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@18,675,00~ to remain available until espendedk Provided, That no 
part of the foregoing appropriation shall be available for  other items 
of a capital nature which exceed $250,000 until fourteen days have 

Science and Astronautics of the House of Representatives and the 
Committee on Aeronautical and Space Sciences of the Senate: Pro- 
vided further, That no part of this appropriation shall be available 
for payment of salar of National &4eronautics and Space 
Administration personn 

elapsed after notification as required by law to the Committee on 

(42 U.S.C. 2Jc5l et seq.; 

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

Supplemental Appropriation Act, 1960; authoriziq 

legislation to be proposed for 1961.) 

official use 

- sixty 
twenty-nine 

- $621,453,000 

:Provided, That $20,000,000 of 

aIncludes 
Projects 
schedule 

$32,68k,ooo transferred in the estimates from “Salaries and expenses, Advanced Research 
Agency, Department of Defense.” The amounts obligated in 1959 and 1960 are shown in the 
as comparative transfers. 

LIBRlARY 
Aeronautics and Space A- 

Wa~hington. D.C. * 



Appropriation title: 
(0.130 0. & 1. a flash) 

Program by €&iiuiiies; 

1. Aeronautical and apace research: 

(b) Research grants and eontractso a ., a 

2, Space flight development and operations: 

(8) Sapport of ~ ~ A ~ l a n t o , . ~ o . . . . o o . p o . o o  

(b) Scientific investigations in spsce. 
c 

(c) Satellite applications. e ., e ., 

(a) Manned space f$ight. ., ., D o  

&e) Vehicle development e ., e a 

( f) Space propulsion 't8chnology. ., e e ., a 

&g) Vehicle systems technology. ; e e * a ., e 

(h) Tracking and data acquisition. e a 

3. Program direction: Support of NASA plant .... 
Tota l  progrm 

4. Supplies or services transferred in  (a) wfth- 
out charge, net....o....,,,..,.......~oo.o~ 

1960 estimate 1961 estimate 
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PROGRAM AND P W F O W C E  

This appropriation provides f o r  the contractual costs of research, developnent, procurement, 
and operations. 

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

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

2. Space flight development and opemtions--(a) Support of NASA plant,--Funds are provided 
in this subactivity for contractual services, supplies, and equipment required in the operation 
of the NASA space flight development cen%ers, stations, and offices, 
required to support. the increased pessmm?E md workload of these organizationso 

The increase i n  1961 is 

(b) Scientific hvestigations in space --3%is provides for  an increased scientific program 
in space in 1961, utilizing sounding rockets, earth satellites, and Lunar and planetary probes. 

( c) Satellite applications --Development of meteors9,ogical and passive communications 
satellites w K L l  be continued in 1961. 

,_--- (e) 
launching of advanced SPRC~ vehicles. 

Vehicle development --This subactivity provides %os %he devebopnent, fe?bricatfoo, and 
Principal emphasis fr 1961 will be on $he Satwra s e r y  
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Obligations in- for costs of other 
yews, netP a .  e e D o  e ., 142,308,252 33,946,972 23-3 > 099, 
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Fiscal  Y e a r  1959 

$1,097,651 

1, O W C T I V E S :  

NATIONAL AERONAUCICS AND SPACE ADMINIS-ION 

FISCAL YEAR 1961. E S T m S  

SUPPORT OF NASA PLA" 

Fiscal Year 1960 

$22,684 , 000 

Fiscal  Year 1961 

$51,345,000 

To provide funds f o r  certain -". trannort.at@n-eqenses, leased- icat ion l ines ,  
contractu_al se-mices, repairs,  a l terat ions,  minor construction, supplies, materials, and 
qgx3iegt required i n  the operation of all NASA instal la t ions.  

2. JUSTIFICATION : 

A summary table of the funds required under t h i s  program i s  presented on the following 
page, breakdowns are Drovided by location and by object of exyeHit.iire, The mnJnr f i indfng 
increases ref lected i n  the estimates f o r  1961 are due primarily t o  the following factors:  

( a )  Transfer of the development operations division of the Army 
Bal l i s t i c  Missiles Agency, Huntsville, Alabama t o  the NASA. 

The expensive and increasingly complex nature of experimental. 
research i n  general and on space programs i n  particular.  

(b) 

( c )  H i g h  i n i t i a l  tool-up costs f o r  accelerated attack on advanced 
research areas (materials, e l ec t r i ca l  power generation, hy-per- 
sonic aerodynamics and control, guidance and navigation). 

The addition of a number of major new f a c i l i t i e s  involving high 
operating costs ( the Lewis  P l u m  Brook research f a c i l i t i e s ,  the 
Ames 3.5-foot hypersonic tunnel, and the Langley "-foot thermal 
structures tunnel). 

(d) 



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

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

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

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



w-  

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

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

(g) 

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

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



SIPPORT OF I3MI’T - I;IASA HUNTSVILLE 

R&I) Appropriation 

FY 1961 

03 Transportation of “kings $ 2,124,000 

04 Conmunications Se;v:i ces *:lez.sed :Lines) 
Huntsville t o  Ca];)e Canaveral 
Huntsville t o  (btldard Center 
Huntsville t o  ‘ila::;hingl;on 

07 Other Contractual Si5:rvices 9,773 , 000 
Major Repairs ( b  ,!llterations: (4e0,OOO) 

Modif. of actrobal1istf.c building (120,000) 

Alterakions o:f‘ t he  moc:k-u.p building ( 90,000) 
b4odif. of tlie photographic lab.  ( 60,000) 

( 50,000) 
Modif. of tlie equi:?. riairitenance bldg. ( ~ , o o o )  

bEnor. Repairs II Utern t ions :  (1,320,000) 
Automotive cqLiipme:it (G a i r c r a f t  
Bl.d@,s, faci:Li.t;ies & gi-ound ( 700,~OO ) 

Shop 8: off i ce  equi:pmeiit ( ~ , o o o )  
U t i l i t y  ins-;a:Llations 8~, grocess systems ( 100 , 000 ) 

Contractual operat ion of computing center (2,600,000 ) 
P l - a ~ t  ;E veh ic:Le maintenance ( 1,400 , 000) 
Consul.ting A engineer:lng services ( 300,000) 
Photographi 3 servi 2es ( 260 , 000) 
Modif. t o  bldgs. ( 250,000) 
Machine sho? & metzl :?ab. svcs. ( 240,000) 
Hire of motor vehicle,; ( 1~(0,000 ) 
Jan i to r i a l  ;eirvices ( 100,000 ) 
Graduate s t  idy leave . x i t i o n  ( 50,000) 

Modif. of bI-dg. t o  provid.e additional off ice  space (120,000) 

Modif. o:C the  vehicle maintenance bldg. 

( 80,000) 

Instruments arid resea:-ch equip. (400,000) 

MisceU.arteous jervices: (5,370,000) 

S e n i c e s  performed by other Caverment Agencies: 
Yenant occupancy overhead charge (2,603,000) 

08 Supplies and Materials 
Fab ri cat  fi 3n 
Plan t  Operat ions 
Maintenance & Jmprovemen t s 
Off i ce  operati  Dn s 
Report Rcproduct ion 

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



- 2- 

Estimates by Object - ._I_ .- 

1313 Supplies and Materials (cont 'd) 
Medical Security & Safety 
Rocket Propellants 
Other fuels & lubricants 

09 Equipment 
Replacement Equipment : (2,066,000 

Scientific & research equipmelit, 
Machine tools & shop equip. 

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

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

FY 1961 

$i 
( ;!o,ooo) 
( 330,000) 
( 150,000) 

276.000) 

TOTALS 



F.Y. a959 
Salaries Research 

Expenses Development T o t a l  
and ana 

$90 9 047 
518,4ii3 

187,656 
21,562 

144,700 

_ _ _  
$ a 2 1 8 6 9  571 
4,322,828 
29 521,478 

691,890 
252,437 
592,693 

239 772 
E 5  

3 820 848 

--_ 

T o t a l  obligations, 1959.,, , e - C . a I . . o r ,  E > 448 ; 29% 962,368 23,410 555 
New obligational authority, 1960 and 1961. _-- -__ o _ _  

e-- 135 283 135,283 
1953 balance available f o r  obligation i n  
1960, * .  - * e * .  . . * * .  e * .  . * * .  . - * * .  * .  . e .  * .  * * * .  

T ~ t ~ l . ~ . . ~ .  ..~..t.OO.,~,.~...... $u,448,298 $1,097,651. $13,545,949 

Ana1-ysj.s by Q ~ Z F ~ C ~  ~f,' p ~ ~ ~ ~ j . ~ - ! ! ~ :  

03 Transportation of things,.., ..e.P..... $271.9055 -e- $271,055 
66,313 

07 Other contractual services............ 2,2009531 $318,869 2,519,@0 

09 Equipment .,............, . O . . . . e O . . . . . .  3,4029 407 230,438 3,632,845 

04 ~ o m m f z a t i s a  scmizes. * . .  

08 Supplies and materials. . . . . . $. * .  6,513,992 413 061 6,927,05 3 

*. . e * .  . . -. 6G, 313 

P.Y. 1960 
Resew& 

ma 
Developmen% 

$1,683,000 . 
5 262,600 
3 , 6 37, 000 
6 256, ooe 

833,600 
4,190 , 800 

769,000 

46,000 
6,008 

--- 

E - Y -  2961 
Re search 

and 
Development 

$2,025 , 000 
9, 100,000 

g,a80,000 
~,050,000 
6 , 068,000 

4,070 , 000 

19052,000 ," 
34!.&75a,ooo, ,9 

35,0001 - 
* ,..d 

As. L 

22,684, ooo 

$22,684, ooo $51,345 000 

$1,485,000 
156,500 

8,636,000 
6,316,000 

6 p 090 t 500 

$39993,000 
336,000 

117,607,000 
I& 867,000 

l7,542,000 

TotalO..O...O...OO.......O.... $12,448 , 298 $962,368 $13,410,666 $22,684,000 $51,345,000 

i x b  
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FISCAL YEAR 1961 ESTIMATES 

Analysis by location: 

04 COMMUNICATION SERVICES 

F.Y. 1959 F.Y. 1960 F.Y. 1961 
Salar ies  Research Research Research 

and and and and 
Expenses Development Total Development Development 

................... - -- $4,524 $34,000 $40,000 
--- --- 8,500 LO, 000 
--- 574 3,000 6,000 

108, ooo 108, ooo --- 52,036 
3,179 --- --- 3,000 72, ooo 

--- --- --- 100, OQO 

NASA Headquarters.... $4,524 
Langley Center........................,. --- 
Lewis Center............................ 574 
Flight Center........................... 52,036 
Goddard Center.... 3,179 
Wallops Station......................... - -- 
NASA Huntsville............. ............ --- 

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

Total.................... $156,500 $336,,000 

Analysis of leased l ines:  

NASA Headquarters : 
Washington t o  Langley Center................... .............. $2,012 $3,000 $3,000 
Washington t o  AEilRO Office......................... ........... 2,512 3 p 000 3 9 000 
Washington t o  Los Angeles, California... . . . . . . . . . . . . . . . . . . . . .  --- 28,000 32,000 
Washington t o  PMRO Office................,........... ......... --- --- 2,000 

Langley Center: 
--- 5,000 5,000 

Langley Center t o  Washington ................................. --- -1 7 - c 500 5 000 

" I  ' * h i ~ g i e y  Ceiitei. to 'w'ttiiops axiaxilon..............e............. 

L e w i s  Center: 
Cleveland t o  Plumbrook............................e......a... 574 3 9  000 6, ooo 
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NATIONAL mRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

Analysis by location: 

07 OTHER CONTRACTUAL SERVICES 

NASA Headquarters...,. ................... 
Langley Center........................... 
Ames Center.............. ................ 
Lewis Center...............,...,.......... 
Fl ight  Center.........,.................. 
Goddard Center........................... 
Wallops Station.....................,..... 
NASA Huntsville..................,....... 
Western Office........................,... 
Wright Office................. ........... 

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

Expenses Development Total Development Development 

$553,246 
629,588 
293,303 
523,830 
126,505 
2,332 
68,825 

2,894 
8 

$32,000 
281,204 

1,885 
3,780 

$585,246 
910,792 
293,303 
523,830 
128,390 
6,112 
68,825 

--- 
2,894 

$L059,000 
875,200 
767,000 

1,000,000 
135,000 

1,964,800 
271, ooo 

--- 
18,500 

$1,200,000 
I, 342,000 
1,125,000 
1,374, 000 
149,000 

2,331, 000 
235,000 

Totd.. . . . . . . . . . . . . . . . . . . . . .  $2,200,531 $318,869 $2,519,400 $6,090,50q $17,542,000 

Analysis by types of service: 

Repairs and al terat ions,  ................. $1,091,832 $129,878 $1,221,710 $2,012,100 $5,060,000 
Miscellaneous services.,................. 753,614 176,991 930,605 1,522,400 7,403,000 
Services by other Government 

agencies.... ........................... 355,085 12,000 367,085 2,>>4,ooo >,o'Ty,ooo 

TOt~.... ................... $2,200,531 $318,869 $2,519,400 $6,090,500 $17,542,000 



FISCAL YEAR 1961 ESTIMATES 

Analysis by location: 

ITASA Headquarters.. ..................... 
Langley Center..... ..................... 
Ames Center................,............. 
Lewis Center............................ 
Flight Center........................... 
Goddard Center.............. ............ 
Wallqps Station..... .................... 
NASA Huntsville......................... 
Western Office................,.......... 
W r i g h t  Office........................... 

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

Expenses Develogment Total Development Development 

$6,282 
469,432 
160,832 
300,759 
94,493 

58,878 
- -- 
- -- 

1,148 
8 

$6 282 
597,659 
160,832 
300,759 
94,493 
1,651 
58,878 

1,148 
--- 

8 

$10,000 
565,200 
508,500 
528, ooo 
92,500 
107 , 800 
189,500 

LO, 600 
--- 

$10,000 
958,000 
766, ooo 
669,000 
60,000 
600,000 
191, ooo 

I, 800,000 
6, ooo 

Tot al....................... $1,091,832 $~g,878 $1,221~~0 $2,012,100 $~,060,0oo 

Analysis by i t e m  or  category: 

MASA Headquarters: 

Minor repairs and a l te ra t ions  : 

dn nn y r w  w tt.1 nn 
y r w u  dtlt.!?mc?ti?Y? ~~~~~~~~.......................................... dnn 

Office equi-pment .............................................. 6, ;& 9,900 9,900 

Tot&, NASA Headquarters...... ................ $10 000 $10, ooo_ 



Langley Center: 

m j o r  repairs and al terat ions:  

Alterations t o  building t o  provide of f ice  space f o r  
Goddard Space Task Group.......... ............................ 

Modification of transport aircraft.............................. 
Maintenance of grounds.. ........................................ 
Eifaintenhce of buildings, structures,  and parking lots . .  ........ 
Rqlacment  of hot-water p5pe l i n e  i n  West area................. 
Construction of Mach 1 5  helium jet.. ............................ 
Construction of  Mach 13 ceramic-heated jet and velocity 

Construction of 20-mm light-gas @;UZ~.......~..........~....~...~. 
Replacement of main drive shaf t  couplings of the 

U n i t a r y  Plan tunnel........... ................................ 
Modifications t o  equipment t o  develop instrumentation 

f o r  interplanetary orbi t ing vehfcles.o...........,...,...... .. 
Improvements t o  radar equipnent,for detecting objects 
during atmospheric reentry... ................................. 

b s t a l l a t i o n  of equipment fo r  developing airborne ~ ~ X X ~ J Q P B  
f o r  guidance of inLerceyter II1.IssileS............a............. 

Modifications t o  equipment t o  provide rneasux-lng d.evlces 
f o r  reentry heating and the.mal rad-f~~gon.........~.....,... 

Instal la t ion of  equi-pment f o r  heat-transfer obl,a.t.fon s tuaes .  . 

c o ~ u t ~ r . . . O O . . . . . . . ~ ~ ~ . . . O ~ . . ~ . . . O . . . . . . b b . . . ~ . . . O ~  .......... 

$102,200 

60,000 
75, 500 
28,300 
54,400 

--- 

25 , 800 
43,500 

80,500 

75P 000 

100,000 

100,000 

152, ooo 
120,000 

Minor repairs and al terat ions:  

Automotive equipment and aircraft.. . . . , ,  ........................ 2,366 2,500 2,500 
Buildings, facj.abities, and grounds. ............................. 145 890 80,500 100,000 
....awv1--**vv t n s + m r m n n f e  DnA -*a rnenarwh *I_".--* W Y  e n i r 4  -y,"."p'-"'". nwoon4 ............................. 49,993 y> nno yj 00n 
-**-x qhn-n oni) nffl 'nn nn~i4-nmnn-k - l'"-rY.-*"* ....................................... 22, 067 22,5no 22 500 
Utility ins ta l ia t ions  and process sys%ems,..,,., ................ 19 443 20 .v 000 20,000 
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h w i s  Center (con%inued) : 

Major reFairs and slt;erat;$ons (continued) : 

Ins ta l la t ion  of equipment f o r  l iquid propellantz 

Modifications t o  t e s t  r i g  fo r  research on gas generator 

Modification of equipment for research on l iqu id  

Ins ta l la t ion  of test f a c i l i t y  for stud$es on scale 

pressurization research...,..... ............................. 
and heat exchanger systems for space vehicles... , . . . . , . . ,  .... 

%ydrogen l iqu id  oxygen flow systexus,. ........................ 
ef fec ts  of l iqu id  hydrogen fue l  tanks...... .................. 

Minor repairs and al terat ions:  

Automotive equipnent and aircraf?t.....O............ ............ 
Buildings, f a c i l i t i e s ,  and grounds.. ........................... 
I n s t m e n t s  and research equiWent....-..........* ............. 
Shop and off ice  equipnent........,.. ............................ 
U t i l i t y  ins ta l la t ions  and process system......... ............. 

Total, Lewis Center...............................,. 

Flight Ceneer : 

Major repairs and al terat ions:  

Extension of flight l ine  ramp.. ................................ 
Minor repairs and altera%lons: 

A > r f n m n f i i r e  e m i i n m e n i  and a i  rnvafi. . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I : : ~ ~ ~ --- - --- - - . - >LI-xcI---- I-- --- -- -- 
Buildings, f a c i l i t i e s ,  and grounds.. ........................... 
l h s t r a e n t s  a;r,c?. research e ~ ~ i - j J n e n ~ . . . . ~ . . . . ~ . * . ~ * *  ............. 
Shap and off ice  eq~i-pmen~. ..................................... 

$269 $500 

76, 412 90, 500 
17,938 25,000 

43,500 40,000 

399 938 40,000 

$300~ 759 , $528,000 

$Ai 31? 
29,875 
38,850 

3,927 

$40,000 

$40,000 

80,000 

60, 000 

~0,000 

1,000 

100,000 

50, ooo 

$ 6 6 9 , , 0 ~  

40,000 

25 , 000 

$3; 000 

25, ooe 
15 , 000 

4,000 
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Wallops Station (continued) : 

m o r  repairs and al terat ions (continued) : 

Buildings, f a c i l i l f e s ,  and grounck..... ........................ 
Instruments and research equipment. ............................ 
Ut i l i t y  ins taUat ions  and process systems.. .................... Shop and off ice  equip&..  .................................... 

Total, Wallops Station...............,.,....,.,...., 

IfASA Huntsville: 

Major repairs and al terat ions:  

Modification of the a e r o b U f s t i c s  build-S-r).g......... ........... 
Modification of buildings toprovide  add i t iond  o f f i ce  space,.. 
Alterations of t he  mock-up building.. .......................... 
Modification of the -photographic laboratory. ................... 
Modification of the equipment maintenance building.. ........... Modification of the  vehicle maintenance building.. ............. 

Minor repairs and al terat ions:  

Automotive equipment and ~rcSa~. . . . . . l . . . . . .~ , .~ . . I . . . . . . . . .~  
Buildings, f a c i l i t i e s ,  and grounds.........,..................., 
Batnunents and research equipment..................... ........ 
U t i l i t y  ins ta l la t ions  and process systems.. .................... Shop and off ice  equipnent... ................................... 

T&2J., NASA FistsviIle..  ........................... 
Western Office:: 

Minor repairs and al terat ions:  . 

Building maineenance...,.....,.........,.,..,....,...... ....... 

$18,043 $66, ooo $68,000 
808 L,000 1,000 
212 2,000 1,000 

8,040 10,000 10,000 

$1,006 $10,100 

120,000 
90,000 1 

40,000 

60,000 : 
50,000 

80, ooo 
700,000 
400,000 
40,000 
100,000 

$ 1 , 8 0 G B  

$53 500 

I21 
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FISCAL YEAR 1961 ESTIMATES 

MIscEI;LAmEOUS SERVICES 

Analysis by location: 

HASA Headquarters ....................... 
Langley Center .......................... 
h e $  Center ............................. 
Lewis Center ............................ 
Flight Center ........................... 
Goddard Center .......................... 
Wallops Station ......................... 
NASA Euntsville ......................... 
Western Office .......................... 

Andysis by item o r  category: 

RASA Headquarters : 

F.Y. 1959 
Salaries Research 

a and 
Expenses Development To% al. 

$287. 650 
77. 159 

124. 306 
219. 735 
31. 151 
2. 332 
9. 535 

1. 746 
... 

$20. 000 
152. 977 ... 

... 

... 

... 

$307. 650 
230. 136 
124. 306 
219. 735 
33. 036 

4. 461 
9. 535 

1. 746 
... 

$333 614 $176 $930. 605 

Abstracting se.ices ............................................ 
Building m.nten.ce ............................................ 
Consultants and management suIYeys .............................. 
Exhibits for  public infomation ................................. 
Graphic and related ar t  services ................................ 
Microfilming se.ices ........................................... 
Miscellaneous itelI1s ............................................. 
Photographic and fi lm processing services ....................... 
Recruiting .vertising .......................................... 
Translations of foreign periodicals. ............................ 

Total. NASA Headquarters .............................. 

... 
$3, 554 
88, 358 
4. 340 

61. 557 

14, 561 

36. 367 

... 

58. 426 
40. 481 

$307 650 

F.Y. 1960 F.Y. 1961 
Research Research 

and and 
Development Development 

$469. 000 $570. 000 

240. 500 252. 000 
467. 000 700. ooo 
40. 000 85. 000 

5.310. 000 
7. goo 7. 000 

228. ooo 246. 000 

50. 000 131. 000 
20. 000 42. 000 
... 

$1.522. $00 

$75. 000 
5 . 000 

20. 000 
50. 000 
100. 000 

20. 000 
loo. 000 
39. 000 
60. 000 

$469. 000 

... 

$75. 000 
5. 000 

20. 000 
50.9 000 
100. 000 
30. 606 
10. 000 

120. 000 
100. 000 
60. ooo 

$57OI0OOp 



Langley Center: 

Cleaning and laundering services ................................ 
Consulting services. ............................................ 
Graduate study tu i t i on  .......................................... 
Hire of motor vehicles .......................................... 
Machine shog and metal fabrication ser ices  ...................... 
Photographic and film processing services ....................... 
Recruiting adve.ising .......................................... 
Rigging and caxting services .................................... 

Total. Langley Center ............................... 
Ames Center: 

Cleaning and laundering services ................................ 
Consulting and engineering semices  ............................. 
Graduate stud;. t u i t i on  .......................................... 
Hire of motor vehicles .......................................... 
Machine shop and metal fabrication semices  ..................... 
MebJcal seI.Vices ................................................ 
Photographic and f i l m  processing services ....................... 
Recruiting advertising. ......................................... 
Rigging and carting services .................................... 
Technical services f o r  maintenance of computing machines ........ 

Total. Ames Center .................................. 
Lewis Center: 

Cleaning and laundering services.. .............................. 
Consulting and engineering se.ices ............................. 
Gas cyiinaer r e f i i i i n g  ch..e~ .................................. 
Graduate study t u i t i on  .......................................... 
Machine shop and metal fabrication services ..................... 
Medical se.ices ................................................ 
Miscellaneous items ............................................. 

25. 349 
83. 932 
17. 909 .. 
8. 117 

$11. ooe 

4u. ouu 
26. ooo 
80. 000 
20. 000 
3. 000 
8. 000 

40. 000 

$3. 289 
10. go6 =. 545 

786 
17. 893 

414 
99 537 
448 

14. 899 
53 9 589 

$5. 000 
50. 500 
26. 000 
1. 500 

'25 000 
25. 000 
22 000 

500 
30. 000 
55. 000 

$24. oeo 
20. 006 

3479 000 
20. 000 

6. 000 

. ̂̂ ^  
1 I OOU 

15; 000 

$11. 0On 

43. <)UU 
26., ooo 
90) 000 
23. ooo 
3. 000 
a. 000 

42 000 

$246. 002 

$9. 000 
55. 000 
30. 000 
2. 000 

30. 000 
359000 
30. 000 
1. 000 
... 

60. ooo 

$252. 000 

$30, 000 
3u. - A  uvu n m n  

n nfin 
>?VVV 

15. 000 
460. 000 
20. 000 
6. ooo 



Lewis Center (continued) : 

Photographic and f i lm  processing services ........................ 
IZF?C?2ft iPZ ".P"inir ............................................ 
Removal and disposal of radioactive waste materials .............. 
Testing and analysis services .................................... 

Total., kwis Center .................................. 
Flight  Center: 

Janitorial. se.ces .............................................. 
Machine s h e  and metal fabrication services ...................... 
Hiscellaneous items .............................................. 
Photographic and f i l m  processing services.t ...................... 

Total. Flight Center ................................. 
Goddard Center: 

Cleaning and laundering selYices ................................. 
Consulting and engineering services .............................. 
Exterminating services ........................................... 
Graduate study tui t ion. .  ......................................... 
Hire of motor vehicles ........................................... 
Machine shop and metal fabrication services ...................... 
Medic aL semices ................................................. 
Photographic and f i lm  processing services ........................ 
Rigging and carting services ..................................... 

Tnt.n19 Godcard CeEt.Pv.< ............................... 
Wallops Station: 

Consulting and engineering serviceso ............................. 
Exterminating services.. ......................................... 
Graduate study tu i t i on  ........................................... 

$4. 000 $4. 000 $3330 
2. X C  L-y vvv 

2. 000 16. 000 120. 000 
10. 167 10. 000 10. 000 

r )  nnn 1 1 7 7  
A Y - 8  I 

$26. ooo $26. ooo 
3. 291 10. 000 
1. 970 100 
1. 775 3. 900 

$26. ooo 
55. 000 

100 
3 9  900 

... 

... 

... 

... 

... 
$4, 461 
... 
... 
... - 

$339 

1. 450 
240 

... 

... 

... 
$5 . goo ... 
30, goo 
... 
... 

$10. 000 
10. 000 
1. 000 
10. 000 
15. ooo 
35. 000 

2. 000 
3 9 000 
45 000 

> $131. 

$500 
300 

1. 500 



Wallops Station (continued) : 

H i r e  of motor vehicles... ........................................ 
Machine nhnr and rnet.al fahricafjon ~ ~ - t r ~ p ~ ~ 7  ~ ~ ~ - .  ~ - - ~ 

Photographic and fi lm processing services..... ................... 
Rigging and carting services.. ................................... 

Total, Wallops Stat ion. , , . . . , , , . . . . .  ................. 
NASA Hunstsville: 

Contractual operation of computing center..................,..... 
Plant and vehic&e maintenance...................... .............. 
Consulting and engineering services............................. 
Photographic services....... ..................................... 
Modification t o  buildings.... .................................... 
Machine shap and m e t a l  fabrication services......~.......... ..... 
Hire of motor vel2iclesI..............,.,.....*.*..=~.......~..... 
Jan i to r i a l  se~ices....................................,......... 
Graduate study leave tuit ion. . . .  ................................. 

Total, NASA Huntsville.....,....................,.... 

Western Office: 

Rental of motor vehicle ........................................... 
Ehgineering se~ices.................................~...~....... 
Jan i to r i a l  SeZYices..... ......................................... 
Recruiting advel*.tising.. ......................................... 
Photogra-phic se  -rViCeS....III.......iCli. ......................... 
Miscellaneous services...............,........... ................. 

'I'otal, Western Office...............,.,.........,...... 

--- $9.9 000 $30, 000 
$L> 5L2. 2, nnn 2, "C 

2,497 2,700 2,700 

&&a2- ,$20,000 

3,498 4,000 5 9 000 

$42,000 

$1,192 
100 

$1,000 

TOTAL, MISCELLANEOUS SERVICES................. $930,605 $1,522,400 

I $2,tjoo,000 
1,400,O0Ok 

300,OOOi 
260, ooo 
250,000 
240,000 ' 
1~0,000 
100,000 
50, ooo 

$5,370, OOQ 

--- 
$2,100 
1,000 
3,400 

500 

$7,403,000 



FISCAL YEAR 1961 ESTIMaTES 

SERVICES P E I I F O m D  BY OTHER G O V E R "  AGENCIES 

Analysis by locations: 

NASA Headquarters.... ................... 
Langley Center........O.... ............. 
Ames Center..........,........ .......... 
Lewis Center............................ 
Fl ight  Center.................,.,,........ 
Goddard Center.............. ............ 
Wallops Station.... ..................... 
NASA Huntsville................. ........ 

Total..... .................. 
Analysis by agency and type of service: 

F.Y. 1959 
Salar ies  Research 
and ana 

Expenses Development Total 

314 
997 
165 

3,336 
861 

$12,000 --- 

$12 ,,002 

Atomic  Energy Commission: 
Consulting services........ ..................................... 

Department of Agriculture : 
Maintenance of roads and grounds....... ......................... 

$ 2 7 1 9  314 
829 997 
89 165 
3,336 

861 

$367,082 

$900 

--- 

Dqartment of Commerce : 
Bureau of Standards: 

Research services... .......................................... 111,317 
Cdibra t ion  of instruments...D.... ............................ 1, Ti6 

Patent Board.... ................................................ 2,700 

Measurements and forecasts.. .................................. --- 
Weather Bureau: 

F.Y. 1960 
Research 
and 

Develapment 

$580, ooo 
82, ooo 
18,000 

5,000 
2,500 

1,807,000 
61,5m --- 

$2,556 e 000 

$2,000 

--- 

60,000 

F.Y. 1961 
R e  seam h 

and 
Development 

$620, ooo 
138, ooo 
107,000 

5,000 
4,000 

1,600, ooo 
2,000 

$5,079,000 

$2,000 

$20,000 



Analysis by agency and type of ___ service: - - - . 

Department of  Defense: 
A i r  Force: 

Contract admiafstratioli se~~icea..........,...,............., 
Machine shop and metal fabrication services.................. 
Technlcal services........................,....,..e .......... 

Arrqy: 
Contract administration and auditing services. . .a. . . . . , .*. . . .  
Technical services...............,............................ 
Tenant occupancy overhead charges (Huntsville). .............. 

F?av : 
Contract administration and auditing services.......,........ 
Machine shop and m e t a l  fabrication services..,.. ............. 
Research S e ~ i c e s . . .  ......................................... 
Technical se~ices.......................,.................... 
Tenant occupancy overhead charges (Goddmd). ................. 
Tenant occupancy overhead charges (Ameel.. ................... 

Department of Health, Education, and Welfare: 
Medical services................,........,.......e ............ 

Department of  the Treasury: 
Bureau of Engraving: 

Technical services............,.,.............eq...*+....e.... 

General Services Administration: 
Building maintenance......,.....,........,. .................. 
Guard and j an i to r i a l  services........... ..................... 
Technical s e ~ i c e s . . . . . . . . . . . . . . , . . . . . . . . . . . , . , . . e . . . , ~ b o . e ~  

RationaL Science Foundation: 
- k?esen,rc!2 aerrrices......... ................................... 

U. S. Information Center: 
Preparation of foreign brochure................,..,.,......... 

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

--- $210,000 $240,000 
$426 1,800 3.100 

2,767 3 200 3,200 

84,500 107, ooo 
1,500 1,500 --- 2,603,000 

1,975 
3,306 

--- 107, 500 1 5  5 j 000 
70,000 150 000 

1,438 2,500 3,000 

--- 69,578 
15,000 30, ooo 
6,802 1,813,500 1,336,500 
7, 402 16, ooo 101,000 

1,642 5,000 159000 

1 9  831 

101,063 

3,170 
- -- 

6 0 ~  000 
30,000 
3,000 

60 000 
250, ooo 

3,000 

nn nfin cv, uuu P A  n A f i  
;.'VI w u u  nn nrn 

C L 9  W p J  

12,000 - -- --- 

$367,085 $2,556,000 $5 079 000, 



NATIONAL AERONAUTICS AM) SPACE AIIMl3XKSTRBTTON 

FISCAL YEAR 1961 ESTWTES 

08 SUPPLIES AND MATERIALS 

F.Y. 1959 F.Y. 1960 F.Y. 1961 
Salaries Research Research Res emch 

and and and and 
Expenses Development Total Development Development 

Analysis by location: 

NASA Headquarters .............. 
Langley Center...... ........... 
Ames Center,, .................. 
Lewis  Center..,.... ............ 
Flight Centero. . . . . . . . . . . .o . . .  
Goddard Center.........*....... 
Wallops Station... , . . . . . . . . . . . .  
NASA Huntsville. ............... 
Western Office...... ........... 
AMRO Office .................... 
PMRO Office .................... 
Wright Office. ................. 

1,994,105 
297 , 161 
467,789 

1,352 
3-25 

10 

$211,776 
2,562,086 
19177,031 
2,181,761 

299,866 
25 , 257 

467,789 

$240,000 
3,224,500 
i,500,o00 
2,800 9 000 

250, ooo 
210 9 000 

4,500 
2,000 

405,000 --- 

--- 
e-- 

$320 , 000 

1,500,000 
4,000,000 

1,227,000 
540,000 

5 , 610 , 000 

400,000 

4,000, ow 
6,000 
3,000 
1,000 

Total.. . . . . . . . . . . . .  $6,513,992 $413, 061 $6,927,05 3 $8,636,000 $17,607,000 
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Headlquarters. --* 

hngleyo . e . $1,013,851 
Ames... ....... 4139 454 
IR.bliLS.O.O....* 737, =4 
Flight.. ...... 83,661 
Goddmd,...... -_- 
wmops. ...... 38,799 
Western....... --_ 
AMROO......... --_ 

-I e - 
$257 044 

wight ........ --- 

Fiscal year i 60 

$679,909 
344,006 
750,000 
70, E(! 

100,OOO 
- -0  

Headquarters e . --- 
hngley. ...... $1,003,675 
Ames......... . 468,000 
Lewi_s. c i i 5 i * .. 650, em 
Flight.. ...... 77- j nnc 
Goddmd.. ..... llnjr?rm 
wauops,....., 120,000 
Westem; i i -. ~ - .  

AMROO........ . 

-- - -  

--- 

$1L,?X7 $458,037 
L6 9 600 150,900 

-s- 

-_- e-- 
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Scfentffic 
and Vtility aptens, 

research service, and 
equipment safety equipment 

Fiscal Year 1961: 

and s h q  
e qulpment 

NASA Headquarters - so- 

Langley Center,,,.. - - s_  

h e s  Center. $112,000 
Lewis Center. e ,  I/ 76,000 
Flight Center,,.,,. 15,000 
Goddard Center..... - 0 -  

Wallops Station.... "_- 
NASA Huntsville I ) .  I .... ." - 1,737,000 

- -- 
$lO,QOO 
3, QOO 
1,400 
10, QOC 

4,000 

Total ., e e . a . . . . . . $1,940,000 $28,400 

Automotive 
3r.d CthPP 
mobile 
equ1pmenz equipmenr. 

$182 300 $102 9 600 

$LO J 000 
a85 , 800 
2 0 ~ , 4 0 ~  
107 9 000 
4oymo 
21 , goo 
47,000 

2,066,000 

$2,684,100 
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and and nn d 

electronic  hydraulic opt ieai  
Fisc& Year lg6i: 

Langley Center.. . . $C;j6,O<j? $~O,OOO $110,000 

Lewis Center.. .  . ,. 25OJO00 60 000 5,000 

Goddard Center. a a a 285,850 -_-  20,060 
Wallops S t a t i o n - , ,  6,000 I, 000 28,000 
N$A&%LS&lltSt, e 2 a , O Q O L s  000 - ,_ -,.-w!&"QQ! --- 

Total.  oe....$1,797, 850 $116,000 $236,000 

Ames Center. . . . .  a l50,OOO 25,000 25,000 

Fl ight  Center.,  47,000 5,000 8, (308 

To tal 

$1 ,189, GOO 
3uo o w  
525,000 
78, QOQ 
305 7 850 

46,000 
I 413,300 

$2 847 850 



MATIOWU; AERONAUTICS AND SPACE ADlK€l?ISm!PION 

FISCAL YEAR 1961 E S T m S  

Analysis by location: 

RASA Headquarters... .................. 
Langley Center......................., 
Ames Center........,........ .......... 
Lewis Center.........................- 
Flight Center...................,..... 
Godbrd Center............ ............ 
Wallops Station....................... 
NASA Huntsville....................... 
Western Office.... .................... 
AMRO Offi~e......................~ .... 
PMRO Office....................,..,., 

F.Y. 1959 F.Y. 1960 F.Y. 1961 
Salar ies  Research Research Research 

ma and and and 
Expenses Development Total Development Develapment 

$250,745 
186,136 
605; 172 
613,224 
949 577 

23,764 
94,413 

-- - 
16,027 

$37,386 
60,417 

16,972 
114,998 

605; 172 
613,224 
1119549 

23,764 

16,027 

209,411 

--- 

$140,000 
371,000 
913,150 

~9770,000 
229, ooo 
587,950 
26, ooo 
22,000 

3 1 000 

--- 

--- 

$15 5,000 
653,000 
892,600 

2,868,000 
266,000 

32,000 
1, 170,250 

g 6  a boo 
1 5  ooo 
4,000 

Total... .................... $is 884,058 $229,773 $2,113,831 $4,062, io? $6,334,852 
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Scientific 
and Utiiity systems, 

research service, and 
equipment safety equipment 

Fiscal Y e a r  1961: 

A i  1 t. nm nt i.re Z r s f t  i c‘ 
D - .- - -_._- 

Machine tools  and other 0ffi-w and 
and shop mobile reproduction 
equipment equipment equipment Total  

NASA Headquarters.. --- 
Langley Center, . . . $417,500 
Ames Center........ 735,000 
Lewis Center... o o o l  2,710,000 
Flight Center e ., e e 224,700 
Goddad Center, 655,000 
Wallops Station,*., - 0 -  

NASA Huntsville.... -_- 
Western ’office.. --e 

AMRO Office..,, -__ 
PMRO office. e --- 

- .- 
t 

.I 

I 

Tot al,...,,...... $,742,200 

--- 
$80 9 500 
50 , 000 
30,000 
8,500 

47,000 
10,000 

$226,000 

$120,000 
90 , ooc 
80,000 
25 > 000 

2 ~ 6 ~  000 

143 , 000 
7 , OQO 

~. 

1, $00 

-__ 
15 , 000 
4,008 
1,50s 

$741,000 $142,050 $483 + 600 

$155,00Q 
653,000 
892,600 

2 , 868, 000 
2 6 6 , ~ ~  

1,1%S, 250 
32,000 

276,000 
15,000 
4,000 
3,000 

$6,374 ,,850 



1. 

2. 

NATIONAL A-EROflTCIuTSCS AND SPACE ADMINIS!FRATION 

FISCAL YlMR 1961 ESTIMATES 

RESEARCH GRANTS AND COPI'RACTS 

Fiscal  Y e a r  1959 

$3,994,51 Y 
Fisca l  Y e a r  1960 

$4,950,000 $10,000,000 

OBJECTIVES: 

To u t i l i z e  most effect ively the  non-governmental reseamh t a l en t  and f a c i l i t i e s  of 
the  nation for the  conduct of f'undamental and applied research necessary f o r  advancing aero- 
naut ical  and space technology. 

JUSTIFICATION : 

I n  order t o  keep pace with t he  nation's growing space program it i s  necessary that. 
an increase i n  funds be made available t o  pem'it the  NASA t o  u t i l i ze ,  through %he medium of 
resemcn grants or contracts, tne  services ox tne  sc ien t i f ic  personnel 
si t ies and other non-governmental research establishments. It i s  only through t h i s  mechanism 
that the  services of some CP the  nation's most eminentscientistsaay be u t i l i zed  t o  assist i n  
tbe solution of existing urgent problems i n  aeronautical and space technology, and t o  conduct 
tile long-range ilmdmientai researcii investigations tha t  provide the knowledge upon -which 
f u n r e  programs may be based. 
f a c i l i t i e s  t ha t  ex is t  outslae i t s  o m  laboratories for the solution of urgent problems. 

oi zne na7;ion:s univer- 

Elis procedure aim permits tine Government i;u u i i i i x  &que 

Par-kicular a t tent ion must be given not only t o  encouraging work by existing groups but 
a l so  t o  aiding i n  the establishment of new centers i n  the nation's univers i t ies  fo r  research 
i n  the space sciences. 

r/ Includes $966,510 provided under "Salaries and Ek-penses" . 



SfiGi+Li .~-  arier tine estabiis-m~en-t of t h e  .NASA, a program of long term support was 
T&cre q ~ ~ q r j ~ t e ,  r z s e a c h  initiated in the universities by i~eans of i-e~',e&?ch grm+c 

type contracts were di.v@logc"rl fsl: tx%iliza%Li=z in the s-iipp,~~~i, or" research that tras applied 
in nature. The contimation and expansion of these programs during the fiscal year 1960 
lIcIIu uLluwll  ab iG% llas aeveiopeu the facility for handling this type of program with 
a high degree 02 satisfaction to the universit5es and research cectcrs Ln:;ob& an& in a 
manner t h a t  promtes the Fest interests cf %lie Government. To keep pace w ~ t h  the growing 
needs of the nation's space programs, $10,000,000 is required f o r  the fiscal year 1961, 
as follows: 

I..-- ..I----- I? - e  

Physical sciences: 
physics, chemistry and mathematics. 
solids is of the first order of importance in the search for Laproved materials. Of equal 
importance is the investigation of the physical and chemical phenomena of high-temperature 
gases. 
to a number of relatively unexplained phenomena such as dissociation and ionization. 
and many other simihr problems in the physical sciences should be extensively explored. 

Research is required on numerous problems in the areas of 
The investigation of the physics and chemistry of 

At the speeds and densities encountered in space operations, the gases are subjected 
These 

Cosmological sciences: The inaccessibility of space prior to the launching of 
satellites and space probes requires that investigations in the planetary sciences (astro- 
physics and astronomy) be accelerated. 
conpxratively little is known. 
on by the space flight development program of the ?&SA, there are numerous problem areas 
involving cosmic rays, planetary mapping by r-adar techniques, and trajectory calcuiations, 
to which the universities, the traditional centers of fundamental research in the nation, 
are in a position to make important contributions. 

These are-areas of great- importance about which 
Although magor efforts in these fields will be carried 

Bioscience: During the fiscal year 1960 an intensive study of the NASA's role in 
the biosciences is being undertaken. 
space are becoming w e l l  kro-m and the first steps of the NASA to cope with this important 
problem area have been initiated. 
hg, E&s?IG~~=L,  beha-b-ioi., ana space environment. 

The problems confronting man in traveling through 

There are numerous problems in biophysics, bioengineer- 
The attention of the nation's biomedical 

s ~ i ~ l l C i s t ~  CGZ t - , ~  i%.i-ecteci iowwd t ' n ~ f ~ e  ~ O ~ L = S  th~p,*;k: ~.+p~,-t ~f aieh' work by research 
grants . 



- Lngineering sciences: Engineering research in the field of energetics, electro- 
magnetics, Fluid mechanics, mteri AIS tccPam7ngy, mecbz,.cic~, s y s t m a  iiixdysis a116 cvntroi 
ma flight qerakiszs I s  reqgked tu bring a"iout urgenxly needed improvements in both the 
performance and the e2ficiency of the extremely comtiLex svstems r ~ ~ i i i ~ ~ i j  fnr cyr" flfgkt, 
For exampLe, in the field of energetics, it is important that; an increased effort be de- 
voted to research on new means of eneiyg conversion and i r t i l i z a t i o n  from nuciearp or soLm 
sources, a possiljly frm matter in space, if certain of the required space missions are 
to be performed. 

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

The exploration of these problems is necessary to permit 

Miscellaneous: The NASA research associateship program administered by the National 
Academy of Sciences and the advice and counsel provided by the Space Science Board of the 
National Academy of Sciences are invaluable adjuncts to the NASA's space ef for t .  

3. PROGRAM COSTS: 
Fiscal Year Fiscal Year Fiscal Year 

1959 1960 1961 

................... Physical sciences $1,057,853 $1,000,000 $2, 500, ooo ............... 638,164 goo, 000 2,000,000 
Biosciences.. ....................... --- i,250,000 2,000,000 

41,818 250,000 500 , ooo 
Miscellaneous..., 460,400 500,000 500, ooo 

Cosmological sciences 

Ehgineering sciences 
Socio-economic studies... 

................ 1,796 , 275 1,050, ooo 2,500,000 ........... ................... 
$3,994,51 d.l $4,950,000 $10,000,000 TOTAL................. 



FISCAL YEAR 1961 ESTIMATES 

Fiscal Year 3.959 

$3,556,170 

1. OaTECTIgES: 

FisaaJ. Yew 1960 Fiscal Year 1961 

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

2. JUSTIFICATION: 

A sounding rocket is a rocket used to carry a scientific payload to a height of up 
The sounding rocket affords a means of in- to one earth's rdius, i,e. about 4,000 miles, 

wst.igrzting the earth's atmosphere in vertical. C~OSB section out to the distance at which 
the atmosphere merges with the medium of interplanetary space. 
experimental programs are. poss'ible with relatively simple tracking ranges and launching sites- 
Many investigations of atmospheric structure, composition, ionization, motions, aurora, air 
glow, absorption of solar  radiation, and interactions w i t h  cosmic rays and other particles 
can best be conducted by means of sounding rocket&, particularly at altitudes below those 
at which satellites can remain in orbit. 
quickly launched from shipboard or other specid. sites on short notice for the investiga- 
tion of sporadic phenomena such as the aurora, magnetic storms, and s o l a  flares. 

Zot2 e l ~ c l o r z t c ~  a_n_d. roiitine 

Moreover many sounding rockets m e  easily and 

The 



3 .  

sounding rocket a lso provides a means of tes t ing  under ac-tuai operating zon2itlans eqcig- 
ment intended TOT Later use in  s a t e l l i t e s  or  deep space,probes, thus providing a check on 
the equipment before it i a  mnmittecl tc t he  r m ~ h  m ~ r e  expensive vehicles. 
Dromam is based on experience gained from 13 years of rocket soundings, and is  a program 
designed t o  extend and t o  f i l l  in the gaps i n  tne mowieae so Ltu- a G y U i i - &  oii tkc  :~-$k'z 
upper atmosphere and i n  rocket astronomy. 

The current RASA 

Operationally, the NASA rocket sounding program divides into 3 pasts: (a) "low 
al t i tude" sounaings up t o  100 kilometers (60 miles), (b) "medium al t i tude" soundings reaching 
t o  400 kilometers (250 miles), and (c) "high a l t i tude"  soundings above 400 kilometers, ex- 
tending t o  one or  several thousands of miles, 
knowledge of the lower atmosphere, and includes de ta i led  measurements and synoptic studies 
of geographical and temporal variations i n  atmospheric properties, with par t icular  i n t e re s t  
in re la t ions of the higher atmosphere t o  surface meteorology. P m t  (b) involves the study 
of the high atmosphere, with pasticulas emphasis on the ionosphere and s o l a - t e r r e s t r i a l  
relationships+ 
volves the study of the outer portions of the ea r th ' s  atmosphere and the f'ringe regions 
where the atmosphere merges in to  interplanetary space. Work in t h i s  portion of the program 
is still  i n  i t s  beginning stages, and measurements i n  the lmmediate future w i l l  be of an 
exploratory and survey nature, laying the groundwurk f o r  more detailed and precise o b s e m -  
t ions l a t e r  on. 

Part (a) i s  directed toward completing our 

This portion of the program also includes rocket astronomy. Part  ( c )  in- 

PROGRAM PHASING: 

In the fiscal. year 1959 a large past  of the work w a s  devoted t o  the analysis of data 
obtained during the International Geophysical Yew. 
development and preparation of advanced instrumentation for  continuing the rocket sounding 
program. Examples of t h i s  instrumentation include the  development of a new type of magne- 
tometer and the development of new types of mass spectrameters, pressure gages, and ionospheric 
instrumentation. 
a l t i tude  types were proeured fo r  the souriding rocket p~agsam. 
a l t i tude  soundings were conducted. 

I n  addition, work was s ta r ted  on the 

During this fiscal. y e a  about 35 sounding sockets of the low and media 
Both low a l t i tude  and medium 



During the fiscal year 1960 the anLzlysis of data obtained from tru-uluiiig rocket 
flights in continuing, 
and the rate of s ~ a d i n g z  increased. 
the fiscal. yeas 1959 is continuing. 
pay]-oads funded. 
altitude rcckets m e  included. 
soundings w i l l  attain a level of about 90 rockets per year. 
the performance of outer atmosphere experiments, wing such vehicles as the Jason and Javelin 
rockets. 

The medium alt9itude sounding ppro@;ram is being greatly strengthened 
The develqmen’c nf admwcd Inst~.unentation begun in 
About 75 iiounaing rockets we being procured and t h e i r  

Most of these are or  cne i l s e a i  year ~ i i i d t :  LX%tle;C, ;ut si~zic ht&i 

A beginning is being made in 
By the end of the fiscal yew 1960 the rate of rocket 

The funds requested for the fiscal year 1961 will permit the continuation‘of the 
rocket sounding program at the level of about 90 rockets per year, including purchase of the 
necessary rockets, pzwparation of the pqyloads, mil analysis of the results. 
of advanced instrumentation will continue. 
altitude work vigorously with about 70 rockets, the high altitude soundings will be stepped 
up, with particular emphasis on the outermost portions of the ionosphere, interactions be- 
tween the ionosphere and the radiation belt, studies of the aurorae, and studies of the 
earth’s magnetic field. 

Developlaent 
In addition to continuing the low and medium 

4. PR&RAM COSTS: Fiscal. Year Fiscal Year Fiscal Year 
1959 1960 1961 

Advanced technical development: 

Scientific and technical studies.. .... $220,000 $711,000 $500,000 

2, loo, 000 1,300,0oo 
Development of advanced instru- 

mentation.. .. .:. ................. 420,OoO 

m a :  
Sounding rOckets.....ol..~-............ l.,380,3X 3 ,  loo, 009 3,2Qo,oCc 

3, ooo, I?K? P~lOhdS.. ............................ L,330,l!U c97vv.9- 
.-e/ _I-.-, n nnn nnn 

TOTAL.. ........... .$F,i56,i70 $6,8&L,OOO $8,OOO,,OOO 



NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION 

FISCAZ, YEAR 1961 ESTIWEES 

SOUNDING ROCKETS 

0b.i e c t ive s 

A sounding rocket i s  a rocket which rises t o  a m a x i m u m  a l t i t ude  of 4,000 miles (one ear th ' s  
radius) and then falls back t o  the earth. 
exploration of the upper atmosphere. 

The primary use of sounding rockets i s  for  the sc i en t i f i c  
Tasks fo r  which sounding rockets are par t icular ly  suited are: 

Direct measurements of atmospheric conditions above the maximum attainable 
balloon a l t i t ude  and below the minimum useful s a t e l l i t e  a l t i tude;  that i s  
20 t o  125 miles, 

Measurements of ve r t i ca l  atmospheric cross-sections over any a l t i tude  range. 

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

Upper air measurements which require a very large payload power l eve l  fo r  only 
a short period of time. 

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

149- 1 



s a t e l l i t e s  and space probes. 
s s a d i z g  rsc1ret.s 1s x dis t inc t  advanzage. buichings are  -,2azmed frm the Arttic (Fort. Chmchill,  
Canada) and frona the Southern Hemisphere (Australia), as well as Tt'rorn tne  X&A f a c i l i t y  at Wjl_l~s 
Island, Vsrginla, i o  acilieve ucuUcL wNvI-Lu ..--- _ _  

The relat ive simp1icit.y o f  the launching f a c i l i t i e s  required by 

1 -LA--- ----id - ~ a -  nl\Treralzp- v 

The $8,000,000 requested i n  the f i s c a l  year 196i budget for the Sounding Rockets program 
w i l l  provide fo r  i t s  continuation a t  about the leve l  established during the International Geo- 
-physical Year and maintained i n  the NASA schedule for  the second half of f i s c a l  yea; 1960 and 
the  first quarter of f i s c a l  year 1961. This l eve l  of 90 t o  100 rockets per year, as shown i n  
the schedule, will provide for  the continuation of the  planned research program i n  the sc ien t i f ic  
areas of aeronomy (atmospheric physics) and astronomy, which each consume roughly one-third of the 
rockets; and i n  the areas of energetic par t ic les ,  magnetic f ie lds ,  and ionospheric physics, which 
each consume about one-tenth of the rockets. The special  problems category includes rockets which 
w e  used fo r  several sc ien t i f ic  areas jointly,  o r  f o r  a project which does not f i t  in to  any one 
of those areas. This NASA space research program using sounding rockets i s  coordinated closely 
w3th the NASA sc ien t i f ic  s a t e l l i t e  and space probe research programs, and with the upper atmos- 
phere research programs of other U. S. agencies, t o  form a unified national program of sc ien t i f ic  
space exploration. 

Sounding Rocket Schedule 

Scient i f ic  Area 

Aeronomy.................. 5 6  
Astronomy................. 6 8  

2 6  Energetic particles. .  ..... 
Magnetic fields.,......... - 5  
- 2 2 lonospheric p'hysi~s.. ..... 

? 'n I 

Syeciai _vLuuieu i~ .  ......... -- .,. -0 _-_- 
A -  

Totai. ....... 

Fiscal  Year 
1961 

13 13 9 9 
8 8 6 6  
2 1 3 2  
1 - 2 3  
2 2 2 2  
---- 3 1 2 2  

149-2 



Scientific and Technical Studies 

The sounding rocket program costs are divided between %he ahrmced t e h . n l r d  development ............. mk wu 
1961. for scientific and technical studies. 
lBboratoiy investigations of the probable m t w e  af the upper atmasphere and the radiant energy 
incident upon it. They are  based on past experimental and theoretical rc.searchj and lead t o  an 
increasingly accurate picture of this region of space and to new experiments based on this new 
knowle@e. The funds for the fiscal year 1961 are to be devoted to the areas of upper atmos- 
pheric composition and circulation, and of the problems associated with mapping the celestial 
sources of ultraviolet radiation, which were just discovela during the IGY. It may be noted 
that the ionosphere and plasma investigations studies which were funded in the fiscal year 1960 
have moved directly into the payload area in the fiscal year 1.961, because the basic instrumenta- 
tion development required prior to launching payloads in these scientific disciplines has been 

Aba+w*w-* prcg~- rns-  TTnFiw the fcmei- categcrx is included $50C,000 in the fiscal yam 
These studies include long Leas ~ m e  -i;'neureLi&l 

c~pktea. 

Fiscal Year Fiscal Year Fiscal Year - Item 1959 1960 1961 

Composition upper atmosphere................ 
'Energetic particles 
Gas composition studly.,. . . . . . . . . . . . . . . . . . . . .  
Winds and diffusion (sodium) ................ 
Plasma environment measurements............. 
Ionosphere current measurements........... .. 
Ultraviolet mapping experiment..,........... 
Ionosphere propagation measurement.....*.... 

$220,000 

--- 
$85,400 
256,000 
137 ? 700 
40 000 
100,oQo 
91,900 

$174,500 
125 500 

.--- 
200,000 

$5OO,000_ 

149- 3 



Development of Advanced Instrumentation 

The second item under advanced technical development is the development or' advance6 
i i l b L ~ w l ~ c u t t L t i Y i i ,  ~ G Y  xhizh $2,;CC!,!?!X 5.z h s i ~ l g  r?cyJ.Qs+ed in t.hp fi s e a l  pear 1961. The decreased 
amount in this category in the fiscal year 1961 reflects the fact that the fiscal year 1960 pro- 
gram funded much of the basic first generation scientific and technological support instrumentation 
As shown in the table, five tasks will be completed with fiscal year 1960 funds, including the 
$561,000 development of the important nuclear emulsion recovery vehicle (Nerv) . 
tasks, the development of upper atmospheric wind instrumentation and of an Aerobee rocket aspect 
control system, will be initiated with the fiscal year 1961 funds. 

Only two new 

Item - 
Neutron sensors............................... 
Magnetometer... ............................... 
Magnetic mass spectrograph.. .................. 
Video recorder............................... 
Telemetering and range instrumentation.. ...... 
Antenna development. .......................... 
Dovap development... .......................... 
Dovap trailer................................. 
Development of photographic probe 

fo r  meteorological study. ................... 
Energetic particle instmentation for 
micrometeorite detection system.. ........... 

Coronagraph... ................................ 
Rocket aspect control system ( Aerobee) ........ 
F'M transistor telemeters.. .................... 
Telemetering and range ins t r:went at ion 
intzgr3ti=n ................................. 

*-----I -mar.+ nf 1 7 7  fra-hi  ah ?mmn,rn sy,qt.pm. ...... 
u G v L r w y u r & r u  V I  *-- 0-- 

Development of total. pressure gage....,....... 

Fiscal Y e a r  Fiscal Year Fiscal Yeax 
1959 1960 1961 

$100,000 
75,500 

124,500 
120,000 

--- 
-e- --- 

--- 
$200,000 

50,000 
100,000 
20,000 

68,000 

250,000 
16,000 

50,000 
--- 

110,000 
120,000 
r- A r r P I  3u, vuv 

--- 
$80,000 
120,000 

200 9 000 
50,000 

100,000 
20,000 

--- 

30, ooo 

70, ooo 
20,000 
50,000 
50, ooo 

150,000 
50,000 
ITA Ann 
JU 9 VUU 

149- 4 



Ita! - 
Upper atmospheric wind ~ns-crumeniaiion.. e e 

Gas diffusion p~mp..........~......~.~.~...~ 
Gas mdyzer . . .  ............................. 
Atmospheric structure instrument development 
Sweep frequency receiver....,............... 
Ultraviolet scattering densitometer.,. ...... 
Design, development and construction of 

micrometeorite detection system..., ....... 
Rocket borne antenna development............ 
Development of Nerv package................. 
Development of electrometers..... ........... 

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

Fiscal  Year Fiscal  Year Fiscal  Year 
1959 1961 

$420,000 

._ 

$40,000 
20,000 

195,000 
50, ooo 
50,000 

60,000 
50,000 

561,000 
40,000 

ksn nnn 
T I  -, --- 

--- 
LOO, 000 

30,000 
--- 

--- 
SO, 000 

30,000 

$1,300,000 

Sounding Rockets 

The f i s c a l  year 1961 amount of $3,2OO,OOO requested f o r  sounding rockets i s  at about the same 
It, will be noted that instead of purchasing a few of 

This 

leve l  as the  f i s c a l  year 1960 allocation, 
each type of rocket every year, rocket purchases are  concentrated t o  buying larger quantit ies of 
fewer types i n  any given year t o  secure the economics of purchasing i n  la rger  qumt i t ies .  
i s  par t icular ly  applicable t o  the Arcon, Rike, Asy9 and Cajun types, which cost l e s s  than $10,000 
apiece, and which are kept "in stock" for  use a8 needed. Amroximately ten  -percent of the f i s c a l  
year 1961 sounding rocket funds are devoted t~r improvements of the  Argo D-8, Aerobee l5OA, and 
Arcon rockets which have been found to be neceasaxy f o r  t h e i r  most e f f i c i en t  employment i n  the  
research program 
t o  be purchased with the requested fimds* 
launching attenipzs, t o  achieve about 190 SUCCY=~S~~L L X i ~ C h 5 Z . ~ G e  
rwGes frcz a 
$50,000 fo r  the Javelin, which carr ies  90 pounds. to  7QO milee, 

The average cost per  sound&@ rocke% i s  $27,@OG, which will allow I20 rockets 
This numbel provides one backup rocket f o r  every f ive  

%,e css t  per indivfdcisd mcket.  
A , -  

e+-' . + ~ - i ) [ - ) i i  2 - - -  fgr i,he h c u f L ,  w l ~ i . l i  e a ~ i " , ~  33 -pc&y?: 65 ~ l ~ e s ~  ?.Q 8 hjgh nf 
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20 Nike-Asp boosters...................... 

12 Honest John rockets................*... 

5 Aerobee-100 rockets and boosters........ 

15 Aerobee-Hi rockets and boosters......,. 
20 Aspan rockets.......................... 

15 A s p a n  rockets.......................... 
22 Nike-Cajun rockets..................... 
2 Nike motors............................. 
47 Aluminum-plastic laminate A s p a n  rockets 
4 SzZylark rockets.. ....................... 

X-248 A6 rockets.. ........................ 
24 Nike rocket motors. .................... 
7 Aerobee-300 t h i r d  stages.... ............ 
5 Javelin rockets and 7 vehicles. ......... 

4 Argo D-8 rockets.... .................... 
6 Argo D-4 rockets.. ...................... 
25 Aerobee-Hi rockets and boosters........ 
Develupment of aluminum-cased Nike-Asp 

vehicle..............**................. 
hprovement and modification of various 
sounding rockets........................ 

Development of Iris sounding rockets...... 
Wind tunnel t e s t s  of Aerobee vehicles..... 
35 Nike-Asp rockets....................... 
24 Nike-Cajun rockets.. ................... 
5 Skyhi% z-oc~&s..  ....................... 
& L g u  D-6 ----  7 - - A -  

L U ~ h ~ b i 2 . . . . . . . . . . . . . . . * . . . * . . . .  

12 h g 0  D-4 rockets. . . . , t 6 b a 

10 Arcon rockets.......................... 
30 Aerobee-Hi rockets andboosters,....... 

Fiscal  Year Fiscal  Year Fiscal  Year 
1 ncra -, i a6n - - 1963 
-/// 

$50, ooo 
135,000 
p0,ooo 
60,000 

160,000 
50,000 

140,000 
450,000 

245,000 --- 

--- 
$3,900 
68,900 

103,500 
123,200 

5, ~ 0 0  
279,500 
150,000 
580,000 

750,000 
300,000 

480,000 

103,000 
141,500 
u, 500 --- 

$332,500 
137,500 
180 ooo 
560; 000 
600,000 
50,000 

900, ooo 



Fiscal  Y e a r  Fiscal  Year 
I t e m  - 

n--*- --a ~-n,rnlmnnan+ cf !\_ran 3-8 
UGQrgrr cy** v.b u .--"pa--- - u- 

payload housing........ ................. 
Development of improved Argo D-8 f in .  e e + e 

Development of motor shedding system....,. 
Incorporation of  de-spin system f o r  

Development of aluminized grain super Arcon 
Aerobee l5O-A............., ............. 

1959 

$I& 380,000 $3,100,000 

Fiscal  Y e a r  
1961 

$30,000 

150,000 
50 000 

100,000 
100,000 

$3,200,000 

Payloads 

A t o t a l  of $3,OOO,OOO i s  required i n  the f i s c a l  year 1961 t o  construct the payloads fo r  
These payloads w i l l  permit a number of rocket firings i n  each of 
(1) solar physics and astronomy; (2) energetic pa r t i c l e s  and mag- 

the  rocket sounding program. 
the  major areas of research: 
ne t ic  f ield soundings; ( 3 )  ionospheric soundings; and (4) atmospheric soundings, A concentrated 
e f fo r t  i n  solar physics and astronomy is  necessary t o  col lect  the basic research infomation re- 
quired t o  support the detai led design e f fo r t s  on the  orbi t ing astronomical. observatories (f'uture 
ear th  satellites). The rocket studies of primary par t ic les  w i l l  include investigation of the 
t rue  nature of cosmic rays from galact ic  space and the  search Tor new fundamental par t ic les .  
Further investigations of the na-ture of the par t ic les  creating the aurora w i l l  be carried out 
with rocket flights from Fort  Churchill. 
ing controls and recovery systems t o  return films and photogrqhfc emulsions exposed t o  f ree  
space. 
densitometers, ion probes, pa r t i c l e  spectrometers and other e m e r h e n t s  t o  probe the Ionospheric 
region i n  a systematic manner. 
sz%ellite e x ~ c r b m ~ t s .  

The payloads f o r  these f l i g h t s  require accurate -point- 

The i n s t m e n t a t i o n  f o r  the ionospheric and atmospheric soundings w i l l  include accurate 

Some of these experiments w i l l  be selected t o  correlate with 
* e c W  pert.i~r%at.Lons relating t o  sudden ionospheric disturbances and 

G A ~ A V Q L .  ---'--*--- V L --e- w u r n * i r a  -- y * 7 7  W L X  -I- o l s n  hp i m r e s k i g ~ ~ k e d  w i t h  rockets, 



Solar physics and astronomy: 

Solar pointing controls................. 
S t e l l a r  pointing controls............... 

Ultraviolet  Spectrographs............... 
S t e l l a r  structure instrumentation....... 
Grating spectrometers fo r  rockets.,..... 
Aspect control systems.................. 
Photomlt ipl iers  and ap t ica l  f i l ters. . . .  
Synoptic solar  radiation payload 

integration... ........................ 
High-speed electrometers................ 
Ultraviolet  detectors................... 
F ie ld  services...............o.e.....o~o 
Coronagraph...... ....................... 
Solar radiation instrumentation, ........ 
Rocket op t ica l  system................... 
Detectors (photo emissive and 

ionization). .......................... 
Densitometer........ .................... 

De-spin mechanism (Nike-Asp). ........... 

Energetic particles-etic f i e l d  sounding: 

Nuclear emulsion recovery vehicle (Nerv) 
mgineering suppori hi F k i Y v - . . . .  ........ 
iwcLear emuisiuis....................... 
Energetic pa r t i c l e  instrumentation 

f o r  Nike-Asp... ....................... 

- 
-- - . .  

Magnetomeker fabrication.. .............. 

Fiscal  Y e a r  Fiscal  Y e a r  F i sca l  Year 
J-712 -I n c n  :$c! 1961 

$99,700 

7,800 

--- 
28,700 

$60,000 
51,000 

50,000 
97,000 

15,000 

--- 
--- 

34,000 

69,300 
25,000 
34,000 

100,000 
25,000 

--- 
--- 

75,000 
10,000 

150,000 
200,000 

c;?? gncr 

250,009 
60, 000 

$60,000 
154,000 

20,000 90,000 

80,000 

140,000 
50,000 

50,000 

47,000 
50, ooo 

20,000 
30, ooo 

120,000 
40,000 

50,000 

45,000 

7 ~ ,  c)c)e 
30,000 



Item - 

Ionospheric probe equipment and 

Electronics and payload integration..... 
Electrometers.......................... 
Conductivity nose cones................. 
Electric field meters................... 

Atmospheric soundings: 

Rocket mass spectrometers............... 
Photographic probe for meteorological. 

E-region structure electronics.......,.. 
Coincidence micrometeorite detection 
system.............................. 

Density gages.....*..................... 

stu~.................................. 

Payload engineering and support: 
Telemetw and tracking: 

Airborne antennas....................... 
Radar beacons........................... 
Dovap (receivers and service contract) . . 
Telemeter (DKT-7, SM!I'-10). .............. 
PPM (telemeter and calibration) ......... 
Cct-eff re~ei~~~rs....................... 

Engineering: 

S m a l l  rocket payload fabrication........ 
High pressure valves.................... 
Payload structure integration......,.... 

Fiscal Year 
1959 

$86,100 
82,300 

49,900 
200,000 
100,000 
49,600 
50,000 --- 

Fiscal Year 
1960 

$118,000 

50,000 

--- 
40,000 

15,000 

20,000 --- 

--- 
40,000 
25,000 
89,400 
50,000 
130, HI0 

100,000 

186,000 
--- 

Fiscal Year 
1961. 

$117, ooo 
40,000 --- 

-e- --- 

56,000 

30 , 
40,000 

20,000 
80,000 

--- 
40,000 
50,000 
120,000 
50,000 
1~0,GOO 

100, OOO --" 
170,000 
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periments are designed to make accurate measurements witiin tie ranges Indicated By the  
earlier investigations. The knowledge to be gained will lead to a better understanding 
of the earth md m a n '  8 environment and consen,len?.ly to R bet ter  i s e  of %ha environment 
to man's benefit. In this connection, it must be recalled that the surface meteorology 
of tine eann, Tne propaga-r;ion cnaracieristics of raciio waves,  ne auroras, iiie raci ia i iun 
belts, and other geophysical phenmena m e  closely related to the sun and the interactions 
of the sun and the earth. The proper investigation of these interrelations requires obser- 
vations and measurements at the outermost portions of the earth's atmosphere, for which the 
artificial earth satellite provides an indispensable and highly effective tool. 

3.  PROCRAM PHASING: 

In the fiscal yeax 1959 the analysis of results obtained from Explorer and Vanguard 
satellites w a s  continued. A Vanguard satellite designed to furnish cloud cover information 
was placed in orbit. The development of advanced instrumentation for the measurement of comic 
rays, the application of accurate clocks to relativity experiments, radio beacons, electron 
density Langmuir probes, and for the measurement of solar ultraviolet radiation was initiated. 
Funding was initiated for the purchase of seven Sun0 I1 vehicles and one Thor-Able to be used 
in the launching of satellites. 
was initiated. 

The construction and testing of payloads for these vehicles 

The analysis of earlier satellite results is continuing in the fiscal year 1960. 
Development of instrumentation is being undertdcen for the measurement of atmospheric pressures, 
densities, temperatures, composition, and winds; and work is Continuing on the Langmuir probe 
instruments and on the development of special satellite magnetometers. Funding is being largely 
completed during the fiscal yeas 1960 for the J m o  I1 vehicles and the one Thor-Able vehicle 
for which procrement was started in 1959. 
launching in the fiscal ye= 1960 and early in the fiscal yeas 1961 is continuing along with 
the proparation of the payloads for the scientific satellites to be launched by Delta vehicles 
the last half of the the fiscal year 1961 and the first half of the fiscal year 1962. 
Thor-Able satellite Explorer VI9 the V a n g u a r d  I11 satellite, and the Juno I1 satellite Explorer 

The preparation of payloads for these vehicles for 

The 

.?-_ "LA were iaunc'ned and 'nave v&ua-u-Je Bcj,erltific ps-dts Oil L'-- 7r-- -I -- --=I.?- 

iion beii, iiie r n a g i e  iic .CieX ul" iiie eaLii> c~sll i ic i=<v-s, d.cr-eteoi5.tzs, ZiG G G ~ . T - ~ G X ~ Z S ~ Y ~ . ~ -  
bLlG v u  lilleu . i . ~ . L U . "  

phenomena, and, in addit,ion, an elementary one-line television scanner was checked out. 



Fiscai  yeax ig6i funcis w i i i  be used t o  i n i t i a t e  iiie fuidiiig aiii pi-oc-uemeiit of t v o  
Atlas-Agena B and two Thor-Agena B vehicles and t h e i r  payloads, and t o  procure seven Scout 
vehicles and f o m  payloads. 
The mor-Able, Juno 11, and Delta vehicles which have been used t o  th i s  time are being re- 
piacea i n  tne programming DY %ne newer ana more poweuiui ALias-Ageua E t u r i  TLNL-~&LL& Z 
vehicles. 
e l l i p t i c a l  o rb i t s  and of launching heavier s a t e l l i t e s  i n to  low a l t i tude  circulaF orbits. 
The Thor-Agena B w i l l  be used t o  launch l igh ter  s a t e l l i t e s  in to  low and medium a l t i tude  
orbi ts .  The Scout i s  a versat i le ,  sol id  propellant rocket capable of placing 200 pounds 
into a 300 mile orb i t .  The higher payload capacity of these vheicles makes it possible t o  
i n s t a l l  more sc i en t i f i c  i n s t m e n t a t i o n  i n  each payload f o r  making more measurements simul- 
taneously, thus increasing the value of each set of data. 

Three of the Scnut, vehicle@ a r e  for the international Frogram. 

The Atlas-Agena B w i l l  be capable of launching s a t e l l i t e s  into very high a l t i t ude  

The experiments planned fo r  the f i s c a l  y e w  1961 w i l l  provide information on at- 
mospheric and ionospheric composition; atmospheric s t ructure  and dynamics; ionospheric 
structure and dynamics; the radiation b e l t  and its associated magnetic field; the earth's 
magnetic f ie ld ;  and on meteoroid and other environmental fac tors  affecting materials. An 
Atlas-Agena w i l l  be used to launch the orbit ing astronomical observatory satellite in to  a 
circular  o rb i t  of about 500 miles al t i tude.  
coordinates and w i l l  be instrumented t o  perform astronomical o b s e m t i o n s  not possible on 
the earth due t o  the interference presented by the e m t h ' s  atmosphere. 
Agena w i l l  be used t o  laxinch the orbit ing geophysical observatory s a t e l l i t e  into a highly 
e l l i p t i c a l  polar o rb i t  extending as far as 60,000 miles from the earth, 
be instrumented with radiation counters, 'magnetic f ie ld  instruments, and various detectors 
and equipment designed t o  obtain a description of the ea r th ' s  atmosphere and envbonment 
from pole t o  pole and from a few hundred t o  60,OUO m i l e s  i n  space. 

This s a t e l l i t e  w i l l  be s tabi l ized i n  i n e r t i a l  

Another Atlas- 

This s a t e l l i t e  w i l l  

One mor-Agena w i l l  be used t o  launch a so lar  geophysical s a t e l l i t e  equipped with 
a pointing control and i n s t m e n t s  for  studying s o l a  phenomena, and instruments; for  making 
terrestrial observations simultaneously. 
polar geophysical s a t e l l i t e  into a low a l t i tude  circular polar orbi t .  
be instnrmented for the &termination and comparison of atmospheric a i d  h ~ 3 s p b r i z  s t r ; ; C ? ~ W ,  

-@pertie8 r- m G  c q o s i ~ . i o ~ ;  and For measuremenis ul" energe i i c  p a t i c k s  =id, <;is i i i a q ~ t l ~  
f i e l d  of the ear th  from equatorial t o  polar regions. 

A Thor-Agena w i l l  a l so  be used t o  launch the 
This s a t e l l i t e  w i l l  



One Scout and its payload will be devoted to a detailed study of the rdiatioa belt 
Another Scout payload will be a satel- especially with respect to biological implications. 

lite launched into a 3Wmi le  polar  orb i t  for studies c f  the btteractions mr3 interrelation- 
ships of the earth's atmosphere, magnetic 'field, and the energetic particles of cosmic rays, 
the radiation belt, and auroras. Other Scout payloads w i l l  probe the atmospnere an6 iono- 
sphere to distance8 of6,000rniles in studies of atmospheric composition and structure, and 
ionospheric charged particles distributions. 

It should be pointed out in connection with program phasing that the purchase of 
vehicles and the initiation of preparation of payloads are both long leadtime items. Thus, 
vehicles purchased in one yeas are fired one or two yeas from the date of purchase. Sim- 
ilarly, the payloads f o r  these vehicles must be starrted one or two years in advance of the 
actual launching, 

4. PROGRAM COSTS: Fiscal Year Fiscal Year Fiscal Yeax 
1959 1960 1961 

Advanced technical development: 

Scientific and techincal studies.. ........ $1,1$5,114 $1 5009 000 $2 ,~ ,000  
Development of advanced instrunan- 
tation.............;.................... 1,520,000 3,06L000 6~oo0,000 

Flight research program: 

........................ --- Juno I1 vehicles.. 8,540,000 5 , 1 0 0 , ~  
Thor-Able vehihle......................... 2,120,000 727, OOo 
Atlas-Agena 13 vehicles.................... --e --- 3,000, GOO --- e-- 3,000,000 
Scout vehicles............................ --- 3,5009~0 
Satellite payloads. ....................... 7,9'[0,0W i 3 , h  j , O w  z4, cvv , w 

mor-Agena B vehicles..................... 
-1. nnn 
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Sugerficially, the t o t a l  of 22 sc ien t i f ic  sa%e$lites f romthe last half  of the f i s c a l  year 
1960 %hrougln the fiscal year 1963 seems t o  be ilijite large, However, ar, exanination of t he  nmber 
of sc ien t i f ic  areas t o  be exglored, whfle remembering tha t  the J u o  payloads average less Zhan 

of the  task,  Actually, no more than one major e f f o r t  i s  made each year i n  angr principal  f i e l d  
of Investlgation, For instance, i n  one of the m o s t  impol-tant of these ymbiems, the radiation 
b e l t s  around the earth, only three s a t e l l i t e s  w i t h  the  major objective of investigating these 
recently discovered phenomena can be scheduled i n  these 3 1/2 years. 

,- FA n n r l n i l e  r.="y.-'I + n A + m e + n c !  -_ f h n f  - ----- fh4c ----- f s  n 7 r F r - y  w n l l  yngvmrn l'n V ~ P W  of the w e n % % t v  and C O ~ l e X f t ~  

Four JWO I1 sa te l l i t e s ,  f ive  Delta sa t e l l i t e s ,  and two Scout vehicles and payloads are 
underway at t h i s  time. The Juno I1 s a t e l l i t e s  now under construction are: 

Radiation belt  satellite, Juno 11, 3rd quarter, f i s c a l  year 1960: This 
satellite is  a continuation of the program of investigation of the radiation 
b e l t s  and w i l l  extend the  resu l t s  obtained by the  e a r l i e r  Pioneer probes and 
Explorer s a t e l l i t e s .  
o rb i t  t o  the  highest possible a l t i tudes  t o  ensure t h a t  most of the  depth of t he  
b e l t s  can be reached, 

A light payload of 20 pounds is  being used t o  extend the  

Ionosphere direct  measurements s a t e l l i t e ,  Juno 11, 1st quarter, f i s c a l  
year  1961: This is  one of 3 s a t e l l i t e s  i n  a program with the major objective 
of arriving at an understanding of the ionosphere through a concentrated pro- 
gram of determinations of the detai led nature and the  phenomena of the  ionos- 
phere and the  e f fec ts  of the ionosphere upon space vehicles and radio trans- 
missions. This s a t e l l i t e  w i l l  contain i n s t m e n t a t i o n  t o  determine the con- 
centration and the spectrum of the charged pa r t i c l e s  forming the ionosphere 
and the e f fec ts  of the ionosphere on the s a t e l l i t e  and its radio transmissions, 
Payload weight - 85 pounds. 

Gamma ray astronomy s a t e l l i t e ,  2nd quarter, f i s c a l  year 1961: This w i l l  
Later be the first. s&.ellit.e eqerhent .  t.0 measure cosmic gamma radiation. 

e ~ e r ; m e n t . s  -PE I n r ~ e r  f i n t ~ l l l ' t e s  w i l l  be based on the findings obtained by this 
exploratory experiment. 
rays w i l l  coatr iWte t o  the s o h t i o n  cf one of the ?nyeterles of mcderrr science, 
the nature and origin of cosmic rays. 

Sc ien t i s t s  hope that a better understanding or? gamma 

Payload weight - 80 pounds. 
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t o  make astronomical observations from above the  obscuring and blanket- 
i n g  effects  of the  e m i t s  atmosphere. 
s tab i 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 two tons. 

of direction of orientation f o r  the con4uc-b of long-term stellar obser- 
vations f r o m  above the ear th ' s  atmosphere. Xt is the BQgiCa follow-up 
of the ear ly  sounMng rocket experhents  i n  astronomy and of the solar 
spectroscopy s a t e l l i t e ,  "he development of  the  s tabi l izat ion and con- 
t r o l  equipment wil l  provide a satell i te system adaptable t o  all types 
of opt ica l  astronomical observations. The Atlas-Agena B will be used 
as the launching vehicle, 

Yne weight of instruments m d  

"I&& 5c t k c  f f x t  E Z ? S l f t P  T T 9 , t k :  zt2bflizPs-feE ??Ed- gEl?.?d eCInf;..49nl nn.9" T I 9 7 1  
*.I-" 

The orbi t ing geophysical observatory: T h i s  s a t e l l i t e  dll also be 
launched by an Atlas-Agena B during the fiscal, yeas 1963, 
a large nmber and var ie ty  of experiments designed t o  study the mer 
aknosphere asla space around the  ear th  from pole t o  pole in the  region 
from 150 miles i n  a l t i tude  t o  about 60,000 miles, 
WSU be t o  make measurements of m a n y  differen% parameters of t he  environ- 
ment of the  earth, t o  obtain correlations of %he interactions tha t  OCCUP, 
and t o  determine the variations tha t  occur i n  these parameters and in te r -  
actions at different  alt i tudes,  latitudes, times of day, and seasons of 
the  year, The radiation b e l t s  and the magnetic f i e l d  of the earth w i l l  
receive intensive specific study, together with determinations of t h e i r  
mutual interactions. 
sensors will  also be included t o  o b t d n  as complete 8 picture  as is  
possible of t h i s  en t i re  region over a period of about one year of  
active satellite l i f e ,  Payload w e i g h t  - 575 pounds, 

1% w%bl carry 

Its general objective 

Micrometeorite detectors and other detectors ami 
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In  reviewing the  program for  the fiscab years 1960 and 1961. it ' w i l l  be seen that increases 
i n  -ding are projected for studies ~f suia . r , . - te~.a 'e~~ri& - i . e l i~kP~~~s  a d  f ~ r  afeasibili 
on new techniques and experLmen%s, 

stitdies 

Solar - te res t r ia l  studies w i l l  be particularby benefited by analysis of the  resu l t s  obtained 
i n  the IGY, the  data from whlch i s  nGw collecting in the world 4ata centers. 
data f o r  correlation of the effects  arising i n  %he ionosphere as related t o  solar outqut an& the 
fluctuations of the ear th ' s  magnetic f i e l d  i s  typ ica l  of the  research required, 
u t i l i z ing  the available data, are a prime necessity i f  well-founded f l i gh t  experbents  are  t o  
be planned, 
fo r  exploratory or f eas ib i l i t y  studies have had t o  be rejected fo r  lack of funding. 
accordingly programmed more srr~rport i n  this area i n  the  f i s c a l  year 1961. 

Ariaiysis of LhLs 

Such studies, 

The NASA has found i n  i t s  i n i t i a l  period of operation that many proposals of m e r i t  
We have 

NASA will i n i t i a t e  -ding i n  cer ta in  ionospheric research areas and f o r  studies of very 
low frequency propagation t o  support the experimental work which w i l l  be carried out i n  satellite 
payloads i n  the  forthcoming year. 
by the studies on the development of radio noise standards, 
radio astronomy antenna-receiver systems. 

The orbi t ing radio astronomy s a t e l l i t e  e f fo r t  will be stgported 
These are needed t o  cal ibrate  orbi t ing 

Item - 
Radiation balance studies.O........O....OO... 
Geodetic flashing l ight . . . . . . . . .0  ............ 
Topside sounder......, ....................... 
Solar W radiation studies..o.o.............. 
Reimbursement t o  AOMC fo r  special  research 

selYices......D...Os.Oe......O........O.*** 
Special computations at lVBSO.e.....O.O..OO..D 

Solar pointing control study.... ............. 

Deta ~ ~ ~ ~ T g i g  ................................ 
S - k *  fcr c r b c t h g  +,el..scc-gc. " " " " - .  - - I . " . " - . . - - - - .  . - 
Study f o r  W telescope s y s t ~ . . . . . . . . . . ~ O O l . D  
Research attrdles on stakle t e l e s z q e  zlement. 
Jhrprovement of frequency standards f o r  

r e l a t i v i t y  s t u ~ e s . O O . . . O O O . * D o ~ ~ ~ * * * ~ ~ ~ ~ * ~  
Studies of flight paths,.. . ,  ................. 

Fisca l  Year Fiscal  Year F isca l  Year 
1959 1960 1961 

$39 , 631 
19,650 
15,000 
247,000 
110,600 

100,000 
80,000 
-4 19.130 z d 

Q?;?35 
62,641 
30,000 

50, ooo 
100,000 

50,000 
100,000 
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I%em - 
n a . a + - i n r  +-i----.. n+r.a-irrn 
" * L t A . W . L A *  " " A U Y " " ~ ~  U w b % I I L I Y m .  D e e * D e v . Y e I V " .  Y .  - 
Ionosphere propagation research.., . . , . . . . , . . .  
Solid s t a t e  photo detectors..... O O . D O O D . O 1 . . .  

Theoretical studies in relativ%t,y.. ..,....... 
Theoretical studies i n  energetic particles. . .  
Charged pa r t i c l e s  and f i e l d s  i n  space........ 
Radiation e f fec ts  on components..o...,...ooo~ 
Compute electron densities.. 
Studies of W i n  vacuum........O.....O....... 
Kinetic aeronomy..0.....0.........,.,....e....400 
Solar- terrestr ia l  relations........o......... 
Theoretical studies i n  solar and s t e l l a r  

Sub-millimeter wave study.. . *.. . . . . . . . e .  e . 
Coatings f o r  temperature control.. . e *.. . . .. 
space science abstracts...................... 
Payload dynamics studieso..O.O...o.O.....e~~. 
Feasibi l i ty  studies of new techniques 

and eqeriments......... ................... 
W studlies.................o..OO1.O...O...~.oo.* 
Ionospheric studies...................*...o., 
Radio noise s t ~ d - & ~ s . . . . 0 9 . . . . . . . . 0 . . . o . n ~ ~ ~  

p ~ S i C S . . . . . . . . . . . . . . ~ * . * . . . . . . . . ~ . ~ * . . . . . .  

Fisca l  Year Fiscal  Year Fisca l  Year 
S T 9 -  , 1940 2 6 1  

$?eJ nnn 
459P 000 

10,000 
20,000 

114,000 
30, ooo 

100,000 
153,000 
50, 000 
40,000 

123,000 

20,000 
7,000 

25,000 
50,000 
20,000 

49,000 

$1,500 ooo 

$3e> eee 
500, ooo 
TO9 000 
20,000 
40,000 

150, ooo 
50,000 

100,000 
160,000 
60,000 

200,000 

40,000 

50,000 
50,000 

50,000 
45,000 

150,000 
100,000 
100,000 
35,000 

Development of Advanced Instnunentation 

c c ) & i ~ ~ ~  t h e  s ~ - c e  cf t7.p ~ r c J ~ e t s  ?&z~h i.rep"p + . r ~ ~ ~ f e r r p d  +.n NASA; And t n  e q a n d  t h e  

y6aA 1359. 
NASA space science ac t iv i t i e s ,  a number of contracts leading t o  the  development of advanced instru- 
in*.t;j;t,ion -w-erE irL.p&&& +-L- *-: -.Y..l .)*...-._ 

8,11c 

of atomic frequency standards. 
experimental ver i f icat ion of the r e l a t iv i ty  theory Frediction t h a t  the  frequency of  an a t o d c  clock 

FJG of  these were associated v i t h  the develqxnent 
These frequency s-t,andards o r  "c1ocks" would eventually be used in t he  
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should ahif% when the gravitational f i e 1  
occur vhen the clock is i n  m i i r b i t i ~ g  v 
clock development w S l l  be deze-mined %n ?,he 

su-ppoPt.er9, A mador conkraet effort, i n i t i a t ed  i n  the fiscal yesr 1359 w m  fo r  development r;f 
upper atnoqhere instPumed6xrkion ma fsr stufi&!Les 52 t h e  hesuits aLreaqy ob.tazaned by such dda- 
vestigations t o  aid i n  the determination of a new physiard. mo&I of The u s e %  atmosphere. 
This contrac% actv3.vity is programmed through the f i s c& years 1.960 aazi9. ag6i as the develcpnent 
of such i n s t m e n t a t i o n  and the analysis of resu l t s  of t e s t s  thereon i s  a continuing effor t .  

i a  -placed i a  vtxried, WLES mUcl 

c: ovarat f Ye .t; e B I; 9 o ma 1961 
nf  t.he rlnrkn wl”1-l he made The ~pEr-iii~p;! < - e ~ r ~ ~ - r m n n _ ~  c _ f ”  91.p 9_+-kntsr e v c f n m  )--her; P;c 

.L-- ~ -%I -eJ - ---- 

Studies on i n s t m e n t a t i o n  f o r  the measurement of the electronic density i n  the ionosphere 
and f o r  the measurement of gamma rays were aLso funded i n  t h e  f i s c& year 1959. 
number of different  opt ical  elements f o r  use i n  the u l t rav io le t  wavelengths fo r  a-pplication t o  
the orbit ing astronomical telescope were in i t ia ted .  
of radio noise above the  ionosphere; f o r  this p u ~ o s e ,  special  receivers and antennas must be 
developed and, tested.  
t ec tors  f o r  the  investigation of the  character is t ics  of the energetic pa r t i c l e s  i n  the radia- 
t i o n  b e l t s  was  in i t ia ted ,  

Efforts on a 

Studies were s ta r ted  on the measurement 

Funding f o r  the  development of sol id-s ta te  and scint i l la tor- type de- 

In  the f i s c a l  year 1960, e f for t  on the  development of t he  i n s t m e n t a t i o n  equipment f o r  
the orbit ing astronomical observatories i s  being intensif ied,  
grown out of  the  technical studies category, a number of  contracts have been in i t i a t ed  i n  instru- 
mentation which will be carried on through the  f i s c a l  year 1961. 
of u l t rav io le t  sensors, Cievelopment of television techniques for  telescozes, equipment f o r  %he 
u l t rav io le t  sky survey, u l t rav io le t  photometry, image tube development, and the development of 
photometric standards. Additional sc ien t i f ic  groups have been brought i n t o  the program f o r  the 
f i s c a l  year a960 f o r  the development of i n s t m e n t a t i o n  capable of determining the composition 
of the  u n e r  atmosphere. Cosmic ray and radiation b e l t  detection studies have been funded at 
several univers i t ies .  These studies resu l t  i n  specific flight propsals  as instruments are 
proven out by laboratory, balloon o r  rocket tests. 

In addition t o  +the work t h a t  has 

These w i l l  include development 



‘pwn VP? P m _ p o r t a n t  instruments i n  the experbnenid solar >hysics st-adies are the c s r ~ n w r q h  
and the ul t raviolet  s-pectn-ogrqh, A s  a&%e%21 t e  pplylo&s increase tn s i z e  Tt becomes aeslraoie 
to make effect ive use of khe available cqmcit jr .  
f o r  t he  larger  payloads i s  being s%anede 
anticipated fo r  the f i s c a l  year 1961 and eventual iese i n  a spedf- ic  payload i n  the f i s c a l  years 
1962 o r  1963 i s  contemplated, 

The ?e7.~1qmezt. of instziments of this type 
Corizinued suppu.~+, at mL hcreased  fmdhg level  is 

Alrproximately half of t he  increased funds requested f o r  advanced i n s t m e n t a t i o n  are presently 
programmed fo r  the in i t i a t ion  of new e f fo r t  on specific techniques o r  devices. 
Poss ib i l i ty  of sc ien t i f ic  inves%igations ora larger, a t t i tude-stabi l ized payloads some two QP 
three years from now makes it imperative t h a t  development be s ta r ted  now on those instruments 
which can s tuQ i n  detail the  phenomena encountered i n  space f l ight .  

Here again the  

For this objective, studies are outlined on detector and instrument assemblies fo r  sartrplfng 
the  corona ( in  the v ic in i ty  of the  earth);  neutron, X - r a y  and g-a ray analyzers; and advanced 
energetic pa r t i c l e  detectors. 
s a t e l l i t e s  and introductory work on radio-ranging devices for gravitational. and ce l e s t i a l  mechanics 
studies. As the multi-experiment s a t e l l i t e  design work progresses, It becomes obvious tha t  an 
appreciable 9ffoY.t must be put in to  general. engineering sup-~?ort studies on extendable elements, 
cornand control, and on dynamic t e s t s ,  

Also programed m e  antennas f o r  very-low-frequency radio astronomy 

With the larger  s a t e l l i t e s ,  interference between the experhents  quickly becomes an i t e m  
of major importance, and it i s  thus necessary t o  devise met,hods o€ sepizsating par t icular ly  sensi- 
t fve  pickup devices from the Wedlate proximity of the sources of disturbance which are unavoidably 
b u i l t  in to  paylod .  Gages f o r  pressure measurements, nass spectrometers f o r  composition determfna- 
%ions, magnetometers and energetic pa r t i c l e  detec%orE we a l b  subject t o  t h i s  diff icul ty .  
control i s  also a 
perm5t eff ic ient  use of the large pay loab ,  ’iQmm5c tes t ing ,  both mechanical and %hemal, has 
heen an effective t o o l  i n  uncovering basic deafgn dAfffculF,fejs tar sa%elli.te fnstrumenta%ion, A 
specific effor t  devoted t o  %he esmbE.sqmwLt uf t’sie ‘i-eht9Ve 9,4; i ;~r te,~e SZ tkle + ‘ac t~ l rs  i m r d v e d  
a d  t he  Lqrnvement of the testing technique is v l a i ~ d ,  

Command 
necessity i f  the-shwing (af the the data -ermsmission charme2 i s  t o  be used t o  



Ir?frcer7 ' I - t ~ ~ ~ n t - ~ ~ i ~ -  ..................... 
Electron density instmuneaatat2;ion....,..,...... 
Gamma ray instnunentatlon,................... 
Materials for W filters.O..OOO......*...*... 

Ammonia beam maser.,...,...........o...o.oa.. 
Research on rubidium frequency standards..... 
Counter for cosmlc radiationo...O....O..e.... 
Instrumentation and model atmosphere studies. 
W solar spectnun instrumentation.. .......... 
Radiation detector development.d.........oe.. 
L i g h t w e i g h t  opt ical  elements.*............ ... 
RadAo noise above ionosphere...... ........... 
Development of astronomical s tabi l ized 

platfol*m.o.............,......OO1......a..~ 
Television techniques f o r  
h w  energy gama ray telescope.m.,..o,......m 
lhage tube develo~~nt......~.O,,,........... 
Photametric standards and constmts..... ..... 
W photometry.... ............................ 
Equipment f o r  W sky surveye...........a*...e 
W sensors development,, ..................... 
Development of atmospheric composition 
instmentation...............o..e..e.eee. 

Upper atmosphere density instrumentation.. *. e 

Detectors f o r  primaxy cosmic 
Detectors for rad3at;ton bel+. studies;, *. .  

W and X-ray agtMnomy.....O..... ............ 

Drtvelcrp-en+- Qf zaYmc._Pr7 mEgnetr\3eters" Y . s . * 1 P 

R d f n  ad-,ronomy rereivev T e s e n r r h ,  : : : : : : : 

Instrumentation f o r  biological. experiments. . a 
f,.zs-t-,menta%iaa for az%crl;t1s tes ts .  * .  e a e e *. 
S a t e l l i t e  coronagrqh development...o ........ 

Fiscal Yew F f s c d  Year Fiscal Year 
1959 ig60 i96i 

Q i R  3nn 
Yh'J d"" 

110, goo 
68,000 

25,000 
200,000 

63,100 

76,000 
100, 000 

81,600 

25,000 

272 , 100 

1650,000 

30,000 

--- 
80, 000 
100,008 
63 , 000 

404,000 
200,000 
75,000 
15 , 000 
50,000 

200,000 
110,000 

40, 000 
130, ooo 
35,000 

124,000 
225 , 000 
75 9 000 

175 3 000 
50,000 

250,000 

1(30,000 
2n, nncn 
20,000 
50,000 
go, 000 

3009 000 

--- 
$250,000 

75 000 
440,000 
200,000 
75 9 000 
40,000 
200,000 

--- 
350,000 
40,000 
LOO, 000 
50,000 

350,000 
400,000 
80,000 

4Q0,ooo 
60,000 

3253 000 
1y3,000 
3n, nnn 
50a 000 

lOG, 000 
a50 , OQO 

~ ~ 0 , 0 0 0  
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I t e m  - 
T\ ̂ ___ 1 L -n ---I - --I 

Y G V G J - W ~ G I I I ,  V I  UV-CaL uv a & J ~ c i ~ o ~ r ~ ~ h *  0 e e 6 

W spectroheliograph... ...................... 
Corona sampling instnment.at.ion, * a e 

Neutron m o ~ t o r . . . . . . . . . . . . . . . ~ ~ ~ . e . ~ ~ . ~ e e ~ ~ .  
Planetary spectrograph... .................... 
X - r a y  telescope.... .......................... 
Solar gamma ray telescqpe........o.......o~.. 
Soft gamma ray instrumentation.,,............ 
Developnent of VU' antennas f o r  radio 

astron~.............,...........,...,.~~o 
Gravity m o n i t o r . . . . , . . 0 9 . . o . ~ . e , ~ . . o ~ ~ ~ . ~ . . o ~  
Celest ia l  mechanics p r o b e . . 4 . . . o o . 0 . . 0 . . . o ~ . .  
Development of advanced energetic par t fc les  

detectors................ .................. 
Development of extendable elements........... 
Command control for multi-experiment 

satellites..................... ............ 
Dynamic tes t ing  of prototype instnunentation, 

F isca l  Year F isca l  Year Fiscd.  Year 
1959 1960 1961 

-a- 

_-- 

--- 

$200 9 000 
290,000 
25,000 

L50,OOO 
100,000 

50, 000 
150,000 

25 9 000 

I25 , 000 

30,000 
50,000 

150,000 
1759000 

22 5 000 
140,000 

Puncaing of the Thor-Able vehicle used t n  o f b i t  the Explorer V I  i s  being complete Len the 
fiscal year 1960. 



The A t l a s  and Thor-Agena B vehicles are  being pruchased on an incremental flmding basis .  
I n  the f l e c d  year 1961 the  i n i t i a l  incremefit f o r  these vehicles has been in6icated. 
f l i gh t s  f o r  the A t l a s  and Thor-Agena B are  scheduled f o r  t he  f i s c a l  years 1963 and 1964, re- 

F i r s t  

e-pao-kivel y. 

The Scout vehicles which will be Tiown i n  the course of  the  f i s c a l  years 1960 and 
1961 are  available t o  the program f r o m  the developmental series of vehicles, and as such, no 
direct  funding f r o m  the  Scient i f ic  S a t e l l i t e  program is  required. 
launch i n  the f i s c a l  years 1962 and 1963 are t o  be i n i t i a l l y  f’unded with f i s c a l  year 1961 monies. 
Seven Scouts are involved, three of which have been ten ta t ive ly  earmarked fo r  use i n  the inter- 
national programs and four f o r  the national space science programs. 

The Scouts scheduled f o r  

Like the first Scouts, the  Delta vehicles used i n  t h e  Scient i f ic  Sa te l l i t e  program are 
being f’unded i n  the vehicle development program. 

Item - Fisca l  Year Fiscal  Year F isca l  Yew 
1959 1960 1961 

Juno If...................................... $8,540,000 $5,100,000 --- 
Thor-Able.................................... 2,120,000 727,000 
Atlas-Agena B................................ --- 
Thor-Agena B..........................e..a... --- --- 3,000,000 
SCOUt.....1....... --- 3,500,000 

--- 
--e $3,000,000 

........................... 
T O t ~ . . . 4 . . . . . . . . . . . . o o e o . o o  $10,660, ooo $5,827, ooo $9,500, ooq 

S a t e l l i t e  Paylo ads 

Funding f o r  pwloads can be considered as being almost ent i re ly  d i r e c t e d t o  the support of 
q e c i f i c  flights. However, i n  the f i s c a l  year 1955): some f’und-ing w a s  devoted t o  the p rov i s im o f  
general payload instmunenka.tion, With %his €’imd%ng: the zmcurement of instmments which co? I Id be 
made available on a re la t ive ly  routine basis t o  the general run of s a t e l l i t e  payloads was started. 
It has a l r e a w  beell found that i f  s a t e l l i t e s  illtended fer research i n  n specific s c i en t i f i c  ~Ls- 
cipline weigh as much as 100 pounds o r  more, i t  is  generally possible Go introduce one o r  two 
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additional lightweight instruments t o  supplement the  or iginal  project  objectives, In these casesg 
such supplementary instrumentation is  extremely valuabie as it pemni+,s correlations i n  two o r  more 
associated research areas. 

so as t o  verify the i n i t i a l  h t a  and. then obtain an indication of the  time and. space variations 
which occuro Consequently, instrumentation effort; Gn magnetometers, micrometeorite detectors, 
gamma ray detectors, radiation detectors, and the l i k e  i s  continuously being supporhed. In this 
way a number of payload instrument equipments fo r  routine use a re  made available. Some of the  
general support i s  continued i n  the f i s c a l  years 1.960 and 1961 programing, while other areas 
have grown into major projects  and are covered i n  specif ic  payloads detai led i n  the  tabulation. 

This "add-on" process can appreciably increase the s t a % i s t i c d  value 
cf tke a2tz c c ~ e c + c ~  L-- -..++a*- - a - a i m -  A-+---LZ-- --.--L---.- Z - A -  

V J  ~ U W W L A -  u-LyIIII.Iuc ububuuarlg U J O V b U U  A l L W U  6 sc,eii<e ;f s&<cEikGs 

Funding of Explorer V I ,  the  "Paddlewheel" s a t e l l i t e ,  and Explorer VI1 w i l l  be completed 
i n  the f i s c a l  year 1960. 
the  project was i n i t i a l l y  established by ARPA and was  supported through the f i s c a l  year 1959 by 
the  or iginal  f'unding. 

Explorer VI1 shows no f i s c a l  year 1959 f'unbing i n  the tabulation because 

Payload instrumentation t o  measure the  penetration and damage hazards of  micrometeorites 
i s  being prepared f o r  the t h i r d  developnental Scout vehicle as a part of the f i s c a l  year 1960 
program. 

Several s a t e l l i t e  payloads were in i t i a t ed  i n  the f i s c a l  year 1959. These were: t he  
lonosphere beacon sa t e l l i t e ;  the  ionosphere direct  measurements satellite; the radiation b e l t  
s a t e l l i t e ;  the atmospheric s t ructure  satellite; the advanced radiation belt s a t e l l i t e ;  and the  
solar  observatory sa t e l l i t e .  In  each case, the f'unding programmed i n  the  tabulation r e f l ec t s  
the lead time required t o  design, fabr icate  and launch a payload. 

Funding f o r  data acquisit ion and processing i s  introduced f o r  those projects  which require 
special  handling of a type which cannot be supplied by the  established network. 
needed f o r  a single payload, i s  included i n  the payload funding where appropriate. 

Special equipnent 



It should be noted that ,  t o  meet the lead % h e  requirements f o r  a balance flight progrsm, 
it i s  necessary t o  start payload work i n  the fiscal. pear 1960 f o r  the  launches scheduled fo r  the 
last half of the f i s c a l  years 1962 and 19630 Thus, the  four payloads fo r  the mor-Agena and 
ALlus-&tua buubLera aLe tLiratliiy ‘Lei% yitttrrieii an< wvrkeci vi1 iiiils y e w .  
ment i n  the  f’unding f o r  these f l i gh t s  i s  shown i n  the f i s c a l  year 1961 estimates. 
re f lec t  the next. increase i n  psyload weigh% an?. associated complexity of exper3hentation, The 
polar  geophysical s a t e l l i t e  w i l l  probably weigh about 1,000 pounds. 
weight w i l l  make it possible t o  study i n  some de ta i l ,  with coordinated instrumentation, atmos- 
pheric and ionospheric phenomena and t h e i r  interactions,  

- 
~ i i e  i’imi itta-ge iricse- 

These estimates 

This marked increase i n  

The costs f o r  the  so la r  geopbyslcal s a t e l l i t e  r e f l e c t  the introduction of an a t t i tude  
control system and the f a c t  t ha t  i n s t m e n t a t i o n  f o r  t he  detai led investigation of the  sun’s 
radiation i s  re la t ive ly  more expensive than t h a t  f o r  atmospheric o r  ionospheric studies. 

The maJor single payload is  tha t  f o r  the orbi t ing astronomical observatory. Study con- 
t r a c t s  and advanced instrumentation programs w i l l  continue while the  payload ef for t  i s  get t ing 
wellunder way, The payload f o r  t h i s  project w i l l  weigh as much as 4,000 o r  5,000 pounds. 
will be f i t t e d  w i t h  both coarse and f ine  pointing controls, attitude s tab i l izers  and a command 
system fo r  directing the  o-ptical axis t o  a desired location i n  the heavens. The systems develap- 
ment i s  programmed f o r  the f i s c a l  years 1961 and 1962 and i s  expected t o  be accomplished i n  large 
part by contracts with industr ia l  organizations. 
mentation f o r  this project i s  also programmed i n  the f i s c a l  year 1961 t o  insure tha t  both the  
experimental equiyment and the  s tabi l ized s a t e l l i t e  w i l l  be ready at the launch date i n  the  
f i s c a l  year 1963. 

It 

An acceleration of the e f for t  on the instru-  

There remain i n  the tabulation the seven Scout payloads; four of these are t o  be used i n  
the national space science program as outlined i n  an earlier discussion. 
p l ex i t i e s  are  comparable t o  the l igh ter  units being b u i l t  f o r  the Delta boosters. 
these payloads i s  programmed fo r  the f i s c a l  year 1961 i n  order t o  get the  projects under way with 
suff ic ient  lead time t o  afford adequate pianning and tes t fng,  

Payload s izes  and com- 
Funding f o r  

rm,,, -.n CL- - - - L a - l - -  --- -.-----&l-- ^--^-  L - 3  .Le -L- . - . - - 2 - - - 3  .LA A T - -  2-.L--- .L2 ^_-- 1 ---- 
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science program and the  programmed costs have consequenkly been reduced t o  re f lec t  the  f ac t  t ha t  
the cooperating nation w i i i  provice tne sc ien t i f ic  instmments and TUSA w i i i  provide the  remaintier. 
Completion of the f’undrlng fo r  these payloads w i l l  occur i n  the  f i s c a l  year 1962. 



Cosmic ray detectors.,................... 
Magnetometer t e s t e r s  (mobile equipment) . . 
Magnetically shielded enclosure.......... 
Micro-meters.........................** 
Optical design and u l t rav io le t  detectors. 
fiotolrmltipIier ( d t r a v i o l e t  ) 

~~edizat ion. . . . . . . . . . , . . . . . . . . . . . . . .~  
Solar pointing controls............. ..... 
Solar ult raviolet  detector elements. ..... 
Tracking beacons.,...............,....... 
Rubidium vapor magnetometers.....,....... 
Spectraphotometer assemblies. . * .  . , . . . . 
Gamma ray detectors..,...........,....... 
Mcrometeorite detectors..........*...... 
Air density instrumentation.......t..o... 

Magnetometer tester (fixed), ............. 

Explorer V I :  

Payload ef for t  and field support......... 
Data  reduction..................^...^^^.^ 

Scout micrometeorite payload. ................ 
Explorer VII: 

’pa_3rlce’cJ_ e-f-f~fi. 5z-d f f ~ l f i  sirp-pd-.. ........ 
Data acquisition - Pacific stations....., 

h 4 m m  Data p x e s  u r z * r . . r . . . . . . . . . . . . r o . . r r i r r i  

Fiscal  Y e a r  
1959 

$75,000 
50,000 

160, ooo 
100,000 

go, 000 
50,000 

195,000 
80,000 
120,000 
go, 000 
170, ooo 
96, ooo 
32,000 

160,000 --- 

5,000,000 
--- 

--- 

--- 
--- 
--- 

Fisca l  Yew 
1960 

Fiscal  Year 
1961 

$100,000 
160, ooo --- 



I t e m  - 
Ionomhere beacon sa t e l l i t e :  

F isca l  Year Fiscal  Year Fiscal  Year 
1959 1960 1961 

Payload system design and fabrication. * .  . $557,000 $300,000 $270,000 

Ionosphere d i rec t  measurements s a t e l l i t e :  

Instrumentation,............ ............. 220,000 292,000 56,000 
Structures, including antennas........... - -- 585,000 150,000 
Data >recessing... ....................... --- 50,000 

Advanced radiation b e l t  s a t e l l i t e  : 

Cosmic ray.detectors,..  .................. 
Solid s t a t e  radiation detectors.......... 
~etometers............................ 
Pulse height anaLyzers................... 
Signal processing  circuit^.............. 
T e l ~ e t l y . . . . . . . . . . o . . . . . . . . . . . . . ~ o ~ o . ~ ~ ~  
Power sulrplies........................... 
Structures, including antennas........... 
Testing s e ~ i c e s . . . . . . . . . . . . . . . . , ~ ~ ~ ~ ~ ~ ~ .  
Payload f o r  t e s t  on Scout................ 
Data processing............ .............. 

Atmospheric s t ructure  sa t e l l i t e :  

Mass spectrometers and pressure gages. ... 
Signal processing circui t0  ry....,...,.... 
Telemetly.. .............................. 
Power s~~iieS..O..........O.........~*.. 
Structuresz including antennas. . e * .  a 

Testing se~iceso....................t... 

30,000 
15,000 
15,000 

10,000 
20,000 

60,000 

30,000 --- 

--- 
--- 

60,000 
10,000 
20,000 
10,300 
45 , 000 --- 

60,000 
95,000 
95,000 

165, ooo 
20,000 
40,000 
63,000 

144,000 
50,000 

110, 000 

300,000 
40,000 
80,000 
40, ooc 

50,000 
174,000 

60,000 
30, 000 
50,000 
60,000 

35,000 
20,000 
192, ooo 
140,000 

25,000 

--- 
loo, 000 

100,000 
80,000 

100,000 
80,ooc 

295,000 
UO, 000 
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Design and construction at AOMC.......... 
Analysis of orientation and temperature.. 
Data processing......... ................. 

Solar observatory satellite: 

X-ray Ejpectrogmphs.. .................... 
Photomultiplier detectors... ............. 
Gama ray detectors............ ........... 
S i g n a  processing circuitry.............. 
Telemetry.... ............................ 
Power s ~ l i e s . . . . . . .  .................... 
Structures, including antennas and 

pointing contro1s.....0..00.40.~e~~..~. 
Testing services.O....................... 
Pointing controls fo r  rocket test........ 
Spectrographs f o r  rocket test,........... 

Data acquisition equipment ............... 
Data processing. ......................... 
Data analysis..... ....................... 
Payload fabrication fo r  rocket t e s t .  ..... 

Geodetic s a t e l l i t e :  

Flashing light S y S t e l I l e . .  ................. 
Timirlg ll2its.. ........................... 
Ff8rt.h SPngnyg."."~.~~~~"~~,,,,,,,,,,,,,,, 

Tracking beacons,..OI.OO..O.........,,... 
Ranging traSt~Gn~&roO...OC..O.O. ......... 
T e l ~ e t l Y .  ............................... 
Bower sI.rllplies......Ol..........O...Q.O.. 

Fisca l  Year 
1959 

$150,000 
--- 

30,000 --- 

go, 000 
10,000 
20,000 
30,000 
60,000 

Fiscal  Year 
1960 

$700,000 

50,000 
75,000 

250,000 
50,000 
40,000 
20,000 
80,000 
70, ooo 

679,000 
100 , 000 
80,000 

100,000 
10,000 

Fiscal. Year 
1961 

- -- 
-I- 

$100,000 

--- 
200,000 
200,000 
150,000 

100,000 
--- 40,000 *v, vvv 

>U, vvv cv > vvv 
- - -  25,000 50, 000 
--- 35,000 100,000 
--- 35,000 50 000 
-e- 40,000 80,000 

I . r \  nnn 

nn nnn 

250,000 --- 
I)n nnn - - -  
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Antenna systems d~velgunent.............. 
Prototype s t ~ c t u r ~ ~ ~ O O . . O D D , ~ ~ ~ o o ~ ~ a b ~ o .  
Testing se~ice~~.OoOao.....Olo.coo~ooo~oooo 
Data acquisition e q u i p e n t , . . o , o o .  . O . O o e o  

Data processing e q u i ~ e n t . . . . . . . . a . . . b o o ~  

Topside sounder: 

ProQect coor~nation....,.........,...,.. 
Payload design and fabrication, a . e *. , 
Testing se~ices,O~....o..o~.~~.~oa~o~.~o 

Gamma ray astronomy s a t e l l i t e :  

Design, fabrication, and t e s t  a t  AOMC..., 
Gamma r w  inst~entat ion. . , , . . . . . , ,O.o~.~oo~a 
T q e  recorder f o r  data s t o r a , g e o e ~ , o . . e ~ a ~  
Data processing.., ....................... 

Polar geophysical s a t e l l i t e :  

F isca l  Year Fiscal Year Fiscal  Year 
19T9 1960 1961 

34,000 
270, ooo 

690, ooo 
225,000 
22,000 --- 

go, 000 
60,000 
40,000 
20,000 
20 9 000 
cu e* 2 vuu *.-.a 

10 j 000 
€30,000 
10 j 000 

$30,000 
150, 000 
100,000 
3$O,OOO 
150 y 000 

87,000 
725,000 
100,000 

350,000 
250,000 
160,000 
80,000 

200,000 

70 9 000 
400,@00 
loop 000 

n- _ _ -  
OLJi UVV 



Item - 

Geophysi~aZ ~ e ~ o r s o O 1 O . o O . O O e o o a o o ~ e ~ ~ a o  
Solar r&atfon ~etectors................ 
X-rw ~ec~ro~~~s..oo....ooe.o.o...ooo. 
Signal processing ~ ~ ~ ~ ~ i t ~ O O O ~ o O O O O o m O O 1  

Antenna systems ~ ~ s % ~ ~ , . ~ ~ ~ 4 . 0 . 0 ~ . o . o ~ 4 ~  
Power suppliesoo o o o  o a m  O O Q I e O  Q o  0 e 0 0 . a o 8 0 0  

Flight and -prof,s?ype stPuctures,,,,,,a,a. 
Test- se~ce~OOOO.OII......,....,...,. 
Pointing controls for rocket test....,... 
Spec%%.sgraph for rocket, test.........,.,, 
Payload fabricatton fo r  rocket test,. . . . .  

T e l ~ e t  ~ O . .  o a o o O a a o o e o w v o ~ o o o o ~ o ~ ~ o o o ~ o a  

Orbftlne; astronomical observatJoryt 
Pnst meri t  at i on I 

Fiscal Yew Fisca l  Y e m  Fiscal Y e a r  
1959 1960 1961 

$~40,000 
60,000 
20, 000 
20> 000 
202000 
10 000 
80, ooo 
10,000 

150 000 
LOO, 000 

80,000 
20, 000 
20, 000 
20 000 
lo, 000 
80,000 
10,000 
40,000 
50,000 
20,000 

$3500 000 
250,000 
80,000 

200,000 
80,000 
TO9 000 
~OO,OOO 
150, ooo 

200,000 

100, 000 
80,000 

2OO,000 
60,000 

100, OOO 
650,000 
200,000 
60,000 
80,000 

150,000 

50 + 000 

--- 125,000 200,000 
--- 60,000 120, eo0 
"-- 60, ooo 80,000 
--- 40,080 80,000 
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Fisca l  Year - Teem 1959 

wrtn-ting astronomicai obsewttiur-y ; ( c u u ~ i u u c ~ ;  
Inetrumentation: (continued) 

F isca l  Y e a r  Fiscal  Year 
1961 

$175,000 
250, ooo 
75,000 
45 000 
30,000 

200,000 
190, OOo 

450, ooo 
350,000 
TOO, 000 
250,000 
400,000 
200,000 
180, ooo 
200,000 
200,000 
loo, 000 
200,000 

200 8 000 
250,000 
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Fiscal Y e a r  1959 

$31,882,607 

1. OBJECTIVES: 

NATIONAL AFZtONAUTICS AND SPACE ADMIiNISTRATION 

F I S C A L  YEAR 1961 ESTIMA!TES 

LUNAR AND PLANETARY EXEXORATION 

Fiscal Year 1960 Fiscal Year 1961 

To acquire f'undamental physical and chemical information on the moon and planets; 
to investigate space phenomena and their variations over the range of lunar and interplan- 
etary distances; to explore the surface and nearby environment of the modn and to measure 
and describe in detail its characteristics, for example, the surface composition, radio- 
activity and structural features, and the magnetic and gravitational fields; to investigate 
the constituents, processes, and characteristics of the interplanetary regions so as to 
understand how and why they vary with time and location within the solar  system; to extend 
these investigations to the detailed study and exploration of the planets; to develop improved 
means and techni~iies for the conduct of lunar, inte-lanetary and planetary investiaations 
and explorations. 

2 JUSTIFICATION:  

As our nearest maJor body in the so lar  system, basically unchanged for billions of 
yews, the moon itself offers unique potentialities for better understanding of historic and 
contemporary phenomena of the sofm system and for clarification of basic physical, chemical, 
and biological concepts that are fundamental to modern science. 
will provide the first answers that will unlock the secrets of the origin and evolution of 
the solar system. Until now, progress along these lines has been subject to the limitations 
imposed by remote observations and indirect measurements. 
gained from direct measurements and observations will be far greater. Space Plight vehicles 
now offer research capabilities for overcoming many of these limitations. 

It can be hoped that the moon 

The understanding which can be 
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vide a second booster system. 
orbiters and probes are planned for launching in the fiscal yeas 1960 and in the fiscai 
year 1961. 
funded in the fiscal vear 1959 will be i l s d  +.n 1 n l m ~ h  a fleez ~ p c e  p ~ r i k e ;  itc ; q , - kcZ  i; 
being completed during the fiscal year 1960. 

This launch attempt was unsuccessful. Additional lunar 

The mor-Able vehicle Work will a l s o  be started on planetary probe payloads. 

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

Terminal ori- 

Beginning in the fiscal year 1961 the Atlas-Agena will be utilized for launching 
of lunar probe spacecraft. 
for lunar impact missions with the objective of providing knowledge necessary for the proper 
design of soft lunar landing vehicles. 
data on the surface characteristics of the moon. 

Construction and environmental testing will start on payloads 

These payloads will be instrumented to tsansmit 

Typical projects included in the advanced development program for lunar, planetary, 
and interplanetary instrumentation will be: 
for the investigation of lunar and planetary surface structures; improvement of plasma probes, 
geiger and scintillation counters for measurements the interplanetary medium; irnprovement 
of magnetometers to be used in particle flux-magnetic field correlations; beta and gamma ray 
detectors and spectral analyzers for studies of lunar surface radioactivity; and improvements 
af television type imqe transmission equipment for Ii.?_n_nr st.udies+ 

studies of infrared sensors and penetrometers 

h interplanetary space probe will be launched during the fiscal year 1961by means 
of a Delta vehicle Funded under the Delta develqxnent program. 
on the payloads for use in an initial pair of planetary probes will be carried forwqd with 
the expectation that Atlas-Agenas will be used as booster vehicles. 

Design an0 development effclrt 

156 



-F
- 

. . 
b

*
.

.
.

C
;

 
p

.
.

.
.

o
 

b
.

.
.

.
 

..
..

 
..

. 
$

: 
..

. 
p

.
.

 . 
. 

..
..

 
..

..
 

..
..

 
..

..
 

u
 

b
 u
 8 



NATTONAL AEROXAUTICS AND SPACE AJIMjTiISTRATION 

FISCAL YEAR 1961 ESTIWEES 

Objectives 

The NASA has established a sound program fo r  t he  exploration of t he  Moon, Mars and Venus 
which is  designed t o  provide leadership i n  acquiring sc i en t i f i c  knowledge about these bodies. 
"he program is  far from an extravagant one. 
orderly evolution of launching vehicles, spacecraft, and sc i en t i f i c  payloads t o  the  achievement 
of several  selected goals. 
t h e i r  re la ted  missions, which are: 

Rather, it is soberly conceivedto exploit  an 

Within the next half decade these goals may be s h p l y  i l l u s t r a t ed  by 

1960 Interplanetary probes 
1960 Lunar orbi ters  
1961-62 ~unar jmpacts (reconnaissance) 
1962 

1965 
1965 

Planetary probes t o  Mars and Venus 

Planetary orb i te rs  t o  M a r s  and Venus 
Lunar sof t  landing with mobile vehicle 

1963-64 ~ ~ n a r  sof t  Wdin@;s 

The sc i en t i f i c  objectives of these missions are no l e s s  exciting than the  spectacular 
flights themselves. 
i n  the  several b i l l i o n  years of i t s  (and the  Earthss)  existence, the  Moon of fers  unique oppor- 
t u n i t i e s  for  a be t t e r  understanding of the solar system. 
M a r s  and Venus could prove far more than a sc i en t i f i c  curiosity.  Just  as the  planned missions 
const i tute  an orderly sequence of technological and sc i en t i f i c  deveiupeut, so &G they Wy the 

A s  our nearest major body i n  the so la r  system, unchanged by winds and r a i n  

The discovery of some form of l i f e  on 

- groundwork f o r  the iiiorc diff ic ld% EZSS~CXS TO follow. T I I ~  propam is i i ~ w  iii its f ~ ~ ~ t l v e  S % = ~ S .  

The actual  programmed f l i gh t  schedu1.e which must be considered ten ta t ive  beyon& 3.962, 
fo3.lows: 



Year - Lunar Missions Launch Vehicle 

Orbiter 
Orb iter 
Impact - spacecraft development 
Impact - spacecraft development 
hpact-reconnaissance 
Impact-reconnaissance 
Impact-reconnaissance 
soft landing 
Soft landing 
Soft landing 
Soft landing 
SOFt landing 
soft landing 
Soft landing 
Soft landing - mobile 
Planetary and Interplanetary Missions 

Interplanetary probe 
Interplanetary probe 
Venus probe 
Mars probe 
Venus probe 
Mars orbiter 
Venus orbiter 

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

Thor -Able 
Thor-Delta 
Centaur 
Centaur 
Centaur 
Saturn 
Saturn 

1qh0 
1960 
1961 
1961 
1961 
1962 
1962 
196 3 
1963 
1963 
1964 
1964 
1964 
1965 
1965 

1960 
1960 
1962 
1962 

1965 
1965 

1964 

This mission schedule has been developed in accord with the following principles: 

1. Select t h e  most important goals and pursue them with determination. 

2. Establish an evolutionary sequence of missions where each step paves 
the way for the more difficult phase to fo l low and which makes full 
use of increased technological capability as it becomes available. 
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Lunar Missions 

These missions a re  c lear ly  oriented toward the  achievement of controlled 1una.r landings. 
It i s  the feeling of the  EASA tha t  this  approach w i l l  yield the  maximum sc i en t i f i c  r e su l t s  ana 
w i l l  pave the  way f o r  more ambitious manned limar mlssions a t  some l a t e r  date. 
with two attempts t o  place an instrumented payload i n  orb i t  about the MGon using the  Atlas-Able 
booster. These missions represent the best  current capabili ty and are,  i n  fac t ,  the  t h i r d  and 
fourth attempts at  t h i s  mission following two failures i n  1959. 

The series begins 

These missions u t i l i z e  a spin s tabi l ized payload with rudimentary but effect ive midcourse 
guidance, without which the mission could not be accomplished a t  t h i s  t h e .  
t a i n s  a var ie ty  of radiation detection experiments t o  make measurements i n  the  lunar environment. 
A s  an "anchored" space s ta t ion away from the  Earth 's  influence, the  payload assumes additional 
hportance when i t s  long-term measurements are compared with re la ted  measurements in the v i c in i ty  
of the  Earth. . 

The payload con- 

I n  1961 the NASA w i l l  begin the  second phase of the lunar program. The Atlas-Agena B will 
be used t o  launch a new spacecraft t o  achieve a controlled lunar impact with survivable equipment. 

- A "spacecraf't'' i s  a vehicle designed t o  f l y  through space carrying a useful  payload and 
maneuvering as required t o  maintain the  desired course and orientation. 
s c i en t i f i c  payload and telemetry equipment were packaged into a structure which was l i t t l e  more 
than a can and which e i ther  tumbled f r ee ly  or was spin s tabi l ized.  
lunar spacecraft of the future may be likened t o  a fighter a i r c r a f t  i n  complexity and cost. 
This i s  readi ly  understandable when one considers that t h i s  remote descent t o  the  lunar surface 
i s  without benefit  of an atmosphere and tha t  the t o t a l  deceleration and landing i s  dependent on 
rocket braking and appropriate electronic sensing equipment t o  guide and control t h i s  braking. 

I n  e a r l i e r  days the  

In  contrast, the  sof t  landing 

Returning t o  the sequence of Agena B launchings, the first two i n  the f irst  half of 1961 
will actual ly  not be directed toward the  Moon but ra ther  into orb i t  about the  Sun t o  tes t  v i t a l  
spacecraft components and at  the same time ccncluct selected sc i en t i f i c  experiments. Toward the  
end cf ~961. t h e  first 
c ra f t  for  t h i s  mission w i l l  consist of two sections. 
and control, telemetry, and propulsion equipment which w i l l  make it possible t o  impact the  
Moon within a predetermined area and with a t t i tude  control during the en t i re  f l i gh t .  
d i t ion  t o  carrying sc ien t i f ic  instruments f o r  measurements i n  cislunar space, t h i s  section of 

_ _  . - tpzee a t t m ~ t s  It the  comnlp+p '-r--'- --* 111nm mission wxf i  DP reauy, yhe space- 
The main section w i l l  contain guidance 

In ad- 
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the payload w t l l  carry a televisioii cmiier8 capa3ie of trafisi-Ltt.lng dwing the fiiiai rnornents of" 
Inlight pictures or' the  impac'c area havi?g opt ical  resolutions of l e s s  than ten f e e t .  
c r a f t  i s  also being designed t o  carry a caDsule wh-lch w i  11 he slnwpd hy A refm-y~c?p+ f z z  
about 8,000 f e e t  per second so tha t  i t s  impact velocity w i l l  be lees  than 500 f ee t  per second. 
Survivable equipment within the  caps-icle may include instrwnentation t o  study tne Lunar surface 
consistency, structure, and temperature e 

The space- 

In 1963 the  ava i l ab i l i t y  of the powerful Centaur should make possible the first t rue  lunar 
so f t  landing of a spacecraft carrying television, a seismograph, a spectrometer, and radiat ion 
detection devices among other re la t ive ly  f r ag i l e  s c i en t i f i c  i n s t m e n t s  t o  observe and analyze 
the lunar surface and subsurface properties. Telemetry and an e l ec t r i c  power supply must a l so  
be included i n  the  same 600 pounds of structure and equipment which can be deposited r e l a t ive ly  
gently on the  lunar landscape. 
preceding Agena series should f a c i l i t a t e  the  selection of design c r i t e r i a  f o r  the Centaur space- 
c ra f t  landing structure.  
vestigations of many lunar areas  w i l l  be conducted over a period of years. 

The television reconnaissance of the t e r r a in  obtained i n  the 

A long service span is predicted for t h i s  spacecraft since spot in- 

The Saturn sof t  landing spacecraft will be required for those areas of the Moon which are 
t o  be explored intensively, e i the r  for purely sc i en t i f i c  reasons or t o  l ay  the groundwork f o r  
manned landings. This spacecrart w i l l  weigh a t  least several  times tha t  of the Centaur. This 
vehicle, planned for 1965 with a three t o  four year lead time f o r  development, i s  planned t o  be 
self-powered for mobility over the  lunar surface. By t h i s  technique the actual area which may 
be explored and sampled will increase many fold. 
in t h i s  remote exploration. 

Here again, television w i l l  play a key r o l e  

Planetary and Interplanetary Missions 

A Thor-Able and a Thor-Delta probe w i l l  be launched t h i s  year t o  obtain sc ien t i f ic  
measurements of magnetic f i e l d s  and of par t ic le  and electromagnetic radiation f i e lds  deep i n t o  
interplanetary space. 
Venus w i l l  come i n  1962 when it i s  planned t o  use the Centaur launch vehicle and a variation 
of the spacecraft designed for use on t'ne ktias-Agena iunar missions. 
a re  designed t o  pass close enough t o  the  planets t o  permit. c r i t . i ca l  sc ien t i f ic  xeasltemex&s ts 
be made and transmitted back t o  Earth. 
i n g  considered, although d i f f i c u l t  t o  achieve due t o  guidance problems and uncertainties i n  t h e  
position of the  planets. 

The first capabili ty of bunching probes in to  the v ic in i ty  of Mays m d  

These planetary probes 

Tehvis ion and/or spectrographic observations a re  be- 
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I n  2964 another favorable opportunity t o  f i r e  at Venus wiii occur. This f l i g h t  w i l l  
probably be used t o  t e s t  s t e l l a r  navigation equipment planned fo r  operational use aboard the 
Mars and V e m i s  nrhit.in_a s p ~ - m f +  cqhpIJ~~.le*- f:r In-ncL. :.itfi tk: Zst.:~ 2: 1765. 
spacecraft will w e i g h  several thousand pounds and are  conceived as  e ject ing instrumented 
capsules t o  penetrate the atmosphere of the two planets. 

yu;;;e l;ttt~;i- 

Advanced Technical Development 

The exploration of the moon and planets involves complex payloads containing instruments 
f o r  the  measurement of a wide var ie ty  of phenomena. 
year 1959 by the procurement of r e l a t ive ly  simple, f irst-generation instruments; e i ther  off-the- 
shelf items or  those requiring a minimum of research f o r  development. 
the  f i s c a l  year 1960 thus could be decreased over the  i n i t i a l  f iscal  year 1959 procurement l eve l  
when completed payloads become available f o r  space probe launchings. 
sary research studies were started f o r  the  development of more complex, second-generation 
instruments fo r  l a t e r  f l igh ts .  
procurement costs f o r  this  type of advanced instrumentation a re  contained i n  the f i s c a l  year 
1961 requirements . 

The program wets i n i t i a t e d  i n  the f i s c a l  

The f'mds required f o r  

A t  t he  same time, neces- 

Building up from t h i s  basic leve l  of e f for t ,  the  development and 

The complexity of physical phenomena i n  space necessitates the use of numerous sc i en t i f i c  
instruments, each requiring f o r  i t s  successful development the highest technical ta len t  avail-  
able. Two principal categories of f l i g h t  instrument are needed t o  achieve the  objectives of the  
Lunar and Planetary Ekploration program: (1) specialized instruments f o r  specific measurements, 
such as analyses of the surface of the  moon o r  planets, which frequently require long lead times 
f o r  intensive research on many problems facing the experimenter; and (2)  instruments t o  measure 
interplanetary phenomena while the payload is  on i t s  way t o  a target  such as the moon or  other 
planets. These instruments measure cosmic rays, magnetic f i e lds ,  meteorites, solar  radiation, 
and similar space phenomena. While i n i t i a l  space probes were able t o  measure the  basic values 
of these quantities, consecutive developments, increased sensi t ivi ty ,  and progress i n  measuring 
techniques a re  required t o  mensiire the s m e  qmnt i t i e s  ELS; vmt dfstmces z-i..=s frm the ear th  
deep i n  interplanetary space. 

For exam-plPj the & v e l G ~ e s t  c!f kuEr sebr iogm~h sys%ais f o r  ijieaS-m@rrieiits of ' h e  i n t e r io r  
of t he  moon was s tar ted ear ly  i n  the f i s c a l  year 1959. 
1960 and a simplified system w i l l  be continued i n  the first payload impact on the moon. 
currently, the development of an advanced seismograph system i s  under way f o r  l a t e r  f l i gh t s  t o  

It was continued during the f i s c a l  year 
Con- 
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the moon which will deposit a seismograph fo r  sustained operation on the  lunar surface. 
example i s  t h e  development of' television systems fo r  obtainirg pictures of the  lmay surfare as 
well as of Mars and Venus. instrumentation consisted of simpie scanning devices W l i i & i  
relayea crucie p i c i u t f a  CLYU G G % C ~  ;;I;ZZZ. 
face, a necessary preview t o  selection of landing sites, an advancedtelevision system i s  under 
development. 
i t i e s  of television systems t o  transmit information over millions of miles. And f inal ly ,  the 
analysis of lunar surface samples w i l l  be greatly aided by systems which obtain and transmit 
microscopic pictures back t o  earth. 
receiving study and development. 

As the  payload weight capabi l i t ies  of space probes increase, current progress i n  the  
development of sc ien t i f ic  instrumentation will l ay  the basis f o r  the  future employment of great ly  
advanced instrumentation t o  enhance our knowledge of the  SOW system. 

Another 

Initial 
T:, :,h+ai_n_ klgh-r~sol~~tion Dictures of the  lunar SUI'- 

For planetary exploration, different requirements will be placed on the capabil- 

These vastly different te levis ion systems require and are 

I t e m  - 
Cosmic ray instrumentation . development... 
Lunar data recording system - development.. 
Study of lunar soft landing systems. ....... 
Lunar radioact ivi ty  instrument development. 
Coherent radar explorations ................ 
Radiation instruments . development ........ 
Studies of radiation belt  properties. ...... 
Studies of primary cosmic radiation........ 
Magnetic calibrations...................... 
Coincidence texescope . development.... .... 
Special computations a t  W.. . . . . . . . . . . . . . .  
Television f o r  space vehicles - development 
;j-tuay of &eep sj?aee E;jrscum, recpireEents i : : z 

~~ppurLiug i-eseZ.iieh 8~ >XIS m i ~ s i ~ ~  
I. .1 

problems ................................. 
Lunar and planetEtry eq lo ra t ion  stud ics  .... 
Development and construction of lunar 

orbi ter  and space probe payloads, ........ 

Fiscal  Y e a r  
1959 

$74,951 
75 9 000 

150,000 
126,000 
150, ooo 

300,280 
27,000 
63,140 
50,000 

300,000 
50: OOO 

150,000 

311,420 

4,522,616 

Fisca l  Year 
1960 

--- 

Fiscal Y e a r  
1961 



Item 

-- ssb~ub. ~ i , & j i - ~ , ~ ; ~ ; ~ ~ : ~  - ; IO-+~nmmnf. z-- - - - . . . 
Lunar seismograph system - development, CIT.  
Advanced lunar seismograph system - develop- 

Lunm photogrammetry - development......4... 
Lunar map studies........................... 
Instruments to measure atmospheric pres- 

sures between Earth and Moon - development 
Study of lunar surface characteristics...... 
Electromagnetic investigation of lunar 

Space radar equipnent - development......... 
Micrometeorite sbula.tion studies........... 
Ionosphere of Jupiter - studies............. 
Detection of planetary microorganisms - 
studies................................... 

Ultraviolet sensors . development.......... 
Photo-diode system for planetary surface 
light - development...................... . 

Lunar photographic system - development..... 
Cosmic ray and magnetometer - development.. . 
Development of impact-proof payload 

ment, Columbia University ................. 
Spectral lamps . development. ............... 

surface properties.. ...................... 

components ................................ 
Spacecraft sequence ther - development. .... 
Lumx penetrmcter - 6evelQmen-t.. E---- - 

Development of lunar retro-package.......... 
Sterilization of space payloads - study.,... 
..... ----&----+e- . i4captrel nmpnf., ............ 
1"UbD apcL u.L VIUC. "*I -- . ---=--- - 
Lunar surface gravity meter system - 
X-ray fluorescent spectrometer - development 

........... 

deveiopent ............................... 

Fiscal Year 
1959 

$97 t 200 
Q5,OoO 

--- 
-e-  

--- 
-e -  

Fiscal Year 
1960 

$75,000 
150,000 

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

50, OOo 
115,000 

105,000 
445,000 

1,500, ooo 
30,000 
80,000 
75,000 

Fiscal Year 
1961 

$90, 

250, ooo 
go, 000 --- 
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Fiscal Year Fiscai Year 
1960 Item - 

Surface sampling complex X-ray de*eloprnen+, 
a e a v y  \ ~ U U U I A ~  - _ w . . _ . . _ _ _ _  - ............ 
Interplanetary gas and dust - studies...... 
Infrared photography of moon............... 
Photogrammetric interpretation of lunar 

Instruments for measuring lunar atmospheric 

---- ----2- ---- A ~ . + ~ ~ + . n . * r c  

Gamma ray spectrometer - development ....... 

composition - study ...................... 
characteristics - development.......... .. 

Solar corpuscular detector - development.. . 
Photoconductive particle detector - de- 
velopment ................................ 

Rubidium vapor magnetometer - development.. 
Coincidence detectors - development........ 
Ion chamber - developnent .................. 
Lyman alpha scanner - development .......... 
Micrometeorite dectector - development.. ... 
Vehicle electrostatic charge - developnent. 
Ehvironmental testing of instrument as- 
semblies.... ............................. 

Advanced vidicon - development ............. 
Skin temperature sensors - development..... 
Ion trap - development ..................... 
Procurement of 2 service-test instruments: 
Vidicons................................. 

Seismographs.................. ........... 
Penetrometers.......,.................... 
Taipera-hre S ~ C S O ~ S  i-i.tt.tt.-........... 
AVIi urupu. .  ............ ....................... 

Gemma ray spectrometers .................. 

l-1- +--” 

Vagnetic and electric field instruments, 
Venus - developo;2 ~~...........i,,; + e f t  . 

--- 
-I- --- 

..-- 

Fiscal Year  
1961 

$150, ooc! 
100 , 000 

7 5  7 ouu 
150,000 
125,000 

l l o  ,000 

220,000 
100,000 

400, OOO 
100,000 
400,000 
lO0,OOO 
xx),ooo 
loo , 000 
275 000 

780,000 
200 , 000 
260,000 
1307 OOo 
80,000 
80,OOU 

125 , 000 
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Fiscal Year 
1959 Item - 

Energetic particle instruments, Yenis - 
development ............................... 

Atmospheric instruments for Venus - 
development. .............................. 

Ionospheric instruments for Venus - 
development... ............................ 

Spectroscopic photometer - development...... 
Development of television for Mars probe.... 
Magnetic and electric field instruments, 

Mars - development..,... .................. 
Spectroscope, Mars - development.,.......... 
Surface thermal measuring instruments - 
development........ ....................... 

Advanced plasma probe - developent.. ....... 
Remote controlled TV - development.,.. ...... 
Advanced instruments for solar probes : 
’High resolution spectroscope.............. 
Colomagraphic equipment ................... 
Temperature and pressure devices.......... 
Mass spectrometer............ ............. 

Advanced magnetometer - developent ......... 

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

The Pioneer IV operations 
scheduled for early 1960. The 
Able vehicles referred to were 
now comFlet ed. 

-e- 

--- 

--- 
-e- --- 

$0,102,607 

Vehicle Procurement 

ig6G 

$275 , 000 

100,000 

100,000 
450,000 
400,000 

100,OOO 
150,000 
30,000 

35,000 
55,000 
185 ,.om 

200,000 
100, 000 
100,000 
100.000 

$5 * 223 * 000 $9,000 I 000 

are now completed.. 
fiscal year 1959 funds w i l l  complete the operation. 
launched during 1959 with the indicated expenditure of funds 

The Thor-Able deep space probe is now 
The A t l a s -  

The AtlLas-Agena B vehicles are being incrementally Mded. This funding plan is based 
on cost estimates from BID and the vehicle contractor. 
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Completion of Pioneer I V  veiiicle systeii 
oFerations. --.. --- .............................. $2,140, 000 

Thor-Able vehicle f o r  deep space probe.. ... 2,843,000 --- --- 
Procurement of 2 Atlas-Able vehicles...  .... 4; 097,000 $3,446,000 --- 
Procurement of 5 Atlas-Agena B vehicles... .  3,500,000 7,360,000 $9, ~00,000 

Total. . . . . . . . . . . . . . . . . . . . . . . .  $12,580,000 $10,806,000 $9,500,000 

Design, Development, Fabrication and hunch of Spacecraf't and Payloads 

Completion of A b l e  payloads: These costs, which do not carry  into the f i s c a l  year 1961, 
re f lec t  the NASA contract with BMD-STL for  the  development and procurement of payloads f o r  two 
Atlas-Able and one Thor-Able launch. 
1960 t o  complete the series. 

The Thor-Able interplanetary probe w i l l  be launched i n  

Construction of magnetometer probe payload: This payload is  being prepared f o r  the  
Thor-Delta interplanetary probe scheduled for  the  second half  of t h i s  year. 

Completion of two electron density probe payloads: These probes w i l l  be launched using 
Scout vehicles t o  an a l t i t ude  of 6,000 t o  8,000 miles. 

Procurement of nilclear emulsion recovery payload: This payload will also be completed 
within f i s c a l  year 1960 funds. 
pose an emulsion t o  the Great Radiation Belt and cosmic rays before recovery fo r  subsequent 
analysis. 

The payload, again Launched with a Scout, i s  designed t o  ex- 

Procurement of two lunar orbi ter  f l i gh t  systems: Negotiations a re  currently under way 
with BMD-STL fo r  the  two Atlas-Able lunar oybitor attempts i n  1960. 
contract including launch vehicles, launch services, m d  payloads ( 3 ) .  
a continuation of the Atlas-Able lunar program of 1959. 

This w i l l  be a "package" 
The project const i tutes  

Design; development, and fabrication -4 of f ive  Agena and two Centaur spacecrar-t and 
payloads: This grouping: of line i t e m s  constitutes the spacecrart and payloads t o  be usedby  tile 
NASA i n  the lunar and planetary p r o g m  i n  1961 and 2962. 
previously described as directed toward reconn8,issance pr ior  t o  impact and swviva.1 of some sc i -  
en t i f i c  equipment. 

The lunar impact missions have been 

The planetary missions w i l l  conduct experiments i n  interplanetary space and 



wi l l  study the  planets a t  t h e i r  point of closest  contact. These eqendi tures  began i n  the f i s c a l  
yeaz 1953 %6th a k r g e l y  h-h011se efYo?t a t  the  J e t  Propulsion I ~ ~ J ~ o r a t o r y  directeed tGw8x-d t'ne de- 
velopment of a planetary spscec.mi't f o r  the Vega. I n  1.960 the  missions were nime clear ly  defined 
and the  leve l  of errom Increase6 CuIruieubuatt. &XL Eiil C Z Y ~ > -  1761 L Z ~ ~ & . ~ Z  ?!Q?P. 
Vega to Atlas-Agena as  the launch vehicles has caused remarkably l i t t l e  disruption t o  t h e  e f fo r t .  
It i s  expected that  the ma,jmity of the  spacecraft and payload expenses f o r  chese seven missioiis 
w i l l  be completed with tine f i s c a l  year 1961 funding. The funds cover development of f l i g h t  hard- 
ware fkom the ear ly  research phase, through the ''breadboard'' and prototype equipment, t o  the 
f l i g h t  a r t i c l e s .  
environmental t es t ing  pr ior  t o  the actual  missions. 

c ' h a n p  f r o m  

A minimum amount of prototype (nonflight) equipment i s  included fo r  adequate 

General program support: The analyses and studies funded here a re  necessary t o  determine 
the  most desirable t ra jec tor ies  t o  f l y  and the  optimum equipment required t o  fly them. 
this  e f for t  it would be v i r tua l ly  impossible t o  "freeze" on a mission, a configuration, o r  
subsystem equipment with any degree of confidence. 

Without 
the  

Design study and preliminary engineering fo r  Centaur and Saturn spacecraft: The rela- 
t i v e l y  short lead time before the Centaur lunar soft landing mission requires t ha t  specifica- 
t ions  be prepared and preliminary engineering accomplished as rapidly as possible so that t h e  
c r i t i c a l  subsystems (navigation, guidance and control) can be contracted for a t  the  e a r l i e s t  
possible date. 
monies fo r  Centaur guidance and control a r e  l i s t e d  under the  Vehicle Systems Technology pro- 
gram. 

This work is  now under way and will continue i n  f i s c a l  year 1961. The contract 

The s i tuat ion with the Saturn spacecraft is somewhat l e s s  pressing although with a 
lead time of 3-1/2 t o  4 years required, coupled with a 1965 launch date, the  indicated f'unds 
are considered the minimum t o  carry out preliminary study contracts p r io r  t o  a hardware con- 
t ract  i n  the f i s c a l  year 1962. 
Saturn lunar sof t  landing as well as the  complexity of the planetary orb i te r  with landing 
"probes" dictate  very careful planning for these projects.  

The extreme complexity of the mobile spacecraft f o r  the 



Item 

Completion of Pioneer payloads. o o o  c c l o  O E I O o O  

Construction of magnetometer probe payload: 
n A T - 7  ..... -i....ao Z u i u p i c L i ~ u  ij, nuAL p y - c v w u y 9 .  ". .. (. - - I - - - ~ . - 

Magnetic field probe...o.. ................ 
3 nontracking telemeter antennas... 
Special data processing.....,.....+*eee.qe 
Electronic systems.,.... 
Radio-frequency systems................... 
Mechanical systetns....................e.ee 
Thermal systems........ ................... 
Component and payload testing............. 

Radio frequency systems....... ............ 
Thermal systems.....*... .... . . * . . . . . . , . * . e  

Mechanical systems............~.........e. 

payload. 

systems.. .................,.*,...........* 

Completion of 2 electron density probes: 

Procurement of' nuclear emulsion recovery 

Procurement of 2 lunar orbiter flight 

Design, development, and fabrication of 'j 
Agena and 2 Centaur spacecraft and 
payloads : 
Structures.... ...........................- 
Flight telemetry. ........O.......+e-e...eo 
Ground telemetry and data 
Radio command syst em............o......... 
Solar power systemo. ~.oo......e.O......... 

Attitude control system.. ......... e a  o s  e 

Byload c o m ~ G . z i ~ ~ t ~ o n s  system; i i : 0 I E e p 5 a - 
1. ---'-.-.a cb,yAWUU. L " I I Y I 1 I Y L I ~ U " I " Y Y  ---r-nins+innc s;rstraa t.eqf.in.g;. ~ ~ 

Electronics module packIl@;i ng.............. 
ETacecrrtft, s y s t e i  btegratim.. * .  e e. o .  

--- 

loo, 000 
l2,ooo 

637,000 
250,000 
770 Y 000 
310 ooo 
895 000 
200 > 000 

36,000 
54,Oc)O 

Fiscal Year 
1960 

174, gOZ 
150, ooo 

9, 900 
88,400 

168,300 
272,200 

IJ-9 300 
59: 000 

265,500 
11,800 

208,700 

600,000 

10,000,000 

i,300,000 
1,400,000 
1,000,000 

550, ~ 0 0  
1,670,000 
L533,OOO 
2.9 350,000 

3 k I :  000 
150: 000 

250,000 

P-S.scta,l. Y e a r  
1961 

$3,500,000 

I, 600,000 
1,200,000 

986,000 
500,000 

1,260,000 
2,300,000 

350,000 
353,000 
350 .¶ 000 

1,450,000 



Item - 
Fiscal Year 

1959 

Spacecraft environriieiital reliakll i t j .  
design and testing...... .................. 

Special environmental test equipnent.... .... 
Special ground electronics equipment. ....... 
Mission control center operation. ........... 
Midcourse guidance rockets............. ..... 
Payload radiation instruments, .............. 
Payload lunar photographic system.. ......... 
PayLoad cosmic ray counter and magnetometer. 
spacecraft sequencing timer................. 
Impacting retro-package ..................... 

JPL launch crew at A M R . . . . . . . . . . . . . . . . . . . . . .  

Technical documentation of Agena system ..... 
General program support: 
Analysis of lunar and planetary trajectories 
Analysis and evalmtion of guidance methods 
Analysis of scientific missions ............ 
Centaur spacecra f%......................... . 
Saturn spacec raft........................... - 

Design study and preliminary engineering fo r  

Design study and preliminary engineering for 

Total........................, $ll,200,000 

$892,000 * - -  - - -  
42u , uuu 
290 , ooo 
360,000 
101,000 
242,000 
240 , 000 
200,000 

100,000 
100,000 
323, 000 

--- 

1,500 , 000 
1,ooo,oO0 

$32,971, OOo 

$goo,ooo 

326 , ooo 
400,000 
276 , ooo 
237,000 
330 , 000 

1,100,000 
560, ooo 
600,oo0 

2,500,000 
535,000 

I * -  *An +cu , vvv 

324,000 
600,000 
793, 

1,500,000 

1,250,000 

$26,500, ooo 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Fisca l  Y e a r  1959 

$987,550 

FISCAL YEAR 1961 EST314ATES 

METEOROLOGY 

Fisca l  Y e a r  1960 

$7,930,000 

Fiscal  Year 1961 

$20,700, ooo 

1. OBJECTIVES: 

To establ ish a meteorologic& s a t e l l i t e  capabili ty f o r  world-wide coverage and f o r  
providing observations of atmospheric elements required by the  meteorologist i n  order t o  
understand atmospheric processes and predict  the weather. 
cover, storm location, precipitation, temperature, wind direction, heat balance, water 
vapor and other constituents. 
ment of s tab i l ized  s a t e l l i t e s  f o r  polar o rb i t s  of 500- t o  1,000-mile a l t i tude  and "sta- 
tionary" s a t e l l i t e s  for  equatorial  o rb i t s  ~ ? d )  22,000-mile alt.it.udes; (b) the development 
of sui table  on-board detection equipment, including television, infrared detectors, radar 
ana speczroscope; ana ( c j  zne aeveiopmenz 01 aaequate aaza s-corage, nanGiing ami comrnwiictt- 
t ions  equipment and techniques. 

These elements include cloud 

To achieve t h i s  objective will require: (a) the  develop- 

The long range obJective i s  t o  develop the principles of a system of instrumented 
orbi t ing s a t e l l i t e s  and comunicatlcms network by means of which world-wide meteorological 
iniormaiion may be transmitked i o  t h e  iiationai Eieieoroiogicai Cenier of the weather Eureau 
f o r  i t s  operational use. 

2. JUsTIJ?ICATION : 

The ear th  s a t e l l i t e  represents a new observational t o o l  which promises t o  be of 
great value t o  the  science of meteorology and t o  the practice of weather forecasting. 
Although it would be a mistake t o  imply t h a t  such a device w i l l  eliminate our meteorological 



3 .  

l imitations,  there i s  no doubt tha t  it w i l l  supply a tremendous mount of u s e f i l  meteoro- 
logical  data aot  not; obtainable. It w i l l  de th i s  not orAy because of  $tr..s ab i l i t y  t o  g t ~ e  
world-wide coverage t o  some meteorologicai parmeters,  i n  contrast L u  tile ciii-reiit f ivz to 
+.en p-cpnt, cnveraee, but also because of i t s  uniuue vantage point above the  atmosphere 
which will make new measurements possible. Improved basic sc ien t i f ic  understanding of 
atmospheric processess and a more comprehensive knowledge of w x l d  md regional clima- 
tology w i l l  r esu l t  and these should assist i n  producing advances i n  weather forecasting 
and i n  approaches t o  weather modification and control. 

The benefi ts  t o  be derived from these improved cb;pabIlities i n  meteorology include 
convenience i n  planning personal, ac t iv i t ies ,  protection of l i f e  and property from weather 
disasters; safeguarding transportation; crop planning, control and protection; indus t r ia l  
planning of weather-dependent products, outdoor enterprises, and heating and cooling loads; 
eventual limited weather modification and control; and good will i n  return fQr providing 
current global meteorological data t o  other nations, 
data  required f o r  world-wide c iv i l ian  needs can, by proper handling, be made ts meet special  
mil i tary needs as w e l l .  

%B ada t ion ,  the same meteorological 

PROGW PHASING: 

Project TIROS w a s  i n i t i a t e d  ’by ARPA and transferred t o  NASA i n  April, 1959. Ta 

(a) radiation detection equipmen% and 
addition t o  the  support provided by ARPA I n  payload a d  booster development, NASA purchased 
the  following items with f i s c a l  year 1959 funds: 
assoelated ground equipment f o r  a meteorological sa t .e l l i t e  (TWOS) t o  be launcher? cnce 
during the f i s c a l  year 1960 and again during the f i s c a l  year 1961; and (b) tracking, t e l e -  
metering, data pyocessing, and data analysis equipment and services fo r  the sa t e l l i t e s .  

The f i s c a l  year 1960 funds provide f o r  the con-kinuance of t h i s  program at  an 
accelerated r a t e  with strong emphasis on the  development; of equipment fo r  a serfes  of 
s tabi l ized follow-on meteorological. satellites., These include a radar f eas ib i l i t y  study, 
the development of an e lec t ros ta t ic  tape recorder, the development of a vidicon camera, 
oc t ics  and controls, radiation scanning heads, low resolution heat budget instrumentation, 
a t t i tude  control cievelopment, spectroscope ireveiopaezit studies, the de-v*elopmxb of reccrOers, 
pprogreamera, transmitter controls and receivers for  the  s a t e l l i t e .  A substant ia l  e f for t  i n  
basic meteorological research for the u t i l i z a t i o n  of meteorological s a t e l l i t e  data i s  a l so  



being conducted, Studies using data from rocket probes, alrcra2T reconnaissance, and the  
current meteorologfcal observation sources simulate the kind of information that w i l l  be 
available T r m  satellites azd devzZ~lj t e c h i i q ~ e a  tc kc q p l f e d  tc t h e  mslycic? of actual 
s a t e l l i t e  data from TIROS, 
w i l l  be launched. 

In  the f i s ca l  year 1960 TIROS I (containing TV t o  map cloud cover) 

The f i s c a l  year 1961 f’unds have been prcjgrammed (a> tc maintain basic research et 
approximately the  same level;  (b) t o  allow fo r  some increased ackivf ty  in the development of 
advanced instrumentation (specif ical ly  i n  the development of s tabi l ized vehicle con%rol sy- 
stems, and i n  the  fur ther  development of Dl detectors, TV systems, radarp and spectroscope; 
(c )  t o  launch TIROS I1 (containing both !lY and I R  sensing Inst-ruments); (d) t o  allow. fo r  
increased ac t iv i ty  i n  the  analysis of data acquired from -the meteorological sa%eUi tes  
(TIROS I and 11); and (e)  t o  i n i t i a t e  payload developmen-k, booster vehicle purchase and 
launch of the follow-on meteorological s a t e l l i t e ,  

4. PROGRAM COSTS: 
F isca l  Year Fiscal  Year Fiscal  Y e a r  

1959 1960 1961 

Advanced technical development : 

Atmosphere, r a a a t i o n ,  and data 
systems research, e e e e e e ., e e ., e $158,550 $1,250, ooo $19 400,000 

Development of advanced in s t  rumen% at ion l1,OOO 3 9  099,000 4,400 , 000 

Flight research program: 

Paylo8ds........ ........................ 818, ooo 3,  581,000 9,200,000 
Booster vehicles........................ --- --- 5,700,000 

$987,550 $7,930,000 $20,700,000 





The firs$ Minribus satellite w i l l  be hunched during the third quarter of calendar 
year 1961. 
improved o r  new instruments e 

Succeeding s a t e l l i t e s  w i l l  be launched at  approxlmactely six month intervals with 

The meteorologieal data f r o m  the Tiroa and Nimbus s a t e l l i t e s  w i l l  be analyzed and 
correlated by the U. S, Weather Bureau. 
be used t o  develop improved techniques of fzandling and interpretat ion BO tht requirements for 
an operational system am be developed. 

Xn addition t o  t h e i s  basic value, these data will 

Atmosphere, Radiation, and Data Systems Research 

Basic studies a re  required t o  a s s i s t  i n  the design of meteorological s a t e l l i t e  
experiments and apply satellite data t o  forecasting. Ebmples of the  work being conducted 
by the U. S. Weather Bureau under NASA support are: the analysis of cloud pictures obtained 
from rockets; the study of the general circulation of the aMosphere asd i ts  relat ion t o  
the  atmospheric heat balance as measured from satellites; the  study of the f eas ib i l i t y  of 
and the  method of approach t o  making satellite measurements, such as  precipitation, by mdap 
and atmospheric temperature and conposition by spectrometers; basic radiation studies and 
calculatiolas t o  develop methods of determining meteorological, parameters from satellite 
inf'rqred measurements . 

A t  the University of Michigan, studies are being conducted w i t h  rocket bunched 
grenade experiments for determining temperature and winds i n  the  20- t o  &-mile a l t i tude  
region, by measuring the t r ave l  time t o  the ground of the grena.de explosions' sounds. 

af the md.Iit.jen -pe;ee.iLes ef the  rappf-h zs ckae~.-eC f = . ~  
ments a re  intended t o  aid in  the interpretation of s a t e l l i t e  measuraents. 

In 
addition; at. the T,TI1-ivez,ri+.y of Wricugm, ball=s= a d  rccket=bo;-s ;;laas.&ja;i;ziits 35n mGe 

dtik~fier;. Egecffiz E~GG-G-G- 

A study w i l l  be directed t o  the question of how t o  present, i n  analog form, the very 
large g m t i t y  of data transmitted by the s a t e l l i t e  so that the meteorologist can make t h e  
best  immediate use of it. 
l eve l  of e f fo r t  of t h i s  study w i l l  be substantial ,  

Since the resu l t s  of this study are  desired w i t h i n  a year, the 
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The transmission of the large quantity of data frcma the satellite to the epwund is a 
limiting factor in the experimental meteosol~gist~s ability to use the infow9tian. 

data abomd the satellite with a view to reducing the amount of infoxmation transmitted. 

A study 
rut: yrw-"ictiiics r+uii W G i .  iJc rruppur-ttrii iu wrpLwi-a &iewt* & Wi&dZ&$ *&@= 

Fiscal Year 
1959 

Basic studies by Weather Bureau.. ........... 
Basic radiation studies, University of 

Basic radiation studies, University of 

R~ztmarch in dynamics of atmosphere, Texas 

Research in dpanics of atmosphere, University 

$lhO,OOO 

Wi~consin..............~... ............... 18,550 

Michi gan..........L.......~...~......o..... --- 
Western University.. ...................... 
Of Mi C f i i ~ . . .  ............................ 

Study of data presentation systems. ......... 
Study of on-board data maLysis. ............ 

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

Total.. ................ $158,550 
Developent of advanced Instrumentat ion 

p9AEsB %,# maintaining an active instrument developuent program to improve the perfonumce , 

and reliabilzty of existing flight instruments and for developing new instrumentation to provide 
additional meteorological data not yet available. 

An engineering test model of an electrostatic tape recording camera is being developed f r a m  
basic labora;i;o~.-y principies. 
b o d  limbus I. 
to obtain better qwelity pictures and of higher resolution than now possible. 
this system may replace the vidicon picture taking system. 

it is expected to iead to equipeaent, which is to be incorporated on 
Ey means of the electrostatic .tape recorciing camera subsystem, it w i i i  be possible 

When perfected, 
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Ey inclxmlg h.lage enmceme=t techrliq-Lea tG 3IEga O ~ l n i @ O r i  television Systms, it m y  
be possible t o  obtain TV cloud pictures under very l a w  light levels .  
such a system BpplicabLe t o  the problem of obtaining cloud pi@ttz~es of the night side of the 
earth under moonlight or  perhaps s t a r  light. condit.ions- 
w i l l  be developed a rigidiaed, simplified oa%a?fcsn a d  the q p l i c a t i o n  of h g e  enhancement 
w i l l  be investigated. 

This capability makes 

Er? 8 single cootractxd,, e f for t ,  there 

Until other systems such as the e lec t ros ta t ic  tape recording camera o r  the image or th i -  
con television systems m e  perfected, the vidblcon c m e m  .system remains the  best all-around 
system applicable t o  satellites at th i s  time. B e  present Tiros vidicon camera systems, how- 
ever, are limited i n  resolution, r e l i a b i l i t y  and recording capability. The use of such 
vidicon systems in the  earth oriented Nimbus satellite will require considerable develop- 
mental work t o  inprove the reso%ution and s t a b i l i t y  of the vidicon tube, the r e l i a b i l i t y  
of the electronic sweeps md controls, and the capacity and f l u t t e r  and wow character is t ics  
of the tape recorder. 

Radiation measurements me fundmental t o  the meteorological 
continued study and development of sensor and scanning systems are most essent ia l ,  
particular,  increased a c t i v i t y  i n  detector development is  required. 

e l l i t e  p r o m  and a 
In 

I n  the fiscal year 1960, a f eas ib i l i t y  study will be undertaken t o  determine the genegal 

There w i l l  be a continuation of this  e f fo r t  i n  
specifications required t o  produce satell i te-borne radar equipnent f o r  the ident i f icat ion and 
tracking of precipi ta t ion areas over the earth. 
the f i s c a l  year 1961 directed toward the development of prototype equipment. The performance 
of th i s  equipment w i l l  first be demonstrated i n  balloon flights, 

A series of developmental contracts are under way f o r  electronic and mechanical devices 
f o r  present and future  satell i te use. Improvements i n  these devices w i l l  contribute t o  the 
efficiency of processing, storing, and transmitting data from the meteorological sensors t o  the 
read out s ta t ions.  In auultion, the desired performance of the s a t e l l i t e  places special  
requirements on %he electrenic  componenzs mclxied b the  varicus sxbs;ystems. 
rous development of special  electronic components w i l l  be pursued along the l i nes  dictated by 
the specif ic  requirements of the flight program. 

Contimed vigo- 



O f  major importance t o  the Rimbus f l i gh t  progp”8~1, is the development of a sui table  stabi- 
l i za t ion  subsystem capable of pointing the sensors toward the  ear th  throughout the  l i f e  of the 
an+ .ml l+ t . e -  
production of a prototype s tabi l izat ion subsystem. 
immediate and intensive program i n  the  development and production of such 8 prototype needs t o  
be undertaken i n  the  f i s c a l  year 1961. 

A mndent. effnd-. hssn hean hamin i n  +.he finrssl ;YPSI.P 1960 5n the Aevelopent and 
To meet the launch-schedule requirements an 

I tem 

Studies of advanced radiation methods......... 
Tape recorder f o r  Tiros radiation experiments 
Electrostat ic  tape recording camera.... ....... 
Advanced vidicon camera systems ............... 
Radiation scanning heads and detectors: 

Scanning systems studies... . . . . . . . . . . . . . . . . .  
Uncooled detectors f o r  region beyond 6 . 3 . .  e 

Dielectr ic  and related bolometer studies. . . .  
Detector cooling techniques ................. 
2w, 240 mcs wide band transmitter. .  ......... 
Special 5 channel telemet ry................. 
Control electronics f o r  special  tape recorder 
Clocks, programmer, controls and switching 

Tape recorders .............................. 
Secure d i g i t a l  command system. .............. 
5w, 1’700 mcs, wide band t r a n m i t t e r .  ........ 
Special telemetry beacon and switch... . . . . . .  
VHF, UHF: and microwave antenna. systems.. ... 
Special supplies and materials. . . . . . . . . . . . .o 
Support. services... ......................... 

Attitude control components and syst  em........ 
Satell i te-borne rad&P...O..o....or....... ..... 

- 

Electronic and mechanical instrumentation: 

syst  em. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * .  

Infrared radiation satell i te systems : 

Fisca l  Year Fiscal  Year Fisca l  Year 
1959 1960 1961 

$100,000 

350,000 
500,000 

154,000 

loo, 000 
80,000 
100,000 

50 , cml 

50,000 
30,000 
25 , 000 

E O ,  000 
25,000 
100,000 
50,000 
50,000 
50.9 000 

560 , 000 
125, OOQ 
380,000 
100,000 

100,000 
150, ooo 
100, 000 
50, ooo 

--- 
100,000 
100,000 
100,000 
58,000 
50 ., 000 

410,000 
340 000 

400,000 
i,500,000 



I t e m  - 
Electronic components: 

Constaat beta, low-noise t ransis tor . . . . .  
1000 mcs, 1 mtt t r a n s i s t o r . . o . . . .  ...... 
High-resolution electron gun............ 
Far infrared imaging device........... .. 

Image orthicon syst  em..................... 
Advanced data transmission study... . . . .o.O 
Spectrometer .............................. 

Fiscal  Y e a r  Fiscal  Year Fiscal  Year 
1959 1960 1961 

100,000 

Total. . . . . . . . . . .O.OIO $ll,OOO $3,099,000 $4,400,000 

Payloads 

When the meteorological satell i te program, Tiros, was transferred t o  NASA from the  
Department of Defense i n  Apri l  1959, 60me $7,977,000 had been provided by Al?J?A f o r  payload 
development e i ther  d i r ec t ly  t o  the  contractor or through NASA. 
t ransfer  has been f o r  completing the  developent and production of f ive  basic paylpads i n  
t h e  Tiros series, the modification of equipment at read out s ta t ions,  special  support operations 
involved a t  these s ta t ions and the  aaalysis of the  data acquired by the satellite. 

The funding by NASA since the  

With the  ava i l ab i l i t y  of data from Tiros I and Tiros 11, the major e f for t  of the 
Meteorological S a t e l l i t e  Section of the  U. S. Weather Bureau w i l l  turn t o  the  problem of 
satellite data analysis and interpretation. 
w i l l  be converted from analog t o  d i g i t a l  information and processed f o r  Weather BuPeau use. 
The data will also be analyzed f o r  application t o  future satel l i te-borne radiation measurements. 

The scanning radiat ion data acquired by Tiros I1 

mi- - u c  I”olloi+i-oii sa.%eiiite tu tiie Tirus series wiii be t i r e  i u ’ imb~  saiieii i te.  One of t he  
a-- t -  ---- =q- - -  t- w2-x _ _  
Y ~ D I L  ~ U U A W D  111 i s u u u t ,  l i s  tlie de~&.~piueuut ui’ tl sui ia’via a_uacel”r.aue whose struciwe ani 
components are compatible with the  structure and components of the  terminal stage of the launch 
vehicle. 
t he  spaceframe development. Nimbus is  a. large and complex satell i te with a number of meteorolog- 
i c a l  sensory systems, a s tab i l iza t ion  system, and a power supply system. The selected contractor 

in the  f i s c a l  year i g w ,  the basic hardware and test  equipment W1.l be acquired fo r  
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Nimbus : 
Terminal stage st ructure  and hardware. * .  
Stabilization ccrmponents.......o..... .... 
Stabilization subsystem structure con- 

struction....OO.O...O...O.......O....e. 
Special test equipment for stabilization 
syst ~.O..o.O..O**.s........O.O.O.O.O1l 

Payload development and construction. 
Environmental testing of payload.......oo 
Payload power supply, development and 
construction............ ............... 

Fiscal Year 
1959 

Total................ $818,000 

Fiscal Year 
1960 

Fiscal Year 
1961 

$350, 
ago, 000 

250,000 

250,000 --- 
--- 
--- 

$3? 581,000 

--- 
--e 

$5,000,000 
2,000,000 

600,000 

$g,200,000 

Booster Vehicles 

The Tiros I vehicle (Thor-Able) was funded by the Department of Defense during the period 
of inception of the program in that agency. 
the Delta vehicle development program. 
the meteorological satellite program in the fiscal years 1959 and 1960. 

The Tiros I1 vehicle (Thor-Delta) was funded under 
Consequently, no booster vehicle costs are indicated in 

The funding during the fiscal year 1961 will partially cover the cost of two ThorAgena B 
launch vehicles 

Fiscal Year Fiscal Year Fiscal Year 
1959 1960 1961 
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Fiscal  Y e a r  1959 

1, OBJECTIVES: 

NM'IOMAL AEXOEJAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIlvlATES 

COMNUIVICA!I!IONS 

Fiscal  Year 1960 

$3 , 170 , 000 

Fiscal Year 1961 

To develop cammunications s a t e l l i t e s  and operating techniques fo r  use i n  a world-wide 
communications system using satellites as relay s ta t ions f o r  ground-to-ground, ground-to- 
s a t e l l i t e ,  and satellite-to-ground transmission of messages, data, voice and television; t o  
develop communications systems for  the transmission of sc ien t i f ic  data from deep space probes 
t o  ear th  and of commands from ear th  t o  deep space probes; and t o  conduct studies of the appli- 
cation of active relay s a t e l l i t e s  t o  c iv i l i an  and commercial communfcations, 

Long-range communications i n  the form of telephone, telegraph, and televisfon networks 
a re  now accomplished by means of land l ines ,  cables, long and short wave radio, and microwave 
relay s ta t ions.  The t o t a l  bandwidth of land l ines ,  cables, and low-frequency radio i s  l imited,  
Snort-wave raaio bands are  crowded and are unreliable because of atmosphere interference and 
ionospheric i r regular i ty .  
s ight  range; long distance communication a t  these frequencies i s  comonly achieved by means of 
repeater s ta t ions.  

Ultra-short-wave or  microwave radio i s  usually l imited t o  line-of- 

S a t e l l i t e s  of fe r  the poss ib i l i ty  of world-wide communications by ultra-short-wave o r  
microwave radio because the line-of-sight range at  s a t e l l i t e  a l t i tudes  is  very large. 
bandwidth or  channel capabi l i t ies  a t  these wave lengths is  suff ic ient  fo r  television and most 
other foreseeable cormnunications needs. 

The 



The sc i en t i f i c  exploration of outer space i s  accomplished by the use of deep space 
probes. %e &ita these prsbes acclxmlzte mst be t r m a i t t e c ? .  t o  earth, ec?. t.he ea,rt.h st.n-t.Fc?~~ 
must be able t o  send commands t o  the probes at  various points  along t h e i r  paths. 
a two-way comunications l i n k  between the ear th  and the  probe. 

This requires 

PROGRAM PHASING: 

During the f i s c a l  year 1959, work w a s  i n i t i a t ed  on Project Echo - a project t o  place 
several 100-foot diameter in f la tab le  spheres into circular  o rb i t s  about the earth. 
spheres will be used t o  r e f l ec t  passively electromagnetic energy from one ground s ta t ion t o  
another. Par t  of the project i s  the development of the sphere i t s e l f ,  i t s  packaging into a 
payload, and methods of in f la t ing  and eject ing the sphere from the f i n a l  booster stage. 
12-foot diameter version of t h i s  sphere, which w a s  also t o  f i r n i s h  data fo r  a i r  density studies, 
w a s  launched i n  August 1959 but f a i l ed  t o  achieve o rb i t a l  velocity. The develoyment of a beacon 
t o  aid i n  the  tracking of the s a t e l l i t e s  w a s  s tar ted i n  the f iscal  year 1959. lhprovements were 
also made t o  the JPL Goldstone transmitter and receiving sites a t  the Jet Propulsion Laboratory. 

These 

A 

In  the f i s c a l  year 1960, the large-sphere fl ight research program w i l l  be ini t ia ted.  
Several 100-foot diameter in f la tab le  sphere payloads w i l l  be ejected from boosters i n  ve r t i ca l  
sub-orbital shots t o  t e s t  ejection and inf la t ion  techniques. Following th i s ,  a 100-foot sphere 
w i l l  be launched t o  orb i t .  Communication experiments w i l l  be conducted between east  and west 
coast transmitting and receiving stations,  using the sphere as a passive relay, 

Research and development w i l l  be conducted i n  the  f i s c a l  year 1960 i n  several areas, 
In  the area of in f la tab le  structures f o r  use as passive re f lec tor  s a t e l l i t e s ,  work will be done 
on radio propagation characterist ics,  the  f eas ib i l i t y  and development of larger  structures, and 
on regidization techniques. 
needs, of communication s a t e l l i t e  system requirements t o  f u l f i l l  these needs, and of the ground 
support systems required f o r  t h e i r  useo These studies w i l l  be directed toward providing recom- 
mendations fo r  the optimum communications s a t e l l i t e  system. 

Studies w i l l  be undertaken i n  the  f i e l d  of world communications 

- - / -  

~ h e  +'~sea~ year 1y61 progrex IS a con+.~max.in~ EL~_c?- -moaciening of the ~y,no program, 
Additional 100-foot spheres w i l l  be launched fo r  fur ther  communications experiments. 
world-wide passive s a t e l l i t e  communications system will require several s a t e l l i t e s  simultaneously 
i n  orbit ,  the  development of a multi-sphere payload fo r  launch by a single vehicle will be s tar ted.  

Since a 



4. 

One of these sd11 be lamched ir, 1962. 
emphasis on a data relay fo r  meteorological satei i i%es.  
srogram w 5 l l  resu l t  i n  DrototFe models of a hiah-gain antenna and mount. 
sui table  modulation systems w i l l  be in i t ia ted .  

Data transmissinn requirements w i l l  be studied, with 
Yne acivanced equipment cievelopenk 

Development of 

During the  f i s c a l  years 1960 and 1961, work on active relay s a t e l l i t e s  w i l l  be 
l imited t o  studies on the c iv i l ian  and commercial applications of these sa t e l l i t e s ,  the 
requirements imposed by commercial needs on such sa t e l l i t e s ,  and the application of per t inent  
developments result ing from the Department of Defense program. 

During the fiscal. year 1959, work i n  the area of deep space communications w a s  carr ied 
out by the  Jet Propulsion Laboratory as part of i t s  Juno I1 program. 
design of a space vehicle communications and tracking system f o r  the Pioneer 111 and IV experi- 
ments and the evaluation and improvement of elements of existing systems. 

Their work included the  

I n  the  f i s c a l  year 1960 studies w i l l  be made t o  determine the requirements f o r  deep 
space communications, and the development of new components will be continued. Fiscal  year 
1961 Well continue studies and component developnent, and w i l l  provide f o r  communications 
equipment f o r  use i n  planned deep space experiments. 

PRWW COSTS: 

Advanced technical development: 

Comrmullications s a t e l l i t e  studies and 

Dew space communications studies and 
equipment developnent.......... ........ 
equipment development .................. 

Flight research program: 

Boosters... .............................. 
Payload development, procurement, and 

Operation .............................. 
TOTAL......... 

F iscal  Year 
1959 

Fiscal  Year 
1960 

$740,000 

400,000 

--- 

2,030,000 

$3,170,000 

Fiscal. Year 
1961 

$1,100,000 

3509 000 

--- 

4,150,000 

$5,600,000 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

COMMUNICATIONS 

Ob .i e c t  ive s 

One of the  major objectives of the  NASA i s  t o  investigate the u t i l i t y  of s a t e l l i t e s  f o r  
providing global communications. 
unlimited capacity fo r  the instantaneous transmission of voice, teletype, television and telemetry 
data throughout, the  world. In  addition t o  providing ground-to-ground communications, such satel l i te  
systems can provide ground-to-satellite o r  space vehicle communications on a continuous basis. 
NASA communications s a t e l l i t e  program has as i t s  objectives the research and development on one form 
of communications satell i te system, the passive s a t e l l i t e  system, and on the supporting technology 
necessary t o  the use of such sa t e l l i t e s .  
ment of techniques f o r  erecting large, light-weight s t ructures  i n  space, (b)  the development of 
techniques f o r  r igidizing these structures once erected, (c )  the development of the optimum shape 
for such s a t e l l i t e s  t o  e f fec t  minimum transmission losses, (a) development of s a t e l l i t e  s tab i l iza-  
t i o n  techniques t o  take advantage of more e f f ic ien t  s a t e l l i t e  designs, (e) development of s a t e l l i t e  
tracking and antenna pointing techniques, and ( f )  the development of high powered ground trans- 
mit ters  and very sensi t ive receivers. 

Communications s a t e l l i t e  systems show great promise and almost 

The 

To achieve these objectives will require (a) the develop- 

The advanced technology which must be provided f o r  passive communications s a t e l l i t e s  (so 
tha t  the  very weak signals which are reflected may be received) very closely para l le l s  t ha t  re- 
quired f o r  comrmrnicating over the very large distances of space. A s  planetary and space probes 
become larger  and more sophisticated, so w i l l  the requirements on communications f o r  these probes 
increase i n  volume and distance. For t h i s  reason the program also ca l l s  f o r  the extension and 
application of t h i s  advanced technology t o  the deep space communications problem. 

Flight Program 

Three Project Echo launches a re  scheduled - -  one during the second quarter of calendar 
1960, one i n  the second quarter of calendar 1961, and one i n  the f irst  quarter of calendar 1962. 



rl-  tie s a t e l l i t e s  d . n  th is  series oi' launches wiii be i.00 foot diameter inf ia table  spheres maue of 
t h i n  mylar plas%ic and covered with vapor-deposited aluminum t c  provide ref lect ivi ty .  The pur- 

the durabi l i ty  of such str=uc.twes i n  space and t o  u t i l i z e  these sat;ellit,es i n  communications 
experiments tc demcjnstrate r eas ib i i l t y  and t o  develop the ground equipment necessaq fo r  com- 
munications v i a  passive sa t e l l i t e s .  

m n e ~  :? tb-2 ~ e r i ~ ~  :$ f l + n h + a  2: +-- <e~.raln- +ha + ~ r . k n r r l r r - r  -rrrrr.-t--A Crrm ~ ~ ~ - 4 - 2 - n  --d :--..-<-- - -vr "I.)_ '..)_Y'"+"~ ..-y,.A&....... &"I " a . - . . " - L A a o  WIU -L&&"GU. .u*  z--- 

Following this ser ies  of Project Echo s a t e l l i t e s  there  w i l l  begin a program of research 
In  t h e  f i s c a l  year 1961 there  w i l l  be- and development on the  elements of an operation system. 

gin the development of a c q a b i l i t y  fo r  launching a number of communication s a t e l l i t e s  with a 
single booster. Since an operational system may require as maqy as 26 s a t e l l i t e s  i n  orb i t  t o  
acMeve 99 percent ava i lab i l i ty  f o r  comunications it i s  desirable to put as many as possible 
i n  orb i t  at one time with the Parge boosters that w i l l  be available i n  this time scale. 
first launching of this payload, using an Atlas Agena-B vehicle, w i l l  occur i n  the third qua.r%er 
of calendar 1962. 

The 

Communications Sa te l l i t e  Studies and Equigment Development 

The studies and equipment developents i n i t i a t e d  i n  the  f i s c a l  year 1959 were 611 
associated w i t h  the  system represented by the  first Echo configuration. 

In the  f i s c a l  year 1960, the scope of the  progmm has been increased t o  a consideration 
of re f lec tor  shapes other than the sinrple sphere, and t o  the  associated problems of regidization, 
s tabi l izat ion,  and radio-propagation character is t ics  of these more complex structurese This work 
w i l l  continue through the f i s c a l  year 1961. 

Two studies a re  also being i n i t i a t e d  i n  the  f i s c a l  years 1960 and 1961. These w i l l  con- 
sider the operational requirements of s a t e l l i t e  communications systems fo r  integrat.ion in to  
poten t ia l  commercial systems (radio, telephone, te levis ion)  and for  integration into other space 

~;fi sate ~ p n f ~ r ~ -  
flight ect.i?cities as 8 lilllr 5.2 t h e  scfelltffic &%%a trmmAssicr, frc: qacecrGft  t o  C&"h C O E t r G l  

De.".elGpents of xL+ru-L&s aso "ueira -u-Ldei&b-en Btm+bLrg -jii yLie fiscal y-ear 
1960. 
than mechanically, "pointed". 

These e f fo r t s  will be aimed at  the  development of antenna t h a t  can be electr ical ly ,  ra ther  
Such antenna are needed for airborne as w e l l  as ground instal la t ions.  



Item - 
Echo computer program requirements - stuw.. 
Radio beacon . developnent.. ................ 
Inf la table  space s t ructures  f a c i l i t i e s  - 

development and modification........... ... 
Echo transmitter . development.....,........ 
Digital  antenna pointing equfpnent - 

development......... ...................... 
Influence of ultimate communications system 

on s a t e l l i t e  design and o rb i t  . study,..., 
Larger sphere and other forms of passive 

s a t e l l i t e s  . study ........................ 
Rigidization techniques f o r  space structures 
. develcrpment. ............................ 

Propagation character is t ics  of re f lec tor  
designs . developnent ..................... 

Electr ical ly  steerable antenna array - 
development....... ........................ 

Passive s a t e l l i t e  s tab i l iza t ion  system - 
stUd[Y. .................................... 

Communications s a t e l l i t e ' s  requirements 
fo r  sc ien t i f ic  data transmission - study.. 

1959 

$40,000 
44,000 

70,806 
130,000 

- -- 
--- 

--- 
45,000 

70, ooo 

200,000 

50,000 

150, ooo 

75,000 

50,000 

100,000 

--- 

$740,000 

Deep Space Communications Studles and Equipent  Development 
- ci tile I"iscai year L ~ D L J ,  a one-year s+i?l&y w i l l  be undertake= t o  Zeteminz 

200,000 

200,000 

150,000 

100,000 

150,000 

200,000 

100,000 

$1,100,000 

the reqQired 
r a t e  of information transmission f o r  comrmunications with advanced deep space and planetary probes 
an6 t o  specify those areas i n  which available communications techniques cannot meet these needs. 
Already begun i n  the fiscal. year 1960, and continued i n  the f i s c a l  year 1961, are  developments 
i n  sensit ive receivers with low-noise amplifiers, investigations f o r  increasing the  efficiency 
of the  Goldstone antenna by operation at  higher (X-band) frequencies and the development of more 
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ef f ic ien t  modulation techniques. 
of information t ransfer  f o r  use by both deep space probes and c o m i c a t i o n s  s a t e l l i t e  systems. 

A l l  of these developnents will. assist, i n  increasing the raze 

Fiscal  Year Fiscal  Year Fiscal  Year 
1959 1960 1961 

NASA requirements fo r  deep space comamica- 

Parametric amplifier development, 
t ions  - she....... ...................... --- $100,000 --- 

X-band antenna investigations....,........ --- 300, ooo $350,000 
modulation techniques development, and 

Total............... --- $400,000 $350,000 
r 

Boosters 

Boosters fo r  commulll ‘cations s a t e l l i t e  payloads i n  the f i s c a l  year 1960 and the  f i s c a l  year 
1961 w i l l  be funded under the Delta vehicle development program. 

It em - 
Fiscal  Year Fiscal  Yew Fiscal  Y e a s  

1959 1960 1961 

Juno I1 procurement and launch.............. $2> ~50,000 --- --- 
Total.. ............. $2,150 000 

Payload Development, Procurement, and Operation 



EC~LG I1 aid 111 will incorporate im-pmvemerrLs t o  provide f o r  stmctijral rigidi+,y usillg 
techniques result ing from the r igidizat ion development program. 

development costs w i l l  be substantially the same inasmuch as a great portion of the  basic 
development fo r  This type structure w a s  performed i n  the Echo I program, 

Ba l l i s t i c  f l i g h t s  w i l l  a lso 
?-=? te + + ~ e  mavlnaiif i  .L - "  - -  - A_li-.hniish + . h e a m  p y l n a d s  will  he m o r e  advanced than Echo Pp 

To meet t he  f l i gh t  schedule for a multiple rigidized q h e r e  Launch i n  the t h i r d  quarter 
of the current year, payload development i s  partAally fwnded i n  the f i s c a l  year 1961. 
balance of this development will be funded i n  the  f i s c a l  year 1962, 

The 

Operation and improvement of ground f a c i l i t i e s  m d  data reduction for the  communications 
experhents  t o  be performed w i t h  the  Echo s a t e l l i t e s  w i l l  continue. 

Item - 
Fiscal. Year F isca l  Year Fiscal  Yew 

1959 1960 1961 

Echo I payload... ........................... $1,094,000 
4 Sergeant rocket motors. . . . 
4 X - 2 4 8  rocket motors. ........ 40,000 
8 recrui t  rocket motors ....... 32,604 
Stabil izing fins... ........... 80,000 
Nose fairings............... .. 20,000 
Spin tables..........o....,... 140,000 
Balancing equipment..... ...... 25,138 
Instrumentation............... 39,075 
Assembly hardware....*........ 70,400 
100-foot diameter spheres..... 107,334 
Payload containers.. .......... 48,777 
Fabrication and folding 

f a C i l i t y  .................... l h j  647 

mechanism................... 178,238 
Miscellaneous hardware........ 26,759 

checkout.................... 66,622 
Launching preparations........ 41,837 

$161,069 

Tnc+nimmni-.a+.4nn -- ----------- and -- &e-gnn~ 

Type approval and flight 

163 - 5 



item 

Fchn II ...r. n.. .............................. 
Echo I11 payload....O.O~...Oo..~~~~~.~.*~~*~~ 

Multiple rigidized sphere payload.O.O..O..eOO 
Design and systems engineering..... 250,000 
Sphere developmento................ 350,000 
Dispersing system development...,.. 270,000 
Attitude sensors and control system 230,000 
Beacon add instmentation......... 200,800 
Satellite air frame development;... . l50,OOO 

Operation of HoJmdel transmitter and receiver 
s i t e o . . O O d . o O O 1 . . . . . . . . . . . . . . . . . . . . . . O . O . o *  

Operation of Goldstone transmitter and 
receiver site.o...,Od.Ol.....~e~l~.e~o.ooee 

Operation of Milstone radar 
Modifications of Goldstone transmitter 
equipment......... ......................... 

Data reduction........................,,,,.,. 
Ground communications equipment modifications 

Fiscal Year 

$46, 000 126, 008 

378 9 000 
50,000 

277 9 OQQ 
200,000 
265,000 

$2,030,000 

Fiscal Year 
1961 

$2nn r’ nnc 
1,100,000 

1,450,000 

2Q0,ooo 

400,000 
100,000 

$4,150,000 
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RATIONAL AERONAUTICS AND SPACE ADlCLNISTRATfON 

F i sca l  Year 1959 

$46,416,333 

FISCAL YEAR 1961 ESTIMATES 

MANNED SPACE FLIGET 

Fiscal  Year 1.960 

$67,162,00 & 
Fiscal  Year 1961 

$10?,?5Q,~ 

1. OBJGCTIVES: 

To provide a capabili ty fo r  accomplishing advanced space flight missions w i t h  
vehicles where on-board human intell igence and operations are required; t o  ra t ional ize  
and ref ine the technology of manned space flight vehicles and associatea systems; t o  
achieve successful o r b i t a l  flight and the recovery of a manned s a t e l l i t e  w i t h  an ICBM 
booster and drag-reentry system; t o  evaluate the physiological and psycblogical  e f fec ts  
of a space environment on man; t o  establish his capabili t ies and l imitat ions f o r  perform- 
ing u s e f i l  missions i n  space; and t o  devise and develop improved manned vehicles with 
increased cacabi l i t i es  far cerform3ns i m p r t . n n + .  ndvnnreii m . f _ a ? j ~ n a .  

2, JUSTIFICATION: 

The ultimate benefits that might accrue from manned S F ~ C P  flight are, i", a large 
measure, unknown. It i s  clear, however: t h a t  instrumentst inn a lnne  vi11 nnt: t.e11 tic 5s 
much about the moon, o r  the planets, as man himself w i l l  be able t o  report once he has 
v i s i t ed  those dis tant  places. M a n  contributes observational, analybical, and decision- 
m a k i n g  a b i l i t y  concerning both expected and unanticipated problems. He provides 8 vast 
f l e x i b i l i t y  of action f o r  operation, correction, and maintenance of s c i en t i f i c  and tech- 
nological instrumentation and equipment t h a t  characterize his present usefulness i n  
airplanes and i n  the  sc i en t i f i c  laboratory. 

Includes $12,200,000 requested i n  f i s c a l  year 1960 supplemental estimates. 

..+ . 
~ - -  

I ! 3  
1 8  





3* PROGRAM PILASIITG: 

Disiz~g t h e  f i s c n l  yznr 1959, E G C ~  cf t h e  px+flight- research  mrl &evelnp~erxt effctrt 
f o r  Project Mercury w a s  accomplished and contracts were l e t  f o r  major components of the 
system, 
out to prospective contractors. 

Specifications fo r  the world-wlde radio tracKsng networK were preparea an6 senz 

During the  f i s c a l  year 1960, the  major par t  of  the  Mercury pre-f l ight  and flight; 
development program will be completed, and component qualification and astronautl t ra ining 
f l i gh t s  will be in i t ia ted .  The tracking network w i l l  near completion during t h i s  period, 

During the  f i s c a l  year 1961, it i s  anticipated that the  Mercury quaRification pro- 
grams will be essent ia l ly  completed and tha t  the tracking nekwork w i l l  become operational. 
Large expenditures f o r  the recovery operations and f o r  the  operation of t h e  tracking net- 
work w i l l  be added t o  f l i gh t  hardware purchases. 

Systems f o r  achieving landing point control will a lso  be under study during the 
f i s c a l  year 1961, I n  t h i s  connection, two major problem areas require inmediate atten- 
tion: the  use of lift t o  reduce the landing area, and guidance and control mechods fo-r 
pi loted landings. Extensive andyses  w i l l  be made, and scale models 6f controllable 
reentry vehicles w i l l  be evaluated i n  wind Tunnels, 
evaluate the p i l o t D s  capabili ty t o  f l y  such venicles, 

Flight srEmttla%ors w i l l  be used t o  

4. PROGRAM COSTS: 

Advanced technical development : 

Biological and human engineering 
studies... . . . . . . . . . . . . . . . . . . .  ..........- 

Mercury development program. ....... - *.... 
Advanced reentry configuration,. 

control systems fo r  advanced 
reentry configuration ...,....... 

? # - n r i a l  -nil 611fnrncfin rn>idc,nPci and **-IuIy -*u Y " ~ U Y * C  ~UIUU'U.- UII 

e I e 

Fisca l  Yew Ffscdl Year Fiscal  Year 
1959 1960 1961 

$170, ooo $2 180 ooo $2 090 ooo 
4,050,000 

- -- --- ouu J uuv n,, ..-- 3 100,000 5 J 270, Oo0 

--- 100,000 200 J 000 
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I'&4TS@&4E AERONAUTICS AND SPACE AIMZNISTRATION 

FISCAL YEAR 1961 ESTIMATES 

MANKED SPACE FLIGH" 

Objectives 

Our long-range plans fo r  the exploration of space are  based on the  premise that man w i l l  
act ively parbicipate i n  many of our space missions. These plans, therefore, strongly depend on 
the  assumption tha t  manned space f l i g h t  i s  feasible, and that ms;n w i l l  indeed be able t o  per- 
form useful f b c t i o n s  in  space. 
sumption, and it i s  therefore imperative tha t  man's capabili t ies in space be determined as soon 
as possible. 

Much of our future e f for t  depends on t h e  va l id i ty  of t h i s  as- 

Project Mercury was conceived, and i s  being carried out, i n  a manner tha t  w i l l  attempt 
t o  achieve manned orb i ta l  f l i gh t  at  the earliest practicable date. 
t o  determine man's capabili t ies i n  a space environment. 

I ts  primary objective i s  

I n  the  Mercury mission, a s a t e l l i t e  capsule w i l l  be launched into a 120-mile o r b i t ,  using 

I n  a normal mission, the s a t e l l i t e  w i l l  
an A t l a s  booster. 
from the A t l a s  i n  case of a booster malf'unction. 
c i r c l e  the globe three times; at the  end of three orbi ts ,  the capsuless retro-rockets will be 
fired t o  i n i t i a t e  i t s  descent toward the  atmosphere. 
it w i l l  be slowed down, by the drag of the air  through which it flies, t o  a speed where the  
landing parachutes can safely be deployed. 
the  capsule d l l b e  picked up by recovery ships tha t  are standing by. 

The capsule w i l l  be f i t t e d  with an escape system, designed t o  separate it 

During its f l i g h t  within the  atmosphere, 

After a parachute landing i n  the Atlantic Ocean, 

The accomplishment of Project Mercury WiiL mark a tremenuous step forward; putting a 
F ~ E  i ~ t e  space will Lmeaswzbly e?Cte_n_G the r roxiers  or' mr?l-eci fLigh%- 
w i l l  be increased by a factor of eight over present achievements, and the a l t i tude  by a factor  
of f ive;  t he  environment encountered i n  space f l i gh t  w i l l  be one that heretofore has not even 
been approached. 

*Tine speeci or̂  ? i . i & L  
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In the  f imt t e s t s ,  t o  be carried out i n  the first half of calendar year 1960, the  escape 
sequence w i l l  be tes ted  i n  a sLmd.ated off- the-pd a b o r ~  f l i gh t ,  and i n  another L i t t l e  Joe 
f l i gh t  9 

Redstone Ba l l i s t i c  F l i h t s  

Starbing i n  about %he middle of t h i s  year, an important se r ies  of b a l l i s t i c  f l i g h t s  w i l l  
be started,  using %he Reds%oae booster, 

The Redstone Wela carny the  capsule t o  an a l t i t ude  of I25 miles, and t o  a distance of 200 

A weightless time of 5-l/2 minu%es wil l  be sustained. 

miles from Cape Canaveml, The f l i gh t  w i l l  Last 16-112 minutes, 
Weld. be accelerated t o  a speed of 4,000 miles per hour and w i l l  withstand g-forces as high as 
6-112 dmbg  exi t ,  and 11 during reentry, 

capsule containing a chimpanzee will be f l o m  along the  same LrajectolPy, ma, when a l l  systems 
a re  sWfic ien t ly  re l iab le ,  manned b a l l i s t i c  f l i g h t s  w i l l ,  be  madeo 
be subgected t o  more than f ive times the  period of weightlessness tha t  had heretofore been 
possible. The experience gained by the  astronaut i n  the  operation of the capsule i n  these 
re la t ive ly  short f l i g h t s  w i l l  be exceedingly valuable as pn-t. o f  the  t ra ining program f o r  t he  
l a t t e r  manned o r b i t a l  f l i gh t s .  

During %ha% time, the  capsule 

In i t i a l ly ,  the  Rerlstone-boosted capsules wild. contain only instruments. Later on, a 

.In these f l i gh t s ,  man will 

A t l a s  Ba l l i s t i c  Flights 

Capsule qual i f icat ion at  speeds higher than those possible Weth the Redstone will be 
carried out with the Atlas. 
t ra jec tor ies  before it is  employed i n  the  o r b i t a l  mission. 
be subjected t o  the  speeds, forces, and heating t h a t  w i l l  be encountered i n  o rb i t a l  f l i g h t ,  
A l l  of the  A t l a s  b a l l i s t i c  f l i gh t s  w i l l  be unmanned. 
i n  the middle of t h i s  year. 

The A t l a s  w i l l  launch the  capsule along a ser ies  of b a l l i s t i c  
In these flights, the capsule w i l l  

The Atlas f l i g h t  test program w i l l  start 

Orhikal 71 i rh t s  
-^I- 

M t c r  c ~ q L L e t i ~ r ,  d the ball ist i? fliglht t es ts ,  the csp1A.p sad its l~imch_ T . T & ~ . C ~  T J i _ l l  
be ready f o r  t he  first o rb i t a l  f l i gh t .  
speed 17,500 miles per hour. 
capsule a l o r t  f o r  three orbi ts ,  o r  4-1/2 hours. 

The a l t i t ude  of the o rb i t  w i l l  be 120 miles, and t h e  
Each o rb i t  will last 90 minutes, It i s  planned t o  keep the  



Advanced Reentry Con%igusa%ions 

B o j e e t  Mercury is only the f irst  step in  om long-range program f o r  the mnnedb e q l o r -  

Manned f l i gh t  woundb t he  moan w i l l  be 8 prerequisite f o r  a lunar land- 
at ion of space. 
Later, on the planets. 
%. 

Long-range goals i n  our program include mmed ke%ings on the moon, and s t i l l  

The Mercury capsule i s  no% sui$a’ale as a retlxrn vehicle for  a lunar mission. Instead, 
a capsule capable of reentering the  atmosphere at  higher speeds wiU be required. 0t.w steadies 
also indicate that a lunar-ret= vehicle must, be capable of genea-ating some a m m c  l i f t ,  
i n  order t o  minimize the  midcourse-guidance requirementso 
pl ied t o  control the landing point upon return from a satellite or  space mission. 

Aerodynamic lift m8y also be ap- 

Duping f i s c a l  year 1961, t w o  ~ J O P  areas of advanced reentry configurations WfU be 
considered: the  use of lift t o  faxilitate reentry $a”m space, and gdiiknce and contrpcl methoaa 
fo r  piloted space f l i g h t .  
figurations w i l l  be evaluated i n  wind t;zuulebs, 
t h e  pilotss capabili ty t o  f l y  such vehicles. 

Extensive analyses will be made, and scale models 0% various con- 
Flight s imuhtors  w i l l  be used t o  emlua-ke 



Mercury Flight. Schedule 

F isca l  Y e a r  Fiscal  Year Fiscal  Year 
1.959 Fiscal  Year 

Vehic1.e~ 

Beach abort., . . . . . .  
L i t t l e  Joe......... 
Mercury Redstone.. e 

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

1 - - 1  - - - -  
2 3 2 1  
2 2 2 2  5 

1 1  - - 1 3 1 1  - - - -  
- - - - - e  

McDonneU capsules - 
Biological and Human Engineering Studies 

This portion of the  budget provides for :  

Development, evaluation, and acquisit ion of specialized personnel 
equipnent such as pressure s u i t s  and life-support systems: 
s u i t  procurement was i n i t i a t ed  i n  the  f i s c a l  year 1960. 
year 1961, extensive evaluation of the  s u i t  w i l l  be made under simulated space 
conditions. Acquisition of s u i t  t e s t ing  equipment and a p p r a t u s  w i l l  be re- 
quired during t h i s  period. 
capsule will be evaluated under simulated space conditions during the  f i s c a l  
year 1 9 6 ~  
ment and procurement of a l te rna te  system components were in i t i a t ed  i n  the  
f i s c a l  year 1960 and w i l l  be continued i n  the f i s c a l  year 1961. 

The pressure 
During the  f i s c a l  

Similarly, the life-support system of the  Mercury 

Procurement of tes t ing  apparatus and instnunentation, and develop- 

Personnel training, acquisit ion of t ra in ing  aids, such as  motion- 
simulators, and provision f o r  ins ta l la t ion  and operation of procedures 
t ra iners :  
mili tary,  and c iv i l ian  f a c i l i t i e s  including the  U. S. Navy Aero-Medical 

- 
The t ra ining a c t i v i t i e s  will be conducted within existing IUSA, 
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Resemch and development on physiologfcal tolerance t o  stress: This 
phase of the  program provides fo r  support of animal f l igh t  and ground -Lest 
programs, and for  procurement of animal handling supplies and equipment f o r  
use e& Wallops Island a d  Cape Canaveml. Also incluaed is the  development 
an8 procurement of animal task-performance eqaipment f o r  in-fl ight useo 
Procurement of t e s t  equipment for emluation of water-impeact ana land-hnpaet 
physiological e f fec ts  are a l so  included i n  this eaAegoryo 

Much of t he  biological  and human engineering program was completed %n %he f i s c a l  yew 
1960; however, 8; substantial effost  remains t o  be completed i n  %he fiscal yeax 1961. 

stem - 
Fisca l  Y e a r  Fiscal  Y e a  Fiscal Y e a r  

I959 1960 1961 

Training and t ra in ing  aids: 
Military f a c i l i t y  program support e e e a. e e e 37.5, 200,008 
Civilian f a c i l i t y  program s~ppor-t..~~.~~.~. JU ?n J w u u  nnn 25 9 om 25 j 000 

--- 
100; 000 

545,000 
30 000 1,090,000 

inn nm 
A"", Y Y  - --- TrabiEg ~ i d ~ . i i i i t l : . t f . ^ ~ . - - r s . * e * o e a O D . .  

Network operation t~ain~..OOOO.OO1OO..OO. 
Navigation and pi lo t ing  t m i n i n g . . . o o o . e c o o  

290,000 220 J 000 -c- 

--- 
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Tests of capsule on-board recovery equipment and investigation of 
capsule h m u i n g  and retrieval3nethodss These %ems will be p&icu.krly 
concerned with the e f fec ts  of the recently-added landing impact absorbing 
bellows system which apprwi nh1 p a l+pp  +$p cqz-Ge c ~ d ~ ~ ~ ~ ; ~ ~ ~  &%-&&el-.., 
i s t i c s  

Comrmmication and instrumentation systems development and evaluation: 
Included here is procurement of special purpose t e s t  apparatus and develop- 
ment of f.nproved components for  the systems. 
correction of deficiencies a f t e r  i n i t i a l  f l ight  tests, 

Provision i s  a l s o  made fo r  

I t e m  - 
Fisca l  Yeag Fiscal  Year 

1959 1960 

Configuration and systems t e s t s :  
Models and equipment f o r  AEDC, ARC, LRC 

Models and equipment for  scale model 

Components and equipment for  structures, 
irnpact, and vibration t e s t s  of Mercury 

.................... tunnel tes ts . . . . . . . . .  $80,000 $130,000 

f l i g h t  tests........oo.o...o...,....,..,. 20,000 l20,OOO 

.......................... 17O,000 systemso..0..o. 15, OCJ 
Models and equipment f o r  hydrodynamic t e s t s  

Escape system development: 
Beach abort development tests.. . , . . . . .  ..... 80,000 200,000 
Support of MAC beach abort t e s t . .OO. . .O . . . .  qz 

Parachute t e s t s :  
nnn nnn Components for preltminary ai rd_rclg te5t.c. . 'IC3,c)CC L V W ,  w u v  

Closeou% costs, balloon drop tests......... -_- ll0,ooo 
Air-Launched drogue tes%s at NASA-FRC...... 10, mo 55 ,  om 
Eglin AFB rocket-launched parachute t e s t s . .  --- 80,000 

Fisca l  Year 
1961 
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Item - 
Par-acliiite tests ( c o f i t i ~ ~ e d )  ; 

Sanaa  test ~uppor%....~~...~~.~..~.~~~..~. 
Investigation of p a c h u t e  deployment i n  

orbf% as aD emergency means t o  i,nit.iat,e 
reent~..........O..O......o.o*.~.~.*~... 

Alternate parachute system tests.....,..... 

Retrograde, posigrade, escape motor and 
pyrotechnic t e s t s :  
P o s i p d e  rocket tests a t  Lewis Reseapch 
Center..o...........oo...o.o~oo......o.oo 

Retrograde rocket tests at OAL-Daingerfield 
Escape rocket t e s t s  at USAF-AEDC and NASA- 

I I R C . . . e . . . . . . . ~ o * . c . . o . . . c . . * ~ o ~ . a . . o . . c r  

Squib and ign i te r  tests.,,.... ............. 
Other rocket and pyrotechnic 

Structures and h p a c t  t e s t s :  
Instruments and equipment for  A t l a s  noise 

test.. . . . . .t . . . . . . .o.. . .o.. . . . . . . . .e*o*.e 
Capsule shingle tests at WL-XMngerfield.. 
Crushable materials tests.o.O.O...O...O .... 
Landing shock absorption tes tsOoo. . .O. .Oe.O 
Other capsule shingle and coating tests. * .  
Capsule reentry heating tes t s , . , . . . e . . .  .... 
Structures and fmpact tests necessitated 

Altitude chamber tests........... .......... by f l i gh t  test 

Fiscal Ye&- Fisca l  Y e a r  Fiscal Year 
1959 1960 l g 6 i  

50,000 

$70, om 
10,000 
20,000 
100,000 

--- 
5,000 
15 , ~ 0 0  
10,000 
20,000 

140,000 
80,000 

60,000 
~ , m  

35,000 
lk1,OOo 
40,000 
70,000 
85,000 

300,000 

loo, 000 

e-- -_- 

--- 
80,000 
50,000 

125,000 
125,000 

350, OOo 
-I- 



Fiscal Pear FBscai Ye&r Fiscal Yew 
1959 1960 1961 Item - 

Navig&ioc, stabil izatfor:  arld control 
progxmns : 
Reaction jet  tests at  Lewis Research Center 
Motions analysis and navigation services 

(Princeton University). .................. 
Alternate control system components. ....... 
Control system evaluation and test  

a m t u s  ................................ 
Post-flight t e s t s  of s tabi l izat ion and 

control equipment......* ................. 

$25, OOQ $50,000 

65, ooo 
75 , 000 

-L- 

e-- 

125,000 

275,000 
750,000 --- 

Recovery equipment tests: 
Preliminary water-borne capsule handling 

Preliminary capsule beacon tests....Oo..... . 
Alternate re t r i eva l  methods tests....C.t40m. 

UO, oa, 
40,m 
50,000 
200,000 

10,000 
l20,OOo 

Communication and instrumentations systems 
hardware and t e s t s :  
Magnetron development ....................... 
Alternate components evaluation..., ......... 
Post-flight evaluation and t e s t s  of equip- 

ment...................................... 
Test  apparatus..........O..............O.... 

40,000 
UO, ooo 
50,000 250,000 

65,000 
100,OOO 

L i t t l e  Joe program: 
Airframe development and procurement.... .... 
I n s t m e n t a t i o n  and data handling equipment. 
Sapsule constmctfon........,,.............~. 
Flight control system development.. ......... 

540,000 
555,000 
105, om 
100,000 

1,300, mo 

-e- 

=-=  

i,170,000 

167-11 



I t e m  
7 

Fiscal  Year Fiscal Year r ' lscal  Year 
1959 1960 1961 

Big Joe program: 
Capsule construction, proof tes t ing,  and 

gu,uw --- 

150,000 --- --- 
100,Ooo --- 

check out................................. $4t;u,ouo 
--- Instrumentation and data handling equipment. 680,000 4%oo 

Flight control system development and 
procurement ............................... 

1,290,000 

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

Advanced Reentry Configunittion 

Project Mercury is  only the  first step i n  our long-range progrm for  the  manned exploration 
of space. 
on the  planets. 

Lung-range goals in our program include manned M d i n g s  on the  moon, snd still. l a t e r ,  
Manned f l i g h t  around the  moon w i l l  be a prerequisite f o r  a lunar landing. 

The Pllermuy capsule i s  not sui table  as a return vehicle fop 8 lunar mission. 
capsule capable of reentering the  atmosphere at higher speeds will be required. 
indicate t h a t  a lunaz-return vehicle must be capable of generating some aerodynamic lift, i n  
order t o  minimize the  midcourse guidance requirements. 
control the landing point upon return from a s a t e l l i t e  or  space mission. 

Instead, a 
Our studies a l so  

Aerodynwc lift may a lso  be applied t o  

During the f i s c a l  year 1961 two major areas will be considered: the  use of lift t o  f a c i l -  
i t a t e  reentry fmm space, and guidance and control methods for  p i lo ted  space flight. 
analyses wlll be made, and scale models of various configurations will be evaluated i n  wind tun- 
nels.  

Extensive 

Flight simulators w i l l  be used t o  evaluate the pilot's capabili ty t o  f l y  such vehicles. 

Developnent of a sui table  guidance and control systen f o r  the advanced reentry configura- 
t i o n  w i l l  a lso  be in i t i a t ed  i n  the f i s c a l  year 1961. 
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A B M .  
i s  $16,770,000, o r  approxirmtely tvo mill ion dol ia rs  per booster. 

The t o t a l  cost for the  eight vehicles, including hunching costs, 

se-prJha+ 3n~O +-&-E CEe-theii i--e End-ctnnp hcc???? pn3t.c ~ ~ v ~ y  p 

contract cost incurred by ABMA, the  remainder being f o r  work performed a t  
the  Huntsville f a c i l i t y .  
ABMA fo r  "in-house" expenses. In  the  fiscal. year 1961, however, only con- 
t r ac tua l  costs w i l l  be required, because the Huntsville f a c i l i t y  will be 
operating under the NASA funding. Because of the  long lead t h e  required, t he  
Redstone purchase was initiated i n  the f i s c a l  year 1959, and nearly completed 
in  the f i s c a l  year 1960, even though none of the f l i g h t s  w i l l  take place 
unt ib  1961. 

In tne f i s c a l  years 1959 and 1960, rJasA reimbursed 

The s m a l l  additional funding f o r  f i s c a l  year a961 is f o r  e lec t r ica l ,  
mechanical, hydraulic, guidance and control, and telemetry components for  
the  bast of the  eight boosters; f o r  the completion of the  fabrication and 
assembly; and fo r  launching operations costs. 

The procurement of 13  A t l a s  boosters, used i n  b a l l i s t i c  development and 
aual i f icat ion f l igh ts .  and i n  the  o rb i t a l  mission: These boosters a r e  being - v v 

procured through the % l l i s t i c  Missile Division of t he  A i r  F"orcees A i r  Re- 
search and Development Command. The total .  cost f o r  13 vehicles, including 
launching G O S ~ S ,  is  $45,550,000, o r  approximately three  and one-ha= million 
dollars per booster. 

One of these Atlases was bunched i n  September 1959; another one w i l l  be 
hunched during the current fiscal year. 
f i s c a l  year 1961, and the  remaining three i n  the ear ly  part of the f i s c a l  
year 1962. 
for these boosters were incurred i n  the f i s c a l  years 1959 and 1960, because of 
t h e  long lead times u-eqi13red. 

Eight more wil l  be required i n  the 

I n  sp i te  of t h i s  himching schedcle, nearly one-half of the  costs 

The A t l a s  costs can generally be divided into two categories: basic 
bssstm- ea6 b m c h  cssts, mc? "px-dkw" booster a d  l m n c h  costs. 
costs a r e  those that  apply t o  unmodified launching vehicles, exactly as they 

!!%e basic 



would be used i n  the  missile p r o w .  
f icat ions tha t  are  incorporated t o  make the booster adaptable and safe for 
mnned operat ion. 

The peculiar costs cover the modi- 

In the  f i s c a l  years 1959 and 1960, approximately two-thirds of the 
basic and peculiar booster costs were incurred; t he  remaining one-third i s  
required i n  1961. To date, only one-quarter of  the launch costs have 'been 
expended, with three-quarteps remaining t o  be m d e d  i n  the  f i s c a l  yew 1961. 
Fiscal year 1961 funding wi l l  also be required f o r  spare p a r t s  and miscel- 
laneous costs t o  USAF-BMD; and for  anticipated additional costs fo r  services 
within the  scope of the  Air Force development plan, such as, fo r  example, the  
tes t ing  of the Mercury abort sensing system on scheduled b a l l i s t i c  missile 
flight 6 .  

I n i t i a l  funding fo r  the two  remaining Atlases required fo r  ProJect 
Mercury: The 
funds w i l l  be made available t o  USAF-BMD f o r  t he  ini t ia l  hardware purchases 
fo r  two  A t l a s  boosters; the funding will be completed i n  the  f i s c a l  year 1962. 

These boosters will be launched during t h e  f i s c a l  year 1962. 

A t l a s  hunch guidance modification. The A t h s  guidance computers at Cape 
Canaveral are designed f o r  b a l l i s t i c  missile f l i gh t s ,  and not for  manned 
s a t e l l i t e  operation. Certain computer modifications, a l terat ions,  and ad- 
di t ions are required i n  order t o  make the  computer compatible with Mercury 
requirements, and t o  permit r e a l  time predictions of whether or  not the A t l a s  
has injected the  capsule into a safe s a t e l l i t e  orb i t .  
quired funds i n  t h i s  category were allocated i n  the f i s c a l  year 1960, with 
the  remainder being funded i n  1961. Funds will be made available t o  U W -  
BMD. 

One-fifth of the  re- 
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Redstoces ( 8 )  : 
Hardware.OO.e......OO............-...OO... 
Fabrication, assemPiy ani checkout....,.. 
Design, development and engineering of 
SYSt~... .............................. 

Launch operations....O................... 
Special tooling and instrumentation...,.. 

$2,4351000 
I,cw,uuu 
...... 

2,849, OOQ 2,799,000 
951, Cw 
400,000 

9,530,000 

Jupiters (2 - cancelled): 
H&TdwBre....................a............ 
Fabrication and checkou-t................. 
Design, development and engineering of 

SySt~.....o.........e.,.. ............. 
2,237,000 
260, Ooo 

--- 
..-e 

243 000 
2,740,000 

Atlases (13): 
Basic boosters..oo..o........ ........... 
Spare components. ....................... 
Peculiaz rnisslle engineering moaffica- 
tion a d  stu~es.CC.C..Ot.*a.....b.O.. 

Anticipated additional costs for 
services within scope of present 
develapment p7an.....Q.~ea......oo.aee 

Peculiar hunch CO~t~....~......aao..o~o 
~ S C e l & X i W u S  Cost8 to Uw-W......a.. 

Basic I-$;unch......e......o*oe...o.ta.oc. 

7,572,000 

267,000 
--- 

478,000 

3 , 5 ~ , 0 ~  
825,000 
575;ooo 

23,100,000 

Littie Joe sockets: 
1 - 1  \ M Y B l .  ro&eT,s ~24?..~.........~.0...0.. 

m33-20 and 22 rockets (28). ............ 
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Item - 
Fisca l  Year Fiscal Yew Fiscal Year 

1959 1960 1961 

Litt le Joe rockets (continued) : ---- -- .. _-- --- * .  in33 nCtrawCt.LI~................................ $?C!,Kx 

equipment. ................................ 480 000 
Special development, tooling, and handling --- --- z,8501ooo --- --- 

Atlases (2): 
I n i t i a l  rUnding:............................. --- --- $1,000,000 

A t l a s  hunch guidance modification: 
Computer a l terat ions and additions t o  su i t  

800,000 

Total.. ...................... $20,8b,,OOO $23,460,000 Qj25,650,000 

$200,000 --- manned f l i g h t  requirements,.,........,.. .. 

Mercury Capsules, Support Equipment and Support Services 

The funds allocated i n  t h i s  category cover the  costs of the Mescwry capsules, and of the 
support services and support equipment procwed from the  MeDonnell Aircmft  Corporation. 
Specifically, the  following items are  covered: 

Procurement of an i n i t i a l  quantity of 12 capsules: The costs associated 
w i t h  these capsules consist of approximately 50% outside procurement kpom sub- 
contractors by McDonnell, and approximately 50$ McDonnell in-house e f for t .  
McDonnelf in-house effort  i s  divided among engineering, tooling, and construe- 
t ion  labor with associated overhead expense. 
of the cost-plus-fixed-fee for  t h i s  part of the  work was $19,45O,SOO, Most of 
tinis c v s i  MFLS i ~ ~ ~ d . e d  ir i  the fisc&. y e c s  1959 ~ d i .  
iu be I”LuL&& Lii  t k  fi~csl ycsr 2961, 
were determined t o  be approxhately $lO,OOQ,QOO greater than his origlnaL estimat;e, 
This auued cost was i a r g e i y  &ie t o  hicreased costa for ~ ~ ~ C ~ ~ t ~ C t o I - s l ~ ~ ~ l j e d  
equigment, and the  increased cost of McDomeU. in-house labor. 
cost was f’unded i n  the f i s c a l  years 1959 and 1960. 

The 

The contractor’s orlgincal estimate 

w5t.h only W, SJELLL amount 
As e? P_._rgst 3959, t.hp ronlractor’s costs 

This additional 



On the basis of the  costs incurred as of August 1959) an accelerated 

e f for t  throughout the  remainder of the  f i s c a l  year a960 and through most of 
the fiscal ,  year 1961, it, has 'been estimated that the aos-t; of ?.he nrig5m.l 
procurement will increase M h e r  by about $17,000,00@, $9,350,000 0% which 
w i l l  require f'unding in the f i s c a l  year 1961. These additional cos ts  again 
a re  divided among subcontract procurement and in-house labor categories, 

9 -  nr\n+ram+hn ,.PPnVrc --P...,, +Le+ .--a - - - - ~ a - - - a - - -  _ _ _ _  2 n--- ~ 7 . r .  - 
-w-- - - -wwv- -++.vLY U I L L - U  VIILUV UUV-, WIU w +WrrurnUu+ej U66U A U . b  c'11J.U AGVGA Uh 

Training simulators: W l y  i n  the Mercury progmm, the  scope of t he  
McDonneU contract wa.s increased t o  include provision of two operating mock- 
ups of the capsule, suitably ou t f i t t ed  f o r  use i n  t ra ining the  astronauts 
and ground crews in f l i g h t  operating procedures pr ior  t o  ac tua l  f l i g h t ,  
These procedures trainers wilL be of the  fixed-base type - t ha t  is, the  
capsule does not move i n  response t o  the  a s t romuts s  actions - only the  i9- 
s t m e n t s  and indicators move. Pn addition t o  these fixed-base simulators, 
McDonnell i s  strpplysng couches, r e s t m i n t  systems, and accessory equipen% 
fo r  use with other simulator equipment ussed i n  the  Mercury tmbing program 
The training s h u h t o r  equipment was largely funded i n  the  fiscal yew 1960; 
approximately $550,000 is required t o  complete the procuremen% in fiscal y e a  
1961. 

Capsule changes: A s  the Mercm-y re seanh  a d  development grogram has 
proceeded, changes i n  the  Mercury capsule des-fgn have been found t o  b, 0 neces- 
sazy. In order t o  enhance safety and r e l i ab i l i t y ,  provisions have been made 
f o r  astronaut emergency egress, improved astronaut v i s ib i l i t y ,  *roved heat 
protection, additions of a l te rna te  or back-up systems f o r  use i n  case of 
prime system fai lure ,  m d  other similar changes. Continuing changes of t h i s  
nature WnU require rUnd%ng Tn the  f i s c a l  yew l$a. 
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ABdit.Eona1 eapm3Les : As the  detailed b f e n w q , ~  g m g m  -vas Pam&t;ted 9 

f t  -as detemined tha% w total of 21 capsules would be reqpxirecb t o  accommodate 
the various phases of the f l i gh t  p r o m s  and a. decision was made t o  gromm 
adai t ional  capsules mther  thaa attempt refurbishing and reuse of the 
origimb 1% capsules. 
abort fligh-t,, one m a Lizt le  Joe fLL@t, el&% $or Redstone flights, and 14 
fox' A t l a s  flights. 
a& manned f l igh ts ,  as required, 
capsules was undertaken i n  the f i s c a l  yeas: 1960, ma w i l l  be completed i n  the 
f i s c a l  yew 1961. 

(>ne capsule w i l l  be used in a off-the-pafi sim~clated 

These capsules w i l l  be configured f o r  u.marined, animal, 
Initial funcling for  the 32 adaitionab 

Ground support equipment, f o r  handling, servicing, and checking out 
the  capsule, p r ior  t o  f l i g h t  and monitoring capsule system during f1ight: 
This equipment wtll be used at Huntsville where the  capsules f i r s t  be 
m%ed t o  the  Redstone, and at both the Redstone and A t l a s  pads at Cape 
Camveml. 
of each of the  capsule systems and subsystems, and telemetry receiving equip- 
ment t o  monitor the capsule equfpent awing t he  coun-t;d~wn md ear ly  stages 
of f l i g h t .  Some of this  gear Kill be housed in t m i l e r s ,  so tbt it can be 
ut=& i n  several locations, such a s  the  assembly building and %he hunch- 
ing pads ac Cape Canaveral. 
sembly hangar, the blockhouse, and the gantry. This category also incbulbes 
capsule handling equipnrent, and ground cabling, 
fiscal yew 1959, continued in the  f i s c a l  year 1960, and WfU be essent ia l ly  
completed i n  the  fiscal year 196r. 

The equipment includes electronic devices t o  check the operation 

Other equipment w i l l  be instaaabedb in the as- 

k & n g  was ini%ia%ed in %ne 

The f l i g h t  t e s t  support services provided by %he capsule contractor: 
When the  Mercury operations reach the pea96 of ac t iv i ty ,  between 100 md 200 
contmc'cor personnel Kill be required i n  the  f ie ld  t o  support these opera- 
t ions,  These a c t i v i t i e s  w i l l  be carried out; a% Wallops Islandp HmtsviUe, 
and Cape Ca.mvepal.. The crews w i U  perform f i n a l  assembly and checkout 
functions, an8 wXLI lm3itaiii tiie capsuhFs equipment i n  working oraer during 
the  countdown pr ior  t o  f l i gh t .  Costs i n  this category w i l l  be Lnctmed 
i n i t i a l l y  i n  the f iscal  year 1960, an8 will continue t o  'be incurred during 
the f i s c a l  year 1961. 



Equipment and support f o r  the  research and development program: This 
is McDonnell production-type equipmen% used i n  the  research and developmen% 
program, as opgosedto the actual  Mercury mfesions, 1% includes, for example, 
II - _ _ _ _ _ _ _  1 -  A & ? - -  -zJ--&-- sen eL, l b a ,  rArrll bmn+ *.bo d ~ n - ~  $.-T.,o-Pw P ~ A  u l l c  LupuurG-rrurau cw.c&pu\-..L .I."* "Ub us0 " V I  V"".", UI -1- ---- 
rockets used i n  the "Utt le  Joe'' tes ts .  
category includes special. capsule equi-pment f o r  the rulfmal. program, md on- 
board communications equipment t o  be fns%albed i n  a3qlanes tha t  d 1 1 b e  used 
t o  check out the world-wide tracking and comrmrnicationrs network, 

c- --,---- 
%her typica l  equigment i i t h i s  

It em - 
Fisca l  Yew Fisca l  Y e a r  F i sca l  Year 

1959 1960 1961. 

Basic contract - 12 ident ica l  capsules: 
Engineering..oo...,...o....o....o....e....o $2,640,000 $15 400 , 000 $113 000 
T ~ ~ P ~ . O . . . . O . . a i * ~ ~ . . ~ ~ . ~ . ~ o o * . o o a o o a a a . o  807, ooo 429,000 36,000 
Experimental . . o . . o . o . O o o  l,327,000 705, 000 53,000 
Ca$rile, system, and subsystem construction 6,850,000 3,640,000 300, ooo 

386 000 48,000 
5m%Ei 550,000 

F e e o O . O . . . o l . . . v o . . . o ~ o ~ . o a ~ ~ o ~ ~ ~ . . . . O O . .  . a o a  

Contractor additional costs : --- 
--- ~ i n e e ~ l l @ ; . o . o .  ~ . . ~ ~ ~ . . . ~ o . o . o o . o . a e o o o o o o  930, 000 801,794 

Tooli~....oO.....O..e~~~~~~.o~~.o.~oooo~oa -189 400 -16,007 
Experimental conetruction.....o..oa~e.ooo.. -204,000 -174,363 --- 
Capsule, system, ana subsystem construction 33 960,000 3,347,357 
Capsule delivery change..09.0.00aOo...~~oeo 800,000 200,000 

--- 
--- 

Inzjpection.oo. ...a...~......o..ooc..~mo~ i679601 4.,z;;igi --- 
--- 55 35,201 
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Canaveral, and a computing and communications center locate6 at  the Godiiard Space Flight Center 
n e w  Washington, D. C.  A detailed description of the  network is  presented i n  the  Construction 
and Equipment sectfcm of the  estimates. Although the constrw'tion of the  Mercury network i s  
Funded under the C&E appropriation, the operational expenses incurred in  connection with the  
operation of the network a re  runuea unaer tne  KU appsopria-cion. 

The funding required for network implementation and operation through the  f i s c a l  year 1961 
is  $30,087,000. A minimal amount was expended i n  1959, approximately one-sixth w i l l  be required 
i n  the f i s c a l  year 1960, and the remaining five-sixths i n  the f i s c a l  year 1961 when the majority 
of Mercury f l i gh t  operations w i l l  take place. 

Specifically, the  following items are  included in  the f i s c a l  year 1961 estimates: 

Station transportation equipment: Fork-lifts, t ractors ,  and similar 
equipment items are required i n  the  operations of some remote tracking statXons. 

Consulting services: The services of highly competent technical groups, 

In 
in  the  areas of operational procedures, equipment selection, communications, 
flight simulation, and safety and r e l i a b i l i t y  of operations a re  required. 
fiscal year 1961, approxhately 95 percent of these funds w i l l  be allocated t o  
the  Lincoln Laboratory of the  Massachusetts In s t i t u t e  of Technology. 

shipping costs: Costs will be incurred i n  shipping a l l  types of network 

w i l l  be required i n  
equipment, such as radars, antennas, and communications gear t o  the  remote 
network stations.  Approximately one-half of these funds 
f i s c a l  year 1960, and the remainder in 1961. 

Computing equipment services at  the  Bermuda s ta t ion:  This computing equip- 
ment w i l l  be used t o  obtain real-time trajectory data immediately after A t l a s  
burnout. 
abort a given mission. 
functions in the  Mercury operation. 

Based on these data, a decision w i l l  be made as t o  whether or not t o  
The Bermuda s ta t ion w i l l  thus perform one of the key 

Transportation services: These services, required during the operational 
period, include fo r  example, the rapid shipment of data and magnetic tapes 
f'rom a l l  remote stations a f t e r  every f l ight .  



Spare parts,  supplies and materials: Included here a re  the spare 
par t s  required t o  keep a3_1 stat ions operational p r io r  and during each 
Mercury mission. A prolonged breakdown of" equipment at  some stat ions 

eluded a re  supplies and materials such as magnetic tapes, power, and 
u t i l i t i e s .  

------a I----- --A--A---La- -PP-..+n n m  o marrnnrl M ~ w ~ , , v n - c +  f"l,'ab+ A l s o  i n -  
L W L L I U  I L O V G  Luuc*our"ytrrrar b - c I I - * " Y  "*I - ----I ------- 0 --- u-- 

Maintenance and operations personnel training: This i t e m  covers 
the expenses incurred i n  t ra ining the  s ta t ion  personnel pr ior  t o  their 
assignment t o  the various stations.  

Station operation services by contractor personnel a t  a l l  network 
stations:  
required at Cape Canaveral, t o  8 required at  the s ta t ion  on Grand 
Mama Island. 
man the 16 stations,  and the Control and Communications Centers. 
the f i s c a l  year 1961, these men w i U  be assigned t o  t h e i r  duty s ta t ions 
f o r  the  largest  par t  of the year. 

Contractor operating personnel requirements range from 74 

A t o t a l  of 575 contractor personnel will be needed t o  
During 

Reimbursement t o  the Depaxtment of Defense for mil i ta ry  rang e con- 
Many of the  Mercury s ta t ions w i l l  be located at ex- t r ac to r  personnel: 

i s t i ng  mil i tary network. s ta t ions,  
s ta t ions w i l l ,  i n  part, be done by the existing mi l i ta ry  range contractor, 
although additional personnel w i l l  be required. 
t h i s  category w i l l  devote full t h e  t o  Mercury operations. 

Maintenance and operation of these 

A t o t a l  of 160 men i n  

Factory equipment services and modifications: Included i s  the  repair ,  
a t  the  factory, of malfunctioning equipment, and the  modification of 
cer ta in  network components, as dictated by operational experience. The 
electronic devices required at the various network s ta t ions a re  exceedingly 
c ~ m l e x .  bre&c~k~& F-te, required - FennFliFs -r--- fny t.hfs pqi-~fprnent;~ w e r e  
~..-.--d -- .rmn+ e-nmianna .r.ri+h eimilav nmiinrnon+. 
U O I U ~ U  VIA pwu u b2~y-h h-4rII -%--- z-*---. 

$j ecia-i sii 0i-t fer Mzrru.- urcrauAuILs *-An + 4  hn b.; t he  Atlmttic Missile Flange 
contractor: This category includes special  cabling and c i rcu i t ry  services 
between the Mercury control center and the Redstone and A t l a s  blockhouses, 



and at downrange stations, 
quired at Cape Canavwal, such as hmogen peroxide for the c&psule control. 

capsule assembly building, and minor modifications to the gantry and other 
Cape Cawveml facilities. Transportation and communication services at 
the Cape, peculiar to Mercury operations, also fall into this category. 

It includes also supplies md materials re- 

n-m+- Lrmn+h-lnn n-rccen 4 n w  +kn l iPe-ot ,~-mnw+ n ~ r m + a  mvnmndv 
' J  " "a, Y., "U "****.O "4.J 0 - a -  .., -* "**'- -*- - "U&*'-.. " Y J  " .,-, - -drz -- 

Item - 
Relocation of FAA equipment at Bermuda...., 
Reactivation costs of network ships ........ 
Communications equipment alterations at 
Canton Islands and Hawaii........*....... 

Station transportation equipment.. ......... 
Consulting services........e..,.........r.. 
EQuipment shipping services...*.,.e*....... 
Computing equipment services....,.......... 
Traasportation services...................+ 
Spare peucts, supplies, and materials. e .  * .  
Mafitenance and operations personnel 
traini n g . . . . . . . . . . . . . . . . . . . . . o . . . . . . a . . e  

Station operation .......................... 
Military range contractor reimbursement.... 
Factory equipment services and modifica- 
tions.................................... 

AMR-PAB operations support. ................ 
Total... .................. 

Fiscal Year 
1959 

--- 
-e- 

Fiscal Year 
1960 

$160,000 
210,000 

300,000 
520,000 
660,000 

--- 
350, ax, 

$5,410,,000 

Fiacal Year 
1961 

2,050,000 
1,100,000 

$24,670,000 

167-24 



Recovery Opemtions 

'Fnin cn.t.cl.anry rovers the costs associated w i t h  camsule recovery planning and the  costs  
t ha t  will recur with each flight mission, including consulting contract costs for  t ra jec tory  
calculations and recovei=y planning; costs of data acquis i t ian "by alrwEtft and telemetry ships for  
each flight; costs of data reduction and anaLysis fo r  each flight; costs of opesaxion of the  m i d -  
Atlantic and Indian Ocean tracking ships; development of improved recovery aids and beacons; 
development and construction of special  shipboard and helicopt.es capsule handling equipment and 
the  costs of capsule search and recovery followfig each fligh% mission. 

Par t  of these expenses wil l  be incurred by U. S. Navy ships and s i r c r a f t .  An agreement 
has been negotiated with the  Navy, whereby mAsA w i l i  be bil led only fo r  t he  d i rec t  expense in- 
curred during recovery operations. In  calculating t h i s  d i rec t  expense, it was agreed t h a t  mi l i ta ry  
pay and ship overhaul costs would not be included. Based on the  methods of ca lcuht ion  agreed upon, 
the U. S. N a v y  has estimated the  a r e c t  reimbursable costs  associated with each f l i gh t  operation 
scheduled during the f i sc& year 1961. The U. S. Navy estfna-t;ed costs we indicated i n  the  fo l -  
lowfig table f o r  the 16 Redstone and A t l a s  f l i g h t s  duping the  fiscal, year %96a. 

In addition t o  U. S. navy recovery expense, provision is  made f o r  Mil i tmy A i r  WanspoHpt; 
Service air rescue s e r d e e  stand-by md data transport  f o r  each A t l a s  f l i gh t .  

During manned Redstone or  A t l a s  f l igh ts ,  special  provisions must be made fo r  astronaut 
Such provisfm rescue i n  case of aborted f l igh ts ,  wherein the capsule aay come do- on land. 

has been made for: the  appropriate Redstone and A t l a s  flights i n  the  f i s c a l  year 1961. Expend- 
able recovery supplies and materials, communications expense, technical motion picture coverage 
and post-recovery analysis costs are a l so  provided for each of the  16 f l i g h t s  scheduled during 
the f i s c a l  year 1961. 

Fisca l  Year Fiscal  Y e a r  FEscal Year 
- Item 1959 1960 1961 

@erst ions plesni+ : 
'Erajec.cory calculations - aeroneuironics...,. --- $40,000 --- 
Tra,ject.ory calmilat.-ions - Bureau of Standards --- l-25zOOo $180,000 
Abort calculations.., .  ....................... _-- 50,000 --- 
Alternate recovery methods study contracts... --- 

--- 150, ooo 
330,000 



Item - 
Aircraft and shipboard &La acqUlsltlon 

facilities: 

Redstme fligh~S ........................... 
A t l a s  ballistic flights.................... 
Atlas orbital flights...................... 

Big Joe flights.. .......................... 

Data reduction and analysis services: 
W ship and trajectory data - RCA 
Moorestown............................... 

mi6 and other tracking data - RCA-PAA.... 
Other contractors.......t.................. 

Tracking ship operation services............. 

Shipboard and airborne beacon receiver equip- 
ment....................................... 

Improved beacon and recovery aid development. 

Special shipboard and helicopter capsule 
handling equipment - development and con- 
struction.................................. 

Miscellaneous beach abort, airdrop, beacon 
evaluation and other test support: 
Navy operations............................ 
Other eqenses........*.................... 

A-6- -fin gcrv, vvu 

240,000 

7509 000 

200,000 
220,000 

250,000 

210.,000 

80,000 

100,000 
50,000 

I 7 W ,  i r n  w w v  nnn 

1,260,000 
510,000 

520 000 
700, ooo 
260 000 

ipZ5$36 

1,500,000 

250,000 

250,000 

160, ooo 

100,000 



Item - 
L i t t l e  Joe t e s t  support and capsule recovery: 

?.Tolnr "h-t- - l n n ~  o n A  ha1 i ne=+a.rr n r r a . n m + - f n n c r  
r.u.J Y"'r, r-*', -*- --.----wvJ="-- -r -- - - ----- 
Supplies, materials and other expense.... .. 

Big Joe test support and capsule recovery: 
Navy ship, pbne ,  and helicopter operations 
Supplies, materials, communications, and 

other expense............................ 

Redstone test support and capsule recovery: 
Provision for pad abort land rescue........ 
Navy ship, plane, and helicopter oper- 

ations................................... 
Supplies, materials, communications, and 

other expense............................ 

A t l a s  b a l l i s t i c  test  support: 
N a v y  ship, plane, and helicopter operations 
MATS air rescue stand-by.. ................. 
MATS equipment and data transport..  ........ 
Supplies, materials, comunicat ions, and 

other 

A t l a s  o rb i t a l  tes t  support : 
?w"y ShiE', E'kze, a d  h e l i c q t e r  n=eratinns 
x*.?!s air resc'Lt3 se_mrin_c, ctE25cl-h-r.. -d ......... 
MATS equipment and data transport........., 

Fiscal Year Fiscal Year Fiscal  Year 
1959 1960 1961 

100,000 

84,000 

86,000 
270,000 

109,000 
370,000 

$180,000 

756,000 

554 000 
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Guidance and control equipment ~511. be designed t o  provide the  cayabili ty of circumnavigating 
a ce l e s t i a l  Sody, establishing precise orb i t s I  circularfzing e1lipt;ical orb i t s  at prescribed 
alt i tudes,  controlling the  approach and l e t  down f o r  sof t  Landings, and providing a mems for 

or from a s a t e l l i t e  orbi t .  
vehicle-carried syskms e 

at a p a r a l l e l  rate, 

s e l e  seturn f r o m  the mnnn nnii vm=nS.T 4nS.n +.he earthrs a+~~c$-nn~r~ eff-r f g . ~ ~  2Z:zn- y-lfini+;r .e- ------ 
This will be accomplished through the evolution& development of 

Component development f o r  controls and sensors mus: be carried on 

Materials research w i l l  require increased emphasis during the f i s c a l  year 1961 t o  
provide knowledge re la t ing  t o  the  behavior of materials under the three conditions of t h e m a l  
equilibrium, namely, space f l igh t ,  the cold lunar night, and the lunm day with i t s  high l eve l  
of infrared reflection; t o  thermal shocks result ing f r o m  t rans i t ions  between these stages of 
equilibrium; and re la t ing  t o  the effects  on materials during reentry from e i ther  escape 
velocity o r  s a t e l l i t e  orbits.  

4. PROGRAM COSTS: 

Advanced technical  developnent: 

Development of injection guidance 

Developnent of mid-course guidance 

Development of terminal guidance 

Development of a t t i tude  control 

Development of guidance and control 
system f o r  Centaur-boosted spacecraft.,  

Developent of guidance and control 
system for Saturn-boosted =acecraft. - 

Vehicle engineering... ................... 
components, a d  materials....,......... 

systems... ............................. 
s y s ~ e ~ s o . . O . ~ O . . .  ...................... 
systems ................................ 

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

-- Admlwed t e c h i c d .  develQpe.n+ '"3 @ 

TOTAL.......... 

Fisc& Year Fiscal  Year Fiscal  Y e a r  
, 1959 1960 1961 

$ 1 7  903,651 

$1,903,651 

$3 , 804,000 

50, ooo 

925,000 

$6,737 000 

$1,800, 000 

1,300 000 

250, ooo 

200 , 000 

2,000,000 

$21,200,000 
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FISCAT, WAR 1961 R.TTMATF!S 

'iEldIC'LE SYSTEMS TECHNOLGCk' 

Objectives 

In  order t o  accomplish any space miwion it is necessary t o  have a container or  s t r u c t m e  
which integrates t.he var ie ty  of subsystems, components and i n s t m e n t a t i o n  required t o  achieve 
the  mission objectives. It is a lso  necessary t o  control t he  orientation of t h i s  flight package 
so tha t  instruments relying on solax energy constantly point toward the suaa and EO t ha t  compo- 
nents which must be kept cool f ind themselves on the shaded side of the structure.  
a l ly ,  some missions require space maneuvers nfter the  flight package has been separated from 
the  booster which has carried it from the surface t h o u &  the  Brth's atmosphere. 
these space maneuvers it is mandatory tha t  t he  rocket nozzle be painting %n a. manner which w i l l  
give the  desired direction when it starts t o  push. 

Addition- 

To accomplish 

In the  i n i t i a l  flight6 in to  space elementary procedures were followed. For instance, 
the  s t m c t m e s  nr containers f o r  the  f l i g h t  pachge were l i t t l e  more than cans. 
because the weight-lifting capabili ty of the  boosters available t o  the United States  was 
severely linai&ed. 
gyroscope principle; that is, spinning the package t o  keep the  ax is  pointing in a given direct ion.  

This WEUS 80 

I n  these i n i t i a l  flights orientaxion was mintalned by relying upon the 

With the  advent of boosters of greater weight-l if t ing capability such a s  the  Cantam md 
the  Saturn it now becomes possible t o  undertake more sophisticated and complex missions u%i l i z -  
ing act ive elements of guidance and control. 
systems have been given the teminology of spacecraft. 

Such advanced integrated stmetweb; and control 

Because a spacecraft may be thought of as a bus t o  carry sc ien t i f ic  equipment t o  the 
pain$ In space where it is  t o  be used, an4 then al ign it w i t h  respect t o  ce l e s t i a l  bodies so 
the  equi-pment can perform as designed: it takes on a fimctiona.1 aspect. which has W r  e1emcnts 
common t o  a l l  space missions whether they a r e  Earth-circling sa t e l l i t e s ,  Moon probes or  planet 
missions. 

170-1 
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item 
I_ 

Guidance system platfoam and gimbal 
including t e s t ing  ......................... 

Tes t ,  check-out, and alignment equipment. ... 
Gylposcope, accelerometer, and torquer system 

development ................................ 
Roll control system development. ............ 
Vehicle controller and times development .... 
Analog guidance computer development ........ 
Teminal stage autopilot  development. ....... 
Pitch and yaw control system development. ... 
Phase I1 - injection guidance systemmodifi- 

cation f o r  Saturn. ........................ 
Precision autopilot modification f o r  Agena.. 
Precision autopilot  modification f o r  Saturn. 
Agena radio guidance system development ..... 

Fiscal  Year 
1959 

Fiscal  Year 
1960 

$1,250,000 
380,000 

414,000 
120,000 
3 5 0 , ~ O  
400,000 
810,000 
80,000 

Total. . . . . . .o. . . .  ...... $3,804,000 

Fiscal  Year 
1961 

Development of Midcourse Guidance System8 

I n  space applications, a.midcourse guidance system may be thought of as the device which 
e f f ec t s  the extensions of control of the spacecraft after it has separated from the booster. 
For short distances t h i s  control could be effected by radio commands fram the Earth. 
distances become large, as i n  t ravel l ing t o  a planet, it is neceseary t o  have aboard the space- 
c ra f t  equipment which can look at the  s t a r s  and planets, decide where it is, and determine w h a t  
should be done t o  place it where it should be. 

When the 

NASA was fortunate i n  being able t o  extend and reorient a t  a very modest cost a general- 
The resdts ized study of vehicle-contained- navigation i n i t i a t e d  by the Department of Defense. 

of t h i s  study already indicate that such a system should be developed. 
estimates include an incremental payment on a system which is expected t o  take a few years i n  
its development. To completely exploit such a system, f'urther studies on application, techni- 
ques, and l imitat ions of midcourse guidance a re  desirable. 

The f i s c a l  year 1961 

170-3 



I I I I f I I 



Development of Atti tude Control Systems 

Atti tude control embyaces the ~pn-~+ng  ccz~tzc\l. CZ ~zg&- ~ ~ ; f e ; i t ~ b t f ~ ~ .  ut Lil t :  vehicle 

Sensing may be accomp- 
o r  spacecraft; as required for maneuvering, f o r  guidance measurements, f o r  obtaining data, f o r  
comunicating from one pofrit t o  another, and for similaz applications. 
lished by radiation from l igh t ,  heat, or radio, o r  by i n e r t i a l  references, Control may be by 
means of reaction j e t s  o r  by flywheels. In some applications the difference i n  the p u l l  of 
gravity on one part of the spacecraft as compared t o  another papt of the spacecraft can be 
u t i l i zed  either f o r  sensing or  f o r  control. A wide var ie ty  of sensors and controllers are 
t h e o r e t i c d l y  available t o  the experbenter  i n  space. 
permit a better understanding of the factors  which make one system preferred over another i n  
a specif ic  application. 

It is intended t o  undertake a study t o  

I t e m  - 
Fisca l  Year Fiscal Year Fiscal  Year 

1959 1960 1961 

Attitude control requirements f o r  space- 
craf't, components, and subsystems - 
study.. e . . . . . . . . o . . . . . . .  --- --- $200, OOO 

Development of Guidance and Control System f o r  Centaur-boosted Spacecraft 
- 

A spacecraft t o  be used w i t h  the Centaur booster i s  being developed primarily for  s o f t  

Such a spacecraft w i l l  be considerably more 
landings on the  Moon. 
able f o r  missions t o  the planets Venus and Mars. 
sophisticated than anything previously employed and will require subsystems of midcourse guid- 
ance, terminal guidance, and a t t i t ude  control whose functions, w h i l e  simila;r t o  those described 
i n  the several  preceding sections, are suf f ic ien t ly  peculiw t o  this  vehicle t o  require sepa- 
rate developnent. 

A Later version o r  modification of th i s  spacecraft w i l l  make it s u i t -  

The midcourse guidance i ~ :  n_ p ~ i s i c r :  ~ehic lc=bsr ix  s y s t ~  Which i m ~  as i-t;s funccim 
the  correction of flight path after s e p m t i o n  from the booster, and navigation between the 
point where booster file1 blwm  ut and the posit ion i n  space where t i e  .ierminal guidance takes  
over. The components would be star trackers; planet seekers; sun seekers; equipment t o  issue 
commaads f o r  steering, tbrust in i t i a t ion  a,nd cut off ;  computers; precision timekeepers; radio 



The a t t i tude  control system t o  go with the srpacecraft boosted by the Centaur has as its 
fusetion S T B D L I L Z ~ G ~ O ~  o r  p%tch, r o l l ,  and yaw of the vehicle, determination of the ver t ica l ,  
component orientation and s tabi l izat ion,  th%saat., cz.t.feota%ion and m t e m  Feinting. 
w c d d  'CP, L O F ~ U ~ F S ,  autopilot, radiation sens~r6, g y m  platfum, and pro@;ffammes. 

Equipment 

me t e r n h a %  guidance in t h i s  spacecrafi is designed t o  posit ion the vehicle on the 
surface of the Noon t o  within 2 50 miles, t o  circularize the oz-bit, t o  sense f o m d  velocity 
and horizontal drift with respect t o  the  surface so as t o  effect ively SLOW the  spacecraft 
from about 8,003 %ee&per-second t o  a soft vertical latndwg, and t o  sccommob%e h i t t i ng  the  
proper corridor for a e u c c e s s ~  ret- through the atmosphere t o  the Earth. Equipment needbed 
is  thrust controa$ers t o  slow the spacecpg%ft, thee-axis doppber t o  detect drift with respect 
t o  a point on the  surface ab; well as a l t i t ude  above the surface, TV monitors, radio override, 
vehicle-contained computers, i n e r t i a l  platforms, radio program changer, a d  associated power 
supplies 0 

Midcourse s tar t racker  system. .............. 
Planet seeker .............................. 
Sun seekgr. ................................ 
Power supply ............................... 
Cutoff and steering command generator ...... 
Vehicle-borne computer ..................... 
Precision low-drift osci l la tor . . .  .......... 
Thrust controller.. . . . . . . . . .  ............... 
Three-axis doppler system.. ................ 
Terminal stage power supply. ............... 
reievision monitor.. . . . . . . . . . . . . . . . . . . .  .... 
naaio command overrider .................... 
Program change decoder and servo syst  em.... 
Torquers ................................... 
Autopilot .................................. 
Radiation sensor.....o.o..o........e.,s..... 

- - .. 

Fiscal  Y e a r  Fiscal  Year Fiscal Year 
1959 1960 1961 - 

$L00O,QOo 
600,000 
100,000 
20,000 
50 , 000 

2,000,000 
30, OOQ 
200,Qoo 

2,000,000 
30, ooo 

4,000,000 
X)o,ooo 
270,000 

1,000,000 
~O Q ,  000 
500,000 
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Fiscal Year Fiscal Year Fiscal Year 
1961 1959 196L ._ - 

Saturn lunar landing study ................. --- $250,000 --- 

determination... ......................... --- --- $1,000,000 
Earth-based operator display development --- --- 500, ooo 

ment.... ................................. --- --- 150, OOO 

I tem - 

Adapt ive computer development for landing 
site selection, position and orbit 

Manned vehicle astronaut disylay develop- 

Total.e.................. --- $250,000 $1,650,000 

Vehicle Engineering 

Here the word vehicle is a generic term which would include either the spacecraft or the 
Several of the studies being conducted under this heading will be concluded at the booster. 

end of the fiscal year 1960. 
necessary to insure that each new vehicle has the proper aerodynamic characteristics to survive 
the flight from the Earth's surface. This is ptslrpticulasly true for the spacecraft which must 
be designed to travel through the air before it reaches the environment where it will be used 
even though it will spend most of its useful life beyond the Ea.rthts atmosphere. 
tunnel work at JPL will be particularly applied to the Agena, Centaur, and Saturn spacecraft 
under cuprent development. 

However, wind tunnel testing and studies will continue to be 

This wind 

Item - 
Fiscal Year Fiscal Yeas Fiscal Year 

1959 1960 1961 

Optimization of structures . study ...... --- $300,000 --- 
Yehicie-borne instrument engineering .... --- 258,000 -e- 

Vehicle data handling . stu dy........... --- 150 9 OOo - L -  

Spacecraft wind tunnel testing .......... --- 1,000,000 $1,000,000 

Total...............,. --- $1,708,000 $1,000,000 
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Advanced Technical Developments, Components, and Materialo - 

Another group of: studlee;: d e d s  w i t h  improve& matarbeale f o r  space vehicles, w i t h  p a r t i -  
cular emphasis on nozzles a d  other hot parts of the socket,. 

A third group examines the effects  of the space enviroment: spec i f i cd ly ,  such things 
as the  weight loss  fn high vacuum with the resulting effect on mechanical elements, and the 
problems s7f“fecting lubrication and servo ssystas i n  space, 

‘Fhe increased l eve l  of e f fo r t  indicated %or the f i s c a l  year 1961 is required t o  keep the 
accomplishments i n  th i s  area i n  balance w i t h  the flight programs that are the u l tha t e  benefi- 
c ia r ies  of t h i s  work. 

Fiscal  Y e a x  - I t e m  1959 

Optical sensor development. ................ 
Infrared senaor development.. .............. 
Angle encoder and coordinate computer 

developent .............................. 
Teletype code converter and time comparator 

development .............................. 
Servo analog e r ror  generator ............... 
So& ce l l  or ienter  and follower development 
Booster recovery system develqmet., e _I 

Radio f r eqency  sensor developant:.. - - - - - ~ - - 
Antenna systems research ................... 
Solid. state single c rys ta l  dexAqnelzt . . . 
Solid state metall ic whisker development ... 
Maser research........................,.... 

Fiscal  Year 
1960 

Fiscal  Year 
1961 

--e 

&-I nn nnn 
yruu , VUV 

125,000 
is5,ooo 
320,000 
125,000 



I t e m  . 
Cryogenics reseaxch ....................... 
Long.lii?e, low-noise circuit D o  

High temperature graphite research . * .  . 
High temperature ceranics research ........ 
High temperature metals research .......... 
Ablation research.. ....................... 
Vacuum effects on mechanical elemente 
reaeach ................................ 

Vacuum effects on lubrication research,.,. 
Sdmo systems research .................... 
Alrbome computer research ................ 
Information processes research ............ 

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

Fiscal Year 
1959 

$45,000 
60. 000 
57. 000 

89. 000 
30. 000 

48. OOQ 

$1. 903 . 651 

Fiscal Yew 
1960 

$45. QOO 
70 . 000 
%ooo 
50. 000 
90. 000 
40. 000 

50. 000 
80. 000 
60. 000 
70 . 000 
30. 000 

$925. 000 

Fiscal Year a 
$uo.  000 
150. 080 
=5. 00s 
loo. 000 
200. 000 
100. 000 

125. 000 
175 j 000 
150 . 000 
140 . 000 
30. 000 

$2.000. 000 
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‘slhe u t i l i t y  of sol id  rockets i s  limited by the present cmibersome and re la t ive ly  
ineff ic ient  techniques f o r  con%rolling thrus t  level during burning, f o r  terminating 
thrust, and fos obtaining thms-t; direct ional  control, 3h addition, the inabili ty t o  
re igni te  a sol id  motor after i n i t i a l  termination decreases i t s  u t i l i t y  as a t e a l  
stage or as 8, &ro-rocket. 
in sol id  m~kets, l i t t l e  has bmn done .to d e m m t m t e  m 19, significant s ize  scale the achieve- 
m n t  of such per fomnce .  

While high propallant-masst r a t io s  of ,96 t o  .97 aa’e achievable 

The proposed program w i l l  aim a t  hqx‘ovemt3ll-t of the deficiencies discussed above md 
a t  the demns-tmtion of $om of the pwformance, YrliabiUty, a d  logS&ic advantages of 
solid rockets. 
space propulsion as new ingredients and propellaar2; m k a r i a l s  becone available. 

A psognm will be continued t o  evaluate a d  dlevelop new propellants f o r  

3. gRoGRAMPHASlNG: 

The so l id  

-5: XQ tho %9sdal ysar 1959> work was i n i t i a t e d  t o  demmtm%c 
%he feasibility of rocket motors with a propellant to lwded motor weight r a t i o  of .96, Ih 



the f i s c a l  year 1959 or. ajcplosing the  f e a s i b i l i t y  of thmist  modulation by Ulf~?3-SOniC6. 
1960 program is axpanding the e f f o r t  on thE.1Pat modulatTon and includes work on the explom- 
t i o n  of new techniques f o r  thrust vszbring and thrust temiaaa;?;lnn, 
work w i l l  be continued om the most promising program. 
vanced tschnLques t o  specific so l id  motors w i l l  also be in i t ia ted .  

The 

In the f i s c a l  year 1961 
Studies t o  apply so= of the ad- 

High performance propellant sgstems: In the f i s c a l  year 1959 work was in i t i a t ed  on 
the eva1uS;tioan of new propellants and ingredients, and on t h e i r  incorporation into propellant 
systems fo r  application t o  the  unique needs of %pace propulsion sptem. 
be continued i n  the f i s c a l  years 1960 and 1961 w i t h  par t icular  emphasis on exploiting the 
new ingredients and materials that are being synthesized and developed under programs 
sponsored by the Dqpr tmnt  of Defense- 

This e f fo r t  w i l l  

]: Solid rockets f o r  q a c e  
Fiscal applidations; reguise manufactwing techniques of high r e l i a b i l i t y  and precision. 

years 1959 a,nd 1960 programs were in i t i a t ed  on mon-destructive inspection techniques, in- 
spection c r i t e r i a g  and on advanced wthods of fa,brica%ing rockets, such as building a 
loaded rocket motor in separate sections and then assembling them. 
continued, and the non-destructive tes t ing  techniques and inspection o r i t a r i a  developed 
w i l l  be applied to  motors actual ly  being mnufactwed fo r  applicatfon t o  q a e +  vehicles, 

These programs w i l l  be 

r’iscal mar n m a l  Year Fiscal y e a r  
4. PROGRAM COSTS: 1959 1960 1961 

Advanced technical developmmt: 

High performance motors. . . . . . . e . . $&,6y6 @., 5i j,666 $i, jw ,666 
Advanced th rus t  modulation 
and vectoring systems . . . . . . .e.. . . . .5 90,000 930,000 500,000 

High performance propellant system.. . . 175,000 910,000 700,000 

manufacturing techniques.. I )  e e . e 90,CQo 430,000 300,000 
lnrproved motor m t e r i a l s  and 



Lewis Fl ight  Goddard Wallops 
Stat ion 

N f S A  Langley h e  s 
Center Headqt rs . Center Center Center Center 

951 3, 330 1,437 2,824 494 2,668 299 
Estimated end of year employment.. ............ $8,976,346 $25,301,240 $11,392,000 $22, 592,445 $3,567,139 $22,477,595 $2,014,146 

10 Personal services and benefits . .  ........... 9,523,000 2'7,507,000 12,327,000 24,704,000 3,788,000 24,150,000 2,608,000 

21 Travel and t ransportat ion of persons.. 1,368,000 643,000 160,000 312,000 165,000 2,960,000 go, 000 ..... 
............... 50,000 12, 000 15,000 25,000 20,000 540,000 5, 22 Transportation of  things... .  

23 Rent, communications, and u t i l i t i e s :  

Rent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120,000 2,18 5,000 1,231,000 900,000 235,000 7,480,000 125,000 ............. Communications.............. 400,000 105,000 55,000 100,000 25,000 374,000 80,000 
U t i l i t i e s . . . . . . . . . .  ...................... --- 1,719,000 2,331,000 2,233,000 140,000 200,000 

24 Fr in t ing  and reproduction.. 616,000 26,000 15, ooo 10,000 5, 000 40,000 10,000 

25 Sccuri'iy investigations. .  .................. 1,115,000 --- --- --- --- --- --- 

30,000 

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

--- --- --- --- ........... --- 42 Insurance claims and indemnities 110,000 --- 

Total..  ................... $13,302,000 $32,197,000 $16,134,000 $28,284,000 $4,268,000 $35,684,000 $3,118,000 

AEC - 
NASA Life 

Marshall Western Nuclear Science 
Total  Center Office Office F a c i l i t y  

5,960 85 23 5 1  18,122 
$46,482,024 $748,790 $254,125 $459,285 $144,265,135 

55,298,000 842, 000 204,000 &5,000 161,396, OOC 

2,550,000 117,000 5,000 25,000 8,395,000 

50,000 20,000 1,000 2,000 740,000 

Anticipated reimbursements.................... -3,414,000 

Total appropriation. ................... $196,686,000 



Opposite Page 173-1: 

Work being done primarily for space applications. 
This year's funds 8@ obligated. 

H i g h  mass ratio motor: Work now going on at Grand Central Rocket Co. 

Light weight nozzles: Rocketdyne. 

Combined attitude and velocity control: 4 movable jets which add thrust 
when not vectoring. 

Advanced thrust vectoring: InJecting gases in exhaust stream - FY 1960 - 
iWTS. 

Sonic thrust modulation: Acoustica. 

Nozzle chamber insulation: All at JPL. 
Need 7000°. Carbides. 

Nuw can get 4800° - 5500O. 

Mfg. Methods study: Conical segmented design. United Technology Corp. 

Funds Personnel 

Hq 

JPL 

1.3 

1.5 

2.8 

3 

Total 33 
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Fiscal  Yeas FPscal Year Fiscal  Year 
Item 1959 1960 1961 - 

mize nozzle dead weight; l iqu id  metal 
cooling systems are  of special  int;erest - -- $200 , 000 $20@,0@ct 

V e r y  large booster design studies f o r  
investigation of potent ia l  applications 
i n  NASA vehicles.. ..................... $84,898 80,000 100,000 

Jet Propulsion Laboratory work i n  th i s  
area, including development of rockets 
fo r  Juno and m l o r e r  vehicles and such 
advanced ideas as the autophage (consum- 
able) rocket.. * .  . * .  * .  e a .  e e e e e e e .  e * .  * .  a e 435,000 300, ooo --- 

Total... ............. $260,090 $1,300,000 

Advanced Thrust Modulation and Vectoring Systems 

Cambined a t t i t ude  and velocity control 
uni t ;  a package which may be added 
t o  a basic rocket fo r  control purposes;. 

Advanced thrus t  vectoring techniques; 
methods of diverting rocket exhausts 
w i l l  be studied........................ 

--- $200,000 $200,000 

200 , 000 

lO0,QOO 
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c-m~zt  t-p-l-?n,..)-_F~n z d  ~5-i nnif inn - c t i ~ d v  
-v-------> v 

of new and more efficient metuis of 
terminating rocket thrust and re-igniting 
the motor at a ~ t e P t i m e . . . . . . . . . . . . . . . . . .  

Fiscal Year Fiscal YeaP Fiscal Year 
_I__ Q-52 1960 196i 

$200,000 

$90,000 $930,0~ $500,000 

--- $230,000 

H3& Performance Propellant System 

Unique propellant systems and basic work 
to improve the characteristics of solid 
propellants; includes improved methods 
of testing propellants non-destructively; 
includes basic and applied research at the 
Jet Propulsion Laboratory in the fiscal 
yews 1960 and 1961. ....................... $175, 000 $910,000 $700 , 000 

Improved Motor Materials and Manufacturing Techniques 

Nozzle chamber insulation and chamber 
construction materials studies to 
investigate new substances to with- 
stand the heat and erosive effects 
of modern solid rockets,.. ................. 9 0 , O ~  280,000 100,000 

Total...... ............... $go , 000 $430 , 009 $300,000 

173-3 



NATIOW& AERONAUTICS AND SPACE ADMIMISTRATIOR 

Fiscal  Year 1959 

$15, 978,589 

FISCAL YEAR 1961 ESTIMATES 

LIQUID ROCKETS 

Fiscal  Y e a r  1960 Fiscal Y e a r  1961 

$63 , 000,000 

1. OaSECTIVES: 

To deve lq  an advanced capability for  launching and propelling payloads for  space 
exploration through the use of l iquid prapellant rocket engines; t o  improve the performance 
of space vehicles through the develapment of inproved pmpel lants  and equipment; and t o  work 
out practical, solutions for  the technical problems occurring i n  development and operation of 
l iquid propellant engines. 

2. JUSTIFICATION: 

The liquid propellant rocket; is the mainstay f o r  -prc;rPuiaioii ul̂  Lhe yr-aacut t%i& CGiiiiiiG 
generation of space vehicles. 
space exploration requires the developlent of several new high-performance ewines of different 
thrust l&vse~s~- These include a large booster engine, engines using hydrogen-oxygen propellants 
i n  upper stages, and engines using propellants t ha t  are storable for  prolonged periods of t h e  
i n  the space environment. 

To provide capability f o r  launching and propelling payloads f o r  

For missions aimed a t  launching large manned vehicles into o rb i t  around the earth o r  

Accordingly, a 1,.50OY000-pound 
f o r  delivering large fnstnunented payloads on the surfaces of the planets, booster thrust levels 
significantly greater than those of ICBM engines are needed, 
thrust  engine i s  now under development. Manned vehicular landings on the surface of the muon 
or planets with return t o  the e&h can be accomplished by clustering 4 t o  6 of these engines 
into a f i rs t -s tage booster. 



The full paylcad carrying capability of the booster engines can only be realized by the 
u~le  of upper stages equipped w i t h  engines using high energy propellants. 
ox;.gen as the propeUant for upper stages of space vehicles w i l l  increase carrying capabili ty 
about 50 perCent per Stage a8 compr*?- frl ~ ~ ~ C & f k i i - u i % . y ~ G l l  engines. One large engine using 
hYdrOgen-O~gen propellants is now imder development. 
feas ib i l i ty  of building an engine with a thrust level mii;aFle for  use w i t h  advanced vehicles 
on spice missions. 

The iise of hydrogen- 

Experimental tests h v e  demonstrated the 

A contract to develop a single-chamber engine of 1,~0,000 pounds thrust was lct i n  
1959. During the f i s c a l  year 1959, thrust  c&ber -bmdmre was fabricated and preliminary 
thrust  chamber tests were begun. 
of existing test facil i t ies to accommodate t h i s  engine and construction of one new t e s t  fa- 
c i l i t y  necessary for  engine tes t ing  were undertaken by the A i r  Force. 
c m n e n t a  stnd cxttmsive _tes?xbg...of.aLl.,&kmenfis af .-&he a@ne w i U  be started during the 
fiecal y.e&r 19@, Initial asmrakled -enwj~e- tests w i t h  continued component d e v e l o p n t  are 
schedd-ed f o r  the fiscal -year 1961. 

Other components of the engine were designed. Eilodification 

Fabricatii> of engine 

During the f i s c a l  year 1960, a development e f fo r t  w i l l  be in i t ia ted  on a large engine 
using high-energy propellants f o r  application to advanced vehicles. 

Applied research and experimntation as w e l l  as analyt ical  investigations on advanced 
engine ty-pes w i l l  be carried out. Applied research on engine problems i n  the fiscal year 1959 
was devoted t o  a determination of the feasibil i ty of large thrust single chamber boosters. '  In 
the f i s c a l  year 1960 applied research will include analytical and experimental investigations 
into wuses and methods of avoiding conbustion osci l la t ions in  large rocket engines, and applied 
research required i n  further developmnt of the 6,000-pound thrus t  storable propellant rocket. 

the f i s c a l  year 1961 applied research funds w i l l  @e.a@.so.cgntinue the  congution osc i l -  
la t ion investigations started i n  the f i s c a l  year 1960, and t o  s t a r k  a project t o  investigate 
liwid propllsn-t;s capble of be@ stored i n  6 s p c e  e~~irsmicxit, f o r  proiongeci t i m e  periods. 



The fiscal year 1961 advanced engine design investigations w i l l  include an investiga- 
tion to determine methods of simulating operatio-ngl ckqacterist 
model test& the-continsaL$on of InJector,. t&rust qhW-bg&- fer, and chmer 
fa r&at imyami t  UQSLQ~ g.r?iuen;t t a  s t o r ~ ~ e - w w e ~ t  ewines e 

qp engines through 

4. PROGRAM COSTS: 
Fiscal Y e a r  Fiscal Year Fiscal Y e a r  

1959 1960 1961 

Advanced technical development: 

Advanced engine design 

Amlied research on engine 
investigations...............,,. $3,558,589 $3,688, ooo $3,~0,000 

.................. probLems...... 420,000 1,470,000 1,800,000 
/Development of 1,500,000-pound 

Development of hydrogen-oxygen 

Development of storable propellant 

41,000,000 thrust booster rocket engine.... 10,000,000 24,200,000 

upper-stage engines............. --- --- 16,000,000 

e~ines...,..................... 2,000,000 970,000 800,000 

$30,328,000 $63,ooo,ooo 



NATIONAL AERONAUTICS AIVD SPACE AD3KttTISmTION 

FISCAL YEAR 1961 ESTllATES 

LIQUID ROCKETS 

Objectives 

The l iqu id  propellant rocket i s  the mainstay f o r  propulsion of the present; and coming 
generations of space vehicles. 
f o r  launching and propelling payloads for space exploration and t o  improve the performance of 
space vehicles through the development of improvedprqgllaflts and -. . - e p i p e n t ,  _. 

The purpose of t h i s  program i s  t o  develaP_.ass&&m&&itx 

Advmced Engine Design Investigations and A-WQne Problems Q 

The objectives of the  advanced l iqu id  rocket engine technology investigations are manifold, 

A second objective f a  t o  increase %he perfra-ce 
One objective is  t o  explore %he poten t ia l  inrsprovement i n  rocket engine performance Ghat caa be 
realized by use of  new h&&_?qe_m"Cj;y propellants, 
and r e l i a b i l i t y  o f  rocket engine syst;ems by development of unique or sfirrpUfied engine configura- 
tinns, A thfri i  object'ive i s  t o  provide ppxtdical, -" s o L w t i o n s m E 6  RroblernB occurring i n  tihe 
ireveiupeui wiii upecuLiuu ul" i i y u i i r  y.r.upeXieuiL e i l e ; L i ~ ~ : a ~  

It i s  the  nature of projects  i n  the m e a  of advanced engine design Investigations to be 
discontinued after a time f o r  lack of prornise OF t o  be supplanted instead by an active develop- 
ment program. a e z i f i c  exampies can be pointc2 tc in the se i a t iveb  s'n0z-k t h e  s p a  of projects 

t h a t  j u s t i f i e s  developent  .of._h'&xgeg---Z!&_eled eag&g.&fm _z&iaA. racket st;ageS* 
engine, of i 5 , o O O  pounds thrust ,  i s  currently under development, and requests ;For propos~4J.s have 
been m@$..-f&~->~g"Z~n~' g%&$gL -@-.z)&QJ-Q aw$ds thrug. 
t i o n ~ ~  along with the  a m l i e d  research on engine problems, lays the  ground-work f o r  future ad- 
vancement of rocket vehicle capability, 

auppuL&c VUY SuaNLL L-G@G&-& W& ~ ~ - u G e & - u Q - ~ . ~ s ~  &-<-& s"z.b.Z-b.f-~A~ 

One such 

The advanced engine design investiga- 
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Item - 
Support of hydrogen-oxygen engine research,., 
Investigations of hydrogen-fluorine as 

rocket pP~e l la31t s . . . . 0 . . .  ................. 
Investigations of short light w e i g h t  

socket engine nozzles..,.......4........... 
Investigations of pressurized (uzlpumped) 

engine ~s%emsOI .  .......................... 
Investigations of osci l la tory combustion 

i n  rocket engineso.04000. . .  ................ 
Studies of engine operating problems 

after prolonged coasting flight i n  space... 
S tuQ of propulsion requirements f o r  
lunar and planetary missions,...,,.,,...... 

Search for new high-impulse high-density 
p r c r p e l l ~ t s . . . . . . . ~ . . . , . . . . . o ~ ~ o ~ . , m o ~ ~ . ~ . ,  

Fisc& Year- 
%!29L 

$2,065 000 

1,070, ooo 

420,000 

4237 589 

Fisc& Y e a r  F i s c a l  Y e a r  
1960 1961 

400,000 d 
700,000 

1,588, 000 

200,000 

200,000 

--- 
$5 ,,158, ow, 

--- 
1,200,000 

2,200,000 y 

700,000 

400,000 Y 

300,000 

400,000 

Development of 1,500,000-Pound Thrust Booster Rocket Engine 

The 1,500,000-pound thrust engine i s  the l a r g e s t . s i ~ . - c ~ ~ . ~ ~ ~ t . ~ _ u n d e r  develop- 
ment by this c o u n ~ - ~ ,  
available rocket engine. 
w i l l  provide propulsion fo r  the booster stages of manned space vehicles. 
on the surface of the moon or planets with return t o  _e_arth can be accomplished with launch s t G e s  

space cr- w i l l  necessitate the development of l e c h  vehicles o f t l 3 s  thrust  level. 

I ts  thrust  l eve l  w i l l  be nearly ten times the thrust  level  of any currently 
The engine, which w i l l  use li-.-a-omea Ebga. $emosene as propellants, 

Manned vehicular landings 
_. -- _-  

..”-??A” uuI% a sliister ol” four t o  six of these engines. The boost stage of such a lunar vehicle w i l l  de- ...... lmdings with return of a manned tr,.l,.- vbAvy I.. U ~ U W C C U  6 J w ~ J ~ ~ ~  ~d 5;fi6fiic)C)(I) pQ1mdE of‘ %h”LSto 
- -  

Because of the high degree of r e l i ab i l i t y  that i s  required of a pmpulsion unit  tha t  w i l l  
propel men into space, and because such r e l i ab i l i t y  can be developed only by an intensive and 
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The engine development involves the fabrication and tes t ing o f  several anador components, 
and the i r  assembly and tes t ing as an engine, 
h o ~ s ~ p w ~ ; ~ _ - Q ~ _  -deve-lgpgxt of the t u r j m m ~  _~~.AQQs l a  -equ%valent $9 the develapmexl-l; of a large 
turbojet-  aircra-fl_engine. 
equipnent must be prepared and new assembly methods must be developed prior %o %he actual opera%fonal 
tes t ing of the chamber. 

Since __ -1-- the t u r b ~ ~ ~ ~ - 2 m . - ~ ~ ~  

The Lhmst chmber and in3ectci.r are of such size %ha% new fabricat$on 

To test the engine and i ts  components t&g=$est ef+~ds w e  u & e r  @~m%mctAon-a% EtwarBs  

The other s t a d s  are f o r  tes%fng the %hmst chamber an& the corn- 
Force Base, One of these i s  an existing missile t e s t  stand being mdif ied  f o r  tesefng the 

1,5009000 pound %$rust engine, 
pbete engine, 
way in-.J.me 12A02-_ -The first _engine tes%ing w i l l  be  h e  an %he ccnvertied missile standl and is 
scheduled t o  begin early i n  1962, 
missile engine test, stands at the Field BrcpuPafoa Labc?na%ory of RocketClgrre 2re being modified fcr 
development of the turbopumps gas generator, propellanf, valves, con’crds, and other components of 
the engine, 
duration f i r i ng  tests of a fill-scale non-regenseratively cooled thrust  chamber. 

The --.- thrust  - chamber test stand is now nearby hsomplete andl t e s t  work w i l l  be under 

In  addition -bo these stands at Edwards A i r  Force Base, former 

Some o f  these are already i n  useo One o f  these f a c i l i t i e s  has been used for  shm% 

Item - 
Fiscal  Y e a r  Fiscal Year Fiscal Year 
1959 1960 1961 

PreirEminary ~eSi~o*.o.ooa.O~O..Oo..oO..o.obr $7519 000 --- --I 

< /Q I  of )I I $L2) y& O(?Q gl&11g9 gog 

Component % e s t . . O . O . . O . o . . o . . ~ O O . O I . . . . ~ . ~ o ~  622 , 000 ........................... 14,683,000 Engine development 408,000 5 y 755, 000 
Engine te~%)~...~............ --- 
Fabrication and t e s t  equipment ............... 4,428,000 2,452,000 3l7,OOO 
P r o p e l l ~ t s ~ o o . . . . . . . .  ....................... --- l,200,000 3,708~000 

-*I I / -  ””” Cv~puriaiib Cev eiopmeni - e - . . - . . . - - I I e 

2,197,000 3,848,000 

................ --- 2,3259 000 

Total.............o......,.. $10,000,000 $24,200,000 $41,000,000 
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Development of Storable Propellant Engines 

Storable propellant engines w i l l  be used i n  m&Ll-pg~&&s o$-.t;he-ta-e- TequAred f O r  space 
trajectory correction, satePliLe orbi t  correc$%on, and at%i$ude control, and in rocket-m-ams 
which. mst _-- I cont I "- *- Storable propelblmts w5U 
<&-required f o r  accomplishing plane%arqy o f b i t s  o r  planetary landLngs, since the beast practical. 
t rave l  time t o  e i ther  Mars or  Venus is  of the order of several months. 
tory is  currently develaping a storable propellant rocket of 6,000-~-&- thrust, 
hyhzj.ne-~tco~n,-qt-tg$fde as propellants, 
gas propellants because of the reduced loss  of prqelbmts due t o  boil-off caused by the sunps 
r a a a t i o n  i n  qace .  

the  propellants over prolonged periods i n  space., 

The Jet Propulsion M o r a -  
This rocket uses 

Such propellants have an advantage over l fquif ied 

The 6,000 pound thrust  engine has already been f i red  suceessf'ully i n  s t a t i c  t e s t  stands, 
Testing (conducted both at the JFL and at the JPL si te  at  Edwards Air Force Base) i s  directed 
toward the objective of developing a re l iable  ready-to-use unit. 

FiscaL Year Fiscal Year Fiscal Year 
I_ Item -1959 1960 1961 



NATIONAT, AERONAUTICS AWD SPACE ARMINZSTRATION 

FTSCAL YEAR 1961 ESTTMCIZ1ES 

Fiscal. Year 1959 Fiscal Yew 1961 

$3,810,496 $6,000,000 $10,000,000 

1. OBJMITIVES: 

To develop the components and technology required t o  permit the developent of 
nuclear powered systems t o  deliver large payloads t o  interplanetary objectives. 
current emphasis i n  t h i s  program is  on solution of the many technological problems that  
now stand i n  the way of nuclear system development. 

The 

2. m~IcATI0N: 

The two  principal types of nuclear sys tms  that  are considered suitable for  
Lne propulsion oi b g h  p a y l . 0 ~ ~ ~  rocket systems In space are the nuclear heat; t ransfer  
rocket system and the e lec t r ica l  propulsion system using a nuclear reactor system t o  
generate electrica3 power. The Nuclear Systems Technology program supports the work 
on the nuclear heat t ransfer  rocket system and on the nuclear reactor e lec t r ic  power 
generating syatema. 

The nuclear heat t ransfer  rocket i s  a system In which hydrogen is  heated t o  
high temperatures i n  a nuclear reactor t o  produce Eopecific impulses i n  the rmge of TOO 
to1,OOOpounds of thrust per pound of hydrogen flowing per second. 
impulse 
l ivery of large payloads fo r  various missions requiring high energy. The nuclear 
rocket can be used i n  booster rocket systems as well as i n  the space environment. 

The high specific 
potentially available from the nuclear heat t ransfer  rocket permits the de- 



KLkhough early m h B s i 8  i n  the n11 8.r heat transfer mcke-b pregram w a s  on reeeasc’u. ai i ied 
at the developmeni of large thrust  o r  high reactor p ~ w e r  f i rs t -s tage mckets, the current 
g o d s  of the program are  aimed a% accmulatir& t.he neeeesa??y research ‘infoms;tlon required 
t o  develop a reactor flight test syscem tha-k muici be i.auwhti;i by c h a i c & l  rockets. Such 
e nysf.Pm eni i ld evenkiiallv be incornorated into a space vehicle stage whj.ch would take off 
for  i t s  interplanetary objective after having been ls.xn@hed !.IL%O an e&”b orb i t  by large 
chemical rock el;^. In ?,ME; ~ I : B Q ~ W ,  the IW3.A !.s w:3rPAr,f: ~ i t h  the Atomic Ehergy Ccmnission. 

Nuclear reactor electric& pcwer generating systems are requZredto supply the 
&lectrica.l power needed t o  accelerate charged par t ic les  o r  neutral  plasmas t o  high veloc i t ies  
i n  order t o  produce thrust  i n  the e lec t r ica l  propulsion system which appear t o  have good 
capabill t les f o r  space missions. (The accelerator or t h s t  production components of: the 
e lec t r ica l  propulsion systems &re discussed under the pmgrea eEtit led Space Power Technology, 
Analyses of space mission capabili t ies of these electr ic& gmpulsion systems have indicated 
that such systems will be competitive with the low thrust nuclear heat transfer rocket system 
described above. One of the disadvantages of the e l ec t r i ca l  propulsion system is  the long 
t r i p  time involved as the result  of the low ra t io  of thrust-to-stage weight. 
advantages of the electrical. propulsion system is  thert the e lec t r ica l  generating equipment 
may be used fo r  communications when the payload has been gmpelled t o  i t s  planetary objective. 

One of the 

It i s  one of the purposes of the present program t o  do the research necessaxy t o  
develop high power, light w e i & t  nuelear reactor elect4sic generating systems. It is  f e l t  
t h a t  the  development of such high power systems mst w a i t  for the accumulation of vwious 
fundamentdl data and resewch on crit ical .  components of the  system. 331 addition t o  the f’unds 
required f o r  appPZed research leading to advanced hZgb power sphn~s ,  funds are included i n  
this program t o  continue the development of a system fo r  cunveffeEng energy from nuclear heat 
t o  e lec t r ica l  power usin4 cuzTent;ly available infoma*fon. 
matched with the  
Energy Conmnsission. 
cations needs fo r  planetary missions as well as t o  test  early versions of e lec t r ica l  propulsion 
systems. 

T h i s  conversion system w i l l  be 
snU-8 reactor being developed at, the request of the NASA by the Atomic 

Thls  reactor e lec t r ic  system w i l l .  produce enough power t o  supply communi- 

“he m r k  u d e r  t.lris program is  divided in to  nuclear reactor e lectr ic  generating 
systems and nuclear hea2; transfer rockets. 
e lec t r ic  generating systems were used t o  design conversion equipnent for  a nuclear-electric 

The f i s c a l  year 1959 f’m& for  nuclear reactor 



In the f i s ca l  year 1960, the conponents of the nuclear e lec t r ic  syst,em w i l l  be fab- 
rica%ed and component tes t ing dli be ini t ia ted.  
required t o  permit the design of higher power, higher temperature systems will be expanded. 
For instance, work w i l l  be undertaken on the corrosion characterist ics of high temperature 
working fluids. The support of the reactor t e s t  pi*oQra will be expanded. The development 
of 8 pump f o r  operation under the conditions required for  early reactor tes t ing w i l l  be 
completed, a d  research and development on a pump drive system w i l l  be undertaken. 
on the rundamentd information that w i l l  be required i n  the design of nuclear rockets w i l l  
be expanded. The t e s t  loop for 
the study of 'radiation effects  at  cryogenic temperatures will be designed, fabrication w i l l  
be started, and preliminary t e s t s  w i l l  be run. 

The work on the fundamental information 

Work 

For example, work on shielding methods w i l l  be undertaken. 

In  the f i s c a l  year 1961 the first conversion system tests will be run as par t  of the 
nuclear-electric system ( SNAP-8) development program. Much of the Mdamental data required 
fo r  the design of components of a high power, high temperature system should be completed so 
tha t  early applied research design and exyjerimeixtd s t u a e s  shoU& be in i t ia ted  on c r i t i c a l  
components of such systems. In the nuclear heat t ransfer  rocket program, it is  planned t o  
develop the turbopump t o  full rated performance for use In higher power reactor t e s t s  than 
those considered i n  the f i s c a l  year 1960 p u p  development,. 
other non-nuclear componen-ks t h a t  will be required i n  the nuclear rocket system. 

Work w i l l  be expanded on the  

Advanced technical 6eveiopment : 

Nuclear heat t ransfer  rockets: 
)< Reactor t e s t  (&WET) support e *. . . . . . . . . $1,910,496 $3,000,000 $4,300,000 

Applied reseamh on nuclear rockets.... 1,100,000 1,100 9 000 1,000,000 
--- 200,000 

4,100 , 000 5,500,000 

+ Bread board engine design.. * .  . . . . . . . * * .  e- -  

% >  
-T- 

Total. * .  . . . . . . . . . . 3,010,496 
1 1 2  
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NATIONAL AEROMAUTICS AND SPACE ADMINISTRATION 

F I S C A L  YEAR 1961. ESTIMATES 

NUCLEAR SYSTEMS TECHNOLOGY 

Objectives 

This program covers the two principal types of nuclear systems that a re  considered 
sui table  f o r  the propulsion of high payload rocket systems i n  space - t h e - n ~ c ~ ~ ~ - h ~ a ~ t r ~ s f ~ r  
rocket sy_s_tem-agd-tm n g ~ & e s  e lec t r i c  power -genezat&ng system. 
o f .  t h i s  program follows : 

A description of the elements 

Nuclear Heat Transfer Rocket Svstem 

Reactor test (Rover) support: The NASA has the responsibil i ty for  supplying and 
developing certain non-nuclear hardw&e for-%he &C nuclear rocket reactor program. 
In  general, t h i s  non-nucl&ar hardware i s  equipment tha t  i s  required i n  nuclear rocket 
f l ight systems. 
t e s t  f a c i l i t i e s  wi%'h--the l iquid hydrogen and other propellants t ha t  are  required. 
reactor test support items are  l i s t e d  below: 

I n  addition, the NASA i s  responsible fo r  supplying all nuclear rocket 
The 

Pump development: A l iqu id  hydrogen pump i s  being developed for use 
i n  the reactor t e s t  program t o  pump hydrogen from the storage tank in to  the 
reactor during the t e s t  program. 
f l ight  systems. 

Such a pump is  also required i n  rocket 

Turbopump system development: The l i qu id  hyd-zogen pump mentioned above 
w i l - l  he d e ? e l ~ p d  tc its Pdl ra ted  Fiuw and pressure capability. A tlur_bine 
and A g.5 gener~ts: v:lL be d~-~-s:lqjsS LU G i v e  This  pq. 
bk ins ta l led  i n  the AEX reactor tes t  f a c i l i t y  fo r  eval.uation of reactor per-- 
fQ-EE2.TTce Vhen C G E b ' h e d  w i i h  the eharetcteristl@a of 8 turbopimp hydt.ogen pro- 
pellant feed system. 

 his cystc-, will 
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Liquid hydorgen cooled je t  nozzle: A l iqu id  hydrogen cooled j e t  nozzle 
is  required for  the AEC reactor t e s t  program t o  evaluate the e f fec t  of regen- 
erat ive cooling on reactor operation. In addition, the heat load on 8 nuclear 

hydrogen cooling is  necessary i f  reactor tes t ing  i s  t o  be possible. This i t e m  
covers the cost of developing a suitable hydrogen cooled nozzle and of conduct- 
ing the necessary advanced work at higher temperatures than those t h a t  w i l l  be 
encountered i n  the ear ly  t e s t s .  

reactor r0pke.t :e+- E Q T ? ~ ~  52 2~ (3---u *-an+ w v  -A b v I A u A u l v l l ~  ---J2L2---- *' wiuL w i i i  'ut: run T;na-c 

Liquid hydrogen and propellant supply: As mentioned above, the NASA i s  
responsible f o r  supplying the propellants tha t  are  required fo r  the nuclear 
rocket program. 
from Air Force f a c i l i t i e s  and the NASA has agreed t o  reiniburse the Air Force 
for_a l"~r_ the~-ro~e- l l lan t  used. 
the development of a l l  of the non-nuclear components mentioned above. 
dit ion,  nitrogen and helium are used in  the various t e s t  f a c i l i t i e s  t o  purge 
the system and t o  pre-cool or c h i l l  the system down so that excessive evapora- 
t ion  of the cost ly  hydorgen w i l l  be avoided. 

A t  the present time, the necessary hydrogen is  being suTglied 

Hydrogen is  used i n  the reactor t e s t s ,  and i n  
In ad- 

Applied research on nuclear rockets: The vork covered by th i s  l i n e  item i n  the NASA 
f i s c a l  year 1961 budget i s  aimed a t  developing the technololly tha t  is necessary before nu- 
c lear  _ _  rocket - systems can be designed, b u i l t  and operated. This technology involves prob- 
lems tha t  r e su i t  when the reactor and other components i n  the fiuclear rocket are packaged 
closely together as they would have t o  be in  a f l i g h t  system. 
experiments t o  determine and solve the problems associated w i t h  the use of hydrogen i n  a 
reactor radiation f i e ld .  The itenis included i n  t h i s  applied research phase of the program 
follow : 

It includes analysis and 

Rocket-system dynamics: The successful operation of a nuclear rocket sys- 
tem requires the analysis and develqment of a system t o  automatically control 
both the hydrogen f l o w  system clci the auclezr resctsl-. The i n t e s a e t i o ~  ul" td.1 
of the flow system and renct.nr cw-pnrer?+,c u s k g  b t a  obtnir;e0 &i-~-ii-~g citeac~ 
s t a t i c  tests or a l l  of the components w l L l  be malyzed so that adequate control 
systems may be degigqt?da These control sy~"Cei~i studieb w i l l  include tine analj- 
sis and design of systems fox automatically s t a r t i ng  up the rGcket--system, shut- 
t ing  it down so  t h a t  the reactor dc,es: n o t  burn up, and then res ta r t ing  the re- 
actor system so t h a t  the system may accomplish useful space missions. 

l_l_ - 
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Radiation effects at cryogenic temperatures: "he packaging of the non- 
nuclear components around the reactor in a nuclear rocket results in the op- 
eration of certain cgnsonents in a radiatiian fish at liqpid-hydrogen %emper- 
atures as low as 430" below zero. Although a considerable amount of work on 
the effects of radiation on the engineering properties of materials has been 
and is being done as part of the variuhs nuclear powerplant programs that are 
in process, no work is being done at the low temperatures that will be en- 
countered _I- - -_-I-- in the nucle& rocket.- 
fects be experimentally evaluated as part of our nuclear rocket applied re- 
search program. 
in the nuclear rocket than they are in other nuclem systems. 

I_- -_ 
It is, therefore, necessary that these ef- 

These effects may be much more important at the temperatures 

Shielding: The application of nuclear power to rocket propulsion will 
require -_____I shielding - - of the Layload and, very likely, of the hydrogen propellant 
tank. -- "-1 - For high power systems or for long trip times, this shielding may 
become so heavy that the payload capabilities of the system are seriously 
reduced. 
lation to the nuclear powered airplane, the shielding requirements and shield- 
ing configurations for space propulsion systems are sufficiently different 
that new shield concepts must be devised and new methods of calculating shields 
and using the experimental data must be devised. 
broken down into two areas: 
and development or methods o r  calculating space shields. 

Although shielding work has been in process for some time with re- 

This program is therefore 
analysis and experiments on new shield concepts, 

Liquid-hydrogen properties and instruments: It has been determined that 
_ _  maq-of -%he grcgerties o f  -,hat.-axe requc&- * hsysterp design and op- 
eration ~- __ - are unknown at this time. 
instrumentation that will be used to measure hydrogen conditions throughout 
the nuclew rocket so that these data may be sensed and fed into the automatic 
control system of the nuclear rocket. Because of the background of experience 
of the National Bureau of Standards Cryogenics Laboratory in this area,the 
funds included in this item will be transferred to NBS to determine the data 
that are necessary and to determine suitable means ofgea-sg$ng--such wmtit;les 
&%s.-h~~&~?ge~ mass flow, pressures I and temperatures 

In addition, it is necessary to develop 
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Hydrogen flow in  nozzles: A t  high temperat and low gressures, hydro- 
gen dissociates _-. - I- I - - from - i t s  two-atom molecule t o  the single atom. 
throu@;h a j e t  nozzle, t h i s  dissociated hydrogen has a tendency t o  recombine 
and release the- energy tha t  w a s  required t o  dissociate it. 
sociate-d _hydrogen is  recombined, then the specific impulse is  increased con- 
siderably. 
hy&-o@n-&oes recombine. 
t o  the w a l l s  of the nozzle in-such a recombining system. 
quired t o  determine the characterist ics of the flow of hydrogen through j e t  
nozzles so as t o  determine the effects  on specific impulse. 

In  passing 

If all of the dis- 

It has, however, never been determined how much of the dissociated 
It has a lso not been determined how heat is  transferred 

-I-.--___ - 

-_-__ 
Work is, therefore,re- 

Breadboard engine design: A s  part  of the nuclear rocket progrm, it is  recognized tha t  
f l i gh t  tes t ing w i l l  be required t o  evaluate the peculiar effects  of the space environment 
on the system operation. 
- itself " ..-----.11.---*- t o  extensive .-- fl i&t "^ t e s t  work. 
ponents of the f l i gh t  test system but not necessarily packaged or positioned as they would 
be i n  the flight t e s t  system i s  required t o  ground test the performance interaction pr ior  
t o  instal la t ion i n  a fl ight configuration. Such a system i s  called a "breadboard" engine. 
Be-design of the fliat test system and o f  the breaclbswd engine will be very closely re- 
lated. This item, therefore, covers design work on both the flight t e s t  system and the 
ground breadboard engine. 

It is, therefore, necessary t o  design 11- a sptem __-._. which - w i l l  ~ - "  ' lend , _" 

A system which contains all of the important corn- 

Item - 
Reactor test (Rover) support: -_  

nunp development ........................ 
Turbopump system development.. .......... 
Liquid hydrogen cooled j e t  nozzle....... 
Liquid hydrogen and propellant supply. .. 

Fiscal Year Fiscal Year Fiscal Y e a r  
1959 1960 1961 

$1 , 910 , 496 $1,500,000 $1,200,000 --- 400,000 1,~00,000 

--- 900~000 800,000 
e-- 200 > 000 800 I 000 

3,600;OoO h,30Q; 000 
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Opposite Page 180-5: 

Rocket System Qriaiifcs: Aerodet. Total  about $2,5OOK. 

Radiation Effects: Lockheed. 

LHg Yroperties: 

H2 Flow i n  Nozzles: Connell. 

Continuing program a t  about same level .  - 



Item - 
Fiscal Year Fiscal Y e a s  Fiscal Year 

1959 1 9 a  1961 

Applied research on nuclear rockets: __ 

................. Rocket system dynamics.. $100,000 $150, ooo 300 , 000 
Radiation effects  a t  cryogenic temper- 

Shielding: 
atures.....t..D........................ 1,000,000 300 , 000 100 , 000 

100 7 000 Analysis and experiments on new concept --- 70 , 000 

100 , 000 100 , 000 
Liquid hydrogen properties and instruments --- 150, ooo 300,000 
Hydrogen flow i n  nozzles................. --- 250 , 000 --- 

Development of method of calculating 
space shield......................... --- 

Flight system design studies.....,.....,. --- --.. 100,000 100 , 000 
1 , 000 , 000 1,loa,OOo 

200,000 Breadboard engine desi gn.........,......... --.. --- 
Total.. .................... $3,010,496 $4,100,000 $5 y 500 7 000 

Nuclear Electric Power Generating Systems 

s ~ N - 8  development: & g g e  e o ~ t s  of power are required t o  permit transmission of de- 
ta i led  information from interplanetary distances tha t  w i l l  be encountered i n  our space ex- 
pkra t ion i i i ss ions .  
systems and also I-_- f o r  accomplishing early missions using e lec t r ica l  propulsion. The SNAP-8 
system is intended t o  satisfy the many requirements f o r  power in  the range from 30 t o  60 

erating system is being conducted Jointly w i t h  -_._.-- the Atmic - - -  %era- Cummissio~-~-?he AEC is 
developing the reactor, reactor  controlsz nnd the ahia1r74-r. ,AAAVAUl+rej I G Y U L L C ~  -- - - - > - -  in The systez. Thc 
fluncis &&.rered by t h i s  liue i t e m  i n  the NASA budget cover the work t o  be supported under the 
NASA reqons-ibil i ty t o  deyelog @-e .=step $9 - g g w e r t  from the reactor power t o  the e lec t r ica l  
Bower aut$& and t o  integrate the reactor and the conversion equipment into an operational, 
re l iable  system. 

In addition, large amounts of power are required for  large communication 

- -__  - - -L--.-- - - -  
a& kilowatts. The development of t h i s  SNAP-8 nuclear reactor e lec t r ic  power gen- 
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Applied research on high power systems: 
SNAP-8, which are based upon cur-ent  ozerating temperaturep and existing; comgone.nts, are 
limited t o  el.ectz-i-c-g oytputs of 4 f ew kilowatts, suff ic ient  t o  meet auxiliary power re- 
quirements and also provide power f o r  a l o w  t . h n ~ s t .  e l w f r i p  rccket. 
e lec t r i ca l  output could be bu i l t ,  but they would be too heavy fo r  space applications. 
Developgnt of nuclear e l ec t r i c  generating systems of high e l ec t r i ca l  output f o r  use w i t h  
higfi-serformance.e~~~tric rockets w i l l  require extension of our current knowledge of work- 
ing f l u i d  properties t o  higher operating temperatures. Also required i s  the development of 
high performance, l i gh t  weight components, capable of operating continuously and unattended 
for_m*%onth6, perhaps years. The applied research program on high power systems is  aimed 
a%-developing the technology of nuclear e l ec t r i c  generating systems t o  meet these future  re- 
quirements. 

Nuclear e lec t r ic  generating systems such as 

-* @ ~ r ~ + - c  - "-" t?? k.,i$zr 

The following items are included i n  th i s  program: 

Effect of mace environment on materials: 

Jb iss iv i ty  studies: 
system w i l l  be rejected toypace  by a radiator,  €he efTiciency of 
w m T e @ n &  upon the e d s s  ty, a property of the rad.iating 
surface. &der the low vacuum of space, the  surface cond9tion 
and therefore the emissivity of a given materid w i l l  be different  
from tha t  i n  the atmosphere. 
m T b o i l  off under the low vacuum conditions i n  space. 
s i v i t y  of radiator materials is being measured under vacuum conditions 
l i k e  those i n  space t o  provide necessary radiator design data. 

The waste heat from a nuclear e l ec t r i c  

For example, coat&xs on th@ s 
The emis- 

-___-I 

Meteoroid damage experiments: Since the radiator is  the  la rges t  
exposed component of a space power system, it i s  vulnerable t o  damage 
&m@tzoroids. 
greates3 single contributor t o  o v e r a l l  wei@;ht and therefore must be 
dKsimed for  minimum possible weight. To axrive at  as precise a de- 
sign as possible, the concentration and the penet.rebility ~ ? f  ~etecr= 
roids must be established. 

cogxtte~s_with -mete-oroids in s p c e =  The fmdizlg i= t h i s  iteni I s  for  
design of such s a t e l l i t e s  and experiments on the instrumentation t o  
be used. 

--_I I __x__-_.-- -,-"---̂ .--- 

Also because of i t s  la rge  s ize  the radiator  i s  the 

This i s  t o  be RcrnmFlisheC! by maa_n_g cf 
instrumented _ _  satellites wnici? w i l l  detect  and t i t  data .pZ en- 
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Liquid metal and vaporized metal technology: 

Property data: Design of high power, light weight, nuclear 
systems reauires knowledge of many pro?eFt.ien n f  +he trcr.kFr_=; 
fluid not now available. An example of one such property is the 
amount of heat required to vaporize a given quantity of the liq- 
uid. 
fluids at the high temperatures required in high power systems. 

Fluid properties are to be measured for useful working 

Boiling metal heat transfer: Another property of the work- 
ing fluid reauired for desian is the rate at._.whigh-heat must be 
SUPEl A9-C - for:bois_lQ&m->xQi&&~& _/luid-as_~&$- entJer_s_-?fi%kg%l.er 
Similarly the rate of heat regection in the condenser must be 
known. These heat-transfer properties are to be measured at 
high temperatures in the working fluids that will be used in 
space power systems. 

____-_ -____ -r .- - .-XI_.--"------_-_l-__l___j,* _.- 

Corrosion tests : D-e~-w~rkig&l-k~d& t_c! bs__us@in.. nuCl9.q 
emperatures . 
* - x , . ,  - * - -  

electric systems are highly corrosive at the 
Tests must be perfosed td determine their-csatibility with the 
yarious- materials which they will encounter. h-ch'-ic-known today 
about corrosion properties, but very little at the high operating 
temperatures of advanced nuclew electric systems. 
the type which have been run at low temperatures will now be ex- 
tended to higher temperatures. 
ment materials will be studied. 

Experiments of 

Various working fluids and contain- 

System design studies: As design information becomes available from the 
These applied research program, it must be applied to system design studies. 

design studies are necessary to evaluate the performance of various systems and 
to pinpoint problem areas or components requiring fur ther  work. It. Fe e-qected 
that this will be a continuing effort, constantly advancing t m  higher I p ~ r p l s  cf 
SYS~SE perfomrice __ - I-_ I -- 
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Liquid metal component tes ts :  

H i g h  temperature generators: Appiieci research on this  
component w i l l  be aimed a t  akhieving ef f ic ien t ,  re l iable  opra- 
t ion a t  the high operating temperatures that  the generator w i l l  
be subjected t o  in  the advanced nuclear e lec t r ic  systems. 
addition, t h i s  item w i l l  cover the work necessary t o  insure 
sucessful generator operation i n  the presence of high-t6mpera- 

In 

--- - 
ture m e t a l  vapors. . _  

High-temperature m e t a l .  vapor turbines: The turbine i s  
driven by a vaporized working f l u i d  and, for high powsr-axGtems, 
a -_ vaporized ,- b L l iquid m e t a l  w i l l  probably be used. 
drives the f lu id  pumps and the e lec t r ic  generator. 
ing turbines of higher power tha t  are capable of operating at  
higher temperatures than i n  current systems, several areas of 
research must be explored. 
of l i q u i d  droslets mixed- with the vapor entering the turbine. 
The attainment of high efficiency i s  a necessary requirement. 
This item covers applied resemch on such advanced turbines. 

The turbine 
In  develop- 

A typical one i s  the grro-Eive-action 
I -_  

Condensor-heat rejection systems: _-_ These .- systems __ re jec t  . 

the- waste heat o f - ~ ~ e _ - ~ l e ~ ~ r ~ c " ~ @ ~ r a t i n ~  wsrking cycle. 
vaporized m e t a l  -workinK f lu id  is  Ccmnyas&ed Anta 1iW-h i n  
general,- is-. cooled. Because of the need for  l ight weight 
systems, -these units must be characterized by a highly e f f ic ien t  
s t ructural  design combining large-radiation ._l_l___I- surfaces, "~ minQum 
weiRht .  anxl-L~w_n&ne~rbility t o  meteoroid damage. 
systems these large heat re,jection radiators w i l l  have t o  be 
stored in  the vehicle nose cone and erected or  extended t o  the 
oprz-t-ing configuration i n  space. Operation i n  the weightless 
environment nf space i s  another requirement t o  bedeveloped and 
s t . u l ed  i~ ccn&zscr-heat r e 5  ez t ic jn  SYijteiiis. rzilis iieveiopment 
and applied research work i s  covered by the funds indicated. 

The 

In high power 

_ " _  
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Liquid meta bearing and seal tests: Some of the most 
difficult design problems i n  a liquid metal system are in the 
betring and seals cf the rotating u n i t s  c q w - *  L u h i n e ,  
electric 8;enerat~r.-~-d--~gnp.. These units must operate -.-- -..--. una$- 
tenaea TOP many months and even years at high rotational speeds, 
high temperatwes, in contact with comosive fluids, Methods of 
insuring adequate bearing lubrication and cooling using the metal 
working fluids must be experimentally studied. Development of 
fluid seals must proceed concurrently with the bearing studies. 

.- --- 

Fiscal Year Fiscal Year Fiscal Year 
1959 1960 1961 Item - 

$600,000 $1,000,000 $2,000,000 SNAP-8 development.O..O.O...... ........... 
Applied research on high power systems: 

Effect of space environment on materials: 
Rnissivity studies.................... 
Meteoroid damage experiments. ......... loo, 000 

loo , 000 
100,000 
100 , 000 300,000 

Liquid metal and vaporized metal technology: 
Property data......................... 
Boiling metal heat t.ransfer....,....., 
Corrosion tests................,....., 

200,000 
200,000 
300,000 

300,000 
300,000 
500,000 

System design studies..........O......... 100,000 --- 
Liquid metal component tests: 
High temperature generators,. ......... 
High temperature metal vapor turbines. 
Conriensor-neat rejectLon systems... ... 
L i q u i d  m e t a l  ‘ nea r i~g  EEG sea’  tests. ~. 

300,000 

l o o  .. ooo 
100 000 

e-- 

--- 
-e- 

sou, 000 
2 , 500,000 200,000 

$808,000 

goo ; 000 

$1, goo,ooo 
7 B 4  *i! 
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Fisca l  Year 1959 

--- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

SPACE POWW TECHNOLOGY 

F isca l  Year 1960 

$4,814,000 

Fiscal  Year 1961 

$8,000,000 

1. m m m s :  

To develop e l ec t r i ca l  thrust  devices and e l ec t r i ca l  power supplies based on energy 
sources other than nuclear reactors f o r  application i n  space vehicles. 

2. JTJSTIE’ICATION: 

Nearly all space vehicles require an e l ec t r i ca l  power supply (auxiliary power un i t )  
t o  provide e l ec t r i c i ty  fo r  operating instruments, c o m i c a t i o n s  and other equipent .  
c e l l s  and ba t te r ies  are usually used, but for power requirements of 0.5 t o  30 e l ec t r i ca l  
iuiowatts, other systems snouiu De aeveiopeu Which w i l l  have a iower Weight, nigher relia- 
b i l i t y ,  o r  lower cost. Solar-heated systems using mechanical o r  s t a t i c  power conversion 
equipment appear promising f o r  long duration missions i n  space. 
systems are desirable f o r  cer ta in  missions. 
liuel c e i i s  are desirable for  energy storage in. conjunction w i t h  solar auxiliary power un i t  
systems. 
the  Department of Defense, it is  possible for NASA t o  l i m i t  i t s  program on auxiliary power 
units i n  the  f i s c a l  years 1960 and 1961 t o  the development of a 3-kilowatt solar auxiliary 
power unit, with limited support of applied research and development on advanced so lar  and 
chemical systems. 

Solar 

Chemical auxiliary power 
Improved storage ba t t e r i e s  o r  regenerative 

By piacing reiiance on the progress to be mat ie  i n  various programs sponsored by 

Electr ical  propulsion systems are desirable because of t h e i r  low propel lwt  consump- 
t i on  f o r  cer ta in  space missions. Applications include a t t i tude  control, o rb i t  correction, 
main propulsion, and vernier control of velocity f o r  spacecraft which have i n i t i a l l y  been 
boosted outside the ear th’s  atmosphere. Research and development i s  needed on propulsion 



by means of arc plasmajets, ion rockets, and plasma acceleration systems, for potential 
use with nuclear-electric and possibly solar-electric power supplies. 

Funds f o r  the f i s c a l  year 1960 will be used t o  init iate the  development of a 3-kilowatt 
s o l a r  auxiliary power unit, and t o  conduct applied research and component development on ad- 
vanced solar and chemical power systems and on arc plasma jet and ion propulsion. 

Funds fo r  the f i s ca l  year 1 9 6 1 w i u  provide f o r  the continuation of applied research 

The scheduling of the development of electrical. propulsion systems w i l l  
and component development projects and for i n i t i a t ing  the development of plasma j e t  and ion 
propulsion systems. 
be phased t o  match the  avai labi l i ty  of e lec t r ica l  power supplies, such as the SNAP-8 nuclear- 
e lec t r ic  power system. 

4. PROGRAM COSTS: 
Fiscal  Y e a r  Fiscal  Year Fiscal  Y e a r  

1959 1960 1961 

Advanced technical developaent: 

Applied research and development,..,.. --- $1,914,000 $4,400,000 

development.... .................... --- 1,600, ooo 2,100,000 

~00 ,000  ao0,000 research and development;... --- 

and development.... ................ --- 600,000 700,000 

Solar auxiliary power unit  

Plasma je t  rocket engine applied 

Ion rocket engine applied research . 
........ 

TOTAL......... $8,000,000 



NATIONAL AERONAUTICS AND SPACE ADklIIVISTR&TIOPJ 

SPACE POWER TECHNOLOGY 

Objectives 

This program covers two m e a s  of advanced technical develolpnents: spac2 grog-rn-ion and 
aux-liaq pgmr uni9.- The objective of the  space propulsion program is t o  develop the tech- 
nology of e l ec t r i ca l  thrust  devices which meby ultimately be applied with nuclear-electric 
power supplies f o r  propulsion of spacecraft on lunar or  p l m e t w y  missions. 
e l - r i c a l  proms 
par t ( c? l r l a .P l v -z t r i p  g3anetary missions. 

The use of 
-sx6tem~; is  Wtsnt iaUy auperiax t o  cbmicab or nuclear heated rockets, 

The reht j ive advantages of e l ec t r i ca l  propulsion can only be assemed aFter fur ther  
stal f??i&t t e s t a  of one research and development. A primary goal i s  t o  ~ ~ c ~ ~ . ~ ~ e r  

OF more tries of e lec t r ica l  sockets w i t h  the 30 W ~ w - 8  nuclear-electric power supply i n  the 
1965 t-i.-_period. 
f o r  plannhg propubion developnents i n  the 1965-70._tagm~epi0d leading to later plaaetasgr ex- 
ploration missions. 

m e  resul ts  of these f eas ib i l i t y  demonstration t e s t e  w i l l  provide crucial  data 

The objective of the auxilirxry power units pro@;pam is to develop the technology of gene- 
rating e lec t r ica l  power fmm solaJs and chemical energy sources t o  permit the development of 
lightweight, re l iab le  space power supplies which w i l l  be c r i t i ca l ly  important systems i n  a l l  
payloads of spacecraf’t. 

Applied Research and Development 

&oDellant feed. S y & e  cmgsce~?% f ~ r  phijiii~i rocket engines: The objective 0% this project 

The f b d s  requeste0 i;; the fix&. year i961 w i l l  LnLtiate se~w&.deslga and dev0-t  

, is t o   de^^^, & c a w u w  the 
of prope-ts t o  an arc  phemSget engine &ti luw flow sates f o r  mission durations of several 
wgeks. 
on tankage, insulation, pressurization systems, flow controls and milvKyhich are  applicable f o r  
use v i th  8 30 kw (0.5 pound thsust) arc  plasmajet engine. -._I____ -__ 
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Ion engine system components: The objective of t h i s  project i s  t o  develop engine and pro- 
pellant feed system components for  a 30 kw ion rocket engine which will generate 0,1 pound thrust. 
The fiscal yeas 1961 funds w i l l  i n i t i a t e )  component development fo r  an engine system which would 
underno pound te 
the Snap-8 nuclear-electric power supply. 

9 $2 1=_h_p_y$n&l 2eL-C 1962 ts A 7 W - r  ' r \L ' .  l";i&L Lssiing in aoou% Ly6> with 

Plasma acceleration engine: Since there is  an optimum value of j e t  velocity which should 
be used by an e lec t r ic  rocket fo r  each category of space missions i n  order t o  maximize payload, 
it w i l l  be desirable t o  have a, flexible e lec t r ica l  thrust device w U c h  can vary its je t  velocity 
( q e c i f i c  --I.__ __ ig$l+se) t o  s u i t  the  mission 
accelerate an e lec t r ica l ly  conducting gas shows promise of being comparable i n  efficiency t o  ion 
propulsion and t o  have the advantage of being qble t o  operate w i t h  specific impulse as low as 
1.QO-secondg axid as high as 10,000 seconds o r  more. 
lunar missions whereas the higher values w i l l  be needed f o r  planetary missions. 

The use of electsonametic fields t o  

~ _ - - .  - " 
The lower values are actually optimum f o r  

The objective of t h i s  project is  t o  obtain research data and t o  establish the f eas ib i l i t y  
of plasma acceleration devicesr f o r  potential  application i n  nuclear-electric propulsion systems- 
The fisc& yeax 1961 funds w i l l  i n i t i a t e  applied research and component development of plasma 
acceleration devices capable of operating a t  a specific impulse o f  l15-0O t o  3,000 seconds w h i c h  
is optimum f o r  propulsion and orbit  control i n  the v ic in i ty  of the Ea%th-Moon system. 

Thermal energy stomge: The purpose of th i s  project is t o  obtain b a s i i ~ - ~ h ~ ~  a d  
plqsical  data on lithium hydr;ide as a, material f o r  storing thermal energy fo r  use i n  solar- 
mechanical. or solar-thennoelectric space power systems. Lithium hydride has a high heat of 
fusion and appears t o  be very desirable f o r  providing heat storage f o r  solar-power unit  opera- 
t ion while i n  the ahadow of the Earth OF Moon. 
fgr I_transfer t o  the AEC- to-qeasure basic properties and t o  test  experfmental components. 
f'unds are needed f o r  t h i s  -_ project -- - i n  the f i s c a l  year 1961. 

%e fisq&-.Xear-&y@ f'ynds- have been p r o g r m e d  
No 

S o w  collector: Funds in  the amount of $30,000 were assigned t o  the Langley Research 
Center i n  %he f i s c a l  ye%-1960 to rrnviite ~3qA-pzeat f ~ r  t,gti-,g X-foot  d i a e  so ia r  collectors 
of the aluminized pletstic ynjb@& kYvpej vkich 2 ~ s  ~ s . z z i ~ ~ L j j  pxziisizg Top Very  i i@,wpigbt .  
coilstruction t o  be used with heat-power conversion systems. 
pro.iect inkhe-.. f i s c a ~  year lW.. 

No funds are needed for  this 
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Solar-thermionic power systems: The objective of t h i s  project is  t o  advance the  tech- 
nology of solargthemionic power systems which is already receiving substantial support from 
the  A i r  Force. 

or  hi@es needed for use with thermionic pwer csm~erters. 
continue cctmgone~t develoments in i t ia ted  in  the f i s c a l  year l g b  and w i l l  provide fop simula,t.M --_. 

s&ac_e envirogmental tes t ing of solar concentrators and satellite te&ing of ref lector  material 

The emphasis i s  on proving the feas ib i l i ty  of very a c c u r a t ~ ~ n d _ l i & h g ~ e i g h t  

The f i s c a l  year 1961 funds w i l l  
FI which nre manahla cf rrere-zti-;; $kc ~ ~ ; ~ ~ ~ ~ - ~ - ~ ~  ;f zsc$nr reflecting solar concen -'A -- 

samples. 

Silicon c e l l  ( so la r  battery) arrays: The purpose of t h i s  project is  t o  conduct resegspch 
on the-efcectq- of the-sJace_ enviroF-ent- (XmdiatJon and meteoroids) on the performance of solar 
bat te r ies  and t o  develop advanced techniques f o r  s t ructural  - -____ __  mounting, -- protecting against the  
space environment, and attaining proper temperature control. These problems demand continuing 
ef'foPts i n  order t o  improve the l i f e  and r e l i a b i l i t y  and t o  reduce the weight of photovoltaic 
power systems. 
ment being in i t ia ted  with f i s c a l  year 1960 funds. 

The f i s c a l  year 1.961 funds w i l l  continue applied research and component develop- 

Electrolytically regenerated fue l  cel ls :  L t  i s  desired t o  develop a regenerative-@el .- 
c e l l  which can replace nickel-cadmium bat ter ies  as an e lec t r ica l  energy storage system f o r  use 
wIEh"soh c e l l  o r  solar-themionic systems. 
which can be recyclkd f o r  
supply while i n  the sun and providing power while i n  the shade of the Earth o r  Moon. 
year 1961 funds will provide fop-e-nvironmental and l i f e  tes t ing  of fue l  c e l l  and electrolyzer 
cmpoaents and f o r  the continuation of research and development started with f i s c a l  year 1960 fiids. 
A prototyge system i s  planned for  1963:1264. 

The advantage w i l l  be a much l ighter  weight system 
thousand . _. ." _ _  orbits,  storing e lec t r ica l  energy from a srl& power 

The f i s c a l  

Hydrogen-oxygen fuel  cel l :  The purpose of t h i s  project is t o  develop a modular type 
hydrogen-oxygen fue l  c e l l  system t o  produce from 1 t o  5 kw f o r  application i n  unmanned o r  
manned lunar circumnavigation vehicles or  i n  short duration (1 t o  2 weeks) qanned orb i ta l  
laboratories i n  the 1964 t h e  period. 

Solar power conversion and sun-orientation s y ~ t ; e m ~ *  The & $ ~ ~ t ? y e  cf this pro$ezt is 
t o  condG?L expiosaiory studies anU research, and t o  perform tests t o  determine the re la t ive  
merits of various t l y p n  of power c-anver-sior? ~ y s t e m  a& cf q a  orig-,t&icjo --&tans a h p t a t i e  
t o  solar auxiliary power urait,e, 
heated auxiliary power units.  

The prograan w i l l  concentrate on supporting research f o r  solar- 
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I t e m  - 
h f i 2 . 6 n + e  A- ------ - * - - - .u - -vu  vu U y W b G  ~ & U ~ U l b l . U U ;  

Development of propellant feed system 

Development of ion engine system ccxnpon- 

Plasma acceleration engine research and 

components for  pla~ssla rocket engines.. .. 
ents.................................... 

development.. ........................... 
Projects on auxiliary power units: 

Research and development on thermal energy 
stqrage. ................................ 

Solar coUector research. ................. 
Solar-themionic power s y s t a s  research 

Research and development on s i l icon  cell  
(80l.w battery) arrays. ................. 

Research and development on electrolyti- 
cally regenerated fuel, cells.. . . . . . .  .... 

(( Hydrogen-oxygen fuel c e l l  developnent. .... 
Studies, resewch and development, of solas 

power conversion and sun-orientation 
s y s t ~ s .  ................................ 

and development. ........................ 

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

Fiscal Year Fiscal Year Fiscal Year 
1959 1960 1961 

i 
914,000 Ji?; ~0,000 ) 

$1,914,000 $4,400 , 000 

: The objective of t h i s  project, is t o  develop 

?This 
a 
an_d_Bgace zrcrbes; of tihe C e n t a x  PLnd Saturn class for  mission8 i n  the time period 1963-1968. 

ergy for general purpose usage in  satellites 
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power system will be capable of continuously ge-ne--e&' 
be adequate for  e.dvanced meteorol6$k<l satel-l*s -=- -a&d.liks,-mauxed 
or  unmawed orbital labkmtories,:-d for  wide bandwidth cormmication from space probes. 

of e l e  c triaLgok?er, which w i  U 

The project w i l l  include the f l igh t -&-e$ ,s t  of an e ; l i y e r ~ l _ J t r a t a ~ e  i n  a t e s t  
vehicLe--+ 1963 and the  ground demonstration of one-year l i f e  capability i n  196k 
for operational prototypes w i l l  be dependent; on f?,&tier studies of pay1ck.d rec$xi.rements for 
specific missions. 
1960 based on competitive evaluation of several  types o f  solar energy collection and power 
conversion equipment. 

Firm p h n s  

The solar power system development i s  being in i t i a t ed  in the  f i s c a l  yeax 

I t e m  - 
Fiscal  Year Fiscal Year F isca l  Year 

1959 1960 1961 

$a, 600,0oo $2,100,000 3 kw SOW auxiliary power un i t  development.. --- 

Plasma Jet Rocket Engine Applied Research and Development 

b kilowatt a rc  plasma je t  engine: The okgective of this projeet i s  t o  es tabl ish the  
f eas ib i l i t y  of using opesT o r e  jjm&l,& R $9 heat a f l u i d  and t o  expand it controllably at 
h i 3 g h _ ~ e t _ _ v e _ l o ~ % ~ ~ t ~ ~ - ; l e t . n o z z l e s  Lo provide ----- .." t he  _ f  - necessary torque t o  control the  angular orienta- 
t-- 
f o r  a t t i t ude  control and mul& permit long durations ofTGn--%%h a minimum wei&% of fluid.. 
The fiscal year 1961 funds w i l l -  supporf continuation of research and development in i t i a t ed  with the  
f i s c a l  year a960 funding and w i l l  provide for ground =bs-stL~ of a feasfblUtg demonstration model 
of a plasma j e t  a t t i tude  control system. 

T f  feasible, t h i s  system would replace gas bot t les  which are presently used 
_-_-_ -.. I - - 

30 kilowastt a r e  plasma J e t  engine: The objective o f  t h i s  project i s  t o  develop the  first 
electric-81 thru.s-t; -_Ei_evice fo r  e c e  
swa;;rply i n  the a965 time period, 
of two ~o~-mm__o%_ft i n  tJh&t%zad- -yQi@hthg Cents:. w-plhbce in a 24-hour orbit ( e  

for b t e r  lunar and phnetary  missions. 
of a 30 ?m prototype engine which would undergo p r e l e x  fli@*t r ~ t i n g  t e s t s  i n  f i s c a l  years 1963 
and 1264. 

1. %Xi@% testing with the Snap-8 nuelem-electric power 
e@.t;Tie profulszon system may pemit an hckease by a factor -_ - - - 

& act ive corn- 
I?.y..yv.ca+J..- uAuAL --.?"-?-! D a u ~ ~ ~ u G ~  * & - \  a6 -dll provide test ikte n e e h i  t v  choose Yne optimum propulsion sys.terns 

%h% fiscal yeasp 1961. m d b g  W%LI hitiake development 

__-___ - 

182-5 



Fiscal  Year Fiscal  Yew Fiscal  Yew 
- Item 1.959 1960 1961 

1 kw w c  plasma j e t  engine research and 

30 kw a r c  plasma jet. engine research sznd 
--- $200,000 $m,ooo 

development. ...,. . . . . . . . e . O . . O . . O . . . . . . . . . .  --- 500,000 600, ooo 

development. ......... . O . . . P . . e e . O . . D o O  o o ( 1 8 ' 1  

Ion Rocket Engine Applied Reseazch and Development. 

A l k a l i  metal ion engine: Solutions are needed t o  the  seveml c r i t i c a l  applied research 
problems which 8% present delay the  developent of alkali metal ion engineso 
we related t o  cesium-ion sourcest sputtering erosion of electrodes by ion beamn&~.&heam 
neutralization, 
applied research in i t i a t ed  i n  the  f i s c a l  year 1960 and win provide additional research r e su l t s  %o 
support the development of a 30 kw ion engine. 

These key problems 

The mds-yequested for the f i s c a l  year a961 will provide for  a continuation of 

Bombardment-type ion engine: The objective of t h i s  project is t o  es%&blish the  f eas ib i l i t y  
Considerable experience of m ion rocket engine based on an electron bombardment -type ion sowpee. 

has been obtained with t h i s  type of ion soume i n  other technical fields, but it is  not c lear  
whether such IW. ion source 
must use alkali metals such as re la t ive ly  expensive cesium. The bombardment-type source is  
par t icular ly  desirable because it would pemf-k the  use of more available and less expensive 
propellants. 
the f i s c a l  year 1960 fun- and w i l l  provide additional. research r e su l t s  t o  support the  develop- 
ment of a 30 kw ion engine. 

be made zompraaable i n  efficiency t o  a conta&-type source which 

The f i s c a l  year 1961 f'uncb w i l l  provide for a continuation of research in i t i a t ed  with 

stem 
Fiscal Year F isca l  Y e a r  F i sca l  Year 

195-9-- 1960 1961 



NATIONAL AEZONAUTICS AW SPACE ADMDTISTRATION 

F I S C A L  YEAli 1961 ESTIMATES 

Fiscal. Y e a r  1959 

$6,048,000 

Fiscal. Y e a r  1960 

$2,800 , 000 
Fiscal  Year 1961 

I. OBSECTIVES: 

To develop a highly reliable, - ~ - versat i le ,  . \___^  - and _"^ ineqensive ---- - I -  ve&.c_le t o  extend capa- 
b i l i t i e s  for aemdynmTG& spacd research. 

2 e JlTSTIFICAlcION: 

The Scout vehicle i s  a natural  extension and ewla t ion  of the ml t i s t aged  solid 
propeZLmt rocket systems that have been developed over t he  iasL tell yews foi- M.&i-\-eloeity 
aeradynstzic and reentry research studies. 
strated a very high degree of r e l i a b i l i t y  i n  operation. Tne systems also co&ine s h p l i f i e d  
iog i s t i c s  and handJ-ing inherent i n  solids so t h a t  8 re l iab le  and inexpensive vehicle can be 
achieved. 

"he so l id  propellant rocket systems have Genon- 
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The Scout vehicie consists of four ____ solid - rocke$_sta,ges vhose perf~ma;.lce i s  
Yne gniamce system representa+,lve of a d m m w d  s t . ? . % e - o f - t h ~ - ~ r ~  szLl& przlpelia~Ab 

incorporates Zhree-~z;iris s tabi l izat ion 173th a d ig i t a l  pi tch programmer and coG1ett.l 
vvilv L I y u ~ ~ ~ .  

t . e .  f irst  stage, peroxide reaction Jets f o r  the second =id th i rd  stages, aid spir: 
stabillzazion - for  G l w  fc$r%h stcge, 
of 150-200 __ _ _  pound. in c i rcu lar  orbits at  300 miles; f o r  placing 100-pound pa3;loads at 
about 5,000 mils alt i tudes;  fo r  achieving very high-velocity reentry; and f o r  use i n  
space target identification and guidance system evaluation. 

“_v....,. ----A- At.~uci,vriamic C O ~ S O L S  consist of j e t  vanes a d  ae rodyr ,dc  surfaces Tor 

Xt ~ 2 . I . l  have capabili t ies f o r  launching payloads 

The use of sol id  propellant motors, the simplicity of components, and the 
s implici ty  of launching and handling techniques will allow launching of the vehicle 
from a variety of sites including the  NASA’s Wallops Station. 
and launching costs are involved. 

A minimum of handling 

3. PROGRAM COSTS: 

There are four major areas of development i n  the Scout program: the proE1- -- 
sion system, the guidance system, the airframe and the  launcher, Contracts l o r  the 
d&elopment and procurement of components i n  all four areas were in i t ia ted  i n  the f i s c a l  
year 1959. 
and . a3.r frames, and one launcher. 
ponents fo r  the Scout vehicle w S l l  TP rm$.eto2 is the fiscz,l year 1960, 
gcildmce syAais aid airf7mtli:t.s -LO complete The pracurement f o r  a total of  eight vehicles 
w m  also be accoqlishedl i n  the f i sca l  year igGG, 
i n  the period - January-Julj 1960, While the prlxL&y purpose of these f l igh ts  w i l l  be ve- 
hicle  evaluation, useful pzyloads ~211 be incorporated on all fligh-ts except the first 
one, 
q2roximately tvo month intervals and w i l l  Incorporaxe specific payloads t o  carry out  
useflrl rssearch programs 
Sir,ce it; is ss%iafp&ked tiitti Line cieveiopment flight tests will be ccmpleted during the 

year _-- 1961. 

The procurement includes eight sezs of propulsion units, four ggidwce systems 
The develoyment and qualificazion of all. the basic corn- 

Four aabr iona l  

Four vehfcle f l igh ts  w i l l  be conckcted 

The balance of the tight vehicles w i l l  be f i red  during the  f i s ca l  year 1961 at 

Additi0n.d data will be obtained on vehicle performance. 

f i a r - a l  7rn -w A,yI, I C - I L ~  ;IS S L Z J t i u r i a i  i’uricis ~ B V P  beer, SU~GZ-~ZS ,=&E? t I i i 6  pi7ogr.u f o r  i2-scal ----- d - - -  
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NATIONAL MRONAUTPCS AND SPACE ADMINISTRATION 

SCOUT - 
Ob j ec t ives 

The purpose of t h i s  program i s  t o  develop a highly rel iable ,  versat i le ,  and inexpensive 
vehicle t o  extend capabili t ies fo r  aerodynamic and space research. 
the basic MASA family of orb i ta l  vehicles and w i l l  be a "workhorse" for  s m a l l e r  s i z e  payloads. 

The Scout is  the smallest of 

Scout development i s  essentially complete, and the first f l i g h t  date is scheduled f o r  the 
fourth quarter of f i s ca l  yeas 1960. 
series of eight vehicles. 

Flights w e  planned every two months thereafter for  the i n i t i a l  
Abreakdown of program elements and related costs follows: 

Item - 
Rocket motors ( 4  stages): 

F i r s t  stage: 
rocket weight 23,000 lbs., thrust  115,000 
l b s . ,  diameter 40"; an improved propellant 
adaptation of the Aerojet Jupi ter  motor; 
development i s  complete.......0.. OaO.,..,,. 

"Algol" developed by Aerojet, 

Second stage: "Castor", developed by 
Thiokol, rocket weight 8,900 lbs., thrust 
56,000 ibs., diameter 31"; an improved pro- 
A- aellaj.+. - WFITIQE nf the Sergeayt f;ooster; 
development is  complete. e o o o . , o o l o o  

Fiscal Y e a s  Fiscal Year Fiscal Y e a r  
1959 1960 1961 

$lJ300,QOO 

725,000 

$374,000 



Item - 
Rocket motors (4 stages) (continued) : 

Fiscal Ye- Fiscal Year Fiscal Y e a r  
1959 1960 1961 

Third stage: "Antares" developed by the 
Allegany Ballistics Laboratory, total. 
weight 2,220 lbs., thrust 13,600 lbs., a 
new rocket based on a scale-up of the 
fourth stage; four more firings will com- 
plete development. ....................... $1 . 123,000 
Fourth stage: "Altair" developed by ABLY 
total weight 505 lbs. , thrust level 3,060 
lbs.; adaptation of the Vanguard top 
stage; no development required.. ......... 160,000 

Guidance and control units: Minneapolis- 
Honeywell has the guidance development 
and W, Kid& Go. the subcontract for 
the pero;xide jet reaction systems which 
attitude control the second and third 
stages; the guidance system has 3 axis 
stabilization and a pitch programmer; 
it controls the two reaction jet systems 
to maintain proper vehicle attitude 
during flight...0..4..0.........o....e... gU,oOO 

Airframe and launcher: Chance Vought Air- 
craft has contracted to build the Scout 
launcher at Wallops Island and to build 
u e  airframe which consists of the stmc- 

heat shield, and fourth stage spin table. 

L,. . 

L bclr'e between %he r~cke tc , ,  t h e  ~axl.c;& 

1,070,080 

976,000 

484 3 000 

--- 
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Item - 
Fiscal Year Fiscal Year Fiscal Year 

1959 1960 1961 
Instrumentation and Preliminary - 
ueveiopment : The Langley Research 
Center is fabricating and installing 
a l l  interstage wiring, telemetering 
equipment and data-taking instrwaenta- 
tion; Funding shown here covers costs 
of supplies, equipment, materials, and .......................... --- instruments. 748,000 261, ooo 
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WIONAL AERONAUTICS AND SPACE ADmSTRATION 

FISCAL YEAR 1961 ESTIMATES 

Fiscal Year 1959 

$12,927,417 

DELTA - 
Fiscal Year 1960 Fiscal  Year 1961 

$13,300, OOo $12,500,000 

1. OBJECTNES: 

To provide a rel iable  space flight vehicle fo r  medium payload s a t e l l i t e s  and s m a l l  
payload space probes, replacing the present Thor-Able, Juno II, Jupiter C, and Vanguard 
vehicles . -_ - _ .  

2. mTIFIcAT1oI?: 

Space projects t o  date have u t i l i zed  vehicles that have been adapted from mili tary 
b a l l i s t i c  missile boosters. 
Yuiler f r o m  -tec-mieai i m i t a t i o n s  t h a t  r e s t r i c t  their desirabi l i ty  for long-term application 
as space vehicles. 

While providing valuable interim service, most of these vehicles 

The Delta space flight vehicle w i l l  replace the smll-payload vehicles currently i n  
-use. 
yermiiting higner injection al t i tudes.  
stage w i l l  consist of a production T h ~ r  mianile with the nose cone and guidance uni t  removed. 
TX6 second stage w i l l  consist essent ia l ly  of the second stage used i n  V a e d  and-Thor-Able 
w i t h  an improved radio-inertial  guidance system of higher accuracy. The t h i r d  stage w i l l  be 
a solidJropellant _I I___ - - rocket _ _  - - motor . - developed for Vanguard. 

It w i l l  be similar t o  the  Thor-Able, but w i l l  have a coast-phase a t t i tude  control system, 
Delta w i l l  be a three-stage vehicle i n  which the first 

" _  - - 1"- 



The Delta vehicle w i l l  be applied t o  a number of s a t e l l i t e s  and space probe projects. 
It w i l l  have a ,payload c a p c i t y  of 
65 pounds f o r  probe‘sho%s t o  the vicini ty  of the won. 

Requirements f o r  greater lunar payload c a p b i l i t y  m d  fer increased accuracy in  achieving 
c l w e  tolemneas f o r  o rb i t a l  circularity,  and epacial demands f o r  obtaining a t t i tude  s t ab i l i -  
zation of certain payloads, have a l l  combined to dictate  more stringent design limits on the 
vehicle. In  the f i s c a l  year 1961, funds w i l l  be expended t o  develop hardware intended t o  
yield more precise and controllable f l igh t  paths and veloci t ies  while a t  the same time in- 
creasing payload weight capacity and a t t i tude  orientation. 

t o  500 go-ads fo r  Yatellite applicatfo-ns and ug t o  
Delta will be usef’ul for  both inclined 

--* ----I 
~ V ~ U L  uc’LiL$: -6 w i i i b e  i . a m C & ? d  f romboth the  Atlantic a d  the Pacific Kas2le Ranges. 

3. PRc)GEuwPIIAsrn: 

The Delta program i s  divided into f ive parts: the fabrication and test of the modi- 
f ied  Vanguard/Thor-AbLe second stage; t b -p roc .gmen t  and t e s t  of the guidance system; the 
m d L B s a $ i & b f t k  Thor boo@%ers; the integration of the camplete Delta; and the preparation 
a@- &Wh+ 

XncreInental f’unding for  t h i s  program, including the procurement of twelve vehicles, 
was in i t ia ted  during the f i s c a l  year 1959. 
have proceeded on schedule. 

A l l  phases of the vehicle engineering program 

Funding for  the f i s ca l  year 1960 and beyond i s  required f o r  the planned continuation 
o f  the initial contract. Specific suns proposed f o r  obligation i n  a given f i s c a l  year are 
not associated w i t h  particular vehicles. However, the--fiscal year 1960 funding essent ia l ly  
~ r t s  hardware fabrication and flight operation costs fo r  East Coast launchings; and the 
f i s c a l  year 1961 -ding w i l l  sumrt Similar operations from the West Coast and will also 
initiate the vehicle improveamt program t o  increase re l iab i l i ty ,  accuracy, aad performance. 

Flight research pmgram: 

Fiscal Year Fiscal Year Fiscal Yeex 
19$9 1960 1961 

Vehicle engineering and manufac- 
turing, ground service equipment, 
and t ra jectory computations $2,927,417 $=, 645,000 $9,OOO, OOo 
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DELTA 

Objectives 

The Delta program was ins t i tu ted  t o  inject  payloads weighing several hundreds of pounds 
in to  specified orbi ts  OF on Earth escape t ra jec tor ies .  
existing vehicle-stages in the Interest  of ear ly  payload yfelds as well as favorable r e l i a b i l i t y ,  

The Delta vehicle was based on pre- 

"ha Delta vehicle consti tutes tbree rocket stages each of which has 8 considerable flight 
Therefore, no t e s t  vehicles as such are 

a number- one w i l l  f l ~  the-gcho projgct py1oa.d (100-foot: sphere) and the launch of 
of the twelve Delta vehicles, eight 

experience background as a result of previous program. 

th i s  vehicle is scheduled f o r  the last half of A p r i l t  1960. 
m e  scheduled f o r  hunch in the f i s a  year 1961, with the remaining four t o  be launched i n  the  
f i s c a l  x$q -1962 e 

other sc ien t i f ic  satellite payloads and a deep-space probe. The Delta program spans %he period 
A ~ $ L  19% t o  my 1962. 

Missions w i l l  include c s e i c a t i o n s ,  geodetic, meteorological, radiation, and 

The paragraphs below b r i e f ly  discuss the major elemenks of the Delta task for the f i s c a l  
year 1961, w i t h  reference t o  the @os% breakdown which follows: 

Vehicles and Support, Equipment 

The task of integrating the tbree propulsive stages used in Delta is an extensive one, In  
addition to basic modifications t o  these stages t o  a f ford  compatability, as w e l l  as improvements; 
(the-second-stage - --. _ _  thrust-chamber material has been changed from aluminum t o  &eel in %he in te res t  
of sehabih i ty) ,  many new devices must be designed and b u i l t ,  
cons ti^& @aac-zttit-a6e contzwl. 
p-tic?n Y C F ~  $5 y e l l  GS aL1 &mc:k~ut  cipe~~.~.fcn_s m& medrsis sf %est &%a up iu md i n s l u m @ ;  %he 
hunch phase. 2n some instances he nust make significant allowaaces, both operatioml1y m-d 
&r&zi.m-vise, f o r  special i W A  paylaad requirements. 

An example is the  gas-*jet - _._ - - system --- f o r  
Tne prjme contractnr is  cha,rged with %his modifica%ion a d  fnte- 

The Delta vehicle wLhl employ precision ground-based, guidance (BeU Telephone Ubora toq  
S y s t w ~ .  h this system lightweight, highly reliable equipment is flown in the  vehicle; a 
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complex radar-computer-command aggregate located at the hunch base controls the flight. 
for the ground radar to transmit, adequate vehicle steering signals, a.n associated computer must 
generate orders for the radar. 
P i z d  tzzJ::t;ry &ta iuLu iiie computer orders. 
probability of success for each Delta flight, a cmpsehensive study of trajectories and emor 
analyses is being performed by the prime contractor. 
of the variety of the Delta missions, and the numy variations of each which must be studied. 

In order 

Delta funds purchase the Oongmhtion services necessary to mnvaz? 
In order to maxinize the payload weight and the 

This work is necessarily expensive because 

Fiscal Yeax Fiscal Year Fiscal Y e a r  
1959 1960 1961 

Vehicle engineering and manufacturing: 
Covers cost of over-all vehicle 
design, procusement of subsystems, system 
integration and checkout, and ground 
servicing equipment; includes procure- 
ment of second4age propulsion systema 
3rd-stage hardware (minus rocket motors) 
and launch services. ..................... $7,039,000 $10,200, OOO 

Boosters: Procurement of basic Thor 
boost vehicle,. .......................... 5,751,667 

i I ,  - 8  -. ,. I t t r n ' 1 C . C  1 

Third-stage rocket motors: Procurement 
of motors, with modifications, f o r  Delta ........................... vehicle....... 136,750 

Guidance system services: To obtain use 
of the Bell Telephone Laborstory's 
ground-based guidance system for in-flight 
~eh2c2.e cmtrol ;  faclucks preparation of 
t.hs gc%! f i -bs~& :~pi-&eli. 2ru-m. - .  - .  - ~ __ 
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Item - 
Fiscal Year Fiscal  Y e a r  Fiscal  Year 

1959 1960 1961 
Q - - - a - ?  .Le- --a _-.--.---.- -=.--I .- 9 
UyWkAa& V I Q  G b U U A J  CWIU C 1 L U I  UUaL&'bA.B. 

A large rider of electronic computer 
studies, including c r i t i c a l  f l i g h t  
parameters, are required a& missions 
are changed or  as new safety l imita- 
t ions arise.......................... --- $234,516 --- 

Total............... $12,927,417 $ll , 059,516 $9 , 000, OOo 

Range and Launching Services 

Items i n  t h i s  category include vehicle and equipment 
the expense of shif t ing the en t i r e  Delta operation from the  
Thor boostex%,- -%%e- second stage uni ts-and the  third-stage rocket motors originate a t  different  
points and are therefore shipped separately t o  M or m. The support ac t iv i ty  of the f i r i n g  
range is, of course, extensive. Services puschased vary from the operation of numerous Uunch 
s i te  and downrange telemetry ground s ta t ions t o  pad safety operation. Propellants f o r  the two 
liquid-rocket stages w i l l  a l so  be provided by the range. 
performed bv range personnel. 
required. 

shiSen3, basic range costs, and 
east coast t o  the  vest coast. The 

A diversi ty  of work-orders must be 
These include special f a c i l i t y  modifications 02' additions as 

As mentioned above, the en t i r e  Delta operation i s  t o  be transferred from AFilR t o  PMR 
The expense of t ransferr ing support equipnent, approximately half-way through the  program. 

as w e l l  as modifications and additions required a t  PMR, is covered under t h i s  category. 

it em - 
Shipping costs: Shipment of vehicles 

from contractor's plant t o  hunch  
site ................................. 

Fiscal Y e a r  F i sca l  Year Fiscal  Year 
1959 i g w  iy6i 



Fiscal Year 
- Item 1959 

l a3”*-  --,I- 
rrw*.Lb A O . q p  buoka. Zuvcra y r o p e b % s ,  
logistics, personnel overtime, and 
range work orders...... ............... --- 

Transfer from AMR to PMR: Pennits transfer 
of necessary test and ground-service 
equipment for operations to shift from 
AMR to PMR midway in the launching 
program............................... --- 

Total.. . . . , . . . . . , . , . .  --- 

Vehicle Modification P r o g r a ~ ~  

Fiscal Year 
1960 

$825,000 

--- 
$950,000 

Fiscal Year 
1901 

$2,3OO,OOO 

&pesience has indicated the necessity of incospomting minor redesign and modifications 
to a launching vehicle during the hunching progseun. 
in meeting problems as they arise. 
moisture shields in the vehicle +$~zt&.cf~.system to m d  off the effects of high humia3.ty while 
the vehicle is on the launch atand. 
external requirements. 
quently necessary. 
cooling system. 

!This is to take advantage of expepience ggtined 
For emnple, it may be found necessary to provide Bpecial 

MndiSica%ions m e  often required because of a change in 
Special vehicle aad payload sceomIImod.ations at  the launch site m e  fre- 

These usually require special equipment and procedures such as payload 

Item - 
8 d i ~ ~ k i l i t y  iiiiprovement an6 nomai 

z ~ B i f i c ~ , t i ~ i i t 5  I COS i., of ve’nicit.  
modifications as they a r e  indicated 
thoughout the firing program; efforts 
to improve reliability and simplify 
testing as applicable experience 
becanes available. ................... 

Fiscal Yeas Fiscal Year Fiscal Year 
1959 1960 1961 

$770,484 $P,200,000 _._.- - 
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NLTIOIWL AERONAUTICS AND SPACE ADklINISTRATION 

FISCAL YEAR 1961 ESTIMA3CES 

Fiscal  Year  1959 

$14,291,494 

Fiscal Year 1960 

$4,000,000 

Fiscal Y e a r  1961 

--- 

1. o m m m :  
The objective was t o  provide the f i r s t  general purpose space vehicles i n  the 

Oth& 
Bational Space Vehicle Program. The Vega project was terminated - L ^ . _ I .  _ "  - on I .- -" December ~ U2 1959, t o  
reduce the number of rocket vehicles used i n  the United States s p c e  program. 
r o c k e t v ~ T c ~ ~ - " ~ - f f i ~ - ~ ~ ~ ~ - - ~ ~ ~ n ~ 0 ~ - ~ l l  -be &d-to-accGplish .the s a t e l l i t  e and 
space probe projects f o r  which the Vega had been planned. 

_-_- -  -_.-I ._ 

2. JUSTIFICATION: 

The Vega, project included a two-stage and a tbee-s tage vehicle system. I n  both, 
tine TLTSZ stage used the Convair A t l a s  ma the second stage, a General Electric engine. 
The GE engine, original1.y userl. 8,s the primmy booster of the Vanguill.8, was being modified 
t o  inc1.ude a l t i tude  start and re -s ta r t  capability. The th i rd  stage used the 6,000 pound- 
thrust storable fue l  _engine c-qrently under develagment by UASA's Jet Prapulsion Ubor- 
a m . .  
large spacecmrc of the future. 
components .deye..osf3_a_.&X C0nyg-W will be usable i n  the Centaur program. 

-This particular engine wiU be continued BB an ~ i i m c e d  develoment f o r  use in  
It i s  also expected tha t  some of the mterial and 

3.  PROGRAM PHAsm: 

During the  f i s c a l  year 1959, incrementally funded contracts were le t  f o r  the design, 
development, fabrication and testing, and launching of eight Vega vehicles, including the  
requis i te  modification t o  the A t l a s  f i rs t -s tage and the  development of the Vega second- 
stage powerplant. 



During the fiscal year 1960 the preliminary desi@ af  the  s~coI?~?,  stage, thve ccnstr.;~- 
t ion of a captive t e s t  a r t i c l e  and the development of the second-stage engine were continued. 
The construction of f l i gh t  engines and vehicles w a s  a lso ini t ia ted.  

The Vega Pro.iect was terminated on December 11 ; 1959 

4. PROGRAM COSTS: 

Flight research program: 

Fiscal Year 
1959 

Second stage devel,opment, fabrication, 

Third stage development, fabrication, 
and testing. ........................ $ll,29O,OOO 

and testing; ........................ 3,001,494 

TOTAL..................... $14,291,494 

Fiscal Year Fiscal Year 

7 Including 
terminat ion 

1960 1961 

costs) 

$4,000,000 
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Fiscal  Y e a r  1959 

$4,000,000 

NATIONAL AE3RomAuTICS AND SPACE AIMIRISTRATION 

FISCAL YEAR 1961 ESTIMATES 

CENfAuR 

Fiscal Y e a r  1960 

$37,000,000 

Fiscal Year 1961 

$47, m, 000 

1. OBJECTTVPS: 

To develop a general purpose space f l i gh t  vehicle employing a high-energy fue l  i n  
an upper stage. 

2 .  mIFIcA!F1oI?: 

Centaur is  a two-stage vehicle whose f i rs t  s t w e  i s  a modi&eAA&as- ':D"*missile. The 
modification consists of replacing the cone f'rustum part of the forward l iquid oxygen %ank 
with a cylindrical  section having the same diameter as the r e s t  of the A t l a s .  Between the 

stage. 
f ied  A t l a s  booster. 
control -_ - *.r--l-l- during - the coastperiod. 
hyd%Ggeii 8s  a fuel, %kx providlrig a 1 E ~ i c h  reh2,z!be of E.:& greater capability th€m 

?----- --3 ------- -.A+---- 3 -  r + v r . - + i m n n l  oAom+. rm +ha+ i n  a + + a n h a A  m a - p n e n f l v  tc the xc~.~ta_r 
A . U W w .  QUU uppc* PUUejLO -CY u U " * C * . . . V w - U I  vUyyV1I vr-ir *.. u v v - r - . - - r i  x--.-----------" 

The upper stage i s  mounted on top of the adapker which is  jettisoned wlth the modi- 
Sets of hydrogen peroxide rockets a w u t i l i z e d  for ugper-stage a t t i tude  

The significant feature of Centaur i s  the use of l iquid 

----A A+. "1 .-- p& Fi v AvuurJ 
n-rn -1 1 m L 1  o u 1 u A I u Y I c  . 

The Centaur project was transferred from I - - - -  ARPA to-_w on July 1, 1959. Technical 
direction is by an A i r  Force __L- t e r n  .-- - lqeated -a3- the pir Far= B a U t i r :  Elissi2.e -~-krisAex an6 
reportiryq I -_ - cE<cEijTti5"'R&~A Headquarters. 



? a -  

4. 

-W@PGRAY .PE-AS'_rr?T: : 

The Centaur missions will involve @&xQ compjunications ,%xteLLl.t;es i n  a 
The first six deveiupmritaal s-t_a_tionary 24-hour orb i t l  and lunar and planetary probes, 

- T : ~ , : C ~ P C I  T . i _ l l  he i i c d  Fnv hokh veh-icle spstems tests and for  payload missions. 

During the f i s c a l  year 1959 the  A i r  Force let. incremental.ly funded contmcts f o r  
the developxent of the  Centaur engines, fo r  the development and. fabrication of the Centaur 
second stages, and fo r  the  modification t o  the  A t l a s  boosters. 

The existing contracts w i l l  be continued under NASA f'unding during the  f i s c a l  yew 
1960 and 1961. 
plant will be m and preliminary design w i l l  be completed on the  second stage. Tests 
will be in i t i a t ed  t o  simulate zero-g conditions on the  l iquid gas tank dwing coasting 

During the  f i s c a l  year 1960 s t a t i c  t e s t s  of the  complete Centaur power- 

f l i gh t  

The final design of the  Centaur powerplant and second stage w i l l  be completed and 
the f l igh t  test program w i l l  be s ta r ted  during the  fiscal year 1961. 

PROGRAM COSTS: 

Flight research program: 

Fiscal  Yew Fiscal  Year Fiscal Y e a r  
1959 1960 1961 

Procurement of booster vehicles .... $4,000,000 --- $6,500,000 

second-stage and engine .......... --- $37,000,~00 39 J 5 ~ , 0 ~  
Launching operations ............... _-- --- 1,000, OOO 

Development and procurement of 



Ob ,j ec t ive s 

The Centaur i s  a two-stage general purpose space flight vehicle employing a high-energy 
fuel i n  the upper stage. 
Scout and Saturn) vehicle which will allow ear ly  launches carrying medium size payloads in to  earth 
orb it 6.  

The Centaur i s  being developed t o  provide an intermediate s ize  (between 

An immediate requirement exis ts  f o r  a vehicle of the capability and performance character- 
i s t i c s  of the Centaur. This program, on which incrementdly f'unded contracts were l e t  by the Air 
Force i n  the f i s c a l  year 1959> i s  being prosecuted by NASA on as rapid a basis as possible within 
the funds available. @&&&.tests of the complete Centaur power plant w i l l  be s tar ted during the 
f i s c a l  year 1960 and the_-develo-pment flight 'cests w i l l  be s,-ta&ed In. the _f_f_sgal year 1961. 

The develupment flight t e s t  program w i l l  u t i l i z e  at  least  the first s i x  vehicles which are 
currently on order and are being incrementally funded. 
some payload, the f l ights  will be psimarfly directed t c  de-bugging the vehicle system itself. 
operational phase i s  expected t o  begin with the seventh Centaur. 

While these first six launchings will c q  
The 

Procurement of Booster Vehicles 

The Air Force BalUst ic  Kissile Division i s  responsible fo r  providing s i x  Atlas boosters 
fo r  the Centaur program, moaified t o  Bdapt the  A t l a s  t o  carry the Centaur upper stage. 
w i l l  be delivered approximately three months F X ~ Q Z "  tc each Centaur lamch at AIUIR. 

One A t l a s  

I tem - 
Procurement of six (6) A t l a s  boosters 

modified fo r  use with Centaur.. . * .  * .  . e a $4,000,000 --- $6,500,000 
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The Pra t t  and Whitney Division cj% Un%%ed Mrcr&f% Csrpcrratio~ has been awaraeC2 p~he comrac% 

Each of Lhese mfts c a p r i s e s  two ____ co-dnbust,fon - - - - ,. @hmbers2 each with i t s  own 
In a2dEt ion, 6 8 I n g l e - c ~ ~ > - ~ : - ~ ~ ~ ~ ~ - g  JC& .>e provided for  ground 

fer t h e  
energy ~ ~ g ~ u J + & Q n  
turbopump propellant feed system 
testing: 
ing at  simulated al t i tude conditions, pr ior  t o  ccjmencemnt ~af the Cen%aur f l i gh t  program a% AMR, 
I n  addition, Prat t  and Whitney w i l l  provide f i e l d  personnel seLrvices t o  assist Convair i n  i t s  s t a t i c  
tests of the second stage at  Sycamore Canyon. 

?.e~.e?nymon+, i-.-+~+ng and m a n i i f W P t , i ~ w  o f  n2ne c a q l e t e  Centxur second-stage h%&- 
$56. 

three will-be used by Convair a d  three w i l l  go t o  k w i s  Research CenZer f o r  t e s t -  

The Convair-Astronautics Division, General Dynamics Corporation,is under contract f o r  the 
design, develepent testing, and manufacture of six Centaur second stages, u t i l i z ing  the P ra t t  and 
Whitney propulsion uni t  as Government -furnished equipaen’e, 

It em - 
Development; and procurement of second stage: 

ea Develapment guidance, controls 
stabil ization system. .. l3. ?’.-’. ;.. ......... 

Far i ca t ion  of s ix  (6) guidance se t s  ....... 
Development of second-stage tankage........ 
Fabrication of six (6) second-stage tanks. 
Point I o m a  s t ructural  and proyellant 

handling,....... ......................... 
Sycamore Canyon s t a t i c  f i r ingsO.e. .OOO.. . . .  

Fiscal  Year Fiscal Y e a r  
1959 1960 

Fiscal Year 
1961 

’ bf! 

D ~ v ~ l n - p n w i t ;  nQ tiirhcrl7”m_n assembly.. ........ --- 6,500 000 
Fabrication of 24 turbopumps.. ............. --- i, 400, OW 

Fabrication of 24 thrust  chambers.,.,,..,,, --- I, 800,000 
DeveLqmer;t ef + , ~ L I S ~ .  chembers, e + + e = e e = a --- 7,. ~00,000 

--- --- Field services at Sycamore Canyon..o.oloooo 
Field services at ~ 9 0 0 ~ . . o o o . o o o o o o . o o 8 ~ .  --- --- 

$4,400,000 
2,400,000 
6,100,000 
3, 200,000 

4,300,000 
5,100,000 

2,200,000 
5 9  200, 000 
~,800,000 
2,600,000 
800,000 

1,400 , 000 

$39,500,000 
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NATIONAL AERONAUTICS 

FISCAL YEAR 

AND SPACE ARMINISTRATION 

1961 ESTlMATES 

SATURN 

Fisca l  Y e a r  1960 

($55,182,980 Y 
Fiscal  Year 1961 

$i34,308,000 

1. OBJECTIVES: 

To develop a multi-stage launching vehicle f o r  various advanced space-flight missions. 

2. JUSTIFICATION: 

The Saturn program comprises a ser ies  of multi-stage launching vehicles of increasing 
payload capabili ty f o r  performing various space-flight missions. 
three important missions are: 
t o  place several - -. tons -.__ - of ~- payload “...-- i n  a 24-&U~-~guator ia l  orEt: and ?31 t o  ?lace a m-ed 
Q_acec_raf%.fiuch a s  Dyraa4a~g-l b & earth orbi t .  
meet these requirements. 
for  all three of the missions previously mentioned. 
by using upper stages from the ear ly  versions as building blocks i n  the f i n a l  vehicle, thus, 
minimizing the  number of new stages tha t  have t o  be develoyed. 
propelled by a c lus te r  of eight ICBM-type engines which deliver a t o t a l  thrust  of one and one- 
half million pounds. The fin.@--version of Saturn w i l l  use- up-rated engines &in@; a. % h r ~ ~ ~ t  af 
at l eas t  two a-$l$.Qn”pounds. The first Saturn vehicle w i l l  be a three-stMe rocket; the f i n a l  
version may have f ive  stages. Launching of the  first . Saturn _ _  - booster -. _..I__ _------I- with d w  -.- upper stages 
is scheauled-&r-the la t ter  h a I f ~ ~ - - l ~ l ~  .- 

Minimum requirements for 
(1) t o  send large-loads - y l ~ ~ - - l + - - # ^ I  t o  the moon -..- and near  @+nets; (2) -- 

The first version of Saturn i s  designed t o  
Succeeding Saturn vehicles w i l l  have great ly  increased capabi l i t ies  

The increased capabili ty i s  t o  be obtained 

The Saturn’s first stage i s  

The Saturn project was i n i t i a t e d  0n-hus.t-&3~-&B-8~ by an order from the Advanced 
Research Project Agency t o  the Army Ordnance Missile Command. The project w a s  funded i n  the 

I 

i g  
1 %  
I ”  

Funded by the Department of Defense. 



f i s c a l  years 1959 and 1960 by ARPA. 
announced his  intention t o  transfer the Saturn project t o  NASA, 
fer, NASA and the Jkpartm&t o f  Defense 

the Saturn vehicle development. 

The President of the United Stated, on Nov-~b-er 2.,-<;9lgt 
I n  antici-patior: of  the t r a s -  

AuI LG-~~C; ~ P P W L ~ ~ ~ U U  L y  i i G A  oi the responsibii i t ies Tor the technical mmagement of 
&e established an interim working agreement tha t  gro- 

--4a-- e-- - . - a > - ~ -  - - - - -  

During the f i s ca l  year 1959 the design of the f i rs t -s tage booster and the design of 
tooling fo r  the f i rs t -s tage clustered tanks were ini t ia ted.  

During the f i s ca l  year 1960 the  design and development of the f i rs t -s tage booster w a s  

A crrptive f i r i ng  of the eight engine cluster  is scheduled for  the  l a t t e r  half of 
Contracts fo r  upper stage engines and vehicles w i l l  have been l e t  before 

undertaken. 
fo r  t e s t .  
f i s c a l  year 1960. 
the  end of f i s ca l  year 1960. 

Construction of prototype tankage proceeded, and individual engines were delivered 

The f i s ca l  year 1961 f‘mc3.s w i l l  provide f o r  the continue 
and t e s t  1.n.g o f _ _ t _ h - ~ i ~ t = _ s t ~ e - ~ b o o s t e r  tanks en&nes. In ad 

_--_I of u ~ r . s @ g e s . ~  in i t ia ted  i n  the f i s c a l  year 
1961 f’unds w i l l  provide f o r  the development __ of vehicle-borne - - widance, coqtr-o-os -igd _ i n s t m e n t a -  
tion, and the develo-lpment of -service equi-lpment. 

--~~n&ms,ion, 
, design - --~----. and development --- - - - I - , will be continued. part of the f i s c a l  year 

--- - 
----___- ~ -.--- ~ i” ._ 

4. PROGRAM COSTS: 
Fiscal  Y e a r  Fiscal Y e a r  Fiscal  Y e a r  

1959 1960 1961 

Flight research program: 

Develolpment and fabrication of first- 

~ v = L p ~ ~ i i ~  mild Murication of upper 
stage boosters. ........................ --- --- $57,500,000 

--- --- iC2,300, f)m 
Guidance, controls, and instnunentation.. --- --- 12,800, ooo 

--- 9,708,000 Ground-service equipment --- 
Direct material. ......................... - -- --- 12,000,000 

n-.-- ----A 

04. -e.. I u u c l g c u . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . - .  

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

Tota l .  ............... ($19,325,020y ($55,182,980 )%$19t,308,000 

- 1/ Funded by the Department of Defense. 



SUMMARY OF FY 1961 SATURN BUDGET 
( iu iiiilliolia, \ 

S & E  

C W  

R&D ( support of plant )  

R&D (contracts)  

TOTALS 

ORIGINAL ADDITION REVISED 

$ 34.316 $ 3.200 $ 37.516 

13. ooo 33.500 46.500 

81.008 53.300 134.308 

$ 140.000 $ go.000 $ 230.000 

~ - i  15.000 

200K 8.000 

$ 113.000 



NATIONAL JIESOI"ICS AND SPACE ADMINISTMTION 

FISCAL YEAR 1961 ESTIMATES 

ObJectives 

This p r o g r a ,  which has been assigned the highest national pr ior i ty ,  i s  designed t o  pro- 
vide a multi-stage vehicle of high payload carrying capabili ty coupled with ~ t ,  substantial  growth 
potential .  The mission objectives of the ear ly  version Saturn are  as follows: 

1. To send large payloads t o  the moon and near planets. 

2. To place several tons of payload i n  a 24-how equatorial o rb i t ,  

3. To place a manned spacecraft i n  tm earth orbit .  

The requirement fo r  developing a vehicle of the  magnitude of Saturn i s  based upon the  ob- 
ject ive of f lying much larger  payload missions than can be handled by presently available ve- 
hicles .  

Development of the Saturn vehicle i s  proceeding through an orderly schedule of ground and 
f l i g h t  tests. 
t e s t  program consisting of at least ten vehicles w i l l  start i n  the  f i s c a l  year 196~;  and t h e  RQ-3-t 
operational flight i s  planned f o r  the first quarter of - the  f i s c a l  year 1964. 
Ti56-5Tth-thfs program i s  at the  NASA Huntsville Faci l i ty .  

Captive ground tests w e  scheduled i n  the f i s c a l  year 196s; a development f l i g h t  

Technical direc- 

Development and FabrPca.t.inn nf First -6tsgc Bc~sC,zrs 

22- tiis beginning of t n e  fiscal year 1961, the  final assembly of the  first Sat- f l i g h t  
test vehicle (SA-1) will have been st.swt.ed, 
conpleted i t s  first f i r ing test a t  Huntsville. 

The i n f t i a l  r,~nf"b&le boost.ei- ( N - T )  dil have 

194- 1 



A s  evidenced i n  the cost breakaowns, emphasis i s  to be heavily placed on extensive develop- 
ment engineering t e s t s ,  on both the H - 1  rocket engine by the  contractor and on the vehicle itself 
at Hutsv iUe ,  
ground equipment i s  considered mandatory. 
ments only; fiscal year 1959 and a960 requirements were funded. by the Department of Defense, 

A stepped-up p r o p  of r e l i ab i l i t y  testing on Saturn cmponeats, systems, and 
Cost breakdowns me shown $OF estimated 1961 require- 

Booster tankage and structure: bovfdes 
propellant supply and stmcturaX in- 
t eg r i ty  t o  support upper stages duping boost 
phase through the  atmosphere; items listed 
are  for  use in the structural  fabrication 
and assembly of %turn booster stages and 
for qualification tests of comp0nen-t.s %or 
four vehicles: 

Fiscal Year Fiscal Year Fiscal  Yew 
1959 1960 1961 

--- 

$825,000 

687,000 
458,000 
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H-1 rocket engine development: m i n e  and 
Pnm-nnnenf +pcf nvn-m fn Cy-nvnvn ~ n l f e h f l -  c ------- a- -cT c - 
ity and performance: 

Ehgineering and testir)$...*00000.8... . .0.00 
Research md development hardware........... 
Materials .................................... 
Contractor travel ~a-lsusgistrassg........... 
Test equipment...................... ........ 

P'Popellants: Hydrocarbon fuel and liquid 
oxygen for aU. firing tests at Huntsville 
and at Rocket~eoolo...o..,,,..~~~~~~. ........ 

Reliability: Extensive component a d  systems 
testing including life and environmental 
tests with the aim of increasing booster 
reliability; to procure flight-type 
components in large enough samples t o  ob- 
tain a substantial degree of validity in 
the statistical analysis of the results of 
these tests: 

Engine systems components,. ................. 
Valves, switches, connectors, etce.e.o*.o e e 

Control equipment ........................... 
-Measuring equipment...~s~. .................. 
Gpound-service ea_uiFment..,.,,.,. m . a - a m - e a  

Electrlcal ea_ui_nment ........................ 

.................... Fiscal year * 1960 1961 

1,000,000 
1,500,008 
1,000,008 

250,000 
750; 000 



Advanced Area RsS) f o r  Booster Tankage and Structure - - $2,5OO,OOO 

Four specific studies considered mandatory are: 

1. 

2. 

3 .  

4. 

Experimental shock, accoustical, and vibration environment er'yect on venicie. 

Side-note: Nothicg i s  known of the accoustical power leve l  i n  t he  proximity of 
eight large rocket engines, and i ts  effect  on vehicle components. 

Development of reliable f i r e  detection and sector extinguishing equipment. 

Side-note: The one-engine-out capabili ty hangs very much on work i n  t h i s  area. 
Mention of the  effect  of inadvertent engine shut-down because of 
unreliable sensors should suffice.  

Investigation of base-heating i n  the complex aerodynamic turbulent region at the 
rear of the booster. 

Side-note: Polaris ( f o u r  nozzles) has suffered from t h i s  problem. 
Jupiter w a s  lost because of base-heating . An ear ly  

Investigation of tne effect  of von Karman al ternate  vortex shedding on the  
vehicles; development of suppression means i f  necessary. 

Side-note: von K m a n  forces can destroy the  unsupported venicie on the stand 
if aerodynamic and structural resonance occurs. Yanguard required 
rubber-strip spoilers on the second stage t o  suppress vortex effects;  
tile Saturn susceptability is  unknown. 



Fiscal Y e a r  Fiscal Y e w  Fiscal Year 
a959 1960 1961 

Advanced area research and development: For 
work on special Froblems associated with 
booster development; examples of such meas 
include: effects and possible suppression 
of sloshing; dynamics of e las t ic  missiles; 
joining techniques for  large tanks; special 
stress and buckling problems; and behavior 
of material and components a t  low temper- 
a t ~ e ~ , . . O . ~ o . . ~ ~ O ~ ~ ~ . ~ ~ ~ . ~ b ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o o a a  _-- 

\(v*'"a-.,i 

LP,. ' 

Development and Fabrication of' Upper Stages 

Under a ----.____-.--I contmct t o  -- b e  &Kt-xy&o-T + - e  .close of the f i s c a l  year 1960, the  development of 
the  new hyfkogen-fieled upper stage (designated, S-W> w 5 l l  be wderptaken. It i s  planned t o  use 
t h i s  stage, which w i l l  incorporate four up-rated Centaur rocket engines, in the two-stxe-,-Satm 
tes t  vehicles Sa-4, 5 ,  and 6 ,  

A comprehensive engineering modification program is  t o  be conducted in the  f i s c a l  year 
1961 f o r  the purpose of adapting the Centaur vehicle as th i rd  and top stage of the Saturn. 
This stage is  designated SlV &d i s  scheduled fo r  incorporation ~ - -  into vehicle SA-7 and later 
vehicles. 
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Ground-Service EquQpent 

The size of the Saturn booster has dictxited tha t  new approaches be adapted i n  t-p-nssos- 
ta t ion ana nanciling tecnniques. 
systems which must accurately deliver several times the propellants required f o r  current missile 
boosters. A large number of booster pneumat&c2,_ w u l i c ,  and e lec t r ica l  check-out panels a re  
required. The combined v e h i z e  systems check out must be completely thorough and yield accurate 
records. For 
example, up t o  530 separate-tel-~~try__ch~els are being provided i n  the  Saturn booster. 
work load involved i n  checking out and calibrating such a large number of information channels 

Many new items mil  be required fo r  tne propeibnt Loading 

The magnitude andb complexity of the engineering task i n  these meas are  enormous. 
The 

i s  such as t o  dictate  the use 

Item 

Developent engineering: 
ment compatibility and 

- 

of f u l l y  automatic equipment, 

Fiscal  Y e a r  Fiscal Year Fiscal  Year 
1959 1960 1961 

To improve equip- ......... --c $ 2 , 5 0 0 , 0 ~  re l iabi l i ty . .  --- 
Procurement: To implement contractual pro- 

curement of equipment t o  support i n i t i a l  
build-up of Saturn launch f a c i l i t y  and t o  
support subsequent fir ings;  t o  support 
handling and transportation of stages land 
2: 

Liquid oxygen vacuum jacketed tanks.......... 
Launching hold-down and support arms......... 
Umbilical tower.......e..L........e*...ee...* 
Two sets of f i r i ng  accessories.......,....... 
Two transport b8SgesDI.......*0.t0..CCCtO0... 
instai ia t ion of ground-service equipment 
~ ~ . I ) I M L I . . . - ~ ~ . - . ~ . . ~ . - . . ~ . ~ . ~ - ~ ~ - ~ . - ~ - - ? ~ ’ ? . ~  

Miscellaneous handling and alignment 
e q u i ~ e n t  .................................. 

._- 

--- bo, 000 



Advanced Area R&D for  Ground Support Equipment - - - $1,108,000 
Two specific studies considered mandatory are: 

1. Development of automatic propellant luadira s y s i e r n s  . 
Side-note: The simultaneous loading ana topping or cryogenic propellants, ana 

par t icular ly  hydrogen into a venicie of up t o  four stages w i i i b e  
very d i f f i cu l t .  Automatic equipment is a must. Ii-iproper hading 
severely diminishes stage effective mass-ratio. 

2. Rapid vehicle systems d ig i t a l  check-out equipment development. 

Side-note: The vehicle check-out method must -be performed rapidly for  a l l  
suD-systems: systems, ana f ina i iy  t ne  integrated venicie itsell” t o  
l i m i t  check-out time t o  a reasonable duration. 



I t e m  - 
Vehicle systems check-out equipment, re- 

nnprtrmo+i P. n a m e 1  e d ~ & ,  "nYr7erS I E-- - -u*- - - " Jp..*u'Y, - v u  

$200,000 each) ............................ 
processing syst~.. ....................... 

Vehicle transport assembly fixtures (3 at 

Advanced area research and development: For 
work on special problems associated with 
ground-service equipment development in 
such areas as quick data handling systems 
for check-out procedures, propellant trans- 
fer and loading systems, ground control 
systems, etc.......... ..................... 

Total.................,..... 

It em - 

Fiscai Year Fiscal Year Fiscal ye=< 

1959 1960 1961 

Direct Materials 

To obtain materials to fabricate tooling, 
integrate ground- support equipment, and 
produce boosters; included are such items 
as sheet metal, rivets, bolts, couplings, 
hand tools and transducers...,.,,,,.....,.. 

-e- --- 1,108, ooo / 
--- $9,708.000 --- 

Fiscal Year Fiscal Y e a r  Fiscal Year 
1959 1960 1961 
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NATIONAL AEROMAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

Fiscal  Year 1959 

$3,095,674 

TRACKING AND DATA ACQUISI!KCON 

Fiscal Year 1960 

$16,266,000 

Fiscal Y e a r  1961 

$32,550,000 

1. OBJECTIVES: 

To aperate tracking and data acquisition f a c i l i t i e s  necessary t o  support the overall  
NASA space f l i gh t  program; t o  provide tracking and data acquisition support f o r  space flight 
operations upon request by other government agencies; and t o  provide f o r  research and develop- 
ment on improved tracking and data acquisition systems and equipment. 
t i ves  included i n  fiscal. year 1961 program are: 

Major technical objec- 

(a) Inrprovement of the overall  accuracy and efficiency of existing NASA 
+-~- l l . -? l . . .n  e+*+-rAn" 
w r u r r . * -  Y w u Y I Y ~ r u .  

(b) Development of a prototype electronic tracking system of inherently 
greater precision than any present system. 

i- ---i 
i 

(e) Developnent of special  t ra jectory measuring techniques and systems 
f o r  complex payloads. 



2. JUSTIFICATIOE : 

Ir e11 ce.zpc pf ye- flichf. nperat.inns, whether R sc i en t i f i c  s a t e l l i t e ,  a space 
probe, a sounding rocket, o r  a manned vehicle, there i s  a need fo r  tracking uni t s  capable 
of delivering o rb i t a l  data o r  position time his tor ies ,  and a need f o r  telemeter receivers 
fo r  data acquisition. These devices must be p r q e r l y  coordinated by communications l inks 
t o  permit t he  data t o  be transmitted t o  a suitable computing center, where it may be rapidly 
reduced t o  a form i n  which it can be studied and analyzed by the sc ien t i s t s .  
sents the  r a w  material  from which the sc i en t i f i c  experimenters w i l l  gain t h e i r  new knowledge 
of space. The quantity and quality of t h i s  r a w  material w i l l  determine the progress m a d e  i n  
space research. 

The data repre- 

While the  NASA network of s ta t ions i s  designed t o  afford the  maximum amount of opera- 
t i ona l  f l ex ib i l i t y ,  there are  special  conditions associated with each test which may require 
equipment modifications, o r  i n  cer ta in  cases, the temporary in s t a l l a t ion  of new items of 
equipment a t  new tracking locations. 

In order t o  minimize the  requirements f o r  new stations,  o r  t o  compensate f o r  temporary 
deficiencies, t he  NASA proposes t o  provide sumort t o  cooperating non-NASA stat ions which are 
suitably equimed t o  perform a useful function fo r  the  purposes of a par t icular  experiment. 

ADVANCED !TECHNICAL DEVELOPMENT 

Tracking and data  acquisition systems development: A continuing ef for t  must be main- 
tained t o  advance the s t a t e  of the art  i n  tracking systems and methods, i n  data reduction and 
analysis techniques, and i n  methods of telemetry and data transmission, 
basic research include theoret ical  studies and experimental ver i f icat ions of the e f fec ts  of 
propagation delays on various transmissions of time signals since accurate time measurement 
t o  within a fract ion of a second is  necessary i n  refined calculations of orbits;  theoret ical  
and q 7 1 e d  research i n  l o w  noise p r e - q l i f i e r s  t o  -rove reception of fa in t  radio signals; 
theoret icd studies and analysis of -roved o rb i t a l  computation methods; and studies in to  
techniques fo r  communicating w i t h  space vehicles at  planetary distances. 

Specific areas of 

In addition, development of refinements i n  the  measuring capabi l i t ies  of present mini- 
t rack systems is contemplated t o  meet more exacting requirements. Included are  the development 



of such items as a rubidium-vqor, frequency-standard equipment t o  improve calibration accuracy; 
precision propagation delay measurement equipment; on-site data reduction systems; and prototype 
~ & % i - ~ % k i  ~ ~ u i - + e u t  t~ ih;LL& atc t~ addue; ~y 3 t w o  

The development of new types of tracking and data acquisit.ion equipment i s  prvposed 
which will have more accuracy than present systems. This work w i l l  include new antenna systems 
and receivers t o  operate at higher frequencies (2000 mc); transmitters f o r  range determination; 
self-tracking systems fo r  direct ional  antennas; and payload beacons f o r  use i n  conjunction with 
the ground systems. 

Computer support programs: Studies w i l l  be undertaken t o  determine the  best  modulation 
technique f o r  data acquisition and f o r  the adaptability of the  data received t o  computer pro- 
grams f o r  reducing the data. Consultative seGices  w i l l  be used i n  t h i s  research e'f0r-t.- 

Data systems developnent: Work w i l l  be continued i n  this area t o  fos te r  the development 
of automatic data reduction techniques as well as t o  improve the data reduction on data now 
being received from telemetry systems operating i n  s a t e l l i t e s  i n  orbit .  

@ t i c a l  systems development: It i s  praposed t o  irnprove the present capabili ty i n  this 
basic method of tracking especially f o r  geodetic programs. Ihpr~vements are  necessary i n  the 
timing system and i n  the methodsof reducing data from photographic film accurately and rapidly. 
Electronic-u-ptical techniques w i l l  be investigated t o  marry the  advantages of electronics and 
optics i n to  an -roved system f o r  tracking optfcslly. Other work will iriclitde star catalog- 
ing, application of op t ica l  tracking t o  lunar o r  deep space vehicles, exploration of possible 
uses of opt ical  telemetry, ixprovements i n  image converters and photo-detectors, and the use 
of light ref lectors  on payloads. 

Mercury tracking net techniques: The Mercury tracking net w i l l  undergo continuing 
refinement and improvement t o  insure maximum effectiveness and r e l i ab i l i t y .  Work w i l l  continue 

Developmen+ of nigh gain antennas: 

While payload power i s  expected t o  increase, it w i l l  s t i l l  be necessary t o  improve the 

Many iong range probiems are  involved i n  developing 
equipment t o  meet the requirements of communicating with vehicles at  distances of millions of 
miles. 
antennas and receivers on the  ground. I n  this connection it w i l l  be necessary t o  do considerable 



research and d.evelopnent t o  design md d e ~ e l q  teclnicpes and systems tc economically improve 
upon present large antenna systems t o  receive re la t ive ly  Taint signals. 

Trajectory measurement and command equipment: S p e c i d  types of equipment are needed 
fo r  vehicles whose controlled t ra jec tory  go well beyond the range of established launching 
ranges. The type of equipment required w i l l  depend on the character is t ics  of the payload, 
and what command control functions are involved. 
stopping and s t a r t i ng  powered flight i n  last engine stages, 
stages at remote locations w i l l  require development of special  t ra jectory measwement and command 
control equipment. 

Certain vehicles w i l l  have capabili ty f o r  
To control the operation of such 

FLIGl" RESEARCH PROGRAM 

Operation of s a t e l l i t e  ("Minitrack") stations:  During the f i s c a l  year 1961 there  w i l l  
be fourteen Minitrack operating stations,  including four new ones being ins ta l led  during the  
f i s c a l  year 1960. 
tracking s a t e l l i t e s  which send out radio signals, where precise real-time data is  not required. 
They have a l l  weather capability, They cannot t rack passive s a t e l l i t e s  (ones which do not emit 
signals) nor can they provide the precise orbit; data available from opt ical  systems. They have 
the advantage of being able t o  detect the angular direction of a s a t d l i t e  with respect t o  the  
s ta t ion  without p r i o r  information as t o  precisely where to look, !These s ta t ions must be loca%ed 
in areas f ree  of extraneous e l ec t r i ca l  disturbances, From a number of observations fron di f fe r -  
ent stations,  a reasonable o rb i t a l  determination can be made ,  

These s ta t ions employ radio interferometers and a re  used primarily f o r  

Each Minitrack s ta t ion  receives and records telemetry data on magnetic tape. Data from 
these s ta t ions  are fed t o  a central  control, communications, and computing center at the  Goddard 
Center, Automatic data read-out equipment i s  being provided t o  speed up data collection and t o  
permit tracking a greater number of s a t e l l i t e s .  

The operational cost of three Microlock s ta t ions  i s  included in  the 1961 estimates. 
These s ta t ions  w i l l  be managed by the technical personnel t ha t  manage the Minitrack s ta t ions.  
I L L ~ ;  AUGAUWGL B Iruuuiia uuy eventuh;tiiy be integrttieci iri iv ihe Eiiniirack net, a i  common iocations 
with the Minitrack stations. 
rm.- 111 ---- '1 --I- -L-L-. --- - 

Operation of opt ical  tracking stations:  The existing twelve Baker-Nunn opt ica l  s ta t ions  
w i l l  continue i n  operation during the  f i s c a l  years 1960 and 1961 under the technical and admin- 
i s t r a t i v e  direct ion of the  Smithsonian Astrophysical Observatory. 



The opt ica l  s ta t ions can photograph reiat iveiy f a i n t  space 07u j e c t s  ( sa t e i i i t e s )  against 
Ob-  star backgrounds t o  provide a precise determination of the a n g u l a r  posit ion of the object. 

the object. Therefore, observations can only be made i n  periods of c lear  twilight. Moreover, 
the camera can only see a small segment of the sky at a t h e ,  and it must have a >prior knowledge 
of where t o  look o r  the s a t e l l i t e  w i l l  pass out of range before the camera can search any appre- 
ciable segment of the  sky. 
similar electronic systems which do not have the  acquisit ion l imitations of opt ical  systems. 

jr=sava$;;-isa c ~ i  ~ z l j -  >, zs;~ -&cz th;z -;;;ik~;ie; i~ gcc& %?? h - r  v + + i r n  ciin14ycli- y~-f~et+.ei i  frnm 'J * -- --- 

Information on where t o  look i s  usually obtained from Minitrack o r  

It is  theoret ical ly  possible from three o r  more opt ica l  observations tao obtain the  most 
precise o rb i t a l  data of any technique known. For cer ta in  geophysical experiments, such as i n  
geodetic and air drag experiments, the  maximum precision of qp t ica l  techniques i s  necessary, 
The opt ica l  s ta t ions  must be located at s i t e s  where the weather conditions are  such tha t  good 
v i s i b i l i t y  generally prevails. 
locations of electronic systems, which have other c r i t e r i a  governing t h e i r  best location, 

This s i t e  l imitation i s  not necessarily compatible with t he  s i te  

Included i n  the cost of operating the opt ical  s ta t ions  is  the  cost of data transmission, 

Funds are included fo r  the cost of the Moonwatch teams 
data reduction, and data interpretat ion which is  performed by the Smithsonfan Astrophysical. 
Observatory at Cambridge, Massachusetts, 
which a re  volunteer groups ass i s t ing  the Smithsonian Astm-physical Observatory i n  securing ob- 
servations of s a t e l l i t e s  a% different  places i n  the world, using simple telescope equipment. 
The compensation t o  the  Moonwatch teams merely defrays expenses for materials and f o r  cer ta in  
items of equipment. There i s  no conrpensation fo r  the ?xLhriteer services a8 such. 

Operation of the deep sp ace network: During the  f i s c a l  year 1961 it i s  expected tha t  
three s ta t ions w i l l  be operational. The JPL s ta t ion  at Goldstone, California i s  currently 
operational; the Woomerai Australia s ta t ion  w i l l  be added during the f i s c a l  year 1960; and the  
South Africa s ta t ion  w i l l  be completed during the  f i s c a l  year 1961. 



mittbig sigr~ds t o  wace vehicles at great distaxces far the p-mpose of  issuing comands t~ 
the vehicle. The transmitters w i l l  also be able t o  be used fo r  communications s a t e l l i t e  experi- 
zerztr 5 i 

t i on  of 
1961. t o  
on deep 

Mercury 
center. 
volving 

Funds are inciuded under t h i s  heading f o r  the cont rac tud  services required in the  opera- 
auxi l iary portable t ra jectory tracking and command s ta t fon equipnent i n  the  f i s c a l  year 
meet qperational requirements involved i n  t ra jec tory  measurement an& guidance functions 
space probes. 

Operation of Mercury net stations:  
network of stations,  including the control center and the comunications and computing 

A t o t a l  of about 18 stations are included i n  the  

The uperation of these s ta t ions and the  recovery operations 
the  Department of Defense, foreign countriesg and NASA. The 

primarily u t i l i z e  leased commercial l i nes  and m i l i t a r y  c i rcu i t s .  

Ope,mtion of non-NASA stations:  The NASA W z l l  make use on a 
of cooperating non-NASA stat ions which provide tracking capability. 
at JodreU Bank, England, and at Fort Churchill, Canada, The extent 
f a c i l i t i e s  i s  arr3,ved at by mutual agreements based on %he duration 

w i l l  be a jo in t  e f f o r t  in-  
communications system w i l l  

part-time basis of a number 
Examples are the f a c i l i t i e s  
of the  NASA use of these 
and complexity O f  t he  p m i c -  

ular experiments. 
needed t o  accomplish par t icu lar  experiment sc 

In certain cases the NASA may pmvide flrnds for  special  items of equipment 

Operations a t  AMR and PMR stations:  All NASA sounding rockets, s a t e l l i t e s ,  o r  space 
probes w i l l  be launched during the f i s c a l  years 1960 and 1961 from e i ther  the  NASA Wallops 
Station, the  C a n a d i a n  stat ion at Fort Churchill, or the  Department of Defense AMR o r  PMR 
stations.  
items of cost  f o r  use of the AMR and PMR stat ions will include u t i l i t i e s  f o r  NASA off ices  and 
operations and special  items of equipnent re la ted specif ical ly  t o  NASA experiments i n  specif ic  
missions. 

The majority of the launchings will take place at the  AMR station. Reimbursable 

nf.hpr p e r a k i  onal costs: 
u s e d t o  procure services involved 
qqrqxiete camm,icstions c e ~ t e r  
puter  c q a b i l i t i e s  of  the Goddard 
will decrease. 

A p o r t l o n  of the finds requested under this program will be 
i n  the transmlssion of tne data acquired at Waiiops t o  t'ne 
ea6 f n r  da%n redxlction services i_?nder contract. As the  corn- 
Center increase, the  contract costs for data reduction services 



The NASA w i l l  have oyer kl tracking s ta t ions i n  operation, including the  Mercury 
stations, i n  the  f i sca l  year 1961. 
aperating costs of the  s ta t ions  has been added t o  provide adequate M d s  for maintenance and 
repair, provisioning of  spares and log is t ic  materials such as tapes, and various paper materials. 

An estimate o€ approximately t en  percent 02 the  overal l  

3. PROGRAM COSTS: 

Advanced technical development: 

Tracking and data acquisit ion 
systems developnent.. .................. 

Computer support progr81119.....,.... ...... 
Data systems develqment....... .......... 
Optical systems develupment.....t..,..,., 
Mercury tracking net techniques,..,. ..... 
Development of high gain antennas........ 
Trajectory measurement and comand 

equipment...e.. ........................ 

Flight  research progrm: 

Operation of s a t e l l i t e  stations:  
Operation of Minitrack and Microlock 

Data 
stations...  .......................... 

Total.. ........ 

Moonwatch teans..o................,...e 
Data transmission and reduction..,...,. 

Total. ......... 

Fiscal  Yew Fisca l  Year Fiscal  Y e a r  
1959 1960 1961 

$507,674 
348,000 

855,674 

1,250,000 
200,000 

1,450,000 

410,000 
50, ooo 
150,000 

610, ooo 

$850,000 
160,000 

50,000 
500,000 

330,000 

175 , 000 

1,275,000 

3,340,000 

3,000,000 
500, ooo 

1,450 , 000 
250,000 
800, ooo 

2,500, ooo 

$2,670, 000 
200,000 
900, ooo 
900, ooo 

1,000,000 
500,000 

1,050, ooo 

7,220,000 

4,750,000 
850,000 

5,600,000 

1,950, 000 
250,000 

i,300,000 



Fiscal Y e a r  Fiscal Year Fiscal Year 
1959 1960 1961 

Vperatlon o r  aeep sp ace stations : 
Operation of Goldstone station,. . . . .  ... --- $1,400,000 
Operation of  Woomera station.. ......... 
Operation of South Africa station...... --- --- 
Trajectory equipnent aperation......... --- --- 

Total.. ........ --- 1,400,000 

--- --- 

Data tr8n~ssion..................... --- --- 

Operation of Mercury net stations: 
Y ....... Operation of Mercury stations... --- 

Data trsn&ssion..................~... --- 1,000,000 

--- 1,000,000 Total. . e e e a e 

Operation of non-NASA stations:  
Jodrel l  Bank, ~litnd.................. $180,000 200,000 
Fort Churchill, C a n a d a ,  a t e e m e e e e e a e 0 e m --- 650, ooo 

T o t a l ,  ......... 180,000 900, o m  

A l l  other..e.....................,..,.. -- - 50,000 

Operations at  AMEl and PMR stations: 
AMR ODerations......................., --- 426,000 - PMR Operations. --- ........................ 200; 000 

Total.. ........ --- 626,000 

200,000 
Data reduction services.,.. ............ --- 2,PjG;UGG 

$1,250,000 
850, ooo 
600, ooo 
400,000 
400,000 

3 , 500 , 000 

Is! 5,  450,000 

5,450,000 

300, ooo 
700, ooo 

1,400,000 

400,000 

I, 500, ooo 
600, ooo 

2,100,000 

r/ Funding included under "Manned space f l igh t"  program. 



Fiscal Year Fiscal Y e a r  Fiscal  Year 
1959 1960 1961 

$250,000 $1,800,000 

Total.. . 4 . .  . . . . --- 3,000,000 3,780,000 

Network Maintenance and repairs........ --- 
Network spares and materials........ ... --- 300, ooo 830,000 

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



FISCAL YEAR 1961 ESTIMATES 

Tracking and Data Acquisition Systems Development 

The develqment of space tracking and communications systems progresses only as the s ta te -  
of-the-art is  extended. 
specif ical ly  f o r  re la t ive ly  low a l t i tude  and simple satellites, are  s t i l l  i n  use during the f i s c a l  
years 1959 and 1960. 
space exploration vehicles which w i l l  be required t o  communicate back t o  an ear th  base over extreme 
distances. The increased leve l  of e f for t  i n  the advanced technical develaprment area ref lected i n  
the f i s c a l  year 1961 budget w i l l  insure tha t  cer ta in  basic studies are made and tha t  the develop 
ment of advanced systems and equipments w i l l  meet the requirements of these vehicles. 

The ground f a c i l i t i e s  and systems which were developed during the  IGY 

Plans are  presently crystal iz ing f o r  more complex s a t e l l i t e s  and f o r  deep- 

Tracking systems, basic research, and develapslent: Work started during the  
f i s c a l  year 1960 w i l l  continue at an accelerated pace i n  the  f i s c a l  year 1961. 
The cal ibrat ion system studies are directed towards developing more precise and 
simpler cal ibrat ion methods f o r  the  radlo interferometer "Waitrack" system. 
These studies have a two-fold purpose: first, t o  provide a greater  understmding 
of the various factors  which can d i s to r t  the f i d l d  of an interferometer system; 
and second, t o  do the  basic work necessary t o  develop procedures fo r  the applica- 
t ion  of machine methods t o  a major portion of the cal ibrat ion process. For ex- 
ample, NASA has supported the punching of star catalogs on IBM cards, m a k i n g  them 
available i n  more useable form fo r  research programs and f o r  calibrating tracking 
systems. The development of low noise receiver pre-amplifiers will be carried on 
i n  the  f i s c a l  year 1961 at an accelerated rate .  
t h i s  portion of the receiving c i rcu i t  w i l l  materially Increase the range and data 
handZing capacity of existing communications sys%ems. 
&&G *ie--jil L-.L+r,... u G w w G c I I  thc trackiz-ig statiC?nn ncntr.erer3 &.K"UUlliL ii1e gl"ue9 B basic 
research e f fo r t  w i l l  be In i t i a t ed  i n  the f i s c a l  year 1961 a b e d  a t  more precise 
det;ermination of the various elements involved i n  propagation cieiaya a d  t o  point 
the way towards possible hprovements i n  timing accuracy. Theoretical analyses 

Reduction of the  noise leve l  i n  

I r a  urder t o  Lzir~-~? tkc 
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Tracking and data acquisition systems d e v e l p e n t :  The major portion or these funds fiscal ye= 1966 pxQv-i&e cui Al- - a -  -3 Y ---&a&--- 
but: UOPJ.&U) pAuuUuJpG 

construction, and tes t ing  of components for  converting the rad3.o tracking 
systems t o  the newly assigned 136-137 me. band. Items covered here include 
the development of tracking antennas and receivers, telemetry antennas and 
receivers, as well as over-all telemetry system studies, T M n g  system de- 
velapment i n  the f i s c a l  year 1960 consisted primarily of the redesign of the 
basic time standards fo r  use with the new 136 mc system and the  develapment 
of a system f o r  furnishing time signals i n  a form compatible with computer 
uperation. 
s tar ted i n  the f i s ca l  year 1960. 
develapment of rubittiurn v q o r  frequency standards or  equivalent f o r  tlming 
use a t  selected f i e ld  stations,  
missions may be the eventuaZ answer as fax as consistency of propagation 
delays i s  concerned, the actual time delay i t s e l f  must be measured. The 
cost of s ta t ion calibratfon and of calibration equiponent developent will 
increase somewhat due t o  the addition of new Minitrack s ta t ions and the  
addition of greater coverage of the existing stations, 
nent i n  the f i s ca l  year 1960 represents the necessary redesign of the measure- 
ment portion of the Minitrack system required by the new frequency assignment 
and the develgrment of a completely automatized data readout system, 
types of the data readout systems have been produced aad are undergoing f i e ld  
evaluation at the s ta t ion at Blossom Point, Maryland, The mador area of data 
systems develupment i n  the f i s c a l  year 1961 will be a readout system f o r  the 
precision interferometer tracker, 

In the f i s c a l  year 1961, effor ts  will continue on the program 
In addition, contracts w i l l  support the 

Although VU' (very low frequency) trass- 

Data system develop 

Proto- 

Precision interferometer developtent: A major effork during the f i s c a l  
year 1961wiU Be the developent of a precision interferdnetar Mhitraek system 
to be aperai-ed in +Jae 2ma me rane5e, rm - -l----L-, --AI. 

W a v c l G l r g u U l ;  of =. higher fre- 
qcency eq~-iveIenk ta a more I^iiit?i> iii~i&& SC&G, ~ ~ i 2  p ~ s s i b l e  gre- 
cise  radio tracking. 
system dll be capable of relatively wide bandsdciYn upemtion which 
t o  give higher data acquisition rates. 

sue WUULbC!L 

In addition to the Improved angular tracprrlng accuracyp the 
3e ut i l ized  

A medim-sized pmobolic antenna fo r  ambiguity 
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resolution md data acquisition i s  funded s q a s a t e l y  as a construction i t em.  
For some s a t e l l i t e  t.racking requirements the measurement of range is  almost 
mandatory. 
required airborne beacon is contemplated. 
that ranging can be omitted by the experimenters i f  not required o r  i f  pay- 
load w e i g h t  i s  at a premium. 

Prototype develqment of a compatible ranging system and the 
The system will be developed 80 

Fiscal Year Fiscal Year Fiscal  Year 
I t e m  1959 1960 1961 - 

Tracking gykrkeprz-s, basic research and developnent: 

Calibration and system studies.. ....... 
Antenna studies....... ................. 
Low-noise pre-~lifiers............... 
Ionosphere studies...................., 
Propagation studies related t o  thing.. 
Theoretical anal;ysis, orbi t  computation 

Tracking and data acquisition systems develapment : 

Tlming system development....+. ....... 
136 mc Minitrack antenna development.. . 
Telemetry antenna developanent .......... 

Calibration systems develqment........ 
Data system improvement develupnent. . e . 
136 mc receiver develqment ............ 
Telemetry systems studies.......O...... 

Telemetry receiver development.......... 

$50,000 
25, cm 
29,000 
50,000 

150~ 000 

75,000 
loo, 000 
75,000 
loo, 000 
70, ooo 
loo, 000 
15,000 

1052 000 

700,000 

$250, 000 

100,000 
50,000 
100,000 

--- 

150,000 

650,000 

200,000 
150,000 
190, ooo 

-a- 

540,000 



Item - 
Precision interferometer ---A develupnent?: 

Interferometer antenna deveLapmzent.....6. --- --- $510, ooo 
Receiver developent, prototype 

construction..... --- -- - 2509000 
Antenna feeds, self-tracking equipment. .. --- --- 200,000 
Ranging system, prototype developnent . . e . --- --- 220, 000 --- --- 100,000 
Special test systems development,......... --- --- 200,000 
firborne beacon, prototype development e 

$850,000 $2,670,000 

Funds are required t o  unde&-t;eJre studies directedtowwd detemining modulation and data 
recording formats nost adaptable t o  computer operations i n  data reduction. 

I t e m  - 
Computer operations studies..b........O.O..PI 

Fiscal Year Fiscal Year Ffscal Year 
1959 1960 1961 

Telemetry Data Sys-besls Develo-pxusnt 
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processes and high data handling capacity. 
the f i s c a l  year 1961, extending the state-cf-the-art. t o  Frovifie more reliable and ef f ic ien t  
“hardware11. 

Component development will be accelerated during 

I t e m  - 
Fiscal Y e a r  F i sca l  Y e a s  FiscaL Year 

1959 1960 1961 

Studies of telemetry and data reduction 
techniques....... --- $130,000 $300,000 

Prototype systems development............ .... --- 50, ooo 300,000 

.......................... 
Component development and inrprovement........ - I -  150,000 300,00o 

$330,000 

Optical Sys.t;ems Development 

The develgrment of op t ica l  systems will be carried out primarily under the  direction of 
the  Goddard Center. 
the developent of prototype opt ical  tracking systems. 
with par t icu lar  emphasis on means f o r  electronic detection of op t ica l  images. 
pr inciples  i n  telemetry wi l l  be studied; t h i s  wil l  include monitoring efforts sponsored by DOD 
ac t iv i t ies .  
geodetic s a t e l l i t e  w i l l  be designed. 

The program w i l l  include basic and applied research i n  ap t i ca l  systems md 
A basic research program will be in i t i a t ed  

The use of opt ical  

The prototype portable opt ica l  tracking s ta t ion required by the  flashing light 

Item - Fiscal  Year Fisca l  Y e a r  Fiscal  Y e a r  
1959 1960 1961 

Studies of opt ical  techniques...... .......... --- $15,000 $300,000 
--- 15,000 300, ooo 

300, ooo Prototype systems developnent....... ......... Develcqment of optical. components............ 
20,000 --- 

I ,  lotai................*.**.** 
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Mercury Tracking Net Techniques 

Work i n  t h i s  area i s  accomplished by means of a task-type contract wLth the Lincoln Lab- 

The Lincoln hbox*€%tory works i n  conjunction wi-th 
- *  - - - - -  -n r r r m  ----- ----&*--.- LL- ---.--5.--~ .--a d---, . l~-~. . .4 n--rrn+n 2.f +ha rrw,-..lnn+ M c ~ w n l l m r  + - n k ; m m  

u> r - - u - - -  ----- - - u -- - ------ VI'&l,UJ. J VI 1"U.L UULJPVA V U Y ,  VAL& J. LUbwA. b \ L  w.-Cu ub 1 b A . v ~ ~ u . - ~ & w  -uyb,u Y Y  "..A- 

communications, and data acquisition necwork, 
t he  ground. f m i l i t i e s  group of the Langley Research Center, pr.oviding consulting services and 
investigations cf technical problems affecting the over-all  performance and success of project 
Mercury. Specific items covered include: 

Evaluation and consulting on the design of cammunications systems. 
Formulation of a detailed ground communications plan. 
Studies of high-frequency radio propagation as re la ted  t o  

r e l i a b i l i t y  of comunication with the  capsule. 
Study of computer capabi l i t ies  and requirements. 
Evaluation of telemetry systems 
Evaluation of radar skin tracking. 
Design and evaluation of radar acquisit ion devices. 
Consultive services on simulation techniques. 

This work is extremely valuable i n  providing highly qual i f ied technical services t o  study specif ic  
problems in greater  detai l  than time would otherwise allow. 
savings by pinpointing, i n  advance of equipment construction, probable weak points of commwnica- 
t ions  and other systems. 

It has resulted i n  considerable cost  

F isca l  Y e a r  Fiscal  Y e a r  F i sca l  Yew 
Item 1959 1960 1961 - 

Technical monitoring and the development of 
ground s ta t ion  equipment and techniques.. .. $507,674 $500 000 $500,000 

The a b i l i t y  of a lunar o r  planetary probe t o  communicate information back t o  the  Earth i s  
&eectl-y reht,ed to &LA uLIG uvGJ.-aU A T l n n  gain effective wee, d t he  gmmd based receiT.4ng m-terma; The 
existing 85-foot diameter automatic tracking antennas, such 3,s t h e  two ins ta l led  at  the MAGA Gold- 
stone f a c i l i t y  are adequate f o r  many pm-poses. However, even a cursory study of the problems in- 



volved i n  transmftting large amounts of data from distances of millions of miles indicates that 
many component advancements are necessary, including an increase i n  effective antenna area. 
f i s ca l  year 1959 funds were used by the JPL a t  the Goldstone s i t e  t o  develop special antenna feeds, 
improved receiving equipneni, tLIl(i tt s p c i d  G v G z - G i i G t e  c~i-rsi%cr e; ~ G C Y S  ;L~&LZY czcze5 h l r  -.I +he ---- 
required separation of the 85-foot transmitting and receiving antennas. In the f i s c a l  year 2.960, 
research i s  being i n i t i a t e d t o  create antenna gains much greater than those currently available 
a t  an economical price,  
the f i s ca l  year 1961. 
c s l  t o  undertake systems studies, model antenna construction, and t e s t  of the more promising systems, 
It is  anticipated tha t  this work w i l l  progress far enough t o  make it pract ical  t o  l e t  a contract f o r  
preliminary design work on a f‘ull scale large aperture ante-. A t  about the same tlme, preliminaxy 
design studies w i l l  be i n i t i a t ed  on the multiple or wide-band feed systems f o r  this antenna. Si t ing 
studies w%ll be conducted during t h i s  period. 

The 

These f’undsmental studies w i l l  be continued a t  about the same pace during 
However, enough infomation w i l l  be on hand by that time t o  make it pract i -  

It em - 
Feed systems design and develapment.......... 
Coordinate converter...................... 
Receiver improvements.......... .............. 
Fundamental antenna  research................^ 
System studies of large aperture antenna..... 
Model antenna construction................... 
Preliminary design of large aperture antenna. 
Preliminary feed system design............... 
Preliminary siting studies................... 

TOtal.....*...o.to...oo.oo.o 

Fiscal Y e a r  F i sca l  Y e a r  Fiscal Year 
1959 1960 1961 

$70,000 
200,000 
78,000 

--- 
-e- 

$348,002 $175 000 

Special types of tracking, telemetry recording, and command equipnent are required f o r  ve- 

Certain vehicles w i l l  be c q a b l e  of 

hicles whose controlled trajec%ories go w e i . i  beyon4 the range of establisheC laxmch f a c i l i t y  inst?X- 
mentation. The type of equipment required dqends, t o  8 great extent, on the characterist ics of the  
payload and what command and cont;rol m c t i o a s  are involved. 
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been used fo r  measuring the operation of the f ina l  stage of the launching vehicle. 

look" injection data. 
these stations were uperateci l y  tine &-w Siguai COLTS an& Via k w  E&Liii%.~ Eii~ik 
Agency. Direction of the aperation of the three portable Microlock stations will be 
taken over by the Goddard Space Fl ight  Center during the fiscal year 1960. 
aperating costs are  included i n  the f i s c a l  year 1961 estimates. 

using triangulation techniques, actual trajectory can be obtained t o  give "quick 
During the f i s c a l  year 1959 and most of the f i s c a l  year 1960 

Full year 

The majority of the cost during the three years indicated is  f o r  the operation 
of the Minitrack network. 
year 1960 are greater than they were i n  the f i s c a l  year 1959 when 8gproximately the 
same number of stations were existent. 
i n  the f i s c a l  year 1960, and also t o  the fact  tha t  f o r  a good portion of the f i s c a l  
year 1959 our stations were still being aperated by A q y  personnel under a separate 
funding arrangement as part of Project vanguard, 
include dellverg of the equipnent associated with the change-over t o  the new 136- 
megacycle tracking frequency. 
is due t o  the larger number of stations, including new &bitrack s ta t ions and the 
three portable Microlock stations.  The complexity of s ta t ion equipment w i l l  also 
be greater. 
operation of calibration a i r c ra f t  fo r  station cslibration. 
electronic system; the angular position readings are  simultaneously checked by apti-  
ca l  angular measurements t o  prove the accuracy of the electronic e m p e n t .  
tion, certain sc ien t i f ic  experiments require special tracking and data acquisition 
support t o  meet u11usual requirements of payloads. 
receivers and recorders are required depending on the desi- of certain payloads. 
Similarly special command transmitters are also dependent on pa~rload designs. 

It w i l l  be noted tha t  the aperating costs i n  the f i s c a l  

This i s  due t o  having added logis t ic  support 

The f i s c a l  year 1960 estimates 

The operating cost increase i n  the f i s c a l  year 1961 

The f i s c a l  year 1961 e s t a t e s  include the first full year of contract 
A plane is tracked by +he 

In  addi- 

For instance, transportable telemetry 

Fiscal Year Fiscal  Y e a r  Fiscal Y e a r  
I tem 1959 1960 1961 - 

h r n  nnn A n  rmt- nnn A? rnn nnn Gperaiiion or" Kinitrack siaiions.............. ~ ~ U , W W  Wf ) I  )?wV .Y3? J W ) u W  

Operation of Microlock stations.............. --- 25,000 300,000 
Station calibrazion services................. --- 2-50, GOQ 700,000 
Special tracking and data acquisition support --- 250, OOO 250,000 

$250, O E  
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Data transmission: Data transmission costs increase during the three 
years indicated. 
mission w a s  accomplished by using mili tary circui ts ,  

c i rcu i t s  which have operational capabili t ies of 60 t o  100 words per minute. 
The network l inks the Minitrack stations (there w i l l  be 14  i n  the f i s c a l  
year 1961) t o  the NASA control center at  Goddard and t o  the U, S, Missile 
Launching Ranges and other DOD fac i l i t i es .  

During the f i s c a l  year 1959, a poIAlon of the data trms- 
I n  the f i s c a l  year 

s n L n  - 7 7  sna-s&---v-  &----.rrr.r. .-  -1- 1...4-" ~ . ~ . . . a i ~ a  I.-- lA.,spa + d l p + T m ~  ~ 7 w )  a,&& A*U+L.LUALOI~I& wucb u~.cu&-331w&~ &.;. uG;sirg U-IU-I-GU Y J  --UYII ------,,r-- 

I t e m  - Fiscal Y e a r  F i s c d  Year Fiscal Y e a r  
1959 1960 1961 

Minitrack and Microlock leased 
C o m m u n i  cation lines.....................o,. $200,000 $500,000 $850,00? 

Operation of Optical Tracking Stations 

Operation of Baker-Nunn stations: The existing twelve Baker-Nunn optical  
s ta t ions wi l l  continue i n  operation during the f i s c a l  year 1961 under the 
technical direction of the Smithsonian Astrophysical Observatory at Cadbridge, 
Massachusetts, These optical  stations can photograph a s a t e l l i t e  against a 
star background t o  provide a precise determination of i t s  angular position, 
Observations can only be made when the v i s i b i l i t y  is good and while sunlight 
i s  being reflected from the object. 
i n  periods of clear twilight. 
of the  sky at a time, information on where t o  look is  usually obtained from 
Minitrack or similar electronic systems which do not have the acquisitional 
l imitations of optical  systems, 

Therefore, observations can only be made 
Since the cameras c m  only see a small segment 

observers instead of the former three a% each s ta t ion t o  allow a more normal 
work week and t o  place the stat ion rliperatioli ori With 
increasing s a t e l l i t e  activity,  an increase t o  six observers at each s ta t ion i s  
planned f o r  the  f i s ca l  year 1961. 

E. mre pzrmanerik basfa.  

A substantial  increase i n  equipuaent costs 
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during the f i s c a l  year 1961 will be required f o r  the replacement OF Improve- 
ment of precision clocks at the a p t i c a l  stations,  

a t  different places-in the world, using simple t e l e s c q e  equipnent, 
j ec t  vas star ted as a part of the IGY progrm, and has been. continued under the 
Smithsonian grant, 
equipment, Several new "apogee" s i t e s  are planned for i n i t i a l .  operation i n  the 
f i s c a l  years 1960 and 1961, and improved opt ical  i n s t m e n % %  wi l l  be provided t o  
obtain bet ter  da-ta on faint sa te l l i t es .  

The pm- 

Suppox% covers only expenses f o r  nater5aJ-s and items of 

Data transmission and reduction: The network &%a transmission and reduction 
costs cover the central  operations a t  Cambridpfe, including the  commUnica%ions 
center for the optical  stations and the Moonwatch teams, computations on a real- 
time basis f o r  prediction information, photo-reduction, and advanced aaLysis, 
Computing services t o  make the data available i n  the propa: form f o r  scien%if%c 
purposes are 8 major item i n  the coat. There i s  at present a significant back- 
log of film data which has not yet been andyzed. 
quires additional personnel t o  extract from the large volume of individual 
& t e l l i t @  photograqhs the pertinent informatJion on EL s a t e l l i t e ' s  position at 
a given t h e ,  

Reduction of thEs data re- 

I t e m  - FiscaP Y e a r  Fiscal  Year F isca l  Y e a r  
1959 1960 1961 

Operation of Baker-Runn s t a t ~ o n s o . . . . o o . . 4 0 e ~  $150,000 $1, 450,000 $1,950,000 
Moonwatch te8m~......001010~.~.ee...01.00.0.. 5 0 9 0 ~  250,000 250, ooo 

1,300, ooo Data transm%ssion and r e d u c t i o n ~ o , . . o . . ~ c ~ c 4 0  410 000 800,0oo 

operation of mace st&%ions 

In the f i s c a l  year 1959, operations at -Khe Jet Prcpilsion LaboratoqDs Goldstone s ta t ion 
In  the fiscal yew 1960, were m d e d  by the U. S. Army as part o f  their confiract =with the JPL, 
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however, NASA is  funding operation of the Goldstone s ta t ion.  
m i t t i n g  size and a receiving s i t e  seven miles apart ,  
concern the coming Echo (communication s a t e l l i t e )  experbent ,  the deep space Thor-Able-& and Pioneer 

done at Goldstone involving research on deep space communications such as parametric ampl3%fem, 
dish surface measuremend-., optic& collimation, star t;racleing, radiometer sky measurements, and 
e l ec t r i ca l  i so la t ion  tests, Fiscal  year 1960 operational costs for  this s ta t lon  are high due -bo 
i ts  isolat ion and lack of pemanent technical and support f ac i l i t i e s .  

The s ta t ion  is  camposed of a trans- 
Mador qer&..fens Clltping the f i sca l  yew 1960 

1 eT.*..l,.ae Cl..? c1,--. -I ,---.L - - - -  _ .  - 
-uurrruru, vIAb u ~ ~ ~ c ~  ~ A U U C D ,  Cui& &c &qji.uL-GL- vi eccenkic sa6elllce. Ln a&l.ltlOn, WOSK 153 being 

The NASA missions t o  be covered d d n g  the  f i s c a l  year 1961 include one deep space launch, 
two lunar orbi ters ,  and an advanced lunar probe vehicle. Despite an accelerated research and de- 
velopment program during the f i s c a l  year 1961, there  w i l l  be a reduction in  the qperating costa 
of the Goldstone s i te  i f  f'unds f o r  the construction of peMnasent technical and support f a c i l i t i e s  
being requested under the Construction and Equipnent appropriation are Wroved. 

Operational. s ta t ions during the f i s c a l  year 1961 w i l l  a l s o  include the Woomera, Australia, 

1% 
s i t e  ( tentat ively operational i n  October 1960), the South Africa si te (tentatively operational in 
J m u q  1961), and a transportable i n i t i a l  t ra jec tory  tracking and data acquisit ion s ta t ion.  
i s  pla;nned t o  l e t  contracts fo r  the operation of the Woomera, South Africa, and ini t ia l  t ra jec tory  
s ta t ions as construction i s  completed. Virtually all of t h e  s ta t ion personnel w i l l  be indigenous, 

Data transmission l i nes  will connect all the deep space s ta t ions t o  a centralized data and 
control center at the J e t  Prqpulsion Laboratory, 

F isca l  Year Fiscal  Y e a r  F i sca l  Y e a r  
1959 1960 1961 

Goldstone ape ration^........................, --- $1,400, 000 $1, 250,000 
Woomera clperationoO.o.e...... ................ - -- --- 850, 000 
South Africa ~ e r a ~ i o n ~ . o .  ................... - -- --- 600,000 

--- --- *u, 000 m r o  :AA+rrwrr -n.-.?-.un-.h -----.La -- 
& * . U J b b U W L J  G y U A p C l l U  UpcJ.ab&urL* e e 0 b 0 e e 0 0 e 0 @ 0 t 
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Operation of Mercury N e t  Stations 

-_ 
AUC C U S ~ ~  ul" oyer-aiiug iile iviercury net sza7;ion a re  a e t a u e a  i n  tne ManneU space Flight 

program writeup. 
carried under t h i s  project t o  permit be t te r  integration of over-all  NASA tracking stations corn- 
munications e 

However, the cost for a l l  data transmission L i n k s  and communications are  

A t o t a l  of about 18 stations a re  included i n  the Mercury network, including the control 
The communications system center at  AMR and the communications and computing center a t  Goddard. 

for network data transmissions will primarily u t i l i z e  commercial l ines  and mili tary circui ts .  
Mercury network data transmission costs include full-period leased f a c i l i t i e s  from the American 
Telephone and Telegraph Company as w e l l  as various commercial and communications agencies i n  
foreign countries. 
implementation of the necessary data links. 
changes) given i n  the breakdown are indicative of costs tha t  will be incurred and also serve as 
a basis for  the estimate of the t o t a l  net costs. A major portion of the  uncompleted segment of 
the network, as shown in  the breakdown, is  s t i l l  being studied and negotiated a t  t h i s  time. 
Engineering estimates of t he i r  cost, including fair  share instal la t ion cost, terminal equipment, 
and taxiff rates t o  be incurred, are i n  the order of $4,000,000 f o r  the  f i s c a l  year 1961. 
Since the Mercury network operations will not begin u n t i l  the  l a t t e r  par t  of the  f i s c a l  year 
1960 and w i l l  be on a ltmited basis as compared t o  the  f i s c a l  year 1961, the over-all cost f o r  
the f i s c a l  year 1960 is  estimated t o  be about 20 percent of t ha t  for  the fiscal year 1961. 

A l e t t e r  of intent has been issued from NASA t o  AT&T t o  provide early 
The actual c i rcu i t  tariff ra tes  (subject t o  minor 

Fiscal  Y e a r  Fiscal Y e a r  Fiscal Y e a r  
- I tem 1959 1960 1961 

Operation of Mercury stations... . . . . . . . . . . . . . .  --- 1! 1/ 

. l l  
I I  - Fimniring inciurieri uneer "ivianned Space Flight" program. 
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It em 

k t a  transmission links: 

- 

CSFC t o  Hawaii (1 voice cable). ............ 
GSFC t o  pt. Argueuo (PMR) (teletype).  ..... 
OSFC t o  Vancouver, B. C. ( teletype) ........ 
GSFC t o  Mexico (teletype).  ................. 
0 s ~ " ~  t o  m i t e  Sands (teletype).  ............ 
GSFC t o  corpus Wisti (teletype).  ......... 
CrSFC t o  EgUn AFB (teletype).  .............. 
ME t o  Patrick AFB (7 voice) .............. 
OSFC t o  Patrick AFB (6 teletypes). ......... 
WFC t o  bndon (1 voice). .................. 
08FC t o  New York (ATW) (6 teletypes) . . . . 
New York t o  Iondon (cable). ................ 
GSFC t o  BeMnuds (radio or  cable, voice). . . 
TerminaL equipment on above................ 
London t o  ~anary  IsUnd (2  r a a o  teletypes) 
London t o  Nigeria ( 2  radio teletypes). ..... 
Kauo t o  Zanzibar (2  radio teletypes).  ...... 
Zanzibar t o  Inlllan Ocean ship (2 radio 

teletypes).  .............................. 
1.0. ship t o  Perth, Australia (2 radio 

teletypes).  .............................. 
P&h t o  Woomem ( 2  cable teletypes ....... 

types).. .......... io. .................... 

OSFC t o  Hawaii (2 teletSrpes).,.,..b.....b.. 

Wornera t o  Sydney (1 cable teletype 1 ....... 
Wornt?ra t o  West Australia (2  cable te le -  

Sydney t o  H a w a i i  (1 radio teletype).  ....... 
0-2 .---- L- TI .._---___---- I 7  - - -  - - J 

L>JUILGJ CIU vuuc;uuvcc \I cuuit :  &ieiypel. e .  

Hawai i .  t o  Canton Is. (1 radio t e l e t n e )  e . 
\ 

Fiscal Y e a r  Fiscal  Year Fiscal  Y e a r  
1959 1960 1961 

I 

1 
3,9133427 

TOt&1..*......,.....0000.... .. --- $1,000, om 
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Operation OS Non-lWU Stations 

A number c?f non-NASA s t a t i m s  which provide specie1 capabili t ies are  used by the NASA 3:: 
a part-time basis. Ekamples are the f a c i l i t i e s  at  Jodrel l  Bank, England, and Fort  Churchill, 
Canada. The extent or  the NA8A use OS these f a c i l i t i e s  is  arrived at  by mutual agreements o r  
contracts based on the duration and the complexity of the particular experiment. 
the NASA may provide funds fo r  special i t a s  of equipment needed t o  accomplish pewrticuhr NASA 
experhent s . 

In certain cases 

JodreU Bank, England: An agreement was reached with the University of Manchester, England, 
fo r  the  cooperative use of the Jodrel l  Bazik 25O-foot radio telescope s ta t ion f o r  NASA projects. 
The cost i n  the f i s c a l  year 1959 i s  based on six sa t e l l i t e s  o r  space probes which w i l l  require 
about 160 8-hour days fo r  use of the telescope, at a cost of $1,200 per day. The estimates f o r  
the fiscal year 1960 assume the use of t h i s  f a c i l i t y  fo r  a similar number of space probes and 
sa t e l l i t e s .  
act ivi ty .  

A nominal increase i s  est-ted for the f i s c a l  year 1961 t o  allow fo r  increased 

Fort Churchill, Canada: By mutual agreement between the Department of Defense and the  
NASA, it was decided that the NASA and the Army would share equal ly the  operatina costs of  Fort 
Churchill. 
is $650,000. The MASA share of the operating cost fo r  Fort Churchill i n  the f i s c a l  year 1961 
allows for a nominal increase i n  operating cost. 
NASA sounding rocket program; approximately s ix ty  sounding rockets w i l l  be launched from Fort 
Churchill during the f i s c a l  year 1961. 

On the  basis of a yearly cost of $1,300,000 fo r  the f i s c a l  ye& 1960, the MASA portion 

The use of Fort Churchill i s  required i n  the 

Other non-NASA stations: Support of other non-NASA stations for  the  f i s c a l  year 1960 is  
For example, based on reimbursing other ac t iv i t i e s  f o r  t he  occasional use of their  f a c i l i t i e s .  

funds have been supplied t o  PMR for the  use of an Hawaiian s ta t ion fo r  the Explorer VLI s a t e l l i t e ,  
as w e l l  as t o  Japan and the University of Heidelburg. An increase i n  t h i s  ac t iv i ty  is  anticipated 
in  the f i s c a l  year 1961 and is  based on the possible use of certain non-NASA stations f o r  
meteorological work, since NASA m y  not have adequate f a c i l i t i e s  i n  time fo r  the  meteorological 
s a t e l l i t e s  without outside heip. A s  space activitdes o r  foreign governments increase, it i s  

i t ies  for  short periods of time, e i ther  due t o  work load at MASA f a c i l i t i e s  o r  fo r  technical 
reasons which make it advantageous tAo use facili-ties a t  m m u a l  geographic 1ocat.ions 

wq-nc~.m" -t-h~t. t-p yj,. paw t'inr( zt ZpceSSEpy t~ c n ~ t p - c t  ~ ' G F  t r ~ c k - j ~ g  data acqyisit i~r:  fscil- d ----- 
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Fiscal  Year Fiscal  Yeax Fiscal Year 
- I t e m  1959 1960 1961 

Jodrel l  Bank, Ehgland.. .................... $180,000 $200,000 $300 9 000 

Other non-NASA stations o r  facilit.ies., . . . .  --- 50,000 400,000 
Fort Churchill, Canada..................... --- 650,000 700 000 

$900, OOO $1,400 * 000 

Operations a t  Atlantic Missile Rang e and Pacific Missile Rang e Stations 

Operations at the  Atlantic Missile Range: By mutual agreement between the mAsa and the  AMR, 
certain items of operating cost are reimbursable t o  the Air Force. 
basic mili tary range policy which requires a l l  range usem t o  provide f a c i l i t i e s  and equipment, 
including modifications thereto, tha t  are unique t o  the user 's  purpose, and conswnables and other 
expenses required direct ly  i n  support of the user's project. 
propellants, telephone t o l l  charges, overtime pay, t rave l  by q e  personnel, special equipment 
modifications, and miscellaneous contract services. 
these items i n  the f i s c a l  year 1961 a r e  t h e  increase in Project Mercury act ivi ty ,  and the heavy 
schedule of hunchings planned for  the Delta vehicle. 

This agreement stems from 8, 

Typical reimbursable items are: 

The major reasons f o r  the increased cost of 

Operations at the Pacific Missile Range: During the fiscal. year 1960, relmbursable costs 
w i l l  be incurred i n  connection with the design, construction, and operation of the launch and mrl?pori; 
f a c i l i t i e s  required fo r  the Merv and Delta programs. 
f o r  radiation research. 
The Del ta  launch complex must also be made ready during t h i s  period, and log is t ic  support f o r  
Mercury stations i n  the Pacific w i l l  be ini t ia ted.  
w i l l  begin, and POW Scout launchings a re  also expected t o  get under way. 
fo r  the Mercury stations w i l l  increase with the acceleration of the Mercury program. 

Men is  a special sounding rocket project 
Four Nerv vehicles will be fired from PMR during the f i s c a l  year 1960. 

In the  f i s c a l  year 1961, the  Delta launchings 
Support operations 



I t e m  - 
-- r'zscai Year Fiscal Yeax Fiscal Y e a r  

1959 1960 1961 

AM€? operations... .......................... --- $426,000 $ ~ , 5 ~ , ~ 0 0  
ZGS u,Cli~~ii)ll~. ............................ --- 200,000 600,000 

Total....................... !&&&E $2,100 * 000 

Other Operational Costs 

Wallops Station data transmission: Activity at the Wallops Station relat ing t o  the launch- 
ing of s a t e l l i t e s ,  atmospheric probes, air-space probes, and related space experiments requires 
extensive data transmission between the Wallops Station, the Goddard Space Flight Center, Etnd the 
Atlantic Missile Range. The communication links w i l l  be used t o  transmit vehicle perf'onnance data, 
payload data, and control data between the s ta t ions i n  near r e a l  time. 
of transmission f ac i l i t i e s ,  suitable translating terminal equipment w i l l  be necessaryto encode 
and decode data sent and received over the links. 
year 1961 ref lec ts  the increased ac t iv i ty  planned f o r  the Wallops Station. 

ln addition t o  the  lease 

The increase i n  funds requested for  the f i s c a l  

Data reduction services: This item represents the estimated requirements fo r  contractual 
computation services. 
theoretical  division of the Goddard Space Flight Center. 
primarily i n  the field of orbital  cmputation and research on o rb i t a l  computation methods, while 
the work of the theoretical  division is  i n  support of basic mathematical data analysis. 
lower f i s c a l  year 1961 estimate i s  made possible by the completion and instal la t ion of the 
computation f a c i l i t i e s  at  the Go-d Space Flight Center; these f a c i l i t i e s  a re  expected t o  take 
over some of the work which is  now performed under contract. 

The services a re  required both f o r  the data systems division and fo r  t he  
The data systems division work is  

The 

Maintenance, repairs, spares, and materials: The cost of operating the NASA tracking net- 
works (excluding research and data reduction services) is approximately $10,000,000 i n  the f i s c a l  
year 2.960. 

stations, two more deep space stations, and a number of complex Mercury network stations w i l l  have 

Based on experience with t h i s  complex electronic equipment, about 5% m s  programmed 
Y o r  main+ne.nqe nnri ~ p g p  fiic~ng t h e  ~ i ~ c a l  ~ 9 6 ~ .  %J- t k e  f i s ~ a l  7 5 ~ -  3961 f o - ~ ~  iiew i.iinii,l;.ac'K 



become Î uiiy operaixionai. Moreover, a nmber of the existing stations w i l l  have been improved 
with new and more complex equipment. 
proximately a four- or five-fold increase in caarplexity of network equipment to support space 
flight operations. 
to -tie various fieia stations 111 connection with the mabtenance and up-da.ting of equipment. 
Spare p a r t s  in greater quantity and of a more costly nature will have to be provided. 
to maintain the NASA networks at normal proficiency is estimated at about log& of the operational 
cost (approximately $23,000,000) for the fiscal year 1961. 

The overall increase in facilities will represent ap- 

In addition, contract specialists and special equipment will have to be sent 

The cost 

Wallops Station data transmission: 
Wallops to ~ddasd............,........,..., 
Wallops to ............................... 
Terminal equipment for Wallops.............. 
Terminal equipment to Goddasd... ............ 
Terminal equipment for AMI?.................. 

Data reduction s~ces . . . . . . . . . . ~ . . . . . . . . . . . .  
Maintenance and repairs...... ................. 
Spares and materials.......................,.. 

Fiscal Year Fiscal Year Fiscal Year 
1959 1960 1961 

--- $3,OOO,,~ $3,780,000 - Total........................ 
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