.eeeereecesesronans

23 Rent, communications, and utilities:

Rent......

24 Printing and reproduction.

25 Becurity investigations..

Cormunications..
Utilities...

sec s e

42 Insurance claims and indemnities...eee.oec..

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1962 ESTIMATES
AEC-
NASA Life
NASA Langley Ames Levwis Flight Goddard Wallops Marshall Western  Nuclear Science
Headqgtrs. Center Center Center Center Center Station Center Office Office  Facility Total
951 3,330 1,437 2,82y Lol 2,668 299 5,960 85 23 51 18,122
$8,976,346 $25,301,240 $11,392,000 $22,592,uk5 $3,567,139 $22,477,595 $2,01k,146 $46,482,02k $748,790 $25k,125 $459,285 $1hk,265,135
9,523,000 27,507,000 12,327,000 24,704,000 3,788,000 24,150,000 2,608,000 55,298,000 8hz,000 204,000 Lk5,000 161,396,000
1,368,000 643,000 160,000 312,000 165,000 2,960,000 90,000 2,550,000 117,000 5,000 25,000 8,395,000
50,000 12,000 15,000 25,000 20,000 540,000 5,000 50,000 20,000 1,000 2,000 740,000
120,000 2,185,000 1,231,000 900,000 235,000 7,480,000 125,000 6,551,000 90,000 -— - 18,917,000
400, 000 105,000 55,000 100,000 25,000 374,000 80,000 595,000 35,000 1,000 4,000 1,774,000
-—- 1,719,000 2,331,000 2,233,000 30,000 140,000 200,000 -~ - - - 6,653,000
616,000 26,000 15,000 10,000 5,000 4o, 000 10, 000 275,000 3,000 -— _——- 1,000, 000
1,115,000 ——- - - —— ——- - - - -— — 1,115,000
110,000 --- — - -—— - .- - - - ——- 110, 000
$13,302,000 $32,197,000 $16,134,000 $28,284,000 $4,268,000 $35,684,000 $3,118,000 $65,319,000 $1,107,000 $211,000 $476,000 $200,100,000

Anticipated reimbursements....

Total appropriation.....eeecess

sesceeesne

-3, 414,000

$196, 686,000



Opposite Page 173-1:

Work being done pr;mgriLy for spece applications.
This year's funds 80% obligated.

High mass ratio motor: Work now going on at Grand Central Rocket Co.
Light weight nozzles: Rocketdyne.
Varr lovoe hAamoctravr daciorne o TR'e ormnoe m Frvr TV 10AN Al
Ml 4 hamtnaandl = Ind heuihehatafiniiioined hetsbutisnthad = mtaihd .— e bl = tatained e - - - - bt
1961 desizn study +o noint of fabrication.

19161 el
LAl Y eir pMALIIL UL LU Il i,

Combined attitude and velocity control: L4 movable jets wnich add thrust
when not vectoring.

Advanced thrust vectoring: Injecting gases in exhaust stream - FY 1960 -
NOTLS.
Sonic thrust modulation: Acoustica.
Nozzle chamber insuletion: All at JPL. Now can get 4800° - 55000°.
Need 7000°. Carbides.
Mfg. Methods study: Conicel segmented design. United Technology Corp.
Funds Personnel
Hq 1.3 3
JPL 1.5 30

Total 2.8 33



NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SOLID ROCKETS

Objectives

Solid propellant rockets have many inherent advantages in terms of reliability, develop-

t and fabrication leed time, in handling and storage, and in relatively simple firing tech-
niques. The purpose of this progrem is to establish the background and techniques which will

allow exploitation of the high reliability and simplicity of solid propellents for space vehicle

use.

This program is being carried out under four major categories: high-performance motors,
advanced modulstion and vectoring systems, high performance,propellant,systems,man@vngproved
motor materials end manufacturing technigues. Specific projects designed to improve tech-
niques and eliminate deficiencies in such areas as thrust terminetion, redgnition, thrust

vectoring, and control of thrust levels during propellant b ing are being conducted. As

“improvements in performance are accomplished, they will be applied to scheduled rocket develop-
ment.

High Performance Motors

Figcal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961

High mass ratio motor development for
upper stage purposes (maximum percent-
mmmmal Tand v

P - ] 1
age of propellant for a given total
p

WELEHE ¢ e e o ennenrnnsueonaaran s scisss $176,000 $600,000 $700,000

"End burner" concepts for sounding rock-
ets and high mass ratio upper stages; end
burners have maximum flexibility of
thrust levels and burning times, least
wasted volume...... croasos eeceassrosanns . -——- 200,000 -
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Fiscal Year

Item 1959

Fiscal Year

1960

Fiscal Year

- 1961

T2 lde eead aalade ] -~ + v o ol
Light-weight nczzle zyctems which mini-

mize nozzle dead weight; liquid metal
cooling systems are of special interest ———

Very large booster design studies for
investigation of potential applications
in NASA vehicleB.cicorcrcancn tecoscecas

Jet Propulsion Laboratory work in this
ares, including development of rockets
for Juno and Explorer vehicles and such
advanced ideas as the autophage (consum-
able) rockete.eerocereernns ceeoceeroans _—

$200,000

80,000

435,000

$200,000

100,000

300,000

;§260=898

§l;212g000

Advanced Thrust Modulation and Vectoring Systems

Combined attitude and velocity control
unit; a package which may be added
to & basic rocket for control purposes. —

Advenced thrust vectoring techniques;
methods of diverting rocket exhausts
will be studied....... coeseas seecceneas ——

Thaw 1
PRGNS ppll ca-

~ vt ne
A L V““*‘Ao

$90,000

$200,000

300,000

200,000

21;300;000

$200,000

100,000
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Fiscal Year Fiscal Year

Item 1959 1960

Fiscal Year
1961

Thynet termination and re-ignition: etudywr
of new and more efficient means of
terminating rocket thrust and re-igniting
the motor at a later time....... ceeerecnnse - §23OZOOO

B o - 1 §202000 2930;000

High Performance Propellant System

Unique propellant systems and basic work
to improve the characteristics of solid
propellants; includes improved methods
of testing propellants non-destructively;
includes basic and applied research at the
Jet Propulsion Laboratory in the fiscal

years 1960 and 1961...... Craeeoesoasaroasas §175;ooo $910,000

Improved Motor Masterials and Manufacturing Technigues

Nozzle chamber insulation and chamber
construction materials studies to
investigate new substences to with-
stand the heat and erosive effects
of modern s0lid rocketS.ceceorocossvacons . 90,000 280,000

Manufacturing method studies applicable to
future very large motors; evaluation of

cuby to-make propellant configursations and
L2 WO - (U DURURE TR (IS T | U, s
ULJ.U bcwuc.uuuu. or Uu.J..I. Ll vaven LUCHAC Y
CONCEPL s ecorsvenvsnoas erencebensreacona oees - 150,000

TObBLe s evvrroneronsoenonos $90,000 §h3o§ooo
Total

§2OOZOOO
2500;000

§7OOZOOO

100,000

200,000

§3OOZOOO

‘1,20&,551’:
f———r———
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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

LIQUID ROCKETS

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$15,978, 589 $30, 328,000 $63,000, 000
OBJECTIVES:

To develop an advanced capability for launching and propelling payloads for space
exploration through the use of liquid propellant rocket engines; to improve the performance
of space vehicles through the development of lmproved propellants and equipment; and to work
out practical solutions for the technical problems occurring in development and operation of
liquid propellant engines.

JUSTIFICATION:

The liquid propelisnt rocket is the mainstay for propuision ol the present and COmLing
generation of space vehicles. To provide capebility for lsunching and propelling payloads for
space exploration requires the development of several new high-performance engines of different
thrust levels. These include a large booster engine, engines using hydrogen-oxygen propellants
in upper stages, and engines using propellants that are storable for prolonged periocds of time
in the space envirorment.

For missions aimed at launching large manned vehicles into orbit around the earth or
for delivering large instrumented payloads on the surfaces of the planets, booster thrust levels
significantly greater than those of ICBM englines are needed. Accordingly, a 1,500,000-pound
thrust engine is now under development. Manned vehicular landings on the surface of the moon
or planets with return to the earth can be accomplished by clustering 4 to 6 of these engines
into a first-stage booster.

114
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. The full payloaed carrying capability of the booster engines can only be realized by the
use of upper stages equipped with engines using high energy propellants. The use of hydrogen-
oxygen as the propellant tor upper stages of space vehicles will increase carrying capability
about 50 percent per stage as compered to hydrccarbon-oaygen engines. One large engine using
hydrogen-oxygen propellents is now under development. Experimental tests have demonstrated the
feasibility of building an engine with a thrust level suitable for use with advanced vehicles
on space missions.

PROGRAM PHASING:

A contract to develop a single-chamber engine of 1,500,000 pounds thrust was let in
1959. During the fiscal year 1959, thrust chamber hardware was fabricated and preliminary
thrust chamber tests were begun. Other components of the engine were designed. Modification
of existing test facilities to accommodate this engine and construction of one new test fa-
cility necessary for engine testing were undertaken by the Air Force. Fabrication of engine
components and extensive testing of all elements of the engine will be started during the
fiscal year 1960. Initial asgembled engine tests with continued component development are
scheduled for the fiscal year 1961. -

During the fiscal year 1960, a development effort will be initiated on a large engine
using high-energy propellants for application to advanced vehicles.

Applied research and experimentation as well as analytical investigations on advanced
engine types will be carried out. Applied research on engine problems in the fiscal year 1959
was devoted to a determination of the feasibility of large thrust single chamber boosters.  In
the fiscal year 1960 applied research will include analytical and experimental investigations

into causes and methods of avoiding combustion oscillations in large rocket engines, and applied

research required in further development of the 6,000-pound thrust storable propellant rocket.
In the fiscal year 1961 applied research funds will be used to continue the combustion oscil-
lation investigations started in the fiscal year 1960, and to start a project to investigate
liquid propellants capable of being stored in a space environment for prolonged time periods.

5



The fiscal year 1961 advanced engine design investigations will include an investiga-
tion teo determine metheds of simulating operational characteristics of large engines through
model tests; and the continuation of injector, thrust chamber, heat transfer, and chamber
febrication investigation pertinent to storable-propellant engines.

4, PROGRAM COSTS:

Advanced technical development:

Advanced engine design
IinvestigationSescceecescosesecase
Applied research on engilne
ProblemsS. e ceececsscrsensoncenan
_~Development of 1,500,000-pound
thrust booster rocket engine....
Development of hydrogen-oxygen
. upper-stage enginesS.ssesvscsvens
Development of storable propellant
ENEZIiNeSsceevesssscosssoncsssnnsa

TOTAL-.--....-...-..--..

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$3,558,589 $3,688,000 $3, 400,000
420,000 1,470,000 1,800,000
10,000,000 24,200,000 41,000,000
——— — 16,000,000
2,000,000 970,000 800, 000

| 815,978,589

§20!§28!OOO

000,000
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NATIONAL AERONAUTICS AND SPACE ADMINTISTRATION
FISCAL YEAR 1961 ESTIMATES

LIQUID ROCKETS

Obgectives

The liquid propellant rocket is the mainstay for propulsion of the present and coming

generations of space vehicles. The purpose of this program is to develop an advanced capability
for launching and propelling payloads for space exploration and to improve the performance of
space vehicles through the development of improved propellants and equipment.

Advanced Engine Design Investigations and Applied Research on Engine Problems

The objectives of the advanced liquid rocket engine technology investigations are manifold.
One objective is to explore the potential improvement in rocket engine performance that can be
realized by use of new high energy propellants. A second objective is to increase the performance
and reliability of rocket englne systems by development of unique or simplified engine configura-
tiong. A third objective is to provide Qrac*ical solutions for the problems occurring in the

development and ovperabion of ilyuid prupelliaul englues.

It is the nature of projects in the area of advanced engine design investigations to be
discontinued after a time for lack of promise or to be supplanted instead by an active develop-

ol

ment program° Spebific ezamples can be puintea to in the relatively short time span ¢f projects
suppurted Ly RASA. Oupport of rescaich o Lydrogen-oXygel sugines bhaa SEVeldpsd. & avaus-of-art
that justifies development of hydrogen fueled engines for practical rocket stages. One such
engine, of 15,000 pounds thrust, 1s currently under development, and requests for propesals have
been made for & second engine, Qf 200,000 pounds thrust. The advanced engine design investiga-
tions, along with the applied research on engine problems, lays the ground-work for future ad-

vancement of rocket vehicle capability.

176-1




Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961

Support of hydrogen-oxygen engine research... $2,065,000 $l,700,000k#1 st -
Investigations of hydrogen-fluorine as T

rocket PropellantSceecoccsccccccccececsocoscno 1,070,000 400,000 7+ ———
Investigations of short light weight

rocket engine nozzlesS...ccscocosecssccassoocse 420,000 700,000 1,200,000
Investigations of pressurized (unpumped)

engine SYyStemScescoososcocososvssosscocaons 423,589 1,588,000 2,200,000 -
Investigations of oscillatory combustion

in rocket engines:..csssssscvoeoscosesscosasn - 200,000 700,000
Studies of engine operating problems

after prolonged coasting flight in space... -—- 200,000 400,000 »
Study of propulsion requirements for

lunar and planetary missionS..cecescecoceso -—— 370,000 300,000
Search for new high-impulse high-density

PropellantS.eecsseseonscssesossososssssosanse - -—- 400, 000

Totbalesseesessscaecnnssncncss §§!ZZ8!282 22;1285000 22!200!000

Development of 1,500,000-Pound Thrust Booster Rocket Engine

The 1,500,000-pound thrust engine is the largest single-chamber rocket engine under develop-
ment by this country. Its thrust level will be nearly ten times the thrust level of any currently
available rocket engine. The engine, which will use liquid oxygen and kersosene as propellants,
will provide propulsion for the booster stages of manned space vehicles. Manned vehicular landings
on the surface of the moon or planets with return to earth can be accomplished with launch stages

using a cluster of four to six of these engines. The boost stage of such a lunar vehicle will de-
velop between 6,000,000 and 9,000,000 pounds of thrust. Tinar landings with return of a manned

space craft will necessitate the development of launch vehicles of this thrust level.

Because of the high degree of reliability that is required of a propulsion unit that will
propel men into space, and because such reliability can be developed only by an intensive and
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continued testing program, the 1,500,000 pound thrust engine development was begun carly in 1959.
The present schedule of development contemplates flight rating tests of the engine by mid-1963.
Because oi Lhe enormous expense O I11ghT Testing such a large vehicle, however, the preliminary
flight rating tests will be followed by an intense quality improvement program with the objective
of reducing risk of failure of the first flight systems and, ultimatsly, risk of the lives of nen.
Such testing will extend tc mid-1966. A boost vehicle which will use this engine is scheduled for
first flights in 1967.

The engine develcpment involves the fabrication and testing of several major components,
and their assembly and testing as an engine. Since the turbopump for. this engine reguires. £0,000
horsepower, the development of the turbopuwp alone is. quivalent to the development of a large
turbojet aircraft engine. The thrust chamber and injector are of such size that new fabrication
equipment must be prepared and new assembly methods must be developed prior tc the actual operational

testing of the chamber.

To test the engine and its components three test stands are under construction. at FEdwards
Air Force Base. One of these is an existing missile test stand being modified for testing the
1,500,000 pound thrust engine. The other stands are for testing the thrust chamber and the com-
plete engine. The thrust chamber test stand is now nearly complete and test work will be under
way in June 1960. The first engine testing will be done on the converted missile stand and is
scheduled to begin early in 1961 In addition to these stands at Edwards Air Force Base, former
missile engine test stands at the Field Propulsion Labcratory of Rocketdyne are being modified for
development of the turbopump, gas generator, propellant valves, controls, and other components of
the engine. Some of these are already in use. One of these facilities has been used for short
durstion firing tests of a full-scale non-regeneratively cooled thrust chamber.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Preliminary desig@lecccsscocscssecocsccssscsosno $751,000 ' == o ——
Component developmenta.canw-nescessssezzzocssss 35,791,000 $12,596,000 $16,119,000
Component testeoscocscossssssscacossossssscaas 622,000 2,197,000 3,848,000
Engine development.o.cesesescacsncassossessos 408,000 5,755,000 14,683,000
Engine test.ceecconsnrossvssncovaceoosveconso -——- - 2,325,000
Febrication and test equipment.....cceoo00cae 4, 428,000 2,452,000 317,000
PropellantSecscecossosseasesensessssocsoscasce -— 1,200,000 3,708,000
TOt@Leeeroouecssncossssnonns $10,000,000 $2k, 200,000 $l41,000,000
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Development of 200,000-Pcund Thrust Hydrogen-Oxygen Engine

The development of larges boosiuers of thiust levels of 1,500,000 Lu 5,000,000 pounds for
man-carrying missions in space requires the development of highly relisble high-perfcrmance
engines c¢f sultabie thrust levels. Because of the investment, in terms of stage cogts; partic-
ularly in second and succeeding stages, the use of high—energy prepellants to achieve maximum
performance per pound of boosted weight is justifiable. The state-of-art of use of hydrogen and
oxygen propellants in rocket engines has progressed tc a point where we can confidently proceed
with the development of a 200,000 pound thrust hydrogen-oxygen engine. A _stage using this engine
will be capable of carrying nearly twice the payload of a stage of similar weight using oxygen and
kerosene.

The 200,000 pound thrust hydrogen-oxygen engine will be used in upper stages to be developed
for the Saturn launch vehicle. The same engine and stages will later be used with launch vehicles
of even greater thrust.

Saturn flights using the 200,000 pound thrust hydrogen-oxygen engine in an upper stage are
planned for 1965. Bids for the development of this engine have been requested and a contract is
expected to be negotiated by June 1960. The preliminary flight reting tests of this engine are
gcheduled for three years from the date of contract with flight qualification tests to be complete
in 4 1/2 years.

A significant proportion of the total funds of this project will be used to provide pro-
pellants. It is anticipated that a commercial source to produce snd supply fuel for the project
will be developed.

Proposals for development of the 200,000 pound thrust hydrogen-oxygen engine have been re-
quested by NASA. At this time these proposals have not been received or evalusted. No contractor
has yet been selected. Therefore the following budgetary figures are estlmates based on the ex-

Arral A s A A limae T e T amcmmee oV o .
perience of costs incurred in development of other liguid propellant rocket engines,

Item 1959 1960 1961
Preliminalvy desiglueooas-oooo-oooeoo'.-o..oon “-— - $5855OOO
COIIIponent development-ew-.o.o-ooo'oosooeoonl- ——— e 2’]‘3686’000
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COmponcitt, LeBbococscooescssssoscsoso
Engine development...-.
Engine test,

¢ 5 &9 6o °

@evse0 030800

Fabrication and test equlpmentu,oo,,,,u..,.,g

PropellantScececosccocsocnca

s o p00e

Total.cossones

000624800000

a

0200604800000

a

Fisges Fiscal Year

-

1960

Fiscal Year

Year
g 1961

$914,000
490,000

55 325,000
Ik, 000,000

§l6!OOOgOOO

Development of Storable Propellant Engines

Storable propellant engines will be used in small rockets of the type required for space
trajectory correction, satellite orbit correction, and attitude control, and in rocket systems

~which must contain the propellants over prolonged periods in space.

Storable propellants will

be required for accomplishing planetary orbits or planetary landings, since the least practical

travel time to either Mars or Venus is of the order of several months.
tory is currently developing a storasble propellant rocket of 6,000 pounds thrust.

hydrazine and nitrogen tetroxide as propellants.

The Jet Propulsion Lsbora-
This rocket uses
Such propellants have an advantage over liquified

gas propellants because of the reduced loss of propellants due to boil-off caused by the sun's

radiation in space.

The 6,000 pound thrust engine has already been fired successfully in static test stands.
Testing (conducted both at the JPL and at the JPL site at Edwards Air Force Base) is directed
toward the objective of developing a reliable ready-to-use unit.

Item

Development of thrust chamber.........

Development of controls, valves, and gas

regulators.s...
Engine development...
Fabrication and test equipment...
PropellantsS.oceesocese

s8¢0 vocecoc o e300 ae
EEEE I N R I
o3 pgeB0Bc0Go0s

Totalnoco‘.aoo

eass080020000

e

cpo2020o0

tacea

® 2 88 000006C0¢

s

e60 05030060

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
$530,000 $360, 000 $190,000
290,000 170,000 80,000
280,000 240,000 370,000
470,000 110,000 80,000
30,000 90,000 80,000

$2,000, 000 §2ZOZOOO

Tobd

§§OOQOOO
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

NUCLEAR SYSTEMS TECHNOLOGY

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$3,810, 496 $6,000,000 $10, 000,000
OBJECTIVES:

To develop the components and technology required to permit the development of
nuclear powered systems to deliver large payloads to interplanetary objectives. The
current emphasis in this program is on solution of the many technological problems thet
now stand in the way of nuclear system development.

JUSTIFICATION:

The two princlpal types of nuclear systems that are considered sultable for
tne propulsion of high payloaa rocket systems in space are the nuclear heat transfer
rocket system and the electrical propulsion system using a nuclear reactor system to
generate electrical power. The Nuclear Systems Technology program supports the work
on the nuclear heat transfer rocket system and on the nuclear reactor electric power
generating systems.

The nuclear heat transfer rocket 1s a system in which hydrogen is heated to
high temperatures in a nuclear reactor to produce specific impulses in the range of 700
t01,000 pounds of thrust per pound of hydrogen flowing per second. The high specific
impulse potentially available from the nuclear hest transfer rocket permits the de-
livery of large payloads for various missions requlring high energy. The nuclear
rocket can be used 1ln booster rocket systems as well as in the space environment.

Nuclear Systems
Technology
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Although early emphagis in the nuclear heat transfer rocket preogram was on research almed
at the development of large thrust or high reactor power first-stage rockets; the current
goals cf the program are zimed at sccumilating the necessary research information required
to develop a reactor flight test system that would be lauuched by chemicsl rockehs. Such
a system eonld eventually be incorporated into a space vehicle stage which would take off
for its interplanetary objective after having been launched intc an earth orbit by large
chemical rockets. In this program, the NASA i1s working with the Atomic Energy Commlission.

Nuclear reactor electrical power generating systems are required to supply the
eélectrical power needed to accelerate charged particles or neutral plasmas to high velocities
in order to produce thrust in the electrical propulsion systems which appear to have good
capabilities for space missions. (The accelerator or thrust production components of the
electrical propulsion sysbems are discussed under the program entitled Space Power Technology. )
Analyses of space mission cepabilities of these electricel propulsicn systems have indicated
that such systems will be competitive with the low thrust nuclear heat transfer rocket system
described sbove. One of the disadvantages of the electrical propulsion system is the long
trip time involved as the result of the low ratio of thrust-to-stage weight. One of the
advantages of the electrical propulsion system is that the electrical generating equipment
may be used for communications when the payload has been propelled to its planetary objective.

It is one of the purposes of the present program to dc the research necessary to
develop high power, light weight nuclear reactor electric generating systems. It is felt
that the development of such high power systems must wait for the accumulation of various
fundamental date and resesrch on critical components of the system. TIn addition to the funds
required for applied research leading to advanced high power systems, funds are included in
this program to continue the development of s system for converting energy from nuclear heat
to electrical power using currently availgble information. This conversion system will be

" matched with the SNAP-8 reactor being developed at the request of the NASA by the Atomic

Energy Commission. Thils reactor electric system will produce enough power to supply communi-
catlions needs for planetary missions as well as to test eariy versions of eiectrical propulsion
systems.

PROGRAM PHASTNG:

The work under this program is divided into nuclear reactor electric generating
systems and nuclear heat transfer rockets. The fiscal year 1959 funds for nuclear reactor
electric generating systems were used to design conversion equipment for a nuclear-electric
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system (SNAP-8) and to initiate fabricaticn of the components. In addition, work was started
on the acquisition of data that will be required in the design of higher power, higher tem-
perature systems. Funds for the suppcrt of the muclear heat transfer rocket reactor test
program were transferred to the Atcmic Energy Commission to undertake the development of s
pump that will be naed in the test program. In addition, funds were used to initiate experi-
ments (such as the effect of radiation on the properties of materials at cryogenic tempera-
tures) that will supply infexrmation necessary in the eventual design and operation of nuclear
rockets.

In the fiscal year 1960, the components of the nuclear electric system will be fab-
ricated and component testing will be initlated. The work on the fundamental information
required to permit the design of higher power, higher temperature systems will be expanded.
For instance, work will be undertaken on the corrosion characteristics of high temperature
working fluids. The support of the reactor test program will be expanded. The development
of & pump for operation under the conditions required for early reactor testing will be
completed, and research and development on a pump drive system will be undertaken. Work
on the fundamentsl information that will be required in the design of nuclear rockets will
be expanded. For example, work on shielding methods will be undertaken. The test loop for
the study of radiation effects at cryogenic temperastures will be designed, febrication will
be started, and preliminary tests will be run.

In the fiscal year 1961 the first conversion system tests will be run as part of the
nuclear-electric system (SNAP-8) development program. Much of the fundamental data required
for the design of components of a high power, high temperature system should be completed so
that early applied research design and experimental studies should be initisted on critical
components of such systems. In the nuclear heat transfer rocket program, it is planned to
develop the turbopump to full rated performance for use in higher power reactor tests than
those considered in the fiscal year 1960 pump development. Work will be expanded on the
other non-nuclear components that will be required in the nuclear rocket system.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM GOSTS: 1959 1960 1961

Advanced technical development:

Nueclear hest transfer rockets:

< Reactor test (ROVer) SuppoITtoss.esseees  $1,910,496 $3,000,000 $k4, 300,000
Applied research on nuclear rockets.... 1,100,000 1,100,000 1,000,000
~ Bread board engine desigh.secseccesacas - - 200,000

Totalecssenssncans 3,010,496 4,100,000 5,500,000



Fiseal Year Fiscal Year Fiscal Year
1959 1960 1961
Nuclear electrie systems:
%P’v de‘-’elc_"gi“uenu..................... 600,000 1,000,000 2’000,000
Applied research on high power systems. 200,000 900,000 2,500,000
TotaAleeevenernneee 800,000 1,900,000 4,500,000
TOTAL: esecocccocne §§!8103hg6 g!ooo!ooo 10, 000, 000



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

NUCLEAR SYSTEMS TECHNOLOGY

Objectives

This program covers the two principal types of nuclear systems that are considered
suitable for the propulsion of high payload rocket systems in space - the nuclear heat transfer

rocket system and the nuclear electric power generating system. A description of the elements
of this program “follows:

Nuclear Heat Transfer Rocket System

Reactor test (Rover) support: The NASA has the responsibllity for supplying and
developlng certain non-nuclear hardwaré for the AEC nuclear rocket reactor program.
In general, this non-nuclear hardware is equipment that is required in nuclear rocket
flight systems. In addition, the NASA is responsible for supplying all nuclear rocket

test facilities with the liquid hydrogen and other propellants that are requlred. The
reactor test support items are listed below:

Pump development: A liquid hydrogen pump is being developed for use
in the reactor test program to pump hydrogen from the storage tank into the

reactor during the test program. Such a pump is also required in rocket
flight systems.

Turbopump system
will be developed +o

T v

evelopment: The liquid hydrogen pump mentioned above
ated fiow and pressure capability. A turbine
,,,,,,,,, vi V ped Lo drive this pump. This system will
be installed in the AE or test facility for evaluation of reactor per-
formance when combined with the characteristics of a turbopump hydrogen pro-
pellant feed system.
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Liquid hydorgen cooled jet nozzle: A liquid nhydrogen cooled jet nozzle
is required for the AEC reactor test program to evaluate the effect of regen-

erative cooling on reactor operation. In addition, the heat load on & nuclear

reactor racket det nozzle ie 2o gregt ot the condivions thal will be run that

hydrogen cooling is necessary if reactor testing is to be possible. This item
covers the cost of developing & sultable hydrogen cooled nozzle and of conduct
ing the necessary advanced work at higher temperstures than those that will be
encountered in the early tests.

[

Liquid hydrogen and propellant supply: As mentioned above, the NASA is
responsible for supplying the propellants that are required for the nuclear
rocket program. At the present time, the necessary hydrogen is being supplied
from Air Force facilities and the NASA has agreed to reimburse the Air Force
for all _of the propellant used. Hydrogen is used in the reactor tests, and in
the development of all of the non-nuclear components mentioned above. In ad-
dition, nitrogen and helium are used in the various test facilities to purge
the system and to pre-cool or chill the _system down so that excessive evapora-
tion of the costly hydorgen will be avoided.

Applied research on nuclear rockets: The work covered by this line item in the NASA
fiscel year 1961 budget is aimed at developing the technology that is necessary before nu-
clear rocket systems can be designed, built and operated This technology involves prob-
Jems 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. It includes analysis and
experiments to determine and solve the problems assoclated with the use of hydrogen in a
reactor radiation field. The items included in this applied research phase of the program
follow:

Rocket-system dynaemics: The successful operation of a nuclear rocket sys-
tem requires the analysis and development of a system to automatically control

both the hvdroszen flow F-‘N'Q'fpm and the nuclear reactor The interaction of ail
of the flow svstem and reactor components using dat tained during steady

static tests of all of the components will be analyzed so that adequate control
systems may be designed. These control system studies will include the analy-
sis and design of systems for automatically starting up the rocket system, shut-
ting 1t down so that the reactor dces not burn up, and then restarting the re-
actor system so that the system may accomplish ugeful space missions.
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Radiation effects at cryogenic temperatures: The packaging of the non-
nuclear components around the reactor in a nuclear rocket results in the op-
eration of certain components in a radiation field at liquid hydrogen. temper-
atures as low as 430° below zero. Although a considerable amount of work on
the effects of radiation on the engineering properties of materials has been
and is being done as part of the variolis nuclear powerplant programs that are
in process, no work is being done at the low temperatures that will be en-
countered in the nuclear rocket. It is, therefore, necessary that these ef-
fects be experimentslly evaluated as part of our nuclear rocket applied re-
search program. These effects may be much more Iimportant at the temperatures
in the nuclear rocket than they are in other nuclear systems.

Shielding: The application of nuclear power to rocket propulsion will
require shielding of the payload and, very likely, of the hydrogen propellant
tank. For high power systems or for long trip times, this shielding may
become so heavy that the payload capabilities of the system are seriously
reduced. Although shielding work has been in process for some time with re-
lation to the nuclear powered airplane, the shielding requirements and shield-
ing configurations for space propulsion systems are sufficiently different
that new shield concepts must be devised and new methods of calculating shields
and using the experimental data must be devised. This program is therefore
broken down into two areas: analysis and experiments on new shield concepts,
and development of methods of calculating space shields.

Liquid-hydrogen properties and instruments: It has been determined that
many of the properties of hydrogen that . .are. required in system design and op-
eration are unknown at this time. In addition, it is necessary to develop
instrumentation that will be used to measure hydrogen conditions throughout
the nuclear rocket so that these data may 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 Cryogenics Laboratory in this ares, the
funds included in this item will be transferred to NBS to determine the data
that are necessary and to determine sguitable means of measuring such quantities
as_hydrogen mags flow, pressures, and temperatures.
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Opposite Page 180-L:

Turbo pump system:

Nozzle:

fropeilant Supp.ly:

FY 1960 money $200K Lewis - $200K Rocketdyne -
all thru AEC.

Bids due 25 March. One year contract - delivery
1 April 1961. Heat conductivity of Hp higher than
combination of H, and 02.

May go as high as $2,500K.
$2.50 1b. now. From Linde 50¢ 1lb.
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Hydrogen flow in nozzles: At high temperatures and low pressures, hydro-
gen dissociates from its two-atom molecule to the single atom. 1In passing
through a jet nozzle, this dissociated hydrogen has a tendency to recombine
and release the energy that was required to dissociate it. If all of the dis-
sociated hydrogen is recombined, then the specific impulse is increased con-
siderably. It has, however, never been determined how much of the dissociated
hydrogen does recombine. It has also not been determined how heat is transferred

to the walls of the nozzle in such a recombining system. Work is,therefore,re-

quired to determine the characteristics of the flow of hydrogen through jet
nozzles so a8 to determine the effects on specific impulse.

Breadboard engine design: As part of the nuclear rocket program, it is recognized that
flight testing will be required to evaluate the peculiar effects of the space environment
on the system operation. It 1s, therefore, necessary to design a system which will lend
itself to extensive flight test work. A system which contains all of the important com-
ponents of the flight test system but not necessarily packaeged or positioned as they would
be in the flight test system is required to ground test the performance interaction prior
to installation in a flight configuration. Such a system is called a "breadboard” engine.
The design of the flight test system and of the breadboard engine will be very closely re-
lated. This item, therefore, covers design work on both the flight test system and the
ground breadboard engine.

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Reactor test (Rover) support:

PUmp development...ecececceasessacasnanes $1,910,496 $1,500,000 $1,200,000
Turbopump system development............ - 400,000 1,500,000
Liquid hydrogen cooled jet nozzle...... . -—— 200,000 800,000
Liquid hydrogen and propellant supply... ——- 900,000 800,000
l,9lO,E96 3,000,000 :E,300,000
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Opposite Page 180-5:

Rocket System Dynamics: Aerojet. Total about $2,500K.

Radiation Effects: Lockheed.

Lipy Properties: Continuing program at about same level.

Ho Flow in Nozzles: Connell.




Fiscal Year Figcal Year Fiscal Year
Item 1959 1960 1961

Applied research on nuclear rockets:

Rocket system dynamics...ecevecsescsaenes $100,000 $150,000 300,000
Radiation effects at cryogenic temper-
atures..... resoes sesecsscscnncasrssnnss 1,000,000 300,000 100,000 -
Shielding: '
Analysis and experiments on new concept ——— 50,000 100,000
Development of method of calculating
space shield..ceeeecececsreosnsscennse ——— 100,000 100,000
Liguid hydrogen properties and instruments ——— 150,000 300,000
Hydrogen flow in nozzleS.secssosssevveses -—- 250,000 -—-
Flight system design studieS.cesecesocees -——— 100,000 100,000
—— 1,100,000 1,000,000
Breadboard engine desigh.scesscesscseasasens -— -—— 200,000
TOLBL.vssercosarsacncensaes $3,010,496 $4,100,000 $5,500,000

Nuclear Electric Power Generating Systems

SNAP-8 development: Large amounts of power are required to permit transmission of de-
tailed information from interplanetary distances that will be encountered in our space ex-
ploratlon missions. In addition, large amounts of power are required for large communication
systems and also for accomplishing early missions using electrical propulsion. The SNAP-8
system is intended to satisfy the many requirements for pover in the range from 30 to 60
electrical kilowatts. The development of this SNAP-8 nuclear reactor electric power gen-
erating system is being conducted jointly with the Atomic Energy Commission. The AEC is
aeveioping the reactor, reactof oontrols and the chielding reguired in the ey°+em Thc
funds covered by this line item in the NASA budget cover the work to be supported under the
NASA responsibility to develop the gystem tc convert from the reactor power to the electrical
pover ogutput and to integrate the reactor and the conversion equipment into an operational,
reliable system.
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Applied research on high power systems: Nuclear electric generating systems such as
SNAP-O, which are based upon current operating temperatures and existing components, are
limited to electrical oytputs of g few kilowatts, sufficient to meet auxilisry power re-
quirements and also provide power for a low.thrust electric rocket. Systems of higher
electrical output could be built, but they would be too heavy for space applications.
Development of nuclear electric generating systems of high electrical output for use with
high-performance electric rockets will require extension of our current knowledge of work-
ing fluid properties to higher operating temperatures. Also required is the development of
high performance, light weight components, capable of operating continuously and mnattended
for many months, perhaps years. The applied research program on high power systems is aimed
at developing the technology of nuclear electric generating systems to meet these future re-
quirements. The following items are included in this program:

Effect of space environment on materials:

Emissivity studies: The waste heat from a nuclear electric
system will be rejected to space by a radiator, the efficiency of
which depends upon the emissivity, a property of the radiating |
surface. Under the low vacuum of space, the surface condition
and therefore the emissivity of a given material will be different
from that in the atmosphere. For example, coatings on the surface
mey boil off under the low vacuum conditions in space. The emis-
sivity of radiator materials is being measured under vacuum conditions
like those in space to provide necessary radiator design data.

Meteoroid damage experiments: Since the radistor is the largest
exposed component of a space power sgystem, it is vulnerable to damage
by meteoroids. Also because of its large size the radiator is the
greatest single contributor to overall weight and therefore must be
designed for minimum possible weight. To arrive at as precise a de-
sign as posslble, the concentration and the penetr

3

ility of meteor-

roids must be established. This is to be accompl

ab
lished b
instrumented satellites which will detect and transmip data on en~

e

counters with meteor01d= in space. The funding in this item is for
design of such satellites and experiments on the 1nstrumentat10n to
be used.
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Liquid metal and vaporized metal technology:

Property data: Design of high power, light weight, nuclear
systems requires knowledge of many properties of the working
fluid not now available. An example of one such property is the
amount of heat reguired to vaporize a given qpantlty of the lig~
uid. Fluid properties are to be measured for useful working
fluids at the high temperatures required in high power systems.

Boiling metal heat transfer: Another property of the work-
ing fluld required for design is the rate at which heat must be
supplied for boiling the working fluid as it enters the boiler.
Similarly the rate of heat rejection in the condenser must be
known. These heat transfer properties are to be measured at
high temperatures in the working fluids that will be used in

space power systems.

Corrosion tests: The working fluids to be used in nuclear
electric systems are highly corrosive at the _required temperatures.
Tests must be performed to determine their q__gptibllity with the
various materials which they will encounter. Much is known today
about corrosion properties, but very little at the high operating
temperatures of advanced nuclear electric systems. Experiments of
the type which have been run at low temperatures will now be ex-
tended to higher temperatures. Various working fluids and contain-
ment materials will be studied.

System design studies: As design information becomes available from the
applied research program, it must be applied to system design studies. These
design studies are necessary to evaluate the performance of various systems and
to pinpoint problem areas or components requiring further work. It is expected

that this will te a continuing effort, constantly advancing to higher levels of
system performance.
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Liquid metal component tests:

High temperature generators: Applied research on this
component will be aimed at athieving efficient, reliable opera-
tion at the high operating temperatures that the generator will
be subjected to in the advanced nuclear electric gystems. In
addition, this item will cover the work necessary to insure
sucessful generator operation in the presence of hlgh-tempera-
ture metal vapors.

High-temperature metal wvapor turbines: The turbine is
driven by a vaporized working fluid and, for high power systems,
a vaporized liquid metal will probably be used. The turbine
drives the fluid pumps and the electric generator. In develop-
ing turbines of higher power that are capable of operating at
higher temperatures than in current systems, several aress of
research must be explored. A typical one is the erosive action_
of liguid droplets mixed with the vapor entering the turbine.
The attainment of high efficiency is a necessary requirement.
This item covers applied research on such advanced turbines.

Condensor-heat rejection systems: These systems reject
the waste heat of the electric generating working cycle. The
vaporized metal ‘working fluid is converted into liquid and, in
general, is subcooled. Because of the need for light weight
systems, these units must be characterized by a highly efficient
structural design combining large radiation surfaces, minimum
weight, and low vulnerasbility to meteoroid damage. In high power
systems these large heat rejection radiators will have to be
stored in the vehicle nose cone and erected or extended to the
operatlng configuration in space. Operatlon in the weightless
_enviromment of space is another reqplrement to be developed and
studied in condenscr-heat rejection systems. This development
and applied research work is covered by the funds indicated.
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Liquid metal bearing and seal tests: Some of the most
difficult design problems in a liquid metal system are in the
bearing and seals of the rotating units comprising the turbine,
electric generator, and pumps. These units must operate unat-

tended for many months and even years at high rotational speeds,
high temperatures, in contact with corrosive fluids. Methods of
insuring adequate bearing lubrication and cocling using the metal
Development of

working fluids must be experimentally studied.

fluid seals must proceed concurrently with the bearing studies.

Fiscal Year
Item 1959
SNAP"'B developnlentoceowoonno-oo-ooooosoooo $&0,000
Applied research on high power systems:
Effect of space enviromment on materials:
Emissivity studies...cceveeeencenccnes 100,000
Meteoroid demage experiments...ccecess 100,000
Liquid metal and vaporized metal technology:
Property data...oeecoccecrsnescnceenns -
Boiling metal heat transfer....eecee.s -
Corrosion testS.eeeeecasensrossocsocss ———
System design studiés...eceececceocnss .o _——
Liquid metal component tests:
High  temperature generatorS..ssccsocse -
High temperature metal vapor turbines. ——
Condensor-heat rejection systemse..... ——
Liquld metal bearing and gesl tests... o=
200,000
TOtaJ..o ..... 9 0005 ® 002000 800 OOO

Fiscal Year

1960

$1,000,000

100,000
100,000

200,000
200,000
300,000

300,000

$1,900,000
Todal

Fiscal Year

1961

$2,000,000

300,000

300,000
300,000
500,000

100,000

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

3,500,000

$4,500,000

o

&
D, 800, 28
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

Space Power
Technology

SPACE POWER TECHNOLOGY

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961 X
- $4, 814,000 $8,000,000
OBJECTIVES:

To develof electrical thrust devices and electrical power supplies based on energy
sources other than nuclear reactors for application in space vehicles.

JUSTIFICATION:

Nearly all space vehicles require an electrical power supply (auxiliary power unit)
to provide electricity for operating instruments, communications and other equipment. Solar
cells and batteries are usually used, but for power requirements of 0.5 to 30 electrical
kilowatts, other systems should be developed which will have a lower weight, higher relia-
bility, or lower cost. Solar-heated systems using mechanical or static power conversion
equipment appear promising for long duration missions in space, Chemical auxiliary power
systems are desirasble for certain missions. Improved storage batteries or regenerative
fuel ceils are desirable for energy storage in conjunction with solar auxiliary power unit
systems. By placing reliance on the progress to be made in various programs sponsored by
the Department of Defense, it 1s possible for NASA to limit its program on auxiliary power
units in the fiscal years 1960 and 1961 to the development of a 3-kilowatt solar auxiliary
power unit, with limited support of applied research and development on advanced solar and
chemical systems.

Electrical propulsion systems are desirable because of their low propellant consump-
tion for certain space missions. Applications include attitude control, orbit correction,
main propulsion, and vernier control of velocity for spacecraft which have initially been
boosted outside the earth's atmosphere. Research and development is needed on propulsion
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by means of arc plasma Jets, ion rockets, and plasma acceleration systems, for potential
use with nuclear-electric and possibly solar-electric power supplies.

PROGRAM PHASING:

Funds for the fiscal year 1960 will be used to initiate the development of a 3-kilowatt
solar auxiliary power unit, and to conduct applied research and component development on ad-
vanced solar and chemical power systems and on arc plasma jet and ion propulsion.

Funds for the fiscal year 1961 will provide for the continuation of applied research
and component development projects and for initiating the development of plasma jet and ion
propulsion systems. The scheduling of the development of electrical propulsion systems will
be phased to match the availability of electrical power supplies, such as the SNAP-8 nuclear-
electric power system.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Advanced technical development:

Applied research and developmenti..... —_— $1,91k4,000 $4, 400,000
Solar auxiliary power unit

AeveloPmente s s cesscesescacssoscane ——- 1,600,000 2,100,000
Plasma jet rocket engine gpplied

research and developmentees.cesecss - 700,000 800,000
Jon rocket engine applied resgearch

and developmenteees cvssssecsoassane - 600, 000 700,000

TOTAL.cccoveos - §h!81h5000 §§!ooo!ooo

}_.&
e
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SPACE POWER TECHNOLOGY

ObJjectives

This program covers two areas of advanced technical developments: space propulsion and
auxiliary power units. The objective of the space propulsion program is to develop the tech-
nology of electrical thrust devices which may ultimately be applied with nuclear-electric
power supplies for propulsion of spacecrsft on lunar or planetary missions. The use of
electrical propulsion systems is potentially supexrior to chemical or nuclear heated rockets,
particularly for round-trip planetary missions.

The relative advantages of electrical propulsion can only be assessed after further
research and development. A primary goal is to conduct experimental flight testing of one
or more types of electrical rockets with the 30 kw SNAP—B nuclear-electric power supply in the
1965 - tige period. The results of these feasibility demonstration tests will provide crucial data

for planning propulsion developments in the 1965-T70 time period leading to later planetary ex-
ploration missgions.

The objective of the auxiliary power units progrem is to develop the technology of gene-
rating electrical power fram solar and chemical energy sources to permit the development of
lightweight, reliable space power supplies which will be critically important systems in all
payloads of spacecraft.

Applied Research and Development

Propellant feed system components f plasma rocket engines: The objective of this project
is to develop optimm designs and techni oy svoring, pressurizing, snd contrcelling the flow
of propellants to an arc plasmejet engine at l flow rates for mission durations of seversl
weeks The funds requested in the fiscal year 1961 will initiate re esearch, design and development
on tankage, insulation, pressurization systems, flow controls and velves which are applicable for

use with a 30 kw (0.5 pound thrust) arc plasmajet engine.
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Jon engine system components: The objective of this project is to develop engine and pro-
pellant feed system components for & 30 kw ion rocket engine which will generate 0.1 pound thrust.
The fiscal year 1961 funds will initiate component development for an engine system which would
undergo ground tasting in the Ffiseel years 1262 +c 156h and Tligul tesiing in about 1965 with
the Snap-8 nuclear-electric power supply.

Plasma acceleration engine: Since there is an optimum value of jet velocity which should
be used by an electric rocket for each category of space missions in order to maximize payload,
it will be desirable to have & flexible electrical thrust device which can vary its jet velocity
(§pecific impulse) to suit the mission requirements. The use of electromagnetic fields to

accelerate an electrlcally conducting gas shows promise of being compareble in efficiency to ion
propulsion and to have the advantage of being able to operate with specific impulse as low as
1,000 seconds and as high as 10,000 seconds or more. The lower values are actually optimm for
lunar missions whereas the higher velues will be needed for planetary missions.

The objective of this project is to obtain research datea and to establish the feasibility
of plasma acceleration devices for potential aspplication in nuclear-electric propulsion systems.
The fiscal year 1961 funds will initiate applied research and component development of plasma
acceleration devices capable of operating at a specific impulse of 1,500 to 3,000 seconds which
is optimum for propulsion and orbit control in the vicinity of the Earth-Moon system.

Thermal energy storasge: The purpose of this project is to obtain basic thermsl and
physical data on lithium hydride as a materisl for storing thermal energy for use in solar-
mechanical or solar-thermoelectric space power systems. Lithium hydride has a high heat of
fusion and appesars to be very desirable for providing heat storage for solar-power unit opera-
tion while in the shadow of the Earth or Moon. The figcal year 1960 funds have been programmed
for transfer to the AEC to measure basic properties and to test experimental components. No
funds are needed for this project in the fiscal year 1961.

Bolar collector: Funds in the amount of $30 000 were assigned to the Langley Research
Center in the fiscal year 1960 to provide equipment for testing 10-foot diameler solar collectors
of the aluminized plastic umbrella type, which are particularly pbumleu% for very lightweight

L S I A Y ud-vuk-l-ud.-l-‘]
construction to be used with heat-power conversion systems. No funds are needed for this
project in the fiscal year 1961.
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Solar-thermionic power systems: The objective of this project is to advance the tech-
nology of solar-thermionic power systems which is already receiving substantial support from
the Air Force. The emphasis 1s on proving the feasibility of very accurate and lightweight
reflecting solar concentrators which are capable of genersting the temperaturcs of 20CC°F
or higher needed for use with thermionic power converters. The fiscal year 1961 funds will
continue component developments initiated in the fiscal year 1960 and will provide for simulated
gpace envirommental testing of solar concentrators and satellite testing of reflector material
samples.

Silicon cell (solar battery) arrays: The purpose of this project is to conduct research
on the effects of the space envirorment (Fadiation and meteor01ds) on the performance of solar
batteries and to develop advanced techniques for structural mounting, protecting against the
space environment and attaining proper temperature control. These problems demsnd continuing
efforts in order to improve the life and reliability and to reduce the weight of photovoltaic
power systems. The fiscal year 1961 funds will conmtinue applied research and component develop-
ment being initiated:.with fiscal year 1960 funds.

Electrolytically regenerated fuel cells: It is desired to develop a regenerative fuel
cell which can replace nickel-cadmium batteries as an electrical energy storage system for use
with solar cell or solar-thermionic systems. The advantage will be a much lighter weight system
which can be recycled for many thousand orbits, storing electrical energy from a solar power
supply while in the sun and providing power while in the shade of the Earth or Moon. The fiscal
year 1961 funds will provide for envirommental and life testing of fuel cell and electrolyzer
components and for the continuation of research and development started with fiscal year 1960 funds.
A prototype system is planned for 1963-196k.

Hydrogen-oxygen fuel cell: The purpose of this project is to develop a modular type
hydrogen-oxygen fuel cell system to produce from 1 to 5 kw for gpplication in unmanned or
manned lunar circumnavigation vehicles or in short duration (l to 2 weeks) manned orbital
laboratories in the 1964 time period.

Solar power conversion and sun-orientation systems: The objective of this project is
to conduct exploratory studies and research, and to perform tests to determine the relative
merits of various tVDES of pover conversion !:vdi"e.me “"ld o_f’ sun r\rieuta‘t_l_un systemb aa_aptab_l_e
to solar auxiliary power units. The program will concentrate on supporting research for solar-
heated auxiliary power units.
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Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961

P U
B Vi DMOALG PIUDUWLD LU

Development of propellant feed system

camponents for plasma rocket engines.... - -—- $300,000™,
Development of ion engine system compon- |

EDEB. e eerrerereatonneseasscsnnscsossanas _—— - 900,000 /
Plasme acceleration engine research and ¢

AEVelOPMENt . o c v v arservnascecnacacenanss - -—- 600,000 } [9

Projects on auxilisry power units:

Research and development on thermal energy

BLOTBEE. s evetereocsareacocsnnssnonanes - $170,000Y) AFc ——
Solar collector research.....o.coeeececess _—— 30,000 ) LAISLEY s
Solar-thermionic power systems research

and develomment...oceveererroccvencccens —_—— 300,000 wp. 900,000
Research and development on silicon cell L

(solar battery) arreys....ceceeveenenens. -—- 300,000 <og 300,000 )

\Besearch and development on electrolyti-
cally regenerated fuel cells............ -——- 200,000 500,000 \ 4.
¢ Hydrogen-oxygen fuel cell development..... —_—— -—— 500,000 |
Studies, research and development of solar !
power conversion and sun-orientation R
BYBLEMMB. e e toivrrarcacscssoncasnsocncsns - 914,000 J7i 400,000 )/

Tot8leeeeereonneanenas -— $1,914,000 $4,400,000

Solar Auxiliasry Power Unit Development

3 kw solar auxili ower unit(Sunflower-I): The objective of this project is to develop
a reliable eTectriEET _power supply based on solar energy for general purpose usage in satellites

end_space probes of the Centaur and Saturn cless for missions in the time period 1963-1968. This
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pover system will be capable of continuously generating 3 kw of electrical power, which will
be adequate for advanced meteorologlcal satellites, active communication satellites, manned
or_unmenned orbital laboratories, and for wide bandwidth communication from space probes.

The project will include the flight testing of an experimental prototype in a test
vehicle in 1963 and the ground demonstration of one-year life capability in 196Lk. Firm plans

for operatlonaL prototypes will be dependent on further studies of payload requirements for
specific missions. The solar power system development is being initiated in the fiscal year
1960 based on competitive evaluation of several types of solar energy collection and power
conversion equipment.

Piscal Year Fiscal Year Piscal Year

Ttem 1959 1960 1961
3 kw solar auxiliary power unit development.. - §l!600!000 §23100!000

Plasma Jet Rocket Engine Applied Research and Development

1 kilowatt arc plasma jet engine: The objective of this project is to establish the
feasibility of using one_or more small electric arcs to heat a fluid and to expand it controllably at
high Jjet veloe¢ity through jet nozzles to provide the necessary torque to control the angular orienta-
tion of a spacecraft. If feasible, this system would replace gas bottles which are presently used
for attitude control and would permit long durations of oper&tion with a minimm weight of fluid.

The fiscal year 1961 funds will “Support continu&tlon of research and development initiated with the
fiscal year 1960 funding and will provide for ground testing of a feasibility demonstration model
of a plasma Jjet attitude control system.

30 kilowatt arc plasma jet engine: The objective of this project is to develop the first
electrical thrust device for experimental flight testing with the Snap-8 nuclear-electric power
supply in the 1965 time period. This electric propulsion system may permit &n 1nerease by a factor
of two or more in the payload which the Centaur can plsce in a 24-hour orbit {e.z. , an active com-
munication Daucl&buc, and will provide test data needed to choose the optimum propulsion systems
for later lunar and planetary missions. The fiscal year 1961 funding will initiate development
of a QAKW'prototype engine which would underge preliminary flight rating tests in fiscal years 1963
and 1964,
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Ttem

1 kw arc plasma jet engine research and
development.. tesccssssosscasnas cocoe

30 kw arc plasma Jet engine research and
developmente.cecoeceessesconsceccssseaossace

Totalanunonttlnonao-vono.aoo

Fiscal Year

Fiscal Year

Fiscal Year

1959 1960 1961
—— $200,000 $200,000
— 500,000 600,000
—— 00,000 $800,000

Ton Rocket Engine Applied Research and Development

Alkali metal ion engine:

Solutions are needed to the several critical applied research

problems which at present delay the development of alkali metal ion engines. These key problems

are related to cesium-ion sources, sputtering erosion of electrodes by ion beams, and ion heam

neutralization.

The funds requested for the fiscal year 1961 will provide for a continuation of

applied research initiated in the fiscal year 1960 and will provide additional research results to

support the development of & 30 kw ion engine.

Bombardment-type ion engine:

The objective of this project is to establish the feasibility

of an ion rocket engine based on an electron bombardment type ion source. Considersble experience

has been obtained with this type of ion source in other technical fields, but it is not clear
whether such sn ion source can be made comparable in efficiency to & contact- -type source which
must use alkali metals such as relatively expensive cesium. The bombardment-type source is
particularly desirable because it would permit the use of more available and less expensive

propellants.

The fiscal year 1961 funds will provide for a continuation of research initiated with

the fiscal year 1960 funding and will provide additional research results to support the develop-

ment of a 30 kw ion engine.

Item

Alkali metal ion engin€cceeeeccececsvasoonnse
Bombardment-type ion engine..cc.ooeo coevesca

TotBleaccevoansosencoonnes

Fiscal Year

Fiscal Year

Fiscal Year

1959 1960 1961
- $L450,000 $500, 000
_— 150,000 200,000
- $600,000 00,000
—__ ! A ‘?\ YAA A
1 6% X D



NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

SCOUT
Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$6,048,000 $2,800,000 ‘ -—-
OBJECTIVES:
To develop a highly rellablegﬂyg;satlle, and inexpensive vehicle to extend capa-
bilities for aerodynemic and space research.
JUSTIFICATION:

A review of the various scientific experiments to be performed over the next several
years has indicated the need for hlghly versatlle, reliable, and inexpensive vehilcles which
can ve lasuncnhed willh windmun Jacilitles and which cain be used Lo conduct o wide ronge of

A LA e

scientific experiments. These experiments include placing a variety of scientific payloads
into 300-500 mile orbits, high-altitude probes, high-velocity reentry tests, advanced heat-
ing and ablation studles, and many similar types of experiments. A study of the existing

T Tty mvee 81T e Ve mnd mostla oo
available vehicles indicates CNcy are a4 L BI CoOsStly nd not fully optimized for

811 complex and costly, and not fully op

L)
[ . - B o - -2 . RO — - -l -
VLE KLU Ul MdonlUll allu ude ucdliivch aodVi.

The Scout vehicle is a natural extension and evolution of the multistaged solid
propellant rocket systems that have been developed over the last ten years for high-velocity
aerodyneriic and reentry research studies. fThe solid propellant rocket systems have demon-
strated a very high degree of relisbility in operation. The systems also combine simplified

logistics and handling inherent in solids so that a reliable and inexpensive vehicle can be
achieved.
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The Scout vehicie consists of four solid rocket stages vhose performance is
representative of advanced state-of-the-art golid propellants. The guidance system
incorperates three-axis stabilization with a digital pitch programmer and complete
Sorve Systém.  Avcudynamic controls consist of jet vanes and serodynamic surfaces Tor
the first stage, peroxide reactlon jets for the second and third stages, and spin
stabilization for the fourth aste It will have capebilities for launching payloads
Sf_l50‘ 00 pound in circular orblts at 300 miles; for placing 100- ~pound payloads at
about p,OOO mile altitudes; for achieving very high-velocity reentry; and for use in

space target identification and guidance system evaluation.

The use of solid propellant motors, the simplicity of components, and the
simplicity of launching and handling techniques will allow launching of the vehicle
from a variety of sites including the NASA's Wellops Station. A minimum of handling
and launching costs are involved.

PROGRAM COSTS:

There are four major areas of development in the Scout program: the propul-
s1on system, the guidance system, the alrframe and the .Launcher° Contracts for the
year 1959. The procurement includes eight sets of propulclon unlts, four guldance systems
and air frames, and one launcher. The development and qualification of all the basic com-
ponents for the Scout vehicle will he completed in the fiscal year 1960. Four additicnal
guidance systams and airframes To complete the procurement for a total of eight vehicles
will also be accomplished in the fiscal year 19G0. Four vehicle flights will be conducted
in the period January-July l9bO. While the pr_mary purpose of these flights will be ve-
hicle evaluation, useful payloads will be incorporated on all flights except the first
one. The balance of the eizht vehicles will be fired during the fiscal year 1961 at
approximately two month intervals and will incorporate specific payloads to carry out
useful research programs. Additional data will be obtained on vehicle performance.
Since it is anticipated thal the development flight tests will be completed during the
figeal year 1961, no additional funds have heen budgeted under this program for the fiscal

year 1961,

}=
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k., PROGRAM COSTS:

Flight research program:

Development and delivery of eight
complete vehicles including
launcher and ground test
equipment,.......

LI BU R *Ps0 00000

TOTALOOooooOo...0-o|'oo

Fiscal Year

Fiscal Year

Fiscal Year
1959 1960 1961
$6LO)”8: 000 $2 L8OO ), 000 ———
ggol@!ooo gg%ogooo —
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SCO

co——

Objectives

The purpose of this program is to develop a highly reliable, versatile, and inexpensive
vehicle to extend capabilities for aerodynamic and space research. The Scout is the smallest of
the basic NASA family of orbital vehicles and will be a "workhorse" for smaller size payloads.

Scout development is essentially complete, and the first flight date is scheduled for the
fourth quarter of fiscal year 1960. Flights are planned every two months thereafter for the initial
series of eight vehicles. A breakdown of program elements and related costs follows:

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961

Rocket motors (4 stages):

First stage: "Algol" developed by Aerojet,

rocket weight 23,000 1lbs., thrust 115,000

lbs., diameter L4O"; an improved propellant

adaptation of the Aerojet Jupiter motor;

development is COMplet€.sesssvocensassnsnass  $1,300,000 $374,000 -

Second stage: '"Castor'", developed by
Thiokol, rocket weight 8,900 1lbs., thrust
56,000 lbs., diameter 31"; an improved pro-
peiiant version of the Sergeant booster;

development is complete...ecooovcoccoscscess 726,000 375,000 -—
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Fiscal Year Figcal Year Figcgl Year
Tten 1959 1960 1961

Rocket motors (4 stages) (continued):

Third stage: '"Antares' developed by the

Allegeny Ballistics Laboratory, total

welght 2,220 lbs., thrust 13,600 lbs., =

new rocket based on a scale-up of the

fourth stage; four more firings will com~

Plete development....veeesoveeccoscsssses $1,123,000 330,000 -——

Fourth stage: "Altair" developed by ABL,

total weight 505 1lbs., thrust level 3,060

1bs.; adaptation of the Vanguard top

stage; no development required...cesese. 160,000 -

Guidance and control units: Minneapolis-
Honeywell has the guidance development
and W. Kidde Co. the subcontract for
the peroxide jet reaction systems which
attitude control the second and third
stages; the guidance system has 3 axis
stabilization and a pitch programmer;
it controls the two reaction jet systems
to maintain proper vehicle attitude
AUring £1ighteeeesescsocesvscescosssocoos 921,000 976,000 ——-

Alrframe and launcher: Chance Vought Air-
craft has contracted to build the Scout
launcher at Wallops Island and to build
the airframe which consists of the struce
lure between the rockets, the payload

heat shield, and fourth stage spin table. 1,070,000 484,000 -
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Instrumentation and Preliminary
Development: The Langley Research
Center is fabricating and installing
all interstage wiring, telemetering
equipment and data-taking instrumenta-
tion; Funding shown here covers costs
of supplies, equipment, materials, and
instruments...coceecnecscrcccocncnnnns 748,000 261,000 -

Tot8leeesssonooseens §6,oh8;ooo §2;8oo,ooo -

¥ ’
Theed 2 boS K t Crv PR at o
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

DELTA

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961

$12,927, k17 $13,300,000 $12, 500,000

OBJECTIVES:

To provide a reliable space flight vehicle for medium payload satellites and small
payload space probes, replacing the present Thor-Able, Juno II, Jupiter C, and Vanguard
vehicles.

JUSTIFICATION:

Space projects to date have utilized vehicles that have been adapted from military
ballistic missile boosters. While providing valusble interim service, most of these vehicles
sulfer from technical limitations that restrict their desirability for long-term application
as space vehicles.

The Delta space flight vehicle will replace the small-payload vehicles currently in
use. It will be similar to the Thor-Able, but will have a coast-phase attitude control system,
permitiing higher injection altitudes. Delta will be a three-stage vehicle in which the first
stage will consist of a production Thor missile with the nose cone and guidance unit removed.
The second stage will consist essentially of the second stage used in Vanguard and Thor-Able
with an 1mproved radio-inertial guidance system of higher accuracy. "The third stege will be
a solid propellant rocket motor developed for Vanguard.

o
a
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The Delta vehicle will be applied to & number of satellites and space probe projects.
It will have a payload capacity of 300 to 50C pounds for satellite applications and up to
65 pounds for probe:shots to the vieinity of the moon. Delta will be useful for both inalined
and poiar orvlis and will be lsunched from both the Atlentic and the Pacific Missile Ranges.
Requirements for greater lunar payload capability and for increased accuracy in achieving
close tolerances for orbital circularity, and special demands for obtaining attitude stabili-
zation of certain payloads, have all combined to dictate more stringent design limits on the
vehicle. In the fiscal year 1961, funds will be expended to develop hardware intended to
yield more precise and controllable flight paths and velocities while at the same time in-
creasing payload weight capacity and attitude orientetion.

PROGRAM PHASING:

The Delta program is divided into five parts: +the fabrication and test of the modi-
fied Vangqg;@[gggyfAble second stage; the procurement and test of the guidance system; the
modification of the Thor boogters; the integration of the complete Delta; and the preparation
and launch.

Incremental funding for this program, including the procurement of twelve vehicles,
wag initiated during the fiscal year 1959. All phases of the vehicle engineering program
have progeeded on schedule.

Funding for the fiscal year 1960 and beyond is required for the planned continuation
of the initial comtract. Specific sums proposed for obligation in a given fiscal year are
not associated with particular vehicles. However, the fiscal year 1960 funding essentially
supports herdware fabrication and flight operation costs for East Coast launchings; and the
fiseal year 1961 funding will support similar operations from the West Coast and will also
initiate the vehicle improvement program to increase relimbility, asccuracy, and performance.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Flight research program:

Vehicle engineering and manufac=-
turing, ground service equipment,
and trajectory computations $12,927,417  $11,645,000 $9,000,000



Range and launching services,

shipping costSecsccescrssecasasss ————
Vehicle reliability improvements

and modificationSecssescasasaasns —

$1,655,000

p——

$2,300,000

A~ A

1,200, 00U

TOTAL.: cvoenesnsncsssasnaa §12§227!ul7

il?;. 2 300 a000

§lEi 203000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

DELTA

Objectives

The Delta program wes instituted to inject payloads weighing several hundreds of pounds
into specified orbits or on Earth escape trajectories. The Delta vehicle was based on pre-
existing vehicle:stages in the interest of early payload yields as well as favorable reliability.

The Delta vehicle constitutes three rocket stages each of which has a considerable flight
experience background as a result of previous programs. Therefore, no test vehicles as such are
planned. Delta number one will fly the Echo project payload (100-foot sphere) and the launch of
this vehicle is scheduled for the last half of April, 1960. Of the twelve Delta vehicles, eight
are scheduled for launch in the fiscal year 1961, with the remaining four to be launched in the
.fiscalwxgggw;962. Missions will include communications, geodetic, meteorological, radiation, and
other scientific satellite payloads and a deep-space probe. The Delta program spens the period
April 1959 to May 1962.

The paragraphs below briefly discuss the major elements of the Delta task for the fiscal
year 1961, with reference to the cost breskdown which follows:

Vehicles and Support Egquipment

The task of integrating the three propulsive stages used in Delta is an extensive one. In
addition to basic modifications to these stages to afford competability, as well as improvements
(the second-stage thrust-chamber material has been changed from aluminum to steel in the interest
of reliability), many new devices must be designed and built. An exsmple is the gas-jet system for
coasting thasc-atiitude contrel. The prime contractor is charged with this modification and inte-
1 a5 all checkoul operations and analysis of test data up to and including the
launch phase. In some instances he must make significant allowances, both operationally and
hardware-wise, {or special NASA paylosd requirements.

- g U il A b 1D Lo Gl W

LY
Ll
gration work aos we

The Delta vehicle will employ precision ground-based guidance {Bell Telephone Laboratory
System). In this system lightweight, highly reliable equipment is flown in the vehicle; a
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complex radar-computer-command aggregate loceted at the launch base controls the flight. In order
for the ground radar to transmit adequate vehicle steering signals, an associated computer must
generate orders for the radar. Delta funds purchase the computation services necessary ta convert
Pingl trajecliory date ianlu the computer orders. In order to meximize the payload weight and the
probability of success for each Delta flight, a comprehensive study of trajectories and error
analyses is being performed by the prime contractor. This work is necessarily expensive because
of the variety of the Delta missions, and the many variations of each which must be studied.

Fiscal Year Fiscal Year Fiscal Year
item 1959 1960 1961

Vehicle engineering and manufacturing:
Covers cost of over-all vehicle
design, procurement of subsystems, system
integration and checkout, and ground
servicing equipment; "includes procure-
ment of second -stage propulsion systems
3rd-stage hardwere (minus rocket motors)

and launch S8erviCes.....cecsevesescesvees  $7,039,000 $10,200,000 . $8,000,000
Boosgters: Procurement of basic Thor
bOOBt VehiCle--.........-....-......-.... 5,751 667 - - -

Third-stage rocket motors: - Procurement
of motors, with modifications, for Delts
VehiCle oooooo ® % 4 0 680N EPOOSIPLEPIONSIEOBROETSIESEES 136,750 - - indhaiend

Guidence system services: To obtain use
of the Bell Telephone Laboratory's
ground-based guldance system for in-flight

vehicle control;
-
!
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Fiscal Year Fiscal Year Fiscal Year
Item . 1959 1960 1961

Oomn nd o P s B RN, R
M e Lo V.LGJC\-VUJ.J Qliu C1iuVl audlyblis.

A large number of electronic computer
studies, including critical flight
parameters, are required as missions
are changed or as new safety limita-

t10NS BYiBE.cvrrerrrnrecronencansncns - $234,516 ——
TotBLlecesoeoensnanes $12,927,L417 $11,059,516 9,000,000

Range and Launching Services

Items in this category include vehicle and equipment shipment, basic range costs, and
the expense of shifting the entire Delta operation from the east coast to the west coast. The
Thor boosters, the second stage units and the third-stage rocket motors originate at different
points and are therefore shipped separately to AMR or PMR. The support activity of the firing
range 18, of course, extensive. Services purchased vary from the operation of numerous launch
site and downrange telemetry ground stations to pad safety operation. Propellants for the two
liquid-rocket stages will also be provided by the range. A diversity of work-orders must be

performed by range personnel. These include special facility modifications or additions as
required.

As mentioned above, the entire Delta operation is to be transferred from AMR to PMR
approximately half-way through the progrsm. The expense of transferring support equipment,
as well as modifications and additions required at PMR, is covered under this category.

Fiscgl Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Shipping costs: Shipment of wvehicles
from contractor’s plant to launch
3 1 --- $125,000 $300,000
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Ttem

.
Basic Taige CoBLB:

Couvers propelianis,
logistics, personnel overtime, and
range Work orders.-.......c.. iosens

Transfer from AMR to PMR: Permits transfer
of necessary test and ground-service
equipment for operations to shift from
AMR to PMR midway in the lsunching
program. . teraaas

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961
--- $825,000  $1,000,000
E Fay PR RN
1 Lo
May b %
4 . Y
- _— 1,000,000 (6 or PHx)
——— - $950,000 _§2,300,000

Vehicle Modification

Program

Experience has indicated the necessity of incorporating minor redesign and modifications
to & launching vehicle during the launching program. This is to take advantage of experience gained

in meeting problems as they arise.
moisture shields in the vehicle electricel system to ward
“the vehicle is on the launch stand.
externel requirements.
quently necessary.
cooling system.

Fiscal Year
1959

Item

For example, it may be found necessary to provide special

off the effects of high humidity while

Modifications asre often required because of a change in
Specisl vehicle and payload accommodations at the launch site are fre-
These usually require special equipment and procedures such as payload

Fiscal Year

1960

Fiscal Year
1961

bUhh of VenlCL@
modificatlons as they are indicated
throughout the firing program; efforts
to Improve reliability and simplify
testing as applicable experience
becomes &available

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

$770,48%  $1,200,000
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Specilal vehicie and payluad accommo-

datlons at launch site:

——— $520,000

Total..

LI I R R )

_— $1,290,484  $1,200,000
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NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

VEGA
Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961
$1k4,291, 494 $4,000,000 —

OBJECTIVES:

The objective was to provide the first general purpose space vehicles in the
National Space Vehicle Progrem. The Vega progggﬁ was terminated on December 11, 1959, to
reduce the number of rocket vehicles used in the United States space progrem. Other
rocket vehicles In the national inventory will be used to accomplish the satellite and

space probe projects for which the Vega had been planned.

JUSTIFICATION:

The Vega project included a two-stage and a three-stage vehicle system. In both.
The rirst stage used the Convair Atlas and the second stage, a General Electric engine.
The GE engine, originally used as the primary booster of the Vanguard, was being modified
to include altitude start and re-start caspability. The third stage used the 6,000 pound-
thrust storable fuel engine currently under development by NASA's Jet Propulsion labor-
atory. This particular engine will be continued &s an advanced development for use in
iarge spacecratt of the future. It is also expected that some of the material,u@nd

PROGRAM PHASING:

During the fiscal year 1959, incrementally funded contracts were let for the design,
development, fabrication and testing, and launching of eight Vega vehicles, including the
requisite modification to the Atlas first-stage and the development of the Vega second-
stage powerplant.

1893
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During the fiscal year 1960 the Drelimlnarv design of the second stage,; the construc-
tion of a captive test article and the development of the secondrstage engine were continued.
The construction of flight engines and vehicles was also initiated.

The Vega pro.Jject was terminated on December 11, JQ50.

Fiscal Year Fiscal Year Fiscal Year

PROGRAM COSTS: 1959 1960 1961
: (Including
Flight research program: termination
‘ costs)
Second stage develppment fabrication,
and testing.e..evvoeeeivevronanannnns $11,290,000 $1,580,000 ---
Third stage development, fabricatlon,
and testing........ ceertensttaeranann 3,001,494 2,420,000 -—-
TOTAL......... Cecsaeennann $14,291, L9k $4 ,000,000 -
. 4
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NATTIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

VEGA

ObJjectives

The Vega vehicle program was undertaken in March, 1959, to provide a medium payload-
carrying capability within the NASA family of space vehicles. The Centaur, which will be a
more efficient vehicle based upon higher energy propellants, is expected to be aveilable for
operational use (following a development period) in the fall of the calendar year 1962. Vegs
was to have been an interim vehicle to allow relatively heavy payloads to be placed in earth
orbits and on the moon pending the availability of Centaur. By this means, NASA could carry
on a vigorous space program without waiting for Centaur to become operationally available.

Following initiation of the Vega project, the Air Force Ballistic Missile Division
undertock a vigorous development program to provide an Agena-B second-stage vehicle for use
in certain highly classified Department of Defense missions. The Agena-B is expected to have
payload—-carrying capabilities of the same order as originally planned for Vega. Some of these
vehicles could be made available to NASA to perform the Vega missions. Because the work on

Centaur was progressing very well, and because NASA could save government funds by part1c1pat1ng £

in the Air Force Agena-B progream, thereby providing the required interim vehicle, it was de-
cided to terminate Vega on December 11, 1959.

Without Vega as an interim, substantially "off the shelf", vehicle or its equivalent,
NASA would have been forced to delay its heavy satellite and lunar exploration program until
Centaur was available in the fall of the calendar year 1962. The urgency of the space program
did not permit this delay. The substitution of Agena for the terminated Vega will fill this
gap effectively.

hovwa nnt 1r ot hean Adetovmi
b eI v CcCCll GoToIMmin

at ato o
ninet sts 1ct ed,
total some $18.3 million, summarized as follow

Vega costs will
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Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Second-stage development, fabrication
and testing:
Second-stage engine:
DeVelopment.........-......a.a....... 2,120,000 3""0’000 -
Fabrication.cseveereeeeevececcoanansss 900,000 240,000 -———
Testing..........o................... l,)-l-O0,000 300,000
Second-stage structure:
Developmentou.oo.coononoooovcono'o-oo 3,100,000 200’000 -——
Fabrication.......................... 2,3)"'0,000 300,000 - -
Testing.....................o........ l,)-l-30,000 200’000 hadhahad
Total... sressocsser ill;eZOgooo élg 280;000 hathatd
Third-stage development, fabrication
and testing: '
6,000 pounds thrust engine.ceeceescenss 1,100,000 900,000 ———
Third.‘ Sta-ge Stmctureoonoooon.oo.ooooo- 551,""9"" l)-l—0,000 ———
L'unal. Payload.o ooooo ®s s 000t 000000t eBrsOe 1,350,000 1,380,000 -
TOtal............... §2;0015)42)+ §2!)+205000 -
Iq') 191,494 4,000,000
(4,291,434
419171,¢5¢
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

CENTAUR
Figcal Year 1959 Fiscal Yesar 1960 Fiscal Year 1961
$4,000,000 $37,000,000 $47,000,000

OBJECTIVES:

To develop a general purpose space flight vehicle employing a high-energy fuel in
an upper stage.

JUSTIFICATION:

Centaur is & two-stage vehicle whose first stage is a modified Atlas "D" missile. The
modification consists of replacing the cone frustum part of the forward liquid oxygen tank
with a cylindrical section having the same diameter as the rest of the Atlas. Between the

[ P ks 3
lower and upper stages ic a structural aAnP-tn-v. that 18 gttached I:n-v-mp-nn-n+'1v to the lower

stage. The upper stage is mounted on top of the adapter which is jettisoned with the modi-
fied Atlas booster. Sets of hydrogen peroxide rockets are utilized for upper-stage attitude
control during the coast period. The significent feature of Centaur is the use of liquid
hyﬂrogcu as a ‘ue¢, thus providing a launch vehicle of much greater cepability than

—-rd A m~r aerelTaTlT A
_y.l. TV J.U\A.DJ.J L R S oL

The Centaur project was transferred from ARPA to NASA on July 1, 1959. Technical
direction is by an Air Force team located at_the Air For ce Ballistilc Mlssile Divisicn and
reporting directly to NASA Headquarters.
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PROGRAM PHASING:

The Centaur missions will involve placing communicetions satellites in a
stationary 2h-hour orbit, and lunar and planetary probes. The first six developmental
vehiclag will he nsed for hoth vehicle systems tests and for payload missions.

During the fiscal year 195G the Air Force let incrementally funded contracts for
the development of the Centaur engines, for the development and fabrication of the Centaur
second stages, and for the modification to the Atlas boosters.

The existing contracts will be continued under NASA funding during the fiscal year
1960 and 1961. During the fiscal year 1960 static tests of the complete Centaur power-
plant will be run and preliminary design will be completed on the second stage. Tests
will be initiated to simulate zero-g conditions on the liquid ges tenk during coasting
flight.

The final design of the Centaur powerplant and second stage will be completed and
the flight test program will be started during the fiscal year 1961.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Flight research program:

Procurement of booster vehicles.... $4,000,000 -—— $6,500,000

Development and procurement of
second-stage and engine...... “ees - $37,000,000 39,500,000
Launching operations......... censns - ——— 1,000,000

TOTAL...evvvn. creasares §h20002000 §37!OOO;OOO §h7£000!000



FISCAL YEAR 1961 ESTIMATES

CENTAUR

Obgectives

The Centaur 1s a two-stage general purpose space flight vehicle employing a high-energy
fuel in the upper stage. The Centaur is being developed to provide an intermediate size (between

Scout and Saturn) vehicle which will allow early launches carrying medium size payloads into earth
orbits.

An immediate requirement exists for a vehicle of the capability and performance character-
istics of the Centaur. This program, on which incrementally funded contracts were let by the Air
Force in the fiscal year 1959, is being prosecuted by NASA on as rapid a basis as possible within
the funds available. Static tests of the complete Centaur power plant will be started during the
fiscal year 1960 and the development flight tests will be started in the fiscal year 1961.

The development flight test program will utilize at least the first six vehicles which are
currently on order and are being incrementally funded. While these first six launchings will carry
some peyload, the flights will be primarily directed tc de-bugging the vehicle system itself. The
operational phase is expected to begin with the seventh Centaur.

Procurement of Booster Vehicles

The Air Force Ballistic Missile Division is responsible for providing six Atlas boosters
for the Centaur program, modified to adapt the Atlas to carry the Centaur upper stage. One Atlas
will be delivered approximately three months prior tc each Centaur launch at AMR.

-

kigeal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Procurement of six (6) Atlas boosters
modified for use with Centaur.....coevecoss §thOO!OOO - $6, 500,000
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Development and Procurement of Second Stage and Engine

The Pratt and Whitney Division of United Aircraft Corporatiorn has been swarded the contract
for the deeign develapment, festing and mamifacture of nine complete Centaur second-stage high-
energy propulsion units. Each of these units comprises two combusticn chambers, each with its own
turbopump propellant feed system. In addition, 6 single-chamber units will be provided for ground
testing: three will be used by Convair and three will go to NASA's lewis Research Center for test-
ing at simulated altitude conditions, prior to commencement of the Centaur flight program at AMR.

In addition, Pratt and Whitney will provide field personnel services to assist Convair in its static
tests of the second stage at Sycamore Canyon.

The Convair-Astronsutics Division, General Dynasmics Corporation, is under contract for the
design, development testing, and manufacture of six Centaur second stages, utilizing the Pratt and
Whitney propulsion unit as Govermment-furnished equipment.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Development and procurement of second stage:

Development guidance, controls and

stabilization system...{d #ii¥. viverinnn. —— $8,600,000 $lt, 400,000
Fabrication of six (6) guidance sets....... —-- 600,000 2,400,000
Development of second-stage tankage........ - 9,200,000 6,100,000
Fabrication of six (6) second-stage tanks.. - 1,600,000 3,200,000
Point ILoma structural and propellant

halldlin.g..o'oao--oo.-ooo'ooooa-noaaa-oooo ——— —— )"')3003000
Sycamore Canyon static firings.cos.ioccoescae - ——— 5,100,000

Development and procurement of second-stage engines: G0 A
Deveiopmen’r. of turhopump assembly........ oo - 6,500,000 2,200,000
Fabrication of 24 turbopumps..eeeseeerosoos —-- 1,400,000 5,200,000
DeV’el@ment Of thl".lst chambers;::;:ce=6==¢= - —— 7;300:000 1,8003000
Fabrication of 24 thrust chembers....eccoee - 1,800,000 2,600,000
Field services at Sycamore Canyohccoscssvoos —— - 800,000
Field. SeI’V’iceS a.t Amoooooueeoooceoaoaoooaa - _—_—— 1,)"'00,000
: S -
Totaleseorsennereoraconsonss = 00°%% 228 437,000,000 $39,500,000
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Launching Operations

2

Services to launch the Centaur vehicle will be provided by conbract with Convair, as follows:

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
CheCkout, booster..¢o|uouooaoon.oote.o-oooo.u —-— - $100,000
CheCkout, Second StageSoacucooo.oo.oo--oeoEOe - -— 100,000
Launch, complete vehicleS...cecvoerccssaccens --= ——- 800,000
Total...................a... - hnbutal il!OOO!OOO
Loduaa 4I‘ o s o
V46 19q &'« A
A - : To. q-,t 4 4 e Q win G
orad - "";j”:' ok e A o -
v ‘ (us - hao)

Wv\ouC;,; g deoiiag

192-3



2
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION j:zj.(
FISCAL YEAR 1961 ESTIMATES /3’5")
SATURN

Fiscal Year 1959 Fiscal Year 1960 Fiscal Year 1961 ‘
($19, 325, oeo)y ($55, 182,980)y $134, 308,000
!
To develop a multi-stage launching vehicle for various advanced space-flight missions. !
JUSTIFICATION: s
i

The Saturn program comprises a series of multi-stage launching vehicles of increasing
payload capability for performing various space-flight missions. Minimum requirements for
three importent missions are: (1) to send large payloads to the moon and near planets; (2)
to place several tons of payload in a 24-hour equatorial orbit: and T%3 to nlace a manned
gpacecraft zguch as Dyuasgaxl,in an earth,orblt The first version of Saturn is de31gned to
meet these requirements., Succeeding Saturn vehicles will have greatly increased capabilities
for all three of the missions previously mentioned. The increased capability is to be obtained
by using upper stages from the early versions as building blocks in the final vehicle, thus,
minimizing the number of new stages that have to be developed. The Saturn's first stage is
propelled by a cluster of eight ICBM-type engines which deliver a total thrust of one and one-
half million pounds. The final version of Saturn will use up-rated engines giving a thrust of

at least two million. pounds, The first Saturn vehicle will be a three- stege rocket; the final

version may have five stages. Launching of the first Saturn booster with dummy upper stages
is scheduled for the latter half of 1961.

The Saturn project was initiated on August 15, 1958, by an order from the Advanced
Research Project Agency to the Army Ordnance Missile Command. The project was funded in the

;/ Funded by the Department of Defense.
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fiscal years 1959 and 1960 by ARPA. The President of the United Stated, on November 2, 1959,
announced his intention to transfer the Saturn project to NASA. In antlnlpatﬂon of the trans-
fer, NASA and the Department of Defense have established an interim working agreement that pro-
~rt Aam Pomaa

vides for immediabe assumpLivn by NWASA of the responsibpilities Tor the technical management of
the Saturn vehicle development.

PROGRAM PHASING:

During the fiscal year 1959 the design of the first-stage booster and the design of
tooling for the first-stage clustered tanks were initiated.

During the fiscal year 1960 the design and development of the first-stage booster was
undertaken. Construction of prototype tankage proceeded, and individual engines were delivered
for test. A captive firing of the eight engine cluster is scheduled for the latter half of
fiscal year 1960. Contracts for upper stage engines and vehicles will have been let before
the end of fiscal year 1960.

The fiscal year 1961 funds will provide for the continued development, construction,
and testing of the first-stage booster tanks and engines. In addition, design and development
of upper. staggs, initiated in the fiscal year 1960, will be continued. Part of the fiscal year
1961 funds will provide for the development of vehicle-borne guidance, controls and instrumenta-
tion, and the development of _ground-service equlpment.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Flight research program:

Development and febrication of first-

S'bage bOOS'teI‘S. oooooo LRI R NN B I B ] ——— - $57’500’OOO
Development and fabrication of upper

b omas ——— ——— o 00 000

DUQLTOI0 82 06000 00 0000060600000 4608s68600dassssaas ﬁ-g_,_)vu,uvv
Guidance, controls, and instrumentation.. - ——- 12,800,000
Ground-service equipment...... Ceteeeennan - ——- 9,708,000
Direct material.......... sisiessosseancan —-—- 12,000,000

Totaleeeueon. . ($19,325,020 )—/(5_'522!182!28 )-Jil;li-éOS!OO

1/ Funded by the Department of Defense.
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SUMMARY OF FY 1961 SATURN BUDGET

(in millions)

ORIGINAL ADDITION REVISED
S &E $ 34.316 $ 3.200 $ 37.516
C&E 13.000 33.500 46.500
R&D (support of plant) 11.676 -- \\%;1.§76?
R&D (contracts) 81.008 53.300 134.308
TOTALS $ 140.000 $ 90.000 $ 230.000

F-1 15.000
200K  8.000

$ 113.000

4 Saturn venicles FY 61

(2 commleted - 1 started)

\ o> Campigeel ar%



NATIONAL AERONAUTICS AND SPACE AIMINISTRATION
FISCAL YEAR 1961 ESTIMATES

SATURN

Objectives

This program, which has been assigned the highest national priority, is designed to pro-
vide & multi-stage vehicle of high payload carrying capability coupled with a substantial growth
potential. The mission objectives of the early version Saturn are as follows:

1. To send large payloads to the moon and near planets.
2. To place several tons of payload in a 24-hour equatorial orbit.
3. To place a manned spacecraft in an earth orbit.

The requirement for developing a vehicle of the magnitude of Saturn is based upon the ob-

Jective of flying much larger payload missions than can be handled by presently available ve-
hicles.

Development of the Saturn vehicle is proceeding through an orderly schedule of ground and
flight tests. Captive ground tests are scheduled in the fiscal year 1960; a development flight
test program consisting of at least ten vehicles will start in the fiscal year 1961; and the first
operational flight is planned for the first quarter of the fiscal year 1964. Technical direc-
Tion of this program is at the NASA Huntsville Facility.

Development and Fabrication of First-Stage Boost

By the beginning of the fiscal year 1961, the final assembly
test vehicle (SA-1) will have been started. The initial nonflyable
completed its first firing test at Huntsville.

f the first Saturn flight
e e A M
oL ”

(SA-T) will have
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During the fiscal year 1961, delivery of SA-1 to the Atlantic Missile Range for flight
testing is scheduled. Final assembly operations on vehicles SA-2 and SA-3 are also planned to
commence in the fiscal year 1961. Febrication of basic structural components for SA=l, the

first Saturn vehiele to carry a live upper stege, is 4o be started.

A TS BT

As evidenced in the cost breakdowns, emphasis is to be heavily placed on extensive develop-
ment engineering tests, on both the H-1l rocket engine by the contractor and on the vehicle itself
at Huntsville. A stepped-up program of reliability testing on Saturn components, systems, and
ground equipment is considered mandatory. Cost breakdowns are shown for estimated 1961 require-
ments only; fiscal year 1959 and 1960 requirements were funded by the Department of Defense.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Booster tankage and structure: Provides
propellant supply and structural in-
tegrity to support upper stages during boost
phase through the atmosphere; items listed
are for use in the structural fabrication
and assembly of Saturn booster stages and
for qualification tests of components for
four vehicles:
Bulkheads, rings, stiffeners, skins:......... - - $825,000
Lower Shrouding...ceocoocsccosscassscococsss - ——— 458,000
Upper shrouding.ccsccscessccosascarsscosooass - -— 687,000
Propellant feed, vent, and pressurization
Systemsescesscococaoss tecoscececacccencnoe - ——- 3, 446,000
Electrical componentS..soeceococsssccosaaossn ——— - 527,000
High-pressure spheres......c.oceo sesesocncnes —— ——— 298,000
Switches and valve systems...::iccovcoouaves S _—— 458,000
Recovery equibDmenti....coeesesacscscsccccsscsan = - 435,000
Miscellaneous itemS.:scoooocecoccsascsscsscos - - 166,000
--- --- 7,300,000
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Item

Development engineering: Analysis, design,
redesign, prototype fabricalion, and de-
velopmental testing of stage I components
and systems. This effort is to assure
that the Saturn vehicle will demonstrate
high reliability in its accelerated flight
program; procurement of contractor engi-
neering, development, and testing services
includes:

Recovery system for boOStercc.ocsccascoeceso
Flow system, valving and pressurization.....
Structural design and analysiS.cececececscns
Testing of Saturn components....oosccececoss
Aeroballistic studies and trajectory work...
Fabrication processSesS...ccescsseseccocsescos
Development of prototype hardware...........

H-1 rocket engine procurement: For procure-

ment of flight engines, test and spare

- engines, spare components, modification kits,
field service by Rocketdyne for four (L)
vehicles; includes long lead time items on
later vehicle engines:

Forty (40) rocket englnes at $175,000 each..

Four (4) spare engines........... Ceeeeeenas .
Eight {8) test angines...... ceeveocsasacnoes
[= 09 ~ vt ~ v .

UMHHUJ.U _EM.LUD---a-.nno.oovloaeeootue.oo-aaoo
Engineering change orders........ csscsscesns
HandboOKS e oee vocesocna o teeecetsonssnas ceesa

Field service act1v1ty...,........0,.,.,..,.

Fiscal Year

1959

Fiscal Year

1960

Fiscal Year

1961

$400,000
4,600,000
2,700,000
4,500,000
1,600,000
800,000

3,300,000
17,900,000

l,hO0,000
3,600, 00C

900, ' 000
150,000

250,000
1%,000,000
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Figeal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
H-1 rocket engine development: Engine and
component tesgt program to improve relisbil-
ity and performance:
Engineering and testing..ccsoceccccsscccocco — -—- $5,075,000
Research and development hardware...ccececeae -—- - 2,700,000
MBteriBle.ceosseecsosesanssecncensacacsssane - -—- 600,000
Contractor travel and subsistance.ceccececece - e 250,000
Test equipment.ecescessececscsscesscsscncscees —— - 175,000
-—-- --- 8,800,000
Propellaents: Hydrocarbon fuel and liquid Lok (¢ 2 E g
oxygen for all firing tests at Huntsville V& e
and at Rocketdyne.csosecoocesoccosonssoccoco === -—- 2,000,000
Relisbility: Extensive component and systems
testing including life and environmental
tests with the aim of increasing booster
reliability; to procure flight-type
components in large enough samples to ob-
tain a substantial degree of validity in
the statistical analysis of the results of
these tests:
Engine systems componentSe.ccccecoccecasccacs ——— -——- 1,000,000
Valves, switches, connectors, etc....cco.c0ss -— --- 1,500,000
Control equipment....c.ccoeecn. sebscobacsscoa -—— -—-- 1,000,000
— Measuring equipment...cccsesosescosscscocans -— - 250,000
Electrical equipment...oeceeccannannsonacnas -——- - 750,000
Ground~service equipment....c.caccccnncncnanns - -—- 500,000
—— ——- 5,000,000
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Advenced Area R&D for Booster Tankage and Structure - - $2,500,000

Four specific studies considered mandatory are:

1.

Experimental shock, accoustical, and vitration environment erfect on venicle.

Side-note: Nothing is known of the accoustical power level in the proximity of
eight large rocket engines, and its effect on vehicle components.

Development of reliable fire detection and sector extinguishing equipment.

Side-note: The one-engine-out capability hangs very much on work in this area.
Mention of the effect of inadvertent engine shut-down because of
unreliable sensors should suffice.

Investigation of base-heating in the complex aerodynamic turbulent region at the
rear of the booster.

Side-note: Polaris (four nozzles) has suffered from this problem. An early
Jupiter was lost because of base-heating.

Investigation of the effect of von Karman alternate vortex shedding on the
vehicles; development of suppression means if necessary.

Side-note: wvon Karman forces can destroy the unsupported venicle on the stand
if' aerodynamic and structural resonance occurs. Vanguard required
rubber-strip spoilers on the second stage to suppress vortex effects;
the Saturn susceptability is unknown.



Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961

Advanced area research and development: For
work on special problems associated with
booster development; examples of such areas

- include: effects and possible suppression
VQFQR}, of sloshing; dynamics of elastic missiles;
R joining techniques for large tanks; special

stress and buckling problems; and behavior
of materisl and components at low temper-

atureSoooooaoaoeoeoouooeocooecoonuoaaaoooaan = - - - %225002000

Totalooon.osnoooo-'oenoaonolo - hndhanions §Zi!2003000

Development and Fabrication of Upper Stages

Under a contract to be let prior to the close of the fiscal year 1960, the development of
the new hydrogen-fueled upper stage (designated S- IV) will be undertaken. It is planned to use

this stage, which will incorporate four up-rated Centaur rocket engines, in the two-stage Saturn
test vehicles SA-4, 5, and 6.

A comprehensive engineering modification program is to be conducted in the fiscal year
1961 for the purpose of adapting the Centaur vehicle as third and top stage of the Saturn.

This stage is designated S-V and is scheduled for incorporation into vehicle SA-7 and later
vehicles.
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Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Qon ﬂnnh Aﬂomn+a%, fcur 1P

rated Centaur engines; to be the second
stage of Saturn:

Engine research and development for up-

rating from 15,000 to 20,000 pounds

17745 o 0T O - - $8,100,000 .
Engines delivered to sta fe contractor

(16 each at $250,000) .05 @it eerenrenn - - 4,000,000
Engines for test (5 each at $250,000)¢..... -— - 1,250,000
Propellants (1liquid hydrogen and liquid (Lrass -

oxygen) for testing.eseeeeseeveensecassss -— - 1,000,000 ¢; /4
Stage research and development (less

ENEINES ) e aeeeresocnosnncsesasnccasesnnnas —— - 17,650,000

Delivered stage for Saturn vehicle SA-k
($2,500,000) and partial payment for

Stage for SA-5 ($l,250,000)-.,......a-e.. hatieniad -—— 3,750,000
Special stage ground-servicing equipment... - - 700,000 —
= - 36,450,000

5-V stage: An adaptation of the present
Centaur vehicle; to be the third stage of

the Sa.tul"n..-...-........o.-.........--e..o it - 5,850’000
TOtal....-o.o.............-. - - §h2z3002000
Guidence, Contrel, and Instrumentation

Systems development and the procurement of components for the guidance and control systems,
vehicle measuring instruments, and telemetry and radio tracking equipment has been scheduled to
keep pace with the vehicle fabrication and test program. Requirements are summarized as follows:
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Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Guidance and control hardware: Procurement
from various manufaciurers, [our sels of
control, radio tracking and command, measur-
ing, and telemetry systems:
Guidance and control equipment..ceececessssss - - $2, 400,000
Telemetry Systemeooo---o-.----u--‘o---.--oo-o o - - 620,000
Tracking and range Safety..-................. —— ——— u28,000
Measuring SyStem.--.--.....-.-.‘............- - ——— 2,332,000
Spare units and testS.e.ceteeveseccccscecsosae - - 1,120,000
-—— -— 6,900,000
Systems development: Including design, proto-
type fabrication, and testing:
Guidance and control equipment........eeeeee. - —— 2,400,000
Telemetry system.eceieeiisccscsscosacsssesnsns -——- -—- 750,000
End Org&nS.......-..................--o.o.-.. - - hO0,000
Radio tracking SyStem...........‘...-.-..-.-. —— -——— MS0,000
~—- -—— +,000,000
Special instrumentation: Instrumentation for
development and qualifications testing of
components and subsystems, recorders, trans-
ducers, and automatic data reduction systems. -——- - 1,900,000
TOtal.....-.--....e........... hndahed - 51218001000
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Ground-Service Equipment

The size of the Saturn booster has dictated that new approaches be adapted in transpor-
tation and handling techniques. Many new items will be required for the propellant loading
systems which must accurately deliver several times the propellants required for current missile
boosters. A large number of booster pneumatic, hydraulic, and electrical check-out panels are
required. The combined vehicle systems check out must be completely thorough and yield accurate
records. The magnitude and complexity of the engineering task in these areas are enormous. For
example, up to_530 separate telemetry channels are being provided in the Saturn booster. The
work load involved in checking out and calibrating such a large number of informstion channels
is such as to dictate the use of fully asutomatic equipment.

Fiscal Year Fiscal Year Fiscal Year
Item 1959 1960 1961
Development engineering: To improve equip-
ment compatibllity and reliability..sccececns -— ——— $2,500,000
Procurement: To implement contractual pro-
curement of equipment to support initial
build-up of Saturn launch facility and to
support subsequent firings; to support
handling and transportation of stages 1 and
2:
Liquid oxygen vacuum jacketed tankS....oveese -—— — 440,000
Launching hold-down and SUppOrt AIMS..eeseess -—— - 400,000
Unmbilical tOWereeesessasasesesessssscoscanncs —— _— 300,000
Two sets of firing accessoriesS.cseseescessvcs -_— — 700,000
TWO transport DargeS.ccesecsecosssscccsscooss —-— — 760,000
Instaliation of ground-service equipment
B AMR. .. cccccococccncnnnoacasseassncsssass —_—— - 800 ; 000
Miscellaneous handling and aligmment
equipment....... beteaesacasesiaaos cieccnnan - —— 400,000
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Advanced Area R&D for Ground Support Equipment - - - $1,108,000
Two specific studies considered mandatory are:
1. Development of automatic propeilent loading systems.

Side-note: The simultaneous loading and topplng oI cryogenic propeliants, and
particularly hydrogen into a vehicle of up to four stages will be
very difficult. Automatic equipment is a must. Improper loading
severely diminishes stage effective mass-ratio.

2. Rapid vehicle systems digital check-out equipment development.
Side-note: The vehicle check-out method must be performed rapidly for all

sub-systems, systems, and finaliy the integrated venicle itself to
limit check-out time to a reasonable dursation.



e

Ttem

Fiscal Year

1960

Fiscal Year

1961

Vehicle systems check-out equipment, re-

Amda

Do s

processing system...... vecsscs -
Vehicle transport assembly fixtures (3 at
$200,000 each)eeescsss

eceascar20c00

v eeeco0030008ELE D00 S CR

Advanced area research and development: For
work on special problems assoclated with
ground-service equipment development in
such areas as quick data hendling systems
for check-out procedures, propellant trans-
fer and loading systems, ground control
systems, etCecs.s

S eV 0O P EOPPIOICOSLOEPINOIBOEIDOROE -

TOt&l--.....--..

Direct Materials

Fiscal Year

®secvrosvseoves -

Fiscal Year

$1,700,000

600,000

g, 100,000

1,108,000 V//

$9, 708,000

Fiscal Year

Ttem 1959 1960 1961
To obtain materials to fabricate tooling,

integrate ground-support equipment, and

produce boosters; included are such items

as sheet metal, rivets, bolts, couplings,

hand tOOlS and transducers---o-unonon-n.oo- .- m— 12 OOO OOO
—_—% N ,l'lu' FaT Anam
Peyay o
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Fiscal Year 1959

$3,095,67h

OBJECTIVES:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1961 ESTIMATES

TRACKING AND DATA ACQUISITTION

Fiscal Year 1960

$16,266,000

Fiscal Year 1961

$32, 550,000

To operate tracking and data acquisition facilities necessary to support the overall
NASA space flight program; to provide tracking and data acquisition support for space flight
operations upon request by other government sgencies; and to provide for research and develop-

ment on improved tracking and data acquisition systems and equipment.

tives included in fiscal year 1961 program are:

Major technical objec-

(a) Improvement of the overall accuracy and efficiency of existing NASA

tran

Vi G

D Vb il e

lrime atotdana
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(b) Development of a prototype electronic tracking system of inherently
greater precision than any present system.

N
(¢
g

. s
Development of communications tec

distances.

~~
=7}
~~-

Speed-up of data handling to reduce time lag between

and the conclusions.

(e) Development of special trajectory measuring techniques and systems
for complex payloads.
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JUSTIFICATION:

In 211 eazes of space flight operations; whether a scientific satellite. a space
probe, a sounding rocket, or a manned vehicle, there is a need for tracking units capable
of delivering orbital data or position time histories, and a need for telemeter receivers
for data acquisition. These devices must be properly coordinated by communications links
to permit the data to be transmitted to a suitable computing center, where it may be rapidly
reduced to a form in which it can be studied and analyzed by the scientists. The data repre-
sents the raw material from which the scientific experimenters will gain their new knowledge
of space. The guantity and quality of this raw material will determine the progress made in
space research.

While the NASA network of stations is designed to afford the maximum amount of opera-
tional flexibility, there are special conditions associated with each test which may require
equipment modifications, or in certain cases, the temporary installation of new items of
equipment at new tracking 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 perform a useful function for the purposes of a particular experiment.

ADVANCED TECHNICAL DEVELOPMENT

Tracking and data acquisition systems development: A continuing effort must be main-
tained 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. Specific areas of
basic research include theoretical studies and experimental verifications of the effects of
propagation delays on various transmissions of time signals since accurate time measurement
to within a fraction of a second is necessary in refined calculations of orbits; theoretical
and applied research in low noise pre-amplifiers to improve reception of faint radio signals;
theoretical studies and analysis of improved orbital computation methods; and studies into
techniques for communicating with space vehicles at planetary distances.

In addition, development of refinements in the measuring capabilities of present mini-
track systems is contemplated to meet more exacting requirements. Included are the development

’___\
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of such items as a rubidium-vapor, frequency-standard equipment to improve calibration accuracy;
precision propagation delay measurement equipment; on-site data reduction systems; and prototype

L I B T i o . ol I e e e Tl Ty
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The development of new types of tracking and data acquisition equipment is proposed
which will have more accuracy than present systems. This work will include new antenna systems
and receivers to operate at higher frequencies (2000 mc); transmitters for range determination;
self-tracking systems for directional antennas; and payload beacons for use in conjunction with
the ground systems.

Computer support programs: Studies will be undertaken to determine the best modulation
technique for data acquisition and for the adaptability of the data received to computer pro-
grams for reducing the data. Consultative services will be used in this research effort.

Data systems development: Work will be continued in this area to foster the development
of automatic data reduction techniques as well as to improve the data reduction on data now
being received from telemetry systems operating in satellites in orbit.

Optical systems development: It is prcposed to improve the present capability in this
basic method of tracking especially for geodetic programs. Imprcvements are necessary in the
timing system and in the methods of reducing data from photographic film accurately and rapidly.
Electronic-optical techniques will be investigated to marry the advantages of electronics and
optics into an improved system for tracking optically. Other work will include star catalog-
ing, spplication of coptical tracking to lunar or deep space vehicles, exploration of possible
uses of optical telemetry, improvements in imasge converters and photo-detectors, and the use
of light reflectors on payloads.

Mercury tracking net techniques: The Mercury tracking net will undergo continuing
refinement and 1mprovement to insure maximum effectiveness and reliability. Work will continue

man Amds acanaaaa e e ? o AN mree e v mmmcide vea B e e T i o P P R T . Iy -
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Development of high gain antennas: Many long range problems are invoived in developing
equipment to meet the requirements of communicating with vehicles at distances of millions of
miles., While payload power 1s expected to increase, it will still be necessary to improve the
antennas and receivers on the ground. In this connection it will be necessary to do considerable
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research and development to design and develop techniques and systems tc economically improve
upon present large antemna systems to receive relatively faint signals.

Trajectory measurement and command equipment: Special types of equipment are needed
for vehicles whose controlled trajectory go well beyond the range of established launching
ranges. The type of equipment required will depend on the characteristics of the payload,
and what command control functions are involved. Certain vehicles will have capability for
stopping and starting powered flight in last engine stages. To control the operation of such
stages at remote locations will require development of special trajectory measurement and command
control equipment.

FLIGHT RESEARCH PROGRAM

Operation of satellite ("Minitrack”) stations: During the fiscal year 1961 there will
be fourteen Minitrack operating stations, including four new ones being installed during the
fiscal year 1960. These stations employ radio interferometers and are used primarily for
tracking satellites which send out radio signals; where precise real-time data is not required.
They have all weather capability. They cannot track passive satellites (ones which do not emit
signals) nor can they provide the precise orbit data available 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 stations must be located
in areas free of extraneous electrical disturbances. From a number of observations from differ-
ent stations, a reasonable orbital determination can be made.

Each Minitrack station receives and records telemetry data on magnetic tape. Data from
these stations are fed to a central control, comunications, and computing center at the Goddard
-Center. Automatic data read-out equipment is being provided to speed up datas collection and to
permit tracking a greater number of satellites.

The operational cost of three Microlock stations is included in the 1961 estimates.
These stations will be managed by the technical personnel that manage the Minitrack stations.
The Microlock stations may evenvually be integrated into Lhe Minilrack net at common locations

" with the Minitrack stations.

Operation of optical tracking stations: The existing twelve Baker-Nunn optical stations
will continue in operation during the fiscal years 1960 and 1961 under the technical and admin-
istrative direction of the Smithsonian Astrophysical Observatory.




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. Ob-
servabions can only be made when the visibility iz gocd and by virtue of sunlight reflected from
the obJject. Therefore, observations can only be made in perlods of clear twillght. Moreover,
the camera can only see a small segment of the sky at a time, and it must have a prior knowledge
of where to look or the satellite willl pass out of range before the camers can search any appre-
cigble segment of the sky. Information on where to look is usually obtained from Minitrack or

similar electronic systems which do not have the acquisition limitations of optical systems.

It is theoretically possible from three or more optical observations to obtain the most
precise orbital data of any technique known. For 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.

Included in the cost of operating the optical stations 1s the cost ¢f data transmission,
data reduction, and data interpretation which is performed by the Smithsonian Astrophysical
Observatory at Cambridge, Massachusetis. Funds are included for the cost of the Moonwatch teams
which sre volunteer groups assisting the Smithsonian Astrophysical Observeatory in securing ob-
servations 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.

Operation of the deep space network: During the fiscal year 1961 it is expected that
three stations will be operational. The JPL station at Goldstone, California is currently
operational; the Woomersa, Australia station will be added during the fiscal year 1960; and the
South Africa station will be completed during the fiscal year 1961.

3

The deep space stabions are usced primarily for tracking and dats acquisition from ve-
hicles penctrating deep into opacc, such as luner precbes. They may also be adapted for gathering

larger amounts of data, such as may be involved in the transmission of TV pictures from space
vehicles. They are not suitable for satellites in low orbits because of the low tracking rates
of the antennas. They have great sensitivity, however, to very faint signals which cannot be
detected by ordinary electronic systems. They also are belng equipped to be capable of trans-
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reat distances for the purpose of issuing commands to

mitting signals to space vehicles &t g
1 also be able to be used for communications satellite experi-

the vehicle. The transmitters wil

menta.

Funds are included under this heading for the contractual services required in the opera-
tion of auxiliary portable trajectory tracking and commend station equipment in the fiscal year
1961 to meet operational requirements involved in trajectory measurement and guldance functions
on deep space probes.

Operation of Mercury net stations: A total of about 18 stations are included in the
Mercury network of stations, including the control center and the conmunications and computing
center. The operation of these stations and the recovery operations will be a joint effort in-
volving the Department of Defense, foreign countries, and NASA. The communications system will
primarily utilize leased commercial lines and military circuits.

Operation of non-NASA stations: The NASA will make use on a part-time basis of a number
of cooperating non-NASA stations which provide tracking capability. Examples are the facilities
at Jodrell Bank, England, and at Fort Churchill, Canada., The extent of the NASA use of these
facilities is arrived at by mutual agreements based on the duration and complexity of the partic-
ular experiments. In certain cases the NASA may provide funds for special items of equipment
needed to accomplish particular experiments.

Operations at AMR and PMR stations: All NASA sounding rockets, satellites, or space
probes will be launched during the fiscal years 1960 and 1961 from either the NASA Wallops
Station, the Canadian station at Fort Churchill, or the Department of Defense AMR or PMR
stations. The majority of the launchings will take place st the AMR station. Reimbursable
items of cost for use of the AMR and PMR stations will include utilities for NASA offices and
operations and special items of equipment related specifically to NASA experiments in specific
nissions.

Other onerational costs: A portion of the funds requested under this program will be
used to procure services involved in the transmission of the data acquired at Wallops to the
gpprepriete communications center and for dats reduction services under contract. As the com-
puter cgpabilities of the Goddard Center increase, the contract costs for data reduction services
will decrease.




The NASA will have over L0 tracking stations in operation, including the Mercury
stations, in the fiscal year 1961. An estimate of approximetely ten percent of the overall
operating costs of the stations has been added to provide adequate funds for maintenance and
repair, provisioning of spares and logistic materials such as tapes, and various paper materials.

Fiscal Year Fiscal Year Fiscal Year
PROGRAM COSTS: 1959 1960 1961

Advenced technical development:

Tracking snd data acquisition

systems development...ceecosoressssoass o $850,000 $2,670,000
Conmputer Support ProgralS..scsesseseceses -— 160,000 200,000
Data systems development.cceceecsveescces -—— 330,000 900,000
Optical systems development..seceesecosas - 50,000 900,000
Mercury tracking net techniques..csecesss $507,67h 500,000 500,000
Development of high gain antennas........ 348,000 175,000 1,000,000

Trajectory measurement and command
eQUIPMENt.cossesccorcscnnssrossnscnssansna —-—- 1,275,000 1,050,000
Tot8l.eeescenns 855,67k 3,340,000 7,220,000

Flight research program:

Operation of satellite stations:
Operation of Minitrack and Microlock

StatioNS.eeesrteacesscorocscrcsessannce 1,250,000 3,000,000 4,750,000
Data transmissioNeeessoesecescssssncees 200,000 500,000 8§OZOOO
Totaleseeeaenea 1,450,000 3,500,000 5,600,000

Operation of optical tracking stations:
Operation of Baker-Numnn stations....... 410,000 1, 450,000 1,950,000
Moonwatch tems'l..I"'."..’..l.'....l S0,000 250,000 250,000
Dets transmission and reduction..eccese 150,000 8001000 1,300,000

Totalieseevenns 610,000 2,500,000 3,500,000



Figceal Year Fiscal Year Flscal Year
1959 1960 1961
QOperation of deep space stations:
Operation of Goldstone station..eess..e - $1, 400,000 $1,250,000
Operation of Woomera statlion......eeees —— ——- 850,000
Operation of South Africa station...... --- - 600,000
Trajectory equipment operation.seee.se. — ——— 400,000
Data tr&nsmiSSion.............-¢....-.. - - L“OOIOOO
TotaJ-ooooooocoo - l l“oo’ooo 3,500,000
Operation of Mercury net stations:
Operation of Mercury StationS.......... --- 1/ pY
Data transmissioNeece.ceececescascccanns - 1,000,000 5,450,000
Totaleeeeesosas -—- 1,000,000 5,450,000
eration of non-NASA stations:
Jodrell Bank, EnglanG..cecececcecccaccss $180,000 200,000 300,000
FOI‘t Churchill, Canad.aooa-oooo.o.o-oo.o - 650,000 TO0,000
All O'bher...‘......-.......-........... - 50:000 Ll-OOZOOO
Tobaleeesaesnas 180,000 900,000 1,400,000
Operations at AMR and PMR stations:
AMR operations........ teesavescasernene - 426,000 1,500,000
PMR OperationS......-... LI R SR R S B A BCEE B Y ) - 200:000 600zOOO
Totaleseoesnoas -—- 626,000 2,100,000
Other gperstional costs:
Wallops Station data transmission.e.... - 200,000 350,000
Data reduction servicesS..escascacass .o -—- 2,250,000 800,000

;/ Funding included under "Manned space flight" program.
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Network Maintenance and repairsS..ceese.
Network spares and meterialS.iecceces.ee

TOt&l.........~

TOTAL'...Q.....-.O..

Fiscal Year Fiscal Year Fiscal Year
1959 1960 1961

- $250,000 $1,800,000

_— 300,000 830,000

- 3,000,000 3,780,000

095,674 §16!266!ooo §§2gggo!ooo



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1961 ESTIMATES

Tracking and Data Acquisition Systems Development

The development of space tracking and communications systems progresses only as the state-
of-the-art is extended. The ground facilities and systems which were developed during the IGY
specifically for relatively low altitude and simple satellites, are still in use during the fiscal
years 1959 and 1960. Plans are presently crystalizing for more complex satellites and for deep-
space exploration vehicles which will be required to communicate back to an earth base over extreme
distances. The increased level of effort in the advanced technical development area reflected in
the fiscal year 1961 budget will insure that certain basic studies are made and that the develop-
ment of advanced systems and equipments will meet the requirements of these vehicles.

Tracking systems, basic research, and development: Work started during the
fiscal year 1960 will continue at an accelerated pace in the fiscal year 1961.
The calibration system studies are directed towards developing more precise and

. simpler calibration methods for the radio interferometer "Minitrack" system.
These studies have a two-fold purpose: first, to provide a greater understanding
of the various factors which cen distort the field of an interferometer system;
and second, to do the basic work necessary to develop procedures for the applica-
tion of machine methods to a major portion of the calibration process. TFor ex-
ample, NASA has supported the punching of star catalogs on IBM cards, meking them
available in more useable form for research progrems and for calibrating tracking
gystems. The development of low noise receiver pre-amplifiers will be carried on
in the fiscal year 1961 at an accelerated rate. Reduction of the noise level in
this portion of the receiving circuit will materially increase the range and dats
handling capacity of existing communications systems. In order o improve the
time tie-in between the tracking stations seatfered arvund the globs, a basic
research effort will be initiated in the fiscal year 1961 aimed at more precise
determination of the various elements involved in propagation delays and to point
the way towards possible improvements in timing accuracy. Theoretical analyses
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of orbit computation methods wilil be undertaken toc determine the ultimate
precision of the various tracking systems.

Tracking and data acquisition systems development: The major portion
of these funds in the fiscal year 1500 provide for the Jesign, prototype
construction, and testing of components for converting the radio tracking
systems to the newly assigned 136-137 mc. band. Ttems covered here include
the development of tracking antennas and receivers, telemetry antennas and
receivers, as well as over-all telemetry system studies. Timing system de-
velopment in the fiscal year 1960 consisted primarily of the redesign of the
basic time standards for use with the new 136 mc system and the development
of a gystem for furnishing time signels in a form compatible with computer
operation. In the fiscal year 1961, efforts will continue on the program
started in the fiscal year 1960. In addition, contracts will support the
development of rubidium vapor frequency standards or equivelent for timing
use at selected field stations. Although VIF (very low frequency) trans-
missions may be the eventual answer as far as consistency of propegation
delays is concerned, the actual time delay itself must be measured. The
cost of station calibration and of calibration equipment development will
increase somewhat due to the addition of new Minitrack stations and the
addition of greater coverage of the existing stations. Data system develop-
ment in the fiscal year 1960 represents the necessary redesign of the measure-
ment portion of the Minitrack system required by the new frequency assignment
and the development of a completely auntomatized data readout system. Proto-
types of the data readout systems have been produced and are undergoing field
evaluation at the station at Blossom Point, Maryland. The major area of data
systems development in the fiscal year 1961 will be & readout system for the
precision interferometer tracker,

Precigion interferometer development: A major effort during the fiscal
year 1961 vill be the development of a precision interferometer Minitrack system
to be operated in the 2000 mc range. The shorter wavelengths of & higher fre-
quency are eguivalent to a more finely Givided scale, and make possible more pre-
cise radio tracking. In addition to the improved angular tracking accuracy, the
system will be capable of relatively wide bandwidth operation which can be utilized
to give higher data acquisition rates. A medium-sized parobolic antenna for embiguity
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resolution and data acquisition is funded separately as a construction item.
For some satellite tracking requirements the measurement of range is almost
mandatory. Prototype development of a compatible ranging system and the
required airborne beacon is contemplated. The system will be developed so
that renging can be omitted by the experimenters if not required or if pay-
load weight is at a premium.

Fiscal Year Fiscal Year Fiscal Year
Item . 1959 1960 1961

Tracking systems, basic research and development:

Calibretion and system studieS.eeeceess. - $50,000 $250, 000
Antenna studieS.e.cecscscesccscessessans -——- 25,000 -—-
Iow-noise pre-amplifiers..scceecceccess -——- 25,000 100,000
Jonosphere studieS.ecescecsescsscasccss - 50,000 50,000
Propagation studies related to timing.. -—- - 100,000

Theoretical analysis, orbit computation
me‘bhods.............................. indasl - 150:000
-— 150,000 650,000

Tracking and date acquisition systems development:

Timing systems development.scevsvsoeass -— 75,000 200, 000
Calibration systems development...ccces ——— 100,000 150,000
Data system improvement development.... - 75,000 190,000
136 mc Minitrack antenna development... - 100,000 -—
136 mc receiver developmenteeecssscecses - 70,000 ~——
Telemetry systems studies.scssvessceces - 100,000 -
Telemetry antenne developmenteecesccoss -— 75,000 ———
Telemetry receiver development.s.sceees- o ==- 105,000 ——-

- 700,000 540,000
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Fiscal Year Fiscal Year Fiscel Yesar
Item 1959 1960 1961
Precigion interferometer development:

Interfercmeter antenna development....... - - $510, 000

Receiver development, prototype
ConStI'uC'tion.--..aa-.ee......--...--... -—- - 250’000
Antenna feeds, self-tracking equipment... - - 200,000
Renging system, prototype development.... ——- -— 220,000
Airborne beacon, prototype development... — - 100,000
Special test systems development.eecseasss - - 200,000
—m o 1, 480,000

Totaliesceessosssssnccacesns - §§202000 §2!6IO!OOO

Computer Support Programs

Funds are required to undertake studles directed toward determining modulation and data
recording formats most adaptable to computer operations in data reduction.

Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
Computer operations studie€S..seseeccsscscsass —— §l602000 igOO!OOO

Telemetry Data Systems Development

Work will be continued and expanded in this area, foshering th i
techniques for dabs recording and reduction and the deveiopmeni of improved, morc nearly gtand-
ardized telemetry systems. The telemetry studies will be expanded in the fiscal year 1961 and
aimed at obtaining basic design information for the development of one or more optimized telemetyy

systems. A prime requirement of these systems will be compatibility with automatic data reduction
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processes and high data handling capacity. Component development will be accelerated during
the fiscal year 1961, extending the state-cf-the-art to provide more reliasble and efficient
"hardware".

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Studies of telemetry and data reduction
techniques....-.....-..........--......-... ——— $l30’000 $300,000
Component development and improvement...s.... - 150,000 300, 000
Prototype systems development...ceeceesenocss -—— 50,000 300,000
TOtal-...................... ——— OOOO 2200!000

Optical Systems Development

The development of optical systems will be carried out primarily under the direction of
the Goddard Center. The progrem will include basic and applied research in optical systems and
the development of prototype optical tracking systems. A baslic research program will be initiated
with particular emphasis on means for electronic detection of optical images. The use of optical
principles in telemetry will be studied; this will include monitoring efforts sponsored by DOD
activities. The prototype portable optical tracking station required by the flashing light
geodetic satellite will be designed.

Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
Studies of optical techniqueS..eeeeeecesneces - $15,000 $300,000
Development of optical componentS...cceecvecs -—- 15,000 300,000
Prototype systems develomment...secceeessaees === 20,000 300,000
Total.‘........-...........; - é?CEOOC g?OO!UUU
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Mercury Tracking Net Technigues

Work in this area is accomplished by means of a task-type contract with the Lincoln Lab-

2.1 o~ wa Ly A A T A
UJ.U.UU.LJ of MIT DU.lelUJ. UJ..LJ.5 OOl ICHCATCa &l LevVe.ilpr ient Q“F"“+" of the I}’""‘Q"+ 'Mn-wnn'w\r +1~nr-'|r-1~nn'

communications, and data acquisition network. The Lincoln Iaborstory works in tonjunctlon w1th
the ground facilities group of the langley Research Center, providing consulting services and
investigations of technical problems affecting the over-all performance and success of project
Mercury. BSpecific items covered include:

Evaluation and consulting on the design of communications systems.

Formulation of a detailed ground communications plan.

Studies of high-frequency radio propagation as related to
reliability of communication with the capsule.

Study of computer capabilities and requirements.

Evaluation of telemetry systems.

Evaluation of radar skin tracking.

Design and evaluation of radar acquisition devices.

Consultive services on simulation techniques.

This work 1s extremely valuable in providing highly qualified technical services to study specific
problems in greater detail than time would otherwise allow. It has resulted in considerable cost

savings by pinpointing, in advance of equipment construction, probable weak points of communica-
tions and other systems.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961
Technical monitoring and the development of
ground station equipment and techniques.... $507,674 $500, 000 $500,000
Development of High CGain Antennas

The ability of a lunar or planetary probe to communicate information back to the EBarth is
directly related to the over-all gain or effective area of the ground based receiving antenna. The

existing 85-foot diameter automatic tracking antennas, such as the two installed at the NASA Gold-
stone facllity are adequate for many purposes. However, even a cursory study of the problems in-
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volved in transmitting large amounts of data from distances of millions of miles indicates that
many component advancements are necessary, including an increase in effective antenns area. The
fiscal year 1959 funds were used by the JPL at the Goldstone site to develop special antenna feeds,
improved receiving equipment, and a special coordinste convertcr Lo remove parallax csused by the
required separation of the 85-foot trensmitting and receiving antennas. In the fiscal year 1960,
research 1s being initiated to create antenna gains much greater than those currently available

at an economical price. These fundamental studies will be continued at about the same pace during
the fiscal year 1961. However, enough information will be on hand by that time to make it practi-
cal to undertake systems studies, model antenna construction, and test of the more promising systems.
It is anticipated that this work will progress far enough to make it practical to let a contract for
preliminary design work on a full scale large sperture antenna. At about the same time, preliminary
design studies will be initiated on the multiple or wide-band feed systems for this antemmna. Siting
gtudies will be conducted during this period.

Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
Feed systems design and developmentesseeesess $70,000 ——— -
Coordinate converter.cvivevescsscsosssssscnca 200,000 - -—-
Receiver improvementS..sceccessssesceccennseos 78,000 —_— -
Fundamental antenns researcheeeesccecsscescses - $175,000 $175,000
System studies of large sperture antennf..... —— -—- 125,000
Model antenna constructioN.eccceeesssescecens -—- -— 200,000
Preliminary design of large aperture antenna. -—- -——— 300,000
Preliminary feed system design.cccecceescscce -— -— 150,000
Preliminary siting studieS..eccecassecccensas — - 20,000

Tota]...o-.olo'.co...c.oto.ll )"‘8000 iliz;ooo il!OOOEOOO

Trajectory Measurement and Command Equipment Development

Specilal types of tracking, telemetry recording, and command equipment are required for ve-
hicles whose controlled trajectories go well beyond the range of established launch facility instru-
mentation. The type of equipment required depends, to a great extent, on the characteristics of the
payload and what command and control functions are involved. Certain vehicles will be capgble of
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stopping and restarting powered flight with the last engine stages. To monitor and control the
operation of such stages at remote locations will require the development of special transport-
able trajectory measurement and command control equipment. The fiscal year 1960 funds under this
item were 2llocated +o the Jot Propuleion Tabhoratory tn determine the requirements and initiate
prototype development and construction. The equipment deveioped with the fiscal year 1960 fund-
ing will be used for operations with the Agena B, and will also provide initial vehicle acqui-
sition data for the deep space stations. As the design and operational concepts for the Centaur,
Saturn and other advanced vehicles become better defined, the requirements for such ground facili-
ities will have to be re-evaluated. The fiscal year 1961 funding will finance such continued
studies and also the design and prototype construction of the equipment specifically aimed at the
Centaur requirements. '

Fiscal Year Fiscal Year Fiscal Year

Ttem 1959 1960 1961
Requirement studies and theoretical analysis. S $200,000 $200, 000
Antenna and servo development..cececesoecsecoes - 230,000 200,000
Ranging system, prototype development...ec.... - 300,000 180,000
Command transmitter and feedSc.cesereccescses -— 180,000 200,000
Test calibration systems developmente.cseceos - 90,000 20,000
System checkout and modificationesscssssccese -—= 120,000 120,000
Preliminary site requirements studies.ccecoss -—— 55,000 30,000
Telemetry receiving equipment..ceceececcsanco - 100,000 100,000

Total...oogooao;ooononooooon - = $l,275,000 il!OEOEOOO

Operation of Satellite Stations

Operation of Minitrack and Microlock stations: The Minitrack stations
were originally set up during the IGY to track the Vanguard satellites. These
contractor operated stations employ radio interferometers and are used primarily
for tracking satellites which send out radio signals. By the fiscal year 1961,
there will be 1k Minitrack stations in operation, including four new ones being
installed during the fiscal year 1960. The three Microlock stations use a doppler
technique to measure radial velocity of launch vehicles. To date, they have primerily
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been used for measuring the operation of the final stage of the launching vehicle.

By using triangulation techniques, actual trajectory can be obtained to give "quick
look" injection data. During the fiscal year 1959 and most of the fiscal year 1960
these stations were operated by the Army Signal Corps and the Army Ballistic Missile
Agency. Direction of the operation of the three portable Microlock stations will be
taken over by the Goddard Space Flight Center during the fiscal year 1960. TFull year

operating costs are included in the fiscal year 1961 estimates.

The majority of the cost during the three years indicated is for the operation
of the Minitrack network. It will be noted that the operating costs in the fiscal
year 1960 are greater than they were in the fiscal year 1959 when approximately the
same number of stations were existent. This is due to having added logistic support
in the fiscal year 1960, and also to the fact that for a good portion of the fiscal
year 1959 our stations were still being operateéd by Army personnel under a separate
funding arrengement as part of Project Vanguard. The fiscal year 1960 estimates
include delivery of the equipment associated with the change-over to the new 136-
megacycle tracking frequency. The ‘operating cost increase in the fiscal year 1961
is due to the larger number of stations, including new Minitrack stations and the
three portable Microlock stations. The camplexity of station equipment will also
be greater. The fiscal year 1961 estimates include the first full year of contract
operation of calibration aircraft for station calibration. A plane is tracked by the
electronic system; the angular position readings are simultaneously checked by opti-
cal angular measurements to prove the accuracy of the electronic equipment. In addi-
tion, certain scientific experiments require special tracking and data acquisition
support to meet unusual requirements of payloads. For instance, transportable telemetry
receivers and recorders are required depending on the design of certain payloads.
Similarly special command transmitters are also dependent on payload designs.

. Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Operation of Minitrack stations...c.ccca. csaas 250,000 32,575,000 $3,500,00C
Operation of Microlock stationS.cccecscesceee -—- 25,000 300,000
Station calibration servicesS.isccicsevecessos -—- 150,000 700,000
Special tracking and data acquisition support -——— 250,000 250,000

Tota].ooooo.oo..ooo..o..on..-

223000!000

ﬁ! (50,000

203-9



Data transmission: Data transmission costs increase during the three
years indicated., During the fiscal year 1959, a portion of the data trans-
mission was accomplished by using military circuits. In the fiscal year

10LEA Pk F P - | - 4 o ? 2 A~ 1= 4 1
LT ANy i Minitrack data branamission 1s bC...n.g handlad b" leased +°l°+"p°

circuits which have operational capabilities of 60 to 100 words per minute.
The network links the Minitrack stations (there will be 1k in the fiscal
year 1961) to the NASA control center at Goddard and to the U. S. Missile
Launching Ranges and other DOD facilities.

Fiscal Year Fiscal Year Fiscal Year
Ttem 1959 1960 1961

Minitrack and Microlock leased

communication 1lineSseesscscacccsccsssocnase §EOO!OOO §200!OOO §§20!000

Opération of Optical Tracking Stations

Operation of Baker-Nunn stations: The existing twelve Bsker-Nunn optical
stations will continue in operation during the fiscal year 1961 under the
technical direction of the Smithsonian Astrophysical Observatory at Cambridge,
Massachusetts. These optical stations can photograph a satellite against a
star background to provide a precise determination of its angular position.
Observations can only be made when the visibility is good and while sunlight
is being reflected from the object. Therefore, observations can only be made
in periods of clear twilight. Since the cameras can only see a small segment
of the sky at a time, information on where to look is usuelly obtained from
Minitrack or similar electronic systems which do not have the acquisitional
limitations of optical systems.

. 4 r-) .
The cost of operating the optical ghtaticns is included in an anmual grant
Bl 4n T ot +1a < T + 3
tc the Smithsonlan Imstitution. During the fiscsl yeor *04“ thers were five

observers instead of the former three at each stat
work week and to place the station operation on & more permanent basis, With
increasing satellite activity, an increase to six observers at each station is
planned for the fiscal year 1961. A substantial increase in equipment costs
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during the fiscal year 1961 will be required for the replacement or improve-
ment of precision clocks at the opticel stations.

Moonwatch beams: MNoouwabtch teams are volunmbteer groups that sssist the
Smithsonian Astrophysical Observatory in securing observations of satellites

at different places in the world, using simple telescope equipment. The pro-
Ject was started as a part of the IGY program, and has been continued under the
Smithsonian grant. Support covers only expenses for materials and items of
equipment. Several new "apogee" sites are planned for initial operation in the
fiscal years 1960 and 1961, and improved optical instruments will be provided to

obtain better data on faint satellites.

Data transmission and reduction: The network data transmission and reduction
costs cover the central operations at Cembridge; including the commniceations
center for the optical stations and the Moonwatch teams, computations on a real-
time basis for prediction information, photo-reduction, and advenced asnalysis,
Computing services to make the data available in the proper form for scientific
purposes are & major item in the cost. There is at present a significant back-
log of film data which has not yet been analyzed. Reduction of this data re-
qQuireg additional personnel to extract from the large volume of individual
Detellite photographs the pertinent information on a satellite's position at
a given time.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Operation of Beker-Nunn stations.e.csceseocos $150,000 $1, 450,000 $1,950,000
MoonwatCh tems...59.0560.09005000.06!305000. 50’000 250,000 250’000
Data transmission and reductioN.eccecossccocso 410,000 800,000 1,300,000
Tobaleosoosocosconcscsscanas $610,000 $2,500,000 $3,500,000

In the fiscal year 1959, operations at the Jet Propulsion Leboratory's Goldstone station
were funded by the U. S. Army as part of thelr conbtract with the JPL. In the fiscal year 1960,
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however, NASA is funding operstion of the Goldstone station. The station is composed of a trans-
mitting site and a receiving site seven miles apart. Msjor operstions during the fiscal year 1960
concern the coming Echo (communication satellite) experiment, the deep space Thor-Able-4 and Pioneer
launches, the Soviebt probes, and the Explorer VI ecceniric sateilite. In addition; work is being
done at Goldstone involving research on deep space commnications such as parametric amplifiers,
dish surface measurement, optical collimation; star tracking, radiometer sky measurements, and
electrical isolation tests. TFiscal year 1960 operational costs for this station are high due to

its isolation and lack of permanent technical and support facilities.

The NASA missions to be covered during the fiscal year 1961 include one deep space launch,
two lunar orbiters, and an advanced lunar probe vehicle. Despite an accelerated research and de-
velopment program during the fiscal year 1961, there will be a reduction in the operating costs
of the Goldstone gite if funds for the construction of permanent technical and support facilities
being requested under the Construction and Equipment sppropriation are approved.

Operational stations during the fiscal year 1961 will also include the Woomera, Australia.
site (tentatively operational in October 1960), the South Africa site (tentatively operational in
Jenuary 1961), and a transporteble initial trajectory tracking and data acquisition station. It
is planned to let contracts for the operation of the Woomers, South Africa, and initial trajectory
stations as construction is completed. Virtually all of the station personnel will be indigenous.,

Data transmission lines will connect all the deep space stations to a centralized data and
control center at the Jet Propulsion Laboretory.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
Goldstone operatione.ccocesescossscassssssnas -—- $1, 400,000 $1, 250,000
Woomers OperabiONecccccessssssscscacanasseans -—- - 850,000
South Africa operation.ece.sescseesesssassces --- -—- 600,000
Trajectory equipment operatiofiecsescacsssosoe —— - 400,000
Date tronomission.cesooscceossoscoroesasosans - - 400, 000
st fata—

-

TOta.Looeooooaao-oaaooso.neeo - == i.l!h'oo‘mooo é’é! gOOEOOO
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Operation of Mercury Net Stations

The costs of operailug the Mercury net station are detailed in the Manned Space Flight
program writeup. However, the cost for all data transmission links and communications are
carried under this project to permit better integration of over-all NASA tracking stations com-
munications.

A total of about 18 stations are included in the Mercury network, including the control
center at AMR and the communications and computing center at Goddard. The communications system
for network data transmissions will primarily utilize commercial lines and military circuits.
Mercury network data transmission costs include full-period leased facilities from the American
Telephone and Telegraph Company as well as various commerciel and communications agencies in
foreign countries. A letter of intent has been issued from NASA to AT&T to provide early
implementation of the necessary data links. The actual circuit tariff rates (subject to minor
changes) given in the breakdown are indicative of costs that will be incurred and also serve as
8 basis for the estimate of the total net costs. A major portion of the uncompleted segment of
the network, as shown in the breaskdown, is still being studied and negotiated at this time.
Engineering estimates of thelr cost, including fair share installation cost, terminal equipment,
and tariff rates to be incurred, are in the order of $4,000,000 for the fiscal year 1961.

Since the Mercury network operations will not begin until the latter part of the fiscal year
1960 and will be on a limited basis as compared to the fiscal year 1961, the over-all cost for
the fiscal year 1960 is estimated to be about 20 percent of that for the fiscal year 1961.

Fiscal Year Fiscal Year Fiscal Year

Item 1959 1960 1961
1/ 1/

Operation of Mercury stations..... Cerressenens -—-

A/
= Funding inciuded under "Manned Space Flight" program.
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Item

Data transmission links:

GSFC to Hawaii (1 voice c&8ble).seessccceoes
GSFC to Hawaii (2 teletypes)eeeseseesrecsss
GSFC to Pt. Arguello (PMR) (teletype)......
GSFC to Vancouver, B. C. (teletype)ececes..
GSFC to Mexico (teletype).eeeeveseoeencncns
GSFC to White Sands (teletype)eeeececcesass
GSFC to Corpus Christi (teletype)eseceseecs.
GSFC to Eglin AFB (teletype)eeeeeceeecassss
GSFC to Patrick AFB (7 voice)eeeecesesssses
GSFC to Patrick AFB (6 teletypes).eeececess
GSFC to London (1 voice)eecessveressossones
GSFC to New York (AT&T) (6 teletypes).ecec..
New York to London {(ca8ble).eeesessececeenes
GSFC to Bermuda (radio or cable, voice)....
Terminal equipment on 8boVe...esvecsvcceses
Iondon to Canary Island (2 radio teletypes)
London to Nigeria (2 radio teletypes)......
Kauo to Zanzibar (2 radio teletypes)...ee..
Zanzibar to Indian Ocean ship (2 radio

RN K71 1= N
I.0. ship to Perth, Australia (2 radio

£E1EtYPES) eeveccreanrecirasnnssnsosssnnas
Perth to Woomera (2 cable teletypes;.......
Woomers. to Sydney (1 cable teletype
Woomera to West Australie (2 cable tele-

types)... .
Sydney to Hawaii (1 radio teletype).eeece.oe
Sydney to Vancouver (1 cable teletype)eees.

Hawaii to Canton Is. (1 radio teletype)....

Totaltoocn...-.taaoeeoaeouo'oo

Fisceal Year

1959

Fiscal Year

1960

Fiscal Year

1961

A

'
§l!OOO!OOO

$281,000
288,000
38,000
38,073
33,000
30,000
25,500
18,000
114,000
85,000
240,000
24,000
96,000
126,000
100,000

1

3,913, k27

f
$5,450,000
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Operation of Non-NASA Stations

A number of non-NASA stations which provide speciel capabilities are used by the NASA on
a part-time basis. Examples are the facilities at Jodrell Bank, England, and Fort Churchill,
Canada. The extent of the NASA use of these facilities is arrived at by mutual agreements or
contracts based on the duration and the complexity of the particular experiment. In certain cases
the NASA may provide funds for special items of eguipment needed to accomplish particular NASA
experiments.

Jodrell Bank, England: An agreement was reached with the University of Manchester, England,
for the cooperative use of the Jodrell Bank 250-foot radio telescope station for NASA projects.
The cost in the fiscal year 1959 is based on six satellites or space probes which will require
about 160 8-hour days for use of the telescope, at a cost of $1,200 per day. The estimates for
the fiscal year 1960 assume the use of this facility for a similar number of space probes and
satellites. A nominal increase is estimated for the fiscal year 1961 to allow for increased
activity.

Fort Churchill, Canada: By mutual agreement between the Department of Defense and the
NASA, it was decided that the NASA and the Army would share equally the operating costs of Fort
Churchill. On the basis of & yearly cost of $1,300,000 for the fiscal year 1960, the NASA portion
is $650,000. The NASA share of the operating cost for Fort Churchill in the fiscal year 1961
allows for a nominal increase in operating cost. The use of Fort Churchill is required in the
NASA sounding rocket program; approximately sixty sounding rockets will be launched from Fort
Churchill during the fiscal year 1961.

Other non-NASA stations: Support of other non-NASA stations for the fiscal year 1960 is
based on reimbursing other activities for the occasional use of their facilities. For example,
funds have been supplied to PMR for the use of an Hawaiian station for the Explorer VII satellite,
as well as to Japan and the University of Heidelburg. An increase in this activity is anticipated
in the fiscal year 1961 and is based on the possible use of certain non-NASA stations for
meteorological work, since NASA may not have adequate facilities in time for the meteorological
satellites without outside help. As space activities of foreign govermments increase, it is
expected that the NASA may tind it necessary to contract for tracking and data acquisition fecil-
ities for short periods of time, either due to work load at NASA facilities or for technical
reasons which make it advantageous to use facilities at unusual geographic locations.
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Fiscal Year Fiscal Year Figcal Year

Ttem 1959 1960 1961
Jodrell Bank, England..eceesssssnnscccsanss $180,000 $200,000 $300,000
Fort Churchill, Canada...e.eeeecesoess cenes - 650,000 700,000
Other non-NASA stations or facilities...... --- 50,000 hOOzOOO
Totallll'lOQOU.ll'lc'..."’e l& Ooo &EOO’OOO l)+00000

Operations at Atlantic Missile Range and Pacific Missile Range Stations

Operations at the Atlantic Missile Range: By mutual agreement between the NASA and the AMR,
certain items of operating cost are reimbursable to the Air Force. This agreement stems from a
basic military range policy which requires all range usexs to provide facilities and equipment,
including modifications thereto, that are unique to the user's purpose, and consumables and other
expenses required directly in support of the user's project. Typical reimbursable items are:
propellants, telephone toll charges, overtime pay, travel by range personnel, special equipment
modifications, and miscellaneous contract services. The major reasons for the increased cost of
these items in the fiscal year 1961 are the increase in Project Mercury activity, and the heavy
schedule of launchings planned for the Delts vehicle.

Operations at the Pacific Missile Range: During the fiscal year 1960, reimbursable costs
will be incurred in connection with the design, construction, and operation of the launch and support
facilities required for the Nerv and Delta programs. Nerv is & special sounding rocket project
for radiation research. Four Nerv vehicles will be fired from PMR during the fiscal year 1960.

The Delta launch complex must also be made ready during this period, and logistic support for
Mercury stations in the Pacific will be initiated. In the fiscal year 1961, the Delta launchings
will begin, and polar Scout launchings are also expected to get under way. Support operations
for the Mercury stations will increase with the acceleration of the Mercury program.
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Item

Amoperations...'..l‘....l...""'.......
PMR OperaiiOnB.sescesssccssccncasscosaccns

TO'tal........

" o2 s000c00060r0e

.

Fiscal Year

Fiscal Year

Fiscal Year

1959 1960 1961
— $426,000 $1, 500,000
_— 200,000 600,000

$626,000

$2,100,000

Other Operational Costs

Wallops Station data transmission: Activity at the Wallops Station relating to the launch-
ing of satellites, atmospheric probes, air-space probes, and related space experiments requires
extensive data transmission between the Wallops Station, the Goddard Space Flight Center, and the
Atlantic Missile Range. The communication links will be used to transmit vehicle performance data,
payload data, and control data between the stations in near real time. In addition to the lease
of transmission facilities, suitable translating terminal equipment will be necessary to encode
and decode date sent and received over the links. The increase in funds requested for the fiscal
year 1961 reflects the increased activity planned for the Wallops Station.

Data reduction services: This item represents the estimated requirements for contractual
computation services. The services are required both for the data systems division and for the
theoretical division of the Goddard Space Flight Center. The data systems division work is
primarily in the field of orbital computation and research on orbital computation methods, while
the work of the theoretical division is in support of basic mathemsticel deta analysis. The
lower fiscal year 1961 estimate is made possible by the completion and installstion of the
computation facilities at the Goddard Space Flight Center; these facilities are expected to take
over some of the work which is now performed under contract.

Maintenance, repairs, spares, and materials: The cost of operating the NASA tracking net-
works (excluding research and data reduction services) is approximately $10,000,000 in the fiscal
year 1960. Based on experience with this complex electronic equipment, about 5% was programmed
for maintenance and spares during the fiscel year 1960, By the fiscal year 1961 four new Minitrack

stations, two more deep space stations, and a number of complex Mercury network stations will have
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become fully operational. Moreover, a number of the existing stations will have been improved
with new and more complex equipment. The overall increase in facilities will represent ap-
proximately a four- or five-fold increase in complexity of network equipment to support space
flight operations. In addition, contract specialists and special equipment will have to be sent
to the various fieid stations in connection with the maintenence and up-dating of equipment.
Spare parts in greater quantity and of a more costly nature will have to be provided. The cost
to meintein the NASA networks at normel proficiency is estimated at about 10% of the operational
cost (approximstely $23,000,000) for the fiscal year 1961.

Fiscal Year Piscal Year Fiscal Year

Ttem 1959 1960 1961

Wallops Station date transmission:

Wallops 0 GOAABYAeseeesooscacosessascnsoses - $50,000 $100,000

Wallops t0 AMRicesecscoccrrsosoecconcasscnnne ——- 50,000 150,000

Terminal equipment for WallopS.ceceecessssese -——- 100,000 30,000

Terminal equipment to Goddard....eseesecsscs -——— —-——— 15,000

Terminal equipment for AMRicesseeccecsascnss - -—— 15,000
Data reduction S€rviceS.scseececccccscocscocace - 2,250,000 800,000
Mointenance and IrepairS..cececcssssscsscescsne ——- 250,000 1,800,000
Bpares and mAteriflB.icececscercscossssscssorcne ——— 300,000 830,000

TotBleceeessssessssscnnasensne aded §§!000!000 §§!ZBO!OOO
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