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RESEARCH AND DEVELOPMENT 



NATIOIUL AEROIWWPICS AND SPACE ADKINISTRATION 

FISCAL YEAR 1962 E$TIMTES 

APPROPRIATION SUMMARY 

Fiscal Year 

Supplexuentd 
Fiscal Year Fiscal Year 1961 Fir;ceil Year 

1~162 --d 1960 1961 - 

l3ALUUES AND EXPENSES. . . . . . $g1,4OO,OOO $170,760,000 - .U - $196,686,000 

-- - C0NSTRUCm:ON OF FACILITIES. . 84,625,000 122,?8?,000 - 119,075,000 

OOO $915 ,OOO,OOO $49,000,, 000 $1,235 dO0,OOO 'lD!l?AL... ....... $523,575, -- 



Salaries and Research and Construction 
Expense$ Developllaetlzt lof Facilitiee - 

Supp1eh:ntsl Appropriation 
Act 19150; P.L. 86 213.. $91,4OO,OOO $347,5!30,000 $84,625,oCK, 

Appropriation transfers ; 
P.L. 86-213.. .......... .. -550,000 -14,450,000 +lfs,OOO,OOO - 

Ttrt&L. * .  . . . . . . . . . . . $90,85o,ooo m., ioo, 000 $w,625., 000 

FISCAL YEAII 1561: 

Independent O f f  ices Appro - 
priatiori Act;  P.L. 86-626 $170,760,000 $621,453,000 $122,787,000 

Total. . . . . . . . . . . . . . $&70,760 ,OOO $617,915, OOO $126,325, OOO- 

 SCAT; YEAR c -  961: 
Supplemental. estimates.... , ,  --- ~9,oO0,o0o - -- - - 

F I S W  YEAR-952: - 

$T23,575,000 -- 

~, 686, ooo $919- $u9,075 ooc! $1 235 &o 000 --- Regular ersti~nates.. . . . .. . . $196 



JXATIONAL AEROBAUTICS APJD SPACE ADMINISTRATION 

FJ3CAL YEAR 1962 ESTIMATES 

Support of NASA plant 
Research grants and contracts 
Life sciences 
Sounding rockets 
Scientific satellltes 
Lunar and planetary exploration 
Meteorological satellites 
Communications satelli-bes 
Mercury 
Apollo 
Launch vehicle technology 
Launch operations development 
Spacecraft technology 
Solid propulsion 
Liquid propulsion 
Electric propulsion 
Nuelear systems technology 
Space power technology 
scout 
Delta 
Centaur 
Saturn 
Ve€s 
Tracking and data acquisition 



NAICIONAL AERONAUTICS AND SPACE ADMINXSTRATION 

RDIL-1 
RD2 -1 

RD:3 -1 
RD4-1 
RD]j -1 
RD6-1 

m7-1 
FU33-1 
RD9-1 
RD10-1 
RD11-1 
RD12-1 

RD13-1 
RD14-1 
RDl5-1 
m16-1 
~1317-1 

FISCAL YEAR 1962 ESTIMATES 

SUMMARY OF msEARcH AND DEVELOPMENT PROGW- 

P i s c d  Year 

- €rogram 1960 1961 Supplement aL 
Fiscal Year Fiscal Year 1961 Fiscal Yeax- 

1962 
.e- 

S~pp0r . t~  of NASA plant. . . $27,761,897 
Resewc:h grants and 

contmct;s. .............. 4,869,370 
Life Exiences. ........... --- 
Sounding rockets. ........ 9,681,000 
Scient;:if:'ic satell i tes.  . . 20,241,114 
mar  rmd planetary 
exploration. ............ 49,995,900 

Meteomlogical sa te l l i t es  7,930,000 
CommwxiclLtions sa te l l i t es  3,050,000 
Mercuqy. ,,. ............... 84,328,370 
A p ~ l l ~ *  rn * 8 .  100,000 
Launch vehicle technology --- 
Launch a-erations 
deveLqment ............. --- 

Spacecraft technology. 4,019,349 
Solid prlqmlsion. ........ 1,720,000 
Liquid propulsion. ....... 2'7,217,000 

ogy. .................... 5,613,000 
Space power technology. .. 3,514,000 
SCOUt.................... 3,000,000 
Delta. ................... 12,475,797 
Centaur..............,,,, 36,644,203 
Saturn.. .................. 9,450,000 
Vega. .................... 4,000,000 

Electric propulsion.. . 
Nuclear systems technol- 

1,300,000 

Tracking and data acqui- 
siticln. ................. 16,189,000 

$48,203,000 

5 000,000 
5,000,000 
8,170, ooo 

37,942,000 

77,524,000 
18, loo, 000 
3,912,000 

109,525,000 
1,000,000 
g,100,000 

100,000 
7,875,000 
1,300,000 

57,000,000 
3, 300,000 

10,000,000 
4,200,000 
2,150,000 
u, 800, ooo 
47,000,000 

118,058, ooo --- 
31,656, ooo 

7,600,~NQ 
8,620,300 
7 9 OOQ, 300 

64,700,000 

$5,000, OOCl 103,899,080 
28,200~ ooo 

24,000, OOCl 44,6C0,880 

29,5CO), OQO 
15,ooo 000 

74,24.5,008 

I, 500, OOO 
10,360,300 
3,100,000 

78,o:!o,ooo 
6,800,008 

2,600, ooo 28, oooJ mo 
5,5(,30,000 

1,825,000 3,6'15,808 
2, g0Q j, 000 

15,575,000 56, 4W,, 000 
22k, 160:, 800 

I>-- 

,- 38,650 dL ooo 

Totetl. ................. 333,100,000 617,915,000 49,000,00~3 919,!5399000 
Transferred t o  Construc- 

Transferred from Salaries 
--- I - .* tion. of' Facilities..  .... 15,000,000 3,538,000 

and I:xpenses. -550,000 -e- --- --- ........... - -.-- 

Total apgropriations. . .$347,550,000 $621,453,000 $4q,OOO,OOO - $919,539,933 _-I_ 



Research and Development Construction of Facilities T o t a l  
Network 

1960 1961 1962 1960 1961 1962 1960 1961 1962 

Satellite (Minitrack) Stations: 
Construction.............................. 
Equipment ................................. 
Advanced research......................... 

Data transmission and reduction........... 

Operations......... ........... :........... 
A,&a..,.pd A o r r o l  rr..-o..+ 
.....-.--U -- .C.L"y.YC"". ..................... 

6,260.000 Total............... 7.465.240 kJ50,000 

Facilities for Communications Satellites: 
Construction.............................. 
Equipment................................. 

Total............... 

-e- --- 
--- 

1,670,000 

Deep Space Stations: 
Construction.............................. 
Equipment................................. 
Operations................................ 
Advanced research......................... 
Advanced development...................... 
Data transmission and reduction........... 

2,281,500 
1,100,000 
1,341, 000 

1,437, 000 

6.159.500 

--- 
--- 

--- 
3,322,300 
956,100 

5,436,200 
838,100 --- 

Total............... J.O? 55P ,704 9.501 ,000 

Optical Stations: 
Operations................................ 
Data transmissionand reduction........... 

2,160,000 
1,340,000 

1.500.000 

2,160,000 
1,340,000 

.500.000 Total............... --- 
Kercury Stations : 

Construction.............................. 
Equipment................................. 

Network operational implementation........ 
Advanced development ...................... 
Data transmission and reduction.......... .. 

Operations ( including recovery). .......... 
9,535,000 
26,260,000 

497,800 
2,695 200 
1,500,000 

2,400,000 
12,600,000 
22,792,000 
6,734,000 
500,000 

5,035 700 

50.061.700 

--- -e- --- 

Total............... 15.000.000 

Eo:.= "$sAq F"&:ons: 
Construction.............................. 
Equipment................................. 
Operations ( including data transmission 
and reduction). ......................... 

400,000 
100,000 

800,ooo 

800.000 
800,000 

800.000 

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

SUrmnary: 
Construction.............................. 
Equipment................................. 
Operations................................ 

Advanced research......................... 
Advanced development...................... 
Data transmission and reduction........... 

Network operational implementation... ..... 

676 760 
__j_ 

81.5 .m 

1 , 5 7 1 , 0 0 0  
16,360,000 
41,591,600 

750,000 
2,862,500 
10,208, OOCI 
11,472,900 

$43,481,500 $62,861,500 $29.118.000 $61,182.000 



NATIONAL AERONAUTICS AND SPACE AEMNISTRATION 

FISCAL YEAR 1962 ESTIWTES 

TRACKING NETWORK OPERATING COSTS 

Fiscal Year 
1961 

$286,000 
260,000 
2x),000 
200,000 
415,000 
325,000 
370,000 
382,000 
185,000 
175,000 
185,000 
105,000 
70,000 

234,000 
50,000 

200,000 

450,000 

206,000 

150,000 

55,000 
5,000 

15,000 
20,000 

560,wo 
110,000 
25,000 
25,000 --- --- --- 

$s ,281.000 

$1,371,500 

193,400 

339,400 
432,200 
300,000 
167,400 
193,000 

$2,gg6,goo 

C U  

Satellite (lirdtrack) Statims: 
Blosscm Point, Maryland. ............. 
AntiGa, Iiritish West Indies. ........ 
Antoftlgasta, Chile .................... 
Santiago, Chile ...................... 
Wwmeir, Australia .................... 
Easelvn Fzuk, South Afr:i.ca... ........ 
East (;rand Forks, Minneirota.. ........ 
Fairbmks,, Alaska.. .................. 
St. John's, Nevfounblan<L.. ........... 
Winkf:.eld., England.. ................. 
Micro:.ock Stations ................... 
Space Con':rol Center Opl;!rational 
support.. ........................... 

Calibration (perations of Axplane.. ..... 
Call O r d c i .  Services.. ..................... 
Special Ligic.-tic Support.. ................ 

Fort Ivcrsi, Florida.. ................. 
San DiegoiGoldstone.. ................ 
Quito, Ecilador ........................ 
Lima, Peru............. ............... 

Contractor or  operator 

Bendix Corporation................ ..... 
Bendix Corporation........... .......... 
Bendix Corporation............... ...... 
RCA/Pan American.. ..................... 
Bendix Corporation.............. ....... 
&ndix/&ophysical Institute, Huancayo. 
Bendix/University of Chile.. ........... 
Bendix/University of Chile.. ........... 
Australia.............................. 
South Africa........................... 
Bendix Corporation..................... 
University of Alaeka. . . . . . . . . . . . . . . . . . .  
Canada................................. 
England................................ 
Bendix Corporation..................... 

Bendix Corporation..................... 

Bendix Corporation..................... 

Bendix Corporation..................... 

various................................ 

Calibration o:r Fie ld  Statio:.is: 
N e w  L!xico State Univervity calibration data reduction........................... 
Ambiguity resolving sli,.le rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aircraft modifications t?or parabolic antenna calibrations ......................... 
Calib-ati,m equipment.. .......................................................... 

Replacement or Electronic E,:pipnt : 
Ampex reo , ,rders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sanbo:n r~corders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Colmrrmiicntiona transmit , ;cr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fixed transmit ter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tunable dlscriminator............................................................ 
Svitc:urbl.e antenna ............................................................... 

Total.................... 

~iminl3 os ,.illator8 ................................................................ 

Deep Spact: Si.ations: 
Golds tonc, California.. .............. 
Woomera, Australia.. ................. 
South Africa (Rartcbees chock-Krugcrs- 

dorf). . 
Mobil' Tracking Station.............. 
Reimbusement for Foreign Stations.. . 
System Tests & Operations ........... 
Logistic Support. .................... 

Jet Propulsion Laboratory.............. 
Weapons Research Establishment, 
Australia............................ 

Union of South Africa.................. 
Not Selected........................... 
Foreign Governments.................... 
Jet Propulsion Laboratory.............. 
Jet Propulsion Laboratory.............. 

Total.................... 

Optical Stations: 
Jupiter, Florida..................... 
Organ Pass, New Mexico............... 
Haleamla, Maui, Hawaii.. ............ 
Curacao, North West Indles........... 
Arequipa, Peru....................... 
Villa Dolores, Argentina. ............ 
Olifontsfontein, South Africa........ 
San Fsrnando, Spain......... ......... 
Shiraz, [ran ......................... 
Woomera, Australia................... 

Mitaks, Tokyo, Japan ................. 
Naini-Tal, India..................... 

Moon Wat<:h 110 active stations ....... 

Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Obserwmory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory.. 
Smithsonian Astrophysical Observatory, 
Weapons Research Establish.,Auatralia 

Smithsonian Astrophysical Observatory, 
Japan.......... ...................... 

Smithsonian Astrophysical Observatory, 
I n d i a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Volunteer Teams........................ 

Total.................... 

250,000 

$2.250.000 

250,000 

$2,160,000 

Mercury Stations: 
Bermuda Citation ...................... 
Australia Stations ................... 
Canary Islands Station ............... 
Kano Stat.ion ......................... 
Zanzibar Station ..................... 
West Mexico Statim .................. 
Southern California Ststion .......... 
Hawaiian Station ..................... 
Canton Ialpnd Station ................ 
Cam Canriveral Atlantic Missile Range 

Corpus Ctristi White S m d s  Station... 
Air Froving Ground Station ........... 
Ocean racge ~ e s s e l s  .................. 
Port Lewis Ship Support Station...... 
Training.......... ................... 
Linccln Laboratory Services.......... 
IBM Space Computing Ceeter services.. 

Recovery Operations: 
Bureau of' Ships support ............... 
Retrieval equipment............ ...... Buresu of Weapons support (Aircraft). 

NASA contractor........................ 
Weapons Research Establish., Australia. 
NASA contractor........................ 
NASA contractor........................ 
NASA contractor........................ 
NASA contractor........................ 
Department of Defense, Pacific Missile 
Range................................ 

Department of Defense, Pacific Missile 
Range................................ 

Department of Defense, Pacific Missile 

Department of Defense, Atlantic Missile 
Range.. .............................. 

Department of Defense,White Sands Range 
Department of Defense, Eglin Air Force 
Base ................................. 

Department of Defense.................. 

NASA, Department of Defense............ 
Massachusuetts Institute of Technology 
I.B.M.................................. 

Range (Bendix) ....................... 

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

$2,0079 000 
1,852,000 

705 I 000 
786,000 
613,000 

1,460,000 

119,000 

110,000 

316,000 

313,000 
848,000 

$3, 109,000 
3,004,000 
1,276,000 

1,108,000 
1,422,000 

2,644,000 

215,000 

200,000 

573,000 

1,424,000 
1,534,000 

35,000 
2,608,000 

349,000 
134,000 -__ -__ 

18,000 
958,000 
193,000 
209,000 

1,500,000 
212,000 

Navy Department............. ........... 
Navy Department........................ 
various................................. 

Total.................... 

3,147,500 
3,982,500 

720,000 

1a!!!&22 
Non-NASA Tracking StatiOnS! 

Jodrell E d  Station................. 
port Churchill Station............... 
Photctrack Optical Stations.......... 
Reimkursement for Department of 
Defenst stations and other agencies 

University of Manchester, England...... 

Soc. of Prof. Photo. Engrs............. 

vwious.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total.................... 

c a n e  (* cognizance) ............... $250,000 $300,000 
1,000;000 

50,000 

200,000 

b1.5M).ooo 
Special C erritions & Services for Flight 
-- Missior%:ncluks specisJ itam of 
equipment to meet ground instrumentation 
requircmeni.8, such as for Explorer VII, 
Centaur and Ageno projects) ............ $500,533 9500,000 various................................ 

Spare Pats Re airs & Maintenawe for 
networl t:trck:ng stationb-. ...... various................................ $345,000 $897,300 

$35.576.900 TOTAL.................... 



NA'IXONAL AERONAIJ!PICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 E S m T E S  

SUPPORT OF NASA PLANT 

SUMMARY -- OF WQUIREME3QTS: 

Advanced Research Centers 

Space l?Liight Centers.. ... 
hunch Vehicle Centers.. . 
Progrrun Direction and 

CooriLincxtion. ........... 
: rotcf i t l .  .............. 

- 1960 - 1961 - 1962 Page Nc.. 

$16,269,800 $23,250, ooc) $33,185, oco mi-2 

5,107,300 8,570,000 11,700, o(0 m1-4 

4,522,637 14,323 O00 26,820,000 RD1-5 

1,862,160 2,060,000 5,405,000 - mi-6 

$27,761,897 $48,203,000- $77, iio,ooo - 

To :provide funds f o r  certain travel and transportation expenses, leased 
comwuliciFt.t:Lon lines,  contractual services, repairs, dl terat ions , minor 
constructiim, supplies, materials, and equipment reqxired En t he  speraticm 
of all 18484 instal la t ions.  

The qpemtions covered under this caption differ somewha% betmen the 
progmm m8as shown above. 
search Centers, together with the funas provided i n  the Salaries md Ex- 
penses appropriation, finance the in-house research p:rograans carried on ist 
these centers. 
in-house ac t iv i t i e s  funded out of both appropriations t o  administer and 
support certain parts of their development program, but the mjor program 
costs a t  these centers are funded under specific program heading/;. 
Direction and Coordination covers the supporting operating costs of the 
NASA ReEdquarters and Western Operations Oflice. 

The support of plant fundis f o r  the YLbtimieed Re- 

The Space Flight and hunch Vehicle Centers also carry 013 

krogmn 

The Advanced €@search Centers provide a broad base of research Whic'tl 
furthers the development of technology necessary f o r  manned and unmanned 
exploration of space and f o r  the advancement of aeronautical vehiclee. The 



requirenents f o r  increased size,  speed, and complexity of vehicles can only 
be mat by corresponding increases i n  fund requirements f o r  the supplies, 
materials, and equipment adequate t o  carry on research of this nature. 

The Elpace F l i&t  Centers administer the maJor research contracts f o r  
the develclpsnt of manned and unmaaned asrth-orbit ing spacecraft, main- 
t a in  world.-wide tracking networks, consolidate and an81Fe the data ob- 
tained, asid conduct SOBE in-house ac t iv i t i e s  including the launching of 
rocket vehicles as large as the Scout vehicle a t  the Wallops Station. 
major incmases i n  the f i s c a l  year 1962 &re f o r  additional equipment for  
the new Gcddard Space Flight Center and the expanded Wallops Station, 
and fo r  cctsta involved i n  the transportation of supplies and equipment 
t o  tracking s ta t ions and of rocket components t o  the WaUops Station. 

The 

The IJaunch Vehicle Centers adnrLnister the major contracts for  the de- 
v e l o p n t )  of’ advanced vehicles; car ry  out in-house work: on vehicle de- 
v e l o p n t I ,  testing, and technology; and assist i n  the operational aspects 
of swce  vehicle hunchings. Their needs f o r  supplies and equipment are 
closely reJEtted t o  these ac t iv i t i e s .  

Program Direction and Coordination covers administration of the 
en t i re  NA.I;A establishmsnt, including cer ta in  staff ac t iv l t i e s  not carried 
on a t  t h e  f ield l e w l .  
f o r  such contractual services IM reliabil i ty mnitoring, fabrication of 
exhibits, arld abstracting of pertinent s c i en t i f i c  information. 

The major increases required i n  this  area are 

More! detailed jus t i f ica t ions  of the requirements f‘or each W I  
i n s t aUtAon  f ollar: 

Advanced Research Centerts 

Location 
Fiscal  Y e a r  Fiscal Year Fiscal  Y e a r  

.- 1.1 1962 1960 - 
Langley Itwetarch Center.. . -. . . . . . . . 
Ames Re8emrc:h Center.. . . . . . . . . . . . . 
Lewis Reot:rsll:ch Center.. . . . . . . . . . 
Flight Re!t%ertrch Center.. . . . . . . . . . . . . 

$5,477,180 $9,lOO,OOO $1~4,58O,OCO 
3,497,020 4,070,000 5,000,000 
6,390,900 9,030,000 1 .1 ,820 ,~  

904,700 1,050,000 1,785,OCO - 
TC)I;B;L. . . . . . . . . . . . . . . . . . . . . . . . $16,269,800 $23,250,000 $33,185 ,oca - - E= 

Within the broad objectives mntioned i n  the s~rmary  section, the Ad- 
vanced Research Centers have the following specific responsibil i t j  es: 

Ian&{ Research Center: 
arean of materials appi3cationcs, including space environment 
ef f oc t r s  ; s tructures applications ; ~ e t o g a s r d y n a d  cs  , includ- 
ing :kuada,mental. study of the motion and interaction of 

This center conducts research i n  the 

RDl -2 



ebctzical ly  conducting gases i n  the presence of magneto and 
electzic fields; aerodynamic heating, stabillty, and perform- 
ance of space and aeronautical vahlclets; knd guidance snd 
navieptdon. 

h s  --- Research Center: The reseaxch carried on at this center 
is ccmlucted in the $;rea$ of hypersonic ~~6zwdpmmics, in- 
clUahq; problem arilaociated with re-entry of a vehicle into the 
Earthlso atmosphere; orientation, stabilization, and control of 
space! vehicles, missiles, and drcraf't; and space environmsntsl 
@yaicei, including the study of tcschnigues and instrumbnts f o r  
detecting and analyzing interplanetary gases an& plarsasse, and 
of the effect8 of high-velocity input w i t h  such materials. 

-- ZnKi~i Rerearch Center: The miasion of t h i s  center con4prlses 
reraetrck i n  th4 areas of advanced propulsion including chemical 
and riuc:lear energy systezw research ersla propellmate and the 
syetm components required t o  contml ap8 transmit, the energy 
into ueieful thrust, em& research on electrical energy systems 
t o  qtneirste and accelerate ion8 for  progulrion of apace mhiclss; 
powcli. generation for internal w e  I n  space mhlclea; aJna basic 
~ t e t i - i ~ r l e  research to  find or smthesize new materials, crape- 
c i J J y  metals, whlch have appropriate phy~ ic r l  md chslpical 
grgtori;ies for special reguimmnts of aeronautical. aula rpacs 
~ . t r l e s  * 

FUa&Research Center: Highly advanced research a r c r a f t  ara 
i n s t ~ ~ ~ n t e d  and flown at t h i s  location. The research areas 
cowri~cl are f l i gh t  mechanics, including mrLgation, automatic 
guiciltmc:e, and, control of vphiclss such as the X-15; operation 
and midronmdnt, including zmm& guidance an8 control, and the 
effect of space c)ZIvlronmnt on the pilot;  an8 asrodyacllaic and. 
stmicrtimd. effects of high velocity and high tempemture on the 
exto1mrl surface8 and supporting structural mhmbers. 

To c:iamy out the malesions outlined above, each center must bs pro- 
vided wl1;li c~dequkte equlpmnt, ~uppliee, an8 setrvlces, as w e l l  w #Ith 
iunds for the continual lqprovwxent of the,  research toals with which the 
work i6 trcconqMshed. The major needs f o r  the f iscal  par 1962 are given 
below: 

Wg,Le;g Reeearch Center: A new pro$rax~ to carry pat re-entry 
s t u & l s r i g  using two Scout vehicles an8 payloads fabricated at 
Iang,Leyr w i ~  require about $~,OOO,OO~ aadi t iona~ fo r  ths m- 
hic:brr and other supplier t o  be use8 in the construction of 

VW 5 h80,OQo i nc lub  fac i l i ty  imgprovwmnte, $l63,OQO; research 
contrantte rarlated t o  the d e r s l o p n t  of m&teria;LS for  thermal 

wt ion  s y a t a u ,  $3oO,oaO; new scientific instrumate,  

n Other m o r  items i n  the tow increase of 

216,0301; and other specialized scientific eguipuent, $793,000. 



Ames Research Center: The increase of' approximately $l,OOO,OOO 
at tIiliTcenter i s  made up a w s t  en t i re ly  of sc i en t i f i c  equip- 
ment items such as improved model supports for the 3.5-inch 
wind tunnel, $230,000; an cterodynatutc heating simulator, $210,000; 
flow visualization equipmusnt for the mass t ransfer  f a c i l i t y ,  
$13O,COO; and improved instrumntntation f o r  the hypervelocity 
rangeEl, $223,000. 

--I Lewis Research Center: MaJor item i n  the $2,820,000 increase 
a t  Imds include operating supplies f o r  constructing advanced 
test c:onqynents, ~qdels, and associated instrumentation, $500, OOO; 
rocked; propellants f o r  larger scale tests on propul.sion systems 
and c:cimponents, $7OO,C?OO; equipment f o r  power generation studies, 
$563, OOC); e q u i p n t  f o r  e l ec t r i c  propulsion research, $18O,ooCl; 
8umpU.eti and equipment f o r  improvement of asronautl.cal research 
f acil.ities and f o r  acceleration of the supersonic %ransport 
retsewch program, $185,000; ana additional. contractual supporting 
servil.c:ee at the Plum Brook f a c i l i t y ,  $125,000. 

FUREI-L Research Center: !he advanced types of vehicles used 
i n  flE@it programs at this  center require more complex i n -  
strutom-tation and servicing equipment as the reseaxch pro- 
gres13es. 
operirticmal and maintenance supplies of approximately $200, OOO; 
and the inclusion of new equipnenf items such as a three-axis 
tilt sirnulation table, $220, OOO; a surface -temperature measure - 
m n t  13y13te~1, $1OO,OOO; and an incremental computer f o r  simula- 
t ion :Facilities, $l5O,ooO. 

These needs are reflected i n  the increase for 

Location 

Space F l i a t  Centers 

Fiscal  Y e a r  Fiscal  Y e a r  Fiscal  Y e a r  
1960 1961 - x.. 

Goddard S]?;ace Flight Center ......... $4,161,800 $6,O7O,OOO $8,500,000 .................... 945,500 ~ 0 0 , O O o  :~,200,000 Wallops S-ht:Lon. u 

Totlal. .  ........................ $5,107,300 $8,570,000 

The .two space flight centers have the following specific respcwsi- 
b i l i t i es  : 

--- Goddnrd Space Flight Center: This center i s  responsible f o r  
the :Formlation and Implementation, mostly by contract with 
prinste business concerns and other Governmnt agencies, of 
the :Following major programs: 
craft, including sounding rockets f o r  the investigation of 
the .Earth's upper atmosphere and probes in to  near space, 
sc ien t i f ic  satellites to  o rb i t  the E a r t h  f o r  the purpose of 

unmanned Earth-orbiting space- 



obtaJ,ning data t o  increase m l s  knowledge of the space en- 
Virorune~zt, and sateUtes designed f o r  specific adwancemrtnt of' 
tech~r>logy i n  such fields as weather prediction and communica- 
tionr3; iaanned Earth-orbiting spacecraft f o r  the i n i t i a l  steps 
i n  mr%nlis exploration of space; lunar and planetary spacecraftt:, 
S i r s t  wamaMed and later manned, fo r  the further -loration 
of sp~ce; and the maintenance of a world-wide network for  
traclrln,g of manned and unmanned space vehicles. 

W a l l o g  -3 Station: A t  this site the instmmentation, launch, 
and dats  acqwlsition for  sounding rockets and probes up to 
the size of Scout are carried on. 

A l t b u g h  most of the fabrication of spacecdt  f o r  space nrlssions 
and the aperation of tracking s ta t ions is performed under contract, some 
in-house research and developrmsnP, must be carried on t o  insure incor- 
poration o f  the latest adxances i n  instrumntation and operating tech- 
niques, and t o  reduce and analyze the data acquired from the spacecraft. 
Wse  ac t iv i t ies ,  along w i t h  the administration of the 'programs ani the 
launching operations at the Wallops Station, will require dd i t ioma l  
f'unds i n  the f i s c a l  year 1962: 

Goddad. Space FVght Center: The! increaBe of approximately 
$2,5tcOOO at this center i s  largely at t r ibutable  t o  the re -  
quiremnts f o r  instnunants and sc i en t i f i c  eguipolaent which 
ham becone apparent since the first buildings were occupied 
i n  June!, 1960. 
pose to ta l  about $l,5OO,OOO. 
trmsigcirtatfsn of suppliers and equipment t o  the wcrrld4.de 
tracl~5.xq s+atlon networks is ,necessary as additional site8 
became opm%ional. 

The required additional funds f o r  this pup- 
An increase of $888,Oa, for the 

W E C L I . C ~  -- Startion: me $700,000 incream at  this location in- 
bludltfs the modifisation and Wernizeztlon of e&st;ing 
hwuhetrs and other minor construction, $239,000; and $32Q,OClO 
f o r  rnuppliehs required t o  prepare and Launch the rockets and 
probtts scheduled during the f i s c a l  year 1962* 

hunch Vehicle Centers 

Fiscal  Year Fiscal  Year Fiscal  Y e a r  
1962 ., Location 1960 1961 _. 

Marshall rjplwtce pl ight  Center.. . . . . . . . $4,522,637 $14,323,086 $&,8X>,W! - 

http://wcrrld4.de


Marshalli Space Flip;ht Center: This center, which also admjtnist,ers 
the NASA Eu:tLvities at  the Atlantic and Pacific Missile Ranges, is 
responsib1.e f o r  the formulation and implemntation of development pro- 
grams f o r  iimproved booster system f o r  spacecraft; the trdwulcement of 
propuLsiori tctchnology, including launch and guidance techniques; arid fop 
the supendsfion of launch operations at  the major launch sites. A 
conaideralLLe proportion of the work is casried on by contract with 
private i~ i t l u r~ t r i a l  concerns and other Govarment agencies, but sow 
work requj.:?ing close supervision is  carried on by the Marshall staff. 
The major ~pir t ion of the in-house e f fo r t  i s  directed toward the de- 
velopment;, fabrication, and test of the Saturn booster (S-1) . 
center bec:twnta a NASA. a c t iv i ty  on July 1, 1960, at which time c e r t d n  
personnel;, f a c i l i t i e s ,  and supplies were transferred f r o m  the Army t o  
the NASA. 

--- 

The 

P r o ~ t i ~ i o n  was made i n  Mey of 1960 f o r  an orderly t ransi t ion of 
functions m i  contracts froar the Army to  the BASII, and advance fun-g 
f o r  the fihxtfi year 1961 was provided i n  the amount of $4,500,000. 
Since very little of these funds were actually used pr ior  to Ju ly  I., 
1960, the rmksunt of $14,323,000 shown f o r  the f i s c a l  yectr 1961 should 
be increased by about $4,500,000 f o r  comparison purposes. 
due t o  fwidaanental differences between NASA and Army furlding policies 
and proce(hres, many items i n  the original NASA f i s c a l  par 1961 bud- 
get for  Marslmll were underestimated, and some needs were omttted. 
When bhe caimmce Aundlng provided i n  the latter part of 1960 is included 
with the I361 figure the proposed increase i n  1962 amwits t o  approx- 
imately $8,QK);,OW. O f  this amount, about $2,700,000 covers supplies, 
and rep~e:;ant;a3 the! mount by which the combined 1960 and 1961. fundhi f a l l  
short of 13,ztmiL yemly needs. 
reducing -t;2e inventory t o  an absolute minimum. For repairs, alterzr- 
tions, anti minor construction, an increase of $l,OOO,ooC~ i s  reqdrtid f o r  
supporting functions associated with larger-class vehicle developmnts. 
The increme sf about $3,8OO,OOO i n  equipment provides fo r  general pur- 
pose mchlne tools and instrunsentation required t o  handle the l:-~"gftr  
and more cmplex vehicles lsuch as Centaur and Saturn. 

3n aadif,ion, 

These needs are being met i n  1961 'by 

Program Direction and Coordination 

Fiscal  Year Fiscdl Y e a r  Fiscal  Year 

NASA Headquarters. .................. $l,805,86U $2,025,000 $5 ,361,OOO 

Total ........................ $1,862,160 $2,06O,Oa, $5,b5,000 

1961 :L962 
- 9 _ .  

1960 

Western Qperations Office... ........ 56,300 35,000 - Bc4, OOO 

-- - 



These ac t iv i t i e s  a re  assigned the over-a11 administration of the 
NASA programs w i t h  specific responsibi l i t ies  as follows: 

--- NASA Headquarters: 
include the formulation and approval of broad program ob- 
jectives, and of the major policies t o  be followed i n  
reaching these objectives; coordination of the  programs be- 
tween major areas, and w i t h  the other Government agencies 
working in  a l l i e d  f ie lds ;  formulation and implementation 
of broad administrative policies and procedures; consolida- 
tion o f  information flowing i n  from f ie ld  ac t iv i t ies ,  and 
presentation of t h i s  infomation i n  a form u s e m  fo r  
management purposes; and specialized staff ac t iv i t i e s  (such 
as the Office f o r  the United Nations Conference) that must 
be carried on a t  the Headquarters level.  

The responsibi l i t ies  of t h i s  office 

Western Operations Office: This off ice  ac t s  as the l ia i son  
u n i t  between NASA Headquarters and Government-owned Jet 
Propilsion Laboratory, which i s  operated under contract fo r  
NASA by ,the California Ins t i t u t e  of Technology. 'The off ice  
also i s  responsible for  the negotiation and administration 
of certain NASA contracts w i t h  West Coast companies. 

--- 

A s  our s:pace programs increase i n  s i ze  and scope, the supervisory 
and staff wofk must expand i n  proportion. 
as much work as possible is  contracted outside the  agency. 
requirements for funds a re  summarized below: 

In order t o  conserve pi%rsonnel; 
The 1'362 

--- NASA Headquarters: 
covers contractual services f o r  r e l i a b i l i t y  monitoring, 

Most of the increase of about $3,300,000 

$1,300,000; abstracting, cataloguing, and microfilming, 
$850,000; and elchibits for  national and internatilonal con- 
ferences and educational programs, $600,000. Other in- 
creases cover transportation of equipment and exhibits, 
auditing and contract administration by Department of Defense 
units,  photography and film processing, additional supplies 
and equipment t o  carry on the increasing level  of operations, 
and an inerease i n  representation allowances and (other extra-  
ordinary expenses of the Administrator. 

Western operations Office: 
t h i s  ac t iv i ty  i s  fo r  off ice  supplies and equipment required t o  

The nominal increase (of $9,000 at --- 
support t h e  increased staff requested fo r  t h i s  ac t iv i ty .  

RD1- 7 



Fiscal Year Fiscal Year Fiscal Year 
Objeck of Expenditure 1960 1961 . 1962 Page NO. 

21 "rami. and toansportation 
of peraoris.. ............ 

22 Tranryortation of things. 
23 Comuaications.. ......... 
24 Priilt;:tng and reproduction 
25 Other ssrvicsls: 

Repii?s, alterations, 
arid ininor construction 

MirimKUaneous semdces 
Sgrdices of other 
agencies. ............. 

26 Supp:LLeis and matefials.. . 
31 Equtgneiit. .  .............. 

Unmuchered.. ............ 

$164,600 
3,060,800 

570, 
I, - - 

5,497,000 
24,472,000 
22,017,050 

20, Ooo 
I- 

Total, Eupport of NASA 
Plant..  ............... $27,761,897 $48,,203,000 $77,llO,OOq - 

m1. -9 
RDl. -10 
RD3.-11 

RDI. -12 
RDI. -1.4 

m~. -3.6 
RDI  -1.0 
m31. -20 

Suppo:rti:ag schedules are presented on the following pages. 

mi -8 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YlUR 1962 ESTIMATES 

SUPPORT OF NASA PLANT 

TRAVEL AND TRANSPORTATION OF PERSONS 

Fiscal  Year Fiscal  Year Fiscal  Year 
1962 1960 1961 VI 

Shuttle Bus Service 
--c- 

Langley Cen te r . . . . . . . . . . . . . . . . . . . .  ... $36,925 $38,000 $40,400 ................ :27 000 Wallops Station.. . . .  65,oOo 

Hire of :Passenger -L Motor Vehicles 

NASA Headquarters ................... --- --- 5,000 2' 
kwis Center. . . . . . . . . . . . . . . . . . . . . . . .  --- --- 1,000 lJ 

--- ................... --- Marshall c%nter.. .- 

Tota.1. ............. .......... $6g,OOO $164,600 -- $62,733 

Estima;;czs fo r  these costs were carried i n  the Salaries and Expenses 
appropria-tion i n  pr ior  years. 



" X O N A L  AEFWAUTICS AND SPACE ADMIMSWTION 

FISCAL YEAR 1962 ESTIMA!IES 

SUPPORT OF NASA PINT 

TRANSPORTATION OF THINGS 

Fiscal Year F i sca l  Year Fiscal Year 
1962 1960---- - 1961 .-e. 

Transpor-hgion of Supplies and Equipment 

USA Iicm,tlquarters ................. 
Lang1e;y Center. ................... 
Ames Center ....................... 
k w i s  iCemter.. ..................... 
Flight Center . . . . . . . . . . . . . . . . . . . . .  
Godda:rS Genter.................... 
Wallqps Station... .  ............... 
Marshis11 Center ................... 
Western Off ice . . . . . . . . . . . . . . . . . . . .  

Drayage a& Other Local Transportation 

NASA Headquarters ................. 
Langley Center. ................... 
Ames Center . . . . . . . . . . . . . . . . . . . . . . .  
Lewis ,Cen te r . . . . . . . . . . . . . . . . . . . . . .  
Flight, Center . . . . . . . . . . . . . . . . . . . . .  
Goddarld Center... ................. 
Wallops Sta t ion . . . . . . . . . . . . . . . . . . .  
Marsha.13. Center.. ................. 
Western Of f i ce . . . . . . . . . . . . . . . . . . . .  

Tcb ta l . . . . . . . . . . . . . . . . . . . . . . .  

$10,000 
83 ,,9m 
18,000 
102,190 
12,800 
240,000 
60,000 
15, loo 

35 9 ' 5 0 0  

$20,000 
144,000 
22,000 

145, OOo 
9,000 

912,000 
w,OOo 
233,000 

600 
1,575 t 600 

$1,744,600: 

.L OOO 
2,85.i;flm 



NATIONAL AERONAUTICS AND SPACE ADMILNISTRAlPlOI'i 

FISCAL YEAR 1962 ESTTMATES 

SUPPORT OF MASA PLANT 

coMMuNIcATIoNs 

Fiscal  Year Fiscal  Y e a r  Fi;!;cal Y e w  
-- 1961 1962 1960 - Leased Lines 

NASA Headguazters -- : 

$10,000 $10,000 
0 000 50 0010 

&$ziti &oob 

Washingt.or. t o  Langley Center. ...... 
Washington t o  Western O f f  ice.  ...... 

Langley Center t o  Wallops Station.. 5,500 

3,810 10,000 .lO , 000 Cleveland t o  Plum Brook Station.. .. 

Xdwards:, California t o  Ely and 
Beatty,, Hevada.. .................. 107,100 108,000 108 , 003 

Wallops E3;ation: --- 
8,800 8,800 Wallopz; Island t o  Wallops Station.. 

Wallops Station t o  NASA 
Headqutwters ...................... 

Wallops S-cation t o  Goddard Center. - 
Wallops Station t o  FAA Air Traffic 

ControiL tmd A i r  Force Stations. e .  

3,000 

8,000 8, OCO 
8,000 8,oc)o 

Marshall Center: --- 
AtlantiI:! I t tssi le Range t o  NASA 

AtlantYilz! 1W.ssile Range t o  Pacific 

Atlanti: IvITssile Range t o  Marshall 
Cente:r............................ 

Lines t3 inicrolock stations ........ 

Headqiuwters ...................... 
MissiL,. 13arlge. .................... 

--- 
--e 

$1731410 I 1  l o t a l . . . . .  ................... 
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REPAIRS, ALTERATIONS, A??D MINOR COWSTRUCTION - COWITNWD 

U t i l i t y  i n -  
Skc;p =& otall2ticns 

equipment facilities G 6  szizn- c e i c e  %?d pmce5s 
n. 1 7 2 t _ _  __  Aui;omoiive DLUJ.UUA~;D, IGG~XZEZ~G 

and a i r c r a f t  and grounds t i f i c  equip, equipment systems Total 

Fiscal Year 1962: 

NASA Headquarters... ..... 
Langley Center . . . . . . . . . . .  
Ames Center.. ............ 
Lewis Center ............. 
Fl igh t  Center. . . . . . . . . . . .  
Goddard Center.. ......... 
Wallops S ta t ion . . . . . . . . . .  
Marshall Center. . . . . . . . . .  
Western Office. .......... --- 

-e -  

$780,000 
494,500 

605,000 
502,450 

245,000 

2,422, OOO 
500 

Total..  ............. $15,500 $5,049,450 $1,448,?00 $536,000 $268,500 $7,318,150 



Scient i f ic  
services 

Fiscal  Year 1960: 

NASA Headquarters ....... $40. 000 
Langley Center .......... 83. 800 
Ames Center ............. 100. 647 
Lewis Centere ........... 54. 665 
Plight Center --- 
Goddard Center 2, OOo 
Wallops Station ......... 4, 500 

........... .......... 
Marshall Center ......... 1,237. 000 
Western Office .......... --- 

NATIONAL AERONAUTTCS AND SPACE: ADMINISTRATION 

FISCAL YEAR 1962 ESTIMAmS 

S-PP0-W OF NASA PLANT 

Tota l  .............. $1.522. 612 

Fiscal Year 1961: 

NASA Headquarters ....... 
Langley Center .......... 
A n e ~  Centerc ............ 
Lewis Center ............ 
Flizht Center ........... 
Godbrd Canter .......... 
Wdlops Stacion ......... 
MarshG11 Center ......... 

3 Westem Office .......... 
E 

$100. 000 
1-29. 000 
74. 500 
83. ooo 

340. 000 
140 . 900 

2.310. 000 

... 

... 

Total .............. $3.207. 400 

MISCELLAWEOUS SERVICXS 

Management and 
administrative 

services 

$25 0. 000 
34. 125 
60. 311 
70. 980 
14. 033 
18. 000 

281. ooo 
... 
... 

$728. 449 

$250. 000 
1163. 000 
66. 500 

1L4. 000 

626. 000 

446. 000 
13. 000 

... 

... 

$1.588. 500 

Maintenance 
services 

$49. 006 
12. 730 

28. 010 

19. OOo 
250. 000 

... 

... 

... 
$358. 740 

$75. 060 
40. 000 
22. 000 
29. 400 
162. lo@ 
498. ooc 

... 

... 

$826. 500 

shop 
services 

$19. 6; 
7. 069 

259. 300 
1. 557 ... 
... 
... 
... 

$286. 926 

... 
$20, 000 

8. 000 
274. 000 ... 

... 
2. ow 

100. 000 ... 
$404. 000 

A l l  other 
services IJ ~otal 

$440. 860 
17. 150 

30. 355 
17. 100 
15. 000 
50. 692 

300. 500 
13. 00 

... 

$884. 657 

$675 . 000 
20. 000 

28. 000 
e. 500 

233. w o  
128. 000 
921. ooo 
10. 000 

$2.046. >w 

... 

$730,860 
' 203 . 075 
180. 757 
415. 300 
60. 730 
35 . 000 
74. 192 

13. ooo 
2.068. 500 

$3.781. 384 

$1.025. 000 
387. 000 
189. 000 
853. 000 
71. 900 
fly. uuu 
463. 000 

4.455. 000 
10. 000 



M I [ S c E m  SERVICES - CONTRKED 

Scient i f ic  
services 

Fiscal Year 1962: 

NASA Headquarters. . . $120, OOO 
Langley Center.. .. .. 449,600 
Aries Center ......... 78,000 
Lewis Center. ....... l20,OOO 
Flight Center. . . . . . . 
Goddard Center ..... . 325,000 
Wallops Station... . .  25,000 
MEWSIXU Center.. . . . 3,493,OOO 
Western Office.. . .. . 

--- 

--- 

l /  
=I 

M a n a m n t  md 
administrative 

services 

Tota l .  . . . . . . . . $4,610,600 $3,674,100 $1,152,400 

A l l  other 
services Ir/ Total 

$3,906,000 
812,600 
2 0 0 7 ~  

1, Ox), OOO 
ll0,OoO 
925, OOo 
522,000 

6,484,000 
lo, OOO 

$4,179,000 $13,989,600 

Includes abstracting, microfilming, fabrication of exhibits, photographic and film processing servfces, 
and other specialized services at  NASA Eeetdquarters; p a t  protection services a t  c;Od&w& an& WaU~gs; 
chemical cleaning and rental  of motor vehicles f o r  t ransporht ion of supplies, equipment, and space 
vehicle components at  Marshall; and minor miscellaneous services at all locations. 



NATIONAL AERONAUTICS AND SPACE ADMIXISTRATION 

FISCAL YEAR 1962 ESTIMATES 

SUPPOR'P OF €!USA PLANT 

Fiscal Year 1960: 

NASA Headqparters 
Langley Center ... 
Ames Center.. . . . . 
Lewis Center.. . . . 
Flight Center. . . . 
Goddal-d Center.. . 
Wallops Station.. 
Marshall Center.. 
Western Office ... 

Total. ...... 

Fiscal Y e a r  1961: 

NASA Headquarters 
Langley Center.. . 
h e s  Center...... 
L e w i s  Center.. . . . 
Flight Center.. . . 
Goddard Center ... 
Wallops Station.. 
Marshall Center. e 

Western Office. . .  

Total.. . a .  D c 

2 
p 
K 

$163,800 $1,487,688 

$55 ,, 000 
51,000 
99 J 500 

600 

332,000 
--- 

40 , 000 

--- 
$2,843,900 $578,100 $601,500 $295,800 $377,000 

Others Total 

$324,000 
64,000 
43,198 
3,800 

330 
1 , b09,ooo 

63,000 
150,000 --- 

$ioi,m $2,057,328 

$95,000 
11,000 

500 
2, 'm 

43 , 000 
32,400 

--- 

--- 
--- 



Fiscal Year 1962: 

NASA Beadquarters.. . . . 
Langley Center. ....... 
Ames Center........... 
Iewis Center .......... 
Flight Center.. . . . . . . . 
Goddard Center.. . . . . . 
Wallops Station.. *. . . . 
Marshall Center....... 
Western O f f  ice. . . . . . . --- 

Navy 

--- 

A t ,  
ZLLL 

Force 

--- 
421, OOO --- 

Total.;.......... $2,883,900 $806,100 $422,600 

Agri - 
culture 

$720,060 

Others 

--- 

Total 

$284,200 



NATIONAL AERONAUITCS AND SPACE ADMI;NISTRATI;ON 

FISCAL YEAR 1962 ESTJMATES 

SUPPORT OF NASA PLANT 

Mainten- 
Plant ance and Office Report 

Fabri- oper- improve- oper- repro- 
cation ations ment s ations duction 

Fiscal Year 1960: 

NASA Headquarters --- 
hng ley  Center. $1,030,500 
Ames Center.. . , 505,000 
Lewis Center.. . . 877,600 
Flight Center.... 95,500 
Goddard Center.. . --- 
Wallops Station. 106,000 
Marshall Center. . 500,637 
Western Office,.. --- 

--- 
$440,000 
251,300 
947,000 
149,500 
56,700 
100,000 
120,000 --- 

--- 
$450,000 
188,000 
146,000 
93,000 
61,400 
100,000 
272,260 --- 

$283,000 --- 
260,000 $150,000 
129,500 40,000 
85,400 35,000 
14,000 2,500 
167,500 
20,000 
296,640 
7,700 

SI, 400 --- --- --- 
Total. . . $3,ll5,237 $2,064,500 $1,310,660 $1,263,740 

Fiscal Year 1961: 
NASA Headquarters --- 
bYlgley Center.. . $2,905,000 
Ames Center ...... 466,000 
Lewis Center.. . . . 655,000 
Flight Center .... 110,000 
Goddard Center. . 204,000 

3 - Wallops Station..  45,000 
7 Marshall Center.. ~OO,OOO 
g Western Office... --- 

--- 
$500, ooo 
284,000 

1,000,000 
100,400 
1g1,ooo 
150,000 
130,000 --- 

--- 
$520,000 
186, ooo 
200,000 

263,000 
150,000 
320,000 

114,300 

--- 

$300,000 

132,000 
275,000 

90,000 
28,800 
415,000 
20,000 
347,000 

8,000 

$238, goo 

--- 
$155,000 

35,000 
2,500 
94,000 

12,000 

40,000 

--- 
--- 

Propellants, fuels, 
Medical, and lubricants 
security Missile 
and propel- All 

safety l an t  s other Total - 

--- 
$500,000 

500,000 
8 ? 000 

30,000 
150,000 

--- 

--- 

--- 

--- 
$430,000 
125,000 
159,000 
9, 500 
3,000 

120,000 
70,000 --- 

$283,000 
3,280,500 

2,767,900 
374,500 
~00,000 
480,000 

1,409,537 
7,700 

1,249,400 

$55,000 $1,188,000 $916,500 $10,152,5312 

--- 
$x),ooo 
12,000 
20,000 
4,000 
25,000 
4,000 
19,000 --- 

--- 
$700,000 

1,150,000 
30,000 

27,000 
175,000 

--- 

--- 

--- 

--- $300,000 

700, ooo 3,850,000 

35,000 1,227,000 
189,000 585,000 
62,000 1,665,000 

--- 8,000 

$500,000 5 575,000 
130,000 1,250 , 000 

10,000 400,000 

Total.. . e .  * .  $4,985,000 &?2-$55,400 $1,75_1,300 $1,615,800 $338,500 $104,000 $2,082,000 $1,626,000 $14,860,000 --- . -  



Fiscal  Y e a r  1962: 

NASA Headquarters --- 
Langley Center. . . $5 , 450, OOO 
Ames Center.. . . . . 475,000 
M s  Center..... 750,000 
Fl ight  Center.. . . 165,000 
Goddam3 Center.. . 75,000 
Wallops Station.. 2O0,OOO 
EisrsU Center.. 2,4U,OOo 
Western Office... --- 

%tal. . . . . . . $9,526,000 $3,155,000 $3,105,000 $2,213,500 $305,500 $113,000 $4,223,000 $1,831,000 $24,472,000 

Definitions of Functional Headings 



Fiscal  Year 1960: 

NASA Headquarters ........ 
bng ley  Center. .......... 
Ames Center....., ........ 
Lewis  Center.. ........... 
Flight Center. ........... 
Goddard Center........ ... 
Wallops Station.. . . . . . . . .  
Marshall Center.. ........ 
Western Office... ........ 

Total.. .  ........... 

NASA Headquarters ........ 
Langley Center.... ....... 
Ames Center .............. 
Lewis Center. ............ 
Fiignt Center.. . . . . . . .  ... 
Goddard Center... ..., .... 
Wallops Station ......... . 
Marshall Center.. . . . . . . . . 

I western Office.... ....... 
Total ...,.......... 

- 1 r _  - 

P2 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

SUPPORT OF NASA PLAl!lT 

EQUIPMEWr 

U t  ili t y 
systems, 

Other service, 
Sc ien t i f ic  sc ien t i f ic  and safety 
instruments equipment equipment 

--- 
$280, ooo 
281,261 
866,300 
11,500 

296, ooo 
18,200 
l20,ooo 

$1 873 261 

--- 

--- 
$1,009 , 000 

270, ooo 
875 , 000 
io, 500 

732,100 
115,000 
436,000 --- 

--- 
$703 9 000 

1,480,500 
2,353,780 

$21, i jo  
558,000 
123,000 
188, ooo --- 

$3,447,600 $5,727,430 

--- 
$1l2,000 

39,129 
45,000 
18,610 --- 
14,700 --- 

--- 
$229,439 

--- 
$105,000 

40,000 
46,000 
25, *ia 
22,400 

170,600 
260, ooo --- 

Machine Automotive Drafting, 
too ls  and other off ice ,  and 

and shop mobile reproduction 
equipment equipment equipment 

--- 
$25 , 000 
70,563 
57,200 
11,970 

678, ooo 
5,100 

400,000 

$1,247 833 

--- 

--- 
$60, ooo 
80, ooo 
57,500 
j ,  joo 

144,000 
9,400 

561, ooo --- 

$1,500 
38,080 
3,071 

76,600 
29,000 
86,000 
9,200 --- 

e--  

$243,451 

--- 
$46 7 000 

4,500 
97,720 
6, joo 

95,400 
77,000 

257,000 --- 
$669,730 $917,400 

$293,500 

50,210 

184,800 18,020 

34,300 
104,500 

145,000 

93,600 

26,300 

$950,239 

@80,000 
95 000 
90,000 
80,000 
e, >TO 

204,100 
11,000 

290, ooo 
ii , COG 

Total 

$295 , 000 
1,215,080 
1,637,710 
2,687,000 

223 , 700 
1,961,800 

116, ooo 
679 , 500 

$8,842,090 

26,300 

$280,000 
2 018 , 000 
1,965 , 000 

364,000 
1,756,000 

506, ooo 
1,992,000 

3 , 5 10,000 

il, 000 

$586,120 $1,073,670 $12,422,000 



EQUIPMENT - C O N T I r n  

Fiscal Year 1962: 

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

--- 
$1 296,000 
2,128,000 
3,538,850 
832 , 700 

1,242, OOO 
120,000 

1 , 490 , OOo --- 

--- 
$160,000 
248,000 
46,000 
16,850 
70,000 
169 950 
266, OOO --- 

$10,647,550 $976 , 800 $~982.900 

SUMMARY OF EQUIPMENT €EQUIRT3MENTS 

Fiscal Year Fiscal Year Fiscal Y e a r  
1960 1961 1962 

Replacement . . . . . . $666 000 $1,628,100 $4,062,850 

$1 , 467,000 $22,017,050 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 ESTIMAmS 

R E S M C H  GRANTS MSD CONTRACTS 

1960 - 1961 1962 - Page :No. --- 
Research Grants and Contracts..  $4,,869,370 $5,000,000 $7 600 OClO RD2- 2 

. ,-. J e  

OBJECTIVlCS -- : 

ment orgxi izat ions i n  carrying out under grant or contract research funda- 
mental. t o  the nat ional  space and aeronaut ical  programs; and t o  encourage 
t h e  maini;'?nance of the na t iona l  capabi l i ty  t o  conduct research i n  t h e  f iel.ds 
of i x t e r e  ;t t o  these programs. 

To 1xti:Lii:e as e f f ec t ive ly  as possible  t h e  capab i l i t i e s  of nongovern- 

JUSTIFICA1I?I~3N --- x 

The lmowledge required t o  form a broad f'undamenta:L program of research 

Basic research i s  t h e  fowdat ion  of 
t o  suppo:rt .the? object ives  of t h e  space exploration program encompesses 
almost a:L1 the s c i e n t i f i c  d i sc ip l ines .  
a l l  :researc.% endeavors, upon which applied research, advanced teclnology 
and advaiiced developments are strongly dependent. 

:In ix3dition t o  basic  research e f fo r t  which is  pwl; of t h e  NASA in-house, 
research p r q y a m s ,  there  are many organizations, spec i f i ca l ly  col:.eges and 
un ive r s i t i e s ,  nonprofit research i n s t i t u t e s ,  and i n d u s t r i a l  research labor- 
a to r i e s ,  which a r e  r i c h  i n  s c i e n t i f i c  t a l e n t  and unique f a c i l i t i e s .  
u t i l i z a t i o n  0.C these sources of research capabi l i ty  wi:Ll assure a continu- 
ing f.Low 3f t'undamental knowledge v i t a l  i n  importance t o  the  nat ional  
space an13 aeronaut ical  programs. 

The 

The importance of encouraging these organizations l i es  i n  keeping 
ac t ive  possible  sources of s ign i f icant  contribution. 
support 3f' univers i t ies  and colleges not only permits -the educational 
system t 3  kee? up t o  date  and maintain competence i n  t h e  various :;cientif:ic 
d i sc ip l ines  but ,  a t  t h e  same t i m e ,  allows our s c i e n t i f i c  strength t o  be 
focused 3i-L nat ional  programs of technological importance. 

I n  par t icul t t r  t h e  

RD2- 1 



FUNDING R E Q U I R 3 " S :  -- 

Physical Sciences.. ................. 
Engineering Sciences.. .............. 
Propulsion Sciences.... ............. 
Biosciences......................... 

So c i c  -Ecor:.oE.i c and Miscellaneous 
Cosmological Sciences... ............ 
Studies. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tct.aI.. ....................... 

Fiscal  Year Fistzal Year Fiscal Year 
1960 - 1961 1362 -- 

--- 800, ooo .L/ 

$1,185,676 $i,2oo,ooo $1,8OO,o(:K) 
1,681,456 2,000,000 5,100,o~:)o 

916,990 L/ 
656,845 500, ooo 

500,0oo 700, ~ : I O  _- - 428,403 

$4,869,370 $5,000,000 $7,600,000 - 
- I/ Funded. under other programs. 

Func?.j.tig for t h i s  program of fundamental research i s  variously budgeted. 
Requirement E: a s soc iat  ed with propulsion sciences and cosmological s c ience s 
m e  budgeted as su.belement,s of the various research and development programs 
Tdiich such research studies are  most predominantly expected t o  benefit.  R e -  
quirement,r; v i thin the Tield of biosciences which principally affect  the 
scientif  j.c cliscipliiles of the Life Sciences Programs are  almost t o t a l l y  
budgeted under those programs. Requirements fo r  the physical sciences, 
engineering sciences, and for  the socio-economic and miscellaneous studies, 
a l l  of wki:ich can broadly affect  several sc ien t i f ic  disciplines, are  
s e p a r a t e l ~  budgeted under the Research Grants and Contracts program as  f o l -  
lows : 

Physical Sciences 

A bivatl range of sponsored research i n  physics, chemistry, arid mathe- 
matics, i-elevant t o  space technology, has been undertaken in  the recent 
cast and vi:L1 be continued i n  the f i s c a l  year 1962. 
t ion  inc:Lude yesearch on high velocity and excited molecular and ctomic 
spec ies, :?h;y'sj.cs of solids a t  high temperature, magnetchydrodynami cs, 
fundmeni;:%l cohesive forces i n  materials, energetic chemical react ions, 
heat -exchi3Qse methods i n  the absence of gravity, d i f fe ren t ia l  equations of' 
space f l i , ~ h t  t ra jec tor ies ,  studies of properties of l iquid metals, s t v d i  e:: 
of  plasmas, h:igh-energy fuels  research, and gas dynamic:s. These represent, 
a cross :;?c-tion of the areas t o  be investigated, and i n  the sc ien t i f ic  
spectrum re1al;ed t o  aeronautical and space research. 

Subjects of investiga- 

Engineering Sciences 

The knDTrLedge provided by basic sc ien t i f ic  research points up a wide 
variEty of possible new techniques and approaches. 
the advames tha t  a re  afforded by new theories and techniques, research i s  
a l so  con3u.cted t o  seek means of  applying the basic knowledge i n  the solu- 
t ion  of .advanced technical problems. 

To properly u t i l i z e  

These i n  turn provide the rcsearchei: with 
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the  fundarrental tools  necessary t o  seek solutions t o  technical problems 
tha t  may have practical  application. The engineering sciences are  thus 
more direct ly  focused toward the pract ical  applications tha t  will ?ormu- 
l a t e  the kases of  advanced technology and design. Programs of i n t z e s t  
i n  t h i s  category include energy production and conversion, space c3m- 
municationc; and telemetry, millimeter wave length astronomical devices, 
boundary layer aerodynamics, heat transfer,  thermal s t a b i l i t y  of  m;2terials;, 
al loy development, s t ructural  dynamics and s t a b i l i t y  of shel ls  and other 
vehicle geometries, theory of control systems, pump cavitation, anll 
rocket ergine combustion dynamics. These examples point up the divers i ty  
o f  problem €.reas and each represents a significant challenge which must be 
met. 

Socio-Economic and Miscellaneous Studies - 
The fmpact of space exploration on the course of  c ivi l izat ion poses 

many diff'f-cult and absorbing questions. To assure sound policy determina- 
t ion  and program planning, studies of social  and econom.ic problems tha t  
a r i s e  fscl i i  the creation and u t i l i za t ion  of space technology are  required. 
Examples o:T th.e types of studies tha t  must be undertaken are  on the social  
and econon:ic influence of comunication s a t e l l i t e s  and meteorological 
sateTlites.  There i s  an urgent need t o  expand the stud.ies presently being 
undertaken and. to i n i t i a t e  additional studies of similar problems that a r i s e  
as  our spitce technology broadens. 

The :tel;it'ities of the Space Science Board of the National Academy of 
Sciences, arid sc ien t i f ic  symposia of direct  concern t o  the space program 
of the Na1;ional Aeronautics and Space Administration are  examples of  the 
other types of' a c t iv i t i e s  tha t  are  supported as  a par t  of  t h i s  program. 
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Advanced Te chn2.zal. Deveiqy-ient -- E, 331,000 2,250,000 RD3-7 

Flight Fxograrn,, a. * .  jl a a --- 1,250,000 3,800,008 m3-8 

$5,000, eo0 

To a s m x  m n T s  contrikution to the success of space flight missions 
and t o  ixk id .~ :~e  his unique capabili t ies as a scientific observw i n   spa^ 
exploraticlri 5.n both rwnot-eiy contro21ed and directly controlled systems; 
and t o  C O L - C ~ , : ~ ~  biological inv?stqg&";fons t~ determine t h e  effects  of  re-  
mote envfrc)nnients on l iving organisms Inc.ludfng the  sear31 x'or extra- 
terrec:3;L3jm. life. The la-t%,er e f f o r b  can be expected t o  canti f b x e  knowLedge 
per tahin[ ;  'LC) the or ig in  of Lffe md 1Ls ev-o.lu%ion f n  the universe, which 
is one ma::)? E l fent i f fc  goal t o  he a:hleved fn t he  t o t a l  s p ~ ~ c e  program. 

Although 2 ignificanr, engineerbg achievements i n  rocketxy, automation, 
sensing, r txox 'd . fng ,  prog~arrimfng and, telemetering have been rea  Lima and 
eon side rat^:.^ f~ i tu re  development is  i n  prospect, the  Endl spensab f l i t y  or" 
man in S P E V : ~  exploration is  w e 1 1  founded, versa t i l f ty ,  3eZectivity 
and ab5Li t : r  t o  perceefw m:t. u t i L i n e  t h e  signIfieanee of the unexpected. and 
t o  r e w t  ?.rste; ,.j.qefitly f n t ~ ~ s n r l "  gated sltuations have not be?n slmula.t,ed 
by any p'ny:;ica,i. , ' levf~e, S , m e  the human crain I s  the  ultimate ieservoir 
and int.egr+rtt.ot* of' a l l1  filmasi Knowledge, 1 t s  relarioaship t o  both renotely 
controi.I.;cl md d i ~ e t l y  on+ -03 i ~ d  sys~ems ms% be a p r i m e  considerationo 
The u ~ e  31' spa:? as a r-ew - ? k ~ ~ , e , o c  for basfc Liological~ investigations 
w i l l  contr L"brb e t o  the ex7 -anar t o n  of h i the r lo  unexpIairte3 b io logica l  
phenomena 



been exprlsssed by the functional c lass i f icat ions Advanced Research, Advmcct!d 
Technical Development, and Fl ight  Program. However, de tailed funding 
requirements presented later i n  this write-up w f l l b e  grouped in to  the 
following f o r  s c i en t i f i c  disciplines:  

Fl ight  Medicine and Biology 

This f ie113 of sc i en t i f i c  inquiry consists of biotechnology and the 
operational- aspects of l i f e  sciences experiments. 

The biotechnology research, development, test  and operations 'i?ro~pam 1.8 
required i n  order t o  proride the capabili ty fo r  manned exploration and 
exploitation of space and the improved u t i l i za t ion  of remote vehicles and 
sazqpling devices. This includes: 
provide information i n  a form readily accessible t o  the human brain; (b) the 
improvemert of effectiveness of both directly-controlled and remotsly-con- 
t ro l led  vehicle systems; 
environmer.ts f o r  ex t r a t e r r e s t r i a l  missions; 
agencies and. industry i n  the application of bu1sA L i f e  Science information l;o 
advanced 8,ircraf't; 
and 

(a) the use and creation of new methods t o  

(c)  the provision of adequate l i f e  supporting 
(a> coordination wfth other 

(e> providing capabili ty f o r  crew selection an1 training; 
(I?) Iircwiding techniques csnd design c r i t e r i a  t o  insure public safety.  

The 1.ong-range benefits  which m y  accrue from manned space f l i g h t  are;, 
i n  a large measure, unknown. It is  clear,  however, that instrumentation 
alone will riot t e l l  us as much about the moon, o r  the planets, as him- 
self will be able t o  report once he has TRsited those d is tan t  placas. Man 
contributes observational, analytical, and decision-making a b i l i t y  con- 
cerning '0~1th expected and unmticipated problems. 
i b i l i t y  of' s.ction f o r  operation, correction, and maintenance of s c i en t i f i c  
and ttechncrlcig9cal instrumentation and equipment %hat charaeteri ze h i s  
present uaief'ulness i n  a i r c r a f t  and in the sc i en t i f i c  laboratory. By meems 
of improved physiesl sensors, information display, a d  ground control 
integration, man can also contribute t o  increased effectiveness and capa- 
b i l i t y  of remotely operating mmnned vehicles, sample collecting, and 
analyzing dextces f o r  both physical and biologTca1 sc i en t i f i c  investigat5ons. 

He  prorides a vast  f l e x -  

The ope:ra.tional aspects of work i n  the flight medicine ma biology 
areas are expected to: 
f e a s i b i l i t y  of space flight; 
f o r  launch and. recovery operations; ( c )  provide space laboratories f o r  
f u l l  sca1.e research and development programs; 
on ear th  :-if"e f o r m  of e x t r a t e r r e s t r b l  environments inel.;ldlEng tbcse of 
the  e a r t h ' s  upper atmosphere, space, %he moon and planets; 
extraterretstxial l i f e  and information relative t o  the or igin o f  l i fe ;  and 
( f )  p lan  j"oy laboratories on the moon and planets. 

(a,) provide f o r  safety and t o  d.emonstrate the 
(b) organize Life Science support* progmms 

(d) determine the effects 

(e> search for  

The opportunity now exists t o  conduct fundamental l i f e  sciences 
research f-n satellites and space probes. 
new dimerw.ion f o r  obsermt,ion of biologic phenomena. 
the ident;:.:fLcation and study of l i f e ,  i t s  precursors, or remains, on the 

me space enTi4ronment presents a 
?%e ultfmate goal i s  
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moon and ]?.lanets. 
t o  the or:i,gin of l i f e  and i ts  evolution. 

This accomplishment would lead t o  knowledge pertaining 

Immetila-te in t e re s t  centers on the conditions of the space f l i g h t  
environment -that are irrevocably different from the terrestrial, ncunely, 
radiation rmd the altered gravity state. 
quantitat:ive.ly different  from terrestrial radiation and has far -reEtching 
implicatio:ns regarding future manned space f l i g h t  missions as well as 
offering o:pportunity f o r  fur ther  delineation of the subcellular ionizing 
e f fec ts  f r m  a basic biological viewpoint. The weightless state p ~ e s e n t s  
the opportunity f o r  determining i t s  e f fec ts  on p e r f o m i c e  i n  animrtls and 
men subjected t o  long duration removal of the constant rrtimulation of 
s p e c i a l i z d  -bodily sensors by the force of gravity, and:, elucidation of 
biologica.1 processes affected by weight o r  apposition of one par t  ctgainst 
another, :;uc:a n c e l l  division and morphogenesis. 

The former i s  qual i ta t ively and 

The Ii~~zards of space fl ight are such that tests t o  insure survival and. 
meaningful performance must be determined w i t h  animals pr ior  t o  subjecting 
man to th:is Ieqerience involving application of combined stresses which can 
be expecte3. to alter the dis t r ibut ion of blood flow t o  vital organli i n -  
cluding the 'brain, heart ,  lungs, and kidneys as w e l l  as the neurological 
consequencss of" long-term altered sensory input as it af fec ts  intei-nal 
regulating systems and the mind. 
as regards t h e i r  l ong-dmt ion  adequacy, efficiency, and reliabi1il;y i n  
maintaining B habitable a r t i f i c i a l  environment w i l l  precede trials with men. 

In- f l igh t  tests of l i f e  support systems 

Biological studies conducted at  a ce l lu la r  and subcellular leve l  i n  
the kx t r a t e rms t r i a l  environment, i n  addition t o  those concerned with 
radiation and weightlessness, w 2 l l  include observations of the effttcts of 
high mcu'um, temprature extremes, and the unusual combinations of element::; 
t o  be found i n  remote planetary atmospheres and surfaces. These i i ivesti-  
gations can be profitably extended by spectroscopic stuilies directc?d toward 
more precise ident i f icat ion of ex t r a t e r r e s t r i a l  l i f e  supporting substances 
from outside the ear th ' s  atmosphere. 

Space Medical and Behavioral Sciences 

Activity :In t h i s  f i e l d  i s  directed toward obtainin,g basic metiLbolic, 
physiologie and psychologic contributions f o r  implementation of w m e d  
space f l i g h t .  Included are observations and studies of the fundamcsntal 
aspects of the reactions of animals and men related t o  space flight and 
exploration as they effect s ~ v a l  and performance; and studies of? human 
ecology as it relates t o  advances i n  space science and technology. 

As WMed space flights become voyages of days, weeks, o r  months 
duration, there i s  need f o r  a more fundamental approach t o  problem13 i n -  
volving t h e  basic medical and behavioral discipl ines  of radiology, meta- 
bolism, cardiovascular physiolo@;y, respiratory physiology, neurophysiology,, 
psychology, and sociology. 
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FjhysicaJ. measurements of the radiations i n  space have defined the 
requirements fo r  more precise evaluation of the e f fec ts  of long-term, 
relatively.  low dosages of ionizing radiation and the finding of me;sns f o r  
protection therefrom i n  addition t o  conventional shielding techniques. 
Altered metabolic reactions achieved through temporary lowering of body 
temperatures or  phamcolog-fc m e a n s  hold promise of affording varying 
degrees of protection from radiation o r  e f fec ts  which may r e su l t  from 
exposure t o  other sources of energy i n  the electromagnetic spectwin as 
OCCUT i n  space flight. 

Metabolic requirements of animals and men i n  t e r n  of energy c:xchange;, 
heat transfer,  and nut r i t ion  under the l imitations imposed by confinement 
i n  an a r t i f i c i a l  space capsule environment pose problems of a fundmental 
nature which require further study. 

Acceleration forces and weightlessness produce a r ed i s t r ibu t im  of 
blood flow t o  the heart, lungs, brain, and kidneys. The chronic ePfects 
of these physical stresses on vital organs and adaptation thereto, as w e l l  
as the long-term cardiovascular e f fec ts  of res t r ic ted  mobility, am sub- 
j ec t s  f o r  detailed sc i en t i f i c  consideration as they r e l a t e  t o  space3 ex- 
ploration. 

Long-term l iv ing  i n  an a r t i f i c i a l  atmosphere which can be expwted t o  
deviate from optimal conditions on occasion necessitates further study of 
the process of diffusion of gases including toxic substances from the lungtr 
t o  blood and f r o m  blood t o  body t i ssues  as w e l l  as further considl~3ration 
of the chemical a l te ra t ions  incident t o  pulmonary ventilation. 

More detailed knowledge of nervous system sensors; visual and auditoqy 
perception; the physiologic substrate of orientation, thought, and emotion, 
the neural control of respiration, cwdiovascular function, temperf%ture, and 
metabolisn; ana, the neurophysiological aspects of environmental adaptation 
and fatigue &s well as psychological reactions involved i n  motivation, vigi.- 
lance, and soc ia l  adjustment, r e f l e c t  a series of important areas of concern 
i n  regard t;o mi%nps performance under conditions imposed i n  f l ight .  

Investigations i n  the medical and behavioral sciences w i l l  a b o  contr i -  
bute knowledge i n  these areas which wi l l  result i n  a better understanding of 
health an13 disease on earth. 

Rapid adwwces i n  science and technology, par t icu lar ly  improvements i n  

The l i f e  sciences 
c o r n h a t i o n s  and rapid transportation, lend increasing emphasis to rnan's 
relations:hips t o  other men and t o  his  t o t a l  environment. 
provide an appropriate-focal point f o r  collection and dissemination of 
information concerning human ecology. 

Radiation hazards i n  projected manned space flight missions t o  the 
moon and p l a n e t s  make radiology a primary area of e f fo r t .  
the asibie:ntp radiation i n  space, the proposed use of nuclear energy fo r  
auxi l iary power and f o r  propulsion lend more emphasis t o  t h i s  field. 

I n  addi.tion t o  
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'The psychophysiological concomitants of weightlessness, 1 solaxion and 
confinement are hi@ pr io r i ty  areas of concern included i n  the bas:i.c medi- 
ca l  rand behrxvioral sciences. 

Stimulation sf i n t e re s t  and mobilization of ta len t  f o r  research i n  the 
medical szhools and other research ins t i tu t ions  will be carried out i n  the 
disciplines 3s w e l l  as i m  cardiovascular physiology metabolism and respira -. 
tory pbys icdogy. 

space Btology 

The Iotljec.tives of t h i s  ac t iv i ty  are: (a) studies of the e f fec ts  of 
newly def fned ex t ra te r res t r ia l  environments on l iving crganiems; (b j 
assessment of organic chemical life -supporting compounds on extratttrrestris.1 
sites; 
possible extraterrestrial l i fe  forms; and (d) preventing terrestr: ial  organic 
chemical 3r mLcrobiologfcal contamination of extraterreistrial  bodies i n  or4ei- 
t o  preserve them for  study of l i f e  processes. 

( c >  development of means of remote ident i f icat ion and analysis of 

4 major goal f o r  sc ien t i f ic  achievement i n  space exploration :is %he 
acquie l t im of fur ther  knowledge of the origin of l i f e  imd i ts  evo.Lution. 
The SeisPch f o r  ex t ra te r res t r ia l  l i f e  bears U r e c t l y  on th i s  problem and 
includes further investigation of extraterrestrial organic compounds which 
tentatively hare been identified.  
flown in  search of extraterrestrial l i f e  must themselves contain no l i f e - -  
i n  other woads, decontaminated o r  s te r i l i zed .  

Authorities agree that probes aid vehic.l.er; 

Zero-g; ionizing rad%atZ.oTp and other components of the ebectrormzgnetit:: 
speetrum; high vwxmm; 
substances in planetary atmospheres and surfaces 8s found i n  space environ- 
ments, provide a new vsuntaga point f o r  observation of t he  biologic e f fec ts  
on sfmple c~rganfsms, includlng i n t f m t e  de ta i l s  o f  the :molecular control of' 

tempeGature extremes; and unusud eombinat ions of' 

l i f e  processes. 

Fiscal  Year Fiscal  Pear 
1961 - 4dvmced Research 1960 --- 

Flight Medicine and Biology.. . . . . . . . . . --- $74/,,,000 
Space Wdlca l  and Behavioral Sciences.. --- 1,000,000 

--- 679, ooo - Space Biolo@y . . . O . . . . . . . , . . . . . . . . . . . . . . e  

F lscal  Y e a r  
- 1962 _- 

$85 5 ,0130 
1,000,0~:10 

715, o:>o .- 

<$2,5 TO, 000 - I 
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A&vanced Re search - 
Fiscal Yew Fiscal Year Firxal Year 

1960 - 1961 - 1962 -. 
Flight Medicine -I and Biology: 

Compili , ig existing data against 
known :requirements for  advanced 
manned f l igh t  systems and docu- 
menting f o r  rapid machine access... 

integrate5 requirements necessary 
t o  control environment for  "Apollo" 
and other manned f l i gh t  programs. 

Define information needed, control 
r e  quir lene n t  s , display require - 
ments, computer requirements and 
integration requirements necessary 
for  t h e  man-machine linkage fo r  
the pe.rformance control of "Apollo" 
and generalized vehicle and sub- 
vehicles. .......................... 

Organizing data from AEC and other 
sources t o  define and provide the 
biotechnology needed for  pro- 
tection of ground and f l i g h t  
personnel i n  the coming nuclear 
systems ............................ 

Providing requirements and methodol- 
ogy for rea.1 time linkage of a re- 
mote human operator t o  improved con- 
t r o l  of physical science experi- 
ments (at, a distance from the opera- 
t o r . . .  ............................. 

Conceptual definit ion of the 

Space Medical -- and Behavioral Sciences: 

Cardiovssculnr physiolo gy. . . . . . . . . . .  
Metabolism .......................... 
Neurophysiolo gy..................... 
Psycholo gy . . . . . . . . . . . . . . . . . . . . . . . . . .  
Radiology ........................... 
Respiratory physiolo g y . . . . . . . . . . . . . .  
Pathology ........................... 
Sociology. .......................... 
Information exchange ................ 

--- $50, ooo $100,000 

--- IL45,OOO 145,000 

45,000 60, ooo 

,147,000 
,162, ooo 
302, ooo 
65, ooo 

164,000 
65, ooo 
20,000 
10,000 - 65,000 

1,~300,000 

80, ooc) 
170, oo(:) 
250,000 
65, ooc) 

5 5, 000 
20, 000 

5 ,  000 a, 000 
YL, 0 0 0 , 0 0 ~ ~  

295,000 
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Fiscal Year Fiscal Year Fiscal Year 
.- 1961 1962 - -. 1960 Ailvmc ed Res ear ch --- 

Space Bicl.oq.: -- 

Sterilization by radiation and 
heat .............................. 
Chemical analysis of meteorites.... 
Compendiim for spectroscopic 
analysis of organic compounds. .... 
fitraterrestrial environmental 
studies............ ............... 
Microorganisms under simulated 
conditions ........................ 
Effects of s-pace environments on 
cellular systems .................. 
Martian and Venus simulation study 

of microorganisms in the 
upper atmosphere .................. 
chmis-try.+ ....................... 
Experiments .in prebiological 

$110 , 000 --- 
- - .- 

$38,000 

195,000 

17, ooo 

63, ooo 

17,001:) 

80 , 000 

500,00(:) 
60 , ooo 

20, OOC) 

:Lob, 000 
679,000 

To:Xl,, Advanced Research ..... 
Advanced fPeechnica1 Development -- 

$1, 010,000 Flight Medicine and Biolo gy... ....... 
Space Med:-c:n:L and Behavioral Sciences 
Space BioJ.ogy.. ...................... 

$I., 465,000 

-. 785,000 
- - -. 

d 321, 000 

Totxil, Advanced Technical 
Development ................... K331, ooo &;, 250,000 

Flight; Medicine and Biology: -- 
Providing preliminary integrated 
envirornient control technology for 
"Apollcl" and other manned flight 
prograas .......................... 

FTov i d i n 6; X)r el imi nary development 
of advarced control and display 
equipmer t fo r  human operators of 
space vehicles. ................... 
environrrent and control systems.. . 
better 1i.nking a remote human opera- 
t o r  with biological experiments ... 
Bioelectric sensing and transmitting 
equipment for human control of re- 
mote vehicle systems .............. 

Simulatisln programs for checking 

Integrated control program for 

$1.15,000 $115,000 --- 

375,000 

250, ooo 

375,000 

350,000 

245,000 100,000 

100,000 300, ooo 
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Advanced Technical Developent --- 
Coordinating programs between DOD 
and FAA. t o  insure that NASA devel- 
oped kchnology is usefully inte- 
grated in.to 
Feasibility 

advanced aircraft. 
devices... ............ 

Space Biol%x: - 
Operaticnal ,techniques for space 
probe decontamination............. 
Advanced development and applica- 
tion of decontamination techniques 
Instruments for remote analysis of 
organic compounds ................. 
Remote sampling instrument for 
planetary microorganisms .......... 
Biochemical .probe for extraterres - 
trial life....... ................. 
Planetary cytochemical instrumenta- 
tion .............................. 

‘&tal, Advanced Technical 
Development .................. 

Flight Proaram 

Flight Medicine and Biology. .......... 
Space Medical and Behavioral Sciences. 
Space Biology ......................... 

Total, Flight Program ......... 
Flight Medicine -- and Biology : 

Re search a:ad development activities 
associated with the exposure of 
primates t o  the space environment 
with rezovery from orbital flight. . 
Final design and testing integration 
of research instrumentation. ....... 
Biological investigations in flight 
conducted at a cellular and sub- 
c e 1lula:r :L eve 1. .................... 

Fiscal Year 
1960 

Fiscal Year 
1961 - 

$70, ooo 
1,010,000 
- 

30, ooo 

28,000 

99,000 

18, ooo 
146, 000 

--- 
321, ooo 

$I., 331,000 

--- 

Fiscal Year 
-. 1962 .- 

e” 5,000 

30,000 

1oo,oc)o 

180, ooo 

40,000 

- .., - 

:p, 250, ooo = 

$3, 800, ooo - .. - 
- .. - 

$1,250, ooo $3,800, ooo - 
-. - 

--- $49,000 $765,000 

--- 185,000 1,205,000 
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Flight - Program 
Fiscal  Year Fiscal  Year Fiscal  YeiEtr 

- 1961 - 1962 -- 1960 

$20,000 25 , oolo --- 

5 00,ooo --- 150, ooo 

--- 50,000 - .. - 

Launch and recovery support 
program: 

Emergency and survival equip- 
ment f o r  escape from vehicles 
i n  space. ....................... 

Development of methods t o  predict  
efficiency of the experimental 
sni:nal through the assessment of 
v iab i l i ty  and performance, and 
t o  stepwise interpret  the e f f i -  
ciency equation f o r  mission 
planning purposes. .............. 
with s.ma2.l animals and biologi- 
ca l  payloads .................... 

‘Two m~bi le  laboratory vehicles 
t o  r3srve a t  launch sites.. . . . . . .  

Equi:pne.nt f o r  mobile laboratories 
such a s  air  conditioning, heat, 
e lec t r ic i ty ,  water, benches, 
chairs, and sc ien t i f ic  equipment 
such as microscopes, centrifuge, 
chexnLca18, glassware, e tc .  ...... 

Support al; launch and recovery 
sitt?,j.. ......................... 

NOn-&$%$ experimenters and assist- 
ant:; a t  recovery si te.  Trans- 
por’;i3t:ion and per d i e m  fo r  
averc%ge of 7 days f o r  2 people 
f o r  .LO f l i gh t s .  ................. 

Special air transport of biologi - 
ca l  Inaterial .................... 

Non-IIASA experimenters and assist- 
ants ai; launch s i t e  ............. 

Manned t;pace laboratory programs; re- 

F l i@t  vehicles f o r  experiments 

search and development on opera- 
tional. etpipment i n  support of orb i t -  
ing mumad space laboratory. ...... 
progran; development and fabrication 
of expetrimental hardware and inte- 
gration of experiment and vehicle 
includ.j.ng lunar and planetary probe 
landings. 6 flights (Centaur - 
Surveyor). ........................ --- 135 000 270,000 

Lunar Euid planetary probe sampler 
--- 

20,000 10,000 

60, ooo 150, ooo 

15 , 000 30, ooo 

20,000 40,000 

10,000 60, oco 
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Fisca l  Y e a r  F i sca l  Year Fisleal Year 
F19S;ht Program 1960 1961 - 1962 

I__ -- 
Feas ib i l i ty  study f o r  manned lunar --- --.. $20,000 

$1,250,000 &, 800,000 

and plariettary laboratory. . . . . . . . . - - 
- - 'I'cIte.1, Fl ight  Program. . . . . . 
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ItATIONAL AEROIUAUTICS AND SPACE ADMINISTRArCION 

FISCAL YEAR 1962 ESTIMATES 

SOUNDING R0CKE;TS 

1960 1961 - 1962 Page Nc. 

Advanced Eesearch.. ........... $418,529 $420,000 $32o,oc’o m4-4 
Aavanced ‘I’echnical Development 834,671 490 , 000 420, OClO RD4- 5 

Flight Program. ............... 8,427,800 7,260,ooc 6,260,oco RD4-6 
I- 

Total . .  ................... $g,681,000 $8,170,000 $7,OOO,OOO 
1 :  - - 

OBJECTIVES - : 

To investigate geophysical phenomena from the ear th’s  surface through 
s a t e l l i t e  a l t i tudes,  using sounding rockets and other probing techniques. 
To perfom astronomical observations by measuring the  radiation arriving 
from other ce l e s t i a l  bodies from above the  obscuring ana dis tor t ing effects  
of the  earth’s atmosphere. To investigate the structure of the  atnosphere, 
the ionos:?iere, the  geomagnetic field., energetic par t ic les ,  and thl? 
chemistry and solar dynamical effects  of the upper atmosphere. 

JUSTDICKC:LOI!J: --- 
A sounding rocket may be defined as a rocket used -to carry a payload 

t o  an a1t::;utle no greater than 4,000 miles (one ear th’s  radius) and which 
then fall$: back t o  the earth. 
forming those experiments i n  the upper reaches of the ionosphere and atmos- 
phere that, cstnnot be accomplished by means of s a t e l l i t e s .  For instance, a 
rocket exprfment can obtain a ver t ica l  cross section measurement of the 
characteri.:;tf-cs of the  atmosphere i n  the short time required f o r  i t s  climb 
t o  maximum al t i tude.  Also, rockets carrying recoverable payloads vi11 per- 
m i t  a more detailed study of energetic par t ic les  of solar origin, cosmic 
rays , and t , h ~ b  lower regions of the Van Allen radiation bel ts .  Task s fo r  
which s o u  ilirtg rockets are par t icular ly  suited include : 

These rockets have the capabili ty oj’ per- 

1. Direct measurements of atmospheric conditions above the  maximum 
otltainable balloon and airplane a l t i t ude  and below the  minimum 
usef’ul s a t e l l i t e  a l t i tude;  tha t  is, 20 t o  125 miles. 
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2. Measurements of ver t ica l  atmospheric cross-section over (any 
a1.t itude range. 

3 .  Simultaneous measurements (synoptic observations) above 9 
number of selected locations, possibly timed t o  coincide w i t h  
some unusual event such as a solar f l a r e .  

4. Upper air  measurements which require a very large payloal3 
power level  for  only a short period of time. 

5.  Experiments which require the recovery of experimental 
materials o r  devices a f t e r  a short exposure a t  a l t i tudes up 
t o  several thousand miles. 

6 .  Flight tes t ing s a t e l l i t e  and space probe equipment a t  a nuch 
lesser cost than the  same t e s t s  would require using space 
vehicles associated with such s a t e l l i t e s  and space probes. 

Soud5.ng rockets offer  a comparatively inexpensive method. of performins 
They have a comparatively short le%d time f o r  many scic?iit,ific observations. 

procurerrimt,, and payload development time i s  much l e s s  than tha t  required 
for  the heavier, more complex, longer l ived s a t e l l i t e  payloads. I'hus, the 
sounding rocket i s  an extremely f lexible  too l  for use i n  space sciences. 
Due t o  the f l ex ib i l i t y  of' the  program, a sc ien t i s t  can perform an  experi- 
ment, st,udy h i s  resul ts ,  and design and build a new experiment based upon 
h i s  finl!f.ngs in  the space of  approximately one year. The sounding rocket 
schedule is ,  therefore, usually defined in  de t a i l  for only approximately 
one year i n  a.dvance. 
s a t e l l i t e s  i n  which lead times of two years a re  usual for small s a t e l l i t e s ,  
and three years a re  required for the highly complex s a t e l l i t e  payloads. 

This i s  t o  be contrasted with research using 

Opei*at;ionally, the sounding rocket program i s  divided into categories 
according t o  the nature of the experiment o r  investigation. 
gories e.i*e as  follows: 

These cate- 

Aeronomy 

This study area i s  concerned witk investigations of the atmosphere in- 
cluding i t s  composition, chemical reactions, dynamical. processes, the inter-  
actions of t h e  atmosphere with solar energy and the variations of these 
proper tks  from day t o  night and with season of the year. 
e te rs  arid temperature, pressure and density gages are  the instruments most 
commonly used.. 
niques that; are employed for the determination of wind.s, diffusion effects,  
and the ttyriamics of the upper atmosphere. 

Mass spectrom- 

Sodium vapor releases and grenade experiments are tech- 

Energetic Par t ic les  and Fields 

Inc!:Lucled i n  t h i s  area a re  those experiments directed a t  achieving a 
be t te r  tuidt?rstanding of the nature, origin, and characterist ics of energe-tic 
par t ic les  ( el.ectrons, atoms, neutrons and ions having large amounts of 
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energy and eonsequently possessing properties tha t  may roughly be described 
as similar -to the radiation from radioactive substances). 
a re  those  experiments studying the magnetic f i e l d  of the earth an6 i t s  
charsctei?is~tics, and the  interactions tha t  occur between energetic 
par t ic les  aiid the magnetic f i e l d  and atmosphere of the  earth are hcluded. 
Examples (of studies in  t h i s  category include investigat;ions of cocimic 
rsys I ga~mna rays, auroral phenomena, energetic par t ic les  released by the 
sun especia.lly during periods of enhanced ac t iv i ty  (solar  s toms m d  
f lares) ,  ;and the lower region of the Van Allen radiation b e l t s  surrounding 
the earth. The instruments used i n  these studies include magnetometers, 
Geiger co.un.ters, other types of detectors including ion and sc in t i l l a t ion  
counters, a:nd complex arrays of these tha t  a re  usually referred t c l  as  
"telescq-es" (i .e. ,  a gamma ray  telescope). 
has been syl extremely valuable too l  fo r  studies of cosniic rays and 
radioact.ivity can also be used when recovery of the rocket payload can 
be arrarged. This technique involves the use of special photographic 
emulsions. !Re emulsions are  sensitive t o  energetic par t ic les  anti. 
permit identification of the various par t ic les  through studies of the 
characte:ristics of the paths of the par t ic les  i n  the emulsions. 

Also included 

A laboratory technique tha t  

Ionospheric Physics 

This area includes a l l  investigations of the ionized (e lec t r j f ied)  
regions laf the ear th 's  atmosphere. 
ing the number and composition of the ions (atoms and riolecules bearing 
an e lec t r jc  charge) and the concentration of the elect?-ons i n  the ear th 's  
atmosphere. 'fie path and propagation characterist ics of radio waves over 
the surf*zce of the earth are  determined by the electrons present f.n the 
ionosphere. The more common types of instrumentation :include ion 
spectrometers; Langmuir, ion, and electron probes; radio frequency im-  
pedance probes; and e lec t r ic  f i e l d  meters. Other techniques fo r  studying 
the ionosphere a re  based upon the strong influence exerted by the ion- 
osphere 3n radio wave propagation. 
multi-frequency propagation experiments and soundings from both the ground 
and from rockets t o  determine ionospheric absorption, refraction, and 
polarization effects.  

Studies here a re  directed a t  C-etermin-. 

These techniques include single and 

A s t  ronoiiw 

Astronomy i s  par t icular ly  significant because the astronomicttl ex- 
periments included here were not possible before sounding rockets and 
s a t e l l i t e s  made it possible for astronomers t o  make observations :?ram 
above the ear th 's  atmosphere. This i s  important because the atmosphere 
actually permits the transmission t o  the surface of the earth of only a 
small amount of the t o t a l  electromagnetic radiations arriving fro11 the sw;~ 
and other ce l e s t i a l  bodies. This small amount is i n  the vis ible  ;*egion and 
even here the atmosphere causes blurring and distorting effects.  X-ray, 
ul t raviolet ,  and infrared radiations a re  not transmitted by the eitrth's 
atmosphere. Information deduced from studies of these radiations emitted 
by the sm, planets, and stars w i l l  yield a much more advanced understand- 
ing of tke nature, composition and phenomena of these bodies, and 
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eventual1.y lead t o  a be t t e r  understanding of the origin and nature of the 
solar syst;eni and perhaps o f  the  universe. 
means of sounding rockets usually include one o r  more specialized detectors 
and accompanying f i l t e r s  or spectroscopes. Typical experiments are  those 
designed t o  study the nature and t o  measure the intensi ty  of the X-rays o r  
ultraviol.cit radiation from the sun (solar physics) 
astronomy:l,, o r  other specific source. 
payload x.:;uztlly includes special i n s t m e n t a t i o n  designed t o  t r a in  the 
instruments upon the object under investigation independently cf t h e  motion 
o r  position of the rocket. 

The experiments performed by 

a star (galactic 
For these experiments the mcket 

Special 

This last category includes a l l  other sounding rocket experimsnts tha t  
do not fa.l.1 within one of the categories described above. Include3 here are  
special I.c:~Y!c?~s fo r  tes t ing rocket performance and vehavior, and i ighly 
specialized pzyloads such as those instrumented primarily for  engineering 
o r  materials tes t ing purposes o r  for micrometeorite detection. 

In s8iLmniary, sounding rocket investigations make it possible t:, study 
certain a.l.ti.tude regions otherwise inaccessible; provide a re la t ivs ly  in- 
expensive means fo r  the development of new instruments and experiments; 
enable tkc: experimenter t o  collect  data far closer t o  when and where he 
wishes t o  than i s  possible with any other vehicle; and because of the 
short, time required t o  prepare and launch experiments) make it possible t o  
move quickly into the investigation of new and valuable study areas. 

Advanced Re search - 
Aeronomy : 

Mass sgc:ct,rometer. ............. 
U1Z;ravi.cdet scattering den- 

si.t ome:t;er ..................... 

Energetic PEsticles and Fields: 

Riomter measurements (Northern 

Solar ccmLic ray events ........ Hemis-phere ) ................... 

Fiscal Year Fiscal  Year Fiscal Year 
1960 - 1961 - 1962 _- 

$29, 494 $60 , ooo $5’0,000 

50 ooo 60, ooo A.- Zgg 120,000 100,oo 0 

35 3 000 
35,009 20 ) 000 30, ooo 

20 , 000 30,000 70 ooo 

--- --- 
--- 
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Fiscal Year Fisc,al Year Fiacal Year 
.. 1962 

c31___- Advanced Research 1960 1361 - 
Ionospheric -- Physics: 

.... - - .. Plasma 'environment measurements $117,500 --- - - .. --- 
- - -. --- Ionosphere propagation measurements 

Astronomy : 

... --- U1travio:Lel; mapping experiment.. 100,000 --- 
Internat iona:L Program. ............... -- --- 

-e- Sounding Eocket Handbook. ............ -- 

$1.70 , ooo $150 , ooc 

- 1.00,000 

..... '$320, ooo - $4.20,000 - - Tote.1, Advanced Research. $418,529 

In the Advanced Research area, effor t  leading t o  improved and new types 
of spectrometers and density gages fo r  atmospheric research w i l l  be con- 
tinued. 
sounding r x k e t  program of  investigation of  phenomena associated wi-;h the 
a r r iva l  at the earth of energetic par t ic les  of solar  origin. A riorieter 
i s  a ground-based specially designed radio receiver which continuour:ly 
monitors ionospheric radio wave absorption characterist ics and thereby 
gives an irrunediczte indication of the a r r iva l  of energetic par t ic les  from 
the sun. 
mented for  energetic par t ic le  studies, which have been ready on the 
launcher. 
provide f o r  cooperative e f for t s  with other nations i n  research u t i l i z ing  
sounding rcwkets . 

Tiometers will be established a t  appropriate s i t e s  t o  support the 

Tliis permits the prompt launching of standby rockets, inst ru- 

1iluidi.ng of the  international program w i l l  also be contimed t o  

Fiscal  Year Fiscal Year Fiscal Y e a r  
Advancell 'I'echnical Development 1960 1961 1362 -- -I 

Aeronomy : 

Rocket instrumentation for  the 

Upper atmosphere sodium v-apor 
upper atmosphere, ............... $195,550 $200,000 $1-80, ooo 

:le 
..... . . . . . . . . . . . . . . . .  --- 256,582 -- 

452,132 200 f 000 
experiments 

Energetic Part icles and Fields : - --- 
Magnetic f::ie:Ld and ionospheric 

currents ......................... 50, ooo 
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Fiscal Y e a s  Fiscal  Y e a r  Fiscal Year 
.- :1961 1962 

7 - 1_-- Advanced Te chni ea1 Development 1960 

Ionospheric -- Physics : 

Langmuir ionosphere probes. ....... $125 , ooo --- e .. - 
Ionosplisre plasma studies. ........ 125 , 339 

100,000 70 , ooo Electron density probes. --- 
250,339 100,000 70 , Of% 

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

.................. 120 , 000 132,200 140 J 000 -- Vibration Studies. --- 
To-;a:L, fldv-aiiced Technical 
I)t?velopac;lt ................. $834,671 j;4g0,000 $420, octo 

The rtctivit ies under t h i s  heading are  concerned wi.th the  development 
of advanced instrumentation intended fo r  f l i gh t s  i n  1963 and 1964. 
cluded h w e  are  the development of mass spectrometers of greater dynamic 
range and fas te r  response time and pressure gages capable of reporting 
the very :-ow pressures encountered i n  the upper atmosph.ere. 
electron clensity probes for accurately determining the electron content 
of the iclriosphere are  a lso being developed. 
countered. in somding rockets during engine burning and. the effects  of 
these vilc8rat,ions on rocket and payload performance w i l l  continue about a t  
the level established during the  f i s c a l  years 1960 and 1961. 

In- 

Imprcved 

Studies of the vibrations en- 

Fiscal  Year 
Flight Program 1960 

Aeronomy : 

Low-pressure f l i gh t  detectors...... 
Gage interaction with radiation 
measurements ...................... 

Flight detectors and electronics. , ,  

Procurenent and fabrication of 
payload cDmponents and subsystems. 

Ultra-high vacuum system calibra- 
t ion  setup ........................ 

Rocket grenade experiments ......... 
Pressure gage calibration.. ........ 
A l l  m e t a l  low-pressure gages*. ..... 
Sodium -napor experiments. .......... 
Attitude control units. ............ 
Computin,~ ra'acilities.. ............. 
Services, Faci l i t ies ,  and materials 

f o r  fabrication of grenades.. ..... 

Gas composition detector studies. .. 

Fiscal  Y e a r  
1961 

_3 

30, ooo 
50, ooo 
59,000 

270 , ooo 

--- 
:300 J 000 
10,000 
50,000 

250, ooo 
1 5 , O  
50, ooo 

Fiscal Year 
1962 

$TO,OOO 

50, ooo 

230 , 000 

280, OOCI 
10 , 000 
30 , 000 

200 , OOC 

30,000 

..... 

- - ._ 

--_. 
- - .. 

100 , 000 mooci 
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Fiscal Year Fiscal Y e a r  Fiscal Yew 
1960 - 1961 - 1962 -- Flight Program 

Energetic Par t ic les  and Fields: ---- 
Calibration of rocket experiment 

(Skyhook f l i gh t s )  ................. 
Emulsion scanni ng.. . . . . . . . . . . . . . . . .  
Nuclear emulsion....... ............ 
Procurement and fabrication of 
payload components and subsystems. 

Engineering services. . . . . . . . .  ...... 
Nike-Asp .......................... Magnetic f i e l d  experiments with 

Design i3nd construction o f  payload 
for Ne:rvos....... ................. 

Sc in t i l l~ i t i on  counter uni ts .  ....... 
Comput i ; ig  s e i ~ i c e s  ................. 
Flight msgnetometers ............... 
Flight j ? ro ,gming  uni t . .  .......... Magnetic aspect units.. ............ 

$60, ooo 
10,000 
5,000 

$150, m o  
10 , 000 
5, 000 

45,600 
28,800 

103, ooo --- 110,000 
20, a30 

45,600 - - -  ..... 

--- 
--- 

lo J 000 
13 000 

--- 
--- 

201 , ooo 

- ._ - 
10,000 
35, 000 
5 , 000 
5,000 

350, ooo -- 

Galactic Ast:ronomy: -- 
Flight plio-toemissive detectors. .... 
Design itjld construction of rocket 

instnuiixxation for i n t e r s t e l l a r  
and inl;c?rgal-actic media. .......... 

Aerobee 2tti;it;ude control system.. .. 
Design wid construction of rocket 
Design o:? opt;ical systems. ......... 

instrunien1;ation f o r  s t e l l a r  
s tudies . .  ......................... 

Spectrophotometer gratings ......... 
Flight gho1;ornult i p l i e r s  ............ 
Flight i.ont.zat ion chambers ......... 
Comput irq; services ................. 

20 J 000 25, ooo 25 , ooo 

258,000 
250, ooo 
20,000 

216, ooo 
50 , 000 
30,000 

2 10,000 
50 , ooo 
20 y octo 

150, ooo 
12,000 
10,000 

--- 

196, ooo 
5,000 

20,000 
5 , 000 

160, ooo 
10,OC~O 
15, oco 
5, oco 
5,000 

500 , 005 
--- 

720, ooo 
Solar Physics: --- 

14, 800 
81,300 
15 , ooo 

87,000 

14,000 
36 J Too 

Flight el.ec:t r omet er s ............... 
Flight irtstzumentation sections. ... 
Nose s h e l l s .  ....................... 
High resolL.tion spectrophotometry. . 
Flight detector development ........ 
Design and construction of optics.. 
ProcureIrent and fabrication of 
payload components and subsystems. 

Field services.. ................... 

25 , 000 
153,000 
20 , 000 

150, ooo 
50 , ooo 
50, ooo 

- - ._ 
140,000 
20,000 
65,000 
40,000 
40 , 000 

74,600 
--- 

49 , 000 
30 , ooo 

~0,oO:l 
30, 003 



Fiscal Year Fiscal  Year Fiscal Year 
- E'1igh-k Program 1960 - 1961 - 1962 -- 

Flight etlectronic system engineering 
Flight Epcctrophotometers ........... 

Ionospheric Physics: -- 

Flight instrumentation.............. 
Flight support ...................... 
Data reduct ion ...................... 
Antenna deve.lopment ................. 
Frocursnent and fabrication of 
payloal3 comzonents and subsystems.. 

Rocket-'borne power amplifier. ....... 
Ion speztrmcopy data reduction.. ... 

Meteorite ;Studies : --- 
Design, Cakrication and assembly of 

f i e l d  :;.ip-gort equipment. ........... 
Ionization coincidence system. ...... 
Flight detectors. ................... 

Sounding I<oclret; Support : -- 

174,500 
48,300 
20,000 
40,000 

52, loo 

17 , 700 
64,400 

82,100 

Sounding rocket improvement and mod- ......................... i f  ication.. 395,600 
Drop tesl; for Nerv. ................. 65 , ooo 

Aerobee a t t i tude  control system.. ... 250, ooo 
Javelin 1)- 11' s ....................... 300, ooo 
Computer services. .................. 22 , 000 
Study of' wind. effects. . . . . . . . . . . . . . .  11,500 
Telemetry ........................... log, 200 
Telemeter5rg services... . . . . . . . . . . . .  100 , 000 
Antenna services.................... 35 , 000 
Dovap de\-el.opment.. ................. 95 , 000 
Cut off receivers.. ................. 125 , ooo 
Silvercel ls .  ........................ 25, ooo 
Recordin@ tape 17 , ooo 
Recording Taper.......,............. 15 , ooo 
Calibratcrs.. . . . . . . . . . .  ............. 60 , 000 
Asp rocket, systems. ................. 181,600 
Aerobee systems ..................... 794,600 
Nike-Cajun systems .................. 150 , 400 
Journeymen systems .................. 470 , 000 

Developnient of  20-inch sounding 
rocket. .............................. 1,000,000 

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

$25 > 000 

278, ooo 
15 , ooo 
20 , 000 
30, ooo 

74 , 000 
6 ,  ooo 

iE-$i% 

43 , 000 
--- 

365,000 
1,000 

300, ooo 
50, ooo 

100,000 
195 , 000 
200,000 
50, ooo 
50, ooo 
50,000 
25 , 000 
10,000 
10,000 
32, ooo 

138,000 
900, ooo 
67 , 000 

500,000 

$25 , ooo 

*$ 

280 , ooo 
15 , ooo 
20,000 
25 , ooo 

60 , oc)o 
5,000 

60, ooo 

-- - 
5 0 , 000 
50 , 000 

210,oco 
200,000 
40,000 
40; 000 
80,000 
25 , ooo 
10 , 000 
10 , 000 
25, ooo 

150,000 
750,000 
67,0013 

500,000 
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Fiscal  Year Fiscal  Year Fi,;cal Yea:[* 
--. 199. - ~ . .-. - 1962 __ Flight I Program 1960 

Iris systems. ....................... $214,000 
Nike systems.... .................... go, 000 
Nerv systems ........................ 1,009,700 
Nike launch'er modification... ....... --- 
Attitude pointing calibrator.  ....... --- 
Attitude co:ntrol scanner............ --- 
Performance gages................... --- 
Instrumeiitct.tion for  Mike-Asp rockets --- 
I n s t m e n t a t i o n  for Iris  rockets.. . .  --- 
Fine pointi:ng control . . . . . . . . . . . . . . .  --- 
Solar aspoct cel ls . .  ................ ^- -  

Aerobee lyJlkhead.,.,.. .............. --- 
Structure t e s t s .  .................... --- 
Performan:e studies.. ............... --- 
Beacon and :?ewer supplies. .......... 
Dovap opera-tions .................... --- 
Dovap trrrns:?onder s .................. --- 
Transmitters ........................ --- 
Timers .............................. --- 
Relays..,. .......................... --- 
Comutato:rs ......................... --- 
Teleflow viire. ...................... --- 
Voltage con-;rol osci l la tors  ......... --- 
Attitude control units.. ............ --- 
Test and twtluat ion. ................ --- 
Procurement and fabrication of 

--- 

$100 , 000 
50, ooo 
40,000 
5,000 

20,000 
50, ooo 
40 , 000 
60 , 000 

250, ooo 
16, ooo 
10,000 
20,000 
70, ooo 
20,000 
50, ooo 
30, ooo 
12 , 000 
5,000 
5,000 

15, ooo 
5,000 

64, ooo 
1~00,000 
18, ooo 

--- 
$400,000 
50 , ooo 
?O,OOO 

- - .. 
16 , ooo 
10 , OOCI 
20,000 
50, oool 
40,000 
50,000 
30 , 000 
20,000 

5 , 000 
10 , 000 
15 , ooo 
5,000 

60, ooo 
190 , ooo 
18, ooo 

componerxs and subsystems. ......... 
5,535,600 

Tota:L, Flight Program. ........ $8,427,800 $7,260 . 000 $ e ,  260,000 -- =e. 

During the f i s c a l  year 1960 the sounding rocket program continced t o  
gain moment,um through the launching of rockets and experiments in i t ia ted  
during the first year of NASA's existence. An Aerobee launching toLer was 
completed ELI; the Wallops Station, Virginia, i n  March 1960. 
NASA launckmgs at  Fort Churchill, Canada, had been conducted some nonths 
ear l ie r .  qlie number of launchings has increased gradually and w i l l  level  
out a t  approxjma;tely 85 per year. Fiscal  Y e a r  1959 and 1.960 funds %ere 
used t o  s t e3 - t  the build-up t o  t h i s  program level.  The major effor ts  ear ly  
in  the fiscal year Were i n  the procurement of rockets and. the construction 
of payload:: fo r  launching la te  i n  the f i s c a l  years 1960 and 1961. 
obtained from the experiments performed i n  the first half' of the fiscr:- 
year 1960 %ere analyzed and follow-up experiments were being planned ( 7 

constructed. at, year's end. 

The i n i t i a l  

I'he data 

The rockets launched through the first half of t.he f i s c a l  year 1961 ver:: 
mostly Nike-Asp and Aerobee vehicles which were capable of attaining 
a l t i tudes  of' about 150 miles w i t h  normal payload weights. By the riiiiidle 



of the f ? i x : a l  year 1961 the f i r s t  launchings will be made of  larger rockets 
(Journeyrntan and Javelin) capable of carrying heavy pay:Loads t o  over 500 
miles i n  ixl-titude and l igh t  payloads t o  over 1,000 miles. 

The b a d s  planned fo r  the f i s c a l  year 1962 w i l l  continue the  sounding 
rocket pr~gram a t  the 1961 leve l  of approximately 85-rocket f i r i q s  per 
year. P:”psration of eqeriments, analysis of r e su l t s ,  and continuation 
of suppo:r t ing research ac t iv i t i e s  and advanced instrumentation deTrelop- 
ment w i l l  be continued a t  the leve l  required t o  support the f l i g h t  program. 
High-alt itude investigations of the  outer regions of the 
ionosphere w i l l  be increased, and recovery experiments p r i l l  be of pa7.- 
t i cu l a r  value i n  the Part ic les  and Fields program. 
and the (details  of the  instrumentation t o  be used will generally be de- 
termined by the  resu l t s  obtained from launchings during the f i s c a l  year 

atmosphere and 

The exact expeririients 

1961. 

A msjor portion of the f i s c a l  year 1962 funds will be u t i l i zed  to 
procure rockets and payload equipment. An increased leve l  of  ac t iv i ty  i n  
the  f i e lds  and par t ic les  program i s  indicated by the Lsrger amow;s re- 
quested fo r  magnetometers, engineering services and calibration work. In  
the other sc ien t i f ic  disciplines, the 1962 leve l  of ac t iv i ty  t . r i l l  ‘1se about 
the same as the 1961 level.  
support cf the  sounding rocket program has decreased since some o r  the de-. 
velopment costs f o r  rockets and specialized hardware a re  no longer re- 
quired. 
approximately 25 Aerobees, 21 Dike-Asps, 12 Bike-Cajuns, 20 Iris rockets;, 
and 4 hi&-altitude (over 1,000 miles) journeyman rockets. 

The amount needed fo r  hardware and g2neral 

!l%e f i s c a l  year 1962 budget provides f o r  the procurement of 

m4- 1.0 



NATIONAL AERONAUTICS AND SPACE ADMINISTRCLTION 

FISCAL YEAR 1962 EST3MAICES 

SCIENTIFIC SATELLITES 

SUMMARY 0.F :FU?,QWREMEDSTS: -- 
1960 1961 1962 Page N o .  

Advanccpll :Research. . . . . . . . . . $1,680,337 $3,327,000 $3,543,000 RD5-5 

Advance5 'Technical Development 2,332,484 6,861,000 5,826,000 RD5-5) 

Flight Program. . . . . . . . . . . . . 16,228,293 27,754,00(2 25,331- ,000 - RDg-1-4 

T o t a l .  . . . . . . . . . . . . . . . . 2,000 $64,700, o( - )o -- - $20,241,114 $37,94 

OBJECTIVES : -- 
The fundamental objective of the sc ien t i f ic  s a t e l l i t e  progran i s  the 

expansion of  human knowledge of  phenomena i n  the atmos:phere and s:'*ce. Tl:ur; 
objective encompasses two fundamental questions of universal intc:irest,. One 
of these deals with the nature and origin of the universe, and the other is 
concerned with the major sole that the sun exerts over the natur&L physicetP 
processes of the ear th  and i t s  atmosphere. This broad fundamentai objecti.v: 
i s  being pursued by means of a research program ut i l iz ing  s a t e l l i x s  
designed t;o investigate specific problem areas i n  upper atmosphere and space 
phenomena. 

Th is  fundamental objective can be further categorized i n  tenns o f  
basic sc ien t i f ic  investigations i n  the areas of Astronorqy and kqphysics. 
These geraral  objectives a re  as follows: 

Astronomy 

To investigate the electromagnetic radiations i n  a l l  wavelexzgths, from 
gamma r a y s  t o  radiowaves, 
planets, sun, stars, galaxies, and in t e r s t e l l a r  and intergalactic ma$ter, 
and t o  uE8e these observations t o  extend our knowledge of these boiie:;. 
More spec'if'ically, t h i s  area i s  subdivided in to  the following scisnt:ific 
program cib j ectives : 

tha t  reach the vicini ty  of the earth from the 



--- Solar. Astronow: To observe the sun and the solar  atmosphere i n  the 
X - r a y ,  ult,imriolet, and infrared region of the spectrum i n  an e f for t  t o  
understanel the detailed behavior of a typical star. 

--- Stell-trr and Galactic Astronoqy: To understand the origin, present 
state,, antt evolution of the universe and i ts  component par ts .  For t h i s  
purpose, o1)servations of stars, nebulae, galaxies, and planets w i l l  be 
made i n  tlu? ~~s3nma ray, X-ray, ul t raviolet ,  v is ible ,  and infrared region 
of the spe(:t~rum. 

Astro&rsics: P i  - To understand the physical processes occurring i n  the 
universe. In particular,  at tention w i l l  be devoted t o  the nature cjf  gravit,,y, 
t o  a thorough study of the gross features of the ear th 's  g r a v i t a t i c l k  
f ie ld ,  and t o  the behavior of elementary par t ic les  i n  rapid motion as 
evidenced :in the production of r a d i o  frequency radiation. 

Ge ophy s i c s 

To dt:-te:rmine and understand the structure, composition, and dJ'namical 
behavior o f  the ear th ' s  atmosphere and ionosphere. 
determine Lhe nature and origin of the G r e a t  Radiation Belts. 
and under:; tad the relations between solar  act ivi ty ,  the earth ' s atmosphere, 
and surfa(:13 meteorology. 
ions, oostnic rays, other energetic par t ic les ,  magnetic, e lec t r ic ,  ~Lnd 
gravitationa.1 f ie lds ,  micrometeorites, and other matter,; t he i r  intc!ractiont; ; 
and the i r  sffects  on instrumented and manned space f l i gh t .  
t h i s  area is subdivided in to  the following sc ien t i f ic  program objectives: 

To investigate and 
To determine 

To investigate phenomena associated with photons;, 

More s]wcificaJ.l~-, 

Aeroiiom;y -- and Micrometeorites : To study the atmosphere by meaz;urements 
of the composition, the density distribution with al t i tude,  la t i tude,  and 
longitude, the motions of atmospheric gases; and t o  determine daily and 
seasonal n r i a t i o n s  of these parameters. To determine -the effects  of solar  
energy and t h e  physical forces controlling the chemistxy and dynrU0li.c~ of 
the atmosphere. 
research :programs, including those relating t o  the ionosphere, energetic 
par t ic les ,  meteorology, and space vehicle performance. To determine quantity, 
compositim and impact veloci t ies  of micrometeorites entering the earth' s 
atmosphers . 

To determine the relations t o  other basic and app:l.ied 

%ner,getic -- Part ic les  and Fields: To measure the flux of energetic 
par t ic le  radiations i n  the vicini ty  of the earth so that it can be 
accurately described at  any point i n  space and at any given time. 
carry out analytical  and theoretical  studies t o  determine the origin of the 
par t ic les ,  the mechanism by which they are  accelerated, the paths vhich 
they f o l l o w  i n  space, the effect  of the so la r  cycle on the i r  properties, 
and the i r  interactions with the f ie lds  i n  space. To accurately ma:g out the 
magnetic f i e ld  of the earth, t o  determine fluctuations (and interactions 
with charged par t ic les  and plasmas, and t o  carry on analytical  and theoret-. 
i c a l  studies t o  determine the mechanisms producing the f i e ld  and tile inter- .  
actions. 

To 
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-*-- 1ono:mhmA.c Studies: To study the nature, dynamic&. behavior,, and 
spa t ia l  and temporal dis t r ibut ion of charged par t ic les  with thermal. 
energies. Parameters investigated are the concentrations of electi*ons 
and o:f positive and negative ions, t he i r  energy distributions,  the ion 
masses, t 1 ~  !coefficients of dissociation and recombination between neutral 
and charged :particles, the frequency of coll isions,  and the motions of the 
charged p;%rtic:Les and be l t s  of such par t ic les .  

The 'new knowledge t o  be gained i n  the sc ien t i f ic  s a t e l l i t e  program has 
obvious qpplications. 
must be designed with the characterist ics of the upper cztmosphere :la mind. 
These characterist ics must be defined and studied i n  de t a i l .  The ~ono-  
sphere exerts ,such a tremendous control over radiowave propagation thak it 
i s  easy t o  recognize the benefits  t o  be derived from a be t t e r  unde:i?standin(!; 
of the phenomena of the ionosphere, radio noise storms blackouts. The 
radiation be l t s  are  of considerable in te res t  because of the 1imita'l;ions 
this region may impose on manned space f l i gh t .  Likewise, solar phenomena 
and the gusts of energetic par t ic les  emitted by the sun from time 'GO time 
are o f  sirrilar concern. 
yet been even broadly defined. 
cations, and oftentimes the most important and spectacular discoveries a re  
those which cannot be anticipated. 

Spacecraft which are  t o  return f:rm orbit& f l igh t  

The micrometeorite hazard t o  space vehicles has not 
These are but a f e w  exanrples of knmn app1I.- 

Sa te l l i t es  offer the opportunity t o  conduct investigations ovir large 
regions cf' space and f o r  long period of time, i n  excess of one year i f  
required. 
observaticm, including studies of our own sun, which were not possible 
e a r l i e r  from ground-based o r  balloon-borne observations due t o  the absorb- 
ing effects  of the ear th ' s  atmosphere. The sun i s  the principal smrce 
of energy for the earth. 
earth and. :its atmosphere lave been observed f o r  centuries. Sa t e l l i t e s  now 
offer  the opportunity of studying the energy output of the sun before it 
reaches a,ruL i s  pa r t i a l ly  absorbed by the ear th ' s  atmosphere. Likewise, 
satellite:; nlake it p0ssi.bl.e t o  perform direct  observations and measure- 
ments i n  the region of the upper atmosphere where the sun's energy produce:; 
some of i t s  primary effects .  The surface meteorology of the earth, the 
propagation ckwaracteristics of radiowaves, the auroras, the radiation 
be l t s ,  ;slrtcL other geophysical phenomena are  the results of interactions of 
the sun's energy with the earth and i t s  atmosphere. 
knowledge acquired through space research w i l l  lead t o  a be t t e r  under- 
standing of the ear th  and i t s  relations t o  our solar  system and tke 
universe; aid t o  a f u l l e r  understanding of the relations of man t o  h i s  
envi ronmcmt 

Sa te l l i t es  a l so  make it possible t o  perform many astronlmical 

Daily and seasonal effects  of the sun on the 

Ul.timately, the 

The fol.lowing i s  a lis-& of sc ien t i f ic  s a t e l l i t e s  and near space probes 
They are  l i s t e d  under the appropriate sc ien t i f ic  included i n  t h i s  program. 

discipline:; : 



Sa te l l i t e  o r  Probe 

Solar Ast;;:oim: _- 
Orbiting Solar Observatory 
Orbiting Solar Observatory (backup o r  follow-on) 
Orbiting Solar Observatory ( follow-on) 

S te l l a r  and -- Galactic Astronomy: 

Gamma Ekty Astronomy Sa te l l i t e  
Gamma Ekty Astronomy Sa te l l i t e  (backup) 
Oribitirtg Astronomical Observatory 

Aeronomy -- ~tnd Micrometeorites : 

Fiscal  Year 
-c- of Launch Vehicle 

Delta 1561 
Delta 1962 
Thor-Agena B 15164 

Juno I1 1961 
scout 1961 
Atlas-Agena B 1964 

A i r  Den.sit,y-Drag Measurements S a t e l l i t e  scout 
Microme tteoroid Sat e l l i t  e scout 
Atmospheric Structure S a t e l l i t e  Delta 
Micromet,ecroid S a t e l l i t e  (backup o r  follow-on) scout 

Energetic Par t ic les  and Fields: _- 
Energetic Par t ic les  Sa te l l i t e  Delta 
Energetic Par t ic les  S a t e l l i t e  (backup or  follow-on) Delta 
Recoverable :Nuclear Emulsions Probe - 

Ionomheric Phvsics : 

Ionospheric Direct Measurements S a t e l l i t e  
Ionosphsre Beacon Sa te l l i t e  
Ionosphlere Beacon Sa te l l i t e  (backup) 
Electro:? Density Profile Probe (#1) 
Electro:? Density Profile Probe (#2) 
Swept Frequency Topside Sounder (Canada) 
Swept Fhqiency Topside Sounder (Canada) (backup) 
Fixed-Rrquency Topside Sounder (US) 

Geophysical Observatories : -- 
Eccentric Orbiting Geophysical Observatory 
Polar 0133 i - 5  Ing Geophysical Observatory 

In t  ernat iona:L Programs : -- 
Int  ernational Ionosphere Sa te l l i t e  (United 

International Ionosphere Sa te l l i t e  (United 

1nternat:ional. Program Sa te l l i t e  (United Kingdom 

International. program Sa te l l i t e  (NO. 3) 

Kingdom No.  1) 

Kingdom No.  1) (backup) 

No. 2) 

;scout 

JULO I1 
J U ~ O  I1 
JUO I1 
scout 
scout 
'Char-Agena 11 
!&or-Agena I) 
scout 

1961 
igGi 
1962 
1952 

1941 
1962 
1963 

rrov. 1960 
1961 
1961 
1962 
1962 
1962 
1963 
196 3 

Atlas-Agena B 1963 
Ibor-Agena 11 1964 

scout 

sicout 

scout 
S'COUt 

196; 2 

1962 
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Advanced Research 
I 

Solar Astronomy: 

Solar research... ................... 
Theoretical :research - so lar  ac t iv i ty  
Studies of solar  f lares . . . . . . . . . . . . .  
Developn.ent of theories of so la r  and 
stellar physics .................... 

Fiscal Year Fiscal. Year F:i.scal Year 
-- :L*l 1962 1960 - 

Ste l l a r  ard -- Galactic Astronomy: 

Ult ravi ole t laboratory spectroscopy. 
Photometzic standards and optical  

constant s . . . . . . . . . . . . . . . . . . . . . . . . . .  
Theoreti.ce3 interpretation of ultra- 
violet, spectra- .................... 

Formation and properties of inter-  
s t e l l az  matter. .................... 

Interst,eU.ar reddening and polari- 
zat,ion. ............................ 

Relatiir. s1;i c deductions from 
satell.:.tc: motions. ................. 

Traject;ory and orb i t  computations. .. 
Traject;oqr analysis and programs.. .. 
Gravity and r e l a t iv i ty  .............. 
A s  t rophy s :i ca l  hydromagnetic s ........ 
Inte  rpm tati. on of non- thermal 
radial;:ion sources .................. 

M i l l i m e - t  e:r receiver re  search. ....... 

Aeronowigl  Micrometeorites: 

Planettrry atmosphere studies. ....... 
Micrometeorite simulation. .......... 
Kinetic aeronomy. ................... 
Supporc o:f space science l i t e r a tu re  
abstratzts.. ........................ 

Studies i.n upper atmosphere dynamics 
Calib r;z t i on of micrometeorite 
detectors .......................... 

Kinetizs of the atmosphere studies.. 

97,300 

150, ooo 

24,000 

19,100 

50,000 --- 

--- $100,0(30 
50, ooo 

$50,000 50, ooo 

60,000 
110,000 

75,000 50 , ooo 

--- 25 ,OC)O 

--- 100,000 

--- 25 ,000 

25 , 0100 --- 
75,000 225,000 

10,000 20,000 
25,000 25,000 
40,000 40 , 000 

--- 50,000 --- 50,000 

--- 30,000 

3% 25,000 
100,000 

180,000 30 , ooo 
37,000 50, ooo 
50,000 50, cloo 

--- _. - 
100,000 100, OOC 

50,000 50 , oocl 
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Fiscal- Y e a r  - Advanced Research 1960 

Energetic -I :Pa:rticles and Fields : 

Cosmic :ray monitoring. .............. 
Anti-particles i n  space. ............ 
Radiation ‘belt studies. . . . . . . . . . . . . .  
Charged particles and f i e lds  i n  space 
Solid s t a t e  energetic par t ic les  
detectws .......................... 

Geohydronagnetic theory ............. 
Riometer deasurements (Southern 

Hemi sphere ) ........................ 

Ionospheric Physics: 

Ionospheric propagation research. ... 
True height ionograms.. ............. Ionosphemric reaction studies. . . . . . . .  

Very lclv frequency propagation studies 
Studies of’ low energy ionospheric 
reactions .......................... 

Theorettj.cal studies on plasma probes 
AnaJSrsi.:; of spectrometer designs. ... 
Ioni zed. sheath studies .............. 
Dual. sptcttcraft propagation measure- 
ments.,, .* .......................... 

Propaga1;ion research methods. ....... 
Ionosplieri-c and cosmic radio noise 
studies. ............................ 

General (ko-lhysics : 

Analysi;; of t e r r e s t r i a l  gravimetric 
data ............................... 

Geodetic :investigations ............. 

General ;$..~p~port: 

Sa t e l l i t e  payload recovery studies.. 
Effects of space environment on 

so la r  ce l l s . . . . . . . , . . . . . . . . . . . . . . . .  
Feasibi l i ty  studies of advanced 

instrumentation .................... 
Mathemart i c s 

T cit;a,l, 

and computi ng........... 

Advanced Research ....... $1,680 , 337 

Fiscal  Year 
1.961 

$105,000 
77,000 

200,000 
78,000 

480,000 
60 , 000 

100,000 
125 , 000 
48 , 000 
25 , ooo 
20,000 
20,000 

50,000 
100,000 

--- 
I- , 028 , 000 

10 , 000 
~00,000 
510,000 

75,000 

150,000 

50,000 

&% 
$3 , 327,000 

Fiscal Year 
-. 1962.- 

- *. - 
$50 , ooo 
400 , 000 
100,000 

100 , 000 
50,000 

50 , ooo 
750,000 

500 , ooo 
60,000 
100 ,000 
125,000 

25 , ooo 
20 , 000 
20,000 

loo, 000 
150,000 

.2CE. 
1,223,cloo 

48 , 0’00 

10 , OOCI 

.. -.. 

.., - .. 
,.. - .. 

127 000 
127, ooo 
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A comprehensive program of advanced research i n  space science:, i s  
essent ia l  to provide a sound basis f o r  experimental investigations i n  
scientific: satellites. This research builds on data obtained through 
ground based observations, sounding rocket experiments, balloon flights, 
s a t e l l i t e  an(l. space probe flights, and laboratory experiments t o  provide 
guidance : f x  planning future studies, t o  develop techniques f o r  these 
observations and explorations, and t o  interpret  the results of s a t e l l i t e  
experiments. Contracts and grants are placed with universit ies,  nonprofit 
inst i tut ions,  industry and government agencies f o r  this research. 

Solar Astronomy: 

Grama 'based monitoring of solar act ivi ty ,  present:Ly being conducted, 
w i l l  provl3e a high speed, high resolution record of so la r  events which can. 
be correlisteld with satell i te observations not only of the sun i tself ,  but 
a l so  of cmmic rays, magnetic storms and other interplanetary, planetary 
and geoph;ysiccil phenomena. Theoretical studies of the active and quiet SUI, 
i n  coo:rdination With s a t e l l i t e  observations, should lead t o  an understanding 
of w h a t  produces solar  ac t iv i ty  and why different  regioins of the sim behaw? 
differently. 
occurrence of the flares which release the energetic par t ic les  which presei~t 
a hazard t o  manned space flight. 
f i s c a l  year 1962. 

Ultimately t h i s  should provide a means fo:r predictin(: the 

The program wi l l  continue beyond the 

S te l l a r  and Galactic A s t r o n w  

I n  t h i s  area the emphasis i s  on providing laboratory data needed t o  
interpret  d t m v i o l e t  photometry and spectrometry. 
tinued through the f i s c a l  yeas 1962 and theoretical  studies will be 
in i t ia ted  on the nature of the in t e r s t e l l a r  medium, not only f o r  i t s  own 
sake, but a l s o  because of i t s  effect  on the light observed from dis tant  
stars. 

This work w i l l  be con- 

Astrophysics 

Studies are being conducted of satellite orbi ts  f o r  use i n  solving 
problems c d  geodesy and re la t iv i ty .  
i n  the fiscal year 1962 i n  geodesy and r e l a t iv i ty  t o  support the inter-  
pretation of' satellite observations. Studies will also be conductizd on the 
theoretics.1 interpretation of the radiation received from radio s t a r s  and 
from the g;al.actic background. 
measuremerits are now being conducted from sounding rockets and are  planned 
f o r  later sa t e l l i t e s .  Research is  a l so  being conducted t o  provide a basis 
f o r  development of components f o r  millimeter and submill imeter receivers 
f o r  rad ic l  astronorny. 

meore t ica l  studies w i l l  be iaitiated 

Related low- frequency radio astronony 
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Aeronow and Micrometeorites 

Studies in this area are being conducted on the absorption and. 
emissivity of planetary gases; the rate coefficients for chemical inter- 
actions of ai;mospheric gases; and the turbulence, eddies & circulation 
system of -the upper atmosphere. In addition, laboratoqr studies are being 
conducted t o  simulate micrometeorite interactions with gases and surfaces 
and to ca:L.ib:Pate instrumentation for micrometeorite detection. 

Energetic Particles and Fields 

The :;tress here is on radiation belt studies to provide a basis for 

Research is also being conducted on metliods of seaiching 
development for better instnunentation to be flown on the geophysic a,l 
0bservato:ries. 
for and messuring the flux of anti-particles in space. 
charged pxticles and field in space geohydromagnetic theory, and I-iometer 
measurements are all a part of a combined study of relationships between 
aurora, the mter radiation belt and the magnetic field. 
also be conducted in furtherance of newly discovered techniques foi- 
particle detection and measurement. 

Research in 

Research will 

Ionospheric Physics 

Major emphasis in this area is being placed on a research proJect on 
ionospheric propagation being conducted by universities and the Na-;io& 
Bureau of Standards. This project makes use of ground :reception of radio 
signals transnitted from satellites. The ionosphere beacon satell:-te t o  
be launched early in 1961 contains transmitters specifically designed f o r  
this research project. Work on true height ionograms is being conducted 
in support of the ionospheric propagation research. Research on ionospheri.c 
reactions, l o w  energy reactions, plasma probes, spectrorieter desigrls and 
ionized sheaths is being conducted to provide a basis for direct ionospheri.c 
measurements from satellites. Work w i l l  a l s o  be started on techniaues for 
measuring icnospheric characteristics by studying the propagation af radio 
signals from one satellite to another. 
research cln very low-frequency and extremely low-frequency propagation and 
on cosmic radio noise levels. 

New efforts w i l l  be initiated in 

General Geophysics 

tinued ir. the fiscal year 1962 in the measurement of the earth's gmvita- 
tional f i . e l6 .  and geometry through accurate computation of satellitle orbits 

ReseEtrc:h w i l l  be initiated in the fiscal year 1961 and will bs con- 
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General Support 

1nvesl;igation of improved methods f o r  recovering sc ien t i f ic  payloads 
w i l l  be mule using f i s c a l  year 1961 funds. 
with the chject,ive of providing a basis  f o r  development of solar  ce l l s  and 
scientific: iristrwnentation with improved operating characterist ics i n  a 
space envj.:roiment. Research will also be conducted i n  t;he f i s c a l  years 
1961 and 1$6:2 on the solution of mathemtical problems E& computirig 
techniques direct ly  related t o  space sciences 

Research w i l l  a lso  be conducted. 

Fiscal Year Fisc:al Year Fiscal Year 
Advanced -- !Cechnical Development 1960 - J-961. - 

Solar Ast:rxmmy: 

X-ray astmnoqy optics .............. 
Camma m y  spectrometer... ........... 
Solar s:pectrosco py.................. 
Galactiz background photometry...... 
UltraviDlet spectrographs ........... 
Gamma r(3y detectors.. ............... 
Gamma r a y  data handling.. ........... 
Solar X-ray measurements ............ 
High-resolution spectrograph........ 

$98 ? 205 --- 
$60,000 
103,000 
100,000 
125,000 

200,000 

140 , 000 
46 , 800 

--- 

86,020 --- 

-.. - 
100 ,000 --- 

150,000 

571 025 

Ste l l a r  ag&Gal.act i c As tronolqy : 

Ultravicilet sky mapping. ............ 
Engineerlrrg studies f o r  orbit ing 

astronxmical observatories. ........ 
MiniatuxLz,ed ruggedized phototubes. . 
X-ray a,:;tronomy ..................... 
Ultravi olet photometry. ............. 
Optical. research .................... 
Astroncirlic:al. image tube research.. .. 
Far ult;mnriolet detect or development 
Infrared astronomical optics and 
detectors .......................... 

Applica%ic>n of television t o  remote 
astroncqr .......................... 

Lightwe:i&t and specialized optics.. 
Optical- f i l t e r  development. ......... 
Data timmni s sion studies ........... 
Iner t  atmosphere crystal  growing 
equipncxxt. ......................... 

Radiom:-tr.ic standards. .............. 
High-a:L titude recoverable astro- 
nomical Iexperiments ................ 

289,927 

75 j 000 
30,000 
50 , 000 

150,000 
180,000 
100,000 

--_ - .- - 
150, ooo 
250, 000 

50 , ooo -e- 

250 , ooo 50,000 

110,000 
14 f 980 
32,515 

e-- 

--- 
20 , 000 

25, ooo 
--- 

15,000 
25,000 

400,000 
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Fiscal Year Fiscal  Year Fiscal Year 
1960 - 1961 -2SL.- 

--- $50 J OOo $80 j 00'0 

Advanced. -- Technical Development 

Image int,en.sifiers. ............ 
Alkali ha l ide  photo-diodes and 

phot o-niult, i p l i e r  6. ............ 
Ion chatrber. prototype production 
Developrne:nt, of opt ical  crystals  
Procurement, and fabrication of 

component E:. ................... 
C r y s  tall ographi c orientation 
devices... . . . . . . .  ............. 

X - r a y  instrumentation research 

30, ooo 25 ~ O O O  
--- 15,000 25 j 000 

25,000 25 j 000 

--- 96,000 100,000 

--- 

AstrophysizE:. 

Directive antennas f o r  radio 

Millimet;er wave receiver 
developmerit. .................. 

Sweep fin:quency receiver. ...... 
Satelli-t;c? clock. ............... 
Mi c rmin: planetary spectrometer 
Gmvitat:ion and re la t iv i ty . .  ... 

astroncqy, .................... --- 100,000 300 j oco 

50,000 300 j ooo 
llgJ140 250,000 
140,000 e-- - -I - 

--- 100,000 200,000 

-- - 7 j 000 

Aeronomy r g g  Micrometeorites : 

Instm?iittiztion composition of 
the u p p r  atmosphere .......... 

Ab s o r p t b n  spectroscopy 
atmosp11er:ic analysis. ......... 

Advanced m-i~ss spectrometers. ... 
P1aneta:q.r atmospheres instru- 
mentat.im ..................... 

Atmos phe r i  c structure detect o r  
design ........................ 

Free m i i c d  sensors. . . . . . . . . . .  
Non-magnetic spectrometer.. .... 
Atmospheric structure detector 

components .................... 
Development of improved micro- 
meteorite detectors. . . .  ....... 

Eiypervelocity gun usage ........ 
Development of micrometeorite 

composition detector.. . . . . . . . .  
Detector development ........... 
Detectors camponent procurements 

373 , 505 375,000 

100 j 000 
100, 000 

250,000 
100,000 

50, ooo 

50 000 

50,ooo 
95 Jooo 

26 j 000 15 000 

50,000 
75,000 

50,000 
30,000 

373,505 
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Fiscal Year 
Advancesl!echnical Development 1960 

Energetic i&-ticles and Fields: 

Primary c:os;mic radiation telescope.. 
Primary c:or;mic ray instrumentation.. 
Cosmic isidiation at high al t i tudes. .  
Cosmic 1m.y par t ic le  detector 
developnent ........................ 
Low energy p r t i c l e  detector develop- 
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Measure1acxrn-t of neutron intensi ty . .  .. 
Energy ruid mass analyzers f o r  

energe1;i.c par t ic les  ................ 
Vector mgnetometer development..... 
Auroral zmd so lar  proton experiments 
Hydroma@:netic wave analyzers ....... 

1onospher:li.Studies : 

Very- low frequency propagation ex- 

Advanced topside sounder development 
Plasma probe development ............ 
Ionospheric noise survey... ......... 
DevelopE,en.t of ion spectrometer sensors 
Deve1opnien.t of low- power motion f o r  

f l i gh t  f i e l d  meters ................ 
Procurensn.t and fabrication of 

periments .......................... 

components ......................... 

General Ge!oy)hysics: 

Instrumentation f o r  X-15 airplane.. . 
A t l a s  t e s t s  of instrumentation.. .... 

Internatj.ollEiL -7 Program Experiments. .... 
Scient i f j,:c5atellit e Support : 

Tempera-mze control devices and 
coatings ........................... 

Wide -band flight recorders. ......... 
E1ectr:icaL and mechanical component 

developnent ........................ 

Fiscal Pear - %2.!iL-, 

$65,000 
300, ooo 
50,000 

90,000 

100,000 
100,000 

260,000 
50,000 

1 ,, 015,000 
--- --- - 

Fiscal Year 
-I 1962.- 

- - .- 
$200, OGQ 
200 ,oClO 

75 , OC’Q 

80 ,000 
100,000 

100, 000 
75,000 
85,000 
75,000 

990,000 

- .., - 75,000 
100,000 100,000 
150,000 150,000 
374,000 
60,000 50 ,000 

.. -. - 

10,000 5 ,000 

100 1000 50,000 
- I  - .- - 
-I 

100,000 
50,000 200 , 000 

200,000 200, Cleo 

58,000 40, OOC 
162,000 145, OOCN 

112,000 139, OOCI 



Fiscal Year Fiscal Year Fiscal Year 
.- 1961 1962 - - Advanced. -- 'I'echnical Development 1960 

Advanced telemet . . . . . . . . . . . . . . . . . . . .  
Advanced. pcmr  supplies ............. 
Thermal energy conversion. .......... 
Memory ttibe: electronics and storage 
matrices ........................... 

Bearings f o r  vacuum operation.. ..... 
Precession damping and spin control 
devices.. .......................... 

Space c ra.l't p r o m  s ion. .............. 
Antenna development. ................ 
Vibration measurements and technology 
General ctnirironmental and specifica- 
t ion det1;a on conditions at launching 
s i t e s . .  ............................ 

Environnmxtal. t e s t  f a c i l i t y  s e m i  ce s 
371,400 

$65,000 
60,000 
36 , 000 

170,000 
40 , 000 

20 J 000 
50,000 
30,000 
37 000 

50 , ooo 

$78 , 000 
60 , ooo 
50 , ooo 

115,000 
35,000 

30 , ooo 
60,000 
40,000 
40,000 

By$ 
5 ,oc 

Totttl,, Advanced Technical 
Jkvelopment. .................. $2,332,484 $6,861,000 $3, 826,000 

-I - 
Devel.opment of instrumentation f o r  sc ien t i f ic  expei:iments must be 

conducted on a continuing basis t o  provide more advancedl instrumentation i n  
f i t u re  sai;c?XLite f l i gh t s .  
the electi:o~ic, thermal, mechanical and power sdsystems f o r  future satel-  
l i t e s .  
s i t i e s  , noiip:rofit inst i tut ions,  industry and government agencies; and f o r  
component:; and materials f o r  development ac t iv i t i e s  at the Goddad Space 
Flight Ce1rte:r. 

Technical. development e f for t s  are a l so  required on 

Requirements i n  t h i s  area are  f o r  development contracts with univer- 

Solar  Astronomy 

In  this area emphasis i s  on the design of more sophisticated eqUipnen-1; 
f o r  o b s e r r i q  the sun. 
of work naJ lander way i n  high-resolution spectroscopy ad gamma ray detectorsl. 
Much of tlm i n s t m e n t a t i o n  developed fo r  s t e l l a r  and grdactic astronarqy i s  
a l so  szpp1i:able t o  solar astronoxqy. 
fiscail years 1$0 and 1961 wil l  be conducted as a part  of the orbiting 
so la r  obscm%tories project i n  the f i s c a l  year 1962. 

Fiscal year 1962 funds will provide f o r  continuation 

Some work covered :in t h i s  area i n  the 

S te l l a r  and Galactic Astronoq 

Same of the projects i n i t i a t ed  i n  t h i s  area i n  1960 and 1961 v i l l  
become a part of the orbiting astronamical observatories project i n  the 
f i s c a l  year 1962. 
preparat im f o r  future observatories. 
s tabi l izat ion and guidance techniques , development of small rug$ed.ized 

Other projects are  being continued i n  t h i s  area i n  
These include engineering s-l;udies o:f' 
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phototubes wLd various typs  of astronomical detectors. 
be continutd on new instrumentation for the far ul t raviolet  and on optical  
equipment %hat can stand the strenuous environment of la,unch and outer 
space. 
t h e i r  sensj.ti.vity and spectral  resolution. Infrared astzonomical ins tm-  
mentation t ~ i l 3 .  be developed f o r  the study of planets, ccbo1 stars and inter-  
s t e l l a r  ~n&tl;erial.. Much can be learned from photographs of the sky i n  the 
ultraviolel; c u d .  infrared, but the use of photographic f i .h  requiRs tech- 
niques which have not yet  bees, applied t o  astronomy. Development c f  
photograpkc instrumentation f o r  high a l t i tude  planes, balloons, arid 
rockets w K L 1  provide a capability i n  t h i s  area. 
an altemi-;ive t o  the use of photographic film as they can be used i n  non- 
recoverabl,t? s a t e l l i t e s ,  but f)blrther developent i s  required before they 
wi l l  have -;he resolution and sens i t iv i ty  t o  be competitive with phcitography. 

Development must 

Wcrk &so must be done on far ul t raviolet  detectors t o  increase 

Image LntensifierE provide 

Astrophysics 

Deve:Lopnent i n  t h i s  area i n  the f i s c a l  year 1962 w i l l  be primarily i n  
the f i e l d  (of radio astronomy. 
millimete:r wave receivers for study of the inner reaches of the atmosphere:: 
of the swi and planets a d  for study of i n t e r s t e l l a r  material. 
ment of d:lrective antennas w i l l  provide be t t e r  resolution for  low -::requency 
studies o:F t h e  so la r  corona and the outer atmospheres o:F planets. Develop- 
ment of a .zimmave planetary spectrameter f o r  s a t e l l i t e  use will provide 
valuable :information on pl.,anetary atmospheres which cannot be obta:-ned fmiri 
ground-baaed experiments, because the ear th ' s  atmosphere has many of the 
absorptio:i f2atures we wish t o  study i n  other planets. 

Work w i l l  be done on an expanding brisis on 

Thc! develoy- 

Aeronomy and Micrometeorites 

Rqhasis will be placed on developnent of improved instrumentation f o r  
measuring atmospheric structure composition and density employing spectro- 
metry, backscattering techniques, f ree  radical sensors 'and scanning 
systems. Lmprloved micrometeorite detectors w i l l  be developed. !&%e w i l l  
attempt t c  increase the performance of the presently used impacting sa te l -  
l i t e  senscrs. 
of micrometeorite detector components and f o r  the development of  iistm- 
mentation f c r  determining the composition of micrometeorites. 

Work will be done t o  improve the s t a b i l i t y  and sensi t ivi ty  

Energetic Par t ic les  and Fields 

A suklstantial develcqmea?% program i s  being conducted t o  provi2.e fn- 
s t m e n t a t i o n  which will yield information concemng the na t im  and origin 
of cosmic r e p .  
cles w i l l  be continued. 
analyzers T~.U  be developed f o r  studies of the geomagnetic f i e ld .  

mrovement of instnunentation f o r  other energetic par t i -  
Vector magnetometers and hydrclmagnetic wave 



Ionospheric Studies 

I n  t h i s  area, the emphasis i n  f i s c a l  year 1962 w i l l  be on development 
of improved swept frequency equipment for topside sounding, and on :plasma 
probes and spectrometer sensors for di rec t  ionospheric measurements from 
satellites. 

General Geophysics 

A prcgrm i s  being undertaken t o  package various types of geophysical 
experiments too be carried aboard the X - l 5  research a i r c ra f t  and on Atlas 
b a l l i s t i c  ndssile f l ights.  These experiments will supplement other geo- 
physical d a t a  from sounding rocket and satellite experiments. 

International Program Experiments 

findi.r@ i n  this area i n  the f i s c a l  years 1961 and 1.962 i s  t o  provide 
f o r  develcqment, services i n  support of experiments originated by f clreign 
sc ien t i s t s  
experimenttm need assistance t o  provide the prototype i.nstrwnentat ion for 
evaluation of experiments for future s a t e l l i t e  f l i gh t s .  

This service w i l l  be provided i n  those cases where the  

Scient i f ic  Satellite Support 

A corrtinuing program w i l l  be conducted i n  t h i s  area t o  improve 
tenrperatuiz control, data recording, telemetry, power supplies, dat'a 
storage, tmd s tabi l izat ion and control subsystems of s a t e l l i t e s .  

Fiscal  Year Fiscal Year 
Flight Program 1960 - &L-. 

Orbiting - ̂- Observatories : 

Design land fabrication of proto- 

Low -resoLu t i  on X- ray spectrophotometer 
High- re 3 ol u t  ion X- ray spectrophotometer 
Developaent research on open window 

Vacuum te s t  rdxmber ................. 
Development of laboratory sof t  X-ray 

sources. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Development (of image in tens i f ie rs  and 
purchase of experimental units..... --- 

Detector developnent anll purchase ... 
handling circuitry purchase.. ...... 64,400 

Proportional counter experiment ..... --- 
Associated electronics.. ............ --- 

types and three f l i gh t  units. .  ..... $1,498,300 
175,000 --- 

multiplier detectors . . . . . . . . .  ...... 51,800 --- 
--- 

--- 
Wse height analyzers and data 

$1,732,000 
28,000 

100,000 

50,000 
25,000 

50,000 

50,000 
25,000 

65,000 
15,000 
10,000 

$1,628, ooo 

100,000 
-. - .. 

50,000 
.. - -. 

50,ooo 

50 , ooo 
25,000 

45 , C)OO 
14, ~:)OO 
10, ~:)oo 



Fiscal Year Fiscal Year Fiscal Year 
n i g h t  Program 

Solar constant experiment ........... 
Wdrogen Lyman-Alpha prof i le  

experiment ......................... 
High- resolution spectrophotometry. .. 
Narrow-band monitoring of selected 

s o l a r  radiations ................... 
marrow-band detector and f i l t e r  
developnent ........................ 

Data reduction and continuation of 
energy X - r a y  experiment ............ 

Survey eqeriment f o r  astronolqy 
program.. .......................... 

Other wkeel exgeriments ............. 
Rocket pointing controls ............ 
Data red.uction... ................... 
Modificahion o r  addition t o  ground 

control e q d p e n t  .................. 
Delta 1s.un.ch vehicles (two; funded 
under vehicle development p r o g m )  . 

ThoPAgena, B launch vehicle. . . . . . . . .  

$50,000 $60 , (100 

150 , ooo 
300,000 

150, (300 
300 , (100 
125 , ooo 125,000 

$13 , 500 10,000 25 , ooo 

165 ,ooo 150,000 

120 , (:)oo 
100 , 000 

50 ,ooo 

50,000 

.. - .- 

Gamma €kg -- Astronomy Sate l l i t e :  

Spec t rcaietse r design and construct ion 
Tape recmorder.. ..................... 
Payload. recorder.. .................. 
Flight system components. ........... 
Prototype and f l i g h t  models.. ....... 
Data rel.uction. ..................... 
Jmo 11. letunch vehicle.. ............ 
Scout kl~tcb:up vehicle (funded under 
vehic1.e &evelopent program) ....... 

--- 
7,000 
30,000 
150,000 

55,000 

2,185,367 

Orbitiw -- Astxonomical Observatory: 

55 , 500 
25,000 

38 9 900 

1ntensiCi.ers ........................ 
Dielectxic: f i l t e r s . .  ................ 
Flight optical  design and con- 

struction..  ........................ 
Flight 1;el.e~ cope design and con- 

structLon. ......................... 
Flight c1et;ectors.. .................. 
Ultraviolet mapping experiment. ..... 
Ultraviolet spectrophotometer ....... 

70,000 50 , 00 3 

200,000 175,000 15 , 000 
15 , 000 
640,000 1 , 500,o00 
3O0,OOO 489,000 

50,000 
46,100 --- 



Fiscal Year Fiscal Year Fiscal Year 
1960 - 1961 1962.-- - Right Program 

Ult rad ole t photometry .............. 
P1aneta.i-y spectrameter .............. 
X-ray 1 rist;rumentation. .............. 
Infrared hstrumentation. ........... 
Se c 0nda.i~ instrument at i on. .......... 
Test anit evaluation services. ....... 
Monochrxi~ttic light source.......... 
Flight :;pectrometer grating. ........ 
Subsystem components and fabrication 
Flight ~;ys tems electronics .......... 
Camponerit procurement and fabrication 
Jet sys,i;enis and associated equipment 
High -PI*! cl. si on radiation measuring 

Test aril evaluation of instrumentation 
Vacuum c)pt;ical bench. ............... 
Digital. to digital converter and 
plott€l: ............................ 

Stellar simulation equipment. ....... 
Computi.rig services .................. 
Design r a i l  fabrication of prototypes 
and f1.j.ght units ................... 
Atlas-&;erta B launch vehicle. ....... 

faci1it;y ........................... 

$500,000 
150,000 

100,000 

20,oOo 
20,000 
72,000 
10,000 

135,000 

--- 
-e -  

1 o o J ~ o  

--- 

$700,000 
400 0013 
400,000 
400,003 
100,000 
200 , 000 

10,000 
102,000 

185, ooo 
58 ooo 

10 J 00'3 

100 J 00'3 

20 J 000 
40 , 0013 
55,0013 

--- 
e- -  

40,000 

--- 
e--  - 

Air Densitq-Drag - Measurements Satellite: 

12- f 00% sphere. ..................... 
Data reduction. ..................... 
Scout 1.E~urich vehicle (funded under 
vehic1.e dlevelopment program) ....... 

125,000 --- 
--- 

50,000 

--- 
50,000 

--- 
125,000 

Microneteoroid -- Satellite : 

6,000 
75 , 000 

Test arul evaluation.. ............... 
Design rLndl fabrication of flight 

Scout I.riunch vehicle (funded under 
vehic1.e: dlevelopnt program). ...... 
Scout iehj.cl,e for backup o r  follow-on 
spacec!i~ft ......................... 

Data mctuc:tion and analysis ......... 
hardw.l% ........................... 225,000 

--- 
--- 

225,000 
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-- F'li@;ht Program 

Atmospher2LStructures ,Sa te l l i t e :  

Mass spct~rorneter and related 
electrctnics ........................ 

Redhead f l i g h t  gage... . . . . . . . . . . . . . .  
Flight d.et4ector calibration. ........ 
Calibra.tLon of mass spectrometer.. .. 
Camponerite f o r  instrumentation.. .... 
Components4 and assembly of f l i g h t  
data syst,ems. ...................... 

Ele c trcxri  c c ammutat ors  .............. 
Transmitters. ....................... 
Frequency and p m r  measuring equipment 
Componertt assemblies f o r  flight systems 
Batteries ........................... 
&chanic:al. subsystems and asseniblies 
Sa te l l i t e  s t ructural  she l l  contract. 
Javelin. pqyload s t ructural  par ts . .  .. 
Coating f a r  temperature control..  ... 
Assembly of thermal syst  ems......... 
Test ani. evaluation of components, 
protot3pe:s and f l i g h t  units ........ 
Leak test chamber f o r  pressurized she l l  
Testing; of explosive breakoff ....... 
D a t a  p rcmss i  ng..................... 
HjrpemI.oc:ity neutral  bean calculation 
Data mrt lpis  ....................... 
Ground stations f o r  t e s t  and checkout 
Recorders. .......................... 
Engineering and f i e l d  service contracts 
Delta lrturich. vehicle (funded under 
vehicl E! itevelopment program) ....... 

Fiscal Year Fiscal Year F isca l  Year 
1960 - XZL- ,1962- 

Energetic: -- Part ic les  Sa te l l i t e  : 

Low -f i e1.d magnet m e t e r  .............. 
Support, services. .  .................. 
Ion e1ac:tron. s c in t i l l a t i on  detect or. 
Instmimt,at ion f o r  backup f l i gh t .  .. 
Sliding pulse analyzer .............. 
Multi-cllarmel analyzer and decoder. 
Ante-, development.. ............... 
Phase h c k  receivers. ............... 
Component assemblies ............... 
Radio f'izquency syste m s . . . . . . . . . . . . .  

$263,000 --- 
e-- 

--- 
31,900 

81,600 --- --- 

--- 
e-- 

27,000 

564,goo 

33 , 700 
62,800 
46,300 

126,600 
10,700 

162,700 
i o ,  500 
45,000 
51,900 
72,000 

$75,000 
50,000 
40,000 
50,000 

187,000 
30,000 
24,000 
10,000 
80,000 
40,000 
l2l,ooo 
200,000 

50,000 
10,000 
10,000 

43,000 
10,000 

--- 
50,000 

280,000 
6,000 

~ 8 , 0 0 0  

--- 

--- 
345,000 

20,000 
10,000 
50,000 
20,000 
51,000 

--- 

.. - .- 

24,000 

15 , ooo 
150, ooo 

30, (xn 

81,000 

.I - - 

.- - - 

.- - - 

._ - - 

.--- 

.- e - 

.--- 
224,OO 3 

._ - 
20,003 

20,000 
31,000 

.--- 

._ - - 
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Ten active solar c e l l  paddles plus 
eight dl~mdes..  .................... 

Eattery packs.. ..................... 
Fabricat;:lon of mechanical systems.. . 
EngineeiAng and technical services.. 
Six pla1;:~oirms. ...................... 
Componerm f o r  thermal systems.. .... 
Coating :eo:? t;emperature control..  ... 
T e s t  and evaluation ................. 
Delta lttimch vehicles (two funded 
Data reiLirc7;ion and analysis ......... 
under veh:lcl-e development program) . 

Rec0rerab:Le -- I%uclear Emulsions Probe : 

FisceJ- Year 
1960 

Nuclear emulsions....... ............ 
Components and fabrication of subsystems 
Flight -belemetry equipment. ......... 
Engineering services ................ 
Environmental test..  ................ 
Quartz :1Emps ........................ 
Computing services ................. 
Nuclear emulsion processi ng......... 
Nuclear emulsion sc anning........... 
Payload package design and construction 
Scout launch vehicle . . . . . . . . . . . . . . . .  

Ionosphere -- Direct Measurement Sa te l l i t e :  

Ultra-high vacuum system ............ 
Electrarnster procurement and develop- 
ment..... .......................... 

Field engineering services... .  ...... 
Detector development ................ 
Ion-trap pogrammer switch..... ..... 
Ionospheric measurements. ........... 
Procurentent and fabrication of 

components ......................... 
Flight sukassemblies ................ 
Cammand receiver.. .................. 
Flight Eyztems measurement .......... 
Antenna. development contract for 
satelljte .......................... 

Flight Catpa systems measurement. .... 

$206,600 

17,900 

--- 

--e 

426,700 

35 , 000 

71,400 
13 ,900 
29 , 500 
10,000 
13 , 400 

Fiscal Y e a r  
- 1961 

$115,000 
20,000 
152,000 
50,000 
6,000 
5,000 
8,000 
61,000 
310,000 

--- .. 
1. , 223,000 

21,000 
22,000 
85 , 000 
30 , ooo 
55 , 000 
18,000 
25,000 
20,000 
10 , 000 --- 

zE$% 

30,000 

Fiscal Year 
-I 222L.- 

- .- - 
$15 , cloo 
26 , ClOO 

5 ,coo 
5 , 000 

150 , OQO 

- -- 
- -- 

- -- 

496,cE' 

25 , oocl 
75 ,OOCI 
50 , oocl 
65 , oocl 
45 , 000 
15 ,ooo 
25 , ooo 
20 , 000 
10,000 -. - -. 

... - .. 
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-I Fli,$ht Program 
Fiscal Year Fiscal Y e a r  

1960 - 1961. 
Tes t  and evaluation.... ............. $8,200 $4,000 

................... x) ,000 Reduction of data --- 
Data reduction.. . . . . . . . . . .  --- 

....................... 15,000 Data analysis --- 
Design rsnd fabrication of prototype 

676,000 
Juno U. launch vehicle.. 

150,000 .......... 

--- and twc:, f l i g h t  models... . . . .  ....... ............ 55 000 
305,000 

Ionospherl22sacon Sa te l l i t e :  

Des.lgn i3nd fabrication of f l i g h t  

Data rectuction...... ................ --- hardwm? (2 f l i g h t  units)  .......... 745,000 

Juno II lamch vehicles (two). ...... 

Electron D~n,;ity -- Profile Probes : 

I n s t ~ ~ : ~ t i J ; F o n  and fabrication of 

Antenna design and construction.. ... 
Payload .integration and telemetry.. . 
Nose cone. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T e s t  ami e m h a t i o n .  ................ 
Data accpisition f ie ld  support. ..... 
VerSicaJ- height station. ............ 
Data anct:ly:;is.. ..................... 
Scout letinch vehicles (two; funded 
wxier wWic1.e development program). 

two pay.10 :xL>........................ I C *  

Swept Fregiencies - Topside Sounder (Canada)  : 

1ntegraf;::on of experiments and sub- 
systems., --- ........................... 

Test, and eimhation of components.. . 
Thor-Agma B launch vehicles (two). . --- 

--- 
--- 

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

Subsysten and component procurement 
anii assembly. ...................... --- 

Test; and. evaluation.. ............... --- 
Flight i.rist,rument at  ion. ............. 269,808 

.. --.  

.. - -. 
$30,000 

20, (EO0 

125, ooo 
150 000 

30,000 
66,000 
60 ooo 
125, ooo 

--- 

42,000 
2,000 

- -- 
3 ,  coo 

60 ,coo 
15, coo 
20,800 

42,000 
14,000 

4. 400~ooo 8 00 000 
&- *Ej 

41 000 41,000 
23,000 18,000 

755,000 - .- - 



Fliglit Program 
Fiscal Year Fiscal  Year Fiscal Year 

.-. ig6i 1962 1960 - 
Systems studies.. . . . . . . . . . . .. . . . . . . . $33,900 $87,000 $194 , 000 
Scout lrumch vehicle.. . . . . . . . . . . . . . . 1,000 , C~OO 303,708 906,000 1,253,CZ' 

Geophysictgc(Ibservatories : 

Mass spctc:t:rometers.. . . . . . . . . . . . . . . . . 
Prepara1;:ion of experiments by 

c ont rac!-;ors . . . . . . . . . . . . . . . . . . . . . . . . 
Special ~?hotomultipliers . . . . . . . . . . . 
Phoswich dme.lopment. . . . . . . . . . . . . . . . 
Inst  rumcmtrtt ion cnmponent s . . . . . . . . . . 
Magnetometer development and 
procurement ........................ 

Radiation be l t  and auroral  measure- 
ments.. ..q,......................... 

Ion spectrometer experiments. . . . . . . . 
Data sto:w:e techniques.. . . . . . . . . . . . 
ElectrorLic assemblies f o r  instru- 
mentation., . . . . . . . . . . . . . . . . . . . . . . . . . 

Fabrica1;:ion and assembly of subsystems 
Low-noise cormnand receivers. . . . . . . . 
Telemetqr systems. . . . . . . . . . . . . . . . . . . 
Developwnl; of directive antenna 

system;, . .  ......................... 
Encoding techniques. . . . . . . . . . . . . . . . . 
Low-drain telemetry.. . . . . . . . . . . . . . . 
J e t  s y s t ; ~ ~ ~ ;  and associated equipment 
Control :systems component development 
Horizon :;cttnners. . . . . . . . . . . . . . . . . . . . 
Gyroscolx?~ <,. . . . . . . . . . . . . . . . . . . . . . . . . 
Torque cxintrols.. . . . . . . . . . . . * .  . . . . . . 
E1ectrorL.c units. . . . . . . . . . . . . . . . . . . . 
Test and evaluation.. . . . . . . . . . . . . . . . 
Turntabl.~! discriminator. * .  . . . . . . . . . . 
Commutat;ors , simulator, and evaluation 
Direct m i t e  recorder ........ ....... 
Air beal-;.ng stand.. . . . . . . . . . . . . * . .  .. 
High-fr~:cp..~c?ncy magnetic f i e l d  s ta t ion 
Comput iry: services . . . . . . . . . . . . . . . . . . 
Engineering services ................ 
Design ~ u l d  fabrication of prototypes . . . . . . . 
Atlas-Agemi R launch vehicle. .. . .. . . and t w o  .flight anodels.. . . 

14 , 700 

93,000 
16 , ooo 

400,500 

64 , 000 

660,000 
30,000 
20,000 
39,000 

56,000 

9,000 
14,000 
20,000 

220,000 
25 , 000 
10 , 000 
20,OOO 

--- 
41 , 000 

3,188,000 

4* 

425 , CiOO 

1,500,000 
30,000 
20,000 

225,000 

100,000 

23,000 
52,000 
50 , ooo 

338,000 
65 , 000 
30 , ooo 
40 , 000 

10 , 000 
40,000 
30 , 000 
85 , ooo 
60 , 000 

40 , 000 
15,000 
20,000 

435,000 

40,000 

- .- - 
- .- - 

12 J 000 

30 , ooo 

70 , 000 
27 , 000 

11,000,000 
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Fiscal Year 
7 1961 

Fiscal Y e a r  
1960 -- Fl&ht Program 

I n t e r n a t i g s l  Ionosphere Sa te l l i t e  (UK NO. 11: 

$75 
80,000 
195,000 

73,000 
20,000 
200,000 

Recorder developanent ................ 
Component deve lomnt  rand assemblies 
Flight data systems.. ............... 
Radio frequency systems fabrication. 
Batteriles... ........................ 
Solar cfells-10 paadles 8 dummies.. .. 
Components and fabrication of 
mechanical syst  em................. 

Manufacture prototypes and two flight 
units.. . . . .  ........................ 

Engineering and design services... . .  
Coatings f o r  tmprature control.... 
Test and eva.luation of components and 
f l i g h t  units. . . . . . . . . . . . . . . . . . . . . . .  

Data processi ng. . . . . . . . . . . . . . . . . . . . .  
Scout launch vehicle (funded under 
vehicle development program). ...... 

Scout launch vehicle f o r  backup 
f l i gh t  ............................. 

.. - .. 

.. - -. 
$64,000 
16 ,cmo 

.. - I. 

.. - .. 
52,000 31, (100 

100,000 
23,000 
8,000 

.. - .. 

.. - .. 

.., - .. 
22,000 

--- 
20,000 
100 , 000 

... - .. 

I n t e r n a t i g g l  Program Sa te l l i t e  (u& NO. 2): 

--- 250,000 1,000, ooo Design and fabrication of payload... 

Internaticnal -- Program Satellite No. 2: 

Design and fabrication of ~load.. . 420 , C)OO --- 
Explorer j!!: 

Design and fabrication of f l i gh t  
hardware........................... 

Data reduction.. . . . . . . . . . . . . . . . . . . . .  
$2,027,000 m .. - .- 

Explorer IT1 e-. : 

Design and. fabrication of flight 
hardware ........................... 

Data reduction.. . . . . . . . . . . . . . . . . . . . .  
1,028,080 --- 

..-.I 

.. -.I 



-- E'llght Program 
Fiscal Year Fiscal Year F i s c a l  Year 

1960 - 1961 1962- 
12-foot SpY3h3: 

Completion of experimental work.. ... $50,863 __ - - 
Radiation,&Lance Expe riment : 

Design end. fabrication of f l i g h t  --- .- - - hardwa2.e ........................... 565,484 

v- 1:n:: --. 
Data. red.uc:tion and computing services --- $50,000 $5,000 

2,212 .. - - Jupi ter  N'xicl.ear -- ESmilsions. ............. 
Integraticn -- of Errmlsion Package: 

.. - - Air Force reentry vehicle.. ......... 9,945 
-. - - 150,000 

641,000 

--- A t l a s  Pod-: *s............................ 

Modificatjgt of  x-15 f o r  Payloads.. .. - - --- ... 
--- 200,000 ._ - - System for -- Payload Recove ry.......... 

TotaJ.,, Flight Program. ........... $16,228,293 $27,754,000 - 
Orbiting Solar Observatories 

The f'irst major s a t e l l i t e  with the objective of measuring the electro- 
magnetic radiations of the sun from above the absorbing curtain of the 
ear th ' s  a,tmc)sphere w i l l  be launched i n  the 4th quarter of the f i s c a l  year 
1961. 
instrwner.t.s trained on the sun during the periods of observation. The 
s a t e l l i t e  w i l l  weight about 350 pounds. 
l i f e t i n e  is one year. 
1961  fund^. 
spacecraf't,, which w i l l  carry somewhat different  experiments, which wi l l  be 
launched in the f i s c a l  year 1962. This  spacecraft wil l  continue the solar 
obsemtic)ns in i t i a t ed  with the first unit. 
the back 
s a t e l l i t e .  
f i sca l  year 1962 funds except f o r  data analysis which w i l l  require f i s c a l  
year 1962 f'~lnds. 
orbiting s o h r  observatory, t o  be carried on a mor-Agena B vehicle, rather 
than on the Delta vehicle scheduled f o r  the first two units, i s  planned f o r  

An. automatic pointing control w i l l  be used t o  keep the sc ien t i f ic  

The design goal f o r  the operating 
Funding of this s a t e l l i t e  w i l l  be completed with 

Work has been s tar ted on a second orbiting solar observatory 

It is  also considered t o  be 
unit, should any d i f f i cu l t i e s  be encountered with the f i r s t  
Funding f o r  t h i s  second s a t e l l i t e  wil l  be accomplished with 

The in i t i a t ion  of design and fabrication of a t h i r d  
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the f i s c a l  year 1962. 
controls, e tc . ,  of the f irst  units, with those modifications added which 
the additional performance of the Thor-Agena B w i l l  permit. 
of this spacecraft i s  planned f o r  early i n  the f i s c a l  year 1964. 
funds will be required i n  the f i s c a l  year 1963 f o r  t h i s  th i rd  spaccxraft 
and fo r  the Thor-Agena 13 launch vehicle. 

This spacecraft i s  t o  use the basic structu:ire, 

The litunching 
Additiorufi 

Gamma Ray Astronoqy Sa te l l i t e  

This w i l l  be the first s a t e l l i t e  experiment t o  measure cosmic garan& 
radiation. 
findings obtained by this exploratory experiment. It is hoped thal; a be t t e r  
understansing of gamma rags w i l l  contribute t o  the solution of one of the 
Wster ies  of modern science, the nature and origin of cosmic rays. 
s a t e l l i t e  weight will be about 80 pounds. Funding f o r  t h i s  s a t e l l i t e ,  
including data reduction and anaLysis, was completed with f i s c a l  year 1961 
funds. Two ident ical  spacecraft are  being fabricated SIO as t o  provide 
backup i n  case of a fa i lure  t o  achieve a satisfactory lorbit. 
Scout has been earmarked for use as the launching vehicle for  the lmckup, 
i f  needed. 
quarter of the f i s c a l  year 1961. 

Later experiments i n  la rger  s a t e l l i t e s  w i l l  be based 011 the 

The 

A d~~velopmei:itcil 

The backup launching i s  tentatively scheduled f o r  the 4th 

Orbiting Astronomical Observatory 

This  s a t e l l i t e  is  being developed t o  perform a ser ies  of astrmomical 
investigaticns that have not been previously possible due t o  the l imitatioas 
placed upcn astronomical observations by the absorbing and d i s t o r t  Lng effects  
of the ear th’s  atmosphere. Telescopes, f i l t e r  and grating spectraineters, 
and vidiccn systems designed especially f o r  the automatic, remote (control 
needs of t h i s  s a t e l l i t e  w i l l  be used. 
s tabi l iz ing equipment f o r  t h i s  s a t e l l i t e  w i l l  be more than three thousand 
pounds. 
control of direction of orientation f o r  the conduct of long-term stellar 
observaticas from above the ear th’s  atmosphere. 
up of the early sounding rocket expriments i n  astronomy and of the orbiting 
solar  observatory. 
ment w i l l  provide a s a t e l l i t e  system adaptable t o  all types of optical  
astronomical observations. 
design god.. 
required f’or this experiment was star ted i n  the f i s c a l  year 1959 under 
advanced iesearch and technical development. In  the f i s c a l  year lw the 
deve1opmer.t of prototype f l i g h t  instrumentation components and assxriblies 
was in i t ie ted .  
prototype instrumentation, and initiate the necessary subsystems and hardwax?? 
deve1opmer.t and the design and fabrication of the prototype s a t e l l i t e .  
funding xlarned f o r  the f i s c a l  year 1962 w i l l  cover the major portion of the 
costs f o r  tk.e f l i gh t  instrumentation and the prototype assembly. Phe flight 
models w i l l  be in i t i a t ed  and environmental tes t ing of the instruments and 
supportin@; subassemblies such as pointing controls, commnd and telemetry 

The weight of instruments aiid 

‘Ibis w i l l  be the f i r s t  s a t e l l i t e  with s tabi l izat ion and ground 

It i s  the logical follow- 

The developlent of the s tabi l izat ion and control equip- 

A payload weight of about 3,500 pounds i s  the 
Development of  the specialized sensors and instrumentation 

Fiscal year 1961 funds will continue the development of 

The 



equipment, s tabi l izat ion equipment, and power supplies .will be funded. Ark 
i n i t i a l  increment of the cost of the launch vehicle will also be Plnded, 
Completion of th i s  project w i l l  require f i s c a l  year 1963 funding. 

Air Density-Drag Measurements Satel l i t 'e  - 
This w i l l  be the first s a t e l l i t e  orbiting t e s t  of the Scout vehicle. 

The payload w i l l  consist of a 12-foot inf la table  sphere; a radio beacon 
w i l l  be carried by the sphere t o  f a c i l i t a t e  precise tracking. 
s ize  and small weight of t h i s  sphere should resu l t  i n  atmospheric drag 
effects  of suff ic ient  magnitude t o  give f a i r l y  def ini t ive measurements of 
air  density at s a t e l l i t e  a l t i tudes.  
pounds. 
program. !The radio beacon was developed i n  connection .with project Echo. 
Payload integration i s  being provided by the Langley Research Center as a 
part of the Scout development. 
par t  of Langley's regular research program. 

The large 

The payload weight w i l l  be about 85 
The s,phere t o  be used was  developed under the (ear l ier  "Beilacon'' 

Data analysis w i l l  be c,arried out i W  a 

Micrometeoroid Sa te l l i t e  

This w i l l  be the satell i te of the second orb i ta l  Scout vehicle. "he 
primary olyjective of the s a t e l l i t e  i s  t o  obtain a d i rec t  measure o r  the 
micrometecroid puncture hazard f o r  space vehicles. Five types of detectors 
inchdin@; pressurized cel ls ,  f o i l  gages, wire grids, catMum sulfide cells; ,  
and piezoelectric impact detectors will be used. A t o t a l  surface area of 
about 2.25 square meters will be exposed by the various detectors. Another 
experiment w i l l  determine the effects of the space environment of i j i l icon 
solar  cel ls .  
uni t  i s  being prepared f o r  backup purposes. 
it i s  scheduled f o r  launching i n  the f i s c a l  year 1962 as part of the 
continuing Frogram of micrometeoroid studies. 

'&e payload weight w i l l  be about 115 pounds. A duplicate 
If it is not used as :a backup;, 

Atmospheric Structure Sa te l l i t e  

This w i l l  be the first s a t e l l i t e  with the primary objective o r  
studying i n  detail the ear th ' s  upper atmosphere. Composition, density, 
pressure, and temperature w i l l  be measured, and variations of them 
properties with la t i tude  and the time of the day w i l l  be determined. The 
s a t e l l i t e  weight w i l l  be about 370 pounds. This s a t e l l i t e  was i n i t i a t ed  
and funded t o  the extent of about 20 percent with f i s c a l  year 1960 funds. 
Fiscal year 1961 funds provide about 60 percent of the t o t a l  cost, and 
the remaining 20 percent w i l l  be required i n  1962. 

Energetic Par t ic les  Sa te l l i t e  

The s a t e l l i t e  f o r  t h i s  project i s  scheduled f o r  launch by a D e l t a  
vehicle. It will provide a continuation of the planned program f o r  in- 
vestigation of the radiation be l t s .  I n  addition t o  energetic par t ic les  
detectors, t h i s  s a t e l l i t e  w i l l  include magnetic and optical  equipment t o  
study the directional behavior of the radiation and t o  study the iiiter- 
actions of the ear th ' s  magnetic f ie ld  with the radiation be l t s .  Tlie 



s a t e l l i t e  weight w i l l  be about 80 pounds. 
c ra f t ,  inc1.uding provisions f o r  data reduction and analysis, w i l l  be 
completed with 1961 funds. 
p a r t i a l  in.strwnentation of the follow-up spacecraft. This spacecraft i s  
intended t o  follow i n  the f i s c a l  year 1962 and t o  continue the program 
of gbserva,t,ion and monitoring of the radiation be l t s .  Here again, the 
second unit; a lso stands as backup t o  the f irst .  F isca l  year 1962 funds 
w i l l  compl.e!te the funding except f o r  some data analysis t o  be completed 
i n  1963. 

Funding of tb.e first space- 

F isca l  year 1961 funds a l so  provide for  the 

Recoverable Nuclear Emulsions Probe 

This Scout probe will carry nuclear emulsions in to  the lower Fortions 
of the radiation b e l t s  t o  measure the f l u x ,  composition, energy spectrum, 
and angult3.r dis t r ibut ion of the par t ic les  i n  the belts. 
wi l l  be se:.ec!tively exposed t o  measure the variation of these parameters 
with a l t i tude ,  geographic position, geomagnetic la t i tude,  and the intensity 
of the e a r t h ' s  f i e l d .  
nuclear ennllsions. Recovery of t h i s  probe i s  essent ia l .  The paylcad 
weight wi1.:- be 50 pounds. Fiscal  year 1960 funds provid-ed f o r  the design 
and construc%i.on of the payload package based on modification of t h e  design. 
of the nuC::-ear emulsions recovery vehicle which was successfully launched 
i n  Septem1)t:r 1960. 
systems, ruid on environmental t es t ing  i s  being funded i n  the f i s ca l  year 
1961; 1962 funds provide f o r  completion of t h i s  work and1 f o r  procurement 
of tbe Scc)iit launch vehicle. 

The emulsions 

The major experimental technique w i l l  be the use of 

Work on the experiments, telemetry, and other sub- 

- lonosphere Direct Measurements Sa te l l i t e ,  Explorer VI11 

This :;ateI.lite w a s  successfully launched i n  November 1960. I t  con- 
ta ins  ins%imaentation t o  determine the concentration and the spec t rm of 
the charged par t ic les  fonning the ionosphere and t o  measure the e f fec ts  
of the ionosphere on the satell i te 's  e l e c t r i c a l  charge. 
weighs about 85 pounds. 
1961 funds, l a t h  the exception of $50,000 which w i l l  be required i n  1962 
f o r  data iwdiiction and for the analysis of the resu l t s  obtained by the 
satell i te,  

The s a t e l l i t e  
Funding of this satellite was completed with 

Ionosphere Beacon S a t e l l i t e  

Analysis of the e f fec ts  of the ionosphere upon radio signals generated 
by the sattLLite w i l l  be used t o  determine the s p a t i a l  distributiori. and 
the varia1;:ions with time of the charged par t ic les  forming the ionoephere. 
I n  addition, very valuable d i r ec t  information about the composition. of 
the ionosp1ie:re i n  the immediate region of the satell i te w i l l  be obtained. 
The sate1:Lite w e i g h t  will be about 70 pounds. Funding of t h i s  sateillite 
w a s  comple tetl with f iscal  year 1961 funds. This satell i te i s  designed as 
an in tegra l  :?art of a research program being conducted by the Uniwimity 
of Pennsylvania, the University of I l l i no i s ,  Stanford University, m d  the 



Central PrDpagation Laboratory of the Bureau of Standards. 
which i s  already under way using signals from satellites launched J'or 
other pur-pslzs, i s  funded under the advanced research portion of the 
program. 
country and  throughout the world w i l l  conduct research lasing the ti*ans- 
missions :Pram t h i s  satellite. A second spacecraft i s  being fabricated 
f o r  launciing :in the f i s c a l  year 1961 i n  the event of failure of the f i rs t  
attempt. 

Their work, 

I t  i s  expected tha t  other interested laboratories i n  thir; 

Electron Density Profile Probes 

Two ,Scout launched probes will be instrumented t o  measure by neans of 
a radio frequency impedance probe the density of electrons having -1;hermal 
energies .and t o  investigate the ionosphere by studying :radiowave p:i?opagation 
from rock2t-borne transmitters. Vehicle potential  and :Lon sheath ]>henomenrr 
will also be investigated by means of Langmuir probes. The vehiclc will be 
used t o  achieve a very high a l t i tude  (over 5,000 miles) sounding. 
experiments w i l l  be conducted t o  study day-to-night differences. 
payload weight will be 100 pounds. 
with the procurement of the instrumentation and system development. Fiscal. 
year 1961 funds continued the instrumentation assembly, system devclopment , 
and telemetry procurement; 1962 funds w i l l  complete the instrumentcrtion 
costs and provide f o r  data acquisition and analysis. 

Two 
!be 

This experiment was in i t i a t ed  :in 1960 

Swept - Frequency Topside Sounder Sa te l l i t e  (Canada) 

This s a t e l l i t e  i s  being bui l t  by the Defence Research Telecomnunica- 
tions Establishment of the Canadian Government. 
t ive  agreement, will integrate the payload in to  a satell i te system f o r  
launching. The data w i l l ' b e  shared by the sc ien t i s t s  of both countries. 
This s a t e l l i t e  w i l l  be equipped with complex electronic instnunentirtion 
designed t o  study the upper portions of the ionosphere. 
important " f i r s t "  i n  the investigation of the ionosphere because i t  will 
obtain measurements not heretofore possible. 
portion of the ionosphere have been made from the grounld f o r  many ;fears 
and much useful information has been obtained. The nature of the ionosphere 
and i t s  ef fec t  upon radio waves prevents the use of t h i s  technique i n  
obtaining information about the upper half of the ionosphere. The s a t e l l i t e  
w i l l  be designed to  make these sounding measurements from above t h ?  main 
portion of the ionosphere. The information thus obtained, plus tht? result!: 
from the e a r l i e r  ionospheric satellites and the sounding rocket prqp%.tn, 
should cortribute materially t o  our understanding of the nature a n i  
phenomena of the ionosphere. The satell i te w i l l  weigh about 200 p3und.s. 
Costs for  t h e  s a t e l l i t e  i t s e l f  a re  being borne by the Canadian Gov?rnment. 
NASA funding w i l l  provide fo r  the Thor-Agena B vehicles and f o r  thi3 
integration of the satellite with the vehicle. 
launch vekicle w i l l  be bu i l t  for launching i n  the f i s c a l  year 1963 i n  the 
event of f a i lu re  of the ffrst  launching. 
fu l ,  the vehicle w i l l  be rescheduled for other spacecraft. 

The NASA, under a coopera- 

It will be an 

Radio soundings of the lower 

A backup spacecraft and 

If the first launching i s  success- 



Fixed Frequency Topside Sounder (U.S.). 

T h i e  s a t e l l i t e  has the same sc ien t i f ic  objective as the Canadian 
sounder, ~tltbough a different  experimental approach i s  being used. I n  
designing t h i s  s a t e l l i t e ,  the United States sc ien t i s t s  have selected a 
sounding technique based on the use of s ix  fixed frequencies, whereas the 
Canadians have adopted an approach based on a swept frequency sounding 
technique. The United States system w i l l  function as a low resolution, 
fast infrxmation rate sounder, while the Canadian system w i l l  operate as 
a high reso1.ution but slow information rate sounder. %e two satellites 
will be lmnched several months apart  but close enough together so that 
there will. be a period of t i m e  during which both w i l l  be i n  operation 
simultanecw ly . 
more valuab2.e than i f  no simultaneous observations were obtained. The 
s a t e l l i t e  w i l l  weigh about, 100 pounds and i s  presently scheduled f o r  launch 
by a Scout vehicle. The instrumentation work was started early i n  the 
f i s c a l  year 1961. 
ment and eva.luation tests. 
the Bureat. cf Standards w i l l  have prime responsibil i ty for  data hamdling, 
reduction, and analysis. A backup spacecraft w i l l  be manufactured. 

The resul ts  thereby obtained should be considerably 

Planned 1962 funding w i l l  complete hardware protxre- 
The Central Radio Propagation Laboratory of 

Geophysical Observatories 

The kasic satell i te structure, so la r  c e l l  power supply, stabi Lization 
equipment and telemetry and command equipment w i l l  be t h e  same f o r  these 
two satellites. They wLll carry different  instrumentation, however, as 
they are being launched with different  objectives into two d is t inc t ly  
different  orbi ts .  An Atlas-Agena €3 w i l l  launch one satell i te in to  a highQr 
eccentric orb i t  extending to  over 40,000 miles i n  apogee. 
i s  intended t o  perform the most extensive exploration of the radiation 
be l t s  that has yet been accomplished and t o  study the ypper reaches of the 
ear th 's  ionosphere and magnetic f ie ld  t o  the region where they int~srmingle 
with the fields characterist ic OF" interplanetary space. The other satel- 
l i t e  w i l l  be lmnched by a Thor-Agena B in to  a much l e s s  eccentric orb i t  
with an apogee of about 600 miles and a perigee of about 150 miles, This 
orb i t  will also be polar, that is, the satell i te will pass over the 
northern and southern polar regions. This satell i te w i l l  be instrumented 
t o  perform extensive explorations of the ea r th t s  atmosphere, ionos?here, 
and magnetic f ie ld  phenomena t o  600 miles a l t i tude  with par t icular  emphasis 
being paid t o  the relati,veby unexplored polar regions. 
of each satell i te w i l l  be about 1,000 pounds. 
and hardware procurement for these satellites started l a t e  i n  the f i s c a l  
year 1960. 'me majority of tbe instrumentation, telemetry, solar  c e l l  
power supply, and basic s a t e l l i t e  structure will be car:ried throughout 
most of the  prototype phase with 1961 funds. 
complete t h e  prototype development and environmental tes t ing costs:, and 
w i l l  proyi5e for  the two flight models. Construction of a th i rd  space- 
c ra f t  w i l l  a lso be in i t ia ted .  

This s a t e l l i t e  

The payload weight 
"he i n i t i a l  instrumentation 

Fiscal  year 1962 funds will 

It will serve as backup :For the f i m t  two 



or  as a follow-on satellite as needed. 
required for  procurement of the Thor-Agena B launch vehicle, f o r  check-out 
of the f l i g h t  models, and f o r  completion of the backup unit. 

Fiscal  year 1963 funds w i l l  be 

International Ionosphere Sa te l l i t e  (UK N o d  

This i s  t h e  f irst  s a t e l l i t e  under the NASA International Program and 
w i l l  be instrumented by sc ien t i s t s  of Great Britain. 
ionospheric, cosmic ray, and solar radiation areas have been selected. 
NASA w i l l  dc the payload assembly work and conduct the launching. 
load weight will be about 150 pounds. 
provided f'or most of the supporting systems including telemetry ran3 solar 
cell power' supplies and f o r  most of the costs of payload integratilm and 
testing. 
s a t e l l i t e  development and w i l l  provide f o r  data acquisition and p rxess ing ,  
D a t a  analgsis w i l l  be done by the participating sc ien t i s t s .  This s a t e l l i t e  
w i l l  be lsmched by the last  of the developmental Scout vehicles. A backup 
payload i ~ '  being bui l t ,  and 1962 funds provide f o r  a Scout vehicle t o  be 
used fo r  E ,  second launching i n  the la t ter  par t  of the f i s c a l  year 1962 i n  
the event of fa i lure  of the f irst  launching. 

Experiments in the 

The pay- 
Fiscal  year 1961 funds have been 

The funding requested f o r  the f i s c a l  year 1962 w i l l  complete the 

International Program Sa te l l i t e  (UK NO. - 2) 

Prel.imi.nary study i s  now under way f o r  a second sa , te l l i t e  t o  b e  
developed. jo in t ly  with the United Eingdom. 
a new set, of geophysical experiments. 
c r a f t  i n  the latter par t  of the f i s c a l  year 1961. 
w i l l  be ccmt;inued i n  the f i s c a l  year 1962 with f i n a l  assembly and t e s t  i n  
the fisca.3. year 1963. 
This satel.U.te i s  scheduled f o r  launching ear ly  i n  the f i s c a l  year 1964. 

Bri t ish sc ien t i s t s  will furnish 
NASA will begin design of t h e  space- 

Design and construction 

A Scout launch vehicle w i l l  be procured i n  1963. 

International Program Satellite No.  3 

Prel.imri.nary study w i l l  be s tar ted late i n  the current f i s c a l  year fo r  
a third international satellite t o  be launched i n  the la t ter  part of the 
f i s c a l  year 1964. 
year, and. construction of the spacecraft and procurement of the Scout 
launch a!Idc!le will require f i s c a l  year 1963 funding. 

Design of the spacecraft w i l l  begin i n  the next f i s c a l  

Vanguard I11 

The i*eSluetion of data from the Vanguard 111 satell.ite launched i n  
September. 15-5,59 is  being continued with f iscal  year 1961. and 1962 funds. 
These data are being used i n  studies of thc Earthlo magnetic f i e l d  and of 
the effect  of space drag on satellites. 



NATIONAL AERONAUTPCS AND SPACE ADMINISTRATION 

FISCAL YEAR 1,962 ESTINUXS 

LUNAR AND PLANETARY EXPLORATION 

SUMMARY (OF REQUIREMENTS: 
-I 

1961 
1960 1961 ~upp~emeiital  - 

Advanced Research.. . . . $1,857,546 $4,156,000 --- 
Advanced 'Technical 

Development. . . . . . . . . 6,448,717 9,576,000 --- 

Flight I?? 3gram : 

Planetxry and Inter-  
plane:;i2r;y programs. 3,798,9 00 10,079,000 $5, 000 6- ., 000 

Tota.1. . . . . . . 

OBTECTIVJSS -- : 

General 

$5, ooo;, 000 - - 

61C,2t18,000 ~16-15 

21 508,000 ~16-15 

$103,85~9,000 - -- 

Modcvn science and technology present challenging poss ib i l i t i es  for the, 
An extensive? program t o  exploit; unmanned exploration of the  solar system, 

these poss ib i l i t i es  i s  being undertaken by the  NASA. 
direct; coiit15butions t o  science, t h i s  program w i l l  provide 8, sounci. scien- 
t i f i c  and technological foundation fo r  subsequent manned exploration. 

In  addition t o  i t s  

The sc ien t i f ic  objectives of t h i s  program may be generally stated t o  
include s-;utlies of t he  physics o f  the  moon and planets, solar and inter-  
planetary physics, biosciences and ex t ra te r res t r ia l  l i f e ,  and cosmology, 
Nearly al:L of the sc ien t i f ic  disciplines a re  involved i n  these cat egories. 
Physics CY %he moon and planets i s  comparable t o  geophysics of the earth 
and as s1i(:1? includes studies o f  atmospheres, ionospheres, trapped radiation, 
magnetic m t l  gravitational f ie lds ,  and properties of the surface end sub- 
surface. Solar and interplanetary physics is  concerned w i t h  the solar 
atmosphere and radiations 
a s  influenced by t h e  sun, the solar system i t s e l f ,  and sources f 'rcm without 
the solar s p t m n .  Biosciences encompasses not only the search for 

and w i t h  the properties of interplanetary space 
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ext ra te r res t r ia l  l i f e  but the study of the behavior and propagatim of 
earth l i f ’e  forms i n  ex t ra te r res t r ia l  environments. Lastly, cosmology 
i s  the ef’fclrt t o  integrate the resul ts  of these studies in to  a be t t e r  
understarding of not only the nature and origin of the so la r  syst:m, 
but of tke universe i t s e l f .  

I n  the course of carrying out t h i s  program of unmanned sc ien t i f ic  
exploration., v i t a l  technological objectives are expected t o  be achieved. 
These f a l l  i n  the areas of navigation, guidance and control; long-range 
communica,tion; entry in to  planetary atmospheres; remote landings and 
0peratior.s on the moon and planets; surface transportation technipes  i n  
strange environments; and possibly u t i l i za t ion  of natural  resourc 3s 
which a re  yet t o  be found. The process of developing these t;echn>logies 
w i l l  lay the groundwork f o r  more advanced missions t o  follow. 

Lunar Program 

The primary sc ien t i f ic  objective of the lunar science progmn i s  
the explcration and investigation of the moon f o r  the information 
which it can provide on the history of the earth-moon system and m the 
origin of zlanetary bodies i n  the solar  system. The experiments ,%re 
directed toward the determination of surface structure and physicit. 
properties of the surface, the origin of the surface features, chemical 
composition, properties of the moon as a planetary boqy, ani the thermal 
history cf the moon. 

The surface features and structure w i l l  be determined by television 
systems. Fhysical properties of the surface t o  be measured inclurie 
e lec t r ica l  and thermal conductivity, and the s ize  dis t r ibut ion of 
surface rocks and part ic les .  
by a variety of methods, including, i n i t i a l l y ,  X-ray fluorescence 
spectrometry and gamma ray spectrometry. 
elements i n  the surface w i l l  be a particularly important part  of h i s  
study. 
come fran the measurement of heat flow through the surface, and from 
the simultaneous consideration of the chemical composition, the 
surface features and structure, and the degree of different ia t ion of 
the moon’s inter ior .  The primaqy source of informati0.n on the 
different ia t ion of the in t e r io r  w i l l  be by analysis of the orbi t  of 
an advanced lunar s a t e l l i t e .  Seismic and gravimetric measurements w i l l  
be the principal source of information regarding the properties 0.C the 
moon as 8 planetary bo*. 
yield information on the different ia t ion of the moon’s in te r ior .  

The chemical composition will be studied 

The detection of radioa1:tive 

Information regarding the thermal history of t:he moon w i 1 . L  

The seismic and gravimetric data may a l s o  

In  addition, the moon has a biological in te res t  through the 
possible occurrence of organic molecules, precursors of l iving 
organisms, i n  the layer of dust which has accwnilated (over may aeons. 
The chemical analysis of t h i s  surface dust layer may prove t o  be of 
immeasurable importance t o  the biological sciences. 



Finally, the exploration o f  the lunar surface, and the analysis 
of i t s  physical and chemical properties, are  necessary steps i n  th3 
planning and designing of mnnrled i n s t 8 m e n t  s ta t ions and the solution 
of the prcblems of consJ;rucl-xion nnd life-support f o r  a manned lunar 
station. 

Planetary and Interplanettaxy Program 

The F r i m a r y  objective of the p h n e t m y  and. interplanetary sciIsncc 
program i s  the extension of  man’s knowledge of the so la r  system. 
Investigations f o r  signs of plani=tary l i f e  are among the most important 
currently planned. These w i l l  be undertaken by measurements in t h ?  
infrared spectrum surveying the szrface f o r  organic molecules and 
solvents and b;y examining the planet atmosphere f o r  carbon and oxyzen 
compounds, such as CO and ozone, to detemine i f  the planet environment 
i s  compatible wTth the support of  l i f e .  Some information can be 
obtained from earth-based &sz rT%ticJns e &d.itional knawledge can ‘3e 
learned f rcm balloon observations at great enough height above ear th  
t o  eliminst,e most of the ultraviolet; absxyt ion.  
measurements w i l l  be required from planet; fly-bys, orbi ters  and 
ultimate1,y froin probes dirzct ly  exmninirg the planetary atmosphere and 
surface. In  addition, measurements of planetary physics - atmosphl?res, 
magnetic fields,  radiation bel ts ,  and surface features - are  i-equi. red. 

S t i l l  additI-onal 

Instrumentation planned f o r  us% EP~ planetary study includes wide- 
band in f r a re i  photographic ecpipment ; mmw-bwd spect’ographs s u i  table 
for space probes measuring i n  t k  5Ltraviolet, v is ible  and infrared 
spectrum and including & ~ t s  storing and reporting capability; mass 
spectrometers :for both atmospheric and swftzce use; lorg-range 
telemetry and command sys tws  silitable f o r  the distance t o  Mars, a id  
energy scrirces t o  operate during the long period tha t  the equipmen; 
will be u t i l i zed  near o r  or1 %he planets. 

Supporting researck w i l . 1  be conducted t o  find mate.rials and 
develop i : n s tmen t s  that; are resistant, t o  the atmosphere and. 
temperatures of Venus and Mars. 

f i r h e r ,  the struet.ure and c2mposit,ion of interp1a:netary space 
itse1.f a re  udmown.; observation 3f this medium., the S O l i s r  effects  lipon 
it, and i t s  relationship 1-0 %?.e terx%s-trial condition will be made wi.l;h 
the long-:rmge objective of ;mderstanding the nature of the solar  
system, ‘Ch.is w i l l  be accoxplished by obtaining measureinents of the 
interplanetary plasma densi..’;y and i.%s energy spectrum and some datit 
on the angular, ,  spat ia l  and tmqmral. d?pmde.nce of the :flux. Detailed 
measurements of i.nterqplan.etsxy plasma &zi.ng periods of minimum soltar 
ac t iv i ty  a s  we:Ll as during periods CJ€ great sunspot ac t iv i ty  w i l l  lie 
emphasized. An important :3bibject;ive i s  the correlation of measuremc:nts 
between iinterp:Lxne’iary prsbes ,7 plmel; ckb.i.t,e;rs and lunar orbi’t,ers vhich 
should malre it possible to est,a-$iish. tke scale s i z e  of p1as.m clouds 
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ejected Iiy the sun and compare the interplanetary densi.ties at dif 'ferent 
portions of the solar  system. 
i s  the st;udy of cosmic dust which, as representative of' the building 
blocks of' stars and galaxies, may be a key i n  the study of the origin of 
the solar  s$stem and the universe. 

Also a particularly important objective 

JUSTIFICiLICION --- : 

From a sc i en t i f i c  viewpoi.nt, as exemplified by the previouslj. s ta ted 
scientifj-c: objectives, the motivaxions are compelling. The exploi*ation 
of the moon i s  of great importance to science because the surface of 
this body hrss not been subjected t o  the erosion of wincis and water, and 
therefore mt%y carry on the surface a record of the earlty history of the 
solar  sys-;em. This record has been lost forever on the Earth, &YS, or 
Venus, ailti inay only be available on the moon. 
i t s  surface, i n  the layer of dust which has accumulated there, or6:anic 
molecule!; which will give us a clue t o  the development of pbysicg- l i f e  
on the Ea:rth. 

The moon may a l s o  llave on 

Exp:Lmation of the planets ;presents a different  t2-e of attrrtction. 
They all differ markedly from the Earth. 
l i e  clue:; t o  the nature, origin, and evolution of the solar  system 
the stuqr o:f other planets we w i l l  almost certainly come t o  know our own 
bet ter .  
have trem~ndous implications not only i n  basic chemist:ry and biology but 
even i n  insdicine. The sc ien t i f ic  study of solar  and iinterplaneta:i?y space 
w i l l  strengthen our understanding of the sun-earth relationships on which 
not only our camfort but our l i f e  cycle i tself  so  intimately depe:Id. 
V i t a l  in.formation w i l l  be gathered on potential  hazards which await 
future space t ravel lers .  Included i n  th i s  category a re  l e t h a l  soLar 
radiatio:? streams, lunar and planetary terrains ,  and even planetaw 
meteoro1ogica;L conditions. Hopefully, knowledge may ble uncovered to 
permit u t i l i za t ion  of natural  resources a t  these dis tant  deskinat ions. 

I n  these v e q  differences may 
From 

'Re expected discovery of organic molecules and l i f e  fonls may 

"he lunar and planetary exploration program has been carenilly 
designed t o  avoid duplication and t o  promote reliabil i ty i n  the space- 
cmft development area. Every effor t  has been made to minimize t'ie number 
of types of spacecraft and t o  maximize the number of uses f o r  eac i  type. 
Wherever possible, the same basic subsystems o r  t h e i r  advanced derivative:; 
will be employed i n  successive spacecraft series.  This w i l l  r esu l t  i n  the 
evolutional development of a small family of unmanned exploration space- 
craf t ,  wherein the relat ively simple systems and limited c a p b i l i t i e s  of 
early spacecraft w i l l  be extended and refined as launch vehicle weight- 
l i f t i n g  c a p b i l i t y  i s  increased t o  the point where later spacecraft w i l l  
be capable 02 the more sophisticated operations required by the program. 
This building-block concept will permit exploitation o f  early unnmed 
sc ien t i f ic  and technological missions as part  of an orderly .?light- 
qualifice,tion sequence p r io r  t o  undertaking manned exploration ac t iv i t i e s .  



The proposed mission schedule under the Lunar and Planetary Explor- 
ation progreun follows : 

Calendar Year 
of first 

Lunar PrcbJects ---. Mission Objectives Launch Vehicle - 1s mnch .- 

Surveyor Soft landing A t l a s  Centaur 1963 
Surveyor Precise orb i t  Atlas Centaur 1965 

Ranger Rough landing Atlas-Agenat 1961 

prospect 01- SoPt landing - mobile Saturn 1966 

Planetarjr Projects 
-7 

Mariner Fly-by 
Voyager Orbit and land 

In t  erplanetrtry 
Pro jectG- 

Atlas Centaur 
Saturn 

Pioneer :j Radiation spectrum Thor-Able 

Magnetome:-;er Plasma and fields Thor-Delta 

Ranger, Mar:Lner, Spacecraft t e s t  plus Various 

and f j e lds  

probe 

Voyager -;est interplanetary physic s 
vehicler; 

1962 
1966 

1960 

1961 

1961 

The detailed significance of t h i s  phasing will be apparent i n  t h e  sub- 
sequent discussion of each project. 

A fixidmental prerequisite t o  the exploration of the  moon and the 
solar sy:;tein i s  the development of spacecraft capable of performing the 
desired missions. Such spacecraft do not exis t  today. Their realization 
w i l l  require perfecting and integrating many technologies , includ:.ng : 
attitude seiising and control; midcourse navigation (ratlio-command 
technique i, .For lunar missions arid self -contained celes1;ial navigation 
fo r  d i s t a n t  planetary missions); terminal guidance and spacecraft 
propulsioi; long-range communications; precise orientation of spacecraft- 
borne compo:nents such as antennas, sensors, and radiators; long-tcmn 
power g e ~ l ~ r i ~ t i o n  sources and systems; control of internal  and sur::ace 
temperatures under widely varying conditions; extremely e f f ic ien t  
structures oapable of functioning under the w i d e  range of enviromient,al 
conditions to which the  spacecraft w i l l  be exposed; t h e  solution of the  
problems D f  entry into planetary atmospheres; and the development of 

Rl%- 5 



automatic or remotely-controlled devices for transporting instrumentation 
over the ]$La,~letary surface, gathering samples of planetrtry matter, 
analyzing -2ht.m and transmitting the data t o  earth. 

Lunar and planetary projects evolve i n  such a way tts t o  uti1i::e the 
f u l l  capaS).il:ities of the new launch vehicles as they become operatj.onal. 
Spacecrafl; and instrumentation development are geared t o  t h i s  capaliility. 
The funding liuild-up i n .  support of this program is i n  consonance x t h  the 
a b i l i t y  o:F 'both the NASA and i t s  supporting industries 1;o implemeni; the 
program. 
program p1ms:ing i n  from one t o  two years later. This mikes ma,?c.imw~ use 
of techno:Log:ical and launch vehicle capability i n  that zhe p1aneta:y 
spacecraft are based upon lunar developnents. The earth-moon region 
serves as i2 :proving ground f o r  these advanced concepts. 
funding i n  the f i s c a l  year 1962 results primarily from -the long lead 
t i m e  mqufired t o  prepare f o r  the lunar sof t  landings and from the 
requiremeirts of the Mariner spacecraft f o r  the calendar year 1962-364- 
planetary ~ni~ssions.  

' f i t ?  lunar program i s  given init ial  emphasis xLth the planetary 

The increme i n  

Lunar Advzxnced Research: -- 
Tektite ; ~ m i  meteorite 

invest:i,zations.. ................ 
Lunar r t K y  ,systems.. .............. 
Solar wtnd irivestigafions ........ 
Space vcl$i<-.le s te r i l i za t ion . .  .... 
Lunar surface sampler stiidy.. .... 
Lunar g:rwi-Ly meter studies. ..... 
Chemist:r;y xf polymers and 
propel:L.mts ..................... 

Testing 3f shock sens i t iv i ty  of 
prope1:Lants ..................... 

Combust:ion research .............. 
Solid p:ropel:Lant research. ....... 
Convect.ive heat t ransfer . .  ....... 
Rocket motor injection research. e 

Propelliznt s and propellant 
deyice;.......................... 

Investi,Zations of lunar surface.. 
Lunar mapping studies... . . . . . . . . .  
Radiation investigations ......... 
Stresses associated with hard 

Pro:pulsion heat t ransfer . .  ....... 

landings. ....................... 

Fiscal Year Fiscal Year F::scal Yeex 
:L961 -A!--- c 62 1960 - 

$205,000 
14,750 
24 , 506 
50,726 
17,771 
55,000 

225, ooo 

15,000 
225, ooo 
60 , ooo 
60,000 
76, ooo 

205,000 

:179 , 000 

11 , 000 
283, ooo 
69,000 
67,000 
86,000 

,228,000 

78,000 
.u5,000 
221 , 000 
LOO, 000 

65,000 

- ._. 
$345 ,000 
lw+, 000 
80 ,000 
96, ooo 

21~5,000 

530 , 000 
435, OOC) 
1:jO ,000 
200,000 

- .... 



Fiscal Year 
1961 - 

Fiscal Year 
- 2 2 f i L -  

Fiscal Year 
- Advanced Re search 1960 

AnalysiE, by nuclear excitation.. ... 
Research i n  prototypical systems 

f o r  sys.ce f l igh t . .  ................ 
Studies of' in ternal  structure of 
moon.......,..,.................... 

Plasma i,nvestigations .............. 
Energetic par t ic le  investigation ... 
AnalysiE, a,& interpretation of 

lunar Eeismograph data. . . . . . . . . . . .  
Analysis' and interpretation of 
lunar @;anma ray spectroscopy data. 

AnalysiE, and interpretation of 
lunar phcrtographic data.. ......... 

Investi@;at,ion of gamma ray 
measuremments from a lunar orbiter.  

Invest i@;at.ion of the neutron 
albedc from a lunar orbiter. .  ..... 

Advanced. t,echniques for the 
chemice.1 analyses of the lunar 
surface... . . . . . . . . . . . . . . . . . . . . . . . .  

Advanced. techniques for determining 
the phy-sical properties of the 
lunar surface...................., 

Advanced. techniques f o r  measuring 
f ie lds  ard par t ic les  from the 
lunar curface..................... 

$150,000 - - .- 
$1j4,000 

192 000 
100 , 000 
75,000 

140 000 

'75 , 000 

100 J 000 

100 , 000 

100,000 

104,000 

178, ooo 
100,000 

1:LO , 000 --- 

XLO, 000 

100,000 
'3,131,000 2,179,000 

Plane tary-std Inte  q l a n e t a q  
Advanced -- Research: 

Study by photographic techniques 
of meteorites i n  f l i g h t  ........... 

Luminosity and polarization of 
planetE ........................... 

Mars o r t i ca l  system design ......... 
Solar F rondnences .................. 
Origin c d  meteorites.. ............. 
Solar influences on cosmic rays.. .. 
Planetary observational net. . . . . . . .  
Basic ckaracterist ics of planetary 

surfaces and atmospheres. ......... 
Helium c orbtent of meteorites. ...... 
Age and origin of solar  system ..... 
Solar atmcisphere and planetary 
research..... ..................... 

350,000 

280,000 
75 , 000 
35,000 
45,000 
35,000 
75,000 

- - .. 
45,000 
35 Joo0 
j+o , 000 
25,000 

200 , 000 
250,000 
20 y 000 
a, 000 

155,000 
:15 , 000 
20,000 

298, ooo 352,000 



Fiscal Year Fisc:al Year Fiscal Yeex 
- Advanced Research 1960 - 1 . 9 6 1 .  -1962- 

Interplruie-;ary instrument research. 
Advanced planetary studies. ........ 
Neutron i~l l~edo. .  ................... 
Solar eirvi:ronment.. ................ 
Properties of planetary and 
interp:Limc?&ny space.. ............ 

Planetaqy investigations from 
b a l l O O l l 3 . .  ......................... 

Advanced p:lanetary mission analyses 
Lyman-A:L:pha studies............ .... 
Plasma stuilies..................... 
Solar wind studies.............*... 

Totdl, Advanced Research........ 

$L162,000 
32,000 

$375,000 
73.5000C’ 
110,000 
180, ooo 

225, ooo 

195,000 
50, ooo 
50, ooo 

Advanced Research 

Supporting research i n  the lunar and planetary pro~ram creater; and 

As the luna:‘ and 
maintains a fountainhead of new ideas from wbich sc ien t i s t s  and eqfineers 
d r a w  i n  attaining the over-all NASA space objectives. 
planetary exploration program has matured, it has become important t o  
support t:he sc ien t i f ic  c o d t y  i n  conducting theoretical  and ana:,yti.cal 
studies. 
approach t o  problem solving and i t s  successful applicat:ion, a prog:m of 
theoretical  and analytical  studies designed t o  advance -the state-o::-the- 
art must look years ahead of the immediate f l i g h t  mission requiremmts. 
The objective i s  t o  prepare fo r  missions u t i l i z i n g  the greater weiisht- 
carrying capability of the Centaur and Saturn launch vehicles. 
studies w i l l  be continued at approximately the same f’wuEng level  cLurl.ng 
the f i s ca l  year 1962. 

problems related t o  landing instrumented packages on the surfacz. 
studies follow a variety of directions such as the stud;y of stresses 
associated w i t h  hard landings w h i c h  will yield information on which t o  
base both sxacecraft and instrument design; the acquisition of lunar 
photographs from Earth s ta t ions from which studies of the surface :an 
yield contours , elevations, equivalent “sea level”  and geological 
similarities t o  be used i n  the selection of mission lan13h.g sites; and 
advances i n  the s t a t e  of instrument-interpretative art  so proper 
deductions w i l l  be developed i n  t i m e  t o  design experiments required ill 

accmp1iskin.g stated objectives. 

Because of the long lead time between the conception of tm 

Such 

I n  l u n a r  science, supporting research is  directed i5t studying 
These 



In  ackli-;ion, since the earth-moon region i s  considered a proving 
ground foi? trying out advanced systems f o r  planetary missions, there 
i s  a two-fold requirement f o r  research leading t o  the ab i l i t y  t o  
maneuver o.r s tab i l ize  the spacecraft during periods when midcourse o r  
terminal gpitlance corrections are made, or when crit ical-  scient i f ic  
observations are t o  be undertaken. 
at  great c1:is-;arrces from the ear th  and require small, but extremely closely- 
controllecl, -;hrusts, it i s  necessary t o  undertake studies of re la t ively 
small engineij, storable propellants and the effects  of nxutual constraints 
between the spacecraft and i t s  guidance devices. InitiaJ. emphasis on the 
study of mall engines and t h e i r  propellants will be on the understanding 
of proyel2-tux chemistry, ut i l izat ion,  shock sensi t ivi ty ,  and heat transfer.  

Since these maneuvers are accomplished 

By f o:Llowing a systematic approach, employing earth-based and balloon- 
borne plarit?tttry observation stations,  important planetaiy informati on can 
be acquiruxl at re la t ively low cost. This information w i . 1 1  then permit the 
scienti.stc; to  design missions capable of extending knowledge of the solar 
system at (3 rmch more rapid rate. I n  addition, advanceel studies are  
necessary Y O  provide techniques and types of instrumenteition capable of 
measuring :met reporting characterist ics of the planetary atmosphere , 
surface arid environment. 

Fiscal Year Fiscal Year FiEcal Year 
--- Advar u: ecl Te chni c a1 Development 1960 1561 - 1962. 

Lunar AdwgE?d Technical Development : 

Geiger-Muel-ler tubes and 
i0nizat;:iori chambers.. .............. 

Lunar photo system development. .... 
Cosmic my detector and magneto- 
meter &?velopment.. ............... 

Developnienl; of impact-proof 
payload components.. .............. 

Spacecmi:lt sequence timer 
developnerit.. ..................... 

SpeetmJ. lamp.. .................... 
6 ki1owai;t p r o p a s  i on system 
denlopierit. .  ..................... 

Space c raft nuclear so71rce 
integration studies.. ............. 

Measurenienl; of atmosphbric pressure 
between ertst-h and moon. ........... 

System ~ ; I ; i ~ c l y  for roving vehicle. ... 
Infrared! pho'i,ography. .............. 
Lunar se:.snol.ogy.. ................. 
Data aut;omtti on system. ............ 

$148,130 
500 , ooo 

450 , 000 

105,000 

445 , 000 
30,000 

1,606 , 000 

10,000 

50,000 
290,000 
103,587 
125, ooo 
100,000 

--_ 
--- 
- -- 
--.. 
--- 

$:;o , 000 

822 , 000 

1~~9,000 

:Lo, 000 

1:;g , 000 
300, ooo 
7'0,000 

389,000 

-e-  

--- 
--- 
- -- 
-I- 

--- 
I-- 

--- 
$150,000 

70 , ooo 
105 , ooo 
300,000 
158, ooo 

Thrust c:onl;rol.. ................... 76 ; 000 58; 000 41;ooo 
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Advanced -- frechnical Development 

Insu la thg  techniques and case 
and no:s z l a  development. .......... 

Solid ro:ket motor development.. .. 
Prope1liXn.t development and 
emhat ian, . . . . . . . . . . . . . . . . . . . . . .  

AuxiliEqy :propellant devices. ..... 
!&rust Ic’haabers.. ................. 
High- energy :Liquid propulsion 

system ........................... 

Spacecraft retrorocket.. ........... 

Propulsion systems analysis ....... 
analys:ls.. .,. ..................... 

and thermal properties ........... 
manipulation ..................... 

Subsurf.sce logging techniques ..... 
Television microscopic and 
telescopic optics ................ 

Ion and electron traps. ........... 
Organic molecules and szib-life 

forms chromtography ............. 
Lunar  sur face re f lec t iv i ty  ........ 
Pattern recognizer ................ 
Instrument component development.. 
Electronic component development.. 
Mass spectrometer ................. 
Power scwces developnent.. ....... 
Exploration equipment design 

Flight rrechanics analyses ......... 

Trajectory and guidance systems 

Documentatioin.. ................... 
Surface mi subsurface e.lectrica1 

Smple :prepa:mtion and 

studies............ev+..........t 

Planetary-and Inte qplanetary 
Advanced -- Technical Development: 

Storable l iquid propellant systems 
Advanced. l iquid propulsion 

deve1opwn-L.. .................... 
Guidance a,nd control racket 
analy-tica,l design ................ 

Design studies of spacecraft con- 
f i gum ti ons ut i li zing e lec t r ic  
propulE,jon.. ..................... 

Fiscal Year FiscaJ. Year Fiscal Y e a r  
_- 1961 1962 1960 - - 

$155,000 $:126,000 $102,000 
275,000 :33,000 14 3,000 

275,000 252,000 222,000 

60,000 57 , 000 5 3,000 
100 J 000 72,000 36 , ooo 

15,000 29,000 41,000 

310,000 241,000 187,000 
:~25, ooo 138, ooo 75 , 000 

30,000 45,000 513,000 
15,000 :U5,000 135 j 000 

--- 50, ooc - - .. --- :Loo, 000 -- .. 

:146 ,000 562,000 

350, ooo 26h , 000 164,001:) 

475 9 000 1679,000 71C3,OOO 

75,000 log, 000 1-65 ,000 

60,000 120,000 E?, 000 



Fiscal Year Fiscal Year Fiscal Year 
.- 1.961 1962 - - 1960 Advanced --- Ice chni c al Development 

Study of special s t ructural  
problem; of radiator integration. 

Study of @mamics of large pro- 
pulsion s:ystem. structures ........ 

Study of rc:ac:tor radiation effects  
on spact:crraft instrumentation. ... 

Space clutrge neutralization and 
effect:; 011 i .nstmentation..  ..... 

TraJecto:v analysis with e l ec t r i c  

Uti1izat;:lon of e l ec t r i ca l  pro- 
pulsion power supplies with 
communj.c:al;ion equipment .......... 

Design s;;uily of flight system to 
test  60 kilowatt e l ec t r i c  pro- 
pulsion system.. ................. 

Deve1opit:n-k of a t t i tude  control i n  
presents: of propulsion turbo- 

propulc.:’ .. Loll.. ..................... 

machincry., ....................... 
Spurious interference f i e lds  from 
electric: propulsion systems. . e . . 

Solid st;fite radiation detectors.. . 
Solar ccronagraph.. ............... 
Planetaqr photograt~xneter. ......... 
Biologictil detection equipment. ... 
Motor sy::tmns test..  .............. 
Space biology equipment ........... 
Radar mc?tzsu r ing  techniques. ....... 
High-resohrtion spectroscope.. .... 
Mass sp:c:ti:oscope.. ............... 
Wide-barid ilnfrared photography.. .. 
Temperat;im: and pressure devices. . 
Guimce  computer system. ......... 
Guidance computer components.. .... 
Guidance eLectronic devices. ...... 
Analgrtic:t& design ................. 
StrUctul3:s arld aynamics. .......... 
Fluid mctc:htmi.cs and thermodynamrics 
Enviromn~:nl;d- survival of equip- 
ment;.., ............................ 

Systems :integration and analysis.. 
Advancect nLssion parameter studies 
Prot o t y p  evaluation and 

inspect;:ion.. ..................... 
Surface :i:nfrared instnunentation. . 

$10,000 $80 , ooo $80 oocl 

20 , 000 50 , 000 50 ooo 

80,000 80, ooo 20,000 

1.00,000 100 , OOCl 10,000 

60,000 1-50, ooo 150 ? oocl 

10 9 000 30 , ooo 30 oocl 

41,000 10 , 000 33 , 000 

1-44 , 000 150 , ooo 
70 , ooo 

1.25 , ooo 
225 , ooo 
85 , 000 
75 , 000 

307,000 
60,000 

1.25 , ooo 
90,000 
90,000 
75 7 000 
85 , 000 
210 , 000 
373 j 000 
1-54 , 000 
25, ooo 

1-69 , 000 
1.67,ooo 

70 , ooo _-- 

- - -, 
125,000 
75,000 
75 , 000 
6$ ,000 
55, OOCI 

353 b OOCI 
534 ,OOCI 
396 000 
62 000 

23’7 OOCl 
198, oocl 

1.96, ooo 
45,000 

1.38 , 000 

180 ooo 
270 oocl 
226 oocl 

256 , ooo --- 273,000 
140, OOCl 



AdvancecL2:chnical Development 

Atmospheric irlfrared 
in s tm~? i i t s t i on . .  ................ 

High-tenpm3,ture instrumentat ion. . 
Atmospheric propagation. e , ".. e * .  . 
Spectropli~tmetry devel opnents .... 
Instnunemt component developent . 
Electronic component development. - 
Data automtion systems, .......... 
Antenna servo systems. ............ 
Celestial 
Celestial 
Ine r t i a l  sensors..........-....... 
Power conversion devices.......... 
Development of materials a method 
and analysis techniques. * .  e * .  . e e e 

Design t e  cknique development. ..... 

Total, Advanced Technical 
Deve1c)pment .................. 

Fiscal Year 
1960 

--- 
$I, 100 , 000 

$6,448 , 71-1: 

Fiscal Year F i x a l  Year 
1-961 - *. 

$ ~ , O O O  
90,000 
60,000 
75,000 

404,000 
382,000 
252, ooo 
86 , 000 

239,000 
2311. , 000 
244,000 
~ 0 , 0 0 0  

$9 ,5f76,000 $i~,o8o,ooo. - - - 
Advanced Technical Development 

The ~: :~J-orat ion of the moon and the planets w i l l  involve may complex 
a d  varied payloads, each containing a multiplicity of Instruments f o r  the 
measuremerr; of the many phanomena of interest .  
advanced i~?search studies indicating f eas ib i l i t y  and approach t o  the 
solution of a problem, there i s  a need f o r  hardware development which can 
mechanize -the end results outlined i n  the advanced research studies. 
efforts 
types from wliich selections of f l i g h t  hardware approaches can be mule. 
T h i s  i s  a oo:ntinuing program directed at the growth development of 
instnunen-; a t  ion from the relat ively simple, through the first-gene:.-atLon, 
t o  the ad'vznced instrumentation required by the nationa:l space ob,jc:ctives 
and missionso 

With the results oj' 

Such 
necessary t o  produce laboratory working models and even proto- 

Two principal categories of instruments are needed t o  achieve thc 
objectives o f  the lunar and planetary exploration prognm. The f i r s t  i s  
designed t o  analyze the svrface c$ the moon or  planets and their  
atmospheres; the second i s  t o  measure interplanetary phenomena while the 
payload i s  on its way t o  i t s  destination target  such as the moon or a 
planet. 
the  need f'or increased dynamic range and discrimination. 
categories of instrument dearelopnent there i s  an urgent need for improving 
l i fe tdne EM.  r e l i a b i l i t y  of operation i n  the space environment. 

Init ial  measurements and capabi l i t ies  have largely pointel  u? 
Ln a l l  



Utilization of the Saturn launch vehicle will, f o r  the first time,, 
make it possible f o r  sc ien t i s t s  t o  conduct varied and sqphisticated 
studies on the .Lunar surface. 
t h i s  coming capabili ty it i s  necessary now t o  develop completely 
automatic e g l o m t i o n  devices and techniques through the prototype stage. 
These devices w i l l  be capable of measuring surface and subsurface 
characterist ics,  of talring samples on radio command, and of preparing 
material and conducting analyses e i the r  on command or  by preprogramlllilyg. 
Electronic developments w i l l  a lso provide the means f o r  d e t e m n i n g  the 
nature and quantity of any sub-life o r  pre-life macro-molecules existing 
on the 1uns.r surface. 
s tar ted i n  a wide variety of problem areas. Additional surface and s u o -  
surface inteet igat ive techniques were in i t i a t ed  i n  the f i s c a l  year 1961. 
The W i n @ ;  f o r  the f i s c a l  year 1962 i s  t o  carry on those investigations 
already und.er my. 

In  order t o  take maximum advantage of 

I n  the f i s c a l  year 1960 basic developments were 

The groblems of spacecraft mneumrfng will,  fo r  the next several 
Pid- years, be met, by the use of various chemical propulsion systems, 

course and. t e r n s i d  corrections t o  the flight p t h  are  ride by semi t ive  
control1afd.e thrust elements. Retrorocket systems are needed t o  cmcel  
o r  reduce tihe impact velocity of a landing package. 
th ro t t l ing  arid thrust  control techniques are required i n  t h i s  area. 
Another (braking) system i s  required t o  permit a spacec~x~f t  t o  hover and 
maneuver lr15efl.y over the lunar surface while the desired landing :pot 
i s  being c!lio:;en from televised images. 

A variety of 

The ~~~~ has an active research and development program on e l ec t r i c  
propulsion systems. 
that they :?ose complex problems of integration with the spacecraft. 
These prolXLems a r i s e  from such items as the large heat :radiator, the 
nuclear n!i~c-;or, torques from turbomadhinay, e l ec t r i c  twd magnetic: 
f ie lds  froin -the e l ec t r i ca l  power supply and accelerator:;, and the 
increased =:liabil i ty and equipment l i f e  necessitated by the long-:.’light 
times of c3 :Le r3 l ;~~ca l ly -p ro~ l~~d  system e 

uti1izatio.i  of the propulsion system e l ec t r j ca l  power for commmicritions 
purposes ~ L S  :xttractive and requires development. I n  onler that these 
problems law be solved i n  time t o  utilize e lec t r i c  propulsion when it 
becomes a-vdlahle, it i s  necessary to carry on considemble advanced 
developent  work directed towads the spacecraft-propulsion system 
integration. 

continimtion o:f the program star”,ed during the  f i s c a l  years lc%O a2d 

A characterist ic of e l ec t r i c  propulsion system i s 

In a d a t i o n ,  -the potrentiit;l_ 

The x o r k  outlined f o r  the f i s c a l  year 1962 i n  these areas i s  3 

1961. 

A wiiie variety of prototype sc i en t i f i c  instruments must be prepared 
fo r  the many s p c i a l i z e d  experiments t o  be conducted on the planets. It 
is  necessary t o  improve the state-of-the-art  i n  advanced c i rcu i t  design,  
components, and packaging. Efforts w i l l  r e la te  t o  development of 



measuring (Levices and techniques; to advanced guidance a d  control 
system mec2lanization methods such as on-board computers for ut i l iz ing  
sensor ouf;]xrt;s and generating appropriate commands; t o  guidance semors 
and correc:i;ion procedures i n  the vicini ty  of the planets;; t o  ce les t ia l  
navigation aids capable of obviating drifts associated k r i t h  inertis3. 
guidance tuli1;s; and t o  the problems of integrating many sc ien t i f ic  
experiment;:; i n to  one package without unnecessarily degrading the 
performance of any individual sensor because of placement with relat ion 
t o  another, 
with fiscti l  year 1961 funding and additional items appear f o r  the first 
time i n  the f i sc& year 1962. 

It w i l l  be noted that ef for t  i n  these areas has just started 



t Program 
-I 

Lunar Progr m.s : --- 
A t l a s - A b l e  Program.. . 
Ranger Frw;ram.. . . . . . . 
Surveyor. Program.. . . . 
Prospector Program.. . 

Total,  Lunar 
PrQgreur,s.. . . . . . 

Fiscal Year 
Fiscal Year Fiscal Year 1961 Ftscal Year 

- 1962 -- 1961 Supplemental 1960 

Planetary -- r i n d  Interplanetary Programs : 

Pioneer 77 and Magnetan- 
e t'er Probe . . . . . . . . . . $3,798,900 $425,000 

Mariner I?rogram.. . . . . --- 9,654,000 $5,000,000 $21,159, C m  

349 9 OOC --.. - Voyager I?rogram. . . . . . --- 
TetaJ, Planetary 
ma :hIx*lam-- 
%ary Woograms -. . . $3 , 798,900 $10,079, 000 ?j, OOO,OOO $21,508, OOC) -. --. 



Fiscal  Year Fiscal Year F:iscal Year 
1961 1962 1960 - FTi&t Program 

Lunar  Propmns : 

Atlas-&:,le -- Program: 

$4,746,000 
13,602,737 

Able TiJ s:pacecraft and vehicle.. . 
Able V spacecraft ard vehkle . .  .. 
Lunar i~tm~xqhere pressure gage. .. Data aizal;ysis .................... 
Tes t  a115 eWuation... . .  ......... 

--- 
$5 , ~00,000 

20,000 
50,000 

- 5,000 
5,575,00(3 18 , 348,737 

Ranger:. I?ropanl: 

SpacecnxEt : 
Ion chml~ers.................... 
Paylotul communications system 

t e s t  lng........................ 
Solar co:rpuscular equipment and 

cosm:~: :ray ionization chamber.. 
Enviroiunc:ntal laboratory 

e quipnent ...................... 
1nvesl;:igc~tion of lunar surface 

rhamtcteristics.. .............. 
Gamma :ray spsctrograph 
exper:irn?nt. .................... 

Teleme-;ry system development. ... 
Flight telemetry system.. ....... 
Command system development. ..... 
Attitude control system.. ....... 
E1ectr:icrtl conversion equipment. 
Fyrotcxhic: s development. ....... 
Comporiml; electronic and elec- 
trmcxhrmical packaging. ....... 

Spacecx?aft design and develop- 
ment 3;e::ting.. ................. 

Spacec!;z&t mechanical and 
s t ruc!i;ud. components .......... 

Midcoxc-se maneuver propulsion 
system. ......................... 

Tiv.jec!I;oi~ analyses.. ........... 
Spacec~a.aJlt systems design.. ..... 
Lunar capsule contract .......... 
System; test  and f i e l d  

Impacl; T? system ................ 

opm1;ions.. ................... 

70, ooo 

250,000 

240 , 000 95,000 

275,000 350 J 000 

$41.0,000 100,000 293 , 000 

239 , 000 
502,000 
~~60,000 
$93 , 000 
252 , 000 
533 , 000 
850 , ooo 
1-29 f 000 

99, O o o  
180 , 000 
153 , 000 
326 , ooo 
133,000 
161,000 
15,000 
134 000 

20 , 000 
110 , 000 
500,000 

1 , 310,000 
250,000 

1 , 533,000 
950,000 
100,000 

267,000 226, ooo 260,000 

685,000 259,000 200 , 000 

318, ooo 

78,000 
211 J OOCl 
24.0, 000 

I., 000 , 000 

700,000 707,000 

280, ooo 
50,000 

100,000 
3,660 , 000 

222,000 
270 , ooo 
327 , 000 

l , r ~ o , o o o  

663, ooo 39 , 000 
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Fiscal  Year 
--- Flight Program 1960 

Electronic devices and module 
pac1Z)39ingo.0000..01.0YOO0.010.0 

Space environmental testing.*... 
 documentation,,.,,,,^^^^^^^^^^^^ 
Magnetometer experiment, ., e 

Micrometeorite detector. , e , 
Spacecraft f r i c t ion  experiment,, 
Systems t e s t  txndwa& ?eo , , ., , 
Spectrophotometer equipment e 

Optical test  equipment, , e e 

Calibratlon. of instruments and 
preparation for handling 
sc ien t i f ic  ~tao..o...eoo.oooo 

High- re scllu t ion te lev is  Lon 
optic~O.U. . . . .OOO..OO1O1.OOOOO. 

Lyman-Alpha. experiment ., ., a . e . 
Single-axis seismometer, 
Solar corpu.scular detector..o.eo 
Semicondwt,or and Geiger kube 

d e t e c t o ~ o ~ O O . o . O O o O ~ ~ ~ ~ ~ ~ o o ~ ~ o o o o  
Triple coincidence detector ., e 

Data autcmmtion system.......... 
Antenna Levelopment , e 
Development, and procurement 

960 megeteycle spacecraft 
equi~e~i~.O..OO1.OOO.OOO.OO...O 

Flight cc~mnw,d 
Ground cc)mnmd system,, o a O O O . O O 1 l  

Guidance mid conixol analytical  
design.. ~ . O O O . . . O O 1 O O O O O o O O Q ~ ~ o  

Navigation system simulator e . 
Celestial. L;C~,,BOFB , 
Inertial .  E I ~ I ~ B O I P ~  ,, ., ., e ., 
Power SCI1LFC:CE 0 0 0 0 e 0 0 0 0 0 D 0 0 0 0 0 0 0 0 

Energy EikWWe devices , e 

Assembly ad systems check-auk + .  

Spacecmd”t assembly equipment, ,, 
Ground E;up])ort equipment Euad 
engl.neei:Irag. , ., , e ,, e , 

Cont;roll.c?:~ t;lmer. e , e 

Comnnmic:ttt:~ons check-out 
equipment,. . . e .  e e e e , 

Proto tylx: c?v&lueb-k.fon and 
inspecl;:ion - quaLiLy assurance 

Vibration analysis services , e 

Teehnica.L f a c i l i t y  engineering, 

$340,000 
500 9 000 
270,000 --- 

--- 

Fiscal  Year 
196.1 - 

$596,000 
419,000 
7949000 
304 , 000 
12,000 
43,000 

361,000 
9,000 

25,000 

229,000 

255,000 
218,000 
168,000 
429,000 

38,000 
53,000 

391.,000 
187,000 

5399000 
60 ~1,000 
212,000 

108,000 
37Cl,OOO 

665,000 
486,000 
178,000 
595,000 
184. ,000 

531. ,000 

482,000 

131.,000 
12C),OOO 
231. ,000 

FiSCiiL Year 
1062 

$226,000 
2 77,000 
2#,57 , 000 

I-- 

.- - - 

235,000 

99,000 
46,000 

132,000 
96,000 

19 , 000 
19,000 

104,000 
136,000 

499,000 
115,000 
88,000 

112,000 
206,800 
119,000 
76,000 
44,000 
31 000 

4 07, 000 
314,000 

1 , 4 03 , 000 

87 000 
1.79,OOO 
1.03 , 000 



Fiscal  Y e a r  Fiscal. Year F i s c a l  Year 
1961 1962 -- - 1960 - Fl ight  Program 

procest;irlg. ................... 
Computing services ............. 
Data hacrdl-i.ng s y s t e m ,  *.. o .  I) 

Spacecraft; systems integration. 

Data re!cluc:tion equipment and --- $436 , 000 $5 70 , 000 --- 1,302,000 1,072,000 
--- 166,000 273,000 _-- 322 ooo 1 081 ooo 

$12,182,000 --T- 23,51 ,000 *&m 

19,542,ooo 40,214k m5qm 7 360 000 16 TOO 000 17,5130,000 At las -AgmEt  hunch vehicles ,,. e ., 

Survelvor I'romam: 

Sof t-landing spacecraft : 
AnalysiEt of mission require- 
ments......................,.. 

Spacecraft, instrumentation 
develo~lment.................. . 

Spacecraft, instrumentation 
hardware. ..................... 

Data automation systemoOo..OO.. 
Ground c onrmunications 

consultdng and l ia i son  service 
Guidance and control 
analyticaJ. design.......e..... 

Structural and mechanical 
systems analyses...O..o.O..O.O 

Retro-propulsion development... 
Systems analysis and 
in.tegrationO.o.OOO.O......,... 

Soft-landing systems design 
studies.00000.0.00..800000.0.0 

Soft-landing Spacecraft 
dev~lop~nt.~~~..~.~~....~.~~. 

Ster i l iza t ion  
Analysis of communications 

systems requirements..,...,... 
D o C ~ n t a t i o n . ~ . . D . 0 0 . . . 0 . . 0 9 . 0  
Lunar orbi ter  design studies.,. 
Lunar orbi ter  system 

i n t ~ g ~ ~ ~ t i o ~ ~ O O O O . . O . ~ ~ ~ , . ~ ~ . ~ o  

438,000 5'29,000 

2,6 51,000 

63,000 '71 p 000 

13,000 . Lg ,000 

80,000 
39,000 

'?o,OOO 
57,000 

78,000 

554,000 1, ~8,000 

3,106,000 
50,000 

-e- --- 
31,000 
80,000 

487,000 

628,000 
~ ; ~ 1 , 0 0 0  --- 

Centaur .launch vehicles e e . a e e .  e 



Flight Program 
Fiscal  Year FiscaJ. Y e a r  Fiscal  Y e a x  

1962 1960 - 1961 - 
ProswAmr Proaram: 

Space craf-t t 
Analyr;czs m d  studies of 

Scien-tific instaunentstion, ., . --_ compsti’oility of subsystems o o o -s- $520,000 Q639@o 

--- e 1.,023,000 370,000 3x4 000 - 

Lrmm Programs 

Lunar  Programs: --- 
The lunar f l i g h t  program provides f o r  orderly progress of advancing 

scient i f ic  and technological experiments necessary t o  dletailed expboration 
of the mocln. An evolutionary family of spacecraft, providing a ma~imlm of 
continuity in developments from one ser ies  t o  the next, is  a principal 
ground. rule i n  th i s  program. 

All of these projects are  steps toward a common goal and each of the 
ea r l i e r  phases w i l l  contribute s ignif icant ly  t o  the subsequent projects 
The funding includes new developments i n  spacecrafY and. instrumentation 
f o r  specJ.fic: lunar requirementso The f a c t  that many new developments are 
required for the achievement of a successful lunar program resul ts  i n  the 
high non-recurring costs f o r  these spacecraft and associated experiments 

Atlas-Able Program 

The :pu:rpose of t h i s  l u n a r  orbit ing spacecraft uti]-izing the Atlas- 
Able V 1t%mch vehicle was t o  obtain sc ien t i f ic  measurements of sol.ar and 
interplamtary phenomena while "anchored" i n  the v ic in i ty  of the noon. 
within convenient commmication range of the earth, and t o  measurc: the 
magnetic f i e l d  around. the moon. This spacecraft e f fo r t  w a s  t,eminated 
followirqi: the failure of the launch vehicle. 

Ran.ger hpogrpaan 

The Ranger Program consists of f ive  missions, The first two of 
these are alike, and have mission objectives t o  (1) t e s t  the basif: 
design ard operational features ~f the lunar spacecraft, md (2) to 
obtain ir.terplanetary data w i t h  sc ien t i f ic  instruments carried i n  
place of the lunar c~bpsul.es. Because these are the first i n  the 
seri.es, they are simpler i n  some respects %ban the spacecraft whizh 
w i l l  be used i n  the exemlion of lunar landings, The chief differences 
are tpha,t, they contain no midcourse maneuver system, not l a d i n g  capsule, 
and have ordy moderate f i r i n g  constraints because no close approach to  
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the moon i.s required, Should the first shot prove successful, an 
al ternate  sec:on.d shot i s  planned with more d i f f i c u l t  and. advanced 
requiremertl;s,, so t h a t  maximum progress S o m d  -&he eventual use of 
spacecraft, f c t r  lunar landings can resu l t ,  

Instnuments t o  be carried on the first two Ranger spacecraft 
include 8 r;ol,&r eorpusculas detector, a rubidium vapor magnetmeter, 
semi-condw tor detectors asd thi,n-waUed Geiger counters, an ion chamber, 
triple-coincidence telescopes m d  a Lyman-Alpb scannero 

The I-~tsl; three Rangr3r spacear&.ft, are  intended t o  approach the moon 
and rough :Land about 40 pounds of" 6wivabl .e  payload, 
spacecraft :hm been designed f o r  the primary objective of gaining 
detailed cLta on lunar surface eharaclerist ics.  
two major ]!asts: 
supplies, :?c:atblos, a t t i tude  C O D , ~ Z Q ~ ,  and n5dcomse guidance; and. t h e  
"capsule, It  a separable s ~ r n . v a % k  I,ns$nment pacbge> mud i ts  
retrorocket e 

This series of 

Each spacecraft hss 
the "bust" the basic hexagonal stsuchire with pok'er 

The complete spacecraft will be launched on a lmax impact 
trajectory,  rtnd midcourse corrections applies t o  improve accuracy, A t  a 
suitable (Lis-tance from the X ~ R  surface the spacecraft w i l l  be prciperly 
oriented, and the landing capsule Launched. The bus w i l l  continue on t o  
crash in to  the moon, but a retrorocket will decelerate %he capsule, 
allowing :I t  to impact a t  a nominal speed not exceeding several huncxed 
feet per mcond. 

Experimlents w i l l  be carried by both bus and capsule. The prbarary 
experiments ton the bus will be an advanced. vidicon system and 8 ganlma 
ray spect:rsmiter, while the ma,Jor exprimen% i n  the landing capsulc: w i l l  
be a sinef.'Le-axis, seismometer, 

The spa,r"eer&gt w i l l  eomplede its terminal maneuvers, including 
s tabi l izat ion and the e s t ab l f shen t  of 8, telemetry l i n k  with the tJ-acking 
station, 'before the fi~st pic-bne f a  exposed, 
picture will be transmitted t o  the trac.king s ta t ion  every 13 seconds, 
providing a. t o t a l  of 100 pictures during the l u a r  approach. 
picture w i l l  contain a f i e M  of vTew 25 mile,.: square wf'th a res01u;ion 
of 650 felit,. 
a reso.Lution OP 10 feet,, 

Thereadfter, one complete 

The j'irst 

The finall. pi ,- : tu~'3 w i l l  be sf  a area 2,000 f e e t  s q u c e  with 

The gamma ray spectrometer experiment is intended t o  deternine 
whether or not +,he moon2 Like t h e  earth, has formed a c:mst whi.eh 
contains a re la t ive ly  high con~en%ra%ion o f  naturally radioactive iso- 
topes. T h i s  inf"om%ion baars on problems such as the Formation 0:: the 
moon, the heat balance of the moon, and the source of ehondritdx 
meteorites. 



The gtumaa ray spectrometer, together with a 3%-ch;%mnel pulse-height 
analyzer, :is expected t o  operate f o r  a t  l e a s t  the last %en hours of the 
66-hour fl.:ight, Lime. E the most pessimistic assunptions are made 
relat ive to the gamma ray intensi ty  of t h e  moon compare& to  the inter-  
planetary l~ackground, then during the last 15 minutes of' operation of the 
spectromei;i?r (pr ior  t o  ejecting the capsule) the count from the lurar  
surface wj.:Ll be a t  least twice the background level of space. 

The rvsjor sc ien t i f ic  exp?riment on the landing capsule is a single- 
axis seismmtter weighing ten pomd.~ .  
moon can ttlxwer fundamental. questions regamking the nature of the moon's 
surface, :its i-nterior, and i ts  ozigin, 
axis inst~mnent; is expected t o  operate and transmit conLinuously for one 
t o  three Inm-ths, and is sensit ive enough t o  detect  meteoritic impacts on 
the lunar m:rface. This first-generation seismic experiment is not, only 
expected -20 obtain scier,tL?i@ tiat&, b u t  will also provicle design &.ta 
for  future more sophisticated e eismic exprixne&a 

Seismic meeasmemints made or. the 

'flhe presently proposed sinp;le- 

An additional experiment which w i n  be included in the landiq;  
capsule iiilsli~des meax f o r  making in te rmu temperature measurement$! e The 
internal  'tmperature measurements w i l l  be made by severtd simple Lletmo- 
couples; wliich w i l l  be distributed within the impact capmle t o  mon:.tor' 
the i n t e r m l  temperature environment. 
interpretcation of the other seienLificl. measurements and f o r  the 
evaluation 0.f %he engineering design of the capsule. 

These &%a w e  required f o r  

Much of the technolog,y employe3 i n  the Ranger ser ies  w i l l  have 
di rec t  aEplization t o  foll.ow-on prcgrams f o r  l u m r  miss.ions e 

i s  designcsd to  maximize the tree of' proven +&ehniques, and with an t r i m  
towara achieving reliability by repeated use of tested components, 

The ser ies  

The .Atlas-Agena B lrsbiuxmch vehicle w i l l  be used f o r  .the f ive  Ranger 
Incremental ??m-dfng i a  r.;quirsd two yews pr ior  t o  launch. spacec:raft e 

The Surveyor spacecraft, desP@;r.e?.jd fo2" use with the Centaur launch 
vehicle, is expected - b ~  c te ry  a -.-lt -.uvivable i n s t m e n t a t i o n  wei,zht 

i n  the national program f o r  the I.WL.? sofL-lading mission, 
mentation f o r  the S m e y o s  w i l l  emphasize the acquisition OS l u n a r  
surface da-ba leading most rqx32y * , Q W W ~  futuze landings md expl-~~m- 
tions. A l l  such k t a  will be 
w i t h  problenrs related t o  the f o m t i o n  an& subsequent history o f  Lie 
moon, and t b e  origin o f  the  solar Gys tem,  

Of 100 t o  300 j?QWdS %O the LhLPSZ" E J Z ~ ' % C ~  LS t k  fir$% SpaC2@I?*%f;%t 
The iwtsm- 

g ~ a t  i ac ,~es- t  .to s c i e n t m s  C O ~ C  ?mc:a 

The instrumentation is &signed Lo explore the moonss surface, It 
w i l l  provide a television survey cf the immediate l a d i n g  area, th?  
detemina,t,icin of the sinTace text;ezre m d  conx-gositisn, and measuremsnts 
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of the general properties of the moon ab &t p1aJeeka.q body such as 
seismic act ivi ty ,  gravi-by variations, and magnetic fields. 
measuremertta w i l l  involve probes f o r  tests of surface hazdness etnd f o r  
the measurenient of surface therm.l proper%iea, OF %he measurement D f  sub- 
surface groperties by a d r i l l  ana sample complex, Surface composition 
investiga,t,ions will make use of such techniques as g m a ,  ray spectroscopy, 
neutron activation, and X-ray fluocescence; and seismic measurements w i l l  
be taken usi.ng a ",bee-axie seisnometor, A+mospheric composf~~ion w i 1 . L  be 
analyzed vith mass spec t romt~r~  and biological experiments, concerned 
w i t h  the ~:ee,rch for organic mcleculw ant3 primftive forms of l i f e ,  m a y  be 
capri,ed. 
instrumen.t, cn?o %he lunar w ~ x f e c e ,  while others will require sauple 
collection md.  manipulation of suxsd"ar=e and sub-surface siRmp1ed 

Physical 

Some of these experEmerAs e m  be performed by lowering the 

Severkl. different  groups of experiments will be b u i l t  fop. the 
basic Sunreyor spa.cecra.f"tl fc t k i s  psFi.ad, O m  wall contain those 
eqerirneI;t,s xequiring Large amour-tx of power over IF :.~&Evel y short life- 
times; a ~ o t h e ~  w i l l  make 
a year ox more with low power requi.r:emmts. 
long lifel;jnie, covering an appreciable fraction of a su.nspot cycle. 

of' those e q e r b e n + s  expected t o  last fo r  
A th i rd  w i l l  have a very 

The design studies for t h i s  Samepr series are now i n  progress, and 
it is expcted. that fabrication of" the spacecraft and payloads w a l l  begin 
by mid-caLendaz year 1 9 6 ~  



Prospec t o r  Program 

The Prospector spacecraft f o r  controlled luna landings, designed t o  
use the Saturn launch vehicle, w i l l  have a landed weight of from f ive  t o  
eight thousand pounds. This weight capability w i l l  permit de-t;Eliled 
surface analysis and w i l l  allow the incorporation of roving Surface 
vehicles for  greater coverage of the various surface conditions of the 
moon, A roving vehicle can provide a many-fold increase i n  sc ien t i f ic  
return f r o m  a Lunacr soft lmdero  
the possikilit,y of including a vehicle capable of returning a luna: sample 
t o  E a r t h .  

The Prospector spacec:raft also o:?fers 

The f i n a l  design of the Prospector ser ies  w i l l  be (directly inIluenced 
by the sc ien t i f ic  i n f o m t i o n  obtained from the Ranger and SuPveyo:? 
missions. 
spacecraft are expwted to establ ish ranges f o r  the quantities to be 
measured and to suggest new measur~ments. 
collected over-all survey b t a  for the noong so that detailed investi- 
gations can be made i n  the paJp-ticular locations on the surface whi:h are 
of greatest; interest .  
lunar material t o  E a r t h  is  of great in te res t  both sc ien t i f ica l ly  a1d 
technologicaUy. 
possible, including techniques not feasible with remote instrumentstion 
payloads. 

The first-generation experiments performed by these earLier 

Lunar  orbiters w i l l  hvi? 

The return of surface and sub-surface s%mpl?S of 

Sample return w i l l  mke  a complete laboratory ewnlysis 

The El;u.dies conducted during the f i s c a l  y e a  1961 w i l l  be followed 
by in i t ia l .  d.evelopment of sc ien t i f ic  instruments i n  the f i s c a l  year 1962. 
The long lead time required f o r  the developnent of the Saturn launch 
vehicle on which t h i s  program is based allows a moderate build-up in  the 
spacecraft, development, and thus enables maximum inclusion of advancements 
from the Elurveyor program. Many of the sc ien t i f ic  experiments must have 
extended i!evelopanent and usage, however, before they are expected to  be 
suitable f’or the crucial. lunar application, ana work is  therefore 
init iated.  on t he i r  development eulca integration i n to  a generalized space- 
c r a f t  des;I.gn duping the fiscal year 1962. 

Planetary and Inter-  
planetaz~~Frograms - : 

Pioneer Jr. , , e .  e e e e e a $2,1UBQO0 
Nuelem: ctmulsion, o .  3QLgOO 



Fiscal.  Y e a r  

Supplemental 1962 
Fiscal Year Fiscal Yea2 1961 Fiscal Y e a r  

- --- --I I?:- Ight Program 1960 1961 - 
bb@lf2tOXIEt3EJP pPObe 
Varian Associates services, . . 
Te1emeti;g c?ncoder. e e e . . e I(. . 
Plasm ]?:robe imd;ffument ...... 
Magnetic tape recorders.. ,, e .  

Ante-!;. . e e * e . .  e .  * 0 0 . 9 * e e e 

Non-tsa~ king WteIUIaB rn 4 e e a 

Primary zosmie ray 
Fnvestigati~ns............... 

Structum1 components........ 
Program switch. .............. 
Computation eemices ......... 
ReprodmtQfon an& a i g i t a i  t q e  
Field Engineering services... 
Component; development and 
sub-assemblies,.,........~~~ 

Tracking, filter..,,.e........ 
Special space components,.... 
Monitori am@, equipment for 
data reduction. ............. 

Noc-mape Lie components. . e . . 
Test an.6. eva.l.uation.......... 
Fluxgate nlagrPeZtometers. ...... 
Data reeluction............... 

c0ntrcL. 0 e e .  e e 0 .  e . I e e 0 

Frequencyf discriminator ...... 

A m l , y ! Z E 1 . " .  . e .  D e .  e 0 . e e 0 e 0 * 

Coatdw; for tJ3lpsaa;lZt.e 

De-spin cJlc!vl.eeo .............. 
Test; mcnm1;Lng j i g s  and 
assemlily too l s  .............. 

Herndlfng equipment and 
specicih parts.. e e . . e e e e 

$120,000 
25,000 
25,000 
97 Y 000 
85,000 
20,000 
65,000 

40,000 
85,000 
35,000 
18,000 
75,000 
120,000 

- - I- 
$ll , 000 

20,000 
20,000 

297,500 
60,000 
30,000 

107,000 
10,000 
72,000 

10,000 
20,000 
47,000 

9,000 
20,000 
25,000 

--- 
5,000 

8 ooo 
---4&mi 

e-- --- 
3 9  7989 900 

Mariner I?so~spam : --- 
Spacecraft: 

Sc lent i f  icz experiment studies 
Experimental ground support 
equipment. .................. 

ExperWenttiL system 

Space c r &f t be leme t ply 
integ~atisn........o...oo~eo 

develcIrment.......O..~...eDe 

I.-- $2:,5,00o 

100,000 $100,000 €16,000 

255,000 

45,000 ..-- t%,ooo 

212 , 000 ,.-e y;g,ooo 



Fiscal. Year 

Supplemental. 
Fiscal Yeax 1961 

1961 - 
Fiscal 'Year 

1962 -.-- 
Fiscal  Y e a r  

1960 

Spacecraft, comaad s y s t e m s  

Spaceesaf't, conmaad systems 

Spaceeraf't radio ground 

Operation of' data. reduction 
laboratory,. ................. 

Ground ec).~mne&. system.. ...... 
Spacecrd-t ant;enna. .......... 
Ine r t i a l  ::siabjors ............. 
Attit;u&e control  actuators e e 

Attitude c0012tr01 system. ..... 
Central (:on t ro l l e r  and 

sequenetx. .................. 
Guidance axid. control systra 
design...................... 

Guidance mi3 control ground 
support equipment..o........ 

Guidance mc3 control p a r t s  
ev&;lu&tion.o...*.........*.~ 

Power eonvera ion. ............ 
Power Storage................ 
Component pacs.kaging an& 

fnt~gration... . . . . . .o..~.oo. 

development,. ................ 
hardwar€* ................... 
suppopt etguipent. .......... 

PyPOtechne@s.....eo...o....oe 
Environmental, f a c i l i t y  

instffumentation............. 

Midcourse propulsion..,...... 
Mission studies and 8ml.ysfs. 
Prel.imin.aq- systems design 
and integration. ............ 
Program atEl.fY. ............... 
Program informtion. ......... 

Cmputing services. .......... 

Spect,rantc:ktr experiment.. , e .  

Plasma t1ete:c t o r  experSment . e . 
Radiome-kr emperbent. e . e .  e .  . 
Magnetonie ter experiment . e e . e 

Spaceerr12 t %,eleme%ry h a r d m e  
SpacecrcCt radio eguipmen't 
hWdWX. e e o e e e .  . e s e e 

Ce1et;tft~L ,~ea~sors ............ 

E x p e r i m c t n C  data automtion.. . 

power s(TAa"f"g.$. 0 0 e 8 0 e e S 0 0 0 

$412 300 $ll2,000 

679$ ooo 225,000 

6"b,000 224,000 

146,000 
85,000 
25,000 

118,000 
135,000 

225,000 

430,000 

78 ., 000 134,000 

362,000 575 ,000 

4 9  ,000 
21+3,000 
166,000 

366,000 
523,000 
180,000 

124,000 
143,000 

--- 
--e 

a78 000 
9'77 9 000 
186,000 
1 ,'~0,800 

137,000 
456,000 
286,000 
158,000 

130, oocl 
44~,000 
124,000 
336,oo~) 
125,000 
217,000 
252,ooo 

381,000 
342,000 

--- 
- - e  -_ - 

$204 ,OClO 
202,OCO 
183, oclo 
212,OCIO 
405,0C10 
486,0( 10 

436,000 
736,000 
286,000 

501,000 
375,0( 10 
1.00,000 



Fisca l  Y ~ S F  
Fiscal  Year Fiscal  Year 1961 Fiscal  Yeasp 

Flight Program 1960 1961 Supplemental - 1962 -- 
Spacecraf'f; structure .. . *. . . . 
Environmental f a c i l i t y  

operaticni. . . . . . e . . . . . . . . . 
Cosmic dust experiment.. . e 

Particles experiments . e . 
Ion chmlter experiment . . . 
Autopilol; aria servos..s...oo 
Design & t & t h g .  . . . . . e e. 

Systems 1;es-; and operations. 
Spac ecraj? t assembly 
f a c i l i t y  operation.. . . . . . 

Spacecraft assembly f a c i l l t y  
equipment. . . . . . *. . . e . e . . 

Spacecraft c&ki.ng.......... 

Centaur 1u.mA1 vehicles . o o  . . . 

--- 

$437,000 

101,000 

300,000 
--- 
--- 
-_- 
-e- --- 

9,654 , 000 

$280,000 

530 ,ooc 
298,ooc 
587 OOCl 
336,ooc 
150 2 ooc 

5 1,ooc 1 

..-I 

0 P "I. 

1,~36~000 

t;LO,ooo 
E!25,0(30 

4.5fi9000 

334 000 

1.62 , 800 
1.X ,000 

1.14,OOO 

Voyager Program: --- 
Spacecraft stu~lies.O.......o. --- --_ - - I -  349 , 000 

Total, Flanetaxy and 
Interplanetary Frogrms .  . . $3,798,000 $10,079,000 $~,OOO,OOO - $a9 Cj0~3,QQO .- - ---. 

Planetary and. -I interplanetary plpograms : 

A Long-term objective of the planetary ser ies  is  to place spacecrELft 
capable of ga,tktering fundamental sc ien t i f ic  knowledge of the planetary 
environments arid of the planets themselves i n  orbi ts  about Venus and b r 3 .  
Spacecraft technology must thus provide Long l i f e  (over one year), t h e  p:~oper 
environment f o r  the scient i f  i e  i n s t m e n t a  , adequate guidaace, commmicatioa 
power and. baridwidth f o r  the sc ien t i f ic  objectives, and an atmosphere e n t q  
and lem3ing c:apsule. 

missions, as opposed t o  most other f l igh ts ,  is the re la t ively long w s i t  t.ime 
between c~ppo~~.timl.ties. 
planet spposit:ions, and amounls -to one and 0 n e - U  y e w s  fo r  Venus e n d  just  
over %wo y e w s  f o r  Mars. 
sc ien t i f ic  -praogram objectives requires a successful shot almost everj. 
OpportunLLy imd this requires each new spacecraft ser ies  t o  be precec'.ed by 
complete gscrimi and flight testing, 

An fnpcn:ttrmt, constraint from the planning viewpoint ctn the near planet; 

This mit is the result of periodicity between 

Achievement of optimum progress toww?d %he stated 

L e d  times f o r  the f l i g h t  t e s t s  must 



be suff ic ient  to  incorporate neeaea changes, 
of planetar'y spacecraft starts with the f i s c a l  yew 1962 missions a3 f ly-  
bys, which are 6efined 8s pessing within several thousands of miles of a 
planet, and. -progresses %bough p l a e t  orbi ters  at about mid-decade md 
planet land.ers toward the ma of the dec&e, 

The development seque2ce 

Interylanetazy long-term objectives me t o  map and investigate the 
interplanetary medium a,n4 mlw influence on this medim., 
planetary niedtium consists of charged particles , solar radiation, electro- 
=ne t i c  e.nd gravit3ational fields neutral. gas and. dust, e 

The .i.nt.er- 

T y p i c x t l  instruments emried  will. eomis t  of plasma and radiation 
detectors ,  magnetometers, micrometeorite detectors, and Lyman-Alpha 
telescopes, 
relationskLp!;, such as the distzibution o f  e lec t r ic  currents in. the 
outer radmtion belt  of the E a r t h  m& -the %om o f  the Emthls  fielr3. i n  
regions w l u x e  L t  merges with rtnlwplmeta,ry space, expwbersts m y  pro- 
vide the 1)eg:Lm~ings of a new theory f o r  the un&erst&nding of the mcdu- 
la t ion  of comic rays (I 

Besides providing new insights in to  solar-t;erPestrial 

Pioneer V a d  MagneGomeLer Probe 

The l i igily successful Pioneer V constituted the f i rs t  truly inter- 
planetary probe. 
t o  Earth :For 25 months and to E% distance 22$ million m i l e s ;  at this! 
point it 'n& travelled or-" -fourth c7B the dictame around the maY 
significant) sc"ienlt;ffie f inihgs can already be at t r ibuted t o  amlyxis  o f  
the Pioneer V a t a ,  
re la t ion with simultaneous &-&,a obtained. from E q l o r e r  VhI  i n  & hi&ly 
e l l i p t i c a l  E a r t h  o rb i t  e 

Launched i n  W e b 9  1960, it eoratinued t o  transmil; data 

Many 

The u ~ ~ f ~ ~ - ~ ~ s  of fjl4aF?de data, was magnified by cor- 

Observation o f  spatial and k ~ p o r a l  pezturbations (of interplmetary 
radiations and f i e l d s  wiU. eor&inue i n  e d e n W  year 19161 wi2h the 
rubidium n&gnetoneter probe t o  be &aumhed with a Thor-'Delta w h i c  Leo 
This probe carr ies  a precise mgretcme.tcrP, etprd, i n  addition sensors Lo 

relationskips of plasm and= magre+J.- 
t o  sun-ea%%L effects mr amrng tke 
of inter$l.m.etary science. 

accurately measure fluxes of 1 n + x r & L m e  p l @ , ~ ~ o  The inteP- 
Luxes and their  s - in i f  lealee 

Beyortd the magnetometer probe, inte~pl&.ne-L;ary measuremencs w i l l  be 
made p r i r r ~ t r i l y  on Lest m d  spe.mt4.omL spacecraft for lmw and. 
p l a e t a q  m ~ . 8 8 1 O n s .  



launch veh:ic:,e can deliver, as a fly-by, approximately 9.,200 pounds t o  
Mars and 1,,800 pounds t o  Venus. Since the Venus mission can be 
accomplislid with shorter t r i p  times than f o r  8, Waa mbssion, and since 
on a r r iva l  a-t the planet the Venus-Earth eommmication distance is less 
than the Mam-Barth Bistmce, the spacecraft f o r  a Venus mission i h  
somewhat :Less complicated than that required for  a Mars mission, 

The Tly-by mission is  a nuz.t;upaL first step, both sc:ienti.ficall.y and. 
technologically. Scient i f ic  information on planetary eiwiroment w i l l .  
both add t o  the funetamental knowl.eQe and provide the necessary in3nr t  f o r  
later, mare refined experimenta,%ion, 
needed for  lcater orbi ter  f l i g h t s  can be groved and evahiated on a fly-by. 

A major portion o:E‘ the technology 

The first f l i g h t  i n  calendar year l9& w i l l  be timed t o  take 
advantage of the Venus opportunity. ModiZications and remedial action, 
based upon. lessons learned i n  this; first planet fly-by Rttempt, wiU be 
incoryorated, and t e s t  flown as interplanetary misaadons h.ri .ng e a l e & w  
year 1962-1g63 period. Although these missions will  be interplane tmy ,  
the trajectory w i l l  be chosen t o  proof-test all s p c e c r a f t  s u b s y s t m  
required f’or the calendar year 1964 planet missions. 

The c:hoice of sc ien t i f ic  instruments t o  be carried. on Mariner is 
governed bo%h by the basic sc ien t i f ic  objectives and by the f a c t  that the 
fly-bys &re preludes t o  more thmough investigation w i t h  orbi ters  and 
l andiw c:cqpsul.es. 
be explored scientiffcalby by space probes dwing the next few years. 

Venus ana Mars EXR %he only planets close enough t o  

For Venus, items o f  i n i t i a l  interest tiwe the nature of the 
a.tmosphei?e, the surface temperature, the rotation rate,, the s p i n  &xisy 
and m a p < ?  t i c  f i e l d  a d  p c t i e l e  measurement experhents e 
of the Cytherean atmospheLpe is of gseat scien%ifie interest  e 

of its p:r%m.~re, temperatme profi le  ant3 constituents ELISO is of 
immedicctx Anportmce i n  plarnsilng a long-range planetary program. 
current ea t imtes  of the suflaee tempera,ture and pressure are correct3, 
designin,: a spcecraf t  that e m  mm~ive entry and landing will be a 
formidz3ble task. 
of 6OO?K is much too high, itJ is -groba%Le %h~~.i; the unst?en sw:face of 
Venus is 610ve:red by ocems. 
become very different.  

The s tn  cture 
K&Qvledge 

If 

On the other b i I s  i f  8 predicted surface t2empi-a.ture 

I.% -this -Es +xueB s p c e c r a f t  desjgn p:mbl.em 

The strength of the magnetic f ie ld  of Vems also is bportan;  t o  
the undeas%h&h.g of the science of %he soL.~as system and t o  t h e  e.Ilgi- 
neering c 9  apacecr&%, 
trapped a*&.iation m y  presen5 sAbt+le comufea%ion problem. If, on the 
other hmd, the field is v e ~ y  we& t i t  is possible t h a t  the pl-a.net could 
susta.in EL very dense iod.aed layer which would a c c m t  for the hish 
brigkxtne E% tenrpera%ure detected from E a r t h  with microwave -Le Lescopes . 

If ths mgnetfe field. is exceptiomlly strong, 
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The Vsniis mission w i l l  carry f ive experiments directly concerned 
w i t h  the :planet plus an instrument gacbge t o  obtain inrterpla.netary 
data enroute, These planet e q e r b e n t s  w i l l  u%ilfze a mfcromve sru3i.0- 
meter t o  i-nea~uffe ternperatme brightriess; an ua-$mviole% spect+rosco])e t;o 
examine %ne upper atmoephere and P O Q ~  f o r  the presence of such con- 
s t i tuents  as water vapor, oxygen and ozone; a neutron counter t o  astempt 
t o  me&1surl% 'the r a t i o  of carbon dioxide t o  nitrogen i n  Che atmosphere of 
Venus; a El.uxga.te nagnetornets to determine the approx&iimate strength and 
character of" the magnetic field, ana a sein-billwtion counter for sanpling 
par t ic le  radiation trapped i n  tk.? mgnet9.e f i e l d ,  

For Ham the central  question Be ),he existence of l i f e .  E a r l y  

An, infrared spectrograph w i l l  be caxried .t;o determine t h ?  
experiments w i l l ,  therefore, be oriented toward this very subtle d2tection 
problem, 
existence and location of organic mazile.cu.les. 
be examined 20s ozone %o d - t = r m r r ~  i f  the a~uzface of the pl.m.ei. i 5  pro- 
tected f r c m  ultravioler, r k i ~ a ~ i m ,  whPe'l., i n  lwge doses i a  &.magirag t o  l i f e  
as it! is Bn€m on Emtho 

The upper atmosphere should 

A Mars mission would % h a  retain the u l t rav io le t  spectroscope, 
magnetomet,er and scintiUa,tSon c o u ~ a c  of the Venus mis,sion. 
meter wou3.d. be replaced by an infrared spectrometer which searches f o r  
organic nulecules on the W t 5 a . n  surfaceo In  adaiLi=on, since the Martian 
atmosphere: 1.a clear" the spa.cecsrzft wou3.d c~tp;-y an opt ical  syst-em wted  t o  
a vidicon @~ipa;ble of "&king a% %r&nmittfng photographs of the terrain.  

%'he m i n e r  program 
i s  designed t o  give t h i s  country i t s  first attempt a t  EL planetary probe, 
a fly-by of Venus, i n  the third quarter of the calendar year 1962, 
Failure f'or my reason t o  meet t h i s  date will ttutomstic:aUy defer such 
missions -20 calendar yew lg& when Vr.?auls and Mass are again i n  the 
proper po:si-;ions. 
progrm 1x1 :L~S  flight schedule, 
funding i , ~  ;?equirehL in the fiscal year l%l f o r  %his purpose. 

The radio- 

Supp~-enientci~ funding for the f i s e a ~ ~  yeax 1961: 

Thus evm+y e f f o r t  must be &e t o  keep %be Mariner 
It has beeme evident that supplmer?,-tEiL 



higher pokrer, and t h e  different  environment a t  Venus r e su l t  i n  the need 
f o r  redesign of the temperature control system. The need f o r  pointing 
the scien.t,if‘ic i n s t m n t s  a t  the target  planet while maintaining the 
basic spa.cec.raft orientation during the fly-by also turned out to  be a 
larger  deireZoprnent probLem than anticipated. 
changes i n  tihe Ranger ce l e s t i a l  sensors; the ear th  seek.er must be uprated 
because of’  tihe aii i i i t iori l  distance am3 a horizon s e w e r  must be developed. 
Finall.y, int;e%woven tboughout a.U. subsystems is  the need. f o r  greater 
0perat.in.g Iff e time. 

The mission also requires 

Similar sonsiiierationa apply Lo sefentbfic instruments being 
incor-pomd;eZl in the Mariner spacecraft for the Venus mission. 
these im:l;nunents do not ex i s t  a t  present; they are laboratory corcepts 
t ha t  requ:ire an intensive combined sc ien t i f ic  and engineering e f f c r t  t o  
mold them into re l iab le  and successful f l i g h t  systems. The ultra3 i o l e t  
spectrome-;er, f o r  example, designed t o  give measurements of the spectrum 
of the mtlirtt,i.on from the Venus stmos-phere on both the dark and sunlit 
sides he.:; iiever been b u i l t  before e 

intended -to provide information about the planet smfac:e and lower 
atnosphere is; being assembled a.8 f l i g h t  hadware f o r  the f i rs t  t ine ,  
indicated i n  the detailed list, there are a t o t a l  of seven sc ien t i f ic  
experhneuts and, i n  adiiition, the data automation system, that require 
accelerated e f fo r t  . 

m y  of 

The mpcrowave radiometric eqeriinent 

As 

The ’Jeimub; mission. imposes r e l i a b i l i t y  mquirement!3 of an unumally 
high nrdw. 
scien”r,if:ic :preparations so as t o  insure as much developnental tes t ing 9s 
possible :prior t o  launch. 
permit %hi solution t o  the afsre9lentioned problem on 2% %&e schectulf 
which would make t h i s  possible. 

E t  is desirable t o  aecelemle both the technological and. 

 he fiscal  ;year 1961 supplernenta1 fund$: w i l l  

-- Regular’fiunBing f o r  the fiscal mw.1962: The mjor portion of the 
f i s c a l  year 1962 Mariner budget w i l l  be employed t o  continue work started 
i n  the f i s c a l  year 1961 on L& design, d e v e l o ~ e n t ,  ancl fabrication crf 
the spacacr%ft. The increase i n  the Mariner budget in 1962 over -;hat in 
1961 ref lee ts the increasing effort 88 hardware is  -purchased, assc:mbled., 
and checked pr ior  t o  f l i gh t .  

Centaur .Launch vehicles 6 ~ 2  i ~ c r e m n t d l y  funded i%pproxWte.Ly lmcr 
years before :flPght. However, the firs% two missions in  the Mailier 
Program u t a i l i n e  developea.t, launch vehicles which are not charged t o  
the Witaer Fk-ogsm. 

Vcmger Progpam 

A gcod s t a t  on planetary missions w i l l  have been made under the 
Marines ser ies  surd. i t s  associated developments of terminal guidan:e 
technology, an& long l ifetime coqonen%s Ei Nevertheless, t.o oktai n 
meamusements essent ia l  f a r  the s ta ted planetary sc ien t i f ic  objee tives, 

m6-30 



many missions w i l l  require the spacecraft t o  f l y  i n  proximity t o  the 
target  planet f o r  long periods of time. 
need f o r  fur ther  spacecraft refinements and associated :Lnrstrumenta-;ion 
and technological development. 
follows Mariner is phased i n  time and cepabili t ies wlth Saturn launch 
vehicle development. 
w i t h  t e s t  shots  i n  calendar year 1964 and 1965. Spacecraft weight i n  
orbi t  will be be t te r  than 2,000 pounds, 
larger power requirements and w i t h  the  redundancy needed f o r  long-:Life 
orbiters e 

This, i n  turn, establisher; a 

The planetary spacecraft ser ies  t ha t  

This series,  the Voyager planetaqy orbiters,  begins 

!This weight is  consistent w i t h  

The orbi ter  is the secord step i n  planetary exploration. The long 
stay times w i l l  permit excellent mapping of the environment and a :Landing 
capsule wiU. provide de ta i l s  of the lower atmosphere and surf'ace. Space- 
c ra f t  o r b i t  elements w i l l  also pemnit evaluation of planetary mass and 
mass distr~ibution. 
those of the Mariner series.  

Scient i f ic  experiments w i l l  be a d m c e d  versions CS 

The camglete orbi ter  mission, including the a b i l i t y  t o  carry a large 
entry and landing capsule, will begin w i t h  the avai labi l i ty  of the growth 
version of' the Saturn launch vehicle. F i r s t  mission will be t o  W r s  in 
calendar yeax 1967. Studies on the design and ut i l iza t ion  of the 'Toyager 
spacecraft w i l l  start i n  the fiscal. year 1962. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

METEOROLOGICAL SATELLITES 

SUMMARY O F  REQUIREMENTS: -- 
- 1960 - 1961 1962 Page NO.. 

Advanced Research.. . . . . . . . * .  . . $1,331,000 $ 2,070JOO0 $ l , l O O , , O O O  RD7-3 

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

F1 ight I?:ro gram. . . . . . . ... I .... * 4 , 993,000 13,760,000 24,250.,000 RD7- 11 

Total. . . . . . . . . . . . . . . . . . . . . $7,930,000 $18,100,000 $28,2oo,ooCl 

OBTECTIVES : 

To es';alilish a meteomlogical satell i te capabili ty f o r  world-itde 
coverage mid f o r  providing observations of atmospheric elements reciuired 
by the met;eorologist i n  order t o  understand atmospheric processes End 
predict, the weather. These elements include cloud cover, storm location, 
precipitat;:ion, temperature, wind direction, heat balance, water vayor 
and other constituents. 
developmertl; of s tabi l ized s a t e l l i t e s  f o r  polar orb i t s  of' 500- t o  1,000- 
m i l e  a1tit;iides and stationary s a t e l l i t e s  f o r  equatorial o rb i t s  
mile a1tit;udtts; the development of suitable on-board detection equipment, 
including l;e?-evision, infrared detectors, radar and spectrometer; snd 
the development of  adequate data storage , handling and commnicaticns 
equipment tmcl techniques. 

To achieve t h i s  objective w i l l  require the 

of 22,000- 

The 3.ong-range objective i s  t o  develop the principles of a system 
of  instmtented orbi t ing s a t e l l i t e s  and a communications network by means 
of which 'k~~rld-wide meteorological information may be transmitted t o  the 
National IvL!teorological Center of the Weather Bureau f o r  i t s  operational 
use. 

The earth s a t e l l i t e  represents a new observational t oo l  which 
promises t o  he of great value t o  the science o f  meteorol.ogy and t o  the 
practice ci' weakher forecasting. 
imply that such a device w i l l  eliminate our meteorological l imitations , 

Although it would be a. mistake to 
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there is  no doubt that it w i l l  supply a tremendous amount of useful 
meteorologi.cal data not now obtainable. It w i l l  do t h i s  not only lecause 
of i t s  abiI.it;y t o  give world-wide coverage t o  some meteorological Iarame- 
t e r s ,  i n  contzast t o  the current f ive  t o  ten  per cent coverage, but also 
because of i t s  unique vantage point above the atmosphere which w i l l  make 
new measurements possible. Improved basic sc ien t i f ic  understanding of 
atmospheric processes and a more comprehensive knowledge of world and 
regional climatology w i l l  r esu l t  and these should ass i s t  i n  producing 
advances i r  weather forecasting. 

The SCi12.1LS t o  be derive6 from these improved capabi l i t ies  i n  
meteorology include y:-otec'iion of l i f e  and property from weather dis-  
as ters ;  safeguarding transportation; crop planning, control, and pr3- 
tection; industr ia l  planning of weather-dependent products, outdoor 
eriterprises, and heating and cooling loads; convenience i n  planning per- 
sonal ac t iv i t ies ;  eventual limited weather modification and control; 
and good w i l l  i n  return for providing current global meteorological data 
t o  other nations. In  addition, the saae meteorological (data required 
f o r  wor:Ld-vide c iv i l i an  needs can, by proper handling, be made t o  meet 
special mi.Litary needs as well. 

The formulation of the operational concepts and the pre1iminar;r 
planning 0:: a national operational meteorological s a t e l l i t e  system itre 
now being considered by the Panel on Operational Meteorological Satel- 
l i t e s  estalJLijshed by and under the National Coordinating Committee 1'01" 
Aviation Me teorology . 
of the United States Weather Bureau, the Department of Defense, the 
Federal Aviation Agency, and the NASA. 

Membership on the Panel includes representat:.vee 

The deve:Lopment of an effective operational system of meteorological 
satellites :is dependent upon continuing programs of advanced research and 
advanced texhnical development which point the way and make possible, 
highly productive f l i g h t  programs. The advanced research program wj 11 
give emphae:.s t o  the reduction and processing of data acquired by sa t e l l i t e s .  
The advanced technical development program is primarily concerned with 
improved sa.l;el-li t e  instrumentation and equipment needed t o  measure sad 
interpret  c r i t , ical  atmospheric parameters. 
of progressively more sophisticated meteorological satellites i s  planned 
t o  capitalize upon knowledge gained i n  these research and. developmer: t 
programs. 9'hi.s program was begun w i t h  Tiros I and 11, which are already 
i n  orbit ,  arid continues with a th i rd  Tiros which w i l l  be launched i n  the 
f i s c a l  year 1962. 
Nimbus, of s*hich four are planned w i t h  the f i rs t  scheduled f o r  launch i n  
the f i s c a l  >ea,r  1962. S t i l l  l a t e r  w i l l  be the Aeros, a single s a t e l l i t e  
that w i l l  provide continuous data from nearly a th i rd  of the earth.  
tabulation c f  the planned f l i g h t  schedule follows: 

An evolutioncnry f l i g h t  xlrogram 

Following w i l l  be the earth-stabilized., polar orkit ing 

A 



Miin; s i.on 

ri ..ires I 
!?ii:os I1 
:jrd Tiros 
:Lst Nimbus 
2nd Nimbus 
:jrd Nimbus 
l c t h  Nimbus 
Aee3:o s 

Launch Vehicle 

Thor-Able 
Delta 
Delta 
Thor-Agena B 
Thor-Agena B 
Thor-Agena B 
Thor-Agena B 
Centaur 

Fiscal Yez,r 
of Launck - 
1960 
1961 
1962 
1962 
1963 
1963 
1964 
1965 

Fiscal Year Fiscal Year Fiscal Y e a r  
1962 ---. Advanced Research 1960 1:51 _- 

--- --- Atmosphct:ric dynamics. . . . . . . . . . . . . . .  $380,000 
Meteorohgfical data analysis and 

Radiation data s tudies . .  ........... 270,000 270,000 4 350,000 
researoll. . . . . . . . . . . . . . . . . . . . . . . . . .  581,000 $ ~ , o ~ ~ o , o o o  

Radiation data studies. . . . . . . . . . . . .  100,000 100,000 100,000 
Data sy!;-;erns analysis (ground). . . . .  --- 350, ooo 350,000 

300, ooo On-board data analysis . .  . . . . . . . . . . .  - 300, ooo - 
TotaIL i1dvGmced Research. . . . . . . .  $1,331,000 $2, Or(O, 000 $1,100,000 

jktsitr radiation studies, including the interpretation of ballc on flowrt 
radiatj-on se i i s~ r s ,  w i l l  be continued i n  the f i s c a l  year 1962. 
simplifying -;he presentation of data w i l l  be investigated and the reduction 
o f  data ti~iw;;rni-ssion bandwidth requirements through syst;ems of on-Iloard 
analysis tril:L be studied. Fiscal year 1962 funds f o r  the study ani. andy-  
sis o f  ac-tual s a t e l l i t e  data and s a t e l l i t e  simulated data from other 
sources (e3:ocIret; probes, aircraft reconnaissance, e t c  . ) are being rcmquested 
direct ly  by -;he United States Weather Bureau. 

Systems f o r  

Fiscal Year Fiscal Year F i m a l  Year 
196 2 - 1961 --- Advanced Technical Development 1960 L 

Radiation detector development. . . . .  $530,000 $400,000 $60c, ooo 
developnent ....................... 625, 000 820,000 90c>, ooo 

Electronic component development. .. 50,000 300, ooo LOO, 000 
Spe ctrornet 631" development ........... 100,000 100,000 loci , 000 

Electron ic instrumentation 

Mechanic%l instrument at ion 
400,000 4OCl,OOO developineiit ....................... 250,000 



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

-I__ - 
;le ,eorolcgical instrumentation 

Advanced daAa transmission.. 
development. . . . . . . . . . . . . . . . . . . .  $51,000 $150 , 000 3 250 000 

. . . .  --- 100 , 000 y i , ,\’ 7 - __L 

Total, Advanced Technical 
Developaent . . . . . . . . . . . . . . .  $1,G06,000 $2,270,000 $2,1350,000 

Contintling development is  necessary t o  improve the performance and relia- 
b i l i t y  of existing f l i gh t  instrumentation and t o  develop new instnunentation 
t o  provice additional meteorological data not yet available. The increased 
e f for t  in  the f i s c a l  years 1961 and 1962 w i l l  be applied t o  the improvement 
of existing mechanical and e l ec t r i ca l  components. 
radiation scanning detectors, direct  radiation sensors, and spectro:neters 
w i l l  be continued i n  the f i s c a l  year 1962. 
f i s c a l  year 196.1 for the  development o f  advanced data transmission Insixu- 
mentation . a i l 1  be expanded in  the f i s c a l  year 1962. 

The development . ~ o r l r  on 

The program in i t i a t ed  ii the 

Fiscal Year Fiscal Year FisciiL Year 
--- : F l i , $ t  Program -. 1960 106’1 1962 ”- ---- 

Tiros I: 

Payload tl~m?lopment . . . . . . . . . . . . .  $2,320 , 000 --- --- 
Kaena Point operations . . . . . . . . . .  155 , 000 
Teledynareic:; . . . . . . . . . . . . . . . . . . .  28 , 000 
Vehicle -I;:ra,jectory . . . . . . . . . . . . . .  590 , 000 .- ”. I --- 

: > og3,ooo I - -  --- 

--- --- 
I ... - --- 

Thor-Able vehicle (funded by --- --- --- . . . . . . . . . . . . . . . . . . . . . . . . .  -- -- -I_- 

AFPA). 

Tiros 11: I 

Radiation tape recorder. . . . . . . . .  
Payload jiitegration . . . . . . . . . . . . .  
Ground stahion ins ta l la t ion  and 
operatical. . . . . . . . . . . . . . . . . . . . . .  

Radiation data analysis. .  . . . . . . .  
Film, duy~l-icating and cataloging 
Test and c!valuation. . . . . . . . . . . . .  
Delta veh.j.cl.e, procured w i t h  
Delta vehicle development 
f u n d s . . . . . . . . . . . . . . . . . . . . . . . . . .  

98,000 --- --- 
400 , 000 800 , ooo --- 



Fiscal Year Fiscal Year Fisc21 Year 
Flight Program 1960 1961 1362 - --- 

Tiros (Third): 
-0 

Payload inaintenance and tes t ing  ... --- $30O,OOO $#ZOO 7 000 

operat im ........................ --- 120,000 : 200 ;, 000 
Film,, duplicating and cataloging. . --- --- 20,000 

vehicle development f’unds --- --- 

Ground s ta t ion  ins ta l la t ion  and 

b l t a  vc$nil?,le, procured w i t h  Delta 

m e  ~c20,000 

Nimbus (F:i:rs-t \ : 

ScientiJYc payload. ............... 
Structrn?e, integration. ........... 
Stabi.li::at Ton. .................... 
Power siq)p:Ly. ..................... 
VidLicon systems and ground equip- 
ment ............................... 

E1ectrosl;at;ic: tape. ,  .............. 
Radiation subsystem. .............. 
Ground s ta t ion equipment. ......... 
Command system. ................... 
Sa te l l i t e  telemetry. .............. 
Enviromwrtal t es t ing .  ............ 
Command rec:eiver.. ................ 
Coating f‘or temperature control. .  . 
T e s t  and. evaluation. .............. 
Ground support operations. ........ 
Data h a c l i n g .  .................... 
Radiatior. d.ata  analysis. .......... 
Tape and film, duplicating and 

catalog i ne:. ...................... 
Thor-4en.a B vehicle ............. 

--- 
$500 , 000 

500 , 000 
302, ooo 

1,302,000 

236, ooo 
1 , 100,000 
2,000,000 

700, ooo 

1,600 , ooo 
400,000 
500, ooo 
600,000 
300 , ooo 
350 , 000 
243 , 000 
31., 000 
12,000 
2CI,OOO --- 

2,100,000 
10,192,000 

: !og, 000 
ti00 , 000 --- 

~‘00,000 

2’00 , 000 
6 00 , 000 
150,000 
100,000 

1, c 00,000 

--- 

3 30 J GOO 

Nimbus (Second) : 

Payload modification .............. --- --- 1 , 8 58,000 
Environmental t es t ing  ............. --- --- 500,000 
Thor-Age:ga B vehicle .............. --- i,ooo,ooo 3 800~000 

--- 1,000,000 6,li- 



F1igk.t Program 

Nimbus ( T h J r d .  I and Fourth) : 

Structure and integration ......... 
Stabilizztion .................... 
Power sugply ...................... 
Vidicon systems and ground 

equipment ........................ 
Electrostat ic  taFe. ............... 
Radiation subsystem ............... 
Ground stat ion equipment. ......... 
Radar ............................. 
Image orthicon ................... 
Ground disp1a.y equipment. ......... 
Thor-Agena B vehicle 

(Third Nimbus) ................... 
Thor-Agena B vehicle 

(Fourth Nimbus). ................. 

Fiscal Year Fiscal Year Fiscal Year 
1961. 1562 - --- 1960 

--- 
100 , 000 

e-- 

--- 
$ b o y  000 
300 , ooo 

$500, ooo 
1,100,OGO 

4 30 000 

830 000 
2 30,000 
230,000 
5 30 7 000 
5 30 y 000 
450,000 
5 30,000 

2,130,000 

Aeros : 

Varifoca.1 lens .................... --- --- 500. o r  
Tot.31 Flight Program.. ...... $4,993,000 2-2 $13,760, ooo - 

Tiros 

The major ac t iv i ty  i n  the  f i s c a l  year 1960 i n  the meteorologicifi Y l i g h - 1 ,  
program w a s  t :he completion of development and the successful launch on 
A p r i l  1, 1!250, of the Tiros 1 satell i te.  
ing lifetixns, Tiros I transmitted almost 23,OOO picture frames of wliich 
about 60 perccnl; were of the  ear th  and i ts  cloud cover and applicable to 
meteoro:Log:tzal analysis. The pfctures transmitted by Ti:ros I w e r e  of 
exceptiona:l qlxality and showed areas of weather and stonns very clearly.  
The meteorological analysis i s  being conducted at the Weather Wean, and 
the inc:Lus:ion o f  other groups, primarily university research groups, i s  
planned. 

During i t s  3-month usef'ul operat- 

Tiros : T I  w a s  successfully launched on November 23, :1960. This sat,el- 
l i t e  contahetl special infrared radiation detectors f o r  measuring the 
ear th 's  albedo, the t o t a l  radiation of the earth and i t s  atmos-here the 
direct  rad:iiLtiorr from the ear th ' s  surface or cloud tops, the radiat:.on 
from the ear t l i fs  water vapor layer, and radiation i n  the vis ible  poi-ticln 
of the spec-tnm fo r  reference purposes. Gross measurements of the e:art.h 



and atmosplicm? heat budget, tier-e aisc made. 
systems; l i ke  those of Tiros I, for cloud cover measurements. About, 6 t o  9 
months a f t e r  the launch of the Tiros 11, the  launch of a th i rd  Tlro: satel- 
l i t e  i s  plzumed. Tna variat;Tons in the data of these satellites w i l l  be 
studied f o ~  seasorial inflzelwes. 

T i m s  9.1 cmtains  vidlccln cameret 

The f i x l ;  'I'iros was  launched with a Thor-Able launch vehicle finded by 
ARPA and tmnnsferred t o  the NASA. 
two of the twelve Deltas which are being procured under %he Delta vehicle 
development; program. 

The remaining Tiros s a t e l l i t e s  enploy 

Nimbus 

In  the fj .sc:al  year 1961., the rate of funding f o r  the! Nimbus satell i te 
i s  being im:reased. This ~ L l l  be the  first i n  a family of earth-oriented 
meteorol.ogi.c:al. sa-tellLtes ,which are being designed t3 have f l ex ib i l i t y  i n  
carrying a variety of sensors a-,d sxperimmts. The Nimbus satell i te w i l l  
w e i g h  650 ~ C ) I R T L ~ S  and w i l l  be 1a:mctied i n  a polar retrograde (about €0 
degrees) GOO--mi.1.e c i rcular  o rb i t .  
and sensory subsystems. 
l i ke  struct,ue!s covered v i t h .  solar  ce l l s  and arranged t o  face the sun 
d i rec t ly  wbn!never the sa-t;idXte i s  i n  sunlight. 
bat ter ies  vj.11. be used fo r  power storage. 
keep the satel.lite pointing d i ree t iy  a t  the earth with an. accuracy o f  one 
degree i n  a.l.:L three axes -- r o l l ,  pitch, and yaw. The sensory system w i l l  
consist o:E' inproved televLsion vidicon systems t o  provide almost complete 
coverage of lkte globe; m e lec t ros ta t ic  tape system t o  permit higher 
resolution stvd2es o f  specific meteorological events, such as hurricm-es; 
a comprehen.siye infrared rad.iation system containing high r e soh t ion  
(f ive m i l e )  sensors f o r  coarse n. ight t ime cloud covey representa-Xon, 
medium resolution (30 m i l e ' )  se3soxs f o r  atmospheric and terrestri.al radi- 
ation measurements, low resolution (300 mile) sensors f o r  gross measure- 
ments o f  the,  earth -- atrnosphem heat balance, ard auxiliary measurenents 
of importance t o  meteoroloa-; ixid irieas!ireinents of the solar cou::-l;ant, so?.ar 
ult,raviolet radiatlon, arid solar particle radiation t o  study the i r  influ- 
ence on the e a r t h ' s  weather. 

It w i l l  consist o f  power, stabil ization, 
The power subsystem w i l l  consistt o f  two paddle- 

Nickel-eadmium storage 
The stabilizatZon system w i l l  

The f i r ' s t  Nimbm w i l l  ke cciqleC,c.d +x-ing the f i s c a l  year :1962 and 
will be launched drwing t h e  sezo:?,d half of  tha-ct f i s c a l  year. 
Nimbus w i l l  be launched abuA six months thereafter. It i s  planned to 
have the spacecraft SCJructUrEf, power, and s tabi l izat ion f a i r l y  well 
standardized w i t h  t h e  s7~c~:essfi;il l amch of -the second Nimbus. 

The second 

During the f i s ca l  year 1962, work w i l l  begin on the follow-on Nimbus 
satellites. 
radar, spectrometer a d  m image orthicon camera system which can v1zw 
clouds under lowler levels of i lPmination . 
and ground data cznalysls and presentation systems tha t  h w e  been dev~sloped 
w i l l  be included i n  the advanced NLmbus f l i gh t s .  
systems are  being developed t o  reduce the amount of data transmitted by 
the satell i te and t c  facil i i ;%te thelr  use. 

These w i l l  carry more advanced sensory systems such as 

On-board analysis tccbni lues 

The techniques and 



Funding is a l so  requested i n  t h i s  project for  the operational Thor- 
Agena B vehicles required fo r  launch of the Nimbus sate.Llites. 
and second Nimbus Thor-Agenas w i l l  require an increment of $3,100,000 i n  
the fisca.1 year 1961 funding and $7,800,000 i n  the f i s c a l  year 1962. An 
increment D f  $3,lOO,OOO w i l l  also be required i n  the f i s c a l  year 1962 t o  
i n i t i a t e  :runding of the Thor-Agena B vehicles for  the th i rd  and fourth 
Nimbus s a t s l l i t e s .  

The first 

Aeros - 
!"lie ICiros and Nimbus s a t e l l i t e s  view different portions of the earth'r; 

geography during the i r  t r ans i t  around the earth. The meteorologist, i s  
interested i n  a capability of continuously observing the developments of a 
particular storm area. 
o rb i t  of 2:?,:300 miles around the earth, w i l l  be designed t o  satisQ. t h i s  
requiremerr;. The 
principle fLnstrwnentation t o  be developed for  Aeros i s  n cloud cover 
observationa:L system with sensors having a variable focus, i n  order t o  
view i n  greater de t a i l  the particular storm area chosen for  observa,tion. 
The fiscal- year 1962 funding for  Aeros w i l l  permit the i n i t i a l  work t o  be 
undertaken fo r  the development of such an instrument. 

The Aeros s a t e l l i t e s  t o  be launched in to  a stationary 

The first f l i gh t  i s  planned for  the fiscal- year 1965. 



P I O I V A L  AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

COMMUNICATIONS SATELLITES 

SUMMARY OF HIGQUDIEMENTS: -- 

Advanced Re:sea:rch.. .. 
Advanced Tec'hnical 

Developnezrt......... 

F l igh t  Program: 

Passive Program. . . . 
Active Prcgrm...,. 

TotaJ.. . . . .. . . 
OBJECTIVES : 

1,528,000 

--- 
$3,050,000 - 

625, ooo 

2,550,000 

562, ooo 

$3,912,000 

1963. 

$400,000 

Supplemental 

550,000 

7,500,O~O 

15,TSo,ooo 

$24,000, OOO - 

22,200, \L 000 R[)8*-10 

For a period of two years NASA has been conducting a sc ien t i f ic  research 
and developmerit program of space exploration. 
been obtained,, and several "firsts" have been accomplished, It is, of courst33 
anticipateit t ha t  the knowledge acquired from these investtigations w i l l  result 
i n  tangible benefits  t o  mankind. 
research now appears t o  be i n  the f i e l d  of world-wide conmicatfonE. 

Much valuable information has 

The ea r l i e s t  most l i ke ly  payoff of space 

Recenl; successful s a t e l l i t e  flights by the United States have clearly 
shown the great potential  u t i l i t y  of communications s a t e l l i t e s  as relay 
stations i n  world-wide communications systems. 
systems-at: t ive and passive--have been demonstrated, 
bringing about an operat iond communications s a t e l l i t e  system at an ear ly  
date has been expressed. 
be investigated and solved, par t icular ly  i n  the matter of space env:.rorr- 
ment effects, before c m e r c i a l  u t i l i za t ion  of communications satel:,ites can 
be soundly undertaken. The NASA Communications Sa te l l i t e  program has CLS 

Two poteratially usejhl 
Industrial  in-Lerest i n  

However, there are many technical prcblem:; yet t o  

RD8"l 



i t s  objectfve the rapid solution of these problems so tha t  the charecterist ics 
of operational.. communications satellites can be established. 

The sgc?cj.fic NASA objectives i n  passive and active communicaticns 
satellite msearch are as follows : 

Passive Communications Sa te l l i t e s  

The Echo I flight has Gemonstrated the technical capability of ref lectiiig 

Even though the Echo I satellite was a noli- 
ground-tran.:;mi.tted radio signals from a space-borne ref lect ive surface to 
remote ground receiving stations.  
r ig id  struct,uul.e, it has shown tha t  the inf la ted sphere concept can y i e l d  
re la t ively I.ong o rb i t a l  l i f e  w i t h  the predictable orb i ta l  elements necessary 
t o  obtain a . c a t r a t e  ground antenna pointing. 
major objectives for early solution: (1) the development of techniques f o r  
rigidizing tbe: ref lect ing structure i n  space t o  increase o rb i t a l  l i f e ,  
(2 )  the development of techniques f o r  ejecting more than one s a t e l l i t e  .into 
a predictable o r b i t  f r o m  a single launch vehicle, and (3) the development of 
improved grc1rx.d transmission and receiving equipment including q u i p  nen-; 
operating a t  high, more nearly optimum microwave frequencies. 

The program ef for t  now h a s  three 

Active Communications Sa te l l i t e s  

The tremendous potential  o f  active communications systems has bzen 
indicated by the success of specialized communications satell i te exp2riments 
conducted recently by the D e p a r t m a t  of Defense. 
supported b y  recent industry advances i n  the development D f  comniunic 3tions 
system components. The NASA program has as i t s  objective the early 
demonstration tha t  an active sa$ellite communication system i s  both Feasible 
and suitable fo r  c iv i l ian  a,pplication. 
technology w i l l  'be made wlth the Ikpartmerz-l; of Defense where the pr i ic ipa l  
continuing in te res t  i s  i n  the syxchrcmous orb i t  ( 24-hour) s a t e l l i t e .  
NASA approach w i l l  be t o  develop a relat ively low al t i tude,  long-lived, 
instantaneous re--eater satellite. Necessary t o  the development of  -this 
satell i te are : 
t es t ing  of components and sys",erzs i n  the space environment, (3) the develop- 
ment of reqJired ground commien;t,ions and tracking equipment, 'and ( I t )  the  
launching of  satellites which w i l l  cor_trilmte to  the determination 0.: an 
optimum operational system. 

This potential  i s  h r t h e r  

Maximum interchange of appli sable 

The 

(1) the developmeat o f  long-lived compone.nts, (2)  the 

JUSTIFICA!PION : -- 
The l imi t id  capabilitZes of existing communications f a c i l i t i e s  : ire being 

pressed by *tDd2y's demands, and w i l l  be inadequate i n  the next decade?. 
most a t t rac t ive  possibi l i ty  for providing the needed increase i n  cornmica- 
t ions capability i s  the communications satell i te system. 
s a t e l l i t e  has the potential  a b i l i t y  t o  provide long distance cormmmic:ations 
a t  ul-h-a-sho:rt wave and m:erowaire frequencies where bandwidths are avxilable 
t o  permit, th3 transmission o f  television or, alternately,  many simultaneous 

A 

The comun:.cations 
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voice messages (600 two-way conversations per television channel). 
the s a t e l l i t e  holds the promise of new and rel iable  l inks i n  long distance, 
transoceanic t;el.ephonic and telegraphic communications as well as new meas 
f o r  intercontAnental radio and television services . 

Thus, 

The comnmjxations s a t e l l i t e  program has heretofore been primarily 
concerned witJi research i n  signal propagation, the demonstration of inf la t ion 
techniques f c ~  I-arge spherical structures i n  space and the perfection of 
l;echniques fcu: tracking these structures, 
communication:; s a t e l l i t e  technology demonstrated by Echo I and develogment of 
:Long-lived cwrponents c lear  the way fo r  rapid developments i n  both passive 
and active cammications s a t e l l i t e  systems. This budget proposes a rapid 
move forward toward the demonstration of operational f eas ib i l i t y  of both 
types of syst;ms. 
is the approval of supplementq f i s c a l  year 1961 funding which i s  required 
:For the follcnrirlg purposes: 

The recent ctdvancements i n  

A necessary prerequisite t o  t h i s  accelerated move forward 

1. 
extent o:? i?adAation dametge t o  s a t e l l i t e  components i n  the space 
enviromenl;. 
radiation upon the performance of solar cells ,  t ransis tors ,  and 
other so:Litl s t a t e  components, 

Research must be in i t i a t ed  immediately t o  determine the 

L i t t l e  knowledge i s  now available on the effect  of 

2. Concurrently, the development of radiation resis tant  
 material^ raust  be undertaken. New materials such as gallium 
arsenide atid cadmium sulfide of fe r  promise of greater resistance 
t o  raditd;ion damage. 

3. Irmnediate f’unding is  required i n  the passive program t o  
i n i t i a t e  lead time procurement of launch vehicles. 
advance i n  passive c o m i c a t i o n s  technology places %his progran 
i n  a potxition of requiring launch vehicles t o  accompl5sh missions 
not prev:iously contemplated on t h i s  time scale. 

The rapid 

4, Recent developments i n  long-lived component s, particu- 
larly i n  t ravel l ing wave tubes, indicate the technical. and 
economic f eas ib i l i t y  of an active repeater s a t e l l i t e  system. 
Funds are required t o  i n i t i a t e  the rapid development smd deaon- 
s t ra t ion o:P an operational. system u t i l i z ing  low al t i tude active 
repeater communications sa t e l l i t e s ,  
i s  a coir;inuation of this acceleraeed f i s c a l  year 1961. program. 

The fiscal year 1.962 prograa 
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Passive Communications Sa te l l i t es  

The tec:hnical feas ib i l i ty  of a passive communications system has been 
undeniably confirmed by the spectacular success of the Echo s a t e l l i t e  
commwricatj.ona; experiments. I n  sp i te  of t h i s  success, the Echo experiments 
have only  scratched the surface of the passive s a t e l l i t e  communications 
f ie ld .  The desirabi l i ty  of any communications satell i te system depends 
heavily on -the r e l i ab i l i t y  and l i f e  expectancy of the satellite. Since a 
passive s a l x l l i t e  does not depend upon satellite-borne el-ectronic cclmponents, 
it is a usef'ul communications medium as long as the s a t e l l i t e  retains i t s  
shape and :ref:Lectivity. 

"he f a c t  that Echo did not become significantly distorted aftei. loss  
of i n t e m ' l  pressure indicates tha t  only a nominal increase i n  mateilal 
s t i f fness  is required t o  insure a real ly  long-lived sate:Llite. This  would 
indicate tha t  regidization of these structures can be accomplished vithout 
a major increase i n  s a t e l l i t e  weight. 
suitable ground f a c i l i t i e s  about 60 s a t e l l i t e s  similar t o  Echo placed 
randomly i n  selected orbi ts  of 2,000 miles a l t i tude  could provide a coni- 
munications system which would be operable 99 percent of the time between 
points on the ear th ' s  surface 3,000 miles apart. 
r igidizaticn problem coupled with the possibi l i ty  of placing a number of 
s a t e l l i t e s  i n .  orbi t  from one launch vehicle will make possible a durable 
(10 years cIr more i n  orb i t )  and ef f ic ien t  operational s a t e l l i t e  comnunLca- 
t ions system whose capacity would be limited only by the number of ,rround 
stations. 

Studies have indicated that w i t k t  

Thus, solution of the 

Active Communications Satellites 

Active 1-epeater communications sa t e l l i t e s ,  those which receive and 
(1) the instantaneous retransmit, messages, are  of three general types: 

repeater i.n EL low-altitude orbit ,  (2) the instantaneous repeater i n  a 24- 
hour synchronous orbi t ,  and (3) the delayed repeater i n  a low-altitude 
orbi t  whic:li receives a message from one point on earth, stores it, then 
on commanct f:roni another ground station, transmits the recorded message. 
The Deparl;inent of Defense i s  investigating types two (Project Advert) and 
three (Pro,ject Courier) although the bulk of t h i s  effort, i s  centered on 
type two. The NASA active communications program w i l l  be of the first type. 

The instantaneous repeater s a t e l l i t e  i n  a low-altitude orbi t  E.ppears at 
t h i s  t i m e  to offer  the most promise f o r  early achievement of an oprational. 
high-quality active communications s a t e l l i t e  system. The technolo6;y exis ts  
f o r  assembly o:T such a sa t e l l i t e ;  i t s  early t e s t  i n  orbi t  w i l l  reveal any 
problems associated w i t h  i t s  use, and will assist i n  t h e i r  solution. 

However, -the low-altitude application does pose problems. Fo:: 
example, it has been discovered that serious radiation damage t o  sol id  
s t a t e  comFonents m y  occur a t  these al t i tudes.  Both grlmnd and fl..ght, 
t e s t s  w i l l  be in i t ia ted  t o  determine the extent of t h i s  problem and indicat,e 
possible solutions. 



The f:Li@t schedules f o r  the passive and active programs are  a:; 
follows : 

Fiscal Year 
Mission Launch Vehicle of' Launch ---- 

Passive Proaram: --- 
Echo (nonrigid) Delta 1960* 
Echo I (nonrigid) Delta 196: 

Suborbital t e s t  Thor 1962 
Suborbital t e s t  Thor 196: ? 
Orbital test mor-Agena B 1962 

6 r igid spheres) Centaur 1 ~ 6 ~ 1  

Echo (rigid) : 

3 r ig id  spheres) Atlas-Agena B 196 3 

Active E'rogram: --- 
Radiation measurement a t  24-hour 

Radiation measurement at  24-hour 
a1 ti tude Centaur 196 2 

a3 ti tude Centaur 1962 
Pha~ e I low-altitude repeater Delta 196 2 
Pha.E8e I low-altitude repeater Delta 196 2 
Pha.s,e I1 low-altitude repeater Atlas-Agena B 1963 
Pha.Ete I1 low-altitude repeater Atlas-Agena B 1963 

*Failed t o  achieve orbi t .  

Advanced Research --- 
Fiscal Year 

Fiscal Year Fiscal Year 1961 Fiscal. Year 
SupplernentE.1 19C;2 1960 1961 - 

ElectricaliLy steerable antenna 
arrays fo r  ground and space- 
c raf t  apl$Lications - experi- 

Influence of ultimate u t i l i za-  
t ion on mmnunications satel-  

mental s1;ild:ies. .............. $43,000 $4,000 - -  - $100 , 000 

l i t e  design and orbit..  86,000 --- -. - --- 
study ........................ 50,000 --- -.,- 100,000 

communications systems - study 100,000 

studies...................... --- --- -..- 300 ; ooo 

...... 
Frequency interference problems - 
Operational switching tech- 
niques for i d t i - s a t e l l i t e  --- -..- --- 

High-gain reflective space 
structures - experimental 
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Fiscal Yea:- 
Fiscal Year Fiscal Year 1961 Fi seal Year 

--- Ativaiioeil lie search - 1960 1961 Supp lenenka:, 1962 --- 
Attitude s-tabilizatf-on - 
Satelli-Le mster?ials and corn- 

--.. -. - - study ....................... $84 , ooo $21,000 

ponent:; - ~nei:ronntent;al 
s tudizs . . . . . . . . . . . . . . . . . . . . . .  --- 100,000 $400,000 $ 1 5 ~  ,000 

study ........................ i00,OOO 

150,ooo stltel.lite eqxxriments. ....... ~ 0 , 0 0 0  50 000 

sphere - experim.ental s t x d ~ .  . 120,000 --- --,. _. - - 

systems - st i idy .  184. ,000 

Deep-s,pace c a m m x r ~ i c a t i ~ ~ ~  - 
Ann,l.ys i s  o.f c mmur~L ca.Lions 

Scattering properLies of' al,.a.- 

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

minum- c o a k d  inf.iutable 

E:: onomic evaluation cf varicsus 
comn:i.cations s a t e l l i t e  --- --.. _. - - ............. --- ---- 

$175,000 $4-00 J 000 

The r z sewch  acid development programs are designed t o  provicZe ;he studies 
which are necessary t o  the proper direction of the development effort and ti : )  

brinp, along t h m e  te??wiologic.sl d-t:vel cpnents which are the prerequisites of 
operatilmal co.mmr:lcati:ms 33ZiJeLl i t 6  syst;ems. 

St.udies GII kigh-ga-n-n rC';FLc;?t I v? space s t r ic tures  w i l l  be ;nit,i2tetl i n  
the f i s c a  year 1962. 3 - e  use of SGC\ stmzctines which are inherently more 
eff ic ient  -than cphires IS d.apcld+-is, ( IPOSL att,it.ude st;abilizat.icm, wnicli was 
studied i n  I$@. 



on materials a& components from which such s a t e l l i t e s  are  fabricatelfl.. 
Supplemental 1.961 f’unds a re  required t o  i n i t i a t e  studies which w i l l  
determine radi.ation effects  upon the performance of sol id  s t a t e  
components such as t ransis tors ,  diodes and other semiconductor devices. 
Tests w i l l  be conducted i n  various cyclotrons and electron accelerators 
which wi.11 provide radiation data on proton damage. These data w i l l  be 
used t o  predict the performance l i f e  of components exposed t o  protons i n  
the inner Vttn Allen radiation belt  and electrons i n  the outer be l t .  I n  
addition t o  this determination of radiation effects  on existing comxonentry, 
new materi&Ls such as gallium arsenide w i l l  be investigated. 
other high atomic weight materials show promise of greater resistance t o  
radiation cl;zmge. 

This and 

Cri t ic id  analyses of the experiments carried out as part of the f l i gh t  
programs am essent ia l  t o  insure appropriate follow-on effor t .  
studies we:m :Initiated i n  the f i s c a l  year 1960 and will continue. 
f i s c a l  year S!&O experimental work on the scattering properties of Ehminum-. 
coated sphere; w i l l  provide necessary data f o r  complete analyses of the 
Echo experinenta. 

TheE e 
The 

The choice of which ty-pe of communications s a t e l l i t e  sys’cem wi1.1 
eventually be  established f o r  c iv i l ian  operational use i s  dependent t o  a 
great extent on the relat ive cost of each. The economic evaluation study, 
funded in the f i s c a l  year 1960, w i l l  give a cost comparison of the -rari.ous 
systems, and the trade-off between cost and performance f o r  each. 

Fiscal Yea.? 
Advanced Fiscal Year Fiscal Year 1961 Fiscal Year 

Supplemental. 1962 Technical -- Development 1960 1961 - 
Echo transncltter........ ..... 
Digital  antenna-pointing 

equipment ................... 
Parametric amplifiers ........ 
Rigidizaticrn techniques f o r  

space structures.. .......... 
1nstrumentati.on system f o r  
passive satellites.. . . . . . . . .  

Developnert-t, of radiation 
resistant. materials and 
component8s. ................. 

Long-lived- ti.xxvelling wave 
tubes.*.. <,................... 

High-powered (40 Kw) trans- 
mitter d€!lre!,opment. ......... 

Attitude si;al>ilization system 
Developmen:; of improved space- 
borne bat-;einies ............. 

High-powered spaceborne broad- 
cas t  transmitter. ........... 
Total, Arlvanced Technical 
Development. ............... $625,000 $550,00(! $3,650,000 . 
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Development of a special  purpose transmitter, d i g i t a l  antenna- 
pointing equipment, and parametric amplifiers f o r  experi:tnentation ai; the 
J e t  Propulsion Laboratory's Goldstone f a c i l i t y  i n  connection with Project 
Echo were completed i n  the f i s ca l  year 1960. 
rigidizaticn of space structures such as the Echo sphere was i n i t i a l l y  
funded i n  the f i s ca l  year 1960 and i s  planned f o r  completion with f i s c a l  
year 1961 funding. The multi-sphere f l i gh t  scheduled f o r  1963 w i l l  talre 
advantage c f  these techniques. 
will provide f o r  the measurement of such parameters as pressure, tenperaturc: 
and skin s t ress ,  andthe telcuietering of t h i s  information. This system will 
be incorporated on passive satellites upon completion of development. 

A development program fo r  the 

The instrumentation system funded i n  1960 

I n  add.ition to the investigation of radiation damage to s a t e l l i t e  
components ar.d advanced research on new radiation resis tant  materials 
(advanced research e f fo r t )  f i s c a l  year 1962 f'unding i s  necessary t o  i n i t i a t e  
the develcpment of components employing the new materials which show a 
higher resi stance t o  radiation damage. 

Groun.d. and spaceborne components f o r  active satell i te systems are being 
developed. 
tubes capable of long l i f e  i n  the space environment. 
tubes such ab these will be used i n  the Phase I1 low-altitude repeater 
s a t e l l i t e s .  
be init,iat,c!d in .  the f i s c a l  year 1$1 and fu l ly  developed. during 1962. 
higher powered transmitter i s  required t o  provide an adequate signal f o r  
reflection fimm the higher orb i t  passive satellites. The i n i t i a l  ror t ion 
of t h i s  deire1.open-t w i l l  be directed toward a power output tube i n  the 600c 
megacycles region, and the e f for t  should culminate during the f i s ce l  year 
1962 with the development of complete 40 kilowatt transmitters a t  t h i s  
frequency. 
f eas ib i l i t y  of the transmission of television bandwidths via the s&. t e l l i t e s  
of Project, Rebound. 

Fiscal year 1962 funds are required to develop t ravel l ing wave 
It i s  intended tha t  

Developnnent of a high-powered (40 kilowatt) transmitter w i l l  
This 

This higher power w i l l  provide f o r  the demonstration of 

Devel.opnent of an a t t i tude  s tabi l izat ion system f o r  high-gain passive 
s a t e l l i t e s  wi11. a lso be in i t i a t ed  i n  the f i s c a l  year 1962. 
w i U  be an outgrowth of a t t i tude  s tabi l izat ion research funded i n  1.960, and. 
it w i l l .  e~g?hrtsize a reevaluation of s tabi l izat ion systems which do not rely 
on a s u p p l ~  of propellant which can be e h u s t e d .  
made nc3cec;:;a:ry because of technological advances i n  providing large, erectahlf 
struc'wres . For example, a reevaluation of gravity s tabi l izat ion possi- 
b i l i t i e s  ruzy be i n  order w i t h  the possibi l i ty  of erecting s a t e l l i t e s  with 
extremely :Large separations of mass concentrations. 

This development 

This reevaluation i s  

Batteries are  and w i l l  continue to be a necessary part  of any s a t e l l i t e  
or  space probe containing active components. Work i s  being pursued on the 
developmeil-t of re l iable  ba t te r ies  f o r  space application:; , with empllasi s on 
nickel-cachiim rechargeable ba t te r ies  having lifetimes up t o  one year. I n  
order t o  be useful, however , active c o m i c a t i o n s  sate:Llites w i l l  require 
much longer -3attery l ifetimes.  Immediate e f for t  i s  reqyired t o  in:.tie,te the 



developmend; and simulated service-testing of both nickel-cadmium anC 
silver-cadmiurn ba t te r ies  that show promise of meeting the r e l i ab i l i t y  
requirements of communications satellites. Supplemental funds f o r  t8he 
f i s ca l  yea:? 11261 are  requested t o  i n i t i a t e  and accelerate t h i s  effoi-t. 

power output -tubes w i l l  be initiated i n  the f i s c a l  year 1962. 
w i l l  be con;i,3tent with the realization of high output power sourceii f o r  
satell i te app.lications such as the 3 kilowatt Sunflower uni t  which is being 
developed iinder the Space Power Technology Program. 
provide f o r  a s a t e l l i t e  capable of broadcasting d i rec t ly  t o  the home radio. 

FinaXiy, the development of higher power (1000 watt: ;)  satellite-borne 
This timing 

This power leve l  will 

Flight Program (Passive1 

Echo (nonrigid sphere) : 

Basic spacecraft. ........... 
Beacons......... ............ 
Delta third-stage hardware.. 
Data acquisition and re- 
duction.................... 

Operation o f  Goldstone trans- 
mitter and receiver site.. .  

Operation cf Holmdel trans- 
mitter and. receiver s i t e . .  . 

Operatior. of USAF Scotland 
radar s i t e . .  ............... 

Ground ccmmications equip- 
ment md.if'ication and 
ir.npr ovenie rtt ................ 

Delta 1anmc:h vehicle (funded 
under Ietwtch Vehicle Develop- 
ment ~rogmm).  ............. 

Echo (rigi.cL :;?here) : 

Suborbitctl tests : 
Spacecmft development, fab- 
cicatton aad assembly.. ... 

Spacecraft .. vehi c le  integration 
Type app::oiral. and fl ight 
check-out ................... 

Thor launch vehicles. ....... 

Fiscal Yea:: 
Fiscal Year Fiscal Year Fiscal Year 1961 

1960 1961 Supplements:, 196:: 

$616,000 
9, 

33,833 

46,062 

378,000 

145,870 

22,135 

277,000 

--- 
1,528,000 

--- 
--- 
-e-  

--- 
--- $450 ,OCO --- 
- - - 2 ,, 000 ,, OC'O $&~IO, 000 



Fiscal Yea:: 
Fiscal Year Fiscal Year 1961 Fi.sclzl Year 

Flight :?rogram (Passive) 1960 1961 :~upplement&.. - -  1962 --- 
' Orbital best: 4,' 

' \ Fabrication, assembly, 
and t e s t  --- 
operations ................ --- 

Thor-Agena B launch vehicle --- 

.................. 
Ground suppor"~ and 

--- 
--.. 200 , 000 

$3,400,000 3 , 200,000 
5,850 ,ooo 4,700 ,obO $2,050,000 

Rebound (3 -- r igid spheres) : 

Design, f abrica-tion, assem- 
bly, m a t i n g  and check-out.. --- 

Low-noise receivers. ........ 
Antenna f'eed-s and equipment. --- 
Atlas-Ageria. B launch vehicle --- 

--- 

--- 

500, ooo 250 , 000 3 , 00~3,000 
-- - 450 , 000 
-- - 300 ooo 

500, ooo 
Rebound (6 -- r igid spheres): 

300,000 - - -  Design s-f.udy. --- 
Centaur I.avmch vehicle. ..... 

............... 
-e- 

--- 
-e- 

--- 
--- 

Total, Passive Program.. .. $1,528,000 $2,550,000 

Phase 1 - -I Low-altitude Active Repeaters : 

$562,000 Systems eiy;ineeriry~. ........ 
Systems in-begration and 

Spacecra:'.t fabrication and 
assembly.. ................. 

Transmi-i;:;ei-s.. .............. 
Recei.ver:; -. low noise , 
2200 megacyc: le s ............ 

Feed moCL:if:-cations for U. S. 
site..  ...................... 

I n i t i a l  and operating spares 
Data accpisi Lion and services 
Delta lruinch vehicles.. ..... 

oper.ati.ona1 management.. ... $1,250 ,OCO $1,000 , 300 

3,500, OCO 5c0,ooo 
56'0 , ooo 

--- 37'0,000 -.-I 

--- 
- -e  



Fiscal Year 
Fiscal Year Fiscal Year 1961 Fiscal Year 

Flight :Program -- (Active) 1960 1961 Supplemental 1962 

Base I1 - Low-altitude -- Active Repeaters: 

Spacecraft design, develop- 
merit . and fabrication. ..... --- - - -  $800 , 000 $‘(, 700 s 000 

Atlas-Agena launch vehicles. --- --- 
--- 

Radiation Measurements -- at 24-hour Altitudes: 

Space c ra f t  fab ri cation and 

Centaur la,m.ch vehicles (funded 
under Lauxh Vehicle Develop- 

tes t . . . . . . . . . . .  --- --- 2,000,000 -.-- 

merit Prog;rsm). --- --- --- 2,000,000 - .- - 

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

--- --- _ . - -  ............. --- 

Total, Active Progrmi.. .. $15,550,000 

Passive Program: 

Echo I (nonrigid sphere) 

The first. passive cormrmnications s a t e l l i t e ,  Echo I, was placed i n  
orbi t  on.Au.g;uEt 12, 1960. 
f eas ib i l i t y  of’ placing lasge infla’cable structures i n  orbit ,  and the u t i l i t y  
of such strztct,ures as passive communications relays. 
has provided. the following : 

Its spectacular success has demonstrated the 

Specifically, Echo I 

1. Ad.eqtate demonstration of the f eas ib i l i t y  of passive 
ccamtnications s a t e l l i t e s  . 

2. A cmrfirma’cion of radio propagation theory which. in- 
di.c:at;es no fundamental barr iers  t o  the use of such systems. 

3.  A c:orlTirmation of orb i ta l  behavior theory which will 
peimit adequate prediction of the exact position of these 
large:, light-weight sa’cellites so tha t  comunica,ting 
ari1;erxm.s may be pointed with suff ic ient  accuracy. 

4. Jwt i f i . ca t ion  tha t  such large,  erectable structures can 
be provided which w i l l  l i ve  i n  the space environment f o r  
long periods of time. 

A prinimy objective of Echo I w a s  t o  determine w h a t  it takes t c l  provide 
a sateU.i‘ce which w i l l  not degrade i n  shape or re f lec t iv i ty  with time. 

RD8-11 



The l i f e  of Echo I was insured f o r  approximately 16 days through tha use 
of a sublilriating powder, carried inside the satellite, which by evaporating 
would provide a sustaining internal  pressure over t h i s  period. 
and micrometeorite damage caused dissipation of t h i s  material a f e w  weeks 
a f t e r  h U C h J  ye t  the satell i te continued t o  maintain i t s  shape 101-43 
afterward. 
ing i n  variations i n  the reflected signal strength, but :not severe enough 
t o  destroy i t s  usefulness. 

Lea;sage 

There has been some wrinkling of surface of the sphere, result- 

The fixt  that Echo I did not become dis tor ted significantly afxer loss 
of in te r rd l  p:ressure i s  highly encouraging. 
increase i n  m a k e r i a l  s t i f fness  i s  required t o  insure a rea l ly  long-:.ife 
s a t e l l i t e ,  anti t h i s  i n  turn means tha t  it can be accomplished without a 
major incrciitst: i n  required satell i te weight. 

It indicate:; that only a nominci.1 

AU. of t h i s  indicates the  need for an acceleration of the NASA passive 
comxnmicati.ons s a t e l l i t e  follow-on e f fo r t  t o  develop the technology 
necessaiy t.o passive satell i te systems on an e a r l i e r  t i m e !  scale thar. 
originally plcmned . 

Echo (r igid sphere) 

The firsta s tep toward a passive s a t e l l i t e  system i s  the developnent of 
an improved sphere - one tha t  will be larger  (approximately 140 fee t  i n  
diameter) ard more r ig id  than Echo I. 
of inflation and ejection techniques i n  suborbital f l igh ts ,  the proclsdure 
which proved t o  ‘be extremely useful i n  the development of Echo I. Tgo ‘mor 
Launch vehicles w i l l  be used i n  these t e s t s ,  early i n  the f iscal  year 1952. 
The 700-mile a l t i tude  orb i ta l  launch, scheduled l a t e r  i n  1~962, w i l l  cmploy 
a Thor-Agent% B. 

This development w i l l  include tests 

Supplemental f i s ca l  year 1961 funds i n  the amount of $5,850,000 are 
requested t o  perform ground tests i n  preparation f o r  the suborbital :l?lights 
scheduled for early f i s ca l  year 1962, and t o  provide the necessary kad- 
time fundin(; 0.f two Thor ve?xicles and one Thor-Agena 13 vehicle. The f i s c a l  
year 1962 fluiZing will provide f o r  fabrication, assembly, and testiqp,; for 
ground support and operations; and f o r  completion of the vehicle funding. 

Rebound (3 rigid spheres1 

0perati.omtL passive communications satell i te systems can be achieved 
most economically by placing several satellites in to  orbit; with a sirlgle 
launch vehic:l.e. Project Rebound has been established t o  bring about the 
perfectton cd’ tihis technique on an early t i m e  scale. 

A spacecm.ft capable of carrying three r ig id  spheres and ejecting them 
once orb i t  has  been attained will be developed. 
an Atlas-Agera B launch vehicle w i l l  be employed t o  place the spacecraft i n  
the l5OO-mile caperational a l t i tude  orbi t .  The inclination will be 

I n  the f i s c a l  year 1963 



approximately 45 degrees. 
f i s c a l  year 1561 with spacecraft developnent and ground t e s t  t o  start 
i n  l a t e  1961, and fabrication i n  1962. 

A design study i s  being in i t i a t ed  i n  the 

Supplensnctal f i s c a l  year 1961 funds i n  the amount of $1,650,000 
are requested t o  i n i t i a t e  t h i s  development and t o  provide the necessary 
lead-time fmding f o r  the Atlas-Agena B vehicle. 
i n  the fiscaL year 1962 w i l l  complete the Atlas-Agena B funding. 

An additional increment 

Rebound (6 r igid spheres) 

The f i r& stage i n  the development of passive systems consisting of 
spherical sahel l i tes  ca l l s  f o r  the Centaur launching of a spacecraft 
containing six: spheres i n  the f i s c a l  year 1964. 
w i l l  result i n .  an operational orb i ta l  a l t i tude  of 1,500 miles with 4 j  
degree inclina.tion. 
therefore cclntribute t o  the eventual system, i n  addition t o  providing at  
l ea s t  a nominally usef'ul intermittent capability by themselves. 
multiple launch technique may a l s o  be applied t o  es tabl ish an active 
repeater system. 
first increment fo r  the Centaur vehicle. 

Again, this l aunch ix  

Both the Atlas-Age- and Centaur launches w i l l  

This 

Fiscal year 1962 funding of $3,500,000 w i l l  provids the 

Active Proqrtam.: --. 

The low-altitude active repeater s a t e l l i t e  i s  one 1i.kely form O F  
s a t e l l i t e  f c r  commercial use. 
s a t e l l i t e s  compared with active s a t e l l i t e s  i n  a 24-hour orbi t :  

There are two d is t inc t  advantages t o  such 

1. Abili ty t o  provide large bandwidths at  rather nominal 
grcund equipment costs. 

2. Promise of re la t ively long l i f e  (assuming that the 
radiation damage problem is  not serious). 
example, the l i f e  of a 24-hour s a t e l l i t e  i s  i n  part 
determined by the quantity of propellant carried 
abcard t o  continually control position and a l t i tude  
The low-altitude active repeater does not require 
a t t i tude  s tab i l iza t ion  and therefore i s  not subject 
t o  t h i s  l imitation. 

For 

The objective of the NASA active communications sa te . l l i t e  f l igh ;  
program i s  t o  provide an early demonstration (Phase I) that a relati .rely 
low-altitude active s a t e l l i t e  i s  both feasible and suitable f o r  com- 
mercial applications. Such an early demonstration w i l l  provide many 
answers regarding the operational problems i n  using such s a t e l l i t e  s;rstems 
i n  addition t o  the tes t ing of typical componentry i n  the space environment. 
This w i l l  resul t  i n  an e a r l i e r  realization of operational systems. 
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Following this early determination of the parameters, a more 
sophisticated satellite (Phase 11) w i l l .  be developed capable of bein@; 
launched in the numbers required for operational systems. 

Phase I Low-altitude Active Repeater 

This Fhase calls for two launchings of a very simple active re.peater 

This satellite will weigh approximately 
satellite into an 1800-miie altitude orbit inclined at approximatel;f 45 
degrees to the equatorial plane. 
80 pounds, be capable of one-way transmission of a television bandwidth, 
and w i l l  be instrumented to indicate deterioration of satellite coqponentry 
which may fail in orbit. 

This step will provide the demonstration of feasibility of the low- 
altitude active repeater satellite. A trans-Atlantic captibility wi.U be 
demonstrated by a communication experiment between the United State; and 
Europe, v i a  the satellite. An existing antenna in the eastern United 
States will be utilized in conjunction with a selected European site. 

Supplemental fiscal year 1961 funding in the amount of $ll,25O,OOO 
includes $6,5OO,OOO as an increment on the two Delta launch vehicle; 
required f o r  Phase I; the remaining increment is included in the 1952 
requirements. 

Phase I1 Low-altitude Active Repeater 

This phase of the program calls for the development of an actilre 
repeater satellite capable of two-way transmission (television band,~dth 
or 600 two-way voice circuits), and two launching9 of this satellite into 
operational orbital altitudes. At this time the altitude will be 3,000 
miles unless Phase I and the investigations indicate a severe radia;iori 
damage pro'blem. 
increased. 

Should this be the case, the altitude m y  have to be 

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

This step when completed will bring technology to the point where 
operational systems may be considered. 
be desirable for the ultimate system and the experience gained in the 
multiple lizunchings of Project Rebound will be of considerable valuc? in 
this reganii. 
usef'ul Life of such satellites will probably be necessaqy. 

Multiple spacecraft launche,; w i l l  

Continued upgrading of componentry to further extend .;he 

Supplwnentd fiscal year 1961 funding in the amount of $2,300,000 
will provide incremental funding of $lY5OO,OOO for two Atlas-Agena :13 
launch vehicles and $800,000 for spacecraft design. 
$18,000,000 provides $10,3OO,OOO as a f ollow-on increment f o r  the t v o  

The 1962 estimate of 



Atlas-Agerut B vehicles plus $7,700,000 f o r  spacecraft design, develop- 
ment and fabrication. 

Radiation Measurements at 24-hour Altitudes 

The Dfqyrrtment of Defense is  planning t o  assemble t e s t  packagef; of' 
components for evaluation of radiation damage i n  a 24-hour orbi t  i n  support 
of the Advent  program. These f l ights  will be made on NASA experFmeirta3. 
Centaur vehicles. 
supplemental f i sca l  year 1961 funding is  requested t o  provide instnunenta- 
t ion f o r  measuring the quantities of energized par t ic les  encountered at  
the 24-hour a l t i tude .  This NASA develosd  equipment wiXL provide vrtluable 
correlation and verif icat ion of the space environment and i t s  effec-; on 
the components of the Advent s a t e l l i t e .  

As part of the PIASA communications s a t e l l i t e  program, 



NATIONAL AERONAUTICS AND SPACE ADMINISTRBITION 

FISCAL YEAR 1962 ESTIMA”I3S 

MERCURY 

SUMMARY OF IGQULREMENTS: 

ng&~ Page fio. - -. -.-- 1961 - 1960 
Advanced l’echnical Development $3,418,600 $5,850~000 $2,510,000 RW -2 

Flight  I?-ogram. . . a . . . -. . . . . e 80,909,770 103,675 ,Os 71,735,000 R 9 - 8  

Tot ,~tlC.....OO.O....t......~ $84,328,370 $109,525,000 $?4,245,000 - - - 

OBJECTIVES :: -_ 
The clbjectives of the Mercury program are  twofold: (1) t o  develop 

the technolcgies required t o  construct a manned s a t e l l i t e  capsule which 
can be e i the r  manually o r  automatically controlled and which w i l l  provide 
a safe environment f o r  man during launch, orb i t ,  reentry, landing, and 
recovery; and (2) t o  determine w h a t  effects ,  i f  any, a prolonged w2ightless 
environment may have on man’s a b i l i t y  t o  perform useful functions in space., 

JUSTIFICATION: --- 
I t  kss become increasingly apparent that f u l l  exploitation of the 

poten t ia l i t i es  of space f l i g h t  w i l l  be strongly dependent on the devel-op- 
ment of prac t ica l  capabi l i t i es  f o r  carrying man in to  space. 
missions cm be and are  being accomplished without man, 
are  many :LIvmced missions i n  which the presence of man w i l l  great:-y 
enhance t l n ?  research value and over-all r e l i a b i l i t y .  
spacecraft w i l l  be suf f ic ien t ly  large t h a t  trade-offs can be made between 
man and i n s t : m e n t  payloads. 
mission f :Lexibility and r e l i a b i l i t y  w i l l  be increased by incorpora;iru; 
a humxi operator who can evaluate the f l i g h t  progress, perform miiitenance , 
make oliserra-tions, and modify the f l i g h t  plan t o  insure maximum mission 
usefulness. Because of these co-rsiderations, it i s  a basic cbject:.ve 
of NASA t o  develop and u t i l i z e  marmed space f l i g h t  capabi l i t i es  e 

Many space 
However, .;he:*e 

The weight 0:: future  

When operating i n  the new spaee e_rvi:-omient, 

The lkrcury program w a s  chosen t o  accomplish the i n i t i a l  objectives 
of manned :;price f l i g h t .  Mercury uses a one-man space capsule which w i l l  
be launched eastward from -the Atlantic Missile Range, c i r c l e  the e m t h  
three t,imer; and. accomplish a parachute water-landing e 
tracking support f o r  t h i s  missioc w i l l  be provided by a world-wide network 
of ground z;trtti.ons. 
communi.cat;:.ori f a c i l i t i e s .  

Communicaticm and 

Maximum use w i l l  be made of exis t ing tracking and 
Through the accomplishment of‘ the Mercuy 

RW- 1 



program we expect t o  be able t o  es tab l i sh  the degree t o  which a p i l o t  
can be exrected t o  operate i n  an advanced manned spacecraft. Ear l ies t  
achievement of manned o rb i t a l  f l i g h t  dictated the use of an ICBM 1mnch  
vehicle and a b a l l i s t i c  high-drag reentry capsule. This approach Jses 
an essent ia l ly  unmodified launch vehicle and a proven ICBM reentry nose 
cone technique i n  order t o  achieve minFmum development time compat€ble 
w i t h  r e l i a b i l i t y  and safety.  
successfully undergone reentry heating r a t e s  much higher than will be 
encountered during the Mercury program and the A t l a s  launch vehicls 
is  develorling a h is tory  of successful f l i g h t s ,  

Many ICBM high-drag nose cones have 

FUNDING REQU lREMENTS : -- 

Fisca l  Year 
Advanced -- Technical Development 1960 

Configurat,ion -- and Performance Tests: 

Constructi.on of special  t e s t  
models*....................... 

Ins t m . e  ntat ion and support 
e quipnie n t  ..................... 

Ground Environmental tests. . . . . .  
Analytical. investigations ....... 

Escape Sysitem Development.. ....... --- 
Landing ! ks ts  : 

A i r  drop support.. .............. 
Test eqyipment.. ................ 

Retrograde, Posigrade and other 
Pyrotec1z.c Tests.. ............. -- 

Structures and. Impact Tests... .... 
Navigation, Stabi l izat ion and 

-- 

Control,- 

Component t e s t  rigs.. ........... 
InstmtenLation................. 
Test e q i t  ipnent .................. 
Anal.yti.c:al. investigations ....... 

$2 , 800 

2,700 
1,000 

343,800 
350,300 

74,100 

130 j 700 

130 t 700 
--- 

821 , 5 00 

72,500 

32,000 
24,000 
12,400 
8 .a00 

Fiscal  Year 
- 1961 

$313,000 

260,000 
300,000 
lX>,OOO 
993,000 

270,000 

220,000 
130,000 
350,000 

450,000 

350,000 

Fisca l  Y e a r  
1962 --- 

$53,000 
13,000 
43,000 

10 3 > 000 
e- 

253,000 

70,000 
30,000 
100,0/30 
-- 

120 , 000 

43 0,000 

400,000 ‘j0,ooo 
LOO ,000 &5,000 
100,000 ~0 ,000  

30 000 100,000 
700,000 275,000 

-L 
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Advanced Technic a1 Development 
--I___-. _ .  . - 

Recovery :Equipment -- Tests : 

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

Communication and Instrumentation 
Systems Zrdware T e s t s  : 

System component development.. 
Systems test  apparatus... . . .+. 
T e s t  support services......... 

Development of Mercury Life-support 
Equipment: -- 
Pressure s u i t  modifications... 
Improved survival equipment. .. 
T e s t  equipment............,.. .. 
Instrumentation for test  equip- 

ment........,............... 
Component hrdware............ 
Biological tests.............. 
=roved biosensors e . . . . . e 

Environmental equipment and 
pi.lot compatability tests... 

Mercury P i l o t  Training and Capsule 
s imdat F t j u ~ ~ o r  t : 

Analog equipment for simulator 

Computer f o r  simulator No, 2.. 
Environmental chamber for 

pressure s u i t  and equipment 
check-Dub.. ................. 

P i l o t  t ra ining and development 
of motion simulators.. ...... 

Services of engineers and 
technicians for simulators 
Nos. 1 and 2................ 

NO. l....................... 

Navigational t ra ining and ...... 

Fisca l  ,Ear 
1960 

$45,300 
14,200 

ti$$% 

231,400 
161,200 

39,100 
34,100 
2,000 

3,000 
2,000 
8,000 

18,000 

51,700 
157,900 

--- 
--- 

--e 

60,000 

80,000 

Fisca l  Year 
1961 

$167,000 
48,000 

240,000 
1% ,000 
105,000 
535,'300 
-- 

77,000 
50,000 

250,000 

150,000 
20,000 
40,000 

45,000 

#% 

40,1300 
75,000 

100,000 

115,000 

120,000 

195, 000 agm 

FiscaL Year 
1962 --- 

$50,0oo 
3 1,000 
20 000 -t 
lo( 1, 000 

12II,OOO 
lo( 1,000 

&I 000 
301 1, ooo -& 

15( I, ooo 
50,000 
4 j,OOO 

1 j,OOC 
2 j,OOO 
1( 1, 000 
40,000 

60 000 -L 
39 5,000 

--- 
-..- 

- .. - 
9( I, 000 

ll( I, 000 

150 ooo -A 
350,OCZ 
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Fisca l  Year 
Advanced. -- Technic a1 Development 19a 

Mercury At3 -- ce  le ra t ion  Tolerance 
Tests : 

T e s t  eq-dipment f o r  centrifuge and 
sled. .  ....................... $lgO,OOO 

Instrumentation...........,..... 72,800 
Restraint  support tests and 

Biologic 81 tests ............... equipnent ................... 224 , 000 
40 , 000 

E3% Landing impact program......... 

Tot sl , Advanced Technical 
1kve10pment. ............ $3,418,600 

Fisca l  Y-ear 
- 1961 

$120,000 
957'300 

115 , 000 
30 , (300 
130 , (300 
490,(300 

$5 , 850 , 000 

Fisca.L Year 
13 52 --- 

$2 510 000 A,& 

When the Mercury program w a s  i n i t i a t e d  i n  mid-fiscal year 19512, a 
wide range of studies and experimental investigations w a s  undertaken t o  
define the concept of the Mercury satell i te and provide fundament&- 
technical 3ata on which t o  base the design of the capsu:le and i t s  7rari.ous 
operational systems. Detailed specificatAons were evolved f o r  the develop- 
ment and cmstruct ion of the Mercury capsule, 
proposals from industry, a production contract was awarded. A t  thc same 
time, the .Ile.rcury p i lo t5  were selected and an extensive program foi* t h e i r  
t ra ining was in i t i a t ed .  

After evaluating selrer8.l 

These i n i t i a l  e f fo r t s  were continued and extended (luring the :?iscal 
year 1960. 
investiga-tioiis f o r  fur ther  refinement of capsule arrangements; the 
solution of c r i t i c a l  aerodynamics, hydrodynamics, loading, strl~ctui 'es, 
materials ,, p:ropuls ion , electronic s , mechanical , functional , and 
performance :?roblems; the developnent of a l te rna tes  f o r  c r i t i c a l  com- 
ponents and systems; and the detailed evaluation and proof testing of 
prototype :lardware. 

This included :he conduct of a wide range of studies and 

The new L i t t l e  Joe launch vehicle was first flown i n  the f isct t l  
year 1960 inti used t o  launch prototype Mercury capsules f o r  succes:;ful. 
demonstra;ioii of the abort capabi l i t i es  of the escape system a t  cr:.tical 
f l i g h t  conditions and f o r  simultaneous t e s t s  of the parachute land:.ng 
and rec:ovc?:ry systems. During this  same period, a major milestone vas 
reached when the capsule heat shield concept was successfully demori- 
s t ra ted  w i t h  m Atlas-launched fu l l - sca le  model dup1ical;ing the trztj ec tory 
of reentry in to  the atmosphere from orb i t .  
demonstral; ion and refinement of the techniques being developed f o r  using 
aircraf't wid Naval ships f o r  post-f l ight  location and recovery of the 
space c!apznrle e 

These t e s t s  a lso permi1;ted. 



These a c t i v i t i e s  are being continued and extended i n  the f i s c31  
The program f o r  t ra ining of the p i lo t s  is continuing and year 1961. 

includes f’urther famil iar izat ion with the de t a i l s  and operation of the 
capsule systems, learning to control the capsule through the use of the 
capsule sjmtlator on the Navy Centrifuge a t  Johnsville, Pennsylvania, 
and the m e  of various NASA motion simulators. 

A number of Mercury capsules are being delivered i n  the f i s c a l  ’ 

year 1961_, and the i n i t i a l  qual i f icat ion f l i g h t  test  program is being 
carried out‘ 
and mufitc-turing. deficiencies of a type that could not; be found i n  the 
extensive ground t e s t  Frogram. Historically,  i n  manned f l i g h t  programs, 
a gradual buildup of capabi l i ty  is required t o  achieve a system tha t  
i s  saZe :%r manned operation under design conditions. 
i n  mind, the Mercury f l i g h t  tes t  program w a s  set up t o  include a zitep- 
by-step buildup i n  mission objectives, Experience i n  t h i s  projeci;, t o  
date, has mply demonstrated the need f o r  such a program; unexpec.;ed 
problem areas have been uncovered, while the adequacy of many sys-;ems 
has been demonstrated. Inevitably, the r e su l t s  of each t e s t  require 
a re-examination of some UJ.’ the systems, an improvement i n  design o r  
fabrication techniques, o r  a change i n  some component part .  

The purpose of th i s  f l i g h t  t e s t  program i s  to ident i fy  design 

With t h i s  background 

Because the la rges t  pa r t  of the f l i g h t  qual i f icat ion program w i l l  
be carried out i n  the l a t t e r  par t  of the f i s c a l  year 1961, the resul t ing 
re-examination, improvement, and modification program w i l l  carry Je l l  
in to  the f i s c a l  year 1962. 
required. i n  the following areas : 

Continuing technical. developent  w i l l  be 

Configuration and Performance Tests - 
These tests, imolve,  i n  par t ,  the complex s t a b i l i t y  areas which 

a re  enccnml;ere3 with the Mercury capsule. For instance, as a r e su l t  
of the cxr:Ly L i i t l e  Joe escape t e s t s ,  it was learned t h a t  the s t a b i l i t y  
of the e?:;crtpe configuration w a s  lower than anticipated. This r e su l t  
caused the r e t r o f i t  addition of a s t a b i l i t y  augmentor on the base of 
the escrqe tower. This modification necessita;eii additional wind. 
tunnel i?uns. Using the wind tunnel data, computer studies were made 
t o  pred:il=t the dynamic motions of the capsule. Data from successive 
f l i g h t  b?sts w i l l  be used t o  update capsule motion predictions. 
types of calculations w i l l  continue throughout the f l i g h t  t e s t  program. 
Other investigations which w i l l  continue in to  1962 involve emergency 
drag s tab i l iza t ion  and reentry systems which could be used i n  thc 
event of malfunction of the capsule reaction control system and -;he 
retro-rockets. 

These 



EscaDe System Develoment 

The capsule escape system consists of t r ipod support legs whi-h 
are  attached t o  the capsule a t  the base of the conical-shaped antenna 
canister.  Voice and telemetry signals are  attenuated by radio in tz r -  
ference caused by the metall ic legs  of the escape tower. 
capsule can be flown i n  the current configuration during the e a r l y  
f l i g h t s ,  a. Ir.odified tower configuration must be developed i n  1962 which, 
based on ear ly  f l i g h t - t e s t  resu l t s ,  w i l l  produce minimum interference 
w i t h  radicl tzansmissions e 

Although the 

Landing Tests 

The capule weight d i s t r ibu t ion  must be such that after a water 
landing t,kte capsule w i l l  f l o a t  i n  the correct a t t i tude ,  allowing 
p i l o t  egress: and permitting the recovery radio antennas t o  operate 
above the water l i ne .  Because the f lo t a t ion  character is t ics  a re  
dependent, upon. capsule weight dis t r ibut ion,  parachute release timing, 
wind velocityJ and sea s t a t e ,  many tests w i l l  continue in to  1962 t o  
simulate the capsule configurations and environmental conditions 
which w i l l -  be encountered w i t h  the rocket-launched o r b i t a l  versi0r.s of 
the capsule 

Retrograde, Posigrade, and other Pyrotechnic Tests 

The capsule contains retro-rockets t o  i n i t i a t e  descent from o rb i t  
and posigp?atle rockets t o  separate the escape tower Prom the capsu1.e 
and t o  se]?arat,e the capsule from the launch vehicle. Although a l l  
of these rocket motors a re  being qual i f ied within the required 
specifica-Lions, development work w i l l  continue in to  1962 i n  an effor t ,  
t o  extend the operating temperature l i m i t s .  
f o r  pyPoteclmics i s  i n  the explosive-operated egress hatch. Since! 
the ear ly  cap;psules u t i l i z e  mechanical-latching hatches ,, there w i L  
be no op]?ortunity f o r  f l i g h t  test  experience with the explosive bi tch 
u n t i l  la'cer i n  the f l i g h t  program. Consequently, deve:Lopment t e s t s  
of t h i s  device w i l l  continue in to  1962. 

A unique requirement 

Structures and Impact Tests 

The presence of man i n  a parachute-landing space capsule requires 
that the st:ructure maintain pressure in t eg r i ty  during water impac.& and 
that ve r t i ca l  and lateral Fmpact accelerations be attenuated. 
impact bag has been fabricated which w i l l  reduce the ve r t i ca l  and l a t e r a l  
impact forces transmitted t o  the capsule and p i lo t .  Development vorlr 
w i l l  be conducted t o  extend the impact protection f o r  :higher 1ate:ral 
impact veloci t ies .  

A :Landing 



Navigation, Stabi l izat ion,  and Control 

The capsule s tab i l iza t ion  and control system i s  one of the most 
complex an3 important systems i n  the capsule. It is required t o  
or ient  the cEtpsule i n  the proper posit ion f o r  v i sua l  navigation and t o  
hold the capsule i n  the correct  a t t i t ude  during retro-f i r ing.  
system u t i l i z e s  hydrogen peroxide reaction jets which can be eithe:: 
manually 31 automt ica l ly  conirolled. Manual. control of the capsu.Le 
i s  required i n  case of f a i l u r e  of the automatic system during earl;{ 
f l i g h t s  and will be required f o r  the development of manual p i lo t in5  
and navigation techniques on later Plights.  A continuing t e s t  and 
analysis e f f o r t  w i l l  be directed toward investigating al l  the control 
modes t o  ke used i n  these later f l i gh t s .  

The control 

Recovery Equipment Tests 

The Plercury capsule is  equipped with a number of transmitter 
beacons arid other devices t h a t  are used t o  a i d  i n  the location of 
the capsu3.e after it has landed, 
i n i t i a l  versions of the capsule have a rather  l imited range, thereby 
necessitating the use of a large number of search and r e t r i eva l  ships 
and airpl.mes. 
double the transmitting range of the recovery beacons. 
t es t ing  elrid i n s t a l l a t ion  w i l l  take place during the f i s c a l  year 1562, 
The use of t h i s  equipment w i l l  enhance the probabili ty of a fast recovery. 

The recovery beacons ins ta l led  i n  

New equipment i s  currently being developed that w i l l  near1;y 
Final  evaluation 

Communications and Instrumentation 

Detailed monitoring of the capsule systems is accomplished tkirough 
an elaborate instrumentation system. 
are being monitored. 
t o  the ground s ta t ions  by voice and radio telemetry. 
capsules vKL1 fly various missions 
w i l l  depend on the r e su l t s  of the previous f l i g h t ,  a continued e f fo r t  t o  
provide ~ i e w  iris trumentation is; required throughout the f l i g h t  p r o p a t .  

Nearly one hundred parameters 
It is  necessary t o  transmit t h i s  informatior. 

Because the 
and because instnunentation peixameters 

Development of Mercury Life-Support Equipment 

As a r e su l t  of the p i l o t  t ra ining program, recommendations f o r  
pressure s u i t  modifications a re  continually being carr ied out. Although 
the Mercury pressure s u i t  is  now adequate f o r  manned operations i n  space, 
i ts  safety and reliabil i-by aspects w i l l  be improved as more fligh-; test 
experieme becomes available 

The environmental control system i n  the Mercury capsule i s  en t i r e ly  
new, designed without pr ior  experience with similar systei.is Con8;equentl,y, 
t h i s  system w i l l  undergo continuing improvement and tes t ing  as the f l i g h t  
program grogresses e 



Mercurv P i l o t  Tra in im aad Ca-mule Simulator Sumort 

Because of the unique control modes Ehnd emergency manual systlms, 
considerakle p i l o t  famil iar izat ion and t ra ining i s  required. Two zapsule 
simulators have been procured from the capsule contractor. One s i m l a t o r  
is located a t  the Langley Center and the other is ins ta l led  i n  the Mercury 
Control Center complex a t  the Atlantic Missile R a n g e .  
maximum benefi t  from these simulators, they have been augmented. by analog 
computers and special  navigation map-projection equipnent. 
keep maxirrm. continuity between capsule and simulator d e t a i l s ,  the 
services c f  contractor engineers and technicians are  necessary. 
addition t o  the capsule simulators, a special  air-bearing motion simulatioii 
is  being d.eveloped f o r  p i l o t  t ra ining.  
must c0ntlnu.e throughout the f l i g h t  program. 

I n  order t o  gain 

I n  ordsr t o  

I n  

P i lo t  famil iar izat ion and training 

Mercury Acceleration Tolerance Tests 

Acceleration toleraanze tes t ing  has been accomplish.ed a t  the A i r  
Force impct. acceleration f a c i l i t i e s  a t  the Wright A i r  Development Center 
and a t  t h e  k[olloman A i r  Force Base. These were impact tests which simulated 
the high cnset r a t e s  which are expected during capsule impact on both land 
and water. The tests performed a t  the N a v y  Johnsville Centrifuge served 
the dual purpose of tolerance tes t ing  and p i l o t  training. 
cab contr’cds were arranged similar t o  the Mercury capsule controls. ‘fie 
p i l o t  ac t t i d ly  controlled the motions of the simulated reentr ies  through 
a closed-I.oc~p centrifuge computer c i r cu i t .  
previous tests, several  p i l o t  r e s t r a i n t  systems were tes ted.  Centrifuge 
t ra ining &.nC. impact *sting w i l l  be continued in to  the f i s c a l  year 1962. 

The centri.fuge 

Coincident with many o f  the 

Fl ight  Program - 
Capsules, Support Equflpnen.t 

and Ser:z:es: --- 
Capsules..................... 
Training; simulators.. . *. * .  * .  
Spare ptrts.. . . . * .  . e ,. @ .  . e 

Ground wpport  equipment,. . 
Flight  test support. e e e e e 

Support, equipment and services 

F isca l  Year  F isca l  Y e a r  F i sca l  Year 
1961. 19 62 - --- l9@ 

$4 5 183 800 $39 800 000 $24 83 2,090 
3,660,400 1,408,000 8t0,000 

6,810 200 1,959,000 9~8,000 
2,466,900 469,000 4E5,000 

2,706,170 3,286,000 3 87 5,000 
1,022,300 1798,000 1 ico ooo 

61,849,770 48,720,m &&m 



Fiscal  Year 
--- Flight  Program 1960 

Network OFerational -- Implementation: 

Overseas transportation ...... 
Dynamic check-out of network. 
Design c d  t ra ining simulation 

Hookup of simulation system.. 
Training aids... . . . . . . . . . . . . .  
Back UT e lectronic  supplies 
for telemetry and ground 
commu.nic a t ions ............. 

Back up el-ectronic equipment 
f o r  tatleme t r y  and ground 
comnic:ations. .  ........... 

Flight  control ler  t ra ining 
equiyeient .................. 

Back uy) el-ectronic suppl.ies 
for t;i-ar:ki.ng and k t a  
acquisit ion.  ............... 

Fie Id E: quipment modifications 
Back up e’ectronic equipment 

f o r  -;racking and data  
acqu:isiti.on.. ............. 

system ..................... 

Network 0:)e:rations : ---- 
Bermuda s ta t ion. .  ............ 
Aust,ra:Lla stations........... 
Canary 1s.la.nds station.. . . . . .  
Kano s-ttztiono ................ 
Zanzibar station............. 
West Mexizo station.......... 
Southe:rn California s ta t ion. .  
Hawaiian station... , . . . . . . . . .  
Canton Island station,.. . . . . .  
Atlantic Missile Range....... 
Corpus Chr is t i  and White Sands 

A i r  Proving Ground stat ion. , .  
Ocean range vessels.......... 
Port Lcuis ship support s t a t i o n  
Trainicg... .................. 
Lincolr. Laboratory services.. 
IBM conquting center services 

160,000 
85,000 

230, ooo 

284,000 

190,000 

214,200 
482,000 

180 000 
Zmkj 

--- 
--e 

110,300 

30,000 
4,500 

Fisca l  ‘Year Fiscal Year 
19152 - --- 1961 

$250,000 - -- 
200,000 --- 

400,000 --- 
300,000 --- 
650,000 

700, ooo 110,000 

650 000 ~‘0,000 

210 ,- 000 --- 

750,7000 155, cloo 
1,824 ., 000 1‘70,c100 

225,000 
6,734,000 750, ooo -- 800,000 

2,007,000 
1,852,000 

705,000 
786,000 
613,000 

1,460,000 
11g,ooo 
llo ,000 
316,000 
313,000 

3,lO9,000 
3,0O4,000 
1,276,000 
1,b ?2,000 
1,108,000 
2,6+4,000 

215,000 
2 IO, 000 
5 73,000 

1,424,000 

848,000 1,534,000 

958,000 2,608,000 
193,000 3 49,000 
209,000 134,000 

1,500,000 --- 

18,000 35,000 



Fisca l  Year F isca l  Yzar Fisca l  Year 

Recoverv Cberations : 

Navy B u r e m  of Ships support $125 9 000 $4 3 079 9 000 $3,14 7 9 500 
Navy Eureem of Weapons 

support.. ................. 175,000 5,890 000 3,9€2,500 
Retrieval equipment. . e . a . a 53,000 604,000 720,000 

353,000 10,573,000 7,80,000 

Launch Vehicles : --- 
Redstone., .................. 4,477,000 2,450 , 000 --- 
A t l a s . . ,  .................... LL 390 000 22 979 000 11,5CO ,000 

i$T&m 25,429,ooo 11,%’0,000 

Tchal., Fl ight  Program.. $80,909,770 $~03,675,000 $71,7115,000 - -- 

Recause of the urgency of the Mercury program, i t s  various phases are 
being conclucted in  para l le l .  
such as ptwctchute and escape system development, have been accompl.ished con- 
currently with the capsule manufacture. 
research cmcl development f l i g h t s ,  followed by qual i f icat ion f l i g h t s  c 9  
increasirgly complex capsules, termimting i n  manned b a l l i s t i c  and orbital. 
f l i gh t s .  
ground tet;ti;, qual i f icat ion f l i g h t s ,  and manned f l i g h t s .  

Portions of the research and developnent prcig~~am, 

The f l i g h t  program consi8ts of 

Twenty-four capsules are being b u i l t  by the contractor f o r  the 

Aft~!i: a production contract  was awarded i n  the f i s c a l  year 1959, a 
program of :Large-scale f l i g h t  experiments was i n i t i a t e d  t o  permit denion- 
s t r a t ion  of the p rac t i cab i l i t y  of design and operational concepts f o r  
protection of the capsule from c r i t i c a l  aerodynamic heating on atnosphere 
reentry f’:?oIn o r b i t a l  f l i g h t ,  fo r  safe escape of the manned capsultt from 
the 1aunc:li vehicle i n  the event of immsnent catastrophic f a i lu re ,  and f o r  
landing cuid sea recovery of the capsule at  %he termha-tion of the f l l g h t .  
The initic%l fu l l - sca le  demonstrations 0% the parachute landing sy;teni 
and 1aunc:Ii ]?ad escape of ”re capsule from the booster were su.cces:sful.ly 
accomp1ir;lietl.. 

Modification and construction programs on sui table  launch vellicle 
systems, including the liquid-fueled Redstone and A t l a s  and a specially 
designed :;i-ttle Joe solid-propellant system,were undertaken t o  sq?port  the 
conceptua.1 :proof tests and the planned ser ies  of development and qualif icat:,on 
flight, te13t3 leading t o  manned o r b i t a l  f l i g h t .  



During the f i s c a l  year 1960, progress was made i n  fabrication, 

The first was launched a t  the Wallops Station i n  i b  

assembly, and check-out of operational Mercury capsules. Three ca.?sules 
were delivered. 
simulated launch pad abort. Subsequently t h i s  capsule underwent sI?vere 
s t ructural  tes t ing.  The second capsule was fully instrumented fo r  a 
s t ructural  and heating f l i g h t  t es t .  
f l ight on the f i rs t  Mercury-Redstone vehicle. 

The t h i r d  was prepared fo r  l a t e r  

Blockhouses and launch pads were modified and check-out f a c i l i t i e s  
were constructed at the  Atlantic Missile Range. Personnel were trained 
fo r  the pref l ight  check-out and preparation of the Mercury capsules for  
short-range L i t t l e  Joe and Redstone f l l g h t s  and f o r  the  long-range 
b a l l i s t i c  or o rb i t a l  Atlas f l i gh t s .  

Dur i cg  t h i s  period, a program f o r  using lower primates i n  som? 
Litt le Joe, Bedstone, and Atlas flights w i t h  simplified and operational 
Mercury capsules was begur? t,c provide biological loading t e s t s  of the 
capsule ervironmental and instrumentation systems pr ior  t o  manned 3peration. 
As  a resul t ,  animal experiments were successfully conducted i n  two of the 
previously E.entioned capsule escape system tests with L i t t l e  Joe lzunch 
vehicles. Methods were established fo r  the conduct and integration of 
various a c t i v i t i e s  necessary for  the launch, global f l i g h t  trackin;: and 
data acquisition, f l i g h t  monitoring and control, capsule recovery, and 
debriefing. Provision of necessary t ra ining aids, including operations 
simulators for  f l i g h t  monitoring and control ac t iv i t i e s ,  and associated 
personnel t ra ining were in i t i a t ed .  

Durir,g the f i s c a l  year 1961, these a c t i v i t i e s  a r e  being continued 
and exten6ed.. 
Mercilry capsules i s  continuing and, as dictated by various qual i f icat ion 
and preliniicayy f l i g h t  teeat programs, necessary refinements t o  the  
capsule sj-st,ems are being evolved and incorporated. 

Detailed development and construction of the operational 

-s ics  &=sign and constmction of the Mercury tracking and ground 
instrumentcrt.ion network is being completed, and check-out and demon- 
s t ra t ion  cbf the  systems undertaken. lkafning of network operations 
and maintemmce personnel i s  f ac i l i t a t ed  by operation simulation 
programs m d l  by the support of the i n i t i a l  unmanned o rb i t a l  f l i gh t s .  
As proved necessary by i n i t i a l  experience, system refinements will be 
made t o  p r w - i d e  adequate supper% t o  the ensuing f l i g h t  operations. 

Major e f fo r t s  are being directed during the  f i s c a l  year :L96l t o  the 
qua1ificat;icm and progressive f l i g h t  demonstration of the operational 
Mercury c:apaules 
w i l l  be rr~tde t o  qualify the capsule under simulated launch vibrations, 
and a Lit?t;le Joe launch veh.icle will be used fo r  qual i f icat ion of the 
escape system at  the most severe abort  con.ditions during boosted f l i gh t .  
A t l a s  launch vehicles a r e  being used t o  t e s t  %he adequacy of the heat 
protection methods and landing and recovery systems of the  operational 
capsul.es i n  tzajectoriea duplicating atmosphere reentry from orbi t ,  
and i n  denionstrating the  effectiveness of both capsule and ground sup:port . 

Btens ive  vibration and noise environment tests 



system for handling emergency abort  of %he f l i g h t  dur:'uag the orb i ta l  
inser t ion pllase. 

Concirn:ently, a program of suborbitfil b a l l i s t i c  f l i g h t s  of the 
operational Mercury s a t e l l i t e  capsule with Redstone launch vehicles 
i s  being imiertaken. I n i t i a l  f l i g h t s  are  being used t o  qualify the 
capsule c:;ys-:ems and demonstrate the operational techniques. Only 
after these objectives have been accomplished w i l l  manxied Redstone 
f l i g h t s  be undertaken. These f l i g h t s  w i l l  provide i n i t i a l  experience 
f o r  both -;he p i l o t  and ground support personnel i n  handling a manrted 
fl ight;  operation, permit major evaluation of both f l i g h t  and ground systenis 
i n  actual- mimed f l i g h t  operation, and contribute d i r ec t ly  t o  the f l i g h t  
t ra ining of the p i l o t s  pr ior  t o  the o r b i t a l  missions as an adjuncl, t o  
t h e i r  exl;ensive ground t ra in ing  program. 

Orbi-x:L f l i g h t  tests w i l l  be conducted i n  the f i s c a l  year 1962. 
For this ] ? u ~ o s e ,  it i s  again ph-med to  pursue a build-up of experience, 
w i t h  nece:;sctry correction and refinement of the hardware systems End 
operatiorutl methods, through preliminary o rb i t a l  fligh1;s of the operational 
Mercury c!tip!;ule. 
manned or1iiI;aJ. f l i g h t s  w i l l  be undertaken. These f l i g h t s  w i l l  prcwide 
f o r  detai:Letl lnvestigation of the effectiveness of the Mercury syEltems 
and opera-;ional techniques, and the influences of the space envirclnment 
on hutan izeactions. Later phases of the o r b i t a l  f l i g h t  program w i l l  a l so  
permit, at-;a:inment of i n i t i a l  experience i n  using the capabi l i t i es  of manned 
space flighl; f o r  the conduct of specialized sc i en t i f i c  or advancec. 
technologicrtl operations i n  space. Following i s  a description of each 
major category within the f l i g h t  program. 

When a l l  the systems have proven suf f ic ien t ly  rcsliable, 

Carsules 

!The :inl:tial contract  with the capsule contractor specified o r ly  
12 capsul.es,, It was not obvious a t  the time the contract  was sigrted 
whether recovered capsules should be refurbished or additional caxlsules 
should be ordered. As the design d e t a i l s  and operational procedures 
materiali  z,e6., it became c lear  that the scheduling d i f f i c u l t i e s  irl.volved 
i n  refurb:.shing capsules, the u c e r t a i n t i e s  i n  capsule damage, an& t h e  
long lead times would make refurbished capsules impractical. Cost 
estimates f o r  the refurbished capsules were equal t o  those f o r  ne% 
capsul.es. 
not started on the l a t e r  capsules. The complexity of the Mercury 
capsules :m!reases as they are phased in to  subsequent stages of tk.e 
f l ight ,  qutlLfication program so that the later capsules a re  more 
expensive than the ear ly  models. 
of the f I.:.ghts w i l l  involve o r b i t a l  capsules w i t h  campi-ete subsystem 
components. In addition t o  increased construction costs ,  the systems 
t e s t  and check-out procedures w i l l  require a greater degree of COT-  
t r ac to r  eJ'fort,. 

A total of 24 capsules are now on order but production has 

Duping the f i s c a l  year 1962, the majorit+y 
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Training Simulators 

!The contractor was directed t o  construct two capsule sinrulat,>rs 
which woild provide capsule famil iar izat ion and t ra in ing  for not >nly 
the p:ilots, but a l so  f o r  the f l i g h t  control lers  who w i l l  monitor :he 
capsule ,systems ' operation from the various tracking s ta t ions.  Tie 
simulatom ,are doubly complex i n  that they must simulate the operittion of 
all the :?il&'s instruments and a l so  permit an instructor  t o  eas i ly  
simulate nearly a l l  poss ib i l i t i e s  of launch vehicle and capsde  s;rstems 
f a i lu re .  Fmding f o r  the t r a ine r s  w i l l  continue into -the f i s c a l  ;rear 
1962 becrxi-lse they must be continually updated t o  maintain compati')ilj.ty 
with the -ra:rious capsule configurations. 

Spare Parts  

Spare pa r t s  must be available in order t o  provide an expedit:.ous 
m e a n s  for htundling capsule subsystem malfunctions a t  the Atlantic Missile 
R a n g e  check-out f a c i l i t i e s  and launch sites. 
1962 funit:ing t o  cover capsule configuratiomiL changes. 

This item w i l l  requ:.re 

Ground Support Equipment 

Fiscrtl year 1962 funding is  required t o  maintain ground hardirare 
compatibi.:-ii;y with the continually modified o r b i t a l  capsules. This 
equipment; serves the purpose of exercising and checking the operattion 
of the vewious capsule systems a t  the contractor 's  plant  and a t  the 
Atlantic Missile Range. 
must aLsc) be modified to meet the specif ic  mission reqttirements. 

The blockhouse and launch site instrwnentstion 

F l ight  Test Support 

The contractor f s e f f o r t  i n  f l i g h t - t e s t  support w i l l  peak i n  1962. 
From the Eitxmdpoint of flight-test support activit ies,  the most ccmplex 
capsules w i l l  be used during the orbital. f l i g h t s ,  most of which are 
scheduled during the fiscal. year 1962. 
category is  the post-f l ight  tear down and analyses of the capsules. 
It is  expected that very detailed post-f l ight  amlyses  w i l l  be conducted 
on the ear ly  o r b i t a l  capsules since they w i l l  be the f i rs t  f ina l -  
configuraticn capsules and w i l l  have been subjected t o  a space envir0.n- 
ment f o r  a, m c h  longer duration than the b a l l i s t i c  capsules. 

A major consideration i n  t h i s  

Support Equipment and Services 

As mentioned above, capsule development work w i l l .  continue 
This work w i l l .  require throughout the duration of the Project. 

contractor-furnished support equipment and services i n  1962. 



Network Operational hplementation 

Maxirrum probability fo r  mission success and safety can be i n s n e d  
by a world-wide network of tracking and communication s ta t ions.  Tiere 
are 16 s ta t ions spotted under the o r b i t a l  flight paths. 
has been n a d e  of the Department of Defense communications network 2nd 
existing s ta t ions  i n  the  United States and H a w a i i .  
Station f a c i l i t y  i s  being used as a demonstration and check-out s i t e .  
The Goddard Space nigh?; Center w i l l  a c t  as the network computhg md 
communication center. The Mercury Control Center a t  the Atlantic 
Missile Range w i l l  coordimte and exercise command authority over the 
network s ta t ions e 

Maximum use 

The NASA Wallops 

I n  the f i s c a l  years 1960 and 1961, the construction phase at 311 
s i t e s  m s  being implemented and completed. Funds were required fo r  the 
overseas transportation o f  s t a t ion  equipment, fo r  the dynamic checc- 
out of a l l  stations,  fo r  the design and in s t a l l a t ion  of a t ra in ing  
simulation system, and for  back up supplies and equipment. As a r2sul t  
of the divers i f ied nature of t h i s  network, the operational implemeitation 
was found t o  be a tremendous undertaking, involving not only the c(3mplete 
functional check-out o f  each s ta t ion,  but a l s o  the integration of the 
en t i re  network together with Mercury capsule equipment. 

By the  f i s c a l  yeax 1962, a l l  s ta t ions  w i l l  have achieved a s t a t e  
of Operational readiness. 
update electronic equipment, and t o  make changes dictated by corresponding 
changes i n  capsule components. 

Funding w i l l  then be required t o  replace arid 

Network Operations 

Most of the network s ta t ions  will not be manned u t i1  the las.; half  
of the f i s c a l  year 1961; a l l  s ta t ions  w i l l  be manned continuously during 
the f i s c a l  year 1962. The operating costs are dependent upon the itmount 
of tracking and communications equipment which must be maintained ctnd 
operated, and also upon the  amount of Department of Defense suppor; 
already existing a t  established tracking s ta t ions.  

The s ta t ions at Bermuda, Canary Islands, &no, Zanzibar, and '!?est; 
Mexico w i l l  be operated d i ree t ly  under NASA contract. 
Government w i l l  contract for the operation of the s ta t ions  i n  Aust::alj.a 
and the kpartment of Defense, or i t s  contractors, w i l l  operate the 
remaining seven s ta t ions  and the ships i n  the  Atlantic i%nd Indian Oceans. 

'Be Australian 

Recovery Op erations 

Recovery ships and a i r c r a f t  w i l l  be deployed i n  the Atlantic Ocean 
along the launch t rack and a t  the  end of each of the three orbi ts .  
Widespread deployment along the launch t rack is necessary t o  provide 



emergency. pickup i n  the event the f l i g h t  is aborted during the launch 
o r  if A t l a s  burnout occurs before o r b i t a l  veloci ty  is  attained. 
ship deployment f o r  the b a l l i s t i c  A t l a s  and Reds-bone f l i g h t s  w i l l  be 
down the Atlantic Missile Range. 
the s h i p  and. a t  the launch s i t e .  

Recovery 

Helicopters w i l l  be stat-ioned on some of 

In a.dd.ition t o  deployment during f l i g h t  missions , consideraqle 
recovery t ra in ing  is  being accomplish& w i t h  fu l l - sca le  boi lerplate  
models of %he capsule, Additional par t ic ipat ion by recovery f o x 3 8  
is  also required during the evaluation of recovery beacons. 
costs include only those tha t  are ad.Sitiona1 t o  n o m 1  operational 
expenses of: these mi l i ta ry  unit&. 

Recovery 

Launch Vehicles 

Eight, Redstone launch vehicles axe scheduled f o r  short-range 
b a l l i s t i c  qual i f icat ion f l i g h t s  of the Mercury capsule, The Redstone 
was chosen for these lntermediate f l i g h t s  because of i t s  re la t ive  
simplicity and inherent. aerodynaznic s t ab i l i t y .  Redstone f l i g h t s  
were init iatela i n  the second quarter of the f i s c a l  year 1961. 

The Atlas launch vehicle w a s  selected f o r  the design o rb i t a l  mission,, 
Preliminary A t l a s  f l i g h t s ,  however, w i l l  be bal-listic and w i l l  f l i g h t - t e s t  
the capsule under severe abort reentry conditions and normal atmospheric 
reentries.  The in i t ia l .  b a l l i s t i c  qual i f icat ion f l i g h t  took place ear ly  
i n  the f i s c a l  year 1961. 
currently p-ogrammed f o r  the Mercury program and are  being increm2ntitlly 
funded at EI r a t e  zompafible w-ith production e f for t .  

A t o t a l  of 15 A t l a s  launch vehicles are 



NATIONAL AERONAUTICS ADD SPACE ARMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

APOLLO 

SLJMMARY OF REQUIREMENTS: 

1962 Page No. 1960 1961 
Advanc:t:d Technical Development $100,000 $1,000,000 $5,Ogg,COO m10-5 

Flighl; Program. ............... - - e  - --  24,4Ol,C00 RD10-10 

'Totrtl. ................... $100,000 $1,000,000 $29,500,000 - 

OBJECTMGS :: - 
To provide the capabili ty fo r  the manned exploration of space through 

the devCopment of a spacecraft suitable both f o r  manned lunar exploration 
and f o r  ILSC? as an earth-orbiting laboratory. 

JUSTIFICllTjCON : -- 
I n  the past, man's sc ien t i f ic  and technical knowledge was limited by 

the fact; t ha t  all of h i s  observations were made e i the r  from the earth's 
surface o r  from within the earth's atmosphere. 
measuring equipment on s a t e l l i t e s  beyond the  ear th ' s  atmosphere and into 
space beyond the moon on lunar and planetary probes. The knowledge that  
has been derived from these initia.l ventures in to  space i s  already 
extensive, but the exploration of space i n  i t s  t rues t  sense w i l l  begin only 
when marl himself can par t ic ipate  d i rec t ly .  

blow man can send h i s  

Mart i s  destined t o  play a v i t a l  and d i rec t  role  I.n the explcration of 
the moon arid the planets In  this regard, it is  not easy t o  conceive thak 
instrumeiita; can be devised that can effectively and rel iably duplicate 
man's ro:.e as an explorer, a geologist, a surveyor, a photographer, a cheinist, 
a bio1og:-st;, a physicist, o r  any of a host of other spec ia l i s t s  Fihose 
t a l en t s  voould be needed. In  al l  of these areas, man's jud@ned, P i s  a b i l i t y  
t o  observe and t o  reason, and h i s  decision-making capabi l i t ies  are  required. 
Only man can cope w i t h  the unexpected; and the unexpected, of course, i s  the 
most int,e:re?sting. 

m10-1 



The search f o r  ex t r a t e r r e s t r i a l  l i f e ,  f o r  instance, i s  a prohlw of 
formidabL d i f f i cu l ty  f o r  pure instrumentation systems that i s  much more 
eas i ly  within the scope of man's a b i l i t i e s .  Even i n  more prosaic endeavors 
such as :photography, it i s  extremely challenging t o  duplicate man s a b i l i t y  
t o  se lec t  pertinent subject matter and optimum photographic methods, t o  
focus and choose the most prof i table  instant  f o r  exposure, t o  recogni.ze 
tha t  h i s  view i s  obstructed, o r  even t o  note tha t  the lens  has become d i r ty .  

Closer t o  earth,  man's special  a b i l i t i e s  would be employed i n  manned 
orbit ing space laboratories o r  space s ta t ions.  
analyt ical  and functional capabi l i t ies  can provide an ,&vantage i n  the 
conduct o f  a range of meteorological, communication, broadcasting, mappin(5 
and search a c t i v i t i e s  i n  orbi t ing vehicles. 
permit the investigation and proof-testing of vehicular component; arid 
operating techniques required f o r  the development of other advanclsd :;pace 
vehicles and  missions O f  note i n  t h i s  area are the evalmtion O F  a e r o -  
meteorite and radiat ion damage t o  space materials, the development 02 space 
propulsicln systems, the study of spacecraft erection and construe tion, the 
investig6,tion of rendezvous techniques, and the detai led assessment of th:? 
long-dure.tlon capabi l i t ies  of man i n  a weightless environment. 

Man's observatiomrl., 

Orbiting laboratorie 3 w i l l  al-so 

The i n i t i a l  s tep i n  providing the capabili ty f o r  the manned exploratioi  
of space i s  the Mercury program, designed t o  put a manned s a t e l l i t e  i n to  an 
orbi t  mc~re than 100 miles above the ea r th ' s  surface, l e t  it c i r c l e  the 
ear th  three times, and then bring it back safely. E%anl the Mercury program we 
expect t o  learn much about man's capabi l i t ies  i n  a space environment; such 
knowledge: is v i t a l  i n  determining w h a t  must be done in .  order t o  a l l o a  man 
t o  par t ic ipate  effect ively i n  other, more d i f f i c u l t ,  space missions. But 
the detei.mj.nation of man's capabi l i t i es  i n  a space environment i s  only one 
of the benefi ts  that will be derived from the Mercury program. O f  equal 
importance i s  the technical knowledge being gained during the design, 
const,ruc!i;ion, and operation of the first vehicle specif ical ly  engineered 
f o r  manried f l i g h t  i n  space. 

Acquisition of extended capabi l i t ies  f o r  manned space exploration and 
investigctt:-on beyond the Mercury program will need t o  proceed i n  logical  
steps as dt:fi.ned by the growth of pertinent technologi.es. 
constraj-lit resides i n  the scheduled ava i lab i l i ty  of sui table  p rop l s ion  
systems ro:r accomplishment of the required f l i g h t  missions. W i t k  i n  the 
next ten  years, the Saturn launch vehicle offers  the best  poss ib i l i ty  for. 
important advances i n  manned space f l i g h t .  
provide a capabili ty f o r  launching re la t ive ly  large manned space labora- 
t o r i e s  i i t o  ear th  orb i t s ,  o r  a manned spacecraft i n to  a circumlwtar 
t ra jectory,  with possible close lunar-orbiting f o r  extended scierttif ic 
observa-Lion before return t o  the earth.  While the l a t t e r  f l i g h t  mission 
w i l l  noc yield the ultimate po ten t i a l i t i e s  of a manned lunar lanc.iq, 
mission, i t  i s  expected to  o f f e r  important s c i en t i f i c  rewards and at the 
same t f n e  :provide f o r  the development of a proven spacecraft system tha t  
can be ciirectly used i n  a manned lunar landing missioii when siiitrtble laurich 

A prinary 

This launch vehicle Ehould 



vehicle advancement makes t h i s  possible. 
future visualized f o r  the Apollo program w i l l  take ful l  advantage of  the 
Saturn development. 
reconnaissance, as a logica l  s tep toward future goals of landing lien on the 
moon and the planets; the design of the spacecraft wiLL a lso  be si ifficientl j-  
f lexible  t o  permit i t s  use as an earth-orbiting laboratory, as a necessary 
intermediate s tep toward the establishment of a permanent manned space 
s ta t ion.  

"he s ize  of the s tep in;o the 

The Apollo spacecraft w i l l  be capable o f ' m i e d  lunar. 

During the f i s c a l  year 1960, i n i t i a l  e f fo r t s  w e r e  made i n  eslrab.lishi~ig 
the long-range objectives of the advanced manned space f l i gh t  and the 
rat ional  steps that should be taken t o  extend manned space f l i g h t  capabi11.- 
t i e s  beyond those being developed i n  the nation's i n i t i a l  program:,. This 
work inc.Luded examination of the in te r re la t ion  between desired ob,ectives, 
the LLmi-tStions imposed by the programmed ava i lab i l i ty  of sui table  launch 
vehic:Les , t:he general technological problems confronting the acconiplishment 
of various n i g h t  objectives, the existing confidence tha t  such pi'oblems 
could be zdequately resolved i n  time by d i l igent  application of aLvanced 
engineering and development techniques, and possible specific approaches t o  
the solu-;ion of some of the fundamental problems. Preliminary e f fo r t s  were 
also dire3ted t o  the analysis of specific flight missions and of E.ssociated 
vehicle :requirements and concepts that would meet basic: objective5 whi  Le 
reducing technological uncertainties and long-range cost factors .  This work 
then pennit-ted formulation of general guidelines f o r  proceeding with the 
detailed devel-opment of the Apollo program. 

O f  great  promise i s  a modular concept f o r  a vehicular system tha t  woald 
be ini t i t iLQ u t i l i zed  for performance of manned orbi t ing laboratory functi.ons, 
but would ult imately be capable of manned circumlunar flight and readily 
adaptable to  1-unar landing. 
modules. The first module could be called the command center, which would. 
house a cnLi1;imanned crew during launch, serve as the control center during 
the basic mission, and generally be the only component designed f c r  return. 
with the c r e w  t o  the earth.  To t h i s  would be added a propulsion nodule 
tha t  woul.tl provide the necessary energy f o r  safe return of the conman5 modile 
t o  ear th  :in the event of an emergency abort of the mission, f o r  mid-course 
corrections;, f o r  lunar-orbit  inser t ion and ejection, f o r  earth-orbit, 
correctictiis or rendezvous with other satellites, and f o r  reentry corridor 
control. For l a t e r  lunar landing missions, the propulsion module wouild be 
used t;o 1.rtwich the spacecraft from the moon back toward. the earth.  For 
circumlurlttr f l i gh t s ,  an ad.ditional special  purpose mission module would. be 
added t o  provide the extra l ife-support  and power supply requirements of 
t h i s  misej-on and the par t icu lar  laboratory f a c i l i t i e s  associated with the 
scient,ifi.c: E;tu.dy of the earth-moon system. For earth-orbiting f l i g h t  a 
different  special  mission module of considerably greater  weigh+,-carrying 
capacity arould. be substi tuted tha t  would support the basic needs of the 
mission arid provide f o r  an array of equipment f o r  scien.t if ic 121id techno- 
logical  space experiments, o r  for pertinent meteorological, ccmurunication, 
observati.c)md. o r  re la ted services. I n  addition, the cormand center and 

Such a vehicle might consi.st of three component 
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propulsion modules might be used together as a unit for special spzce 
applicaticm such as the re-provisioning and maintenance of other 
satellites or the construction and support of future permanent manned 
space sta.trions. 

In the Apollo program it is planned to embody the great flexibility 
It is apparent that and utility that is inherent in the modular scheme. 

the use cd' nrultipurpose components for a variety of missions s h o d 3  offer 
significartt financial. advantage over the provision of comparable czpabili- 
ties by d.Etvelopment of a number of special purpose spacecraft 

The Apollo spacecraft, therefore, will be a versatile vehicle having 
dual missj.on capability that will enable m n  to accomplish important 
functions in space. The spacecraft will be capable of a variety of 
scientific: and technological services as an earth orbiter, and w i l l  a l s o  
serve as ttn intermediate step toward the establishment of manned space 
stations. 
of the eeJltPi-moon system through lunar reconnaissance as a logical step 
toward. f~i1;ui-e goals of landing scientific teams on the moon and the 
exploration of other elements of the solar system. 

It w i l l  a l s o  provide the capability for scientific observation 

In addition to formulating the mission guidelines, intensive 
research cmil study programs on many of the technical problem areas of the 
Apollo progi:am were initiated at the NASA research and space flight centers 
during the fiscal year 1960. 

During the fiscal year 1961, the analytical and experimental investi- 
gations undertaken by the NASA centers are being continued. Wind tunnel 
and free-:?lj.ght model tests are being made to determine the aerodynamic, 
stability,, loads, and heating characteristics of possible spacecraft con- 
figurations. Results of these tests w i l l  aid in the selection and design 
of opt,hun rmxtngements, and will permit detailed evaluation of' flight 
performarice characteristics. Corresponding investigations are a l s o  being 
undertaken i.n the areas of structures and reentry heating protection, 
space nav:igrrti.on, stabilization, flight dynamics control, and landing and 
recovery. 

Durj.ng this period, three contractors were selected, by competitive 
bid, t o  define the characteristics of a feasible manned. spacecraft system 
to meet 1;lie Apollo mission objectives. Their investigations will include 
an analya:is of launch, circumlunar, lunar orbit, and reentqy trajectories; 
studies 1;o estiablish structural requirements imposed by the expected 
envirc~nmmtal and operational conditions ; analyses of the onboard propulsi.ton 
needs to satisfy mission requirements; evaluations of the effects of 
radiation on spacecraft occupants; studies to define crew display and flipjh-t 
control !mjyirements; and studies to define the charact;eristics of' 
environmeiitcfi control, crew support, power supply, cornmications , 
telemetqr , guidance, stabilization, control , inst rumentat ion, landing, 
and recoiri(3q:r systems. 
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FUNDING REQUUREMENTS: -_. 

Advanced --1 Technical Development 

Spacecraft -- Design and Feasibility 
Studies ............................ 
Mission.Analysis -- and Simulation: 

Analysis of optimum mission and 
abort trajectories, and associ- 

Mission simulation and evaluation. 
ated flight characteristics. ..... 

Loads and -- Heating: 

Analysis of heat inputs, and 
means of attenuation or 
dissiFation ...................... 
Anal_ysis of configuration 

Wind tunnel and free-flight model 
tests of aerodynamic character- 
istics, loads and heati ng........ 

Model tests of land and water 
impacts .......................... 

AirdroF test payloads and services 
for landing system concepts 

aerodynamics ..................... 

developments ..................... 

deployment ....................... 
Rocket models f o r  high Mach 
number tests of landing system 

Analysis and evaluation of land 
and water impacts, impact load 
attenuation, and buoyancy ........ 
systen. conceptual development 
tests.. .......................... 
Models for .launch pad escape 

Materialsand Structures : 

Analysis and evaluation of basic 
constiuction methods, and 
materi .al. s . . . . . . . . . . . . . . . . . . . . . . . .  
High temperature and space 
envirclnntental tests of materials, 
and strwtural concepts and 
comporlertt s ....................... 

Fiscal Year Fiscal Year Fiscal Yei3r 
:1g61 1962 1960 - 

$100,000 $1 , 000 J 000 : )2,000 , 000 

--- 180, ooo 

--- 11 , 0130 

--- 358, ~ : I O  



Fiscal  Year Fiscal  Year FiscaL Yea:r 
1960 1961 - 1962.- Advanced Technical Development --- 

Develorment of special  s t ructures  
--- --- $12g- 000 * f o r  ia.pact attenuation............ 
--- --- 

Radiation: - 
Invest:l,ption of space radiat ion 
and so.La:r flare prediction 
methall; :For Apollo mission........ --- 

Evaluation of radiat ion - biology 
factors, and shielding effective- 
ness o:T possible Apollo con- 
f igurm1;ions. ...................... --- --- 

Crew Acconmctdations: -- 
Developrent and evaluation of 

special gxessure suits; support 
and r e s t r a in t  gear; food, heal th  
and survival methods; and bioin- 
strumentation system .............. --- 

Evaluation o:f Systems and 
Componenl?; : 

Guidance,, s tab i l iza t ion  and 
control. system: 

Analysis and evaluation of 

Sirmrl.ated p i l o t  d i s p l a p  and 
guidrmce and control methods.. . 
control. s lmla t ion . .  ........... .--- 

Analysis and evaluation.. ....... --- 
pulsion components ............. _-- 

environmental. control .......... --- 
s y s t a s  components. ............ --- 

Onboard prclpulsion system: 

Vacum~. chamS>er tests of pro- 

Evaluation of methods f o r  

Enviromsntal t e s t ing  of 

Environmental control system: 

127,000 

.146 ,, 000 
1 

27,000 

65,000 

25,000 

1 bo, 000 

. L2,OOO 

23,000 
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Fiscal  Year F i s c d  Year I ~ i s c a ~ .  Year 
--- Advanced Technical Development 1960 - 1961. - ~ 2 c 2 L - .  

Communication and telemetry system: 
AmLLysis and evaluation of 

frequencies and special  

Coniponent evaluation. --- 

Deve!lc)pment and evaluation of 

Investigation of operational 

tirmf;mi ssion problems. ........ --- --- $12,000 .......... --- 11,000 

sei eri t if ic instrumentation. ... --- --- 135 ,000 

instrumentation techniques .... --- --- 42,000 

--- 1.5, oo(;1 

Ins t  nmieritat ion: 

Power supplies: 
Evaluation of a l te rna te  power 

Power supply component 
.............. suFply methods.. --- 

development.. ................. --- --- --- --- 
Ground-bused Flight Support 
Methods iGX Systems: -- 

Developeiit of requirements f o r  
ground monitoring and control of 
space c: raft f l ight.  --- ............... --- 23,000 

Developnent and evaluation of 
tracking and ground instrunenta- 
t i o n  techniques and equipment f o r  

60, ooo 

20 J 000 
10~,000 

f l i gh t  suppo ..................... --- --- 
Investigation and refinement of 

spacecraft location and recovery 
techniques ....................... --- -- --- --- 
Total, .Adva,nced Technical 
Development. ..................... $~OO,OOO $~,OOO,OOO $2 O ~ ~ , O O O  

Spacecraft Design and Feas ib i l i ty  Studies 

By m i d - l ~ ,  1961, the three study contractors will have completed 
the prelimirutry work of defining the character is t ics  of the Apollo 
spacecraft; system. 
based on tilie composite findings of the preliminaxy study, must then be 
carried. OLLI; i n  the f i s c a l  year 1962 i n  preparation f o r  the start of 
Apollo spa.c:ec:raft fabrication the following year. 

Detailed design of the spacecraft and i t s  campcnents, 



Mission Analysis and Simulation 

Mission t r a j ec to r i e s  must be analyzed, with par t icu lar  eqphasis on 
all possible re turn t ra jec tor ies  f o r  aborted or unsuccessf'ul miss:.ons. 
The analyses w i l l  include evaluations of  required guidance accuracies; 
and related dispersions. 
computing dzvices. 

Complete missions w i l l  be simulated. on tmal.og 

Loads and Heating 

I3ecixise the heating problem i s  far greater  f o r  reentry from 
circumlunar f:!ight than. f o r  reentry from s a t e l l i t e  missions, imp01-tan.t 
extension; of technology i n  the area o f  aerodynamic hexting and on 
means of at-5enuating or dissipat ing the expected heat inputs w i l l  be 
required. flnalyses of aerodynamic character is t ics  such as loads End 
s t a b i l i t y  ptrameters must be made. 
f l igh t  mode:- tes t ing  w i l l  be carried out t o  complement these analat ical  
invest  ige-;.ions . 

Extensive wind tunnel and free,- 

Land1r.n.g impacts on both land and water, impact load attenuation, 

These problems w i l l  k e  
buoyancy, arid hydrodynamic s t a b i l i t y ,  a r e  problems of considerable 
concern for vertical-landing manned flight. 
studied Etrd-ytLcally and experimentally through the USE: of small-scale 
model tes1;s i n  ground f a c i l i t i e s  and larger-scale models t o  be released 
from aircxxf't and helicopters.  The loads associated with the all-  
important. p i l o t  escape system must be similarly investigated, both 
analytica.l.1~- and experimentally. 

Materials and Structures 

The expected high leve ls  of reentry heating w i l l  impose severe 
requirements on the spacecraft 's  s t ructure .  The s t ructure  must not 
only be akle t o  withstand the space environment, and the attendant 
hazards such as meteorite and radiat ion damage, but a l so  must survive 
the loads of a launching, and the loads and heating of reentry. 
Alternate concepts of s t ruc tura l  design and various materials and 
ccanponents must, therefore, be evaluated and tested i n  high temperzture 
and vacuutr f a c i l i t i e s .  

Radiation 

I n  t:he .Apollo mission, three types of radiation w i l l  be 
encountered: 
cosmic radiation; and so lar  flare par t ic les .  The trapped radiation 
i n  the Va;n Allen b e l t s  i s  OP rather high in tens i ty  but of suff ic ient ly  
low energy t o  inake shielding feasible. The energies of cosmic 
radiation, o:n the other hand, a r e  so  high that shielding becomes 
impractical. However, the peak in tens i ty  i s  sufficient1Ly low t ha t  no 
dange.r i s  .anticipated i n  a circumlunar f l i g h t .  

trapped radiation i n  the  Van Allen radiat:ion be l t s ;  



The most serious problem resu l t s  from the par t ic les  generated by 
some solar flares. The energy of these par t ic les  i s  of a magilitud2 
that may require more shielding than i s  prac t ica l  from the standpoint 
of weight; following a major f l a r e ,  the in tens i ty  be so high as 
t o  cause E8evere biological damage. However, there a re  some indications 
that it will. be possible t o  predict  major f l a r e s ,  o r  at  l e a s t  their  
absence, several days i n  advance, thus allowing missions t o  be 
scheduled. dr.ring re la t ive ly  safe periods. 

I n  wder t o  a t tack these problem areas as specif ical ly  r e l a t e i  t o  
the Apollo nussion, studies must, be supported t o  evaluate radiation- 
biologicaJ. factors  and t o  es tab l i sh  re l iab le  so la r  f l a r e  prediction 
m e t  hods . 

C r e w  Accommodations 

The l’urther development and evaluation of special  pressure s u i t s  
w i l l  be wdcirtaken; re l iab le  garments with proper provisions for 
quick dorlriirlg, and with proper mobi.lity f o r  use both within and. out- 
side the spicecraft ,  w i l l  be required. 
restraint .  gear, food, health and survival methods, and bioins mumentation 
systems mist, be studied. 

Special p i l o t  support and 

Evaluation of Systems and Components 

A spacecraft; as complex as the Apollo c ra f t  w i l l  require the 
Judicious selection of many systems and components; these systems must 
be exceed.j.ngly rel iable ,  sufficiently l i g h t ,  and compatible w i t h  
operat.ion i n  many environments. 

It %n.lI- be necessary t o  evaluate, on a continuing basis, new 
technologxal developments as they become available i n  an e f f o r t  t o  
develop, ultimately, the most e f f i c i en t  and re l iab le  spacecraft, e 
exanple, {yj-dance and control methods must be investiga,ted and 
component;!; xnrst be evaluated as they become available. Similarly, 
many different  approaches t o  the dynamic p i l o t  display system must be 
simulated for proper evaluation. Onboard propulsion erivironmerttal 
control, c o r m i c a t i o n s ,  instrumentation, and power supply systems 
must all be evaluated. 

For 

Ground-based Flight Support Methods and Systems 

A basic requirement for all future manned space mi.ssions i s  tha t  
the primijv cormnand of the mission be on board the spacecraft. 
there wil.:, be a need f o r  nearly continuous communication, and for 
exact treick:-ng, t o  provide a reference f o r  the onboard systems. 
study m u a ~  be made t o  deternine the detai led requirements f o r  ground 
monitoriqg curd control with a view toward maximum ut i l i .zat ion of 
existing :Sacil.ities 

Hcwever, 

A 

New techniques f o r  monitoring and. f l ight ,  cor t r o l  



during the c r i t i c a l  reentry phase w i l l  have t o  be developed. 
of the wclrl.d-wide aspects of these f l i gh t s ,  it W i l l  be necessary to  
develop new techniques f o r  the locat ion and recovery of the spce2ra:ft 
a f t e r  em.er@;ency landing. 

I n  v iew 

Fiscal  Year Fiscal  Year Fiscal  Year 
Flight Program 1960 - 1961 -A&-- 

......... --- $700 , ooo Design and engineering. --- 
Component and subsystem 

development ..................... --c --- 360 , ooo 
Spacecraft construction.......... --- --- 389 , 000 
Systems integration .............. --- 51 ,000 
Rocket and airframe procurement.. --- --- - 400,OOQ 

--- --- :-, 900,000 

Orbital : F l i g h t  Tests: -- 
Component and subsystem 
development. .................... --- --- I-, 565,000 

Spacecraft construction.......... --- --- :!, 604,ooo 
Systems integration. ............. --- --- 41 1,000 

--- --- 1. 200 000 
!-cy A t l a s  :LtLunch vehicles............ - --- --- 

HigkSpeeli :Reentry Tests: 

........... -'I :' 274,000 Design ,smrl engineering --- --- 
Component and subsystem 

2,175,000 develqpent ..................... --- --- 
Spacecmft construction.. ........ --- --- 1,600 ,ooo ............. --- 522, oocl Sys tens integration. --- .... --- --- €,20O,OOO Atlas-&elm launch vehicles.. 

High-Spsl - Reentry Tests: 

- --- --- 1: , 771, OOC; 
Developrr~intiiL Spacecraft f o r  Saturn 

Design :tnd enginee ring........... --- 800, ooc 

Operations cmd Semi ces : -- 
Spacecix'ttfl; pref l ight  preparation. --- --- 30, ooo 
Spac:ecixf1; launch handling equipnent --- 100,000, 

130, ooo --- --- 

........ --- --- $24 401,000 - - Tot;id, Flight Program 
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The initial phase of the Apollo f l i g h t  program w t l l  consist  of 
research and development flights using L i t t l e  Joe, A t l a s ,  A t l a s -  
Agena-B, and Saturn launch vehicles. 
production spacecraft using the Saturn launch vehicle w i l l  be made. 
I n  the f i s c a l  year 1962, construction of the spacecra:tt f o r  the 
research and development f l i g h t s  w i l l  be started and the funding f o r  
launch vehicles f o r  these f l i g h t s  w i l l  be in i t i a t ed .  Spacecraft and. 
launch -vehic:Les a re  incrementally f’unded during the f i s c a l  year 1.962. 

Ultimately, f l i g h t s  of 

Devell3pment al Spacecraft f o r  Short -Range Wlis t i c  Flight TE :s t s -. --- 
One of the most c r i t i c a l  times i n  the launching of a manned 

vehicle, f r o m  the standpoint of p i l o t  safety and spacecraft recoizry, 
comes during the initial phases of the launch t ra jectory.  A t  t h i s  
t i m e  the aerdynamic drag i s  very high, and it becomes exceedingly 
difficuLt -to execute a safe and controlled escape m e u v e r .  The 
very 1a:rge launch vehicles required l a t e r  i n  the f l i g h t  program %.ill 
not be needed t o  duplicate t h i s  phase of the f l i g h t  t ra jectory.  
Reasonably small vehicles, such as L i t t l e  Joe, can be used f o r  t l i s  
simulat:im. 
and t e s t  the Apollo escape system under conditions of high aerwnamic  
pressure;. 
landing system. 
the spact:c:raf’t f o r  these t e s t s  w i l l  be undertaken, and three of the  
L i t t l e  Joe rockets and airframes w i l l  be ordered. 
w i l l  s t c r : r t  i n  the  f i s c a l  year 1963. 

Three L i t t l e  Joe f l i g h t  tests are required t o  develcp 

These t e s t s  will a l so  aid i n  the development of a cayable 
In  the f iscal  yeam A962,. $he design and canstX?uctian of 

Flight t e s t i rq  

Orbital  n i g h t  Tests 

The Apollo spacecraft w i l l  require many new developments, 
includiq: pract ical  methods for accomplishing onboard a t t i t ude  and 
posit,ion referencing, s tabi l izat ion,  velocity vector control,  and 
energy nntnrtgement i n  normal and emergency t ra jec tor ies .  Although 
many of these developments w i l l  be supported by laboratory tests, 
f l i g h t  t,ctst;ing w i l l  a l so  be required. For the purpose of developing 
satisfac:l;oiy man-machine systems, prototypes of such systems w i l l  be 
flight-tx!st;ed aboard Mercury capsules. 

Construction of these capsules w i l l  be i n i t i a t e d  i n  the f i s c d .  
year 1962, and required components f o r  the ccanplete integration of 
man-machine systems wi l l  be developed. Two flight t e s t s  are  planned 
f o r  the f i s c a l  year 1963, with f ive  additional f l i gh t s  scheduled for 
l a t e r  y e ~ t r ~ ~ .  
i n i t i a l  f’urding i n  the f i s c a l  year 1962 because of the lead time 
required. 

A t l a s  launch vehicles f o r  these flights w i l l  requirz 



High-speed Reentry Tests 

When 6. spacecraft returns from the moon, it will enter  the esrth's 
atmosphew at  a velocity of about 25,000 miles per  hour, o r  nearly one 
and one-half times the speed of a reentering s a t e l l i t e .  Reentry a t  
t h i s  high velocity, referred t o  as parabolic velocity, causes new and 
severe spacecraft heating problems which must be investigated 
experimerite.lly. 
sirmilate tlds condition, f l igh t - tes t ing  is  necessary. 

Because laboratory f a c i l i t i e s  cannot yet complet zly 

The Atlas-Agena-B launch vehicle and reduced scale  models of 
Apollo spac:ecraft w i l l  be used f o r  these t e s t s .  
has the c:apability of boosting re la t ive ly  large-scale developments1 
spacecraft t o  parabolic velocity. During the spacecraft 's  reentry, 
measurem.ent.s of heating and s t a b i l i t y  character is t ics  will be mad?. 
Recovery of' the model i s  planned because of the importance of post- 
f l i gh t  irtspection and materials analysis. 

This launch vehizle 

I n  the f i s c a l  year 1962, the design, engineering and fabr icat ion 
of these developmental spacecraft will be initiated. Two f l i g h t  tesxs 
are planned. f o r  the fiscal. year l g 3 ,  and two tests will be performed 
i n  the fcXLowing year. 
vehicles w i l l  be required i n  the f i s c a l  year 1962. 

Initial funding f o r  the Atlas-.Agena launcn 

Full-ScaJ.e -I- Developmental Spacecraft f o r  Saturn High-speed Reentry Tests 

I n  tbe f i s c a l  year 1964-1965 t i m e  period, ful l -scale  parabolic 
reentry t e s t s ,  using the Saturn launch vehicle, will be undertaken. 
These tes8ts. w i l l  be used t o  verify the e x t e r n 1  aerodynamic and 
s t ruc turz l  design of the final command center o r  reentry module. 
Reentry e.t parabolic velocity along various f l i g h t  paths i n  the 
entry corridor W i l l  be accomplished. 
times required f o r  Saturn spacecraft, the design and engineering phase 
f o r  these sapacecraft must be carried out i n  the f i s c a l  year 1962. 

I n  order t o  meet the long l2ad 

Operations and Services 

Ini t r ia3 preparations f o r  the f l i g h t  missions u t i l i z ing  the 
L i t t l e  Joe, Atlas, and Atlas-Agena-B vehicles w i l l  be made i n  the 
f i s c a l  y e a r  1962. 
s i t e s  w i l l  be purchased. 

Special handling equipment required at the launch 



NATIONAL AFlRONauTICS ADID SPACE AJMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

IAmm VEaICLE TECHNOLOGY 

1960 1961 1962 Page :!To. - 
....................... $3,392,000 $5,150, ')OO RD:L1-.2 Systems --- 

.................... Components --- 2,703,700 5,450,000 mu- 3 

Supporting Effor t . . . . . . . . .  .... 3,004,300 4,400,000 - RDI.1- 4 

Tobal..  .................. --- $9,100,000 $15,000,000 - - 
OBJECTIVES : - 

To advance the technology that w i l l  be required t o  support future launch 
vehicles; xo solve technical problems faced by launch vehicles that  a r e  now 
being designed; and t o  examine a l te rna te  design concepts and systens t o  
accomplish space missions. 

B e  design and development of any complex system presupposes t i e  ex- 
istence of a large body of theory, extensive knowledge of material .properties, 
the appropriate s t ruc tura l  techniques and the  "know-how" to develop the 
necessary sub-systems. Generally, t h i s  information can 'be obtained frum a 
variety of technical sources; however, i n  the  f i e l d  of rockets the  ::ate of 
progress i s  so rapid that i n  many areas the background o.f basic teclmology 
has been outdistanced by requirements for  specif ic  developments. In order 
t o  meet the long-range goals of manned f l igh ts ,  lunar orb i t s  and landings, 
and eventual planetary missions, the basic technology must keep pace with 
advancing -rehicle concepts. The lack of such data could result i n  i t  temporiirj- 
stoppage of multi-million dol la r  projects with an inevitable sacrif:.ce of 
dol lars  and time. 

The long lead times associated with the  development of launch %chicle 

an improved guidance system 
systems require that basic technology be available w e l l  i n  advance c f  the  
design of EL part icular  vehicle. 
w i l l  be required by the very long t r a n s i t  t i m e s  associated with planetary 
flights; sensors, communication systems and power supplies must be improved 
t o  survive prolonged operating times; very large vehicles pose problems i n  
materials arid fabricating techniques and i n  the  f lu id  motion of the propellaiit 
within 1az-g~: tanks; computer studies are needed on lunar and planetary tra- 
jector ies ;  z.nd aerodynamic: forces and aero-heating e f fec ts  must be investigated 

For example: 



for  advanced vehicle designs. In addition, the  r e l a t ive  s i ze  of s.:ages fo r  
advanced vehicle designs must k studied to determine optimum sharing of pro- 
pellant between stages. 

I n  connection w i t h  the  solution of technical problems now faccd by 
current vehicles, the demands fo r  results a r e  immediate. 
viding instrumentation and data fo r  multi-barrelled engines, the motion and 
state of .Liquefied gaseous propellants after long periods of f ree- fa l l ,  
sloshing of propellants i n  large diameter booster tanks, are  but a f e w  of 
the  areas thist a r e  being supported. 
caUy a r i s e  during the design phase of a vehicle and must be solvec.before 
the design and development stage can proceed. 

Problems of pro- 

These types of problems characterist i- .  

A l t e m a ~ e  ways of performing space missions must be examined t o  determine, 
for  example, whether it is  economically more feasible  t o  re fue l  a nlsnned lunar 
vehicle i n  orb i t  (or assemble the vehicle i n  o r b i t )  than it is t o  f i r e  d i r e c t l y  
from the surface of the Earth; or, i n  the area of fl ight,  control, t o  determine 
whether- or  not a forward or  rfcanard" set of control jets may be a t e t t e r  design 
solution t,lian attempting t o  swivel the very large rocket, engines t h a t  are m w  
being bui1.l;. 

The 1.962 e f fo r t  i n  t h i s  program w i l l  be geared t o  current and growth 
versions o f '  the Saturn and t o  the advanced vehicle systems tha t  a r e  now 
contemplated. A major task will be the establishment of vehicle design 
requiremen.ts t h a t  are being generated by advancing technology :in t h i  re la ted 
f ie lds  of prclpulsion, space f l igh t ,  and launch operations. 

Systems ,- - 
Advanced Vehicle Desi gn......... 

Fiscal  Year Fiscal  Year Fis1:al Year 
~ 9 6 2  - 1960 1961 

--- $2,332,000 $3, tho, ooo .. .............. --- i,o6o;ooo ~ j 5 0 ; o o o  - Orbital Operations 

Total, Systems ............. --- $3,392,000 &-5O,OOO 
I - 

Advanced Vehicle Design 

This weia provides fo r  conceptual and preliminary design of adt.anced 
vehicles, rriage s i ze  studies, studies of l o g i s t i c  and economic aspects of 
launch vehacle systems. I n  addition, operational analyses w i l l  be performed 
t o  provide ob,jective guidance fo r  future  planning. I n  the f iscal  year 1962, 
for  example, studies will be made aimed a t  a 2- t o  3-mill.ion pound thrus t  
launch vehicle concept, lunar transportation systems, and vehicle ccnfigurat,ion 
requirement,:; based on the  concept of c luster ing the 1 .5  million pourd thrust  
F-1 rocket ctngine. 
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Orbital Operations 

Inclucled here are analytical study and investigation of problems :re- 
lating to ctrbital rendezvous, orbital launch, vehicle refueling, assembly 
and transfer in orbit. 
deve1opmen.t of vehicles which will be capable of meeting long-range inter- 
planetary f'li.ght goals. 

Knowledge in this area is prerequisite t o  the 

-- Ccsonents . 
Structures and Mechanics...... 
Guidance and Control .......... 

FTscal Year Fiscal Year Fis :a1 Year 
~ 9 6 2  - 1960 1961 

--- $2,703,700 $5,1C50,000 - - - Total, Cmponent s . . . . . . . . 
This iWegsL covers design investigations of electricail and elect]-onic 

parts, hprcwement of material properties, effect of space environmttnt on 
material properties, and the development of specific component items and 
assemblies to meet existing and anticipated space requirtments. 

Structures and Mechanics 

Invesl;.igittions to determine radiation effects and spectral emis sivities, 
for determiiza~ion of material properties, development of new materials for 
space applicaxion, and the design, development, and testing of vehicle 
components :?or orbital rendezvous. 
year 1962 are : 
materials; study of radiation effects at extremely high rates of irradiatioc.; 
determination of thermal properties of materials at temperatures ranging frcen 
-250°C to t-J.500°C; development of inorganic polymers and adhesives f o r  use as 
sealants at, high and low temperatures; and development of' automatAc fuel line 
couplings, f'uel transfer equipment, and mechanical links for orbital rendezvous 
operations. 

Among studies to be conducted ir fiscal 
evaluation of hemispheric and spectral emissivities of selected 

Guidance and Control 

This area includes improvements to and the development of celemotry 
transducers, gyros, accelerometers, and other vehicle components as required 
to meet new sFace environments and conditions. 
development of cryogenic accelerometers; miniaturization and reliability 
improvement of missile borne heavy-duty electrical contactors; small, light- 
weight, pressure transducer development; development of digital inpw;-output 
devices; and lateral photocell techniques applied to position sensin); of a 
space vehicle in three axes. 

Effort w i l l  be place1 on: 
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Fiscal Year Fiscal Year Fiscal Year 
p 6 2  -- Sulporting Effort 1960 1961 - 

Aeroballistics.................... --- $940,000 $1,500,000 
Fabricatjo r , . . . . . . . . . . . . . . . . . . . . . . . .  --- 
Computation. and Cata Processing.. . --- 1,325,000 1, 300,000 

514,300 700, ooo 

--- 225,000 - 400; 000 - Instrumec,ta,tion... . , . . . . . . . . . . . . . .  

- --- $3,004 , 300 $&coo, 000 - Total, Supporting Effort..... 

This area includes investigations and developments that w i l l  suppczt 
the System and Component areas or will have broad flmctional app1ic:Ltion to 
the overall field of vehicle development, as follows: 

Aeroballistics 

Work :is conducted here on aerodynamic and ballistics theory, aeroheatirig 
effects, trajec%ories, and real-time computer evaluations. ExampleEl are: 
adaptive co3t:rol studies, statistical trajectory studies:; basic empirical wi.nd 
shear inves-tigations, aerodynamic effects of fuel sloshing, and real-time 
computer ewtlilation of test data. 

Fabrication 

mis j.iicj-udes techniques, process, methods and specialized equipment 
for the fabi*ic:at,ion and assembly of space vehicle structures. Exaqles are: 
the develornierit of tooling concepts for large diameter tanks, the basic study 
of electricscl discharge phenamena as related to metal forming, and the ,study 
of techniques for forming stainless steel elements to 100,000 pounds per squar? 
inch yield strength level. 

Computation and Bta Processing 

This iccludes the development of improved methods for reduction of flight 
data and for the applica-tion of data processing techniques to the requii*emen.t,s 
for test, analysis and automatic check-out of vehicle systems. Exm.?les are 
studies of: Cloppler data reduction techniques; investigation of methods and 
techniques applicable to automatic or semiautomatic instrumentation :tnd test:inl; 
in the area of radio frequency systems , measuring systems,, electronic componenl,s, 
and electrizal wiring systems; design and development of high-speed digital 
computers for simulation of flight conditions; and the development 0:: a digital. 
incremental function generator for use in flight simulation and other compu- 
tat ion prob.Lems . 



Instrumentation 

The development of specialized instrumentation equipment and component 
testing methods is carried on under this heading. (me 1962 estimate provides 
for the developent of densitameters for liquid hydrogen, for automatic 
pressure calibration system development, and for develvpent of an end-to- 
end autaraatic thrust calibration system. 
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IVAFIONAL AEROWUlZCS AND SPACE ADI"IS!I!RAmON 

FISCAL YEAR 1962 ES!PIMA5 

LAUNCH OPERATIONS DEvELOPMExlrcr 

SUMMAKY OF ITp,C@IREMESEl: I 

1960 1961 - 1962 - €age No. 

Launch Operations Studies. . . . . . . --- $100 , OOO $5 00 , 000 FiDI-2 -2 

Advanced Instrumentation. . . . . . . . --- 1,000,000 EDI.2-2 

Totrr'L. . . . . . . . . . . . . . . . . . . . . . --- $loo.ooo$l.soo,_ooo 

To axmly:se operational requiremnts ,  and t o  provlde advanced ground in -  
strumentation f o r  launch vehicle operations. Analysis of launch operations 
requirement8 Xi11 be concerned with the determination of the most desirable 
sites f o r  Lmnching nuclear and very Large vehicles, def ini t ion of problem 
areas which must be dealt with i n  launch operations from various s i l m ,  
and proper sequential modifications of the various NASA launch comp:.exes i n  
future yeare. Advanced i n s t m n t a t i o n  relates t o  measuring, tracking, 
ground telemetry, timing, data reduction and analysis, and over-all 
launch complex instrumentation. 

A continuing r e q u i r m n t  exists t o  modify and finprove exis t ing launch 
operations equipment and t o  develop new devices o r  techniques in pa?allel 
with advances i n  vehicle technology. 
hardware development and a variety of analytical studies.  

This work must take the form of 

The hardware effqrt w i l l  be aimed a t  sa t i s fy ing  the unique require- 
ments imposed by current and near future vehicles and w i l l  take the form 
of advanced instrumentation dealing with telemetry, masuring, tracldng, 
and data reduction. Specific items wi l l  include optical. devices, telemetry 
equipment and a frequency reference s ta t ion .  

I n  the analysis and study area, the major e f f o r t  w i l l  be directed 
toward advanced planning t o  meet fu ture  vehicle requirements. The &vent 
of more sophisticated vehicle systems, and the resul tant  need f o r  m a s s h e ,  
complicated and expensive launch complex ins t a l l a t ions  has created a.n 
urgent demand for the best possible planning approach i n  th i s  area. 
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FUNDING REQIJ&IBME3lTS: 

Fisca l  Year F isca l  Year F isca l  Year 
1.962 

$500, OOO 

__I hunch Operation Studies 1960 1961 7 

--- Launch Equi:?mtmt Studies. ............ --- $100, OOO 
Launch Safety Studies . . . . . . . . . . . . . . . .  --- 

TobL,  hunch Operation Studies , , --- , $loo,OOO $500,000 

Lmnch Equimnt ,  Studies 

Studies i n  the f i s c a l  year 1961 are aimed at  the general. aspects of 
r e l i a b i l i t y  with part icular  enrphasis on standardization of ground sulpport 
equipment. 
manned and twkonmtic f?mctions and the resul t ing e f fec t  on design, t e s t ,  
inspection, tranrsportation, and operations at the launch site. Grorind 
support equtpmnt standardization study w i l l  determine the interchargeabili ty 
of expensive ground support equipment between programs with a view toward 
possible sQnp:lification. 

The realiability phase w 5 l l  determink the interfaces  betlieen 

Launch Safety Studies 

I n  the f i s c a l  year 1962, advanced vehicle concept and nuclear upper 
stage s t u d h s  wiU be conducted t o  enable a def ini t ion of site requfre- 
ments i n  s u W h i e n t  d e t a i l  t o  provide a basis f o r  launch s i t e  selec1,ion. 
I n  View of the size, complexity, and possible remoteness involved i n  the 
launch openetions of such advanced vehicles, it is  estimated that, i f  ad- 
d i t iona l  sites m e  required, as much as one year w i l l  be needed f o r  top- 
ographical surveys and site select ians  w i t h  additional time required f o r  
f a c i l i t y  design. 
be initiate13 in  suf f ic ien t  time t o  insure timely completion of the iwquired 
launch fac: t l i t ies .  
the calendar ;year 1962. 

hunch site selection and ensuing site construction must 

Completion of the subject study i s  required ear:y i n  

F isca l  Y e a r  Fisc& Year Fisc:al Year 
Advanced Instrumentation 1960 1961 :@. - - -- 

Develbpment of Optical Equipment 
and I ) e . v l c e s . . . . . . . . . . . . . . . . . . . . . . .  --e --- s475, OOO 

275, OOo Development of Telemetry Equipment.. --- --- 
_-- 250,000 Offset Frequency Reference Station..  -- 
--- Total, Lavanced Instrumentation 



Advanced instrumentation tha t  i s  oriented spec i f ica l ly  t o  NASA missions 
i s  required: -to provide automatic op t ica l  tracking; t o  permit rea l - t ine  
telemetered pmameters during launches with self'-checking and fail-aaf'e 
features;  and t o  develop a frequency reference s t a t ion  f o r  the ultra-high 
frequency DDppler system f o r  tracking of fse t  transponders of the Rarger 
type. This improved instrumentation i s  required i n  the f i s c a l  year 1962 
t o  permit adequate and properly calibrated data t o  be made available f o r  
development o f  the Saturn vehicle. 

Developnpnt of Optical Equipment and Devices 

Improvsd opt ica l  ins t ruwnta t ion  is  required t o  provide light i:ources 
with greater intensi ty  than exis t ing systems and t o  provide flash devices 
with considerable reduced on-board weight as a primary tracking devi.ce and 
f o r  use i n  the cal ibrat ion of e lectronic  tracking system. 
ive during the f i s c a l  year 1962 w i l l  be t o  develop a light source x.th a 
50 percent increase i n  in tens i ty  over +hose presently available. 

A major object-  

Development of Telemetry Equipment 

During the f i s c a l  year 1962, experimental tracking antennas w i . L 1  be 
developed Por the reception of ultra-high frequency telemetry tha t  id11 be 
used when the very high-frequency telemetry band is  vacated i n  1970, The 
ultra-high-frequency transmitting equipment which w i l l  be developed under 
o.l;her programs will r e q a r e  these antennas during the experimental :>eriod 
of operation. 

New equipment and techniques w i l l  be developed i n  the f i s c a l  y:ar 1962 
f o r  re l iab le  real-time display of telemetered parameters f o r  launches that 
require instantaneous decisions on the ground. To ensure crew safety, the 
new equipment w i l l  be designed t o  incorporate self'-checking and f a i l - s a fe  
features. I n  addition, provisions wi l l  be made f o r  re l iab le  demoduLatPon 
equipment re la ted t o  single side band telemetry systems, as will be 
u t i l i zed  w i t h  future Saturn whicles. 

Offset Frequency Reference Station 

This S t e m  w i l l  provide a synthesized reference s ignal  as required f o r  
the advanced transponders that  w i l l  be used i n  the Ranger-type spaciscraft. 
The combination of reference s ignal  and the advanced vehicle transponder 
i s  designed. t.o achieve greater accuracy f o r  deterpining vehicle posit ion 
by minimizing the e f f ec t  of ionospheric refraction. 
basic hardware w i l l  be i n i t i a t e d  i n  f i s c a l  year 1962 fo r  delivery i n  
f i s c a l  yeaz 3.963. 

Development. of the 
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NATIONAL AERONAUTICS AND SPACE AlNINISTRATION 

FISC$-L YEAR 1962 EST11 L'LTES 

SPACECRAFT TECHNOLOGY 

1362 - 1960 - 1961 - 
Advanced R e  search. . . . . . . 

T O ~ E L ~  + . . . . . . . . . . . . . 
$4,019,349 $7,875,000 $10,3607 000 

$4,019,349 $7 875, ooo $10,360 ooo 

OBJECTTVEB -- : 

velop advmced techniques, and t o  demonstrate t he  f e a s i b i l i t y  0," improved 
materials, components, subsystems, and systems which can be applied i n  
future spa~e 'oraf t .  

The ol2jectives o f  t h i s  program are t o  obtain research data, t c i  de- 

JUSTIFICA1I'IO:N : 
-L- 

Tlie successf'bl accomplishment of an ambitious program of space e::p,lor.- 
a t ion w i l l  require the  development of spacecraft which embody majo:. ad- 
vances i n  the  s t a t e  of the  art of ma-kerials, structures,  component:; and 
subsystems. In many cases, spacecraft designs must be established with a, 
minimum of new concepts or unproven components i n  order t o  assure iiis:;ion 
r e l i a b i l i t y .  The basic objective of t he  Spacecraft Technology pro,zrari i r ,  
t o  provide a demonstration of the  f e a s i b i l i t y  of new and improved inatc?ria.l.r: 
components, and techniques, i n  order tha t  they may be incorporated i n  
future spacecraft which w i l l  be able t o  perform t h e i r  functions more ade- 
quately ar.d re l iab ly  with minimum weight. 

dcvclopiicnt , and testing i n  ground f a c i l i t i e s ,  supplencnted by f l i ~ l i ' ~  'LCS'C.- 

ing of ccniponents and s2bsystera as engineering tes t  payloads on t e s t  
vehicles ~rhi.cli are primarily intended fo r  launch vehicle development. 

The program objectives ail1 be achieved by o. coi-~bi~ln'cion cf r?see:wch, 

The prc)gram i s  being conducted by a combination of' in-house e f f o r t  a t  
the Jet Propulsion Laboratory, supplemented by a program of contracting w i t h  
industry, inst i tut ions,  and univers i t ies .  



FUNDING REQU1KENEWI"T: -I 

Fiscal Year Fiscal Year Fiscal Yew 
Advanced - Research 1960 L_ ~ 9 6 1  - 15162 -- 

Spacecraft -- Materials and Structures : 

Materials research................. 
Structures research................ 

Spacecraft -- Chemistry and Physics: 

Chemistry and chemical physics.. ... 
physics research................... 
Fluid mechanics and thermodynamics 
research.......................... 

Gas dynamics research.............. 

Guidance and -- Control: 

Sensors and actuator research...... 
Guidance systems research.......... 
Digital control devices research... 
Cryogenics research................ 

Environmental Simulation and Lab- 
oratosystrumentation -- Research. ... 
Data Handling, Reduction, Analysis, 
and Cornputat --- ion : 

Digital data systems research...... 
Research in analytical techniques 

Scientific data processing research 
Research in basic numerical 
analysis techniques. .............. 

and systems analysis .............. 

Spacecraft -- Wind Tunnel Testing and .................... 
EngineerinLResearch - in Space ........ 

Total, Advanced Research...... 

$254,000 
300 , 000 
554,000 

-a- 

_-- 
157,900 

364,800 
1,169, 349 

45 000 
r,579,149 

78,000 

150,000 

363,300 

1,287,000 

--- 

$833,000 $950 , ooo 
107 , ooo 200,000 - 
940, ooo i,7.50, ooo 

918, ooo 1,015 , ooo 
960 , ooo 1, loo , ooo 

103, ooo 1-30, ooo 
2, 00,000 2 , 5 ~ 0 0 , 0 ( ~  
,+ 619 ooo -,55, e- 000 

242 , 000 330, ooo 
107 , 000 270,0(30 
173 y 000 400 , 000 
138 ooo 400 000 
G%$B Tp$EE 

240,000 :ioo, 000 

424 , 000 :;oo, 000 

183 , ooo 250,000 
105 , ooo :-5 0 , ooo 

88 000 100 , 000 
€&Em 1,000,000 

2,635,000 2,~710,000 

--- ;700 , 000 
$7,875,, ooo $ LO, 360, ooo 

I - 
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Spacecraft Materials and Structures 

Tlie :research being conducted on spacecraft materia:ls and structures 
includes . the determination of properties of high-temperature refractory 
metals, ceranics, graphites, and ablation materials; the  e f fec ts  oY lab- 
oratory v~cu'um and high temperature on organic material:; and lubricants; 
and t h e  development of analyt ical  methods f o r  use i n  t h e  design of space- 
c r a f t  :;tructures. This e f fo r t  will be broadened i n  t h e  f i s c a l  yea]' 1362 
t o  include research on improved s t ruc tura l  materials, electronic materials,, 
improved .t hemal insulation materials, and surface coatings w i t h  desired 
values of absorptivity f o r  solar  radiation and emissivity f o r  therrial 
radiat:ion . 

Spacecraft Chemistry and Physics 

The :reseaixh being conducted on spacecraft chemistry and physi.cs in- 
cludes stu9iIes of the  microwave spectra of gases, t h e  kinet ics  of c!herc.ical 
reactions m 3  combustion, the  e f fec t  of molecular forces on viscosi ty  of 
l iquids,  -tne synthesis of high-energy chemical compounds, research on 
analyt ical  chemistry methods, s t a b i l i t y  problems i n  f lu ld  mechanics;, 
turbulence i n  gas dynamics, low-density gas dynamics, and studies of the  
physical :?ro:perties of ionized gases and plasma and magneto-fluid- 
dynamics. 

"he ;?rogram planned f o r  t h e  f i s c a l  year 1962 will continue these re-  
search project:; and w i l l  provide fo r  additional research i n  chemicE.1 
physic:;, m l i d  s t a t e  physics, radiation chemistry, and the  use of 1-adio- 
act ive tra2e:r techniques t o  study chemical reactions. 

Guidance and Control 

A m a , j l x  e f f o r t  on guidance systems research was coriducted i n  the  f is-  
c a l  year .L360. 
resu l t  of  initTation of major spacecraft development programs, but the  
funding should be increased i n  the f i s c a l  year 1962 t o  provide basjc guid- 
ance and (:13ntro1 capabili ty f o r  future spacecraft. The e f f o r t s  pre sent ly  
underway i i  guidance and control include research on infrared and cp t i ca l  
sensor:;, szTo--actuators , d i g i t a l  control devices and i n e r t i a l  devi ces in- 
cluding gas-searing , e lec t ros ta t ic  and magnetic suspension of spher i c a l  
flywheels m-d 1-esearch on the cryogenic gyro f o r  orientation reference and 
contro:L. 
and e-xpantling these research projects and f o r  conducting research cn 
guidance cmi-uters, i n e r t i a l  components, and a t t i t ude  control devi c e s  . 

The funding leve l  i s  lower i n  the  fiscal- year 1961 as a 

The f'unds f o r  the  f i s c a l  year 1962 w i l l  provide f o r  continuing 

Enviro:m?ntal Simulation and Laboratory Instrumentation Research - --- 
The ~ ~ s e a r c h  being conducted i n  t h i s  f i e l d  includes studies ard re-  

search on Ine-Lhods f o r  simulating space environmental conditions and. develop 
ment of uniqine instruments and transducers f o r  use i n  spacecraft; r e  search 
projects.  
e f fo r t  t o  I3eTic;e new and more economical means f o r  simul.ating space en- 
vironmenta 1 conditions, par t icular ly  the  simulation of uniform, pa ra l l e l  

The funds fo r  the  f i s c a l  year 1962 will provide f o r  an Expanded 



rays of s-~ml.ight having the proper spectral  dis t r ibut ion f o r  operation i n  
space vacLiwIL chambers. 
la t ion of meteoroid penetration phenomena and space radiation damage. 

Additional research w i l l  be conducted on the ~simu- 

-- Ih t a  Handling, Reduction, Analysis, and Computation 

"he research presently underway i n  t h i s  f i e l d  includes the  investiga- 
t i on  of n e w  and improved methods fo r  processing mathematical data by means 
of digita.1. computers, the  preparation of computer programs, and the  use of 
analog and d i g i t a l  computers t o  support research projects i n  spacecraft 
technology. This research i s  directed primarily toward. the  knprovemejlt of 
spacecraf't; equ.ipment ra ther  than ground equipment e 

year 1.962 w i l l .  provide fo r  continuation and expansion of t h i s  e f for t .  
The f'unds for f i s e a l  

$Lacecraft Wind-Tunnel Testing and Program Support 

This e f for t  i s  being devoted t o  aerodynamic, heat t ransfer ,  and 
s t a b i l i t y  tes t ing  of spacecraft models t o  simulate conditions of f liglit 
i n  the  ataio:;ph.eres of earth or the planets. Studies a re  a l so  conducted 
on the  properties of the  plasma sheath which is  formed around a spacecraft 
a t  hypersonic speed, and which a f fec ts  radio signal propagation. 
requested for  the f i s c a l  year 1962 w i l l  provide f o r  t he  continuation oi 
t e s t  operations i n  various wind-tunnel f a c i l i t i e s ,  including the J e t  
Propulsion laboratory hypersonic tunnel. 

Ric i'und:; 

Engineering Research i n  Space 

The d i f f i cu l ty  i n  providing an adequate simulation of the corrbin3d 
space emrironment during ground tes t ing  of spacecraft components, makes it 
more ecoriom:.ca.l i n  cer ta in  cases t o  conduct engineering research experi- 
ments i n  the actual  space environment. This is  par t icu lar ly  t rue  when a 
space eq)er:iment can be devised which i s  l i g h t  i n  weight, r e l a t ive ly  in- 
expensive t o  develop, and when it can be carr ied without interference i n  
spacecrafr; whi.ch a re  flown fo r  other purposes. 
year 1-96:!, it i s  planned t o  i n i t i a t e  the  preparation of' two  types of 
engineer5.11.g experiments which w i l l  l a t e r  be flown as "piggy-back" pay- 
lcnd:: i i l  spacecraft which a re  primarily intended for  vehicle tes t ing 'but 
vhich can carry additional experiments. 
which f'uriding w i l l .  be in i t i a t ed  i n  the f i s c a l  year 196pi C. are:  

Beginning i n  the f i s c s l  

"he two f l ight ,  experiments fo r  

1.. I?erformance tes t ing  of experimental solar phot,ovoltaic ce l l s ,  
-;ritnsistors and other electronic components i n  the  protor: and 
r?lt?ct,ron fluxes of the Van Allen be l t s ,  i n  order t o  evalrate 
-;he performance of new or improved designs and t o  ver i fy  the  
; ~ e s u l t s  of radiation damage experiments conducted i n  pa r t i c l e  
:iccelerator f a c i l i t i e s  on the ground. 

2 .  Ideasurement of the long-time s t a b i l i t y  of the  values of  
absorptivity for solar  radiation and emissivit;y f o r  themal  
:natliation of special  spacecraft surface coatings which wl11 
be exposed t o  space vacuum, meteoroids and plasma bombardment. 
'L'his experiment i s  required t o  permit the  ra t iona l  desigr: of 
thernial control systems f o r  long duration spacecraft. 



NATIOEJAL AEROmAuTpCS AND SPACE ADb!IIlISmTION 

FISCAL PEAR 1.962 ESTIMATES 

SOWCD PROPULSION 

1960 1961 1962 

Advanced. Systems and 
Components. . . . . . . . . - . . . . . $1,720,000 $1,300,000 $3, ~OO,OOO 

Page No. 

RD14- 2 

T o t a l .  . . . . . . . . . . . . . . $1,72O,OOO $1,300,000 $3,100,000 

The purpose of this program is  t o  establish,  on an experimental basis, 
the background that will permit exploitation f o r  space vehicle use of the 
high r e l i ab i l i t y ,  simplicity, and economy which are in t r in s i c  t o  so l id  
propellant engines. Advanced techniques w i l l  be u t i l i zed  t o  make ,?ossible 
very high performance so l id  rockets f o r  upper states. 
be developed f o r  improving the u t i l i t y  and v e r s a t i l i t y  of s o l i d  propellant 
rockets b;y devising advanced methods f o r  vectoring, modulating, and termi- 
nating thrust. Studies and experimental programs w i l l  be conducted t o  
determine the specif ic  application of so l id  propellant motors as a f i r s t  
stage, high-thrust booster. 

Techniques - r i l l  also 

Solid propellant rockets have m y  potent ia l  advantages. From a 

(I) so l id  propellant motors are extremely simple i n  
1n~.nufactxrin,3 and log i s t i c  point of View, the following character is t ics  
are significant:  
design,, since they contain no complex components nor moving parts;  
complete LDaded motors are prepared a t  the manufacturing plant, can be 
shipped eas i ly  and saf'ely by comon carr iers ,  and no fur ther  loading o r  
preparation at the launch s i te  i s  required; (3)  the propellants &rei non- 
toxic,  noli-corrosive, and non-explosive, and can be made from matei*ials 
eas i ly  avt%llable i n  Large quantit ies a t  a low price by basical ly  s:.mpl.e 
processes; and (4) the loaded motors can be stored on the ground f o r  
extended psriods of t i m e  and r a i n  ready f o r  immediate use with no. 
f'urther preparation. As a result of these characterist ics,  the s o l d  
rocket en,joyi; a re la t ive ly  low development and manufacturing cost .crith. a 
high degrw of r e l i a b i l i t y  i n  operation. 

(2) the 



From a performance standpoint, so l id  propellant rockets a lso have 
characterj.st,ics which can be exploited t o  great advantage. 
density o f *  so l id  propellants and the  high volumetric loading i n  t h e  
motors r e su l t  i n  a very high r a t i o  of propellant t o  i n e r t  weight. 
characteri.st,ic i s  par t icu lar ly  desirable f o r  upper stages. The thrus t  
l eve l  and.bttming t i m e  of so l id  propellant motors can be varied over a 
consideral)le: range as desired so that the losses involved i n  overcoming 
the effect,s of gravity and air drag are minimized f o r  i n i t i a l  stages. 
addition, s c l l i d  rockets possess qufek and reliable igni t ion character is t ics  
and simple! th rus t  reversal capabi l i t ies .  

The high 

This 

I n  

The proposed program M l l  a i m  a t  improvement i n  the general state -of - 
the-art cd* so l id  rockets with emphasis on application of the performance, 
reliabil i t ;y,  and log i s t i c  advantages of so l id  rockets f o r  NASA missions. 
I n  the area of basic propellants, NASA w i l l  r e ly  on the results obtained 
from reseEtrc:h and development progr%ms conducted by the Department of 
Defense . 

FWWDTG el-: 
Fisca l  Year F isca l  Year Fisca l  Year 

- 1962 .- 
Large Motor Technolo gy. . . . . . . . . . . . . .  $370,000 $250,000 $420,000 

and Ffodu.3.at;fon.. ................... 342,000 260,000 i,i130, ooo 

340,000 -L.- Studies . . . . . .  148,000 - 

Advanced Systems and Components 1960 1.961 -- 

High Mass-Fraction Motors.. ......... 830,000 450,000 980,000 
Thrust Vector and Velocity Control 

Improved EIot,or Materials, Fabricstion 
Technigu.es, and Space Env3ronment 

600 ooo ...................... 
T ' c i t a l ,  Advanced Systems and 

Components. ................ $1,720, 000 $1,300, 000 43,100, 000 - - 

Large Motor Technology 

This area, of endeavor i s  designed t o  investigate the  engineering 
feasi.bili ty, and probable development, cost, of so l id  rocket motors with 
thrust l eve l s  of 1- t o  2-million pounds. I n  the f iscal .  year 1961, studies 
were init3ated t o  define the dimensions ma structure  of these motors, and 
t o  give rc)u& estimates of mission capab iu t i e s .  Small.-scale experimental 
programs irere also conducted t o  investigate the concept, of a tapered, 
seqented. s t m e t w e  (through sub-scale f i r i ng )  as a design approach f o r  very 
large motcm,. 
of a specjf jc  vehicle w i n g  a c lus te r  of so l id  motors i n  the flrst stszge 
wSth a @cr~rM ned thrus t  to ta l l ing  approximately 15 -million pounds. 

I n  the fiscal year 1962 a detai led design study w i l l  be made 

The 



experimen-ta;l program w i l l  continue the investigation of the segmented 
motor, w j - . L 1  exetmine the problems i n  c luster ing so l id  motors, and %.rill 
investigate the f e a s i b i l i t y  of f iberglass  s t ructures  f o r  large moltor 
cases. 
large sol-:id booster concept, and the growth of sub-scale experimental 
work t o  p:?ow new concepts. 

Tllir; phase of the program re f l ec t s  the growing importance of the 

H i g h  &ss -Fraction Motors 

Expet.15rnental developnent i n  the high mass -fraction motors (hl gh  r a t i o  
of propelliarit t o  i n e r t  weight) was i n i t i a t e d  i n  the f i s c a l  year 1961 and 
w i l l  be c!onl;inued i n  the f i s c a l  year 1962. 
on refinement of the basfc designs and u t i l i z a t i o n  of %he best prcpellants.  
Lightweight nozzle configurations investigated i n  pr ior  years will be 
adapted to  I-ightweight chambers f o r  f i n a l  evaluation. Nozzle w e i @ t  re- 
duction 1.s a par t icu lar ly  fe r t i l e  area f o r  improving mass-fractior because 
of the ~ s p i m p o r t i o n a t e  amount of i n e r t  w e i g h t  that exi.sts i n  the current 
nozzles. 
qual i ty  n l o t c r s  and components, costs incidental  t o  flight test  evaluation, 
and the irlit;ia,tion of nev studies on l o w  pressure systems. 

Ef for t  will. be concentrated 

Funding i n  this area covers manufacture of fu l l - sca le  f l ight-  

Thrust Vector and Velocitv Control and Modulation 

?+YO c ) f  the s teer ing a d  velocity control systems investigated i n  the 
f i s c a l  year 1961 w i l l  be ready f o r  f l i g h t  tests i n  the f i s c a l  year 1962. 
Other vect,oring techniques, such as secondary inject ion (injection of a 
f l u i d  in to  the nozzle expansion cone, forming a shock wave and diverting 
thrust) ,  ~ri1.1 be w e l l  established by the f i s c a l  year 1962 and adaFtations 
t o  f l i gh t  design motors w i l l  be in i t i a t ed .  
acoustical  concept ( inject ion of sound waves f o r  varying thrust), will be 
pursued, end. hybrid mtors w i l l  be studied. 

For thrust modulation, the 

DurirLg the f i s c a l  year 1962 a number of the programs w i l l  reach the 
stage of f l i g h t  tes t ing,  the very ear ly  work on the acoustical  system w i l l  
grow t o  ir.cl.ude larger  motors, and new applicatkions of f l u i d  inject ion 
will be ir.vestigated. 
l eve l  of e f fo r t .  

The requested increase i s  geared t o  th:Es expanded 

Motor ---- Piaterietls, Fabrication Methods, and Space Environment Stuf ies  - 
Studies of methods f o r  fabr icat ing extremely large f i r s t - s t a g ?  so l id  

Space environment studies rockets w i l l  continue i n  the f i s c a l  year 1962. 
will-also continue t o  determine whether o r  not any degradation occurs when 
sol id  rocket motors and propellants axe exposed t o  long-term space storage. 
Work towards solution of the problems resul t ing from these studies a l so  w i l l  
be in i t i a t ed .  
temperature and gas erosion r e s i s t a c e  of construction materials. 

Other s tudies  w i l l  relate t o  improvements i n  the high 



NATIONAL AERONAUTICS AI?D SPACE AIMINISTRATIOPJ 

FISCAL YEAR 1962 ESTIMElTES 

LIQUID PROPULSION 

SUMMARY OF -- REQ-S: 

Prototyy P :Developnent : 

1, TOO,, 000 pound thrust 
engtne.. ............. 

200,000 :?ound thrust 
engtne.. ............. 

Advanced S;ystems and 
Cmponlsn-ts ............. 

1960 - 1961 - 1962 Page No. .- 

$24,217,000 $40, ooo,ooo $42,320, ooo ~ ~ 1 5 - 2  

1,7OO,OOO 15,000,000 28,700 , 000 RD15- 1- 

1,3OO,OoO 2,000,000 7,000,000 RDX5-6 

$27,217,000 $57,oo0.000 $78,020,000 

OBTECTIVES : 

To de.re:Lop l iqu id  propellant rocket engines of improved r e l i a t  i l i t y  
and perfommice as necessazy t o  support launch vehicle development; t o  
ant ic ipate  requirements f o r  space operations involving rendezvous 7: etween 
vehicles, .Lunar orbit ing and landing operations, and exkended &-rat ion 
f l i g h t s  t o  p:Lanets o r  deep space; and t o  undertake the  required advanced 
design and experimental investigations so that the  basic: technologa. w i l l  
be availatiLe when specif ic  equipment developments are needed. 

JUSTIF1CAT:COIB : -- 
The l iqu id  propellant rocket engine i s  m e n t l y  the principal 

propulsion device f o r  launch and maneuver of space vehicles. 
objectives in space exploration a r e  pointed towards manned operaticns 
i n  space, :bprrOved propulsion systems of greater  thrust ,  improved 
r e l i a b i l i t y ,  be t t e r  performance, and lower cost w i l l  be Pequired. For 
booster vehicles it i s  NASA's intent  t o  provide a small number of 
appropriately sized engines t o  meet these requirements. 

Since NASA 



The prototype development par t  of t h i s  program ineluaes two engines 
i n  the f i s c a l  year 1962: 
engine fo r  booster application; and the  200,000-pound thrust hydrogen- 
oxygen engine f o r  general purpose upper stage use. 

the  1,500,000-pound thrus t  l iqu id  oxygen-RP-1 

The 1.,~;00,000-pound thrust engine w i l l  be clustered t o  provide the  
extremely high thrus t  vehicles required t o  launch manned spacecraft and 
t o  conduct, nlanned lunar explorations. Development of" t he  engine i s  be- 
ing performed by Rocketdyne, a division of North American Aviation, Inc 
under the  technical direct ion of the  Marshall Space Flight Center. Design 
and fabric:at,ion is accomplished a t  the  Rocketdyne plant i n  Canoga Park, 
CaliforniEt; component test  operations are conducted at  the Santa Susana, 
California f a c i l i t y  of Rocketdyne; and engine tests a re  run on t e s t  
f a c i l i t i e s  provided at Edwards A i r  Force Base i n  California. 
development program i s  aimed a t  completion of preliminary flight r a t t n g  
tests during the  calendar year 1963 with completion of engine qualifica- 
t i on  by the ear ly  par t  of t he  calendar year 1965. The l eve l  of funding 
requested for  t h i s  project during the  f i s c a l  year 1962 is  segiired t o  
assure tha t  t h i s  development schedule will be maintained. 
portion cif these funds w i l l  be spent on long-lead-time hardware pr3cure- 
ment f o r  the  qual i f icat ion program. 

The current 

A l imited 

The 200,000-pound thrust hydrogen-oxygen engine i s  a general-pwpose, 
high spec:.fic impulse rocket engine that  w i l l  be used in  upper stages of 
advanced vehicles, and i s  specif ical ly  planned f o r  use i n  the  second stage 
of the  Saturn C-2 configuration. 
i s  a l so  being developed by Rocketdyne under the  technical direct ion o r  the  
Marshall Space Flight Center. The development program is  scheduled t o  
complete preliminary f l i g h t  ra t ing  tests i n  the  calendar year 1.963 and 
qualifica1;ion of the  engine i n  the calendar year 1964. 
the Saturn payload capabi l i ty  can be more than doubled i n  earth o rb i t s  
and tripln?d f o r  missions t o  the  moon. 

The 200,000-pound thrus t  engine pro.jeet 

With t h i s  stage, 

FuMDImG KIICQIJIREME.NTS: -- 

pl'o t c) type Development --- 
1,500,000-.Pound -- Thrust Engine : 

Design.,. ..................... 
Component development. ., . -. . 
Component t es t .  ............... 
Engine development. ........... 
Engine t e s t  ................... 
Fabrication and test equipment 
Propellitnl;~ ................... 
PropeU;tnl; transport  equipment 

Tota:L, 1,500,000-Pound 
T k u x s t  Engine.. .......... 

Fiscal  Year F isca l  Y e a r  F i sca l  Year 
1962 --- 1960 1961. 

$500, ooo 
12,215,000 
2,188,000 
5 , 145,000 

2,969,000 
1,200,000 

--- 

--- 

$24,217,000 

$430,000 $415,000 
l~,1~S,OOO 8,770,030 
4,450,090 7,490, OW 
9,725,008 9,8e2,000 
2,125,000 7,178,000 
3,820,000 3,765,030 
2,300,000 4, gco,ooo 
- --- --LL 320 on0 

$40,000,000 $42,, 320, ooe 



The development of the  l,5OO,OOO-pound th rus t  engine t h u s  f w  has 
progressed through design and preliminary component tests. 
supported by experimental t e s t ing  programs on each component, w i l l  be! 
conducted during the  f i s c a l  year 1962 a t  a r a t e  of approximately one 
test  per day. 

Engine tests, 

Design 

This area covers primary engineering design of" al:L component:; of" the 
engine m d  the integration of these components in to  a complete system. 
Design work during 1962 w i l l  be concentrated on detai l ing engineering 
modifications resul t ing from improved fabricat ion procedures and front 
t e s t  prograin r e su l t s .  In  addition, t h i s  area w i l l  provicle for der:igr.. 
modif:lca.-tio.ns resul t ing from vehicle application studies.  

The major engine components are the  thrus t  chambei-, turbopump, gas 
generator, and the engine valves and controls. Each component i n  turn,  
comprise:; several  subassemblies. For example, the turbopump consi s ts  
of two large high-pressure centrifugal pumps and a two-stage turbine 
mounted o:? a single shaft. The design, fabrication, and t e s t  of 
components -dill continue throughout the engine development program. The 
Component development costs i n  the  f i s c a l  year 1962 include engine ering 
supervision, purchase of materials, tooling fo r  shop support, falx ica- 
t i o n  1abo:r cwd supervision. Additional component devel-opment w i l l  be 
required t o  incorporate modifications indicated desirable by vehic l e  
design a1113 application studies e 

Component Test 

Expc?~irnental t e s t ing  i s  required f o r  each major engine comporent, 
wherein co itch component i s  subjected t o  a planned ser ies  of t e s t s  that  
w i l l  genei-a:Uy continue throughout t he  l i f e  of t he  e r g h e  deve;opn ent 
program. Funding during the  f i s c a l  year 1962 ~3.11 i n c h d e  th.? cost of 
t e s t  materials (not including propellants), t e s t  labor and supervi sioo, 
data reduction and analysis, and the  preparatAon of engineering reports e 

Engine Development; 

This  area covers engineering and fabrication of the  complete engine 
system arid Lneludes the cost of materials, engineering shop supervision, 
fabricati.on and assembly Labor, and inspection and qual i ty  cont pol. By 
the  end of the  f i s c a l  year 1961 three engine syst.ems will have been 
assembled. Seven additional assemblies will be completed dwfng the 
fiscal .  y e ~ r  1962 with the requested funds- To assure the  engine de- 
velopment. schedule, it will be necessary t o  increase the t e s t  hardware 
inventory arid provide f'unds fo r  rebuilding engine equipment damaged or 
worn during t e s t ing  operations. In  addition, long-lead-time hardwm-e 
i t e m s  ~5.1.:- be purchased i n  anticipation of the  engine qual5fication t e s t  
program begjnning i n  the  f i s c a l  year 1963. 



Engine Test 

Funds are included fo r  the  cost of complete engine system tes t ing  
t o  be conducted on stands 1-A and 1-B a t  the  Edwards A i r  Force Bast? i n  
California. Testing w i l l  include the  actual  tes t  run, data reduct:.on, 
t e s t  analysis and the  preparation of engineering reports.  
development and tes t ing  program will reach i ts  maximum a c t i v i t y  during 
the  fisca.1 year 1962 with t e s t  runs reaching an approximate r a t e  01” ore 
t e s t  per clay. 

The eng:.ne 

Fabrication and Test Equipment 

Fabrication and test  equipment covers the cost of special  instzu- 
mentation, fabrication machinery and tooling required f o r  manufacture 
and t e s t  of the  engine and i ts  components. 
gaging antl inspection equipment, systems handling j i g s  and transport 
equipment, i n s t m e n t a t i o n  and expendable materials fo r  t e s t .  Sincse 
many of thz  items are  subjected t o  wear, deterioration or  obsolescence, 
continuing replenishment w i l l  be required during the f i s c a l  year 15162 

Specific i t e m s  include 

Propellants 

LiquLd oxygen, l iquid nitrogen and other propellants w i l l  be cb- 
tained through A i r  Force procurement channels for use in engine con.- 
ponent antl engine system test ing.  
oxygen anti nitrogen and approximately 6,000,000 gallons of kerosene w i l l  
be used dwing the  f i s c a l  year 1962. 

Approximately 80,000 t o w  of‘ l icuid 

Propellant Transport Equipment 

Dur i ryz  %he f i s c a l  year 1962, the  NASA demand fo r  propellants t o  sup- 
port  the  P-1 development program will exceed the  propellant handlirg 
capabili ty now provided by the  A i r  Force. 
vide f o r  s:k truck transport t r a i l e r s  t ha t  are equipped with insulated. 
vessels feu: handling cryogenic propellants. 

The funds requested w i l l  pro- 

--A Prototvpe Development 

200,000-Pcnuzci Thrust m i n e  : -- 
Design .......................... 
Component; development. ........ 
Component; tes t . .  .............. 
Engine d.evelopment. ........... 
Ehgine ttest;. .................. 
Fabr icat. Lon and test  equipment 
Prop e l l aa i t  E; ................... 

Fisca l  Y e a r  
1960 

Fiscal  Year 
1961. - 

$585,000 
4,415,000 

gl0,oOo 
4g0,ooo 

5,100,000 
3,500,000 - 

Fiscal  Year 
1962 

I__-- 

$200,000 
4,730,000 
4, Q50,OOO 
~!,603,000 
6, 193,000 
5,563,000 

- 5 , 3’73,000 

Toted, 200,000-POund 
$1,700,, 000 $15,000,000 $28,70 3,000 

I__- 

‘Ilmtst Engine. ......... 

RDl5 -4 



During the  f i s c a l  year 1961, the major e f f o r t  i n  the 200,000-pound 
thrus t  engine development is  being devoted t o  component design and 
tes t ing,  ensine systems planning, and t o  the modification of exis-;ing 
t e s t  stan3s t o  accommodate the use of l iqu id  hydrogen. 
of the ccmpLete engine w i l l  be uder taken  i n  the fisca:L year 1962 

The first tes t ing  

Design 

Since -the 200,000-p0und thrus t  engine is approximately the sane 
s ize  as z;t:veral missile engines that have already been developed by 
the contrttc-;or, and since the f u e l  pump is similar t o  %hat  being 
developed f o r  the Rover project,  progress i n  the design phase has 
been extremely rapid. 
w i l l  he nmiritained a t  a nominal l eve l  as necessary t o  ref ine system 
design de1;ails and incorporate changes resul t ing from t e s t s .  

The design e f f o r t  during the f i s c a l  year 1562 

Component Development 

Compcinent development during the f i s c a l  year 1962 covers enginee:r- 
ing, procurement of materials, and fabricat ion and shop support, f o r  a.L1 
components and subassemblies of the engine system. Major components 
are the tkm.st chamber assembly, two separate turbopumps (one for Dxidant 
and one fclr  fue l )  the gas generator, and controls and valves. 

Component Test 

Funding under t h i s  heading covers stock materials (other than 
propellants), t e s t  engineering and labor, procurement and maintenaxe 
of general special  tes t  equipment, data  acquisit ion and reduction, 
and the preparation of engineering reports. The purpose of component 
tes t ing  i s  t o  eliminate design and fabricat ion deficiencies and t o  
develop reli,ab:Le, high-performance uni t s  p r io r  t o  incorporation i n  the 
engine sys tea. 

Engine Development 

This i3rt?a covers erGineering, purchase of materials, fabricat:  on, 
assembly, inspection, and check-out as well as  the preparation oi' <:iig:'.nccr.-. 
ing models and mockups. 
area vi11 increase markedly with a. corresponding decrease i n  the  cmponent. 
area begimiing i n  the f i s c a l  year 1963. 

During the f i s c a l  year 1962 the e f fo r t  i n  t h i s  

Engine T e s t  

Funds f o r  test  operations include the costs of engineering and labor, 
%est crews:, special  t e s t  equipment, transportation, data reduction and 
analysis, and the preparation of reports. The engine t e s t s  consist 



of experimn'tal runs wi th  the  complete engine assembly t o  prove i t t ;  
reliabi1ii;y and performance and t o  detect  and eliminate any design 
o r  constm2tfon f a u l t s  t ha t  may have been undetected during the  
component t e s t  phase or may re su l t  i n  t he  future when the  componen1,s 
are combined in to  an integrated system. 
t e s t  f i r i n g  illr i l l  occw during the  f i s c a l  year 1962. 

The first comp1Lete engine 

Fabrication and Tes t  Equipment 

A requirement f o r  the procurement of special  fabrication, assembly, 
and tes t ing  equipment, and f o r  the procurement of t he  associated tooling 
and j i g s  wLXL be continued Into the  f i s c a l  year 1962. 
progresses, funding i n  t h i s  area wT11 be reduced pr incipal ly  t o  maintenance 
and replacement, costs 

A s  the  program 

Propellants 

The increased test  e f fo r t  i n  t he  f i s c a l  year 1962 w i l l  r e su l t  i n  
a comenswate increase i n  propellant requirements. 
be purchased through A i r  Force channels and l iqu id  hydrogen fYom ccm- 
mercial. sc)tm;es:. 

Liquid oxygen will 

Fisca l  Year F isca l  Year Fisca l  Year 
Advanced - arst ems and Components 1960 1961 19 62 - --- 

Advanced Design Investigations e . . . e $1,100,000 $1,150,000 $2,750,1300 
Materials and Instrumentation.. e < .  . --- 150,000 1,300,000 
Propellant Irivestigation.. a e e e * .  . . . 200,000 566,000 i,550,000 
Operating I?r-c)blems.........., Q e  e. --- 134,000 l&10,000 

TotE.1, Advanced Systems 
azld Components 

To meet the  requirements fo r  advanced missions, systems and conponents 
investigatiocs are planned t o  improve and extend the capabili.ties OP l iquid 
propellant rocket engines. The advanced technology budget also suppom,s 
investigations of the  fabrication techniques and operating problems 
associated with rocket engine development. 

The adyanced systems and components e f f o r t  i s  oriented prLncip31ly 
Tiesc: t o  t.he requirements of ''space" rather  than "booster" propulsion. 

requirements include planetary landing and take-off, o rb i t  maneuver 5 ,  
retrorocket systems, t ra jec tory  correction, and a t t i t ude  control. 1Jnl:ike 
booster prcpulsion, which has a background of intense technological 
development, the space application of l iqu id  propulsion is  relativeLy 
undeveloped. 
area t o  ensure that the  basic technology is  abreast of new mission 
requirements. 

It i s  therefore necessary t o  intensify the  e f fo r t  i n  -;his 



Advanced Design Investigations 

The advanced design investigations w i l l  involve component studies 
and experimental investigation of r ig id ly  mounted rocket engines, 
variable thrust  rocket engines and small control rocket systems. 

Studies of various nozzle designs and propulsion concepts i n  the 
application of r i g id ly  mounted rocket engines i n  contrast  w i t h  a 
gimballed e.ngine f o r  vehicle direct ional  control were i n i t i a t e d  i i i  

the f i s c a l  ,year 1961. This e f f o r t  w i l l  continue in  the f i s c a l  y e w  
1962 i n  an #attempt t o  evolve a design approach and t o  ident i fy  more 
precisely tine advantages of a s ta t ionary engine system, i n  terms of 
r e l i a b i l i t y  and over-all launch costs. 

Var:Lab:Le thrus t  engines w i l l  be required i n  order t o  accomplish 
lunar and p:Lanetary landing and take-off operations (with men o r  jmpact- 
sensit ive equipment) and f o r  space f l i g h t  rendezvous. 
work l;o estitblish the techniques and equipment f o r  acccmplishing c ontrollable 
thrust; w5L1  be carr ied out as a follow-up t o  the conceptual studies that 
were j.nii;:iated i n  the f i s c a l  year 1961. 

ExperimentEl,l 

The cdm,rtced design investigations. w i l l  also include experin.enta1 
projects -XI develop highly re l iab le  propulsion systems f o r  vehicle 
a t t i t ude  control and t ra jec tory  adjustment. 

N t e r i a l s  and I n s t m e n t a t i o n  

Advwiccement i n  rocket engine technology involves inprovement i n  
materials arid fabr icat ion methods and i n  the instrumentation required 
f o r  devel.opnienta1 and f l i g h t  tes t ing.  
of a l ternat ive methods and materials of f abrication of rocket engine 
compon.ents with the objective of improved quality, minimum weight, and 
reduced ccmt,. Associated with these objectives is  a re-examination o:P 
the clesign and construction of l iqu id  rocket engine propellant injectors  
i n  terms of the factors  affecting performance. 
of injector-face cooling w i l l  be investigated as part of t h i s  e f for t .  

NASA w i l l  undertake investigation 

Improved techniques 

Space cperation of rocket engines will permit rea l iza t ion  of 
increased propellaat  performance through use of very large expansim 
r a t i o  nozzles. 
metall ic n.ozzle materials cooled i n  space by radiation and of ablative 
chamber and nozzle materials. 
will be initiated t o  develop --proved instrumentation f o r  both t e s t  ssmd 
and f l i g h t  use. 

Investigations w i l l  be conducted of t h i n  high-tempzrature 

In  the area of metering and serising, work 



Propellant Investigation 

The work i n  t h i s  area covers studies on the e f fec ts  of space 
environment,, the appl icabi l i ty  of new higher specific impulse propellant 
combinat:hn:;, and the possible substi tution of new propellants i n  existing 
systems. 

The ctnvironmental work is  the continuation of investigations s ta r ted  
i n  the f i s c a l  year 1961 t o  define the character of the space enviionment 
as it affec.t;s the s to rab i l i t y  of propellants. 
design of' suitable thermal insulation, and provisions f o r  protection 
against t2ie hazards of micrometeorites and against ionizing forms of 
radiation. 

This work involves the 

Promising new high specific impulse propellants will be studied 

This work is part of a continuing progrm 
experiment;ally t o  determine t h e i r  performance character is t ics  and the 
feasibi l i t ,y  of their use. 
which must, be carr ied out i n  order t o  provide the technology that w i 1 . L  
be requircsd t o  apply such propellants t o  space propulsion use. Studies 
of subs t i ta te  propellants t o  upgrade the performance of existing engine 
systems without requiring extensive changes i n  the system w i l l  be 
undertaker.. 

O-oeratimz Problems 

Continuing work on several basic operating problems inherent to 
rocket engines is necessary t o  achieve improved rel iabi . l i ty ,  and t o  
es tabl ish a firmer basis f o r  future  improved engines. 

Combustion in s t ab i l i t y  i s  frequently responsible f o r  the dest:mcl;ion 
of rocket engines i n  tes t ing  and i n  f l i g h t .  Continuation of work s ta r ted  
i n  previous years is needed t o  be t t e r  ra t ional ize  the design of s table  
combustion chambers ana t o  insure a more rapid thrus t  chamber deve:-opient, 
Perfonnancs improvements OS l iqu id  propellant rocket engines can bt? achieved 
by severa.L qpproaches, some already indicated i n  other projects i n  thi.s 
program. 
perfomanw *by rais ing the operating chamber pressure, which tends t o  
reduce the s i ze  and weight of the engine. necessary 
t o  ref ine and fur ther  develop, by experimentation, the basic heat 1;rmsfer 
and cooliq3 technology. Different approaches t o  the cooling probkm such 
as use of high-strength, high-temperature materials will- be investj gated. 

In addition t o  propellant improvement, it is  possible t o  increase 

To do so it will be 

The plienomenon of "non-equilibrium" flow i n  rocket exhaus noi,zles 
makes it e:cti:emely d i f f i c u l t  t o  predict  the performance and behavior of  
an engine;, ptart;icularly one w i t h  a large expansion r a t i o  nozzle. 
leading tcnmrd be t t e r  understanding of the problem w i l l  be undertal..en. 

Ltudies 



A detai led analysis and design study of the engine equipment t o  
carry out the NASA space missions i s  required. 
engineering compromfses t o  meet the requirements for lunar landin&: and 
take-off a i  f o r  o r b i t  t ra jec tory  corrections are  needed. More dc!tai.led 
examinat.ims of the problems of rendezvous i n  space will require precise 
control o f  the motion of the approaching vehicles i n  order to  ach:.eve 
the "dockirq" maneuver. These studies were i n i t i a t e d  i n  the f i s c t l l  
year 196 :~  arcxi w i l l  be continued i n  1962. 

I n  par t icular ,  thc best 



NA'PIONAL AERONAUTICS AND SPACE ADMxNjcSTRATION 

FISCAL YEAR 1962 ESTIMATES 

EUCTRIC PROPULSION 

S-Y OF -- REIQUIREMENTS: 

1960 1961 - - 1962 Page No. 

Advanced Systems and 
Components. ............... $100,000 $1,5OO,OOO $3,000,000 3D16-2 

Pro to typ  Development. ..... 1,200,000 1,800,000 3,800,000 3Dl6- 4 

Tot;ti14 ................ $1,3OO,OOO $3,3OO,OOo $6,800,000 

To advance the basic technology necessary t o  exploit  electrice.1 
propulsion f o r  general space application, and t o  develop the specific 
engines required i n  support of anticipated space missions. 

JUSTIFICATfOH: --- 
The l i b i l i t y  of future  vehicles t o  boost increasingly larger pcyloads 

in to  o r b i t  around the ear th  will overcome many of the major obstac:Les fo r  
space f l i g h t  and space operations. It becomes apparent, however, -;hat 
once a paylo<ad has been placed in to  orb i t ,  a s m a l l  e l e c t r i c a l  th rus t  
applied f o r  long durations of time can be u t i l i zed  t o  maintain a fixed 
programmed fl ight posit ion i n  re la t ion  t o  the earth, t o  t r ave l  t o  a higher 
orbi t ,  or  even to deviate from o rb i t  and f l y  an interplanetary spa:e 
mission. 
par t icular  significance f o r  missions of t h i s  type, since every pound of 
propellant t ha t  can be eliminated imposes that much less of a weig'at 
penalty on the boost vehicle system; also, a decrease i n  the weight of 
the propellant required f o r  a given space mission m e a s  a corresponding 
increase i n  the w e i g h t  of the vehicle 's  payload. In  t h i s  context, the 
e l ec t r i c  engine appears promising as a primary propulsion system flm 
unmanned and manned interplanetary missions; f o r  lunar .missions wh?re long 
t r a n s i t  times are acceptable o r  f o r  slow transport  of spacecraft from low- 
a l t i tude  lorbits t o  high-altitude orb i t s ;  and f o r  s a t e l l i t e  a t t i tud .  stabi- 
l i za t ion  3r f o r  control of t ra jec tor ies  f o r  lunar and interplanetary 
missions and space probes. 

The inherent propellant economy of the e l ec t r i c  engine t akes  on 

~ ~ 1 . 6  - 1 



Applied research and advanced engineering developents  are neeiled 
translate these basic concepts i n t o  specif ic  engine applications. 
t h i s  end, NASA i s  developing three general types of e l e c t r i c a l  rockets 
space propuJ-sion. These are: the ion engine; the electrothermal (arc 
engine; axit the magneto fluid aynamic engine. I n  each instance, the 
engine wilJ. receive i t s  required e l e c t r i c a l  power input from nuclear 

To 
t o  

f o r  
j e t>  

e l e c t r i c  power units discussed under Nuclear Systems Technology p r c g m .  

F isca l  Year Fiscal  Year Fisca l  Year 
1: 62 -- Advanced - a s t e r n  and Components 1960 1961 

~D0,OOO Arc Jet  Engine .................. --- 125,000 
Magneto I!2uid Q-nmic Engine.. .. --- 200,000 ~00,000 
Mission Studies. ................ --- 200,000 - ~100,000 

Ion Engine.,.  .................... $100,000 $975,000 $1, Ti 00,000 

Total, Advanced Systems and 
Components ................ $ioo,ooo $i,500,000 &loo ,000 

This  rm?a comprises advanced experimentation and studies needed t,o 
provide inPo:mation f o r  the design, development, and t es t ing  of e l w t r i c a l  
engines. 
will conti:m? i n  the f i s c a l  year 1962. 
emphasis on this par t  of the program i s  necessary since new knowledge i s  
needed imnedlately t o  support the  engine developments. 

Support f o r  t h i s  area was initiated i n  the f i s c a l  year 1561 and 
At the present time, specictl 

Ion Engine 

The :ion engine, employs a principle of propulsion that i s  bawd on the  
acceleration of charged par t ic les .  
lated t o  the ionizer  materials which transform the cesiim atoms t o  posit ive 
ions; the techniques used t o  neutralize ion beam; the  a l te rna te  methods 
of producing a posi t ive ion beam by co l l i s ion  between e:lectrons and mercury 
gas; the improvement i n  the propellant flow control system; materials 
t ha t  w i l l  permit longer operation time, and measurement techniques and 
instruments f o r  the ground and f l i g h t  tests. 

The major problem areas are those re- 

On t h e  assumption that, i n  the near f'uture, power supply un i t ;  of capsc- 
i t i e s  greater  than 30 kilowatts w i l l  be available, act ion must be in i t ia ted  
at  t h i s  t i m e  to delineate c lear ly  the problems which must be solveli. i n  order 
t o  deVeloF ion engines capable of operating at higher levels .  I n  d d i t i o n  
t o  the usual c r i t i c a l  problems of  propellant feed, ion sources, e l x t r o d e  
focusing systems, neutralization methods and measurement technique 5, other 
formidable Eroblems e x i s t  re la t ive  t o  the clustering, scaling and paral le l  



operation of ion engines, and t o  the integration of the engine wi th  the 
power suppl-y and control devices of the spacecraft. 
t h i s  area 1ril.l point the way f o r  detai led investigations of the many 
aspects of' high-powered ion engines. 

The study results i n  

Arc Je t  Engine 

The &IT j e t  engine is  based on the acceleration of a gas through the 

regenerative cooling 
use of a high-intensity a rc  heat source. 
a t  inprovenlent of the component par t s  wi l l  include: 
of the chmiber and nozzle rills; reduction of gaseous recombination and 
dissociation energy losses; energy exchange mechanisms between the arc 
and the prcrpellant; determination of' the optimum propellant; improved 
electrode nlat;erials f o r  longer operations; e f f e c t  of the radio frequency 
signals f r o m  the j e t  upon communications; and instnunentation f o r  ground 
and flight, tests. 

Investigations aimed specif ical ly  

Magneto Fluid Dynamic Engine 

This engine i s  based on the acceleration of a conducting plasma. L t  
has great  pot;ential f o r  space application i n  tha t  the trade-off between 
thrus t  and. specif ic  impulse may be varied with comparative ease. Since 
a predomintmt;ly neutral  g a s  i s  ejected, there i s  no problem of neutraliza- 
t ion.  

Acceleration of the plasma i n  the magneto fluid dynamic engine is  
obtained k1y the applicat€on of various combinations of e l e c t r i c  and 
magnetic f'ie1.d~. 
achieve plstsnla acceleration; others use a combination of fixed e l ec t r i c  
and magnetpic fields. By varying the type of gaseous plasma, the per- 
centage of  ionization and the values of e l ec t r t c  and magnetic f i e lds ,  a 
wide range of' specif ic  impulse values may be obtained. 

Some arrangements use a moving magnetic f i e l d  t o  

I n  conti.nwtion of the f i s c a l  year 1961 investigations, the f i s c a l  
year 1962 e f f o r t  will be concerned with the optimum specif ic  impulses, 
techniques f a r  ionizing selected gaseous fluids, problems s f  propel lmt  
storage m.Cl feed, and instrumentation techniques. 

Mission Studies 

These studies are designed t o  determine the optimum sizes, types 
and operating character is t ics  of e l e c t r i c a l  propulsion systems f o r  various 
spacecraft mi.ssions. The e f f o r t  w i l l  be based on fairly def in i t ive  engine 
and power mpply data, (such as weight, dimension, specif ic  impulse, 
th rus t  and. operating l i f e )  and w i l l  be aimed a t  the application of POW- 
and high-specific impulse e l e c t r i c a l  engines f o r  course correction and 
main drive, t h e  optimwn t i m e  use of a rc  j e t  engines on earth-orbit ing 
and lunar f'li.ghts, as w e l l  as the combined use of chemical and e l e c t r i c a l  
engines f o r  one-way and round-trip planetary missions. 



Fisca l  Year F isca l  Year F i sca l  Year 
~962 P r o t o t a e  -- Development 1960 1961 - 

30 KXlowatt Ion Engine ............. $50%(300 $900,000 $2,500,000 
1 ICIlowatt Arc J e t  Engine.. ........ 200,000 100,000 300,000 
30 Kilowatt Arc Jet Engine ......... . 500,000 -.c. 800, ooo - 1 ooo,ooo 

Total, Prototype Development $1,200,000 $1,800,000 $3? 800, OOO 

The objectives i n  this area are t o  develop three basic engines: a 
30 kilowatt cesium ion engine (0.1 lb .  thrust) ;  a 1 kilowatt arc j e t  engine 
(0.01 lb. thrust) ;  and a 30 kilowatt a r c  j e t  engine (0.5 lb. t h rus t ) .  
30 kilowatt cesium ion engine, with f t s  high specif ic  impulse, coul l  be 
employed aE the main propulsive u n i t  t o  propel spacecraft on missions t o  
Mars, Venm, and f o r  other deep space missions; the 1 kilowatt a rc  jet  
engine could be used t o  control the s t a b i l i t y  and a t t i t ude  of spacecraft; 
and the 30 kilowatt a r c  j e t  engine could provide a main propulsive Iri-re 
f o r  an ear th-orbi t ing spacecraft o r  f o r  spacecraft on lunar missions. 
three engiriee, are being developed by indus t r i a l  organizations under con- 
t r a c t .  

The 

A l l  

30 Kilowatt Ion Enane 

The objective here i s  t o  develop a 30 kilowatt cesium ion engine that 
can be powered from a Snap-8 power supply un i t .  
goal i s  the:  c!onstruction of a laboratory model by the end of the f i s c a l  
year 1961. This model will be a complete engine including not only the 
thrus t  unit;, but a l so  the zero gravity propellant feed system, automatic 
feed contrvls, neutral izat ion system, and instrumentation. During the 
f i s c a l  yeais 1-962, a f u l l y  engineered f l igh t  model engine will be completed 
and by the end of the f i s c a l  year 1962, approximately ten such engines 
will have been produced. A number of these engines w i l l ,  be given complete 
environmen1;al.. ground tests and prepared f o r  f l ight t e s t ing  t o  be con- 
ducted durj.ng 1963. 

The f i rs t  step toward th i s  

1 Kilowatt Arc Jet Engine 

During the. f i s c a l  year 1961, work continues on the development of 
a laboratoiy model of a complete a r c  j e t  engine f o r  use i n  vehicle 
a t t i t ude  cwntral; 
can proceed on a fl ight tes t  model. A number of these flight tes t  models 
w i l l  underga ground environmental t e s t s  i n  preparation f o r  flight t e s t ing  
i n  1963. 

the model should be developed t o  the point that work 



30 Kilowatt Arc J e t  Engine 

The basic pat tern of development f o r  the 30 kilowatt arc  jet  engine is 
the same a6 that for the 30 k-llowatt ion engine and the 1 kilowatt wc j e t  
engine. 
tory model engine capable of operating from a Snap-8 uni t  w i l l  have been 
developed 8.6 the predecessor of a flight t e s t  model which w i l l  be 
undergoing development during the fiscal year 1963. 

It is  expected that by the end of the f i s c a l  year 1962 a lsbora- 



1961 
lJ& ,Supplemental 1962 Page No, 

Nuclear Electric Power 
System. . . , . 2,613,232 3,0- --- 10, 500,000 H)17’-5 

TOt8L** .* . . . . . . . .  $28, ooo, - 000 

To d.evelop nuclear rocket propuleion sys$ms capable of csrqfing large 
pa;yloads on spaae missions over extended U s t a c e s ;  and t o  develo,? nuclear 
electric power genera-blng systems as requlred f o r  electr ical  spacs propulsion 
or f o r  auxiliary power sources i n  spaceorgfb. 

The principal applicatiqns o f  nuclew energy tb& are considered 
suitable for  propulsion of heavy sgercecrg;t”t intcr epwe are Che nucleal: heat 
transfer rocket and the nucQear electr ic  gqllerating system 88 source of 
power f c m  1;hwst producers dlrscussed under %he Electric Propulsicln program. 

Tho nircWw heat t r a w l e r  rocket engine &bodies a propulsicn system 
i n  which hydrogen i s  heated t o  hi@ tanpsmtym in a nuclear reactor and 
ejected (as a propulsive j e t ,  Becreuse of the high specific impulrie inherent 
i n  the mac:lear rocket engine, long rtsJlge mtsaions involving large! payloads 
(manu& lwar o r  interpJ-snet;ary missions) m q j  be accomplished with l igh ter  
and simpler vehicles requiring fewer stages C4an ccln be obtained from the 
mom aonventlonal foms of propulsion, 
Commission program fo r  development of a nuclear rockelt engine is aimed at 
experimental grow4 t e s t s  t o  demonstrate the feasibi l i ty  of achiwing the 
potentislly high specific impulses within a reasonable weight and size 
configuration. 
the continued developen% and. tes t lag o f  a nuclear reactor, engiie 

The current NASA-Atomic Energy 

During the f i sca l  year 1962 t h i s  joint effort  w i L 1  cover 



comgonent deve1opmen.t; mi3 subsystem InCegraWon, axid saverdl advanced 
technolQgy programs necesserry t o  prrrvide &?sign data, Three research 
reactor tiests have been condvcted t o  Uate by the b e  Alamos Scientific 
Laboratoxy of the Atomic E m r ~  Commlssioa, Darixle; the fisrcal yedw 1962 
the non-nuclear component devslqment that h a  been m d e d  by NMLQ w i l l  
result in .  the insta;llation o f  l iquid hydrogen $urbopumps and liquid 
hydrogen cooled nozzles into the lClwi-B reaotor series, Rdiat ion effects, 
radiatioc. ahielding, hydxogen propertiee evaluation work, and stelzdy-statc 
and dynamic instrumentation necessary t o  supply the data needed f3r oper- 
ational mclear rock& systems are exsmpZes o f  the advanced techmlogy 
that  w i l l .  be conducted. 

The area of nuclear e lectr ic  power ee#lepa,tiag systems i s  oriimted t o  
general advancement af the basic tecb;tlol,ogy with qpecific application i n  
the devel.opment o f  a 30 kilowatt power gsneratlng unit. The 30 kilowatt 
unit, identified as the Snag-8, i s  belxrg undsrCaken as a joint development 
by NASA tux% the Atomic Energy Coarmission. The Snap8 will exist in two 
configurations: as a 30 kilowatt nuclear elec+xlc generating system using 
one reac2,or and one conversion unit; o r  as a 60 kilowaet unit using one 
reactor arit,h two conversion units QperaOlng i n  parallel. 
version, the snap-8, when combined with the electr ical  thrust  devices 
describectunder the Electric Propulslon pragrsm, w i l l  provide an electrical  
propulsion capa'bility for missions t o  W s  aad Venus, aut-of -the-plane-of- 
the-ecliptic probes, salw probes and other missions where a long duration 
propu1si.cn capability i s  required, Depending upon the rasul-ts obtained 
from the srisp-8 development and concurrent studies i n  the basic technology, 
a larger nuclear elec.t;ric generating system i n  the order of 1 megawatt 
(electrioal.) may becoqe p rac t i ca ,  Applied research and component develop- 
ment i n  tihis area i s  under we;y to deteWae the feasibi l i ty  of higher 
powered tiyeitas. 

In  the 50 kilowatt 

Fiscal Year 

1961 Supplement d 1962 
FiacaZ 31ew Fiaaa l  Year 1961 Fisca l  Y e a r  -- Ruclear lieat Transfey Rocket 196Q- - --- 

Advanced Systems and Components: 

Raactoi? test; support: nm- 

Reactor t e s t  support; 

Nuclear rocket techqology.,,., 509,955 450,000 300,000 2, 000,000 

nuclear component development $2# 135, ;Le5 $3,950,000 --- $4,500,000 

prope:Utmt s . . . , , , , . , . . . 1,154,628 1, UO, 000 $800,000 2,000,000 

Vehic1.t: r;3tudles, . . *. . . . , ?. , . , 00 000 --- 1 000 000 
-7 &A * 1,100,000 g,~oo,ooo 

http://propu1si.cn


Experimentcg Engine bvelopmnt: $xx>,OOO $300,000 $1,5oo,oc0 $8,000,000 

-- Remtor Wet Support - Non-IVuclstls. Conpponsnt Jhvelopmnt 

NASA :has the responsibil i ty for supplying and developing cert&dn non- 
nuolear co~qponents for the RO-r Reactor test program of the Atomic Energy 
Connaission. During tbe! f i a c s l  1962, the liquid hydmgen pump development 
that has b m n  ia procaas during the past two pare,  w i l l  advance to a ful l  
rated flow and pressure c0nfigUra;t;ion. Turbopump feed systems w i L b e  com- 
pleted and installed at the N@ptlds Test si* of the A t o a k  Energy (!ommission 
and pmvlided w i t h  the necessary eupportlng spewrer parts  and equ lp i i t .  Had.- 
ware deve.1opwran.t of turbopumps for  use i n  hi@&er power systems w i l l  be 
undwtaken 

In slddA.tion, a high heat inteneiky jet nomle i a  rewired for  the 
Atonic Energy Commission redactor t e s t  progrranr. 
of completing developsrant o f  a su$.t;able hyclrogan cooled nozzle and of 
conducting the zwoeersary hsrrdxase deve;loFmosat o f  nozzles that will be capable of 
operating at hie;her heat fluxes and powers than those that w i l l  be en- 
countered i n  .the early tests. 

This item covers the cost 

Hydrogen i s  used i n  the reactor tests, a& ip the development of all 
of *e nonenucleru. caa4pomater. I n  eLddit;;lon, ~ ~ L t r o g ~ n  and helium are re- 
quired at the va;trlous t e s t  facilAt$ea t o  pwga aad t o  pmcool or chi l l  the 
sy8ten so that axccessive e ~ m r f l o n  gf the coetly hy&ro 
sl lmlna-bd.  suPgl6tmental 1961 Auadstlg In  the ancmlt of r 800,ooO L 3  re- 
quired for propellants t o  permit acscalemtion of the turbopump dm2lopment 
program. This acceleration results From e, decirsion t o  go directly to the 
turbopump l iquid hydrogen feed syetem pmpelovlsly p&anned fo r  use i:i later 
reactor t e s t s .  

can be 

Nuclear Roclss.C; %chnOhm 

Tbs work covered by this item 1s aimd at developing the techology 
tbat is necessary before nuclear rockat system can be designed, bllild and 



operated. 
and other coxlrponents i n  the nuclear rocket are packaged closely together 
as they would have t o  be i n  a flight system as w e l l  as analysis ant1 
aperimantation t o  determine and solve the problem associated w5th the 
use of hydrogen i n  a reactor radiation field. Procurement of the necessapy 
experimantal equi-nt and instrunientation is included i n  this mqiliremsnt. 

This technology involves problems that result when the reactor 

The packaging of the non-nuclear ccmpnents around the =acto:: i n  a 
nuclear rocket results i n  the operation of certain cnmponents i n  a radiation 
field at liquid hydrogen temperatures RS low as 430 degrees below :rero. &L- 
though a considerable ambunt of work on the effects of radiatlon 011 the en- 
gineering properties of matepials has been an8 is being done as paA, of the 
various nuclear power plant programs, t o  date no work has been dintcted at 
the extrewsly low tempemtures that w i l l  be encountered with the u13e of 
hydrogen in  the nuclear rocket. It is, therefore, necessary that *;hese 
effects be expe*-t;ally evaluated since the effects o f  radiation m y  be 
much mre pronounced i n  the lmr temperature of the nuclear rocke.; than 
they are in  other nuclear systems. Supplemental 1961 f'unds amounting t o  
$300,000 have been requested t o  permit incorporation of design f'eaxms 
needed t o  comply with rigid safety requiremnts of the test reacto:: and t o  
provide f o r  the Mgb rate of data output necessary t o  tihe effectivrtness of 
t h i s  project. 

The application of nuclear power t o  rocket propulsion systems w i l l  
For reqyire s h i e l d h g  of the payload and the hydrogen propellant tank. 

hfgh-power systems, or  for long duration flights, severe shielding re- 
quirements e m  be anticipated. 
new light weight shield concepts fo r  use i n  a space environment and accumh 
methods of ealcd.ating shield pepfomance must be developed. 

To maintain the maxfnnun payload cqlvbility, 

It has been determined that m y  of the properties of hydrogen that 
are required i n  system design and operation are unknown at  this t i m e .  31 
addition, it i a  necessary t o  develop instrumentation that will be -med t o  
measure hydrogen conditions throughout the nuclear rocket so that these data 
may be sensed and fed into the autonatic control system of the nucLea;r rocket. 
Because of the background of experfence of the National Bureau of' 3taaidapd;s 
Cryogenic Laboratory i n  thie  area, funds w i l l  be transferred t o  that labom- 
tory to determine the data that ape necessary and t o  establish su;ltab:Le man13 
of measuring: such factors as hydrogen mass flow, pressure, and tatperntpu.rw;. 

Instrvmrsntation for sensing reactor power thrust, temperature, and 
specific impulse under steady-state and dynamic operating conditio% w i l l  b e  
developed. Such instrumentation must be d a t i o n  resistant and, at *he s m 3  

time, extremely accurate i n  order t o  make certain that the vehicle w9:Ll 
achieve the necessary trajectory when ELssigned to  a p a r t i c u r  mission. 

Vehicle Studies 

Design of a nuclear rocket f o r  incorporation i n  a vehicle invslma 
interacticlne. between the engine system and the vehicle which n J t  encoun- 



tered i n  chemical rockets. 
be effected by increasing separation between the propellaat tank and the 
engine. This approach, hmmr, creates major design problems. !iesearch 
studies and experinmntal caiponent developonent pertaining t o  such vehicle 
requirements w i l l  be initiated during the f i s ca l  year 1962 i n  order t o  assw-e 
a suitable engine design capable of adaptation to a vehicle. 

For example, a reduction i n  shielding weight can 

EKperyzBnentetl m a n e  Development 

The i n i t i a l  phase of the experimental engine development involvas design, 
program planning, and research on engine systems components t o  es%ablish de1;ailed 
development plans and t o  determine testing requirutmsnts and relia1)ility god!s. 
Supplemental 1961 funds are required t o  initiate developsrent at an earlier 
date thaa previously planned. 
design, engine subsystem applied research, and other supporting frmct;ions at: 
required t o  advance t o  the stage of ground tasting an experimenta.L nuclear 
rocket engine. 

Fuads w i l l  be applied t o  the e x p e r k n t a l  

During the f i s c a l  year 1962 the engine contractor selected late i n  
the f i s ca l  year 1961 will initiate research and demloplaent work famed at 
ground testing an experimental engine. Concurrently, the contrac";or w t 1 1  
continue h i s  i n i t i a l  effor t  i n  engine and subsystem design and wi:U parti-. 
cipate i n  supporting work required by the Los A 3 8  Scientific Idiboratory 
of the Atomic Energy Commission. 

Nuclear Electric -- Power System 

Advanced S~temer and Components: 

High-power systems technology 
Reactor Urect conversion.. . . 

Prototype ;l)e'velopment ( Snap -8) : 

T O W ,  IYuclear Electric 
Powe:r Systems.. . . . . . . . . . . 

Fiscal Year 

~upplemeiita~. 
Fiscal Y e a r  Fiscal Y e a r  1961 Fiscal. Year 

-.- - 1960 1961 

$1,613,232 

High-Pmr Systems Techgology 

This work i s  aimed at developing the new technology required for  hi&- 
Included are experimental work t o  extend the knowledge of powered s;ysterms. 

the them~d;ynamic and transport properties of liquid metals and related 
work on cor:rosion, emissivity, condensation and boiling of liquid metal, 



and heat timiafer studige. Application of the rrrrsults of t h i s  work t o  the 
design of l~igh-pawemd coqponen$s (inalu8ing turbines, pnerstors,  and heat 
redection rayiateu~s), will be accelem-d ILB part of a preI.hfnary design 
study of the complete angFtne system. 

Reactor Direct Conversion 

The dh-etct conversion of nuclew heat Into rPrlectricity has sig,nificantt 

With systems are exgected to rsqyire fewer moving pests and there- 
potential for  the development of a simple, hi#h-garered electr ical  conversion 
system. 
fore w i l l  offer a potential increase i n  re l iab i l i ty  when compared t o  the 
turboelectidc: generator systems. Studies have imlicated the feasibil i ty 
of t h i s  apprc)ach, provided that a suitably long-life electrode can be 
developed. 
property dfttatrmination necessary t o  evaluate the electrode life. 

The work planned, i n  1962 relates to physical aad metallurgy 

Prototype Develogaasnt 

NASA 1.~4uponsibility fo r  the  Snap8 fncludero developmrent of the power 
conversion system and integration of the reactor and conversion u n i t  into 
an 0peratic)md systun. During the fisrcal pax  1968, design work -3 test 
equipment c:oxistruction will be contpletep and coa3;ponent and subsystem 
testing ~51.1 be under way. 
plWXl43d. 

A target test fU@t &ate of spring 1965 is 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

F I S C A L  YEAR 1962 ESTIMATES 

SPACE POWER TECHNOLOGY 

S m  OF -- REQUIREMENTS: 

1962 Page No. 1960 L2G 
Advanced Research. ......... $1,250,000 $985,000 $1,200,000 1~18-:2 

Advanced Technical 
Development. .............. 2,264,000 3 215,000 4 300,000 m18- 5; 

T o t a l .  ................ $3,514,000 $4 . 200,000 $>,5OO,OOO 
OBTECTIVES -- : 

solar and chemical energy sources for use i n  spacecraft. 
To develop the technology of generating e l ec t r i ca l  power from 

JUSTII?ICA.TION : 
--I 

Nearly a l l  spacecraft require an e l e c t r i c a l  power supply (auci l iary 
power system) t o  provide e l e c t r i c i t y  for operating instruments, cmnuni- 
cations s,nd other equipment. Solar photovoltaic c e l l s  and ba t t e r i e s  a re  
used at  present, but research i s  needed t o  determine the amount of 
sh ie ld iw required t o  protect so la r  c e l l s  from radiation damage and 
development i s  needed t o  provide more reliable, l i g h t e r  weight s t n a g e  
ba t te r ies .  For power requirements of 500 watts t o  30 kilowatts, 3ther 
auxiliary. power systems should be developed which w i l l  have lower 
weight, kiigher r e l i a b i l i t y  or  lower cost. 
solar  ccl lectors  and e i the r  turboelectr ic  o r  thermionic power conversion 
equipment, e,ppear promising for long duration missions. 
combusticn auxiliary power systems and fuel ce l l s  a r e  desirable for 
cer ta in  re la t ive ly  short  duration missions, such as manned spacecrafl;. 
Improved lightweight electrochemical storage uni t s  such as electro- 
l y t i ca l l j '  regenerated fuel ce l l s  are desirable for use with solar 
aux i l i aq -  power systems. 

Solar-heated systems usiql; 

Chemical 

m18-1 



Advanced Research -- 
Fbdiatfiort damage t o  so la r  ce l l s . .  
Fabric:ati.on techniques f o r  so la r  

col lectors . . . . . . . . .  ............. 
Solar coIJ-ector tes t ing. .  ........ 
Space po~rer systems .............. 
Thermionic: conversion. ........... 
Thermal eiiei:gy storage materials 

f o r  solar-l;hermionic syste m s . . . .  
Spray condenser f o r  space heat 
rejection. ....................... 

Electrol3ri;ically regenerative 
f ie1 cel.:~s.. ..................... 

Magnet;ohyctrodynami c power 
generation. ..................... 

T h e m 1  mdfat ion properties of 
space c ra f t  materials. ........... 

TotciL, Advanced Research.. .. 

Fiscal  Year Fiscal  Year 
1960 1961 

$170,000 $390,000 

100,000 --- 
30, ooo --- 

200,000 200,000 
300, ooo 200,000 

200,000 

100,000 --- 
50,000 :io, 000 

100 J 000 - -- 
--- 145,000 

$1 250,000 $985,000 

Fiscal Y e a r  
- 1962. 

8 250,000 

100,000 

200,000 
300 ooo 

--- 

100,000 

100,000 

150, ooo 

$L 200,000 

Fhdiation Damage t o  Solar Cells 

The :nxrpose of t h i s  work i s  t o  determine the radiation damage, effect:; 
of proton and electron bonibardment on various types of so la r  cells, with 
various I y p s  of sh i e ld iw .  
1960 has resulted i n  the very s ignif icant  discovery that s i l i con  t,ola.r 
c e l l s  made v t t h  a t h i n  layer  of negative-doped s i l i con  on top of positive-. 
doped ma-;(?rial were considerably more res i s tan t  t o  radiation damEy;e than 
the posi-;ive or negative *type which are presently i n  production. 
Radiation tes t ing  has shown tha t  radiation damage t o  so la r  ce l l s  1)y high 
energy pmtonr; i n  the inner V a n  Allen b e l t  and from so lar  flares  rill be 
more severe than anticipa-bed. Therefore, research i s  being expancted i n  
scope during the f i s c a l  year 1961 to include testing i n  six diffe!.ent 
cyclocroiis to cover the proton energy range of in te res t .  Research w i l l  
be continued i n  the f i s c a l  year 1962 t o  evaluate new and improved so lar  
ce l l s  wh.ich a re  being developed, par t icular ly  of the negative on posit ive 
type, a-ui t 3  provide a basis  f o r  interpretat ion of solar ce l l  per::ormance 
as telemetered from spacecraft. 

A contract i n i t i a t e d  i n  the f i s c a l  year 

Fabrication Techniques fo r  Solar Collectors - 
‘The purpose of the work under t h i s  heading i s  t o  investicnte various 

techn.iques fo r  fabricating opt ical ly  accurate, lightwe.ight, 1 r,rabolic! 
solar  concentrating mirrors f o r  use with solar-heated power sys tem.  

m18-2 



With fiscxtl year 1960 funding, techniques were developed which make it  
possible t o  fabr icate  a lightweight repl ica  of a searchlight mirrcr. 
No funds tire required i n  the f i s c a l  year 1961 because the e x i s t i q  
contract extends through t h i s  period. 
fiscal. year 1962 t o  solve some of the problems which are being 
encountered, p r t i c u l a r l y  the opt ical  d i s tor t ion  caused by temper&ture 
gradients i n  the structure.  This kbr i ca t ion  technology may prove 
usefil- fo:r antennas and telescopes as w e l l  as f o r  solar-themionic 
power syserns . 

Funds a re  required i n  the 

Solar Collector Testing 

E’iscral year 1960 funds were used t o  purchase special. test  eqi!ipment 
fo r  soia:r cc:.:!.cctors. 
o r  1962. 

No funds a re  required f o r  the f i s c a l  years 1961 

Space Power Systems 

Fiscil. year 1960 funds under this heading were u t i l i zed  to conduct 
analyses z a l  design studies of various power systems f o r  use i n  s])ace- 
craft. These studies provided the basis f o r  select ion of a so la r  c e l l  
power sy;te:n for the k n g e r  spacecraft. 
are being used t o  study and compare solar-thermionic, so la r  c e l l ,  and. 
other pover systems f o r  potent ia l  application i n  planetary probes and 
s a t e l l i t e s .  The f i s c a l  year 1962 funds will provide f o r  study contracts 
t o  compare the merits OT various power systems f o r  application i n  manned 
s a t e l l i t e s  and f o r  lunar landing missions and t o  study sun orientittion 
systems fo r  so la r  power systems. 

Funds for the  f i s c a l  yea]’ 1961 

Thermionic Conversion 

%he purpose of t h i s  work i s  t o  gain a basic understanding of 
thermionic conversion processes and t o  determine ways to  optimize the 
performance o f  thermionic converters. 
maximizing the efficiency and the  power output with cathode tempemtures 
low enough t o  assure long l i f e .  
research on thermionic converters of various types, including vac1n.m 
diodes, cesium diodes and gas-f i l led converters. The 1961 funds (%re 
being used t o  evaluate the f e a s i b i l i t y  of u t i l i z ing  a cesium vapor 
thermionic converter w i t h  a so la r  concentrator as the heat source. 
Funds f o r  the  f i s c a l  year 1962 are  required t o  perform continuing 
research on cesium and gas- f i l l ed  thermionic converters t o  permit the 
attainmer,t of higher efficiency and longer l i f e .  

A goal i s  t o  f ind means f o r  

Fiscal  year 1960 r u n d s  were used f o r  

--- ?!hemal Ene:*.y Storage Materials f o r  Solar-thermionic S y s t l z  

A pusonusing method of energy storage f o r  use with solar-ther3lionic 
power systems i s  t o  melt a material while i n  the sun and l e t  it freeze, 
giving u.p i.Ls l a t en t  heat of fusion while i n  the shade, t o  operate 

RD:L~- 3 



theMai0ni.c: converters a t  constant power. 
determine the heat of fusion and other properties of various materials 
having melting points above 2000°F., and t o  f ind materials which c a n  
be used t o  contain the molten material. Fiscal  year 1960 funds were 
used t o  c:onctuct exploratory research on materials and structures f o r  
the containment of molten s i l i con  and i t s  alloys. 
i n  the fi:;cctl year 1961, but it i s  anticipated that the research a i l 1  
uncover p:~oI)lem areas requiring continued e f f o r t  i n  the f i s c a l  yeer 
ig62 t;o ctetemine wnether thermal energy storage i s  feasible for Lse with 
solar-the:mioriic power systems . 

Research is  needed t o  

No funds are required 

Spray Condenser f o r  Space Heat Rejection 

The :?u:rpose of t h i s  work i s  to investigate the basic processems 
involved :in condensation of a l iquid metal vapor by inject ion of sib- 
cooled l iquid.  
l iqu id  meta:L cycles which would not be affected by zero-gravity. The 
feasibilii-by of the spray condenser v a s  established i n  the f i s c a l  3-ear 
1960, anti continuing e f f o r t  u n d r  :: the contract established f o r  t h i s  
purpose isil:L provide data  t o  perxit the design of spray condensers; f o r  
mercury which may be used i n  so la r  or nuclear turboelectr ic  power 
systems :;-ich as Sunflower-1 or Snap-8. 
required in  the f i s c a l  years 1961 or 1962. 

The potent ia l  applications include a condenser fo r  

No additional funds a re  

Electrolyt ical ly  Regenerative Fuel Cells 

Resemch i s  under w a ~ ~  'GO gain an understanding of the elec-trochenlical 
behavior of fue l  ce l l s  when operated cyclically,  being a l t e r a t e l y  
charged i3Rd discharged l i k e  a storage battery. 
i n  the f i s c d  year 1960 t o  conduct research on a hydrogen-oxygen fuel. 
ce l l .  Tne contract i s  being extended i n  the f i s c a l  year 1961. Funds2 
f o r  the f i s c g l  year 1962 w i l l  provide f o r  continuing the research 
e f fo r t  on hydrogen and oxygen fue l  c e l l s  and f o r  i n i t i a t i n g  explo:%tory 
research on other high energy electrochemical systems which ~IBJ hiwe 
potent ia l  advantages f o r  a rechargeable fuel c e l l  battery.  

A contract was i x - t i a t e d  

Magnet ohydrcdyn8.m ' e  Power Generation 

Studies a re  required on the plasma properties, electrode processes, 
and on the design opttmization of magnetowdrodynamic power conve:~ters 
lihich use chemical cmbustion t o  produce e l ec t r i ca l ly  conducting )gases 
(plasma). Potential  applications a re  f o r  generation of high powe r 
levels  f c r  rela'iively short  durations. Funds for the  f i s c a l  year 1960 
were u t i l i zed  t o  fund a contract f o r  research on a vortex magneto- 
hydrodynamic power generator. This contract i s  funded until the Fiscal 
year 1-96; and no additional f i s c a l  year 1961 f'unds are required.. The 
f i s c a l  ycax 1962 funds a re  required t o  perform additional researc:i on 
materials and plasma propefcies and t o  detennbe the f e a s i b i l i t y  S using 



hydrogen-oxygen combustion products, seeded with an alkali m e t a l ,  as 
the plasnlrt working f luid i n  a magnetohydrodynamic power generator. 

Thermal Radiation Properties of Spacecraft Materials 

The ob;jective of this project i s  t o  measure the absorptivity f o r  
solar  radl:.a-t;ion and the emissivity f o r  infrared radiation of varicus 
special  c:cml;irgs and metal surfaces which may be used i n  controlling 
the tempe:%l;ure of spacecraft. Temperature control i s  important f o r  
proper opemttion of payload components, such as ba t te r ies .  Fiscal 
year 1.961- filnds were used t o  support a contractual research program. 
No funds a re  required i n  the  f i s c a l  year 1962 because work of t h i s  
type irill- be performed under various spacecraft development projects. 

Solar cel-:L array technology. ..... 
system comj?onents ............... 

Improved storage batteries. ...... 
Testing of bat te r ies  i n  simulated 
space errd.:ronments. ............. 

3-ki1owal;'t so la r  auxiliary power 
system ( : ~ w i f ~ - o w e r - ~ ) .  ........... 

Primary 3ie:L ce l l s  ............... 
Solar concei~trators .............. 
Chemical (combustion auxiliary 
power u n i t . .  .................... 

Solar-thwmionic power system.. .. 
Electrolyti ixdly regenerative 

Improved :;o:Lar ce l l s  and power 

f'uel ce:L.Ls.. .................... 
Total, Advanced Technical 
Devslopment ................ 

Fiscal  Year 
1960 

$314,000 

445,000 
300 ooo 

135,000 

1,070,000 --- 

Fiscal  Year 
3 1  

$180,000 

435,000 
300,000 

1,500,000 
500,000 
300,000 

$2,264,000 $3,215,000 

Fisca l  Year 
- 1962. 

$200,000 

200,000 
300 ooo 

1,800,000 
500,000 
400,000 

300 j 000 
500,000 

100,000 - 

Solar Cell Array Technology 

'The zhjective of the work under t h i s  heading i s  t o  evaluate the 
potentia11 of s o l a r  c e l l  power systems by the tes t ing  of 
solar ce:LL arrays under simulated operational conditions. 
developnent and t es t ing  of so la r  c e l l  panels i n  the f i s c a l  year 1960 
lead -GO the development of the so la r  c e l l  panels for the  Ranger space- 
c r a f t .  Punds f o r  the fiscal year 1961 are being used for the development 
of improved solar c e l l  arrays with so lar  energy concentrators t o  increase 
the powe:r aatput per u n i t  area of so la r  ce l l s .  Funds f o r  the fiscal year 
1962 a re  required t o  develop so lar  c e l l  arrays of 1ighl;er might trhich 
have rugged and re l iab le  construction. 

developmental 
Advanccmd 



Improved Solar Cells and Pomr System Components 

Fisc::tl year 1960 funds were used t o  develop and test  componerts 
for so lar  c e l l  power systems and t o  develop radiation res i s tan t  sclar 
ce l l s .  
for the itwelopment of lower cos t  so la r  ce l l s ,  radiation resis tant  
solar cel:Ls,, sol id-s ta te  power converters, and circuit-breakers. 
contract:; i n i t i a t ed  during the f i sca l  year 1961 w i l l  be continued i n  

The 1961 funds are  being used to initiate several contracts 

The 

1962. 

Improved Storage Eatteries 

EhcL:;  :?or f i s c a l  years 1960 and 1961 are being uti l ized t o  support 
the devel-opnent of both nickel-cadmium and non-magnetic silver-cadmium 
batte15.e:;. A c r i t i c a l  need ex is t s  t o  improve the quali.ty of ba t t e r i e s  
used f o r  energy storage with so la r  c e l l  power supplies. Funds for the 
fiscal- year 1962 are  required to continue the exis t ing contracts and- t o  
concentm-;e on the development of re l iab le  ba t te r ies  for application i n  
satel l i tc?~;  with at l e a s t  EL one-year l i f e  expectancy. 

-- !Ch:ree-kilowatt Solar Auxiliary Power System (Sunflower-11, 

Work on t h i s  system v a s  i n i t i a t e d  i n  the f i s c a l  year 1960 with 
the objective t o  del iver  two experimental prototypes by mid-1963. 
Funds fo;? the f i s c a l  year 1962 w i l l  be primarily devoted t o  the ccnduct 
of perf O I ~ ~ ~ I ~ C E ? ,  environmental, and endumce tes t ing.  

Primary Fuel Cells 

Conixacts a re  being initiated i n  the f i s c a l  year 3.961 t o  develop 
f'uel c:elI-s :fox- potent ia l  use i n  manned spacecraft or lunar and 
planetaqr landing vehicles. 
f i s c a l  yeisr 1962 leading t o  a &-reloped modular uni t  by 1964. 

This e f fo r t  w i l l  be continued i n  the 

Solar Concentrators 

Fabrication methods t r i l l  be developed f o r  large parabolic so la r  

Fiscal  
concentm-tors (diameters from 15 t o  70 feet) f o r  use i n  so la r  heat 
sources with turboelectric o r  thermionic conversion systems. 
year 1-96:' finds w i l l  provide f o r  i n i t i a t i o n  of the development of a 
so lar  hecrt :source applicable f o r  use with the  30-kilowatt Snap-8 
turboelec-tric conversion system. 
heated Snap-8 system w i l l  be f o r  a manned o rb i t a l  labomtorj .  

The primary applicati.on f o r  a sclar 

Chemical Combustion Auxiliary Power Unit 

It il:s :?reposed to demonstrate the f eas ib i l i t y  of n power cont,ersion 
system f o r  use with hydrogen and oxygen combustion products. 
application:; include mamed 

P o t e n t i d  
spacecraft and lunar landing vehicleE , 



including power f o r  propulsion of a roving lunar surface vehicle. 
f i s c a l  year 1962 funding w i l l  be used t o  d e t e d n e  the f e a s i b i l i t y  of 
an in te rna l  combustion engine, operating with l iqu id  hydrogen as the 
A f u e l ,  and l iquid oxygen as the oxidizer. 

The 

Solar-thermionic A u x i l i a r y  Power System 

It i s  proposed t o  initiate the  development of a solar-thermiode 
power system capable of generating 1 t o  5 kilowatts i n  s a t e l l i t e  o r  space 
probe missicns. 
for develcpnent and t o t a l  funding of several mill ion dol lars .  
system w i l l  u t i l i z e  no moving p a r t s  and i s  intended t o  be a general 
purpose power system which will ultimately replace the Sunflower-1 so:Lar- 
turboelectric power sp t em f o r  specialized satell i te and space prooe 
missions. F'orlr w i l l  be s ta r ted  i n  the f i s c d .  year 1962. 

It i s  estimated that the system w i l l  require f ive  years 
The 

Elec t ro ly t ica l ly  Regenerative Fuel Cells 

FisceL year 1962 f'unding is  requested t o  i n i t i a t e  the developnent 
of a modul.ar rechargeable fue l  c e l l  bat tery with at l e a s t  50 watt-hours 
capacity irhi,ch can be used f o r  enerm storage with solar c e l l  power 
systems. 
storage per pound than i s  obtainable with n i c k :  -cadmium bat te r ies .  

Art objective i s  t o  achieve at l e a s t  rive -times more energy 



NATIONAL AERONAUTICS &ID SPACE AIlf?[T:MISTRATION 

FISCAL YEAR 1962 ESTIMATES 

SCOUT 

SUMMARY OF -- REQUI-S: 

1960 - 1961 - 
1961 

Supplemental 196: -- 7 -  Pa= No. 

Vehicle Development $1,612,000 $1,510,000 $1,075,000 $1,075,000 RD19-2 

Engine Development. 1,079,000 140,000 --- 1,100,000 RI)1!3-3 

System Support. . . . . 309,000 500 , ooo 750,000 1,500,000 -- RDlj3-4 

Total. . . . . . . . . . . . $3,000,000 $2,150,000 $1,825,000 $3,675,000 == 

OBJECTIVES -. : 

The purpose of the  Scout program i s  t o  develop a re l iab le ,  r e l a t ive ly  
inexpensive vehicle f o r  general space research. The vehicle’ :: cap 2bi l i t iea  
include orb i ta l ,  probe, and reentry missions. It i s  the smallest if the  
basic NASA family of launch vehicles and i s  planned t o  f u l f i l l  a lzrge 
variet,y of requirements f o r  s m a l l  s ize  payloads. 

JUSTIFICAIION: --- 
The Scout development program comprises a t o t a l  of e ight  development 

vehicles, three of which have been launched t o  date.  Scout Nos. 1 and 2, 
launched on 1 July  and 4 October, respectively, performed sa t i s fac tor i ly ;  
Scout No. 3,  launched on 4 December, f a i l e d  t o  achieve second-stag. igni- 
t ion; Scout No. 4 i s  scheduled f o r  launch i n  ear ly  1961. 

U.nti.1 recently, the  complete system management and some rnanuf ~cu-;ring 
of specif ic  components for these first four vehicles was performed as  an 
in-house effol-t a t  the Pangley Research Center. To provide fop an orderly 
t rans i t ion  from development t o  operational procurement, the four r3ma:ming 
vehicles o f  the  eight-vehicle program are  now being procured throuzh a 
prime vehicle (contractor a 

The Scout vehicle, i n  i ts  present configuration, is  capable of p:Lacing 
a 150-pound pa:yload, with a maximum diameter of 25 inches into a 330 
naut ical  :mile orb i t .  
i n  mid-calendar year 1962 w i l l  increase t h i s  requirement t o  a payl3ad of 
200 pounds and a maximum diameter of 30 inches. 

Anticipated NASA and Department of Defense missions 

By ineyeasing the  



performance of the t h i r d  and fourth stage motors, a standard vehicle can be! 
achieved %o meet the requirements of both agencies w i t h  a resulting; 
simplicity of Logistics and economy of production. As currently planned, 
the Scout development pr0gr.m is  oriented t o  t h i s  concept. 

The c:oml)ined f i s c a l  year 1961 and f i s c a l  year 1961 supplementell funds 
w i l l  comp:Lete procurement of the basic e ight  development; vehicles. 
supplemeniatl amount fo r  1961 w i l l  cover increases resul t ing from t1.e re- 
alignment of casts  i n  the establishment of a prime contractor, and other 
elements tlmx were not anticipated at the t l .me  of the or ig ina l  pricing of 
the program. The l eve l  of e f f o r t  i n  the f i s c a l  year l962 w i l l  be epplied 
primarily -;a development of the improved motor capabilitiy, increased cone 
diameter, rstrmdardization of the basic vehicle design and completicn of 
component qurtli,fication tests. 

"be 

Fisca l  Year 

Supplemental I.@! 
Fisca l  Year F isca l  Yeax 1961 Fisca l  Y e a r  

-- - 1960 1961 I Vekni. c 1.e Development --- 
Vehicle.. . . . . . . . . . . . . . . . . . . . . . . . . $786,000 $400,000 $825,000 
Guidance and Control. . . . . . . . . . . . .  826,000 1,110, ooo 250,030 - 

$575,000 
!jO,3,000 

-A 

Tota l ,  Vehicle Development $1,612,000 $1,510,000 $1,075,030 j ,000 - - --- 
FiscaJ. Year 1961 funds, including the supplemental, will be applied t o  

the procurement of the second four  Scout development vehicles v%th lesign modL- 
f ica t ion  and qual i f icat ion t e s t ing  of c r i t i c a l  components. The fiscal  year 
1962 funding w i l l  be applied t o  the changes required f o r  standtmdizstion of 
the vehicle t o  meet both NASA and Department of Defense requirements, :in- 
creased r e l i ab i l i t y ,  and simplification of check-out procedure a t  t 3e :Launch 
s i te  

Vehicle 

The vehicle consists of the airframe, instrumentation, e l e c t r i 2 a l  net-  
works, and destruct systems. The requested supplemental funding f o r  the 
f i s c a l  year 1961 w i l l  be used -to manufacture instrumentation that m s  con- 
ducted 1ni t ia l l ;y  as an in-house e f f o r t  st the Langley Center. During +;he 
f i s c a l  year 1962, a design and t e s t  e f f o r t  will be ini t i ,%ted t o  detmmine 
the optimum nose cone dfameter t o  length r a t i o  f o r  the s4xndard vehicle and 
t o  es tabl ish compatibility of e l e c t r i c a l  md destruct systems d t h  :mg r e  re- 
quirements. 
standarlls zstab.lished by f l i g h t  test  experience. 

I n  addition, a l l  of the new components Well be qualified l;o 



Guidance and Control 

D u r i r y g  the  i n i t i a l  t es t ing  of the  Scout vehicle unexpected " r c 1 1  forces" 
were encowitered i n  the third-stage motor t o  the  extent t ha t  they com- 
p le te ly  overpowered the  roll control system. 
w i l l  be applf-ed t o  the  correction of t h i s  problem through modificat ion, re-  
design, test and qual i f icat ion of c r i t i c a l  components. Fiscal  yea1 1962 
funds w i l l -  be used t o  simplify the  basic  design and qualify all. con.ponent 
par t s  . 

The supplemental 1961. funds 

F isca l  Year Fiscal  Year E'iscal Year 
1962 ---.I - Engine Development 1960 1961 

............... $14.0 f 000 - - -  
I . _ .  $1 , 100, ooc 

Engine Procurement. O79 J Oo0 --- .............. -- - .- Engine Development.. 

$140,000 $1,100, ClOC - - I 

Tot.Et1, Engine Development. . O79 J Oo0 

Engine Procurement 

The pr*ocurement of motors f o r  the  eight development, vehicles %,as 
covered by finding i n  the  f i s c a l  year 1960; additional funds were l a t e r  re- 
quired i n  tbe  f i s c a l  year 1961 fo r  replacement of f irst-  and third-s tage 
engines tha t  were eAxpended on preliminary stage t e s t ing  of the  vehicle. 
The amount now indicated f o r  1961 will complete the  funding of motcrs re- 
quired f o r  t l e  eight basic  vehicles. 

Engine Development 

The key factor  i n  achieving a heavier payload capabi l i ty  and larger  
nose cone iliameter i s  the  u t i l i z a t i o n  of recent advancements i n  propellant 
state-of-tk.e-art t ha t  have been realized under the Minuteman and Pclar is  
programs. By adapting these existing, higher specif ic  impulse prcpellants 
t o  the conf'iguration required on Scout, a s ignif icant  increase i n  gerf'mn- 
ance can 5~8 axhieved w i t h  r e l a t ive  economy of time and resources. 
Department of' Defense i s  funding approximately one-third of the  program 
during the f i s c a l  year 1961 with the  remaining portion t o  be completed by 
NASA with f ' k c a l  year 1962 funding. 
uration w i l l  be available f o r  incorporation i n  the th i rd  operational v2hicle 
(Scout No. 11.) scheduled f o r  mid-calendar year 1962. 

The 

A s  now planned, the new motor config- 
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Fisca l  Yew 

Supplenent a1 l ~ , : 5 ~  
F i s c a l  Year F i s c a l  Year 1961 Fisce.1. Year 

- -__- System Support 1960 1961 

Ground S U ~ ~ ? O I : ~  Equipment.. . . . . $84, ooo --- $300, OClO $20Cl, 000 

Launch Serr ices .  . . . . . . . . . . . . . . 
Engineerirqg Coordination.. . . . . 225 , ooo $500, ooo 200, OClO 1, ooc ,000 

2 5 0 ~ 0 ~ ~ 0  -- :;oc~,ooo --- - --- 
Tol;:tl,, System Support. . $309 7 000 $500,000 

Suppo:rt of t h e  Scout system requires  provision f o r  a complete system 
check-out 1mqability i n  t h e  contractor ' s p lan t  , launch services  through 
launching of t h e  bas ic  e ight  development vehicles,  and engineering e f f o r t  t;o 
insure pro:?e:r r e l i a b i l i t y  and payload coordination. 

Ground Support Equipment --.- 

R sy;; tein check-out capabi l i ty  i s  being provided a t  t h e  contrac:tor' s 
plant  t o  rtzhieve a higher l e v e l  of qua l i t y  control  and to minimize t h e  
expensive m 3  time-consunling check-out procedures t h a t  would otherIrise be 
required a t  t he  launch s i t e .  
specia:L t e s t  too l ing  and equipment necessary t o  aeet t h i s  reqv.iremc:i?l f o r  
Scout No. 5 islltl a l l  subsequent vehicles .  
be d i rec te3  tovard t h e  d-evelopment of a horizontal  p re- f l igh t  check-out 
system fo r  use a t  the launch s i t e .  
out pr:ior t o  f l i g h t  and w i l l  be designed t o  minimize vehicle  prepa!*ati.on and 
count-down time. 
f l ex ib l e  operation of t he  vehicle and w i l l  reduce t h e  cost  and zom1~1e:~:ity 
of launch operations.  

The supplemental 1961 funds w i l l .  cover t h e  

The f i s c a l  year 1962 e f f o r t  w i l l  

This system w i l l  cover t h e  f i ix i l  check- 

The horizontal  feature of t h e  system vi11 allow Iiore 

Launch Services 

Fmds i n  t h i s  area cover cos ts  of contractor launch personnel that 
must be planned a t  a constant l e v e l  to maintain cont inui ty  of  the t:rew. 
Supylemental 11961 f'unds w i l l  cover cos ts  t h a t  were underestimated 5.n t h e  
o r ig ina l  program pricing.  F i sca l  year 1962 i'unds w i l l  cover all 1;iunch- 
ings required for completion of t h e  development program. 

- Engineering Coordination 

A s  pa r t  of t h e  t o t a l  program e f f o r t ,  contractor services  a r e  :eqiiired 
on a continuing bas i s  for payload and vehicle  integrat ion,  prepara;ion of 
t r a j e c t o r i e s ,  range sa fe ty  analyses, failure reporting, data  reduc Lion> 
and preparation of handbooks. 
in-house ky t h e  Iangley Center on a limited bas is ,  w i l l  requi1.e su?plmentEtl 
funds f o r  contractor e f f o r t  i n  t h e  f i s c a l  year 1961 w i t h  a coripara'3le 
l e v e l  of Effort i n  t he  f i s c a l  year 1962. 

These functions,  previously pei-form-d 



NATIOW AERONAUTICS AND SPACE ADMINIS?1RATION 

FISCAL YEAR 1962 ESTIMATES 

DELTA - 

- 1960 1961 & €We .No. 

Vehicle Cevelopment ........... $6,218,297 $31 550,000 -.- m o - 2  

Engine Development ............ 300, ooo 50,000 - . - -  m o - 2  

System Support ................ 5,957,500 8,200, ooo $2,900, ooo - 
.................. 10 !I'otial.. $12,475,797 'e 

OBJECTIVES: 

m o - 2  

To provide a r e l i ab le  space vehicle t o  replace the Thor-Able, Juno 11, 
Jupiter C, and Vanguard vehicles for  medium payload s a t e l l i t e s  and mall p y l c a d  
space probts 

JUSTIFIC;AT:l3N : -- 
The Dc:.Lta vehicle w i l l  be used t o  launch a var ie ty  of s c i en t i f i c  and 

operational satellites and space probes u n t i l  such time as the  newer Scout 
and Thor-Agcmt B vehicles now under development become available.  !!be Delta 
is  a three-.:;ttige vehicle with the  f i r s t  stage a production mor miscile with 
the nosecone and the  guidance uni t  removed. The second stage i s  s i n i l a r  t o  
tha t  of Thcu?-Abl.e and Vanguard with a new engine thrus t  chamber and an improved 
radio 2nert;:ia:- guidance system. 
mot or devel-oped fo r  Vanguard. 

The t h i r d  stage is a so l id  propelhnt  rocket 

Although similar i n  design t o  the  mor-Able series,  the Delta incorporates 
a number of' changes, including a coast-phase a t t i t ude  control systen: that will 
permit higher inject ion a l t i t udes  and additional f lex ib i l . i ty  i n  establishing 
t ra jec tor ies .  'Ifhe capabi l i t ies  of t h i s  vehicle were w e l l .  demonstrated on 
August 12, l.g@ when the  second Delta vehicle successfully placed the Echo 
satell i te in EL precise, nearly c i rcular  orbi t ,  a t  an a l t i t ude  of abcut 1,OOC 
miles; and again on November 23, 1960, when the t h i r d  Delta placed in to  orb i t  
the Tiros 1::: meteorological s a t e l l i t e  at an a l t i t ude  of approximately 400 miles 
Delta has a. pa,yload capabili ty of up t o  500 pounds fo r  satell i te ap$liciztione 
and up t o  751 pounds for space probes. 



Fiscal Year Fiscal Year Fis:al Year 
1962 --- Vehicle Development 1960 1961 - 

&sign and engineering.. ......... $1,600,000 $1,100,000 --- 
Fabrication.......... ............ 4,618,297 2,400,000 
Thor parts --- 50, ooo 

- -- --- ....................... -- 
Total, Vehicle Development. . $6,218,297 $3,550,000 

During the fiscal year 1960, the development of the basic Delta vehic1.e 
system was essentially completed and procurement of hardware for a number I:if 
the test vehicles was well underway. 
was unsuccessful due to a failure in the second stage control systl2m. During 
the fiscal year 1961, the redesign effort generated by this failure mts can- 
pleted and the basic soundness of the design modification was firmLy estab1.i:;hed 
through the successful firing of Deltas No. 2 and 3. Fabrication of the tvre:!ve 
test vehicles .will be completed with 1961 funds; no additional funding for this 
area will be required in the fiscal year 1962. 

fllze first launch attempt on lylay 13, I.960 

Fiscal Year Fiscal Year Fis2al Year 
. L962 --- A -  Engine Development 1960 1961 

Engine modification.. --- _-- ............ $3OO,OOO 
Changes to third stage motors.... --- $50,000 -- --- 

--- - - Total, :Engine Development. . $300,000 $50, ooo 

!&tis portion of the Delta program was restricted to the second arid thi.rtl 
stages. 
of a stainless steel thrust chamber. 
pellant motor originally developed for Vanguard were relatively minor and 
consisted principally of applying closer control over dimensions and performance 
characteristics. 
engine development effort. 

Work on the second stage consisted of the deve.lopment and substiti.tt:ion 
Changes in the third stage solid pro- 

No fiscal year 1962 funds are required to comple*;e the Ikl.l;a 

Guidance services...... .......... 
Shipping costs.... ............... 
Range support services........ ... 
Contractor launch services....... 

Total, System Support ....... 
Funding for all system support 

completed in the fiscal year 1961. 
the Air Force and cover utilization 

Fiscal Year Fiscal Year Fiscal Year 
. ~962 - 1960 1961 

$625, ooo $1,000, ooo --- 
125, ooo 200,000 --- 
707,500 1,200, ooo --- 

4,500, ooo 5,800,000 $2_11~00, ooo 

$5,957,500 $8,200, ooo $2,300 ,  ooo - 
services except launch services will be 
Guidance services are procured through 
of the radio guidance systems tluri.ng esch 

R 1 2 0  - 2 



of the Della launches. Amds required f o r  shipping costs are transferred t o  
the A i r  Force which supplies a i r l i f t  services i n  the transportatior of Delta 
stages fron the West Coast t o  the  Atlantic Missile Range. 
services iricl-ude such items as the purchase of propellants, range cwertime 
compensation, provision of telemetry support services, and d i rec t  k'ork orders 
issued t o  1;he Atlantic Missile Range. No fbnding f o r  these items b i l l  be 
required in the f i s c a l  year 1962. 

Range sLpport 

Funding is  required i n  the f i s c a l  year 1962 f o r  contractor l a u c h  services 
t o  receive:, ctssemble, check out, and launch the vehicle. The requested f'und- 
ing w i l l  ccmplete a l l  requirements f o r  contractor launch services f'or the twelve- 
vehicle EKLtct program. The last development vehicle launch is expected l a t e  i n  
the f i s c a l  yeax 1962. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1962 ESTIMATES 

CENTAUR 

SUMMARY OF REQUIREMENTS: 
-3 

1961 
1562 Page No. -- -II- 

1961 Supplemental - 1960 - 
Vehicle Ikvelopment a $19,344,203 $28,700,000 $13,394,000 $32,8c0,000 m2l-3 

Engine Devel-opment + 16,300,000 16,100,000 --- 19,5CO,OOO KD21-4 

Bystem Support.. . . . . l,OOO,OOO 2,200,000 2,181,000 -_I_ 4,1CO,OOO RD21-6 

Totai,. .-. . . . . $36,644,203 $k7,000,OOQ $pr?75,002 $56,4CO,OOO -- -- 
OBJECTIVES :: 

To develop a general purpose launch vehicle of ,high-performance and 
r e l i a b i l i t y  f o r  Earth s a t e l l i t e ,  lunar, and planetary exploration nissions. 

JUST1FICA’I’::OB: 
I.. 

The NASA mission requires launch vehicles capable of injecting, on a 

I n  order t o  cover the range o f  NASA niission 
wide variety of space t ra jec tor ies ,  s c i en t i f i c  spacecraft differ in@ exten- 
s ively i n  weight and volume. 
requirements a t  minimum cost of time and money f o r  launch vehicle develop- 
ment, procurement, and operations, NASA haB se t t l ed  on a relatively few 
different  rid-ti-purpose launch vehicles ranging from the Scout t o  the 
Saturn. Theee launch vehicles w i l l  be used repeatedly by the NASA and i n  
most cases by the Department of Defense as well, i n  order t o  build reliabil- 
i t y ,  which is a dominanC fac tor  i n  the cost and r a t e  of progress i r  space 
exploration. Composed of an Atlas first stage and. a new liquid-hydrogen 
liquid-oxygen second stage, the Centaur is a v i t a l l y  important and urgent- 
l y  needed member of t h i s  launch vehicle family. 
the Centaur w i l l  have a payload-carrying capacity of 8,500 pounds, thus f i l l -  
ing the neod f o r  a vehicle capable of‘ carrying payloads which are too heaw 
for  the Thor or  Atlas-Agena B vehicles (up t o  5,000 pounds) and toc l igh t  

pounds}. 
ment which can perform t h i s  role. 

On a low Earth-or l i t  mission, 

t o  wrrant;  the use of the more expensive Saturn vehicle (payload 1, c , 000 
There? is nq other vehicle currently i n  existence o r  under develop- 

RD21- 1 



It it? planned t o  launch ten Centaur vehicles between late-calendar 
year 1961 and mid-calendar year 1963 as par t  of the vehicle develclpment 
program. 
essential. for the following reasons : 

An early and rsuccessf'ul completion of t h i s  f l ight  progrsm is 

1, Centaur is  the first rocket vehicle t o  u t i l i z e  liquid-hycrogen 
and liquid-oxygen aa propellants. 
one- t h i r d  greater performance than the conventional kerosene l i qu j  d-oxygen 
p r o p e l l a x  combination, 
ated w i t h  the use of t h i s  advance propellant combination w i l l  const i tute  
a substanxial technical breakthrough i n  rocket performance, an  a r e a  i n  
which the United States  space program most needs improvement. 

This combination promises more than 

SuccessfKL solution t o  the many problems asaoci- 

2. ![The Centaur second-stage engine w i l l  be used t o  power the  S-IV 
and S-V s-zages of the Saturn vehicle, the development of which car r ies  
the highest national pr ior i ty .  

3. JU:L the upper stages of Saturn w i l l  u t i l i z e  liquid-hydrogen as 
f'uel. The iauccess of the Saturn program, therefore, depends upon the early 
solution of hydrogen problems encountered i n  the Centaur program. 

4. fPho Rover nuclear rocket engine w i l l  use liquid-hydrogen, and is, 
therefore ,  riimilarly dependent upon Centaur's ear ly  success. 

5. Tht! lunar and planetary exploration programs of NASA and the 
Departmen% of Defense Advent 24- hour communication s a t e l l i t e  p r o s  am, 
cannot, proceed effect ively u n t i l  a vehicle of Centaur's capability is 
available 

In view of the many developmental problems t o  be overcome an6 the need 
f o r  adequwtt? time t o  construct the necessary f a c i l i t i e s  f o r  grounci testing, 
launching,, tracking and data handling, late21961 was selected as the 
e a r l i e s t  (fate tha t  a first launch of Centaur could be scheduled. The budget 
amounts and time phasing are  considered tiha minimum t o  enable meeting the 
t h e  schetfule f o r  the  technical objectives established f o r  the Certaur de- 
velopment; program, A delqy i n  providing funds on the time schedule indi- 
cated wil.:! necessitate e i the r  delaying the f l i g h t  program and thus the 
important; programs c i t e d  above which depend upon Centaur's ear ly  success, 
o r  attemplxhg a f l i g h t  prQgram without having completed the minimxm level 
of pre1im:tnctry ground tes t ing  and r e l i a b i l i t y  acmurance work whick sound 
engineering dictates ,  thus hazarding a failure of the f l i g h t  program and 
consequerr; timago t o  our internationaJ. prestige. Both of these alterna- 
tives are  unacceptable 

The tunount requested as a 1961 supplemental estimate is  a c r i t i c a l l y  
important; el-ement of the minimum funding p lm.  
finance t;lio pro-launch e f fo r t s  without which the success of the first 

It is required t o  help 
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Centaur lemch, and followcon launches, wcvuLd be i n  considersble jeopardy. 
It w i l l  pr-awide finding for: 

1. Procuring and instcnlling er television system for in-fl ight obaer- 
vation of propellant behavior i n  the first three Centaur flights. 
visual inwtrumcntstion far th i s  purpose has not been developed. 

Non- 

2. I'rocuring and launching four Aerobee rockets c w r y i n g  zero-gravity 
test  a r t i c ! l c ! s .  
liquid-hy-clrogen i n  the air-leas,  zero- gravity environment t o  bo tncguntered 
later by cict;ual Centaur flight; vehicles. 

These tests are necessary t o  giw data on the behavior of 

3. Extending the mount of component ground $esting necessary t o  
improve our confidence in  the adequacy of vehicle components and launch 
s i t e  oquilimcmt t o  perform the i r  intended fwrction. 

I .  Ilhergency overtime at  contractors' plants t o  help meet t k e  very 
t i gh t  schcvhle of event8 leading t o  first launch. 

5. 1Sngineerlng changes necessary in  system components t o  make them 
re l iab le  f o r  f irst  f l igh t  . 

6. Additional ground instrumentation t o  adapt the  existing NASA 
worla..wida instrumentation network f o r  use w i t h  Centaur. 

The :Fiscal year 1962 estimates provide f o r  a con$inued and st,rerqth- 
ened Centrzwr development program. Recent technical d i f f i cu l t i e s  with the 
dovelopmiit of the Centaur engine md t t a  associated equipment have given 
evidence of insufficient strength i n  the development phasre. 
decided t o  extend the development period approximately four month8 and t o  
strangthe:? it substantially by increased vehicle ground testa and increwad 
engine growid tests pr ior  t o  and during the f l i g h t  progrmm. It i l l  con- 
sidered e,3scntial t ha t  t h i s  strength be added t o  insure vehicle s t~cc tss  i x i  

flight an9 ta help avoid the very high costs of devclogmcnt flighl, fa i lure .  

It hells been 

FUNDING REQIJIRTWWYS - ,  : 

Fiscal Year 
Fiscal Year Fiscal Year 1961 Ii'iacal Year 

Vehl clle Development 1960 , , 1961 . ~ Supplqnental I 1962 , 
--c , ,  

Second-Stage Design and 

First-Stage Procurement 

Fabrication of Second-Stage 
Test Vehicles. ............ 11,900,000 6,160,000 6,984,000 6,460,000 

Ground Testing. ............ 2,200,000 10,350,000 1,8QOyOO0 5,640,000 

Engineering.. ............ $4,444,203 $3,9&,000 $3,810,000 :b,750,000 

and Modification. .. .I.. .. : 800,000 5,600,000 --- 8,kOO,OOO 

Reliabil i ty ................ --- 2,65~,0w 800,000 6,550,000 

Total, Vehicle 
Development........... $.3,394,000 



This po:rtion of the program includes the design, engineering, fabric& 
tion, ground testing, and reliability testing for the Centaur second stage 
(less engiiies), and the design of modifications to, and fabrication of, the 
first stage (Atlas). Two Centaurs have been assembled. The first Atlas- 
Centaur hai3 been erected on 8 stand at the Atlantic Missile Range f o r  
compatibility checks. Three guidance sets have been delivered. G~ound 
tests are proceeding at the contractors' test facilities, and at the 
Langley Re,seizrch Center. 
tractor's Pacility and at the Lewis Research Center. 

Hot static firings will soon begin at a con- 

Second-Stage Design and Engineerin4 

This item includes engineering services for the design of the Centaur 

Extensive design work is necessary to improve ';he per- 

Component re-design will be neceirsary as 

second stage, engineering studies of various flight trajectories, trnd 
technical reports. 
formance of tank insulation, tank vents, propellant acquisition @ytitem, 
boost pumps <and cooldown system, 
the testing program progresses. 

First-Stage Procurement and Modification 

This item includes design of modifications necessary in the A d a s  ICBM 
to adapt it for use with the Centaur second stage, and the fabricaeion and 
check-out of the modified Atlas. Ten such Atlases are provided for in the 
program. 

Fabrication of Second-Stage Test Vehicles 

This item includes the manufacture of Centaur second-stage ve:liclQs 
(less engines) and their check-out. 
the program. 
designs necessitated by the results of ground and flight tests. 

Ten such vehicles are provided for in 
New vehicle components must be fabricated tg reflect the re- 

Ground Testing 

This item includes preparation of a special test vehicle and 3ther 
vehicle components, and the carrying out of testa to obtain data on 
storage, pumping and heat transfer characteristics of liquid-hydro,gen, 
operation of integrated attitude control system, jettisoning of hlsat 
insulation panels, and on the operation of integrated second-stage flight 
propulsion systems. The program includes the estimated costs of ground 
systems-tests of a complete flight-type second stage vehicle in an altitude- 
sirmzlation facility. These tests, or their equivalent, are considered a 
prerequisite to adequate flight reliability. 



Reliability 

This item includes environmental testing, on the ground and 111 flight,, 
of multiple ,samples of vehicle components (such & ~ l  guidance components), 
statistical analysis and reporting of the results of such tests, auld feed- 
back of test results to the component designer to aid in re-design of the 
component, if necessary. 

Fiscal Year Fiscal Year Fiscal Year 
:~962 - __I- Engine Development 1960 1961 

Engine Design and Engineering.. .... $14,700,000 $8,400,000 :w,m 
Fabrication of Prototype and 
Production Engines. ............... 1,600,000 6,000,000 5,160,000 
Ground Te6ting.........o........... --- 1,200,000 13,240,000 

300,000 - Ground Support Equipment........... --- 500 y 000 

Total, Engine Development.. ... $16,300,000 $16,100,000 &,500,000 -= 
The Centmr second-stage engine is the first flight-configure1 rocket 

engine utilizing liquid-hydrogen and liquid-oxygen as propellants. 
features a, tubular-walled combustion chamber fed by a turbo-pump a3sembly 
that is pcwered on the "boot-strap" principle, i.e., the turbine dlsrives 
its power solely from the heat that is transferred from the combustion 
chamber tcl tohe liquid-hydrogen coolant. This portion of the progrlun In- 
eludes the cssign, engineering, fabrication, and ground testing of the 
Centaur se'cond- stage engines and the auxiliary ground equipment necessary 
to support, tbe transportation, checkout, and firing of Centaur engines in 
ground tests and in the flight program. Preliminary flight rating tests of 
the Centam hydrogen engine are currently under way and will be completed 
soon. !Fwelve ground test engines and sufficient flight engines for the ten 
Centaur development vehicles, plus >sparesy are provided for in the program, 
Ground tests at the West Palm Beach test facility are currently under way 
in support, of the coming flight program. 

IC 

Engine Design and Engineering 

This item includes engineering services for the design of the Centaur 
second-st,age? hydrogen engine, engineering studieg of the engine's adapta- 
bility to operation under off-design conditions, and technical regorts. 
This desl.gn work will continue into the fiscal year 1962 to Fmprove the 
engine ignition, thrust control and cooldown systems, sufficiently to 
qualify for flQht. 

Fabrication of Prototype and Production Engines 

This i t e m  includes the manufacture of Centaur second-stage, er,gines 
and their checkout prior to delivery. 
the design improvements currently under investigation are requirei. to 

Twelve ground test engines embodying 
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support the Centaur ground t e s t ing  program at  the engine contractor 's  piant,,  
i n  the a l t i t u d e  f a c i l i t y ,  at  Edwards A i r  Force Base and a t  the Lewis Re- 
search. Center ., 

Ground Testing 

This item includes the fabr ica t ion  of non-deliverable developmentd. 
engines, t k c i r  i n s t a l l a t i o n  i n  the  West Palm Beach test  f a c i l i t y ,  and the 
conduct of the t e s t s  i n  that fac i l i ty . ,  It a lso  includes technicdl servkes 
provided by. the  engine contractor during engine-vehicle t e s t s  at, the  vehicics 
contractor 's  test  f a c i l i t i e s .  Considerable e f f o r t  i s  required t r J  i q r w e  
the safety m.d u t i l i z&t ion  of contractor tes t  stands and t o  gi*re neavy 
emphasis tc l  r e l i a b i l i t y  by extensive engine ground t e s t s .  
al engine r u . s  on the  ground a re  scheduled p r i o r  t o  f l i g h t ,  

Over 103 adllition- 

Grcund Support Equipment 

This i t e m  includes the design, fabrication, and check-out of auxi l iary 
equipment necessary t o  support the  second-stage engines ., Engine grmnd 
handling d c i l l i e s ,  and engine t e s t ing  and check-out equipment fm- use a t  
ground test. s i t e s  are required, 

E'iscal Year 

Supplemental 1962 
Fisca l  Year F isca l  Y e a r  1961 Fiscal  Year 

--.-.--- 1961 
I_- 

fjysteni Supper"; 1960 

Ground Inst,rclreentation. o .  , e a +, Y_.m -..- $1,981,000 
Iaunck Ser.t-ic:es ., e e a ., e , ., --- $1,500,000 . -me  $IC,10Cf,O30 

200 p (300 -e- Test Grouri c'l S q p o r t  Equipment ., $1 , 008 , 000 700 , 000 __ I-_-- 

T o t a l ;  System Support, ,, $l,OCX),OOO $2,200,000 $2,181,00(3 -?--- $4 lOC1,(30r3 
_I .-.- 

This portion of the program includes the design, engineering, fabriea- 
tior,, grouiid tpsting, and in s t a l i a t ion  of tracking, telemetry md c ommwiica- 
t ions  equipment of ex is t ing  down-range tracking s t a t ions  t o  adapt these 
s ta t ions  to the i r  intended use f o r  Centaur f l i gh t s .  Inchded  are test  groun3 
support equipment a t  the Centaur launching s i t e  a t  the Atlant ic  Mi€ s i l e  Range 
and the seid-ces required at tne launch s i te  t o  prepme the f i r s t - s t a g e  and 
second-s tage vehicles fo r  launch and t o  launch them. 
the t en  Cerittm? development, vehicles a r e  provided, 

Launching service3 f o r  

Ground Instrumentation 

T h i s  :-tea provides f o r  the procurement and in s t a l l a t ion  of net' gr91;nd 
equipment 3-ecpired at  ex is t ing  tracking s t a t ions  t o  track, recieve data, 
and tr&nsni:.t the data received from the Centaur vehicles i n  f l i g h t ,  



Launch Services 

This :itam provides f o r  services by the Centaur contractors required 
at  the lairncli s i t e  t o  prepare the f i r s t - s t age  and second-stage vehicles 
f o r  launch and t o  launch them. 

T e s t  Ground Support Equipment 

This Item provides fo r  the design, fabrication, checkout and installa-.  
t i on  of the apecialized t e s t  and operating equipment at  the Atlantic 
Missile Rtuige necessary t o  support the launches of the Centaur vehicle. 
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NATIOmAL AEROMAUTICS AlQD SPACE AJX!XLSTRATION 

FISCAL YEAR 1962 ESTlMATES 

SATURN 

SUMMARY -- OF REQ-S: 

Page NZI. - 1962 - 1961 - 1960 - 
Vehic1.e Ikvelopment.. .... $33,755,000 $67,253,000 $157,770,000 FtD22-5 

Engine Development.. ..... 14,938,000 33,800,000 34,070,000 RD22-9 

system support. .......... 8,627,000 17,005,000 32,320,000 - EiD22-10 

m,a.. ............. 57,320,000 $224,160.000 - 
DOD ............. 47,870,000 
NASA............ ,9,4EjO. O E  

To develop a multi-purpose vehicle system using a "building-block- 
approach" f o r  the  upper stages t o  achieve a var ie ty  of configurations 
and capaI~il..ities. 
meet future space requirements for  large payloads on a sound basis of 
reliabil.i.ty, safety, timeliness, and economy, 

This concept w i l l  provide a family of vehicles t o  

The Seiturn vehicle development, which carr ies  t he  highest national 
pr ior i ty ;  involves the  development of vehicle stages, a guidance system, 
engines, and the  develogment of special  support equipment fo r  handling, 
check-out, transportation, and launching. Saturn will be a multi-purpose 
vehicle, capable of sending large payloads in to  interplanetary space and 
even larger  payloads (3  t o  T-man crew) in to  o rb i t s  near the  E a r t h .  

The Saturn project was i n i t i a t ed  by the  Advanced Research Projects 
Agency (JLRI'A) of the  Department of Defense (DOD) i n  August of 1958. 
f i r s t - s tage  concept, based on the  u t i l i za t ion  of multiple "off-the-shelf" 
engines t o  obtain a thrus t  of l,5OO,OOO pounds has remained re la t ive ly  
uncbngetl since tha t  time. The use of multiple engines i n  each stage 
w i l l  provide the capabili ty of carrying out t he  desired space mission 
with one ergine inoperative. 
announcecl h i s  intentiion of t ransferr ing the  Saturn program from t h e  DOD 
t o  NASA, a jo in t  NASA-WD committee recommended tha t  a l l  the  upper stages 
of Saturn should u t i l i z e  high-energy propellants ( specif ical ly  l iquid 
hydrogen arid l iqu id  oxygen). 

The 

Af' ter t he  President, i n  ear ly  NoveEber 1954, 

The configurations now planned are  the two 
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or  three-s.t;r%ge C - 1  (stages S-I .I- S-IV + S-V) and the two, three- c t r  four- 
stage C-2 (stages s-I + s-I1 + s-IV i43-V). 
the Satma ;stages S-I, S-11, and S-IV w e  each physically larger than any 
missiles previously developed i n  the United States, and also the latter 
t w o  are pioneering developments using the new cryogenic fuel, Liquid 
hydrogen. 
vehicles i s  one i n  calendar year 1961, two in  1962, five in  1963 rad two 
in  1964. 

It is  significant t o  note that 

The planned launch schedule fo r  the ten Saturn developlent 

The Saturn C - 1  i s  being reconfigured t o  accommodate design changes 
evolving from the S-IV stage development progran (i .e. ,  the incorpora- 
t i o n  of six engines instead of four.) With the increased thrust rtvail- 
able froa: the S-IT stage, the Saturn C - 1  vehicle, when comprised of two 
stages (&-I and S-IV), w i l l  put increased payloads into low orb i t  with 
higher re l iab i l i ty  than can be accomplished with the three-stage zonfig- 
uration (S-I, S-N an4 S-V). 
the primary role of the Saturn C - 1  vehicle w i l l  be orbi ta l  missiozs for 
such space programs as Apollo. 

Refined mission analysis has indicated t h a t  

The additional stage ($-P) in the second version of Saturn (the C-2) 
will provide approximately 2 times the payload capabllity of the  C - 1  and 
w i l l  ad& t o  t h i s  country's vehicle capability by making possible more 
difficul.4; missions, such as  manned circumnavigation of the moon and orbit- 
ing of o1;her planets. 
missions with early application t o  hyperbolic reentry t e s t a  for the  
ApolZo program. 
version provides f o r  one launch in  calendar year 1964, four i n  1565, and 
two in  1966. 

The primary role for the Saturn C-2 w i l l  be escape 

The planned developmental launch schedule f o r  the C-2 

A mre detailed discussion of t he  various developments whick. make 
up the wlio:Le Saturn program follows. 

Vehicle Development 

The conf'iguration of Saturn currently under development ( the C - 1 )  
is  a two-stage o r  a three-stage vehicle. 
development as an in-house project a t  the Marshall Space Flight (!enter, 
uti l izing engines manufactured by the Rocketdyne Division of Nor;h 
American Aviation, Inc. 
are being developed by the DoqZas Aircraft Company and by the Convair- 
Astronautics Division of General Dymmics Corporation, respectively. 
The latter two  stages will uZ;ilize engines provided by the Pratt  & Whitney 
Division o f  United Aircraft Corporation. An a l l - iner t ia l  guidanze 
system k i l l  be employed with the C-1. 
be capable of placing amrox$mately ten tons of payload into o rb i t  about 
the earth, and the three-stage version. win send about three tons beyond 
the eartb's effective gravitational f ield.  
second f l i g h t  vehicles (SA-L and SA-2), each consisting of a l ive booster 
and dumniy upper stages, i s  now underway. 
of the  first stage (S-I) are being made in  1961. 

De F i r s t  stage (S-I) :.s under 

The second stage (S-IV) and the t h i r d  s;age (S-'1) 

The two-stage conffgurertilm w i l l  

Assembly of the first and 

Both s t a t i c  and dynamic tests 
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The planned growth version of Saturn ( the  C-2) w i l l  be used i n  two- 
stage, three-stage. rcna four-stage configurations. For the C-2, a large 
new second stage @-TI), also using hydrogen and oxygen, must be de- 
veloped. Pie former C-l second stage (S-IV) becomes the  new t h i r d  stage 
and the former C - 1  t h i rd  stage (S-V) becomes the new fourth stage. 
advanced al.1-inertial guidance system is  planned t o  be used w i t h  the 
Saturn C-2. Two-stage o r  three-stage vehicles will be used fo r  most 
earth o rb i t  missions; the  three-stage version also w i l l  be used fo r  lunar 
and interplanetary missions. Extremely high energy missions, i . e . ,  probes 
t o  Jupi ter  o r  Mercury, will require the  four-stage version. It is  
significant; t o  note that  the heavy payload launching potent ia l  of the  
Saturn ccinnot be at ta ined unless the  new second stage (S-11) is  grovided, 

An 

-c S-I s t s :  The first stage (S-I) of Saturn employs eight Rccketdyne 
H - 1  engines, each delivering 188,000 pounds of th rus t  a t  sea level,  fo r  a 
t o t a l  th*uz:t of 1.5 mill ion pounds. 
diameter and 80 feet long. 
propellant combination; they are carried i n  a cluster  of eight elongated 
tanks, of the same diameter as the Redstone missile tank, surrourding 
one elongated tank of the  same diameter as the  Jupi ter  tank. 
can be individually shut off  on command when an incipient malf'unction is  
detected. Since the engines are simplified adaptations of t he  well-proven 
engines used i n  A t l a s ,  mor,  and Jupiter,  t he  number of malfunctions dur- 
ing fliglit i s  expected t o  be low. 

The stage is  about 21-1/2 f e e t  i n  
Liquid oxygen and RP-1 (kerosene) form t h e  

T h e  engines 

S-I:[ stage: This new second stage, t o  be used only i n  the  Elaturn 
C-2 conf:iguration, w i l l  be the same diameter as the S-I stage (21.-1/2 
feet), w i l l  contain over 300,000 pounds of l iquid hydrogen and o>ygen, 
and wiLT be powered 'by four engines. 
t ion  of S-XI stage development i n  the  first half of the fiscal. year 1962. 

The second stage (S-TV) of the  Saturn C - 1  conf!.guratiori 

-- 

Present plans c a l l  fo r  the initia- 

S - r d  stage: -- 
u t i l i z e s  the liquid-hydrogen liquid-oxygen propellant and a cluster  of 
s i x  Centaur engines b u i l t  by Pra t t  & Whitney Aircraft  t o  provide a t o t a l  
th rus t  O F  !30,000 pounds. 
with a Itsngth of over 40 feet  and a propellant capacity of l O 0 , o O O  pounds. 
A pre1imin;zry study contract followed by a development contract :.ate i n  
July 1969, i n i t i a t ed  the development of t h i s  stage; i t s  first fl:.ght i s  
planned €'or early 1963. 

This stage i s  about 18-1/2 feet i n  diameter 

-- S-V s'%: The th i rd  stage (6-V) of the Saturn C - 1  i s  a Centaur 
upper stsg5, modified t o  f i t  Saturn launch equipment. 
engines which are t o  be u t i l i zed  i n  the  S-IV are t o  be used t o  power t h i s  
stage. It will be 10 fee t  i n  diameter, and will contain about 2t1,OOO 
pounds of usable hydrogen/oxygen propellant. Coasting, a t t i t ude  control., 
and engtne r e s t a r t  capabi l i t ies  w i l l  be incorporated i n  t h i s  s tap ,  a s  i n  
Centaur, t 3  permit the attainment of more d i f f i cu l t  o rb i t s  and deep space 
t ra jec tor ies .  A preliminary study contract was awarded i n  October 1960. 
Due t o  primary emphasis on o r b i t a l  missions for  t he  first Saturn vehicle:;, 
t he  S-V development will be limited t o  engineering design studies i n  the  
f i s c a l  year 1962. 

Two of the? same 
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--- Guidlance: The guidance system w i l l  be physically located abwe the  
upper stetge of each C-1  and C-2 configuration, and will send commmds t o  
the  control. systems of a l l  vehicle stages t o  ensure tha t  t he  proper tra- 
jectory j.s flown. 
number of' p o u n d  guidance s ta t ions spread around the  world w i l l  nDt be 
required, 
sensors, so t ha t  a greater storage capacity f o r  t ra jec tory  informstion 
Kill. be available. 
capabili ty w i l l  require t h i s  greater guidance f l ex ib i l i t y .  

An a l l - i n e r t i a l  system will be used, i n  order that  a 

It i s  planned t o  use a d i g i t a l  computer linked t o  the  required 

The t ra jec tory  changes associated with engine-out f l i g h t  

ZL-+ S den1 inte rat ion:  The Masshall Space Flight Center i s  responsible 
fo r  t he  over-all  esign and development of the  Saturn vehicles, including 
the  systwm check-out and launching and the  integration of t he  various 
developme?n-t;s t o  ensure that a l l  pieces are compatible with each other and 
with the  pl.a,nned launching technique. 
responsi3)lc: fo r  t he  design and development of the S-I stage. The Douglas 
Aircraft  Company has the  responsibil i ty fo r  t he  S-IV stage, and Convair- 
Astronau1;ics fo r  the  S-V stage. The guidance system development 
responsibi l i ty  w i l l  be a partnership e f for t  between the  Marshall Center 
and industry. The Goddard Space Flight Center, t he  Jet P'ropulsi.cn Lab- 
oratory ant i  t he  Space Task Group will have the  responsibil i ty for the  
design and development of the payloads t o  be placed atop Saturn. 

The Marshall Center is a l s o  

mine Development 

"he rocket engines t o  be used i n  Saturn are developed under separate 
eontractrr and are supplied t o  the  respective stage contractors aE govern- 
ment furnished equipment. This procedure helps t o  minimize the  rumber of' 
engine cttsvelopments required; one engine can thus be used i n  more than 
one stage. Described herein are the  so-called H-1, J-2, and RL-IO engines. 
The H - 1  imtl 5-2 engines are used i n  the  Saturn S-I and S-I1 stage s, 
respective:ly, and the  RL-10 engine is  used in  both the  S-IV and E-V stages. 
A se r ies  o:? s t a t i c  t e s t s ,  using eight clustered H - 1  engines for  E ,  t o t a l  
firing 1;:he of more than 500 seconds a t  the  1,320,000-pound thruEt level,  
has been completed. 

-- H - 1  engine: The H - 1  engine is  the  logical  outgrowth of the  engines 
already developed for  t he  A t l a s ,  Thor, and Jupi te r  missiles. The engine 
burns l iqu id  oxygen and kerosene. 
missile mgines previously mentioned which is  being uprated from 165,000 
t o  188,000 pounds thrus t .  
t h i s  engine, i ts  development history, thus far, has been outstanclingly 
good. 
of these engines in the  Saturn S-I stage should provide a rocket power 
plant  which i s  considerably more rel iable ,  a t  any given point i n  time, 
than any other of comparable thrus t  rating. 

It i s  a simplified version of the  

Because of t he  simplifications incorpcirated i r i  

With the  presently achieved record of r e l i a b i l i t y  the  use of eight 
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RL-LO Engine: The RL-10 engine is  t o  be used i n  both the S-IV and 
$-V upper stsges of Saturn and is  basically the same engine that  w i l l  be 
used in thle Centaur vehicle. 
the f irst  flyable engine t o  u t i l i ze  the high-energy propellant ccmbina- 
t ion of liquid hydrogen and l iquid oxygen. 
engine fix adaptation t o  the six-engine cluster t o  'be used i n  S-;N 
Saturn w i l l  be kept t o  a minimwn. 

7- 

This l,5,OOO-pound thruat engine w i L l  be 

Changes t o  the basic Centaur 

5-2 Engine; Four 5-2 engines will be used t o  power the S-11: stage. -- 
This engine, capable of producing 200,000 pounds of thrust, is  the 
largest  engine currently under development that uses liquid oxygen and 
liquid hydrogen for propellants. 
ing advanced in  conjunction with the Saturn C-2 schedule acceleration, 
experimental hardware procurement must be ftwded for  Saturn i n  f l s ca l  
year ~g&? .  

Since the 6-11 stage development is  be- 

system support 

A nimlmr of areas of developmental effort  are required t o  bring a 

Some of these areas of ef- 
space launching vehicle t o  such a level of re l iab i l i ty  that expensive 
payloads can reasonably be assigned t o  it. 
f o r t  do not result  in  hacrdware which f l i e s  with the operational vehicle, 
yet they are nevertheless necessary if  the hardware developments are t o  
be succecM'u1. In the case 
of the Strturn program, the System Support effort  includes the development 
of ground CjUppOrt equipment, the development of appropriate system instru.- 
mentation, the development of sat isfactory l.aunching operational tech- 
niques, Erncl the procurement of the necessary propellant corqponents. The 
ground support equipment necessary t o  permit the transportation o f  the 
large first stage and t o  provide for the fueling, check-out, and launch- 
ing a t  tbe Atlantic Missile Range w i l l  be complete in  1961. 

Such areas are grouped under System Support. 

-- Ground support equipment: This encompasses the development of 
those itcma of equipment which are used for the handling and check-out 
of the Setttm vehicle. Any such equipment which i s  related t o  the con- 
struction of facilities for the Saturn program are budgeted i n  the 
Constructian of Facil i t ies appropriation. The development of equipment 
items not, related t o  f ac i l i t y  ConstructiQn, but t o  the Saturn vehicle 
i t s e l f ,  &tre budgeted here. 
transporters for  the various stages, handling slings and dollies, and 
electrica.1 and pneumatic check-out panels. 
be used either a t  the Marshall Center, supporting either the s t a t i c  
f i r i n g  ef'fclrt or the pre-shipment m%ing and check-ou.f;, o r  at  the 
Atlantic Missile Range, supportirq either the hangar checks o r  th,o on- 
pad checks. Some items, such as the traasportars, w i l l  stay w i t h  the 
vehicle, and hence be used a t  both locations, 

Examples of' these l a t t e r  items are rosd 

In general, these itens may 

Systea instmentat ion:  During a rocket vehicle development, ob- 
taining knowledge of the environment t o  which the vehicle is exposed 
during f l . igb t  i s  essential t o  the development team, if they are t s  
know what rrlade the vehicle perform as it did. Intiernal pressures, 



external pressures, vibration levels,  compartment temperatures, &;he 
activation of essent ia l  e l e c t r i c a l  relays, valve operations, and the  
response of the  guidance sensors a l l  serve as examples of the  type of 
infomation which is  needed. An extensive set of vehicle-born i ~ i s t r u -  
ments i s  required t o  measure these parameters and t o  telemeter the in- 
formaticn back t o  t he  ground. Also needed, of course, axe telemetry 
receivers and decoders, t o  present t h i s  information i n  usable form. 
Since %turn  is  larger and more complex than missiles previously de- 
veloped, more extensive and more sophisticated system instrumentcl%tian 
i s  needed t o  gather, transmit, and present t he  necessary information. 
It is  nciteworthy tha t  t h i s  system instrumentation is  primarily used 
during the! vehicle development f l igh ts ;  far less vehicle instrummtntion 
w i l l .  be required during Saturn ' s operational phase 

L.- Launch operations: This support area includes the  supply of msterial  
for  general use at the  launeh complex, t he  supply of replacement par t s  for  
the laurieki complex, t he  transport  of t he  various stages, and studies con- 
cerning possd%le improvements of e i ther  the  launching equipment or the 
1aunchj.ng techniques. 

Veh ic 3.e Development - 

S-I sta,Ze. ', . e * e e a ,, e o  s.-I1 stage. .................... 
s-Tv st;age.. * n 0 0 . 0 .  * 

S-V stage, ..................... 
Guidance syst  em.*.......^...... 

System integrat.foxc e e * .  

0 0 0 0 0 0 0 0 0 0 

Flight -- and ExpendEh2.e Hardware : 

S-I stage ...................... 
S-I1 stage ..................... 
S-IV stage..................o.e 
S-V stage. ..................... 
GuidEsee system.. .............. 
System integration ............. 

Total , Vehicle Development 

Fiscal  Year 
1960 

$I&, 940,000 

805,000 --- 
1,460,000 

$33,755,002 

Fisca l  Year Fiscal  Y e a r  
1962 ----- 1961 

25 J 018,O0O 

6,110 , 000 
1,200,000 
3,387,000 

--- 

723 000 
Kw%j 

$16,000,oO0 
u, 900 , 000 
14,600,000 
2,000,000 
: j ,200,000 

$67,253,000 $157,770,0~ 



De v-elopment Engineering 

S-I s.%e: The first f.:.igfit test; vehicle of the Saturn first stage 
has alreaqy -&en d+&tgned., f'&krl.xted9 and is undergoing s t a t i c  tefits. 
AdditionLL researzh and dewl-.;?m?ct, w o r k  will consist  primarily of test- 
ing of a mDdified control system; study of t ra jec tor ies  and interactions 
w i t h  structural dynamie effects i n  first stage; launching of the  f:.rst 
and second Satur ra  {SA-I. m d  SA==?: wfth dummy upper stages; s t a t i c  tests 
t o  obtain feedhack informat; ion f m m  f92irl;hts.; simplification of assc3mbly 
and checkout; p r w f  of the 3~.nA,:wrd. and dynamic in tegr i ty  of the booster; 
and ma,jor e f fo r t s  c a  rdia.bili.:;y prcof af components, Additional e f f o r t  
w i l l  be required t;c, d.e't,emnlna t1e st..nJct.xd. modifications required f o r  
the C-2,. S-1 mnPigLePatrca. 

__I 

-- S-I1 st%: With the Prea%dent*Es decirsipn t o  accelerate the 13aturn 
C-2, p r e l h i n a r y  design of the S-IS stage w i l l  be conducted and m r e  dec 
tailed andysits macia of highel- payload escape missions. 
the develclpntemt of "he 8-TT s twe  wS91 be i n i t i a t e d  during the f i r s t  half  
of f i s c a l  yew 1962. 
centrated. prim,wY-.y " a =veh5d.?. dewign and development f a c i l i t y  modif ice  
tion. 

A contract f o r  

The remfeder of" the  yetzpps e f f o r t  w i l l  be con- 

S-IV stage: In.Eti& design w w k  on the  S-IV stage w a s  based on a 

of t h e  eng3.r.: already developed f o r  Certaur 

---uII 

planned erig-ne o f  higher thrJ8.t %an ",he &IO used i n  the Centaur vehicle. 
In  order 1;o t&e &ivmt 
and to avoid de.velopment program, a decis ion has 
been made to u3-3 th<: t h e  Saturn S-IV stage,  Thie engine 
shod d p n ~ v f ~ d e  @a ewly  date. However, i n  order t o  
provide ac?ec,ltate thmmt, t<i-k &x2&:1ne8 w i l l  be required for the SIT' design 
instead or -the? four advmced d ~ i g ~ i  engines t h a t  had been planned, 
Although ,wine of the fnicze9 design work of the S-IV w i l l  have t o  be 
modified to ac:comodat,c the BLX R L = l O  engines, no schedule sl ippqp w i l l  
be incurrzd by these n,odfPicaLfom, 
"battleship" teesting ~ f '  th+ 9.-IV prapiilsI.on system wfLL be carr ied out. 
I n  "batt.Leship" t e s t i r g  tke flight vehicle system is made simpler and more 
rugged, IC ostler t o  aou:omodezf.ts possible development& mistakes. During the 
same interval,  an eqc2~ixcnt ;d  determination w i l l  be made of the Inter- 
actions between the S-XV tank strw4x~tf m d  Yne insulation. The Insulation 
is needed to keep hydmgel: froa vapwizing excessively and the l i l u i d  
oqygen i n  proximity to the hydrogen from freezing, La te  i n  the ymr, 
s t a t i c  t e s t ing  of a ful ly  instl-mented f l i g h t  stage w i l l  be in i t i s t ed ,  t o  
assure t k a t  t h e  S-IV is s s t&Psc . tmy  for flight tes t ing,  Other develop- 
ment proemins which will be 
S-IT)' c o n t n ~ i  syst,=m an? reLiaol! it3 t e s t ing  of the mJor f l i g h t  components. 

During much of the  f i s c a l  y e w  l.962, 

fed on include the development of the  

S-V stage: Mt;hou@ moe% f&im.fons f o r  Saturn can be accomplished with 
-̂ -- 

the stweis defined abvve9 the Ptdditiaa of mother  stage (S-V) mag prove 
usef'ul when c{?rtain high-mesgy t d ~ > s B o m  must be performed. 
planned t h a t  for t h e m  mia%2.oaw hhc- S-V atage w i l l  be obtained by using 

It is 
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a Centaw: %hat has been modified t o  $he miniman extent gossible. 
vestigat:lons into the opanzrzlloaal requlremats OP these high-energy 
missions w:LU be made and 48sign ars,Ays@e will be W t i a t e d  to i r t -  

vestigatls -the adaptlon of Ceneaw far them gurpoeela. 

a high-accuracy, digital-type guidance sphm wi l s  be continued, with 
emphasis on $he f lex ib i l i ty  which must be obished in order that the 
Saturn m%y achieve a l l  the wied typegi o$ p3mned missions, 
evalwtisn of improved sen8or and comrputar e q u i p a t  must be vigC)r- 
ously pursued. !he i n i t i a l  &daace w i l l  'be mod?liied as required by 
evmlwtion of the restilts of the first slktura flight t e s t s ,  
guidance system w i l l  be analyzed to 8etermrlne the modifications rteces- 
sary t o  satisfy Saturn requirments. 

In- 

-- Guil%mce system: During the fismA par 1962, the developmnt o f  

Extensive 

The Centaur 

Sptgm +tqp, t ion:  T4e problem of system in'tegration is expected 
t o  grow rger as more types of payloads am aaslgnedto Saturn. The 
pla&ed pro& includes resolution of all bter faae  problems a r : ~ s i n g  
between stages, the detennlmtion of .the vasioas systems effects due 
t o  the interactions expected during fl$&ht (propellant, aerodyntulic, 
thermodynamic, and trt) jectory problerao) and detailed .integration ef-. 
forts an t h e  i n i t i a l  Sa4m-n payloads. 

For maxlanrm economy and reXlability of the Saturn vehicle, :recovery 
methods must be e m b e d .  Also, i n  l a t e r  phases of a e  program, in- 
creased launching rates wiQ reguZre thwb %he current barge t ran~porta-  
t ion method must be augmented, possLbly tkwougk modification of an 
existing transport airoyaf't such as tka c43J.  The rel isbi l i ty  of both 
the C-1 and C-2 configurations e m  only  a t t a b  i ts  hi#est potential 
value i f  existing propulsion, struotum4, wroByPasnia, guidance md 
control suhsystms w d  cmposen$s w e  at3eqwtely proven in f l igh t  en- 
vironmer.ts obtslned froln the actual fliat test program. 
a n a l y a i ~ ~  and synthesis of re l iab i l i ty  programs f o r  specific equipment 
w i l l  be conducte8. 

Accordlngly, 

P;ught and I!3qpendaUe Hsrdware 

a lead t&ie of' 23 months i t s  required f o r  most of the components Which 
a r e  as$embled t o  form the %I $%age. 
cmponentEi w i l l  be ordered to satls#'y the requiwnents of f ive boosters 
(fligh-hg FA-5 through SA-9), -0 duriplr t h i s  period, the assembly for  
four boosters w i l l  be conrpletea (those to be used Ixl flights SA-4 through 
SA-7), em weU. a8 the checklout for the four baasters which w i l l  f l y  i n  
flights SA-3 through $A-6. 
as flight spares, t o  support the re l iab i l i ty  hssting program, and t o  aid 
i n  the prom of general developent testing. For the acceleration of 
the Satimi C-2 vehicle, ear l ier  delivery of hardware will require ad- 
dLtiona:L funding for the 8-1 &age eontrador t o  cover advanced engineer- 
ing plwmlng, t e s t  t bc i l i t y  modification, a s s e l y ,  inspection and check- 
out eqy:ipraen.t as well as hardware and assembly manuf'acturbg Labor. 

-c. S-3: E-: In the early stages o f  $he Saturp development program 

Puring %he f i s c a l  year 1962 

Qbher components w i l l  be obtained t o  serve 



8-11 t 3 t a E :  Suf'ficient componentis and equgpment w i l l  be procured 
in  l g s % i s u r e  the feasibi l i ty  of the preliminary &sip  proposed and 
t o  insure thtit the f irst  fl ight t e s t  ccaagonente wiU be available cn time. 

Components for five stages (SA-4 through SA-8) w i l l  be 
ordered during the f i sca l  year 1.962, Assembly of the two  stages t c  fly 
in SA-4 and SA-5 w i l l  be completed and tibe pra-flight s t a t i c  firm and 
Government acceptance of the 5-IV stage for SA-4 are scheduled t o  cccur. 
Also t o  be o't~t~%ined in  t h i s  period are spare fJ.ight camponents and 
componentr, t o  support boCh the general development testing and the re- 
l i a b i l i t y  -testing programs. 

I- Guidance system: 

-.__---- S-jrv 1 3 t g g :  

Tlze guidance sys.t;em fo r  Saturn operates on the 
same lead -time schedule as the S-I stage. During the f i s ca l  year 1.962 
Components w l U  'be ordered t o  support guidance systems for five Saturn 
flight vehicles (SA-5 through SA+) as w e l l  8s components t o  support 
general deve.lopment testing, re l iab i l i ty  testing, and t o  serve as f l i g h t  
spares. Widmce systems wiU be assembled and checked out t o  support 
f l ights  3 through 6. The Centaur pidance system w i l l  be modified for  
t es t  flights in  SA-5 and SA-6; fl i$ht spares an8 checkout equipment w i l l  
be requirea. 

Systems integration: Components w d  subsystems, which w e  necessary 

Engineer- 
t o  solve, experimeqtally, the various propellant, aerodynamic, theirno- 
dynamic and trajectory problems w i l l  bs purchased as required. 
i n g  analyses, including model testing of transportation of Saturn stages 
by aircraPt wiU be conducted. ZaveptigaC&ons, including model teijting, 
w i l l  be performed on techniques for rsuovery of Saturn launch vehic!les 
Rel iabi l i ty  testing of compopents and subsystems w i l l  be undertaken t o  im- 
prove the re l iab i l i ty  of both the Saturn C - 1  and C-2. 

- % s i n e  Development 

Development - Ebgineering: 

H-1  engine ................... 
RL-10 engine ................. 

Flight and. c Expendable ,, Hardware : 

Tottal., w i n e  Rvelopent  

Fiscal Yeas Fiscal Year Fiscal Year 
1960 1961 1: 662 



Development Engineer iq  

H-1 e-: During the fiscgZ year L.968 the! major developmental 
work o n ' t h i s  engine ahould be cmpleted. The engine w i l l  have success- 
f U l y  passed its preliminary f l i g h t  ra t ing  tea t  at the derated l a m 1  of 
165,000 pounds of thrust ,  and i ts  final, qualification test  at  the  
188,000-pauld th rus t  level.  
engine w i l l  continue t o  decline. 
clude emphersis on r e l i a b i l i t y  and such special  deverlopmenta as a re  shown 
t o  be necessary by the results of the S-IC startic f i r i n g  program ani of 
actual. Saturn r l ights .  

merefore,  the anginwring e f f o r t  on this  
The other developmental e f f o r t  will in- 

RL-10 engine: With the  reconfiwrst ion of the SPIV stage propulsion 
t o  use 'sir%-lO engines, the R E 1 0 B  develqment program has been termi- 
nated. Development funds clriginal.l? planned hawe been reduced t o  9 level  
required to modify the Centwr engine (&lo) configuration t o  the Saturn 
si-IV stage requirements. 

H-1 € s i n e :  
support the 
actual Satwn f l igh ts .  In  addition, components w i l l  be procured as neces- 
sary  t o  suppart the H-1 development program and the associated r e l i a b i l i t y  
program. Irtcluded, also, is the provirsion o f  inst ruct ion manuals and field 
engineering support f o r  the engine. 

Sufficient engines and spa3.e~ w i l l  be delivered t o  
assembly plan, the  %I sta2;ic f i r i n g  program, and the 

RL-LO E;wixl;e,: Engines and spares w i l l  be delivered t o  support the -- 
S-IV resseaibJ.y plan. 
engisea frapi four t o  eix# w i l l  requir@ ardditignsJ. hardware procurement and 
the incretrrsed prqduction r4te For the engine xi13 require augmentation of 
test faci?.it;ies. 
progTsua 03' i n  the rassociated r6t l iabi l i ty  program, as w e l l  as f ie ld  engineer- 
ing suppoi:t and inst ruct ion m n d s  w i l l  bs provided. 

Reconfiguration of  the S-IV, changing the number of 

Special component$, needed e i the r  i n  the developnent 

J-2 engine: To support tha accalar@tian of the  S-ZT ~ t a g e ,  procure- 
ment o f x q 3  lead time item f a r  ground t e s t  snginos, t o  be supplled t o  
the S-TI r3tnge contractor, w i l l  be required, 

Fieelal Ytaax Fiscal  Year Fir)cal. Year 
4-.-- System " Support 1960 1961 - 1962. 

Development 4-C Engineering: 

Ground isupport equiprn@nt. . . . . , . $t?,555,W $1,486,000 $'r! ,bO,OO0 
System Lniatrumentgltion. . . . . . 2,532,000 1,120,000 1.,500,000 
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Total, System Support......,,,. *$17,005,$@& &&320,OOO 

Develogmeni EnRinesring 

Ground svpport (2WmnC: 
1962 m h l e  necessary ground support aquipmetnt t o  support the f i r s t  
three Satcra fligh2;s from Munqh Qmplex, No, 34 at the Atlantic Missile 
Range will have been obtained. 
f i s c 4  year 196~ w i l l  be t o  incorgorrate modifications in to  the equipment 
designs as d.icta.trad by aotua9, f i e l d  handling 
t o  incorporate etdditiancrl wdOFications 81 required f o r  compatibility 
w i t h  Launch Comple?x No. 37. Complex No. 37 is being designed t o  be able 
t o  handle both the C - 1  and the C-2 conflguratiqns of Saturn and hence is 
not a c&x;t~ort copy of the Launch CampLex No. 3k,  

As of the begdnning o f  the f i s c a l  :year 

The major an@ineering tasks during the 

flight experience, and 

Sys!~m instrumentaticq: The fincal proofs of' sst isfactory operation 
of the new t;elfhne$&ri'hg ' a 4  tracking InartpwwntaWxl will be obtained. 
There will. be inoorgoratsd in to  the yerriouhs detfiigns whatever modifictrc 
t ions t o  %he! Ins tmenta%ion seem required as a r e w i l t  of the experience 
obtained in the first Batm flights. 
included an extensive f lPo r t  on jsrprovllng component r e l i a b i l i t y  f o r  
ins truxuentiat; ion . 

aero i n  t h i s  Wac period will 'be 

L&ync:hgercttioss: Studies w 3 l l  be wdertaJn;@n dwing $he f i s c a l  
year 1962 Zmcerning 'better water transpoxtPrtion tewhniques Tor t h e  
Saturn &xLgebjl, the possible u % i l i t y  of alternate meChods of transporting 
thelse sta&, and possible %mpkovemuts 
lmly from $he stanclpoint o f  minimizing 
al experimental explosive reseam& data 
oxygen and 'Liquid-hydrogen t o  eetab1;lsln 
metere; . 

i n  Manchlng techniques, particu- 
mhiale  timeloncatand, AdAition-. 
wt11 be obtained on liquid.- 
%he l awch  stmoture Besi@r pweb 

-6 wid Expendable Hardma 

-- Ground support equipment: During the fiscal year 1962 ordersl will 
be pleced for  the! pFokureinen6 of the apeci;rel p m d  support equipment 
required :h:r Saturn. The equipment w i l l  be ysed f o r  fueling, lauriching, 
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handling, transport, and field oheokroutx#. Sgwa chrak-out equipmeit 
and equipment t o  replace those. iterne which m y  be, deastroyed during the 
launching aperaOions will &$Leo be p~?ocweU* Contraotor f ie ld  support 
f o r  the Oheck-Out Of the QlqUipat  i s  AnClUd~d. 

8 stane, instmrman$atton: Znatnuaentatlqn will be ordered for  flve 

t h a t  approxlrwartely 1,000 teleaetqr  cht!uvwAs per vehicle w i l l  be empLoyed. 
The assembly and aheck-out o f  fllght ins.C~maenCation for four vehicLes 
will also be carried out $n the ftraasil year 1968, 
f ie ld  cheek-out equipment f o r  the instmen%ation w i l l  be obtained. 

Saturn + f ight vehic-5 through SA-9). T t  i s  presently estimated 

Spare tracking aid 

-c Launch operationst T;tle #'under wder tbis heading Eare required Por 
transporting the' vafious Saturn i tages Co the Atlantic Missile Rang:, 
supplying replaomen% parts fo r  L&unoh Complex No. 34 resulting fran 
losses during; Saturn launchlnga, and supplying standard materials and 
equipment reqyired i n  the launchlng operatione. 

Propells,nts: Propellyrbs mulilt be supp1Wi for the Saturn f l i g h t s ,  
f o r  the det.el.opment of the Saturn stages (SI, SIZI, S-IV), and fo r  
development and acceptance testa of the H-I. and -10 engines. 
gram will require l iqu id  oxygen, l$a;uid nitrogen, Uq.uid hydrogen, 
kerosene, &ad. helium. 
the previous year i a  due t o  much more extensive teerting o f  the RL-13 
engine and. of' the S C I V  stage. 

The'pro- 

The &ppreciac'ble r i s e  i n  the 1962 @$timate over 
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NATIONAL AERONAUTICS AND SPACE aDMINISTRATION 

FISCAL YEAR 1962 ESTIMTEX3 

VEGA 

SUMMARY OF -- IIE&uIRmms: 
- 1960 - 1961 - 1962 - Page No. 

R M ~ - 2  

R: 323 -. 2 

Vehicle Development.. . . . $8bO,OOO Ir-i --- 
Engine 1)evelopment. . . . . . 1,780,000 --- --- 
System EQport.. . . . . . . 1,380 , 000 R; 123 -. 2 

Total.. . . . . . . . . . e . . . $4,000,000 --- --- 
P - 

OBJECTIVES : 

The Vega program was initiated by the National Aeronautics and Space 
Administration to provide a space-research vehicle capable of launching 
earth-satellite and deep-space payloads at the earliest possible &rte. 
However, in light of other vehicle developments of similar capabil.ity, the 
Vega program was terminated in December 1959, to reduce the total iium1)er 
of vehicle types required to support the United States space progrtun. 

JUSTIFICAT IOX: -- 
The Vega vehicle was planned for use as either a two-stage or three- 

stage vehicle system. In both versions, the first Ikitage was an Atlas 
and the second stage a modified Vanguard (first stage), incorporatlng 
an altitude tstart and re-start capability. 
6,000 pourid-thrust storable fuel engine under development by NASA'E Jet 
Propulsiori Laboratory. 

The third stage employed a 

Increnierrtally funded contracts were initiated in the fiscal year 
1959 for the design, development, fabrication, test, and launch of eight 
Vega vehicle~i, including modification of the Atlas first-stage and 
developent; of the Vega second-stage power plant. 
third-stage and the associated lunar instrumentation developments were 
undertaken. by the Jet Propulsion Laboratory. 
the first-stage Atlas was completed during the fiscal year 1959; develop- 
ment in all. clther areas continued into the fiscal year 1960. On Dezember l:L, 
1959, the Vega program was terminated. 

Concurrently, the Vega 

Design of modifications t o  

R ~23.- 1 



FUNDING REQU-NTS: - 
Fiscal year Fiscal par Fi6ca.L year 

1962 --- 1960 1961 

Vehicle Develonment: 

Second stage....*...,.,....* 
Third stage................. 

Engine Development: 

Second-stage engine......... 
Thirdatage engine..... ..... 

System SupErt:  - 
Lunar iastrwnentation 

develcprm.ent............... 

880,000 
9000oo 1,786,ooo 

1,380,000 

-..- 

-..- 
e- -- 
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NATIONAL AERO€JAUTICS AND SPACE ADMINISTATION 

FISCAL YEAR 1962 ESTIMATES 

TRACKING AND DATA ACQUISITION 

SUMMARY OF REQUIRENENTS: -- 

Advance3. :Research.. ".. . . . . e -.. 
Advanc& 'Technical. Development 

Fl ight  Program : 

Network Operations. ......... 
Network Communications.. e o  e 

Cornpixtation and Data 
Redliction.. . . . . . . . *.. . *.  

1962 - 1961 - 1960 - 
$190,600 $3,235,500 $2,862,500 

4,074,600 7,064,900 10,208,000 

7 , 943,160 12,784,900 14,106, rho 

580,200 6,660,700 9,122, :?OO 

3,400,440 1,glO,OOO 2,350, ()oo 

To ta:L. I,. . . . . . . *.  . o .  e ., $16,189,000 $31,656,000 $38,650,000 - - 

To (:on-tinue t o  opera% trai-,king and d&ta acquisit ion faci.lit: .es 
necessary t o  support the 0ver-U NASA s p c e  f l i g h t  program; t o  provice 
tracking : m i  data  acquisit ion s-1ppor-k. f o r  space f l i g h t  operations upon 
request 1):y other Government agencies; and -to provide f o r  research and.  
developmeiit on improved tr*.acking m-d Zata acquisit ion systems and 
equipmen-l;. 
1962 prog:ram are: 

Some major techniral  objectives included i n  f i s c a l  year 

1.. j?-sovi.de tracking and data, acgdis i t ion services f o r  
IWSA and i n  support; o f  cez-tatn Department of Defense 
projects.  

2. :Cm]?rovement of the over -all operating e f f  fciency and 
ticcuracy of exis t ing NASA tracking s ta t ions  e 

3. 1)evel.opment of prototype tracking and data acquisit ion 
equipment t o  provide greater  precision and ve r sa t i l i t y .  
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4. Development of advanced cornmications techniques f o r  
spacecraft a t  planetary distances. 

5 .  Speed-up of data handling, data reduction, and on-site 
data, computing t o  reduce time l a g  between the conduct 
of the experiment and the resul ts .  

JUSTIF’ICATION : --- 
In c t L  cases of space f l i g h t  operations, whether a sc ien t i f fc  

s a t e l l i t e ,  a space probe, a sounding rocket, o r  a manned vehicle, 
there is a need f o r  tracking s ta t ions  capable of providing o rb i t a l  
data o r  ]?o:;ition time h is tor ies ,  and a need for telemeter receivers 
f o r  data acquisition. 
by a coranunications network t o  permit the data t o  be transmitted 
t o  a suitalde computing center, where it may be rapidly reduced t o  
a form iii i*rhich it can be studied and analyzed by the sc i en t i s t s ,  
The data represent the r a w  material  from which the sc l en t i f i c  
experimeiters w i l l  gain Their new knowledge of space. 
and qua:Lity of these data w i l l  l a rg ly  determine the r a t e  of progi-ese 
made i n  spi2ce research. 

These s ta t ions  must be properly integratec. 

The quantity 

While the NASA network of s ta t ions  is designed t o  afford the 
maximum m n m t  of operational f l e x i b i l i t y ,  there a re  special  
conditions associated w i t h  par t icu lar  projects which may require 
equipment xodif ications,  o r  i n  cer ta in  cases, the temporary inst id-  
l a t i o n  o f  new items of e‘iuipment a t  new locations. In order to 
minimize the requirememi; f o r  new stat ions,  or t o  compensate f o r  
temporary fieficiencies, the NASA proposes t o  provide ;support, t o  
cooperating non-NASA s ta t ions  which a re  sui tably equilpped t c )  per:?orni 
8 useful function f o r  the purposes of a par t icu lar  experiment. 

I n  addition t o  providing tracking services, a continuing 
e f f o r t  must ’be maintained t o  advance tne state-of-the-art  i r i  
tracking systems and methods, i n  d a t a  re3uction and analysis 
techniques, an& i n  m ~ t ~ h 0 d . s  of telemetry and data transmission 
t o  keep pace w i t h  increasingly complex spaeecra.3, programs. 

Fiscal Year Fisca l  Year Fis-a1 Year 
1962 --- Advanced Research 1960 1961 

-c 

Theoreti.caL Analysis, Tracking 
and  DE^. Systems : 
_II- 

ComparatAve analysis, tracking 
and. data acquisitiofi systems $60,000 



Fisca l  Year F isca l  Year FisctLl Year 
1: )62 --- 1960 1961 .- .k&vanced Research 

Study of w b i t  computation 
and dats, reduction methods 

Computing services.. ........ --- $100,000 $!$+,000 
-e- --- : L4,OOO 
--- 131,000 1;5q-a-6 

Experi3nental Studies; Tracking, 
Data Acquisition, - and Timing 
Sys terns : -. 

&,OOO 
65,000 
85,000 

52,000 
62, F300 
50,000 

Components f o r  development....... 
Solid 6 take devices studies.. .... 
Low-no3se pre-amplifier studies.. 
Precision. propagation delay 

measurements.. ................. 
Sytems st,udies - tracking 

systems drives................. 
Study of on-site redaction 

systems.. ...................... 
Synchronoms demodulation 

studies.. ...................... 
Te1emel;ry coding and modulation 

studies.. ...................... 
Very l o w  frequency timing 

stud:ies.. ...................... 
Precision ranging systems studies 
Study on cal ibrat ion of parabolic 

antelmas., ..................... 

$28,100 
10,000 
10,000 

75,000 --- -a- 

110,000 

35,000 

32,800 25,000 

87,000 
35,000 

1 .oo ,000 
1 .oo ,000 

50,000 

12% 

30,000 

Tr&ii% 
--- 

Reduct;:ioii of sun tracking data.. xq% 
Optical i%nd Electric-Optical 

svs t e r n  S-tudie s : 

Optical t e s t  and research equip- --- men-t components.. .............. 
Elec t rmic  -opt ical  tes t  equipment 

Electronic-optical sensors and 
recorders. . . .  .................. 

Infrared tracking contract...... 

02 cical techniques development.. . --- 
and conponents................. --- 

--- --- --- Component tes t ing.  ............... --- 

50 .9 000 
.LOO ,? 000 

100,000 
100 , 000 

80 ,, 000 88,500 

120 ,000 
150,000 
50 000 

550,000 
-L 

100 , 000 
124 ,000 
25 ; 000 

537,500 



Fisca l  Y e a r  F i sca l  Year Fisc&- Year 
igt 52 --- Advanced Research 1960 1961 .-- 

Pre-prototype Development; 
TrackingzData Acquisition, 
and Timing - Systems: 

Calculations a t  David Taylor 
Model Basin................... 

Other data acquisit ion analysis.. 
High-speed paper tape punch...... 
Vacuum equipment and other 

special  instrumentation f o r  
maser testing...... ............ 

Pre-prototype ranging tramsmitter 
Wide-band magnetic tape recorder. 
100 megacycle test  equipment..... 
Transmitter modulator............ 
Tracking receiver development. . 
S a t e l l i t e  antenna development.... 
Beacon L band development,....... 
Rubidiun. vapor frequency standard 

equipLent development contract 
Timing system study. ............. 
Special research equipent-wide- 

band oscilloscopes, counters and 
printers....................... 

Ultra-high. frequency wide-band 
airborne transponder.... ....... 

Ul t ra -h i  gL frequency wide-band 
receiver........................ 

Components and electronic material 
f o r  1a;boratory use.. ........... 

High-power. interrogation trans- 
mit ter  and ranging equipment.. . 

Low-frequency range antenna.. .... 
1nstallE.ti.on and evaluation of 

pre-prot,otype equipment.. ...... 
Calibration System Develovnenk : 

Punchiq; of star cakalogs ........ 
Airborne: cal ibrat ion equipment.. 
Multi-cl.iarme1 portable recorder.. 
Calibration system component 

procureniec.t and evaluation. .... 

--- 
$32,000 
15,000 

15,000 
25,000 
35,000 

108,000 
62,000 
60,000 
60,000 
30,000 

75,000 
16,500 

12,000 

40,000 

10,000 

229, a0 

--- 
--- 

127,200 
951,900 

25,000 
5,000 

15,000 

40,800 
m 
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Fiscal  Year F isca l  Year F'isca:. Year 
1962 --- Advanced Res ear  c h 1960 1961 -- 

Basic Hesezrszh: Lunar and Inter-  
plane tar y 'Te l e  c ommuni c a t  i ons : -- 
Comirnic a t  ion sys tern theore t ica l  

Analytical and experimental 
studies.........r..e.....t..... --- $215,000 $233,ooo 

communications studies,.. . . . . . .  --- 214,500 230,300 
Circui t  elements research........ --- 251,000 290, ooo 
Antenna elements basic research.. --- 200,000 - 200,800 --- mqg6 ggIj,OT 

Total, Advanced Research.. . e $lgO,6OO $3,235,500 $2,862,500 --- 
A program description by individual projects  best  aefines the scope 

and direction of the Advanced Research e f for t .  We-prototype equ igen t  
referred t o  i n  -onnection w i t h  Advanced Research denotes bread-board or  
experimental improvisations t o  make empirical t e s t s  t o  confirm stullier;. 

Theoretical Amlysis,  Tracking and Data Systems 

A s  out knowledge of the space environment increases, and as mxe 
prac t ica l  use of s a t e l l i t e s  is made, such as i n  communications and 
meteorology, our needs f o r  precise tracking and data handling w i l l  
increase. 
cognizance cf t h i s  work f o r  s a t e l l i t e  payloads. Comparative analysis 
of ex i s t i rg  ana proposed tracking and data acquisit ion systems is 
necessary i n  order t o  insure that future  systems are  developed t o  
meet our increasing requirements. 
methods are, of course, an in tegra l  and very important par t  0:' t h i s  
problem. 
accuracy, ar.d information haadling capacity. 
eventuall3- generate new concepts and w i l l  be aimed a t  indicating t h e  
types of tmcking and data. systems, development of which shou.ld be 
pursued in the future.  
w i l l  be a contin'aation of work started the previous year, while other; 
represent new e f fo r t s  e 

The NASA Goddard Space Flight  Center w i l l  have primary tec1mica:L 

Orbit  computation and data reducltion 

Systems muct be analyzed i n  terns of t h e i r  efficiency, 
These basic stmiies my 

Some of these s tudies  i n  the f iscal  year 1962 

--- Experimental Studies; Tracking, Data Acquisition, and Timing Systems -- 
Work. i n  t h i s  area w i l l  include experimental studies of modulation and 

coding techrtiques directed toward increasing the amount of information 
transmitt.ed per w a t t  of spacecraft power; the f e a s i b i l i t y  of increasing 
the effect ive capacity of data transmission f a c i l i t i e s  by p a r t i a l  on-board. 
o r  on-site data reduction; and the development of more e f f i c i en t  data 
edi t ing tx!chniques. Precise systems f o r  time-correlati.ng trackine data, 
obtained at  the s ta t ions  dis t r ibuted a t  d is tan t  points around the world, 

m4- 5 



must be devel-oped. This i s  necessary for accurate o r b i t  de5erminatAons. 
Work i n  t h i s  l i n e  w i l l  be directed toward more s tab le  time and frecpency 
standards, toward support of very low frequency timing research, arid 
toward developient of precise methods of determining propagation delays 
between a :?rt?quency standard transmitter and a receiving site. 
and ex~,er:uneiital analysis w i l l  be directed toward the development of 
improved :Ll>w-noise electronic receivers t o  increase the range and (lata 
handling C*zpiXity of o w  systems as satellites become more complex a d  
transmit m3re data. 

Research 

Optical and Electronic-Optical S$cGtem Studies 

Basic theoret ical  and experimental systems studies w i l l  be un3er- 
taken i n  the f i e l d  of op t ica l  systems and electronic  optics.  
of these studies t o  opt ica l  tracking sys tem w i l l  make possibLe f a s t  
and precise readout of data and detection of f a in t e r  sa te l l j - te  objects 
by optical  x.eansj when required, o r  when the object i s  not radiat ing 
signals for electronic tracking. The development of several  promising 
basic sensing devices developed by contractors w i l l  be supported 8 s  
Well as integration of these devices in to  an over-all  system f o r  in- 
house eval.untion. 

Applica.tion 

Pre-protoQpe Developnent; Tracking, Data Acquisition, and Timinc; Systems 

Incl-uded here is the development and evaluation of pre -protol;ype 
equipment; f o r  more detai led prac t ica l  analysis of systems chosen l)y the 
e a r l i e r  theoret ical  and experbenta l  studies. Certain compononts wil.1, 
a f t e r  corr:;t:%ction and laboratory t e s t s ,  be in s t a l l ed  a t  one 02 the 
tracking s ta t ions  f o r  fur ther  analysis This work i n  the satelli-;e 
instrumentation area generally takes place a t  the readi ly  access53le 
Blossom l? l~ i :n t ,  Maryland s a t e l l i t e  tracking si te.  

Calibration System Development 

This i t e m  includes the study of cal ibrat ion systems for use a i t h  
advanced tracking systems and the aevelopment of improved c d i b r s t i o n  
techniques for  tilose presently i n  use. 
electronic s ta t ions  i s  necessary t o  insure t h a t  the data obtained during 
operations i s  accurate, 
a theoret ical  and operational viewpoint. 
be produced. and evaluated f o r  such applications as automation of the 
photographlc p la te  data reduction procedures used w i t h  the photographic 
plates  &tz.ined from opt ica l  tracking s y s t e m s .  Optical deteztior. of 
an object. whose posit ion can be accurately defined by photographic 
means, when compared w i t h  simultaneous electronic tracking detection, 
serves BE; one cal ibrat ion method now commonly used. Available f i s c a l  
year 196:. i'unds are adequate t o  fund t h i s  work through the fiscal .  
year lg6:?. 

Periodic cal ibrat ion of our 

New techniques w i l l  be investigated f r o r  both 
We-prototype equipment w i l l  

, 



-- Basic Research; Lunar and Interplanetary Telecommunications 

The :planned lunar and interplanetary research programs w i l l  r tqu i re  
informatim to be returned from greater  distances (millions of miles) 
and a t  ever increasing rates. 
under the primary technical cognizance of J e t  Propulsion Laborator;r are  
unprecedented. 
developed within the present state-of-the-art  w i l l  appreciably inc::eac;e 
our capabi l i t ies ,  fu ture  requirements can be met only 'by continuing 
support of advanced research e f for t s .  Advanced information theory w i l l  
be applied t o  the development of more e f f i c i en t  radio modulation &id 
coding techniques f o r  improviiig tracking accuracy and communicatio.ls 
capabili ty.  
under contract w i l l  include evaluation of selected communication a id  
control systems; studies of c i r c u i t  elements, including thin-film 
techniques, parametric and molecular devices; means of generation t>f 
energy for  communications; and investigations of factors  affect ing 
large antenna operation. 

These communications and tracking rc!quirementr; 

Although the new and more e f f i c i en t  systems now being 

Experimental investigations t o  be carr ied out in-house and 

Fiscal  Year F isca l  Year F isca l  Year 
19 52 

p-7 
Advanced Technical Development 1960 1961 - 

Prototme Eauiment f o r  Evaluation 
~ ~~ 

of Advartc - ed Tracking Systems : 

Servo-evaluation instrumentation 
systent......................... 

Servo ecLui.pment, gears, amplifiers 
and prime movers.........4..... 

Procurenlent of operational 
instnunentation................ 

Tracking f i l ters  and data 
instnunentation system f o r  
iiprovett tracking system.. ..... 

0scillo::raph.s.. .................. 
Antenna prot,otype development and 

const~vc!tion................... 
Preampl.19 ier.. ................... 
Data recluc:ti.on.. ................. 
400 -megrtc yc l e  receiver converter 

devel-oprieent. ................... 
Ranging equipment development. ... 

test  cxpipment ................. Cormnerc::ia:i receivers and special  

Evaluakion, t e s t  and development. 
Frequency synthesizer.. .......... 
Precision tracking system (1400 

megac;yc:Les). ................... 

$20,000 

21,000 

--- 
50,000 

36 ,900 
50,000 

30,000 
103,100 --- 
100,000 
JZipjG 

$23,000 

3 3,000 

50,000 

1c 0,000 
2 2,1130 
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Fisca l  Year Fisca l  Year Fisc&.. Y e a r  
19t ;2 --- Advance3 'Technical Development 1960 1961 -- 

Prototype Development of Data 
Acquisition and Timing 
Sub-systems -- : 
Digi ta l  data handling breadboard 

ty-pe system.. .................. 
Procurement of components f o r  

development and evaluation.. ... $105,800 
Special purpose module equipment 

f o r  special  analog data  system. 
OscilloEcopes.................... 

Analog t o  d i g i t a l  converters ..... 
400-mega.cycle preamplifiers ...... 
400 and 1430-megacycle small ground 

te1emetr.y dish. ................ 
Comb f i l t e r  spectrograph.. ....... 
Phase 1.oclced discriminators. ..... 
Tracking filters................. 50,000 

--- 

--- --- 
Parametric amplifiers. ........... 5,000 --- --- 

--- --- --- 
Recorders. ....................... 45,000 --- Tracking receivers.. ............. 

paraboli-c antennas. ............ 
--- Maser dc?velopment.. .............. 

Feeds for 400 and 1780-megacycle 

Prototyye minitrack Mod-I 1-35-13' 

Prototyye coordinate trmsf e r  

Frequency mult ipl iers  and 

Timing equipment prototype 

ilevelopnent of very low frequency 
rece:iTe:rs. ..................... 

Portab:Le i3tomic resonance 

--- 
megac::yc:-es.. ................... 47,100 

--- direc~toi: system.. .............. 
oscil.Lators.................... 7,900 

evd11i2t.ion .................... 21,500 

--- 

$31 1, 000 

$247,200 26 7,200 

--- 
8,000 

112,400 
LO ,000 
40,000 

155,000 
70,000 
40,000 
35,000 
10,000 
90,000 --- 

1co,ooo 

24 .O ,000 

10,000 

17,500 :io , C'OO 

:io, ClOO 10 9 000 

--- freqir1m:y standard system. ..... 
282,300 

Optical Systems -- Prototype Development: 

Special research equipment and 

Prototype portable opt ica l  tracking 
system... ...................... 

Components f o r  development and 
evaluation..................... 

t e s t  equipment... .............. 7,400 

--- 
37,500 

100,000 

5,000 
i75,ooo 

25,000 
162,500 



Fisca l  Year 
Advanced - Technical Development 1.960 

Advanced -- Data System Development: 

Tracking; filters................. 
Video temiinal equipment.. ....... 
Comb fil.ters..................... 
Digi ta l  tape decks............... 
Magnetic: memory and controls..  ... 
Printed. c i r c u i t  equipment.. ...... 
Recorders........................ 
Vide o recorders. ................. 
Oscillographs. ................... 
Digital. conversion equipnent.. ... 
Plot boards.. .................... 
Video display and equipment ...... 
Spectmi Etnalyzer................ 
Tape settrch and control equipment 

S t a t i o n ' s  data reduction equipment 
Power supply pulse generators. . . 
Tape loop transports ............. 
Misc. d.j.splay control and data 

reduc1;ion equipment.. .......... 
Compara.1;ive data system analysis. 
Study of' computer character is t ics  
Control. center design study.. .... 
Component and sub-system develop- 

ment high-speed data terminal. 

High -speect punch. ................ 

Calibration -- System Development : 

Airborne c:al.ibration equipment . . 
Ground :;tati.on equipment, improve- 

ment.*,.. ........................ 
Astrogrtt-phic camera.. ............ 
Calibra1;:ion equipment f o r  develop- 

ment tmCL evaluation... ......... 
Evaluat;::on of Minitrack cal ibrat ing 

anterum.. ...................... 
System Development f o r  Advanced 

Sa te l l j - -Z  -- Programs.. ............ ~,500,000 

Fiscal  Year 
1961 

$507000 
50 000 
100 000 
140 000 
50 000 
10 000 
70 ooo --- 

-e- 

--- 
~O,OOO 
100,000 
10,000 

150 ooo 

50~000 

40 000 
15,000 

--- 

215 600 
100 7 000 
200 000 
100 7 000 

1 7 520 7 600 

15,000 

10,000 
25,000 

13,200 

500,000 

Fisca l  Year 

2€6,600 
1c 0 7 000 --- 

-e-  

62 5 000 - 2,3:1,600 

675,000 
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Fiscal. Year F isca l  Y e a r  Fisca:.. Year 
igt 52 --- Advanc ed Technical Development 1960 1961 - 

Communications - Systems Development: 

Earth-based continuous wave radar 

Advanced telemetry and command 

Exploitation of new elements and 

system development. ............ $200,000 

systems development ............ --- 
- techniques,..................... --- 

x)o,ooo 
Coimnications - Elements Development: 

Antenna technical systems design 

Structural  and opt ica l  evaluation 
and develqpnent.. .............. 5O0,OOO 
of antenna design concepts,..,. --- 

Servo s y s t e m s  advanced development --- 
Acquisition aids f o r  Large aperture 

New c i r c u i t  elements fabr icat ion 
antem.as..........,............ --- 
and ev .8;1,uation................. --- 

500,000 

Ground Systems - Development : 

Calibration and test equipment 

Prototype construction and 

Prototy-p construction and 

Prototyye construction and 

develcipnlent.... ................ 5OO,OOO 

evaluation of ranging apparatus --- 
evaluatj.on of command apparatus --- 
evalurttj-on of telemetry apparatus --- 

500,000 

D a t a  Reduction Svstems Develoment : 

$500,000 

400,000 

158 600 

130,000 

380,000 
154,000 

105,000 

310 600 
1,o79,600 

$800,000 

60( 1,000 

30( 1,700 -- 
1, TO( I, 700 

250,000 

351 3,000 
25 3,000 

40 3,000 

3 8 ~  600 
1,63* 

150,000 203 ,O~~O 

400,000 503,000 

94,700 24 9,700 

28,800 
673,500 &% 

D a t a  haridling instrunentation and .... 551,400 computer development....... 237,000 373,500 
Trackiryf system data analysis .... --- 203,000 2E 9,100 
Data recluc:ti.on program development --- 114 300 - 228,900 

237,000 1,139,400 

I>evelopment... ............ .$4,074,600 $7,064,90 $10,x8,000 
Toml,, Advanced Technical 

--- 
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In  general, the advanced t e c k i c a l  devslapment required by the 
tracking progmn includes %he design, construction, test  and evalu&tion 
of p r o t o t p e  systems and sub-systems t o  meet the requirements of f t . ture 
f l i g h t  rnir;r;ions. Deseriptrons of the individual tasks being undertaken 
follow :: 

---- Prototype Equipment for Evaluation of Advanced Tracking Systerls - 
A motisrate l eve l  of e f f o r t  w i l l .  be continued i n  the f i s c a l  y e w  1.962 

i n  the deviLDpment and evaluation of prototype sub-systems f o r  an adnnced 
tracking system. The effort, w C L 1  be directed towards providing a (letailed 
concept of a n  :improved radio tracking system i n  order t o  expedite :-ts 
implementation when the specif ic  and foreseen requirements arise. As 
presently envisioned, the system w i l l  consists of a high-frequency 
extension of our present tracking system, probably combined with a ranging 
capabili ty t o  measure accurately the distance and direct ion of spacecraft 
w i t h  respect t o  the ear th  s ta t ion.  

--- Protctype Development of Data Acquisition and Timing Sub-syst:ms - 
A number of sub-systems musk be developed i n  order t o  u t i l i z e  properly 

the 85-foot antennas f o r  wide-band telemetry reception from s a t e l l i t e s  a t  
moderate rages. An 85-root antenna i s  currently being ins ta l led  %t 
College, Ellaska f o r  i n i t i a l  use with the meteorological s a t e l l i t e .  
time sche6.ul.e has made it necessmy t o  use essent ia l ly  off-the-shelf 
sub-systems, whose 1imi.ts.t ions s;,t7ill ::eqpire changes an.d improvements 
i n  the se3-v~) drives, tht? dish feed system, and the basic data  and 
tracking a c p i s i t i o n  electronic receivers. 
be develcipeil for dr iv i rq  such antemas from program tapes and f o r  s l a v i n g  
them -bo other antennas. 
developed t u  meet requirements a t  selected s ta t ions  expected to  a r i s e  l a t e  
i n  the fi.r;crtl year 1962, 
use of' traclring information and i n  correlation o f  telemetry data iiiith 
respect 4x1 3;he posit ion in  space t o  which the data  refers .  

The 

Lmproved systems must a lso 

Extremely precise time standard syst3nS w i l l  be 

More accurake timing i s  a necessity, both i n  

Optical Systems , Protot.ype Development; - 
A po:rtctble optical. tracking system is me&d as a cal ibrat ion a id  

t o  i n s u e  the accuxacy of' radio .t;rackLng s5atZonE and ELS a prime Lata. 
source fo:r meeting cert.ain tracking requirawnts ,  For example, such 
accuracy requirements may a r i s e  i n  measuring specif ic  portions i n  the 
f l i g h t  of developmer&it. speec ra .% such as Apollo and ;in developuent 
of ve1iicl:s such as Centam anit Sat,um. 
developed a:nd used bot3kL fo:r the cal ibrat ion task mentioned above 2nd f o r  
engineer:ing evaluation of one or more simple elec-bronic optica.1 systems. 
In  one t ; y p  of electron opt ica l  system, a highly sensit ive photo-c?lec:tric 
detector replaces the photographic plate ,  and will permit use of :?ai.rtt 
s a t e l l i t e s8  f o:r cal ibrat ion e 

now possible -by use of high-altitude a i r c r a f t  t o  sfmulate a ::at,el:Lit,c,. 

A portable opt ica l  systeri w i l l  be 

This would provide greater accuracy -;hex 



Advanced D&ta, System :Development 

This necessary developmental work is directed towards providing 
adequate capabi l i ty  t o  transmit large quantit ies of data from ground 
s ta t ions  t;o a control and data reduction center, and the development 
of an adequate data reduction and processing capability. The art of 
s a t e l l i t e  telemetry is gradually becoming more s tabi l ized,  making 
practical. the very desirable development of high capacity automatic 
equipment, f o r  reduction and presentation of data. 
band-width s a t e l l i t e s ,  such as meteorological te levis ion systems , 
requires tlevel.opnent of special  methods t o  reduce such data erf 'iciently 
and avoid buil-ding up a large backlog OS data. 

The advent of wider 

Calibration System Develoment 

Work w i l l -  continue on the developaent of prototype apparatus, 
including both airborne ~ ~ 1 1 c 3 .  gmund station units, for the more accurate arid 
e f f ic ien t  cal ibrat ion of *racking s ta t ions.  

System Development; for Advanced S a t e l l i t e  Progxams 

The,;e funds provide f o r  "the development of specia:L tracking Emdl 
data acquisit.ion apparatus unique t o  a par t icular  program. 
are  special  ccxmmnd systems , abnormal band-width requirements , spt:cial 
telemetry l inks,  and nors-standard frequencies. 
i n  the f i s c a l  years 1960 aaA 1961. were spplie2 t o  contracks for advartced 
development and techaicst.3. sxpport during the implementation oi' the Mercury 
network. 
determining ground. instnmentation r q u i x e m e ~ t s  Tor the Apo1l.o and other 
advanced programs. 
studies e 

'I'y-picid 

The bulk of the funds 

In  the fiscal year 1962, %re funds w i l l  be used pr-i.Ly f o r  

The work wi1.1 incLu6~ both analyt ical  and hariiware 

Comm.ications Sys tans Development 

Work i.n this area w i l l  be diz?.c-t;l&i toward designing and tes t ing  
prototype: c.ommunicat,ions sys~ems f o r  w e  i n  the l?inar and planetary 
programs I Results of supporting reaerrrch i n  ir-f 'omtion theory and 
coding tmAmiqiies w i l l  be explo.',t;ed i n  dncx+m:;ing o x  capahi:LiS;y to 
CommUnica-LE: with and measusz posL~t.ior~,l  coordin 
The ear th  based contimous-wave radar sys'tem, using an advmc:ed modu.'Lation 
technique: , w i . 1 1  eventiially make possible -the uxmbigious determination 
of range within the solar sys-tem t o  ti, resolution of 15 meters. 
system wt-ll. use a high-powered groimd-based transmitter and a modestly 
potrered spacecraft transponder. Recent experiments i n  connection w i t h  
Echo I cmmbined t h i s  range measuring system wf,th range-rate (Dopyler) 
measurenien1;s t o  demonstmte the p rac t i ca l i t y  of the proposed deex 
space trtzclring system. Elzrther developent  of the transmitters, 
receiver:;, range coders, and other components of the system w i l l  be 
carried out j.n the f i s c a l  year ~ 9 6 2 ~  Current plans c a l l  i o r  fu l l .  

s of spacecraft. 

?he 



implementation 
I n  the meantime, the Goldstone transmitter-receiver ins ta l la t ion ,  
operating in. a coherent CW re f lec t ion  radar mode should prove an 
invaluable research instrument f o r  studying satellites, the moon a3d 
the planets. 

of the precision deep space tracking system by 1.965. 

Equal in importance t o  the tracking system development f o r  deip 
space is  tthe application of new coding techniques and new communicztions 
elements to improvement of telemetry and command systems, thus providing 
better cont ro l  and more data t ransfer  from distant spacecraft. This 
w i l l  inclL.de the exploitation of new c i r c u i t  elements and techniquos 
such as masers, 
t o  increase the sens i t i v i ty  of receiving systems. 
w i l l  include high r e l i a b i l i t y ,  sustained performance f o r  long periods, 
increased f l .exibi l i ty  (possibly including on-board determination oE 
data usefuhess)  , f rac t iona l  percentage accuracy when, required, minimm 
power conr;uniption, and compatibility w i t h  automatic ground data processing. 

pa rme t r i c  amplifiers, and other so l id  s t a t e  devizes 
Telemetering gosls 

Conanmications Elements Development, 

Fisc.sll year 1961 and 1962 work i n  the mea  w i l l  be directed toward 
the devel.opnallent of low-noise c i r c u i t  elements and high-gain, low- 
noise a.ntt?ruia f a c i l i t i e s  t o  increase the effect ive corntunications 
capabi l i ty  of the deep spwe program. This advanced development e f f o r t  
w i l l  incl.udct experimental evaluation of new antenna feed systems, s t ruc tura l  
design approaches, servo systemsp am2 acquisit ion aids.  The problem of 
acquisit ion of‘ a signal w i t h  the very narrow acquisit ion beam of E high-gaim 
large antmna i s  a serious one; a number of possible solutions to  t h i s  
problem wLL- he evduated. 
showing 1;11&1; proper application of ear ly  tracking information obtEined 
from lowe::: gain and smaller a n t e m  f a c i l i t i e s  w i l l  provide s u f f i c i e n t l y  
accurate :?o:int;ing data f o r  acquisit ion a t  greater  ranges with the large 
antennas. 
known tec!lm:iques w i l l  soon have completed t h e i r  advanced develope n t  
phase. However, recent discoveries have shown +,hat considerable 
simp1ificiat:ion of these low-noise devices may well. be possible ani. t h a t  
further f?:ef art, i s  c l ea r ly  worthwhile. Low-noise amplifiers using the 
present seclmiques a re  bulky and quite Lapractical f o r  spacecraft 
operation because of s ize  and weight. If they could be used, they wculd  
enhance -tx comnmicat.ions rasge zapabili ty of the en t i r e  s.pa.ce pl’ogram. 

One promising approach i s  indicated bj. studies 

Masers and. cooled parametric amplifiers using presentlj- 

Ground Systems Development 

Funds are required f o r  developlent and engineering of calibrtttion, 
ranging cmmnd, and telemetry syst,ems which have previously been prcwen 
sui table  fo r  use i n  the deep space instrumentation f a c i l i t i e f .  F?ototype 
apparatus w i l l  be develope6 including the necessary instrumentation and 
t e s t  equipment f o r  cali.bration, adjustment and performance evalua-;ion of -the? 
various systems. Included w i l l  be such items as telemetry decoding and antt?nna 
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collimation equipment, the necessary t e s t  beacons, integration ant. 
evaluation of new cormnand f a c i l i t i e s ,  and integration of prototype 
ranging f taci l i t ies .  
w i l l  be 02: (a prototype nature, developed by the J e t  Propulsion 
Laboratory or  by contractors, and tested a t  Goldstone tracking s t a t ion  
pr ior  t o  ttcceptance f o r  use in  the complete deep space network. 

In  most instances work included under th i s  item 

Data Reduction Systems Development 

With the much greater  quantity of data t o  be transmitted bacE. 
from 1unrr:r turd planetary probes, and the more precise tracking infor- 
mation wh:ich is  t o  be required by these probes, the development of 
improved (la-ta programing and data analysis methods is a def in i te  
necessity,  
prograrmniilg necessary f o r  most e f f i c i en t  and accurate use of tracking 
data and -the development of the necessary systems f o r  telemetry k t a  
handling and reduction. 

Work under t h i s  i t e m  w i l l  include analysis and computer 
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Fisca l  Year Fiscal. Year Fisca l  'Year 
1962 --- I ? l i  -- ght Program 1960 1961 

Network Operrations: -- 
S a t e l l i t e  (Minitrack) Network.. .... $3,675,400 $5,283,000 $5,287,000 

Deep Space Network... . . . . . . . . . . . . . .  1,341,000 2,996,900 3,322,300 

Smi thsoni:an Astrophysical 
0bserva:;ory Network. .............. 1,450,000 2,160,000 2,250,000 

Non-NASA S1;ations. ................. 800,000 1,500,OOa 1,850,000 

Special Operations and Services.. .. 400,000 5 0 0 , o  500,000 

Space Pa:rts , Repairs, 
and Maintenance. .................. 276,760 345,000 - 897,300 

7,943,160 12,784,900 14  i o 6 , 6 ~  

Network Coim1unications - : 

Satell i t ls  (Minitrack) Network. ..... 480,200 1,113,900 2,584,800 

371,100 838,100 Deep Space Network... . . . . . . . . . . . . . .  --- 
Smithsonian Astrophysical 

Observatory Network. .............. 100, OOO 140,000 200,000 

5,035,700 5 ,  $OO,OOO 

580,200 6,660,700 9,122,900 

--- Mercury Network.. . . . . . . . . . . . . . . . . . .  

Computation -- and Data Reduction.. ..... 3,400,440 1,910,000 - 2,350,000 

Total, P l igh t  Program.. ....... $11,923,800 $21,355,600 &, - 579,500 

m 4 - 1 5  



Flight Program 

S a t e l l i t e  (Minitrack) Network Operations: 

3lnsL?om Point . Md ..................... 
F o r t  mers, Fla ....................... 
Antigua. Brit ish West Indies .......... 
Lima., Peru ............................ 

San  Diego/Goldstone ................... 
Quito. Ecuador ........................ 

Antofagasta. Chile .................... 
Woomera. Australia .................... 
E a s t  Grand Forks, Minn ................ 
S t  . John's, Nmrfoundland .............. 
Winkfield, England .................... 
Microlock Stations .................... 
Space control center operational 

support .............................. 
Calibration operations of airplane .... 
C a l l  order services ................... 
Special l og i s t i c  support .............. 
Calibration of f i e l d  s ta t ions : 

N e w  Mexico State University calibra- 
t i o n  data reduction ................ 

Ambiguity resolving s l ide  rules . . . . .  
Aircraft  mdif icat ions f o r  parabolic 
antenna calibrations ............... 

C'al jl-9 +.inn cyiiprnen t.. .............. 

Santiago. Chile ....................... 
Esselen Park, South Africa ............ 
Fairbanks, Alaska ..................... 

Operated By 

Bendix Corp . 
Bendix Cow . 
Bendix Gorp . 
R C A / P ~  & e r i c a  
Bendix Corp . 
Bendix/Geophysical 
Ins t i tu te .  Huancayo 
BendixlUniv . of Chile 
l%ndix/Univ . of Chile 
Australia 
South Africa 
Bendix Corp . 
Univ . of Alaska 
Canada 

Ebndix Corp . 
England 

Bendix Corp . 
Bendix Corp . 
Bendix Corp . 
Various 

Fiscal  Year 
1960 

$276. ooo 
254. 000 
2l4. 000 

55. 000 
411. 000 
325 9 000 

380. ooo 
380. ooo 

50. 000 
50. 000 

_ Y P  

... 

... 

... 

... 

43 000 
320. 000 
200. 000 
90. 800 

60,000 
... 

... 

... 

Fiscal Year Fiscal Year 
1961 1962 

$286 000 $330. 000 
260. ooo 297. 000 
220. 000 297. 000 
200. 000 ... 
415. 000 429 . 000 
325. 000 325. 000 

370. 000 
382. 000 
185. ooo 
175. 000 
185 ooo 
105. ooo 
70. 000 

50. 000 
234. 000 

435 . 000 
185. ooo 
175 . 000 
297. ~ 0 0  

121. 000 
234. 000 

517 J 000 

... 

200. 000 220. 000 
450. 000 450 . 000 
206. ooo 220 7 000 
150. 000 150. ooo 

507 ooo 55. 000 
5. 000 ... 

15, o m  ... 
20. 000 10. 000 



Replacement of electronic equipment : 
M n g & , f c  -- T.~lr)e r eco rde r s .  . . . . . . . . . . . . . .  
Telemet.ry data recorders. ............. 
Timing osc i l la tors  . . . . . . . . . . . . . . . . . . .  
Commnications t ransmit ter . .  . . . . . . . . . .  
Fixed transmitter . . . . . . . . . . . . . . . . . . . . .  
Tunable discriminator . . . . . . . . . . . . . . . . .  
Switchable antenna. ................... 

Deep Space Network Operations : 

Goldstone, Calif ...................... 
Woomera, A u s t r a l i a . . . . . . . . . . . . . . . . . . . .  

South Africa (Hartebeesthock - near 

Mobile tracking s t a t ion  ............... 
Reimbursement fo r  foreign s ta t ions .  ... 
System tests and ope ra t ions . . . . . . . . . . .  
Logistic suppo ........................ 

m g e r s d o r f )  ......................... 

Fiscal Year Fiscal Year Fiscal Year 
Operated By 1960 1961 1962 

122 500 m53= 

J e t  Propulsion Lab. 1,341,000 
Weapons Research 
Establishment, Australia 

--- 

--- Union of So. Africa 
Mot selected 
Foreign Govts. 
J e t  Propulsion Lab. 

--- 
--- 
--- 

$sa, o m  
110,000 
25, ooo 
25,000 

5 203 000 

339,400 

300,000 
167,400 

432,200 

Smithsonian Astrophysical Observatory ( S O )  
Network  Olserations: 

193- 000 ---e--- --- J e t  Propulsion Lab. 
1,341,000 2,99 ,900 

$110,000 

5,287,000 

1,431,800 
72, loo 

486,700 
331,400 
600 ooo 
179 Y 100 
221,200 

3,322,300 

Jupi te r ,  F l o r i d a . . . . . . . . . . . . . . . . . . . . .  SA0 

SA0 Organ Pass, Hew Mexico . . . . . . . . . . . . . . .  
SA0 Haleakala, Maui, H a w a i i  .............. 
SA0 Curacao, North West Indies ........... 
SA0 Arequipa, Pe ......................... 

Yiiia b i o r e s ,  Argeritiiia............. SA0 

SA0 Olifontsfontein, South Africa 
i3 f- ........ 
5 

1,x)o,ooo I l,910,000 I 2,000,000 I 



Fiscal  Year Fiscal  Year Fiscal Year 
Operated By 1960 1961 1962 

................... I I .  I 
i 

San Fernando, Spain SA0 
Shiraz, Ir ........................... SA0 

.................... 
................. I ...................... 

$250, ooo 
1 '  Woomera, Australia sA0, Weapons Research i 

I E st abiishment, Australia 
Mitaka, Tokyo, Japan SAO, Japan 
Nain i -Tal ,  India  SAO, India 
Won-Watch 110 act ive s ta t ions  ........ Volunteer teams $250 ooo $250 ooo 1,450,000 e 2,250,000 

Non-NASA Stat ion Operations : 

J o d r e l l  Bank Station .................. 
Fort Churchill Station ................ 
Phototrack op t i ca l  s ta t ions .  .......... 
Reimbursement f o r  Department of Defense 

s t a t ions  and other agencies .......... 

Special  Operations and Services for  
F l i@t  Missions : 

Special  items of equipment t o  meet 
ground instrumentation requirements , 
such as for Explorer VII, Centaur, 
and Agena projects ................... 

Spare Parts,  Repairs and Maintenance: 

For network tracking s t a t ions . ,  . . . . . . .  
Total., NetworK uperatlons E! . . . . . . . . . .  f 

G 

100,000 250, ooo 300,000 
650,000 1,000, ooo 1,200,000 
50, ooo 50,000 50,000 

200,000 300 ooo 
1,500,000 1,850,000 

400,000 500, ooo 500, ooo 

276 760 345 000 897,300 



Operated By 

S a t e l l i t e  (Minitrack)Hetwork Commmications: 

iiavai Sjtation. Cnei-i;enham. ivizt . .  tis^ 
. 1.iOnmoui;n . t i b ~  ................... 

IW3A Headquarters . GSFC . MSFC . AMR . 
Newfoundland . GS FC ................... 
NWL Dahlgren - GS FC ................... 
Pentagon (Terminal f o r  South American 

s ta t ions)  - GSFC .................... 
South Africa - GSFC ................... 
Blossom Point - GSFC .................. 
San Diego - JPL - STL - PMR - GSFC .... 
Woomera - GSFC ........................ 
Ft . Myers - GSFC ...................... 
Grand Forks Links - GSFC .............. 
Alaska - GSFC (high speed data) ....... 
Computing Center, Wash., D . C . - GSFC . 
Cape Canaveral - Antigua .............. 
Cape Canaveral - GSFC ................. 
Weather Eumau - GSFC ................. 
Wallops Island - 2 lines - GSFC ....... 
Special relocations ................... 
Terminal charges ...................... 
2 l ines t o  teletypewriter exchange .... 
Special in te rna l  c i rcu i t s .  ............ 
panama terminal ( f o r  south American 

s ta t ions ) ........................... 
Operational t r a f f i c  ................... 
Operational equipment and material 

costs ............................... 
Si iur i  icrm lease costs f o r  

operational periods ................. 

-I-- 

i 
?=- 
P 
\o 

Commercial 

I 1  

11 

t l  

If 

11 

t l  

If 

f l  

11 

E"li1itax-y 
Commercial 
RLlitary 
Commercial I t  

I1 

I t  

I t  

I 1  

II 

Military 
Commercial 

I f  

Fiscal  Year Fiscal Year Fiscal  Year 
1960 1961 1962 

$1. 800 $2,400 $2,400 
2. 500 7. 500 11. 000 ... 39. 600 42. 400 
... 36. 000 38. 000 

2. 4-00 3. 000 3 . 000 

9> 500 
110. 400 

3. 000 
39. 600 

170. 000 
20. 400 ... 
... 

7. 500 
18. 000 
7. 200 

600 

1. 200 
2. 400 

... 

... 

... 

18 . 500 

132. ooo 
182. 400 
a. 600 
32. 400 
60. 000 

a. 600 
12. 000 

114. 000 
3. 000 

14. 700 

2. 400 
19. 200 

2. 400 
120. 000 

3. 600 
8. 4-00 

18. 500 
480. 000 

3. 000 
240. 000 
1% . 000 

59. 000 
660. ooo 

22. 000 
12. 000 
2. 4-00 

19. 200 
3. 000 

120. 000 
3. 600 
9. 000 

52. 000 

... 

28. 600 50. 000 50. 000 
22. 000 10. 000 20; 400 

21. . .  900 72. 600 114. 700 

21 200 114. 200 407 600 
1.113. 900 2,584,800 



Operated By 

Deep Space Network Communications: 

JPL t o  Cape Canaveral ( 2  Teletype). . . .  
JPL t o  Cape Canaveral (3  Voice).  
JPL t o  Goldstone (3 Teletype).. 
JPL t o  Goldstone ( 4  Voice). 
JPL t o  Australia (1 Teletype). 
JPL t o  Africa (1 Teletype).. 
JPL t o  Huntsville (1 Teletype). 

Commercial 
11 

11 

11 

11 

11 

I1  

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

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

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

Smithsonian Astrophysical Observatory 
Network Comunications : 

Comrmulications Center a t  Cambridge 
( 5  Teletype). ....................... Commercial 

SA0 t o  International Western Union 
(N.Y.) (1 Teletype). ................ 

SA0 t o  Domestic Western Union 
(Cambridge) (1 Teletype). 

I1 

11 ........... 

Mercury Network Comnunications : 

GSFC t o  Cape Canaverai ................ 
GSFC t o  B e n r m d a . . . . . . . . . . . . . . . . . . . . . . .  
GSFC t o  Mid-Atlantic ship. . . . . . . . . . . . .  
GSFC t o  Canary Islands and Zanzibar.. 
GSFC t o  Kano .......................... 
GSK! to Tndinn Ocean shi?, Muchea and 

Woomera ............................. 
GSrT im Muchea, Woomera axid Canton E (via Vancouver) ..................... f- 

Iu 
0 

Commercial 
I1  

I 1  

11 

I1  

I1  

I1 

1 1  

FiscaL Year Fiscal Year Fiscal Year 
1960 1961 1962 

I 
I t I I 

$371,100 $838 , 100 

I 1 

t 4 I 
$100; 000 14-0,OOO 200,000 

1 
200,000 

I 
i qE5  

I 
100 , 000 

586,600 1,000,000 --- 



GSFC t o  H a w a i i  ........................ 
W t o  C a n a q  Islands ................. 
GSFC iu Iviucnea, woomera, Hawai i  and 

Cmiun .............................. 
GSFC t o  Arguella ...................... 
GSFC t o  Guaymas. ...................... 
GSFC t o  White Sands. .................. 
GSF'C t o  Corpus Christi.. .............. 
GSFC t o  Eglin AFB.. . . . . . . . . . . . . . . . . . . .  
Eglin AFB t o  Cape Canaveral.. ......... 
Switching Center - GS E............... 
Switching Center - Hawaii ............. 
Switching Center - Muchea.... ......... 
Switching Center - Woomera.. .......... 
Input-output converter GS E............ 
Short tern leased costs f o r  operational 

periods .............................. 

-. 

Total, Network Communications. ...... 
Computation and Data Reduction: 

Operated By 

Data reduction services. ............... 
Computing services : 
IIM contract f o r  Space Computing Center 
CEIR - computing service. . . . . . . . . . . . .  
WlStandards - computing services ..... 
Contract services f o r  Computing Center 

anaiysls ............................. SA0 computation, data, reduction and 

Total, Computation and Data Reduction 

TGtal,FFiighz Progr am............ 

w 
f 
F3 
F 

Commercial. I I  

11 

11 

I t  

(1 

11 

I1 

I1 

11 

11 

II 

I t  

11 

11 

H s c a l  Y e a r  
1960 

44,600 

1,220,040 
225,000 
433,000 
58 , 800 

1,419,000 

$3; bo, 440 

Fiscal Y e a r  
1961 

480, goo 
60,600 
66,100 
39,600 
32,500 
23,700 
22, goo 

250, ooo 
50 , 000 
35,000 
50 , 000 
60,000 

590,600 
5,035,700 

60,000 

1,200,000 

$1,910,000 

Fiscal Y e a r  
1962 

651,200 
85,600 
93,300 
68,000 
59,500 
40,400 
39,300 

240,000 
72,000 
24,000 
24,000 
30 , ooo 

$9,122,900 

--- 
-e- --- 
--- 

100,000 

250,000 

$2,350,000 



S a t e l l i t e  (Minitrack) Network Operations 

These f;tations,operated under contract  o r  by foreign agreemeats, 
employ radio interferometers and are used primarily f o r  tracking 
sa te l l . i t es  which send our radio signals, where real-time data is  not 
required. They have all weather capability. They cannot t rack passive 
s a t e l l i t e s  (,ones which do not e m i t  signals) nor can they provide the 
precise o1~b5.t data available from opt ica l  systems. 
of being tib1.e t o  de tec t  the angular direct ion of a satellite with respect 
t o  the s t a t ion  without pr ior  information as t o  precisely where t o  look. 
These sta1;icns must be located i n  areas free of extraneous e l e c t r i c a l  
disturbances. From a number of observations from di f fe ren t  s ta t icns ,  a 
reasonable o rb i t a l  determination can be made. The s ta t ions  a rc  sc  
located that; several  observations w i l l  be obtained each time a s a t e l l i t e  
o rb i t s  the earth,  regardless of i t s  o rb i t a l  path. 

They have the advantage 

Each s t a t ion  a l so  receives and records telemetry d a t a  on nlagretic 
tape. D a t a  from these s ta t ions are fed t o  a cent ra l  control, comunicaticlns, 
and compu1;irg center at  the Goddard Center. Teletype operators a re  furnis'hd. 
by the opereitions contractor a t  the Center. Automatic data read-cut e q u i p  
ment i.s being provided at s ta t ions  t o  speed up data col lect ion and t o  perntit 
tracking EL greater  number of s a t e l l i t e s .  
i n  consid.c:r&Lble detail. 
Alaska i s  due t o  the addition of new f a c i l i t i e s  f o r  the Nimbus prcgram. 
The over-all, cost  i n  the f i s c a l  year 1962 is  not increased as cost increases 
i n  uti.lit,i.eE: and services are o f f se t  by economies i n  other cost  factors .  

The operating costs  are  defined 
The increase i n  cos t  f o r  the f i s c a l  year 1962 f o r  

Deep Space Network Orerations 

Duri.ng the f i s c a l  year 1962 the JPL s t a t ion  a t  Goldstone, California, 
the W~ornei-a~, Australia s ta t ion,  an6 the South Africa s t a t ion  w i l l  be 
operatdonal, 
Je t  PropulaJ.on Laboratory, but i n  Ausfxalia and. South Africa they w i l l  
be operated by technical groups in the count ry  c;oricemed-. 

These s ta t ions  w i l l  be under the technical ciireztior of -the 

The deep space sttations are useti primarily for tracking and d a a  
acquisitixm from vehic 1es penetra+,fng seep in to  space, since they have 
great s ens i t i v i ty  t o  very f a i n t  signals, not de%ecteC by ordinary 
electronic: receiving systems. They m y  a lso  he q,?a?ted f o r  gatherirzg 
la rger  anlourits of data,, s w h  as w y  be involved i n  the taxmsmissicn of 
te levis ion p i c  tures  f r o m  space vehicles, aml are ca.pa5l.e of transn i t t i n g  
command s:.gr;nals t o  diskxnt spacecraft. They m e  not Suitable f o r  satellites 
i n  l o w  o rb i t s  because of low tracking rates of the a?tmmas which cannot 
move as f'ttsl; a s  the satellites. The transmitters m y  &so be used f o r  
comnicai;ic)rs s a t e l l i t e  experiments which are i n  a re la t ive ly  hie h orbit,. 
The st,ati.ons are so located as t o  permit one s t a t ion  t o  always be i n  
posit ion t o  see the mom or  far out, spacecra2-t. 
under t h i s  heading f o r  the contractual services required i n  t h e  oreration 
of the a~u:il.iary mobile ("gap-fil ler") trackiP4 and command s t a t i c n  t o  

Funds are  included 



meet operi3tional requirements f o r  spec-Xic projects 
included t o  cover the government-to-government agreements, which invclve 
reimburseineiit for foreign services t o  be performed f o r  NASA, beyond 
those under the cognizance of the NASA technical direct ing activil,y, 

Funds a re  d.so 

---- Smiliisonian Astrophysical Observatory ( SaO) Network Operatior - is 

The exis t ing twelve Baker-Nunn opt ica l  s ta t ions wrll continue, i n  
operation during the f i s c a l  year 1962 under the technical and aSlmjn-- 
istrativc? direct ion 01' the Smithsonian Astrophysical Observatory. 
A prime ]nir;?o:;e of the observations under t h i s  program i s  direct l j .  
re la ted to sc i en t i f i c  studies performed by SA0 i n  connection with 
learning inore about the density of the upper atmosphere, the 
gravi ta t ional  f i e l d  of the earth,  and the geometric shape of the 
ear th  t o  1ie:Lp define more exactly the location of continents and 
islands. 
traclrlng rsy:;tems, both as  a check of t h e i r  acc-uacy and i n  e v m t  of 
f a i lu re  of transmission 

The opt ica l  observations a re  a l so  backup f o r  the electronic 

signals from the s a t e l l i t e .  

The opt ica l  s ta t ions  can photograph r e l a t ive ly  faint  space 
objects ( , s a t e l l i t e s )  against  star backgrounds t o  provide a precise 
deternintt tion of the angular posit ion of the object. Observations 
can only -38 made when the v i s i b i l i t y  is  good and by vir tue of 
sunlight :re:Ylected from the object. Therefore, observations can 
only be made i n  periods of c lear  twilight.  Moreover, the camera 
can see EL SILELJJ. segment of the sky a t  2 time, and it must have a 
pr ior  knovledge of where t o  look or  the s a t e l l i t e  w i l l  pass out of' 
range before the camera can search any appreciable segment of the 
sky. 
s ta t ions  vh.ich do not have the acquisit ion l inli tations of o2tical. 
systems, or from one of the Moonwatch observation s ta t ions  inentlored 
below ,, 

InJhr~nation on Tihere t o  look is  obtained from electronic t rmking  

It ~ L S  theoret ical ly  possible from three o r  more opt ica l  observations 
t o  obtain the most precise o rb i t a l  data of any techriqus lmawn. 
cer ta in  geoph~rsical experiments, such as i n  geodetic and a i r  drag 
experiments, the maximum precision of opt ical  techniques i s  neces: a r y  . 
The opticit1 s ta t ions  must be located at sites where -the: weather ccinditions 
are  such -that good v i s i b i l i t y  gene-mLL-y prevails e 

is  not; ncxe:;sarily compatible with the si3e locations of electronj c 
system, vh.ich have other c r i t e r i a  governing t h e i r  best  location. 
800 sate:L.Lite positions a re  precisely reduced each month, which i s  
several f o l d  illcrease i n  out-put, over 1-959. 
positions are  available f o r  research and analysis. 

For 

This s i t e  limif,ation 

A t o u t  

To date over 6000 precision 



I n  addition t o  the cost of operating the opt ica l  s ta t ions i s  the  
cost of data  transmission, data reduction and analysis and data inter- 
pretat ion which i s  performed by the Smithsonian Astrophysical Observatory 
a t  Clambridge, Massachusetts. Funds are included for the cost of the 110 
Moonwatch teams which are volunteer groups a s s i s t i ng  the Smithsonian 
Astrophysical. Observatory i n  securing observations of s a t e l l i t e s  a t  
different, places i n  the  world, using simple telescope equipment. 
compnsatj.on t o  the Moonwatch teams merely defrays expenses f o r  materials 
and f o r  ce:rt,ain items of equipment. 
volunteer services as such. 
par t ic ipate  on a world-wide basis. 
obserraticm have been obtained from the Moonwatch s ta t ions.  

The 

There i s  no compensation fo r  the 
Approximately 2500 volunteer observers 

Since October 1957, more than 24,000 

Non-NASA Stat ion Operations 

The EWA w i l l  make use on a part-time basis of a number of co- 
operating non-NASA stat ions which provide tracking capabili ty.  Exmp:Les 
are the f a c i l i t i e s  at  Jcd re l l  Bank, England, and at Fort Churchill, 
Canada. ?'he extent of the NASA use of these f a c i l i t i e s  is  arrived a t  by 
m u t u a l  agreements based on the duration and complexity of the par t icu lar  
experiments. 
ment t o  Department of Defense and other agencies fo r  special  servi-es o r  
items of equipment needed t o  accomplish par t icu lar  experiments. 
of Departn.ent of Defense s ta t ions  used by NASA are the  Signal Corp; 
s ta t ion  i n  Ceal, N. J. and the Pacif ic  Missile Range s ta t ion  at Sal  
Nicholas f o r  the Tiros meteorological satellite. 
available t o  the Commerce Department t o  continue the  Agiwarn servi:e ra t  
Ft .  Belvoir f o r  the world-wide dissemination of NASA s a t e l l i t e  and space 
probe data i n  accordance with CoSpar agreements. 
s ta t ions are operated by the Society of Photographic Sc ien t i s t s  a m i  
Engineers, who provide useful coverage on projects such as Shotput anct 
Echo. 

I n  cer ta in  cases the NASA will provide funds f o r  reinburse- 

E m p l e s  

Funds are d s o  made 

Phototrack opticid 

E&ecial Operations and Services f o r  Flight Missions 

While every e f f o r t  i s  made t o  make our ground instrumentation 
f a c i l i t i e s  f lexible  and adaptable t o  ant ic ipate  all space f l i g h t  p::ogmms, 
there are often unique experiments which impose modification requi::ements 
on cer ta in  s ta t ions.  
the detaillad requirements for ground equipment are not fully known--ncr 
i s  it possib.le t o  predetemine the exact s t a t ion  locations needed. 
the work invtDlved consists of adaptations t o  exis t ing s ta t ion  equipment wil;h; 
possibly, some minor in s t a l l a t ions  of a temporary nature. This i s  par-tic- 
ularly t rue  vhere NASA i s  involved i n  inter-agency projects and m u s t ,  as 
i n  the cas'? (of the  Centaur vehicle tes t  project,  cooperate t o  meet cer ta in  
tracking asd data acquisit ion requirements not required by i t s  own projects.  

Until  the instrumentation plan has been comp:-eted, 

GeneraUgV, 

R94-24 



Spare Parts,  Repairs and Maintenance 

WL will have operational cognizance of over 40 tracking and 
data acqy5sition s i t e s .  
the opera.ti.ng cost  i s  made For equ ipen t  failures o r  maintenance 
and repair  problem and to maintain a high order of r e l i a b i l i t y .  
I n  the case of mi l i ta ry  equipment, an allowance of 10-15 per cent 
i s  normal f o r  spares. However it is  recognized that ground based 
equipment a t  fixed ins ta l la t ions  is not as subject t o  damage, and 
is  easier t o  maintain. 

An allowance of the order of 5 per cent of  

Network Communications 

The communication networks f o r  the s a t e l l i t e  programs, including 
the Mercury program, feed in to  the Goddard Space Fl ight  Center a t  
Greenbelt, Maryland, which i s  t h e  primary nerve center f o r  a l l  NASA 
tracking operations. 
programs, a communication control center f o r  the three deep space 
s ta t ions is  maintained a t  the J e t  Propulsion Laboratory. 
Smithsonim Astrophysical Observatory u t i l i z e s  the available sate:.lit;e 
ground cornmications system t o  a large extent, as well as a certciin 
amount o:? ccmmercial f a c i l i t i e s  and the mails, for  i t s  normal trcu’fic. 
These channels are u t i l i zed  f o r  transmitting and receiving orbita:. 
data t o  ctcd from various ac t iv i t i e s ,  both foreign and domestic, 
including t:ie Baker-Nunn photographic s ta t ions,  the Moonwatch tearis, 
observato.ries, and other ins ta l la t ions .  Commercial f a c i l i t i e s ,  
consisting mostly of radio or cable teletype, are  u t i l i zed  by PIASl,. 
Military ci:rcuits a r e  used when available and s u i t a i l e  
c i r cu i t s  ttre used v h e x  necessary or c r i t i c a l  t o  operating efficiency. 

For space probes and f o r  lunar and p1anetar;r 

The 

Voice 

Computation and Data Reduction 

Data reduction services f o r  space f l i g h t  tracking operations 
a re  perfoimed at the Goddard Space Fl ight  Center, the J e t  Propulsion 
Laboratory, and the Smithsonian Astrophysical Observatory. 
be noted t h a t  the contract costs f o r  computing services have decreased 
markedly ELS a r e s u l t  of the buildup of in-house capabi l i t i es  i n  t k i s  
f i e l d .  O n l y  the costs i n  the grant t o  SA0 remain, which include not 
only the c:osts of data  reduction and computations, but the considerable 
costs  of Clata analysis aznd interpretat ion such as are involved i n  the 
experiments t o  determine a i r  density, e f fec ts  of so la r  radiation on 
orbi t ing 1-ehicles, and other s c i en t i f i c  investigations. 
SA0 goes beyond tha t  of a computing service and includes sc i en t i f i c  
work. A computing f a c i l i t y  i s  employed i n  th i s  a c t i v i t y  along w i t h  
programmers and research and analysis personnel who analyze the data 
f o r  scientr i f ic  conclusions. 

It w i l l  

The work on 


