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FISCAL YEAR 1963 ESTIMATES 

APPROPRIATION SUMMARY 

1962 
1963 -- 1961 1962 Supplement a: - L 

4; SALARIES AND EXPENSES $( 170,760,000) $( 206,750,000) $ - - 
RESEARCH AND DEVELOP- 

mmr ( 670,453,000) ( 1,220,000,000) ( 85,000,00o) - 
RESEARCH, DEVELOPMENT 

AND ommrIoP; 841,213,000 1,426,750,000 85,000,000 2,968, Z?r78,00@ 

CONSTRUCTION OF 
FACILITIES 122,787, ooo 245,000,000 71,000,000 818 ., 998,000 

$ 964,000,000 $1,671,750,000 $156,000,00~) $3 787' 276 OGO 
: - L A  TOTAL 
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NATIONAL AERONAUTICS AND SPACE ADMIMISTRATION 

- II)EIiTIFICATION OF RESEARCH, DEVELOPMENT AND OPERATION 
PROGRAMS WITH PRESIDENT’S BUDGET ACTIVITIES 

BUDGEL‘ ACTIVITY 
I- 

1. Manned :$ace F l i a t  -- 
a. Spacecraft Development 

RESEARCH, DEVELOPMENT AND OPERATION 
PROGRAMS .- 

arid Operations Advanced Manned Space FligPt 

b. litu31ch Vehicle Delrelopwnt saturn c-1 
Advanced Saturn 
NOVA 

2. Space Applications 
ah Mlt?teorology 

b * Commmications 

Unmanneeti Investipations i n  Space 
a” Sgaeecraft Development and 

3. -- 
CQerations 

b * Lzanch Vehicle Development 

4. Space 3- ~ C h n O l O ~  
a, Lmnch Vehicles acrid 

Spacecraft 

b. :Propulsion and Space Power 

5 -  Aircraft  --- and Missile Technology 

6. Supporting ope ra t ions 

Meteorological Satellites 

Communications S a t e l l i t e s  

Sounding Rockets 
Sc ien t i f ic  S a t e l l i t e s  
Lunar and Planetary Exploration 

scout 
Delta 
Centaur 

Spacecraft Technology 
Launch Vehicle Technology 
Launch Operations Developiuent, 

E lec t r ic  Propulsion 
Liquid Propulsion 
Solid Propulsion 
Space Power Technology 
Nuclear Systems Technology 

Aircraft  and Missile Technology 

Tracking and Data Acquisition 

s-3. 



NAIPIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY OF RESEARCH, Dl3vELOPMENT AND OPERATION PROGRAMEFI 

Progrcri 

Wrcury.. ................. 
Advanced Maruied Space 

Fl ight  ................. 
Advanced Saturn.. ........ 
Nova...O................. 
Meteorologic6.l Sa t e l l i t e s  
Comunicatior.s Sa te l l i t e s  
Sounding Rockets......... 
Sc ien t i f ic  Satell i tes. . . .  
Lunar and Planetary 

Exploration,........... 
Scout.................... 
Delta....,............... 
Centaur................., 

Lahch Vehic.Le Technology 
Launch Operations 
Development............ 

Elec t r ic  Prol~llsion. ..... 
Liquid Pmptilsion.. ...... 
Solid Propulsion. ........ 
Space Power zl~~clmology.. . 
Nuclear Systems Tech- 

nology.. ................. 
Aircraft  and Missile 

Technology. .............. 
Tracking and Data Ac- 

Saturn C-1.. ............. 

Spacecraft Technology. ... 

quisition.. ............ 

1961 - 
$124,330,000 

6,266,000 
173 , 908,000 

623,000 
297,000 

19,610,000 
33 , 833 , 000 
54,398,000 

91652,000 

12,330,000 

91,019,000 

10,479,000 
64,673,000 
27,126,000 
13 , 851,000 

100 , 000 
7,164,000 

72,726 , 000 
1,899 j 000 
8 , 913,000 

25,050.9000 

37,857,000 

44,330,000 

1962 - 1962 Supplemental 

$ 68,278,000 --- 
147,241,500 --- 
282,193,000 i/ -L-  

6,322,000 i~ --- 
54,310,~O 

14,261,000 --- 
117,618,000 --- 

27,762,000 11 50,000,000 

-L-  

..-- 48,477,000 

1 , 789 , 000 

4,297,000 

I-- 

17,581,000 --- 
103 , 901 , 000 26 j 000,000 --- 

I-- 14,644,000 

94,844,000 

273 ) 560,000 
8,,91C7,000 

268,008 
66 ., 664,800 
54 ,* 084,000 
31,,690,000 

$840,434,000 $1-,~t02,394,000 $85, OOO, 000 $2 ,968, 275 9000 - 
t\ 

I 

A 1-1. 



NATIONAL AElRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY DISTRIBUTION OF F"D HEQUIREMENTS 

HESEARCH, DEVELOPMENT AND OPERATION 

F I S C A L  Y E A R  1962 _ _ _ _  _ _  - _ _  F I S C A L  Y E A R  1961 
. .  

F I S C A L  Y E A R  

iris ti iuiionai ?ers!??Xx?l *-"TLqaeZt Irist it'Lit i G E d  

Services Program Support 
Total Requirements 

PROGRAMS Program 
Requirements 

$10~,851,000 
5 , 265,000 

llg,085,000 - - 
17,595,000 
31,206,000 

8,250,000 
35 , 468,000 
85,797, 000 
5,950,000 
9,575,000 
62,575,000 

9,149,000 
9,047,000 
100,000 

3,391,000 
58,981 , 000 
1,372 9 000 
4,725,000 
13 .. 494, OOo 

Y W a w  

25),6_51,000 

n O n  nnn 

507, 000 

Services Program 
Total Requirements 

Support 

$ 6,802,058 $ 68,278,000 $ 3,500,000 
12,569,674 147,241,500 ~0,933,000 

2,289,377 27 762,000 314,443, ooo 
15 5,000 , 000 1,347,725 6,322,000 

48,948,433 282,193 , 000 170,000 000 
$ 9,674,009 $124,330,000 $ 54,433,000 $ 7,042,942 

649,737 6,266,000 122,162,000 12,509,826 
38,497,779 173 , 908,000 201,789,000 31,455,567 

332 t 63 3 623,000 21 , 500,000 3 , 972,623 
152 , 091 297 , 000 2,300,000 2 , 674,275 

v Mercury 
VAdvanced Manned Space Flight 
' Saturn C-1 
/Advanced Saturn 
J Nova 

XMeteorological Satellites 
Communications Satellites 

1,197,509 19,610,000 50,816,000 1,782,802 
1,595 , 197 33 , 833 , 000 43,823,000 1 , 919,944 

2 , 737,632 
2,542,427 

2,363,254 
10,7591764 ' 
3,135,441 
2 , 240,958 
464,815 
935,170 

I 

9,~,000 
96 568 , 000 
163,768,000 
3,950,000 
2,755,000 
62,600,000 

17, 796 , 000 
14,523, OOo 
12,121,000 ' 1,656,000 

90,226;000 
3,424,000 
7,175,000 

-I 2 L 1 m Z  --"">...... nnn 

Sounding Rockets 

Lunar and Planetary Exploration 
scout 
Delta 
Centaur 

.* Scientific Satellites 
2,328,701 14,261,000 13,571,000 
10,108,231 117,618,000 145,532,000 
3 , 456,191 169,964,000 263,433 000 
2 , 409 , 992 8,206,000 4,200,000 

1,802,489 
2,927,000 - 120,269 

60,000,000 65,840,000 

2,786,242 
15 , 424,301 
4,696 230 
2,373,874 

3,052,496 
101,410 

11,392,472 
2,857,138 

9 , 083,307 
340,581 

2 , 746,970 
7;Q",S;f%'? 

- 
2,410,640 

11,983,374 
5,100, 773 
63,059 

3,541,384 
8,511,188 
471 , 020 

n 4,309,812 A),A w i v  

/Y"T"I I A I  

37,145 , 000 28,828,000 
23,080,000 20,060,000 
1,789 , 000 20,177,000 
17,581 000 21,218,000 

4,297,000 6,019,000 
10,638,000 

103,901, 000 147,421,000 

in? n n O  nnn rwJ)wru,uww 

14,644, OOo 
cn nql, cnn 
/ W , L J - r , / W W  

Spacecraft Technology 
Launch Vehicle Technology 
Launch Operations Development 
Electric Propulsion 
Liquid Propulsion 
%lid Propulsion 
Space Power Technology 
Nuclear Systems Technology 

Tracking and Data Acquisition 

TOTAL $175,260,000 $1,402,394,000 $2,540,295, OOO 

I 



NATIONAL mRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY DISTRIBZTTION OF F"E REQ.UIREMENTS 

. -" - . . .  fi&s&L-ch L% Re;;e&-cil irc Resear-ch &. 
Development Institutional Personnel Development Institutional Personnel Development Institutional Personnel 

Services Program Support Services Program Support Services 
Total Requirements Total Requirements Total 

Promam Support v 
Requirements 

$109,851,000 
5 , 265 9 000 

119,085,000 - - 
17,595,000 
31,206,000 

8,250,000 
35,468,000 
85 , 797, 000 
5,950,000 
9,575,000 
62,575,000 

9,149,000 
9,047,~OO 
100,000 

3,391, cm 
58,981, OOO 
1,372,000 
4 9 725 000 
13 , 494,000 
980,OOO 

29 , 551, E 

$621, 507, OOo 

$ 9,674,009 $124,330,000 $ 54,433,000 $ 7,042,942 
649,737 6,266,000 122,162,000 12,509,826 

38,497,779 173 > 908,000 201,789 000 31 , 455 567 
332,633 623,000 21,500,000 3,972,623 
152,091 297,000 2,300,000 2,674,275 

$ 6,802,058 $ 68,278,000 $ 3,500,000 

48 , 948,433 282,193, ala 170,000,000 
12,569,674 147,241,500 800,933 , 000 

2,289,377 27,7621000 314,443, goo 
. 1,3479725 6,322,000 155,000,000 

$ 4,878,830 $ 13,259,000, 
3 5,25 2,177 863,628,000 - 
46 235 , 633 249,237,000 
10,034,924 335,172,000 * 

163 574,000 2,810,464 

4,804,991 
351 9 263 

290 , 367 
144,909 

817 , 491 
1,031,803 

8,170,236 
2,086,559 
1,461,042 
439,185 

1,162,830 

6,584,528 
1,946,862 

1,362,360 
4,661,693 
186,419 

1,441,030 
3,650 , 180 
14,399,269 
5 .'A3 .c !G 

16,325 , 221. 

1,716,746 

- 

'light 

,es 
,es 

lloration 

'W 
opment 

O W  

chnology 

E i t i C T ?  

1,197,509 19,610,OOO 50,816,000 1,782,802 
1,595,197 33,833,000 43,823,000 1,919,944 

2,737,632 
2 , 542,427 

2 , 363,254 ' 12,330,000 9,800,000 2,132,299 
10,759,764 I 54,398,000 96 568,000 10 , 943- , 769 
3,135,441 91,019,000 163,763,000 2 , 739,809 
464,815 10,479,000 2 , 755 000 51,731 
935,170 64,673,000 62,600,000 1,437,511 

2 , 240 , 958 9 652 , 000 3,9 50,000 1,846,008 

2 , 328,701 14,261,000 13,571,000 
10,108,231 117,618,000 145 , 532,000 
3 , 456 , 191 169 964,000 263,433 000 
120,269 2,927, 000 - 2,409,992 8,206, ooo 4,200,000 

1,802,489 65,840,000 60,000,000 

2,786,242 
15 , 424,301 
4 , 696 230 
2,373,874 
101,410 

3,052,496 

2,799,758 19 , 15 7, OoO 
14,208,699 175,165,000 
5,430,770 273 560,000 
2,373 126 8,947, 000 
166 , 590 268,000 

3 , 611 504 66,664, o00 

11 392 , 472 
2 ,857,138 

9,083,307 
340, 581 

2,746,970 
7, 905 , 820 

- 
2,410,640 

17 796 , 000 
14,523 ,000 
' 1,656,000 
12,121,000 
90,226;000 
3,424,000 
7,175,000 
34,266, 000 

11,983,374 
5 , ~00,773 
63,059 

3,541,384 
8,511,188 

4,3og, 812 
9,040,717 

471,020 

37,145,000 28,828,000 
23,080,000 20,060, 000 
1,789,000 20,177,000 
17,581 000 21,218,000 

14,644,000 10,6 38,000 
50 , 234 , 500 103,028,000 

103,901, 000 147,421,000 
4,297,000 6,019,000 

10,724,494 
4 , 728,341 
637,994 

3,977,264 
6,271,339 
990,846 

3,695,313 
7 , 3 54,084 

14,531,506 
6 , 901 , 659 
671,006 

5,451 736 
9,409 ,661 
934,154 

5 , 838,687 
12 , 579,916 

54,084,000 .- 
31,690,000 - 
21,486,000 
163,102,000 30,647,OOO ./ ' 

7,944,000 - 
122,962,000 20,172,000 

22,477,731 ' 37,857,000 1,860,OOo 16,288,347 23 330 , 653 41,479,000 4,905,000 

$79,478, OOo $234,316 ,OOO $2,968,278, OOO 

A 2-1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION Page 1 of 3 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY DISTRIBUTION OF F"D REQUrREMENTS FOR INSTITUTIONAL SUPPORT 

M e r c m  
Advanced Manned Space Flight 
Saturn C-1 
Advanced Saturn 
Nova 

Meteorological Satellites 
Comications Satellites 

Sounding Rockets 
Scientific Satellites 
Lunar and Planetary Exploration 
scout 
Delta 
Centaur 

Spacecraft Technology 
Launch Vehicle Technology 
Launch Operations Development 
Electric Propulsion 
Liquid Propulsion 
Solid Propulsion 
Space Power Technology 
Inuclear Systems Technology 

Aircraft and Missile Technology 

Tracking and Data Acquisition 

TOTAL 

$ 7,042,942 

31,455,567 
3,972,623 
2,674,275 

12 , 509,826 

1 , 782,802 
1,919 , 944 
2,132,299 
10,941,769 
2,739,809 
1,846,008 

51,731 
1,437,511 

7 365,626 
3,456,227 

69,941 
1,918,616 
5 163,812 
401,980 

3,159 , 188 
6,927,783 

ll,680, 374 

$136,939,000 

$ 4,880,170 
27,442 9 823 
33 001s 367 
10,694,076 
5 ,763 , 536 
2,737,632 
2,542,427 

2 , 786 , 242 
15 , 424,301 
4,696 230 
2,373 , 874 
101,410 

3,052,496 

10,724,494 
4,728,341 
637,994 

3,977,264 
6 , 271 , 339 
99Q,846 

3,695,313 
7,354,084 

20,730,508 

19,060,233 

$193 , 667, 000 

RESEARCH. DEVELOPMENT AND OPERATION 

- 
$ 244,792 

955,169 
236 Y 843 
139 , 742 
362,354 
495, og6 

148,332 
961,911 
719,119 
122,101 
418,225 
185,972 

969,320 

82 , 871 
227,972 
41,230 
431 , 225 
64,691 

717,967 

142 , 742 

127,101 
0 

$ 126,595 
3,222,079 
779,419 

3,464,459 
2,337,689 

564,6@ 
730,622 

112 , 784 
1,4739676 
1,433,297 
110 , 041 
135,338 

1,466,946 
, 217,527 

434,054 
273 , 
244,824 
574,541 
514,473 

m9,514 

- 

- 

$ 240,159 
7,151,132 
1,446,5 51 
7 , 272,915 
4,899,537 

1, 112,812 
1,422,291 

211,290 
2,932,987 
2,773,480 
169,913 

0 

207,290 

2,963,624 
512,261 

9345551 
607 , 638 

1,264,464 
1,402,349 

1,647,972 

512,261 

472,225 920,811 1,618,523 

$8,267, OOO $19,946,500 &1,304, OOO 

$ -  
28,790 
75,537 

6,958 

12,916 

23 , 832 
39,706 

35,748 

5,958 
4,479 

5,958 

8,437 
43,706 

139,748 

6 , 956 
$473,000 

- 

- 

- 

- 
0 

9;437 

24,832 

$ -  
53,136 
90,928 

5,448 

11,896 

30,792 
50 , 360 
49 688 

6,448 

11 , 672 
7,448 
33 , 792 
9,672 
50 ,136 

153,912 

- 

- 

0 

2,224 - 

8,448 

$576,000 

$ 280,714 $ 370,471 

231 , 289 294,577 
104,768 666,047 

349i893 294,577 

1,679,287 1 , a 7  , 3 54 
228,289 370,471 - 
33 , 5w 35;447 - - 
104, 768 110,341 
175,947 184,235 - 0 

4,659 554 5,287,350 

1,682,286 1,669,119 

$11,435, OOO $l3,144,OOO 

$ 41 
1,480 
636 

337 

285 
379 
171 
635 

42 

2,542 
845 

41 

171 
210 

7,040 

2,115 

$6 , 979 

i 



Page 1 of 3 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL, YEAR 1963 ESTIMATES 

SUMMARY DISTRIBUTION OF FUND HEQUIREMENTS FOR INSTITUTIONAL SUPPORT 

RESEARCH, DEVELOPMENT AND OPERATION 

WESTERN OPERATIONS OFFICE - 1961 - 1962 - 1%3 

F1 ight 

817,491 1,762,802 2,737,632 362,354 564,689 1,ll2,812 0 9 0 - 
1,031,803 1,919,944 2,542,427 495 , og6 730,622 1,422 , 291 7,167 12,916 11,896 349'J893 294;577 337,480 

ites 
ttes 

1 , 716 t 746 
8,170 236 
2,086,559 
1,461,042 
439,185 

1,162,830 

2,132 , 299 
10 , 941,769 
2,739,809 
1,846,008 

51,731 
1,437,511 

2,786,242 
15 , 424,301 
4,696,230 
2,373 , 874 
101,410 

3 052,496 

148,332 
961,911 
719,119 
122,101 
418,225 
185,972 

112,784 
1,473,676 
1,433,297 
110,041 

135 , 338 
- 

2u,290 
2,932,987 
2,773,480 
169,913 

207,290 
0 

- 
17,500 
12,333 
7 , 167 
17,500 
6 167 

- 
23 , 832 
39,706 

355748 
9 

228,289 
770,964 
69,179 
730 416 

105 768 
- 

242,551 
813 836 
110,341 
810 , 036 
36; 447 

285,952 
379 , 165 
171,740 
635,275 - 
42,685 

cplorat ion 

7 365 626 
3,456,227 

69 941 
1,918,616 
5,163 812 
401,980 

3,159,188 
6,927,783 

10,724,494 
4,728,341 
637,994 

3,977,264 
6 , 271 , 339 
990,846 

3 , 695,313 
7, 3 54,084 

969,320 
127,101 

2,963 624 
512,261 

934,551 
607,638 

1,402,349 

512,261 
1,264,464 

5,958 
4,479 

5,958 

8,437 
43 706 

9;437 

24,832 

6,448 

U. 672 
7,448 
33,792 
9 672 
50 136 

2,224 - 
1,679, 287 
228,289 

33 , 5w 
104,768 
175,947 

0 

- 

1, &7,354 
370 471 

351447 - 
110,341 
184,235 

0 

2,542,100 
845,700 

7,167 
LOW 
2lopment - 

82,871 
227,972 
41,230 
431,225 
64,691 

- 
41,685 - 
171,740 
210,425 - 

- 
7 , 167 
20,500 
5,167 
12,333 

273,122 
244,824 
574,541 
514,473 

r 
>logy 

14,399,269 16 288,347 20 , 730 , 508 717,967 m9,514 1,647,972 80,500 139,748 153,912 4,659,554 5 , 287,350 7,040,867 Cechnology 

ii s i t ion 

L 



Page 2 of 3 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

SUMMARY DISTRIBUTION OF FUND IiEQUIREMENTS FOR INSTITUTIONAL SUPPORT 

RESEARCH, DEVELOPMENT AND OPERATION 

( Continued) 
LFWIS RESEARCH CENTER 

1963 - 1962 
7 

1961 - 
GODDARD SPACE FLIGHT CEN? 

1 M a  1961 _- A,"& 

Me*-..-. 
& ' A L A  L U  y 

Advanced Manned Space Flight 
Saturn C - 1  
Advanced Saturn 
N O W .  

$ i5,4i3 
462,110 

Meteorological Sa te l l i t e s  
Communications Sa te l l i t e s  

59,797 - 265 ,178 
128,806 

727 I 727 
778,939 

Sounding Rockets 
Sc ien t i f ic  Sa te l l i t e s  
Lunar and Planetary Exploration 
scout 
Delta 
Centaur 

509 177 
4,547,263 

345 , 193 

- 
372,005 
975,263 

255,090 
547,479 

79 , 061 
Spacecraft Technology 
Launch Vehicle Technology 
Launch Operations Development 
Elec t r ic  Propulsion 
Liquid Propulsion 
Solid Propulsion 
Space Parer Technology 
Nuclear Systems Technology 

48,175 
38,853 

967,995 
4,132,649 

8'21 646 

- 

- 
3,439,473 

185 , 476 
191,146 

1,284,805 
- 

4,521,104 

2,276,884 
- 

5,981,433 

222,895 
560,842 

2,93 5 , 995 
4,609,235 

2,137 , 370 
5 , 0% , 563 

- 
7,045 

3 , 728,037 2,044,997 1,490,481 Aircraft  and Missile Technology 2,513,520 2,598,302 

TUTAL 

t 



NKCIONAL AERONAUTICS AND SPACE ADMINISTRATION Page 2 of 3 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY DISTRIBUTION OF FUND HEQUIREMENTS FOR INSTITWIONAL SUPPORT 

RESEARCH. DEvELOPMElNT -AID OFER4TIQIY 

( Consinued) 
AMES RESEARCH CENTER 

1 2  
7 

1962 - 1961 
c 

$ 21,979 
37,299 ! Flight  

109,895 - i tes  
ites 

59,797 - 265 ,178 
128,806 

727,727 
776,939 

995,225 
428,222 

509,177 
4, 547,263 

345,193 

449,515 362,909 
8,193 , 606 10,623 973 

97 636 49 , 276 

- 
273,013 
668,473 

- 
372,005 
975,263 

255,090 
547,479 xplorat ion 

48,175 
38,853 

987,995 
4,132,649 

@21,6ki 
- 

3,439,473 

185,476 
191,146 

1,284,805 
- 

4,521,104 

2,276,884 
- 

5,981,433 

222,895 
560,842 

2,935,995 
4,609,23 5 

2,137,370 
5,006,563 

- 
- 

low 
elopment 

7,045 73,382 - 
Ilechnology 2 , 513 520 2,598,302 3,728,037 

lis i t ion - 
$7,343, OOo $11 , 415 , 000 $7,937,000 

A 3-2 



NATIONAL AF,RONAUTICS AND SPACE ADMINISTHATION Page 3 of.3 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY DISTRIBUTION OF FUND HEQUIFEMCNTS FOR INSTITUTIONAL SUPPORT 

Mercury 
Advanced Manned Space Flight 
Saturn C-1 
Advanced Saturn 
Nova 

Meteorological Satellites 
Communications Satellites 

Sounding Rockets 
Scientific Satellites 
Lunar and Planetary Exploration 
scout 
Delta 
Centaur 

Spacecraft Technology 
Launch Vehicle Technology 
Launch Operations Development 
Electric Propulsion 
Liquid Propulsion 
Solid Propulsion 
Space Power Technology 
Nuclear Systems Technology 

Aircraft and Missile Technology 

Tracking and Data Acquisition 

TOTAL $2,749 ,000 $12,958,000 

RESEARCH, DEVELOPMENT AND OPERATION 

( Continued) 

22,841 - - 
1,552,619 2,672,604 2,807,314 - 69,941 637,994 
257,905 154,873 53 361 
293 , 905 363,628 1,047,018 
19,921 21,983 273,053 

133,683 34; ,671 714,036 
0 - 

$2,880,000 $4,586,000 $6,651,000 



NATIONAL AERONAUTICS AND SPACE ADMINISTHATION 

FISCAL YEAR 1961 ESTIMATES 

Page 3 of.3 

SUMMARY DISI'RIBVTION OF FUND REQUIHEMENTS FOR INSTITUTIONAL SUPPORT 

RESEARCH, DEVELOPMENT AND OPERATION 

(Continued) 
SPACE NUCLEAR PROPULSION 

lites 
lites 

472,068 
0 

157,527 
342, 538 

I 

0 

- - 
1,617,508 163,806 
334,810 298,704 
54,381 54,943. 
3,460 15 Y 983 

844,317 1,186,665 

0 

1,085,379 
545 Y 189 
308, (395 
51,722 

2,723, 556 

6 
Exploration 

22,841 
1,552,619 

257, 905 
293 Y 905 
19,921 

133,683 

- 

- 

- 
2,672,604 

69, 941 
154,873 
363,628 
21 Y 983 

345 y 671 
- 

Y 
DlOgy 
velopment 

- 
2 y 807 y 314 
637, 994 
53 , 361 

1,047,018 
273 Y 053 

KY 
nology 714,036 

2 y 458,670 Technology 

luisition 

$16 : 657 ; OOO 

a a-s 



Page 1 of 3 NATIONAL AERONAWICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

SUMMARY DISTRDUTION OF PERSONNEL SERVICES 

RESEARCH. DEVELOPMENT AND OPERATION 

- -  $ 785,529 $ 84,315 
O n  7 nn 
W I W  IV Personnel 

649,737 12,569,674 35,252,177 134,258 1,562,421 2,278,868 - 85,210 150,864 - 78 1708 4056 14 199 219 10 14 
Flgght 
Personnel 

241,232 1,413 , 953 2,951,025 
30 180 350 

38,497,779 48 , 948 433 45 23 5,633 728,831 180,581 447,449 107,002 187, 463 237,072 
4502 5448 4967 76 23 43 12 22 22 Personnel 

Personnel 

152,091 1,347,725 2,810,464 134,258 934,311 1,550,463 17,833 17,042 21,552 
16 165 288 14 119 149 2 2 2 Personnel 

353,311 697,188 - - - - - - 1,197 509 1,7111 198 2 t 553,368 335,646 
147 217 268 35 45 67 

191 346 339 49 58 88 2 4 4 
1,595,197 2,734,056 3,210,573 469,904 455,378 915 , 709 17,833 34,084 43,104 

tes 
Personnel 

tes 
Personnel 

804,107 
100 

628,423 
80 

674, 520 
80 

518,449 
66 

548,048 
65 

530,711 
66 Personnel 

10,759,764 10,108,231 14,208,699 t363,089 1,303,324 2,539,013 53,500 68,168 86,208 
1341 1281 1495 90 166 244 6 8 8 

1,728,164 220 758,835 
90 Personnel 

2,372,520 35,667 119 9 294 161,640 
4 i4 ij nn D 

CCU 

j ,135,441 3,456,191 5,430,770 6W,88l 1,177,703 
1 CA 
A)" 

7 1  
IJ- 

K h  
/"V 

i 7u 426 
* I /  

160.821 
'LO 

235 .. 659 
30 

2 240,958 2, W ,  992 2,373,126 95,899 54,959 156,087 17,633 - - - - 282 310 280 10 7 15 2 
1,728,164 220 

Personnel 

- - 53,500 102,252 129,312 - 6 12 12 
464,815 120,269 166 , 590 402,775 

49 14 16 42 Personnel 

241,232 
30 

78,553 
10 

84,315 
10 Personnel 

11,392,472 11,983 374 14,531 506 872 680 895,054 1,394,376 17,833 17,042 21,552 
1385 1497 1697 91 114 134 2 2 2 

3 927 646 
500 

3,859,713 
460 

5 058, 900 
600 Personnel 

785,529 
1m 

'W 
Personnel 

2 , 857,138 5,100,773 6 901,659 95,899 133 , 473 249 , 739 8,521 10,776 
337 592 769 10 17 24 - 1 1 

530,711 
66 



NATIONAL AERONAUTICS AND SPACE Ac 

FISCAL YEAR 1961 ESTIMA 

SUMMARY DISTRIBUTION OF PERSONNE 

- RESEARCH, DFJVELOPMENT AND OPE 

Mercury 
Pemonnel 

Advanced Manned Space Fl$&t 
Pel vonnel 

38 497 , 779 48 948 433 a , 2 3  5,633 728,831 180,581 447,449 
4502 5448 4967 76 23 43 

Saturn C-1. 
Personnel 

Advanced Saturn 
Personnel 

Nova 
Pemonnel 

1,197,509 1,711,198 2,553 368 3135,646 353,311 697,188 
147 217 268 35 45 67 

MeteorologicaJ Sa1;ellites 
Pe:i.-sonnel 

1,595 197 2,7349056 3,2109 573 465 , 904 455,378 915,709 
191 346 339 49 58 88 

Communications Satellites 
Pemonnel 

Sounding Rocketis 
Pe:i-sonnel 

10,759,764 10,108,231 14,208,699 tg63 I 089 1,303 324 2 , 539,013 
1341 1281 1495 90 166 244 

Scientific: Sate:Llites 
Personnel 

3,135,441 3 456,191 5 , 430,770 tiMIJ881 1,1'j"7,703 2,372,520 
379 428 580 71 150 228 

282 310 280 10 7 15 
2,240,958 2 , 409,992 2,373,126 9:' ,1899 54,959 156,087 

Lunar and Planetary Exploration 
Pemonnel 

scout 
Personnel 

- - 402 1' 775 - - 120,269 166 590 
42 

464,815 
49 14 16 

Delta 
Pe:.rsonnel 

Centaur 
Pe rsonnel 

11 , 392,472 11,983,374 14,531 , 506 0725,680 895,054 1 .P 394,376 
1385 1497 1697 91 114 134 

Spacecraft TechnoILogy 
Personnel 

2,857,138 5,100,773 6,901, 659 95 ,P 899 133,473 249,739 
337 592 769 10 17 24 

Launch Vehicle Technology 
Personnel 

Launch Operations Development - Personnel 
671,006 .. - - - - 63,059 - 7 72 

29410,640 3 , 541,384 5 451 9 736 6'7,129 266,946 447,449 
278 458 633 7 34 43 

Electric Propulsion 
Pe rsonnel 

Liquid Propulsion 
Personnel 

47.1 , 020 934,154 213,770 149 176 249,739 
24 340,581 

41 59 100 3 19 

2 746 970 4,309 812 5 , 838,687 402,775 345,459 603,536 
3% 559 673 42 44 58 

910 1170 1447 9 57 78 
7,905,820 9 , 040,717 12,579,916 86,309 447,527 811,651 

Solid Propulsion 
Personnel 

Space Parer Technology 
Personnel 

Nuclear System Techno1og;y 
Personnel 

22 477,731 23,330 , 653 26 952, 492 !S3'7,033 502,486 770,029 
2744 2907 3158 56 64 74 

Aircraft and Missiles Technology 
Personnel 

Tracking and Data Acquisition 
Personnel 

T o t a l  
Personnel 

Reimbursements 
Personnel 

GRAND TOTAL 
Personnel 



Communications Satellites 1,595 , 197 2 , 734,056 3,210, 573 469,904 455,378 915 , 709 17,833 34,084 43,104 ex)4,107 626 
Personnel 191 346 339 49 58 88 2 4 4 100 

Sounding Rockets 
Personnel 

2! 363,254 2 328,701 2 799 9 758 
310 303 322 

1341 1281 1495 
10,759,764 10 , 108,231 14,208,699 

124,668 94,216 
13 12 

197,710 
19 

86,208 
8 

Scientific Satellites 
Personnel 

2,5391013 
244 

53,500 
6 

68,168 
8 

35,667 
4 

161,640 
15 

160,821 235 
20 

Lunar and Planetary Exploration 
Personnel 

2,372,520 
228 

119,294 
14  

156,087 
15 

scout 
Personnel 

95,899 54,959 
10 7 

17,633 
2 

163,028 70,662 
17 9 

197,710 
19 

17,833 
2 

7e 241,232 
30 

Centaur 
Personnel 

Spacecraft Technology 11,392,472 11,983 ,374 14,5313 5 6  872,680 895,054 1,394,376 17,833 17,042 21,552 3,659,713 3,927 
Personnel 1385 1497 1697 91 114 134 2 2 2 460 

249 , 739 - 8,521 1.0 776 530,711 78: - 1 1 66 
Launch Vehicle Technology 2,857,138 5 100,773 6 , 901 9 659 95,899 133,473 

Launch Operations Development - 63,059 671,006 

Electric Propulsion 2,410,640 3 , 541,384 5,451,736 67,129 266,946 447,449 

Personnel 337 592 769 10 17 24 
\ - - - - - - - - - - - - Personnel - 7 72 

Personnel 278 458 633 7 34 43 

..' 

- 25 563 32,328 80,411 7f - 3 3 10 

Liquid Pr0puJ.s ion 9,083,307 8,511,lm 9,409,661 163,028 164,876 291,362 17,833 17,042 21,552 - - Personnel 1045 1102 1092 17 21 28 2 2 2 

Solid Propulsion 340,581 47l, 020 934,154 28,770 149,176 249,739 53,500 68,168 86,208 241,232 232 
Personnel 41 59 100 3 19 24 6 8 8 30 

Space Power Technology 2,746,970 4,309,812 5,838,687 402,775 345 , 459 603 536 17,833 25,563 32,328 402,053 39: 
Personnel 3u 559 673 42 44 58 2 3 3 50 

- - . . I  
150,864 35,667 119,294 - 1  

Nuclear Systems Technology 7,9059820 9,040,717 12,579,916 86,309 447,527 811,651 
Personnel 910 u 7 0  1447 9 57 .( 6 4 I4 

Personnel 2744 2907 3158 56 64 74 6 12 13 1350 
Aircraft and Missiles Technology 22 , 477 8 731 23 9 3 30,65 3 26 j 952, 492 537,033 502,486 770,029 53 , 500 102,252 140,088 10,8559446 11,79( 

Tracking and Data Acquisition 8 , 235 , 984 12,279 , 626 17,478,767 402,775 518,189 1,2179476 17,833 17,042 21,552 3,859,714 3 9 531 
480 42 66 117 2 2 2 Personnel 1053 1564 1887 

Total 



Communications Satellites 
Personnel 

269,194 
36 

Sounding Rockets 
Personnel 

1,061,823 
142 

855 , 485 
lo! 

571,910 553,987 669,995 - 
70 68 80 

4,598,737 
615 

Scientific Satellites 
Personnel 

732,807 
98 

188,364 
21 

Lunar and P1aneta;ry Exploration 
Personnel 

scout 

Rata 

Personnel 

Centaur - 43,394 229,939 254,035 - 5 .  30 30 Personnel ' 

Spacecraft Technology 
Personnel 

Launch Vehicle Technology 
Personnel 

- 104,147 551,854 1,143,158 - 12 72 135 
I - I - 

Launch Qhrirei6na Development 
Personnel 

- 2,135 , 005 3,035, 195 4,869,005 - 246 3% 575 
Electric Propulsion 

Personnel 

... 8,774,351 7,932,896 7,959,765 - 1011 1035 940 
Liquid Propulsion I '  

Personnel 9 

Solid Propulsion 
Personnel 

Space Power Technology 
Personnel 

- 1,909,354 3,334 116 4,572,630 - 220 435 540 
14,955 

2 
=l,90g 

2 

Nuclear Systems Technoloqy 
Personnel 

Aircraft and Missiles Technology 
Personnel 

Tracking and Data Acquisition 
Personnel 

11,194,000 18,130,000 
1497 231 

Total 
Personnel 

Personnel 
Reimbursemente 

GRAND TOTAL 
Personnel 



AERONAUTICS AND SPACE ADMINISTRATION --- 
F I S C A L  YEAR 1963 ESTIMATES 

Page 2 of 3 

D I S T R I B U T I O N  OF PERSONNEL SERVICES -- 
ARCH, DEVELLOPMENT AND OPERATION 

( Continued 

F'LIGH'T HESEARCH CENTER 
igSr --- - 1962 - 1963 

.- 

381,053 
45 

381,053 
45 

560,822 
75 

918,273 
111.7 

1.?4&775 
157 

269 194 
36 

l,, 213,778 
128 

855,4435 
log 

1,061,823 
142 

4,598,737 
615 

8 ,, 999 Y 027 
949 

732,807 
98 

188,364 
24 

151, 722 
16 

- .. 

.. 
229,939 

30 
254,035 

30 
0 .. 

536,524 
70 

- .. 
551,854 

72 
1,143,158 

135 

4,869,005 
575 

3 , 035,195 
396 

7, 932,896 
1035 

7,9593765 
940 

208,618 
22 

4,572,630 
540 

14,955 
2 

79917,567 
1033 

10,415 437 
1230 

2,100,023 3 , 650 Cm 3 , 980,103 3 675 927 
248 438 449 405 

11,194, O00 18,130,000 25,129, 000 
1497 2310 2650 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION Page 2 of 3 

FISCAL YEAR 1963 ESTIMA'I'ES 

SUMMARY DISTRIBUTION OF PERSONNEL SERVICES 

RJ3SEARCH, DEVELOPMENT AND OPERATION 

( Continued 

F'LIGH" RESEARCH CENTER - 1961 - 1962 - 1963 
AMES RESEARCH CENTER 

1961 - 1962 - 1963 

$ 49,021 $ 
6 

32,587 $ - 
4 

$ -  $ -  

5,334, 

- 
381, 

Personnel 

936,890 
115 

25 132,966 816 873 
3 15 90 

81,701 
10 

2,299,390 
300 

2 Flight 
Personnel 

43 , 394 
5 Personnel 

Personnel 

381,053 
45 Personnel 

1,488,775 
157 

560,822 
75 

245,105 122,203 
30 15 

lites 
Personnel 

269 194 
36 

lites 
Personnel 

1,061,823 
142 

855,485 
109 Personnel 

4,598,737 
615 

8,999,027 
a49 

57lt91O 553,987 669,995 
70 68 80 

732,807 
98 

188,364 
24 

151,722 
16 Exploration ' 11225,521 1,360,527 1,758,737 

Personnel 150 167 210 

Personnel 

254,035 
30 

536 524 
70 

5;y 
Personnel 



Page 3 of 3 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1961 ESTIMATES 

SUMMARY DISTRIBUTION OF PERSONNEL SERVICES 

RESEARCH, DEVELOPMENT AND OPERATION 

{rY--A*- . . -a  
\ U W I L  U L L L U G U /  

SPACE NUCLEAR PROPULSION 
MANNED SPACECRAFT CENTER 
- 1961 - 1962 - 1963 

MARSHALL SPACE FLIGHT CENTER - 1961 - 1962 1963 

Personnel 

Flight 
Personnel 

8,540 
1 

189,177 1,845,266 
21 198 

17m45 205 , 340 
24 26 

Personnel 

- 102,476 - 12 Personnel 

Personnel 

34,159 - 4 
ites 
Personnel 

117, u o  130,473 
13 14 

21 , 777 200,301 236,932 
3 27 30 

ites 
Personnel 

- 34,159 - 4 
117, llo 363 , 462 

13 39 

Personnel 

- 2,903,492 - 340 
207.. 194 1 155 -. 621 

23 124 Personnel 

315,296 577,811 
35 62 

xplorat ion 
Personnel 

43,554 59,348 71 , 080 
6 8 9 

- 25 619 
3 - 421,023 563,810 663,409 

58 76 84 Personnel 

8,540 
1 

18,017 37,278 
2 4 Personnel 

Personnel 

34,159 
4 Personnel 



NATIONAL AERONAUTICS AND SPACE AI 

FISCAL YEAR l963 ESTIMI 

SUMMARY DISTRIBUTION OF PERSONNl 

HESEARCH, DEVELOPMfSNT AND OPI 

(Continued) 

MANNED SPACECRAFT CENTER 
- 1961 - 1962 - 1963 

Mercury 
Pe: rsonnel 

Advancedi Manned Space Fli,zht 
Pe:rsornel 

Saturn C!-I. 
Pe:-sonnel 

Advancela Saturn 
Pe:-sonnel 

I 'JOva 
Pe:-somel 

1qeteorol.ogica.l Satellites 
Pe:,?sonnel 

Communicat;ions Sakel l i tes  
Pe:,:sonnel 

Sounding Fbdteti; 
Pe::sonnel 

Scientific: Sate:Llites 
Pe 3::s onnel 

- - - 2, go? I 492 207,194 1,155,621 - - 340 23 124 

Lunar and Plane*a.iv Explosation 
Pei.:sonnel 

scout 
Pem onnel 

Delta 
Pel 'sonnel 

Centaur 
Pe~sonnel  

- I - 465,683 1,423,335 3,075,444 - - 55 158 33c 
d 

Spacecraft, Techno:l.ogy 
Pemonnel 

- - - 2,126,381 3,621,396 3,811,686 - - - 249 402 40s 
Launch Veh.icle Yechnology 

Pei*s onnel 

Launch Operations Developrient 
Personnel 

Electr ic  Ftropul r 5 ion 
Personnel 

Liquid Propulsion 
Pel-some1 

Solid Propuls10.1 
Pe~~sonnel  

Space Puwer Teclriwlogy 
Personnel 

Nuclear Systems Technology 
Pel *some1 

Aircraft and MiEis:I.les Tecklnology 
Peiaonnel 

Tracking and Date Acquisition 
Personnel 

$6,400,000 11,215 ,OOO 23 202,000 45 730, OOO 56,519,000 66,821,000 
805 1640 2700 5355 6274 7170 

Total 
Per *s onnel 

Reimbursements 
Personnel 

- - 4,104, OOO 2,500,000 297,000 - - - -- 333 216 30 

GRAND TOTAL 
Personnel 



Communications Satellites 
Personnel 

Souneing Rockets 
Personnel 

Scientific Satellites 
Personnel 

Lunar and Planetary Exploration 
Personnel 

scout 
Personnel 

Delta 
Personnel 

Centaur 
Personnel 

Spacecraft Technology 
Per8 onnel 

Launch Vehicle Technology 
Personnel 

Launch Operations Development 
Personnel 

Electric Propulsion 
Personnel 

Liquid Pmpulsion 
Personnel 

Solid Propulsion 
Personnel 

Space Power Technology 
Personnel 

iiuciew Gystems Yecnnoiogy 
Personnel 

Tracking and Date Acquisition 
Personnel 

Totd 
Personnel 

Reimbursements 
Personnel 

GRAND TOTAL 
Personnel 



NATIONAL AERONAUTICS AND SPACE ADMJ3ISTRATION 

11 

12 

21 

22 

23 

24 

25 

26 

31 

42 

FISCAL YEAR 1963 ESTIMATES 

RESERACH, DEVEWPMENT, AND OPERATION 

SUMMARY BY OBTEc3c CLASSIFICATION OF 
PERSONNEL SERVICFS AND INSTITUTIONAL SUPPORT 

1961 1962 1963 
End of ~~aai: employment 17,077 21,880 26,273 

Personne:i. compensation. ...... $134,277,705 $166,713,000 $220,31l,OOO 
Personnd benefi ts  e . . . . a e . . 9,275,518 11,591,000 15,32 2,000 

Travel tu id  t ransportation of 
person:;. ................... 5,450,394 9,441,000 16,5c 5,000 

Heg~rlax t rave l .  .......... ( 5,260,051) ( 9,171,000) ( 16,024,000)L 

moto:r vehicles. ........ ( 152,098) ( 192,000) ( 3‘i0,000) 

LOC~SL transportation. .... ( 38,245) ( 78,000) ( 11.1,OOO) 
Ren$i~l of passenger 

Transpo;: tat ion of things; a . . 2,100,461 4,786,000 6,0i’o, 000 

Rent,, comrunications and 
u t i l i t i e s . .  ................ 22,378,074 30,921,000 46,4:;3,WO 

32,101,000)) Rent.. ................... ( 12,380,413) ( 18,963,000) 
Comnunications. .......... ( 2,359,667) ( 4,0Oh,OOO) { 5,0&1,0OO) 
IJtiLities..  .............. ( 7,637,994) ( 7,954,000) ( 9,2512,000) 

Printin,l; and reproduction. a 779 , 691 2,077,000 3,y1,000 

Other services. .............. 21,158,402 45,773,500 67,6!33,000 

Equipment. ................... 13,052,000 24,406,000 27,k%,000 

Supp.l,ies and materials. a * .  . * .  15,816,000 22,004,000 2’7,6IC8,000 

Insurance claims and 
indemnities. ............... 8,753 110,000 1.16 000 

...................... .)5 GOO 
Total ot l igat ions.  ........... Unvouchered 

847,628 --- _-- Unobligated. balance lapsing. e e . 
Anticipated. reimbursements.. . . . . .  6,227,626 . 5,641,000 . %,9j”(OW 

TOTAL $218,927,000 $3l2,199,000 $427,933,000 
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NATIONAL AERONAUTICS AI'D SPACE ADMINISTRATTON - 

FISCAL YEAR 1963 ESTIMATES 

10 PERSONAL SERVICES AMD BENEFITS 

TOTAL 
- 1961 - 1962 1963 

Number of employees 17 y 077 21,880 26 y 273 751 1,406 1,900 60 119 125 

Personnel compensation: 
$822, 000 $1 9 126 Y OOo - - - $202,060,000 $5 , 442,241 $9 , 790 t 000 $17 9 7% 9 000 $432,399 - - Permanent positions $122,071,672 $153 , 493 , 600 - - - - Temporary employment 537,273 965,400 1,015,000 

Intermittent employment 88,235 265 , 000 450,000 52,833 175 , 000 300,000 

Other compensation: - - - 2 , 211 - Regular pay above 52-week base 498,171 - - 27,246 
Overtime and holiday pay 10 y 598 912 11,356,000 15,874,000 179,986 
Nightwork differential 171 , 145 215,000 
Additional pay for service abroad 4,032 6,000 lOyo00 
Reimbursable details 308,265 412 , OOO 620,000 39, 220 96,000 100,OOO 58,000 98,000 

33,000 35,000 

100,OOo 

- - - 9,830 - 4 - m O O O  - 279 , OOo - - 282,000 - - - - - 

Total, personnel compensation 134;277,705 166,713,000 220,311,000 6 , 741,526 10,34O,000 18,506,000 502,440 953,000 1,261,Ooo 

Personnel benefits: - - - 128 200 - 
- - - Uniform allowances 9Y4.04 7,300 5,000 

Living and quarters allowances 16,121 21 ,000 26,000 4,194 6,000 6,OOo 
Life insurance and health program 1,339 , 445 1,659,500 2 y 134, 000 53,520 75,800 110, 000 3,870 8,000 
Retirement contributions 7,839 9 620 9,788,200 12,989,000 400,966 

12,000 
614,000 1,132,000 27 y 4-49 52,000 73,000 

1,000 1,OOo - - 63,000 74,000 1,976 2,000 3,000 215 - 
- - - - - 1,000 1,500 

FICA taxes 59,684 
Incentive awards 11,244 52,000 81,500 
~c c i aent c o p e  r isut i un - 12.. 500 - 12,500 

~ - c  

460,806 699,000 1,265 , 000 31,534 61,000 86,OOO Total, personnel benefits 9 y 27 5 y 518 11,591,000 . 15,322,000 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

Number of employees 

Personnel compensation: 
Permanent positions 
Temporary employment 
Intermittent employment 

Other compensation: 
Regular pay above 52-week base 
Overtime and holiday pay 
Nightwork differential 
Additicvd pay for service abroad 
Reimbursable de tails 

Total, personnel compensation 

Personnel benefits: 
Uniform allowances 
Living and quarters allowances 
Life insurance and health program 
Retirement contributions 
FICA taxes 
Incentive awards 
Accident compensation 

'I'otai., personnel benefits 

Total personal services and benefits 

$21,312,616 $24,837,000 $34,618,000 - - - $12,585,000 $15,796, OOo - - $11,152,993 - $23,755,225 $25 , 63 5 , 000 $29 9 912,000 
89,703 208,000 208,000 

94,947 - - 44,046 - - 83 , 631 - - 
629,193 655,000 1,276,000 46 , 679 50 , 000 100,000 849,034 850,000 f m o O 0  

38,443 42,000 42,000 60,113 65,000 95,000 5 1  , 456 55,000 70,000 

24,607,511 26,540,000 31,438,000 11,309,689 12,700,000 15,991,000 22,296,737 25,742,000 35,568,000 

1,000 

292,000 
1,664,000 

i,c= 
1,000 

- 840 

716,564 
2,256 

179 
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NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION Page 3 of 4 pages 

FISCAL YEAR 1963 ESTIMATES 

Number of employees 

Personnel compensation: 
Permanent positions 
Temporary employment 
Intermittent employment 

Other compensation: 
Regular pay above 52-week base 
Overtime and holiday pay 
Nightwork differential 
Additional pay for service abroad 
Reimbursable de tails 

Total, personnel compensation 

Personnel benefits: 
Unifom allowances 
Living and quarters allowances 
Life insurance and health program 
Retirement contributions 
Y i C A  taxes 
Incentive awards 
Accident compensation 

Total personal services and benefits 

10 PERSONAT, SERVICES AND EEXflEFITS -~ 

GODDARD SPACE F'LIGHT CENTER 
1961 1962 1963 

MANNED SPACECRAFT CENTER 
- 1961 - 1962 - 1963 

441 494 5 50 1,497 2 , 394 2 , 749 805 1,640 2,700 

12,704 - 50,595 - 22,464 - - 
320,699 467,000 595,000 1,125,081 1,254,000 3 , 1 9 k  740,777 942, OOO 2,OOO,OOo 

20,000 20,OOo 

- - - - - - 205,187 218,000 420, OOO 
- - - 13,000 25,000 7,212 8,OOo 15  ,000 4,730 - - 4,032 6,000 10,Ooo 

359 - 

3 , 443,514 4,102,400 4,683,000 10,483,551 17,459,000 24,527,OO 6,023,269 10,526,000 21 , 750 , OOO 

$23,202,000 $18,674, OOO $26,149,000 $6 , 400,598 $11,215,000 $3,675,414 $4,379,000 $4,992 , OOo $11,194,123 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

10 PERSONAL SERVICES AND BENEFITS 

SPACE NUCLEAR PROPULSION 
OFFICE (CLEVE) 

1961 1962 1963 
WAT;LOPS STATION 

- 1961 - 1962 - 1963 

6 , 490 7,200 305 399 400 27 50 Number of employees 

Personnel compensation: 
Permanent positions 
Temporary employment 
Intermittent employment 

$464,000 - - 
Other compensation: 
Regular pay above 52-week base 
Overtime and holiday pay 
Nightwork differential 
Additional pay for service abroad 
Reimbursable details 

153,252 
6,426,916 

3 , 726 - - 

7,075 - 
270,717 315, 000 

5,106 7,000 

- 
440,000 
10,m 

Total, personnel compensation 46 , 794,695 55 392 9 600 62,864,000 2,074,773 2,770,000 3 , 256 9 000 - 188,000 467,000 

Personnel benefits: 
Uniform allowances 
Living and quarters allowances 
Life insurance and health program 
Retirement contributions 
FICA taxes 
Incentive awards 
Accident compensation 

Total, personnel benefits 

Total personal services and benefits 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

10 PERSONAL SERVICES AND BENEFITS 

Summary .wial.ysis by types of 
compenaZ7.on 

End of year employment ....... 
Position 1.apses.. . . . . . . . . . . . . 
Average munber of positions.. 

Net cost  of positions. ....... 
Other compensation. . . . . . . . . . . 
Personnel benefits .  . . . . . . . . . . 

1961 - 
17,077 
-1,127 

15 950 

$122,697,180 
11,580,525 
9,275,518 

$143,5539223 

STAFFING IIEQUIKf3MENTS 

1962 - 
21,880 
-2,550 

$154,724,000 

11,591,000 

$178,304,000 

11,989,000 

26,273 
- 1,201. -. 
25,072: -. 

The es1;imates submitted f o r  the f i s c a l  year 1963 support a proposed 
end of year s ta f f ing  l eve l  of 26,273 employees, an increase of 4,:,93 over 
the antic::.pated l eve l  fo r  the current f i s c a l  year. 

The expansion and acceleration of program ac t iv i ty ,  pa r t i cu lmly  i n  
the advaricecl program f o r  the manned exploration of space, material.1~ 
contributxs t o  the increased s ta f f ing  leve l  ,proposed for the budget year. 
Some of the factors  supporting the requested personnel growth are  as 

Aggressive proposed launch and spacecraft and launch 
vehicle development schedules; 
Expansion of launching capabi l i t ies ;  especially at the 
Atlantic Missile Range; 
Administration of expanded engine and stage s t a t i c  test  
sfites and at  new production f a c i l i t i e s ;  
Expansion and increased a c t i v i t y  at  tracking s i t e s ;  and 
Expansion of the capabili ty t o  monitor and eonduct 
effect ively advanced research, technical development, 
development and f l i g h t  programs. 

Refei?r:ing t o  the summary charts (pages A4-1, A4-2, and A4-3):, it 
w i l l  be seexi tha t  over half of the requested increase i s  d i rec t ly  re la ted 
t o  the rustnned space fl ight program, including the development of large 
m u l t i -  stage vehicles and propulsion systems Other program areas 
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requiring s ignif icant  personnel increases include meteorological 
s a t e l l i t e s ,  s c i en t i f i c  s a t e l l i t e s ,  unmanned lunar and planetary 
explcration, the Centaur launch vehicle, spacecraft and launc'h 
vehicle technology, e lec t r ic ,  nuclear and so l id  propulsion systems, 
nuclear and non-nuclear auxi l iary power units,  research on advanced 
a i r c r a f t  i n  conjunction w i t h  other Government agencies, and tracking 
and d.ata acquisition. A dist r ibut ion,  by location, of the proposed 
s t a f f ' i n g  increase requested f o r  the budget year i s  as follows: 

NASA Headquarters.................. 494 
Western Operations Office.......... 6 
Langley Research Center...,........ 372 
Ames Research Center............... 376 
Lewis  Research Center.............. 900 
Flight Research Center. ............ 56 
Goddard Space Fl ight  Center........ 355 
Manned Spacecraft Center........... 1,060 
Marshall Space Flight Center....... 710 

Space Nuclear Propulsion Office.... 23 
wallops Station. ................... 41 

4,393 = 

NASA Headquarters 

The increase requested f o r  operation of the NASA Headqua,rters is  
smwrj.zed as follows : 

Office of the Administrator....,................. 33 
Office of Advanced Research and Technology....... 40 
Office of Applications,.......................... SO 
Office of Manned Space Flight...............*.... 245 
Office of Space Sciences......................... 11 
Office of Tracking and Data Acquisition.....,.... 5 
Office of Technical Information and Educat,ion.... 8 
Office of Administration......................... -- 132 

Total...................................... -- 494 -- 
The staff increases requested f o r  the Office of the Administrator 

and -the f ive  program offices,  to ta l ing  354, are required t o  provide &in 
adequa'be s t a f f ing  l eve l  t o  plan, coordinate, and d i rec t  the t,echnicd. 
and 13entral aspects of the NASA program. 
atioii, coordination and appraisal  of the agency's operations can only 
be rrttained through detailed review of program requirements end progres s 
on it continuing basis. 
w i t h  t h e  capabili ty essent ia l  t o  coordinate properly NASA's e f f o r t  
w i t h  re la ted work i n  other Government agencies, the sc i en t i f i c  communil;y, 
and industry. A very large portion of the requested increase is  t o  
support the manned lunar landing program. 

The effect ive control, eva3.u- 

The requested personnel w i l l  provide management, 

The increase requested f o r  
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the  Office of Technical Information and Education w i l l  allow better 
dissemination of knowledge gained i n  the space program t o  interested 
technical people and the general public. 

The increase requested f o r  the Office of Administration i,; required 
t o  provide technical and c l e r i ca l  assistance f o r  personnel administrat i.on 
i n  areas concerning classif icat ion,  recruit ing,  and manpower evaluation 
and development; t o  provide technical assistance i n  procurement matter;:; 
re la t ine  t o  contract negotiation and administration; t o  improve and 
strengthen the budgetary and f i s c a l  functions; and to  provide technical. 
personnel necessary t o  perform the audit  a c t i v i t i e s  of the agency. 
other areas, minor increases are requested f o r  administrative (support 
services and security operations. 

In  

Lanrrles Research Center 

The mission of the Langley Research Center is essent ia l ly  t o  
provide basic technical information i n  support of the development 
of ad\-an.ced types of manned vehicles w i t h  considerable emphasis on 
the kernhamior and in tegr i ty  of materials and structures.  
and experiments, directed toward the s t ruc tura l  and operational 
problems associated with the supersonic transport, w i l l  be expmded 
during the budget year. 
on prcrbl.ens involving lunar and planetary landings and take- off s , 
satelI.itte rendezvous, and reentry f l i gh t .  A t o t a l  of 372 additional 
emplcyees is requested f o r  f i s c a l  year 1963. 
(pageEi A b 1  through Ab-3) fo r  detailed personnel breaks by program, 

Studiles 

Considerable e f f o r t  w i l l  also be expended 

See summary charts 

Ames Research Center 

Ilhe research capabi l i ty  of the Ames Research Center i s  primarily 
directed i n  sumor t  of the space missions of the agency. 
be contjnued, however, on the supersonic transport  and other advanced 
aircrctft; of i n t e re s t  both t o  the m i l i t a r y  and commercial. operators 
1nterir;if'ied e f f o r t  re la t ing  t o  the manned 'xnar mission w i l l  be expended 
on pr*obl.ems dealing with vehicle integration, navigational guidance ant5 
control;, human behavior under space environmental conditions, l i f e  
suppoi-t systems, biomedicine*and spacecraft reentry. 
addit;:ional employees i s  requested f o r  the f i s c a l  year 1963. 
summni-y charts (pages A 4 1  through Ab-3) f o r  detai led personnel 
bred::; by program, 

Studies w i l l  

A t o t d l  of 376 
Elee 

Lewis Reseasch Center 

The work of the Lewis  Research Center, including the operation of' 
facil..it:ies a t  the Plum Brook si te,  supports experimental and Cl.evelopmental 
projectt; associated with propulsion systems, fuels,  and the e f f ec t  of 
nuclt?iw radiation and temperature on materials. The problems of lunar 
spact?l:rixft propulsion and auxi l iary power systems, propellant handling 
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i n  space environment, and the  large l i qu id  rocket engine projects 
w i l l  receive the greatest  attention. The Center also conductr; 
fundmental research i n  advanced propulsion concepts, auxi l iary 
powe:r generation systems, and energy conversion devices . Studies 
and experiments on nuclear propulsion and radiation, i n  conjunction 
w i t h  thle Atomic Energy Commission, w i l l  be expanded during the budget 
year. 
the supersonic transport .  A t o t a l  of 900 additional employeer; is  
required f o r  the f i s c d  year 1963. 
throii3h A4-3) f o r  detai led personnel breaks by program, 

.Research w i l l  a lso be accelerated on propulsion systemti f o r  

See summary charts (pages A b 1  

Fliaht  Research Center 

‘L’hla basic mission of the Fl ight  Research Center i s  the conduct 
of full.- scale f l ight operations t o  evaluate manned a i r c ra f t ,  :i.ncludinp; 
researc:h on problems associated with a i r c r a f t  design and conskruction. 
Work %t t h i s  Center i s  primarily i n  support of the X-15 f l i g h t  research 
progmm, the j o i n t  Air Force-NASA Dynasoar project., and, i n  the budget 
year,  the supersonic transport  project. Studies w i l l  a l so  be under- 
taken 0.2 recovery techniques of reentry-type vehicles, crew fimctions 
and :Life support systems, and guidance and control problems ar:sociated 
wi th  inamed lunar systems. 
requested f o r  the f i s c a l  year 1963. 
throiASh A4-3) f o r  detailed personnel breaks by program. 

A t o t a l  of 56 additional employeeti i s  
See summary charts (pageai A b 1  

Goddard Space Flight Center 

‘be Goddard Space Fl ight  Center is assigned the responsibil i ty 
for ’;?e development of unmanned earth orbi t ing spacecraft. 
inchrde:; development of sounding rockets, s c i en t i f i c  satellites, and 
applfil:ations s a t e l l i t e s  designed t o  provide operational weather and 
commibiications systems. I n  addition, the Center is  responsibl e f o r  
the o:?e:ration and maintenance of the world-wide satellite trerc king 
networks. A t o t a l  of 355 additional employees is  requested f o r  the 
f i s c a l  year 1963 f o r  the project management of large systems contracts 
undertaken by industr ia l  contractors; management of the develcipment 
of ncw and advanced tracking systems and equipment; p ref l igh t  t e s t ing  
and w&Luation of spacecraft under simulated flight; conditionsl; 
busines:; administration area t o  negotiate and administer contracts 
requyi red by the accelerated space programs; and fo r  the operatd.onaJ. 
meteoro:Logical s a t e l l i t e  program under the sponsorship of the United 
States  Weather Bureau. See summary charts (pages A b 1  through Ah-3) 
f o r  detailed personnel breaks by program, 

This 

Manned Snacecraft Center 

‘he Manned Spacecraft Center i s  assigned responsibil i ty f o r  the 

This Center w i l l  serve t o  d i rec t  and 
direction of the agency’ s manned space f l i g h t  program and the develop-, 
ment of all manned spacecraft. 
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manage the programs re la t ing  t o  manned extended ear th  orb i ta l ,  
circumlwiay, and lunar landing missions. 
1963, met;Ioi* emphasis w i l l  be directed t o  o rb i t a l  rendezvous 
technology,, development and environmental f"tiL1-scale t e s t ing  of 
spacecraft and support systems, development and miniaturization 
of instrwmentation, and f o r  the t ra in ing  of f l i g h t  crews, flie;ht 
controll.t:ra, and supporting ground personnel 

During the f i s c a l  year 

The substant ia l  increase of 1,060 people requested f o r  t h i s  
Center ~ r : - l l -  be enough i n  f i s c a l  year 1963 t o  undertake all phaseel 
of the program t o  insure a successful lunar landing as soon as 
practicd)let. 
t echnicL direction of the manned flight program, the requested 
s ta f f ing  leve l  includes personnel t o  staff the f a c i l i t i e s  currently 
under construction, as well as the supporting shop and administrative 
areas. 

I n  addition t o  providing f o r  the management and 

Marshall Space Fl ight  Center 

The MEwshall Space Fl ight  Center is assigned responsibi l i ty  f o r  
the demCLopment of launch vehicles and associated propulsion syst,ems 
t o  meet tht: NASA space mission requirements, and f o r  the supervision 
of launch operations a t  the Atlantic and Pacif ic  Missile Ranges in 
support of NASA sponsored programs. 
Space Fl.:ight Center i s  charged w i t h  management responsibi l i ty  f o r  the 
Saturn, Nova, and Centaur vehicle development programs; the procurement 
and launch of operational Agena-B vehicles; and the development c d  
the 1, ~00,000-pound thrus t  F-1 engine, the 200,000-pound th rus t  5'-2 
engine, anti the 1,000,000- pound thrus t  M- 1 engine 

A t  the  present t i m e ,  the  Marshall 

The planned expansion and acceleration of program a c t i v i t y  jn 
the f i s c a l  year 1963 W i l l  require additional s t a f f ing  a t  t h i s  Center 
i n  s u p p o ~ t  of the Nova and Advanced Saturn launch vehicle and the  M-1 
engine ck?wlopment programs, operation of expanding vehicle launching 
areas al; the Atlantic Missile Range, and f o r  the administration and 
maintenttiice of indus t r ia l  and engine and stage s t a t i c  tes t  sites at  
the Michoutl Plant and the Mississippi T e s t  Fac i l i t y  respectively. 
In  addit:ion, administrative personnel, primarily i n  the area of 
contract negotiation and administration, w i l l  be required. Total. 
s taff ing needs w i l l  be met i n  par t  by the gradual phasing out of 
the weapons systems work currently being perfomed f o r  the Department 
of Defense, 
f o r  the :?it;cal year 1963. 
f o r  detct iled personnel breaks by program. 

A net t o t a l  of 710 additional employees is requested 
See sumnary charts (pages A b 1  through Ab-3) 

Wallops Stat ion 

The Wallops Station serves as a small launch f a c i l i t y  f o r  the 
sounding rocket program, the so l id  propellant Scout vehicle, and 
other pi-c>g:rams re la t ing  t o  reentry physics and f l i g h t  t e s t ing  of 
spacecra€'t components. I n  addition, t h i s  Stat ion &so serves as 

A 6-5)- 



a readout f a c i l i t y  f o r  the meteorological satellite program. An 
addi t ional  41 employees is  requested f o r  the f i s c a l  year 196:3 i n  
support of increased a c t i v i t y  i n  tracking and data  acquisit ion,  
range planning and control, and t o  strengthen the  general manage- 
ment function of the  Station. 

Other Offices 

Six addi t ional  employees are required f o r  the  Western Qera t ions  
Office t o  meet the increasing workload i n  Connection with the  manage- 
ment and monitoring of contracts with development contractor:: located 
on the West Coast. 

Twenty-three addi t ional  employees are required f o r  the Space 
Nuclear Propulsion Office at  Cleveland f o r  the  administrative and 
technical direct ion of the nuclear systems technology program, and 
t o  administer t he  design and construction of the National Nwlear 
Rocket Development Fac i l i t y  i n  Nevada authorized i n  the f i s c a l  year 
1962. 

FUNDING REQUIREMENTS 

The funding levels proposed f o r  t he  f i s c a l  year 1963 are required 
t o  finance the  s t a f f ing  level authorized f o r  the end of the current 
f i s c a l  gear on a ful l -year  basis; the addi t ional  within-grade sa la ry  
advancements due i n  the budget year; and the 4,393 additionaL employee:; 
requested. The posi t ion lapse rate f o r  new posit ions is  estimated at; 
approximately 25 per cent. 
fo r  the within-grade salary advancements becoming due i n  the f i s c a l  
year 1963. 

Alapse  rate of 50 percent has been used 

Funding requirements f o r  personnel compensation, other compensation 
and personnel benefi ts  are s e t  fo r th  on pages 6-1, 2, 3 and 4 preceding. 

The major portion of the increase requested f o r  overtime and 
holiday pay is f o r  operational requirements i n  connection with the 
l o g i s t i c  and pref l igh t  checkouts on vehicles, spacecraft ,  anti ins t ru-  
mentation before launchings, Further, the phasing of workloads on 
program components must be geared t o  meet urgent program dealllines 
and schedules par t icu lar ly  i n  those areas where operations a re  inter-  
re la ted  *with contractor ac t iv i ty .  

F’unding requirements f o r  the  insurance and health program, re t i re , -  
merit contribution, and other  personnel benef i t s  are commensurate with 
the proposed s t a f f ing  l eve l  requested f a r  the f i s c a l  year 19153. 
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NP;X)hIAL AERONAUTICS AND SPACE ADMINISTRATION 
mmsm PEXLSOIIAEL STAFFIIIG CB*BT 

FISCAL YWLB 1963 
NASA BE*DQU*BTFBs 

7 1  
OFFICE OF AIIMINLWRATOR 

AERONAUTICS h 4STRONAlJTlCS 
COORDINATING BOARD 

1 Exc. Deputy Admlnia trabr  
1 Erce i ted  Admfnistrntor 

I Erc .  Asst .  to the Admin. 
10Lhrr G S  PerSOnnel 

1 
: W B  l'ersonnel 

21. 500 
17, 000 

I M e r  GS Peraonnel 32. 535 

I =-r - 
7-- 

1N J €  NTlClNS b CONTRTRUTIONS BOARD 

1 GL:-15 Secre ta ry  to the Boar-,l $14. 3M0 
4 Other G i  Personnel 27,470 I. $-$ti 

F11CE O F  IV'CERPIATTCNAL PROG. 
OFFICE O F  EXECUTIVE ASSISTANT 

l 'FFlCE OF LEGISLATIVE AFFAIILS 

1 € Y C .  Dlr. Off. rmf I a s , .  Aff. $ 19,000 
2 C S - 1 5  Asst. Director 28. 7 6 0  
3 cs-15 la@& Lialeon officer 44.960 
1 (:;-I4 Less. Asrt. 12.7w 

4 . 7 8 0  
17 CIther GS F'ersormel 124. 635 

$234, 865 2 5  
~- I U B  Personnel -. 

1 xx Ihr af Int Prog $ 17,1100 
I-x. 1x0 DLr 15. !,on 

$ 20,:uo 1 Exc. Gen. Counnel 
I GS-15 Exec. Asst. to the I E ~ ~ .  mP  en. counsel 18.wm 

I GS-14 Mgt .  Analyst 12.210 2 ~~~i G ~ " .  rounaei  32,iinn 

Administrator $ 13.730 1 Exc. Aesl Gen CoJnRel fol 

Patent Matters 17. !.00 I GS-14 Aeronautics R e s  Scr. 12.470 

I GS-14 Aerospace Tech. 12.210 5 Gs-15 Attorney- \dvisar 71.!,75 

I G.-14 Chef,CorrhRpt.Br.  12, 210 7 GS-14 Attorney-.%dvisor 86.  ' 70 164. 84 149.767 
25 Other GS Personnrl  
42 

21 Other GS Personnel  
26 $410, !129 

- - 

20. nu0 

19.000 

16. uun 

13. 730 
12,210 
12.210 
27, 335 

,120,485 

17,500 
14.705 
13.730 
!3.730 
;!4, 420 

L"5, 118 
8 i s . 3  '1 

I - T ~  13; , 1:urogean Lia Ofcr l5,!>00 
<:$-I5 Chef .  C m p  Prog. 13. '30 
( : S - l 5  C h e f ,  mer Support 15,1130 
C i s - I 5  Chief. I n f e r  Org. 13."30 
(:5-15 Sclentlflc !i Tech. Ad". 14. 180 
c i s - I 4  sr. c < w p  Prog Mfcr 12,  !lo 
w - 1 4 s r .  c-ol,er sup* mfcr 1 2 ,  !IO 
(:5-14 Sr. P ~ . r s  Erch Offcr 12 .  !I0 

7 3 . . l l 8  < Xher GS P r  .=on, e1 
$215 .  118 
_ _  I ' I,- 

OFI>I<:E Oli PLANS & PROGRABI EYAI. 

1 Exr.  Dlr. >f Prog. Plannlllg 
and Eialue.lon $ 20.000 

2 4 8 5 ~ 1  late mr. 38,000 
2 Exc. ;emor Staff Sclentlel 35. 000 
7 GS-15 Staff Scientist 102, 285 
1 GS-I4 Staff Scientist 13.510 
7 Othzr GS Fersonnel  51, 396 

$ 2 6 0 . 1 9 ~  -- I OFFICE O F  ADMIN. 

1 Exc. Dir. of Admln. $ 19.000 
18,500 I 1 Exc. DeD. Dlr. 

2 EXC. Aast to Dir. 32,500 
1 GS-I5 Safety Offleer 

I GS-14 Program Anelyet 1 2 . 4 8 0  
OFFICE OF THE ASSOCIATE ADMIN. 1 GS-15 Staff Aest. 

1 Exc ASK, .  Admin $ 21,000 
I ~ x c .  Dep ASBOC. Admin 21,000 

7 Other C S  Fersonnel 48.284 
1 Ex, Tech Aest 19. 000 

10  - 
- 
ATTON 

18,000 

15.030 
15.030 
I S .  030 
14.055 

13.730 
: 3 . 7 3 0  

3.730 

.3.730 
13,730 
14,380 
(3,730 
13.730 

13,730 

13.730 

15.030 
13,730 
12,210 
l 2 . 2 1 0  
46.840 
24.410 
12,210 
12.210 
12.210 
36.630 

0 12.210 
36,630 

502,681 
,996,536 

16, 500 

:3.730 

-~ - 

Gs-15 Dir. Admm. S e n  
GS-I 5 Aset. Dlr 
GS-14 Automatic Wra Prog. 
Sperielist - Proced Analyst 
Other GSPersonnel 
WB Personnel 

$ 14.705 
14, 380 

36,890 
490,287 

90,858 
) 6 4 6 . 0  

GS-15 Chef  Emploi'ee R e  1 C S  15 s1,p programm 
spemali: t 

1 CS 1SP-ogramm Spec 
I Gi - .4  ProgramRrs.  spec. l2.210 
8 CItEer G:, Personnel  

~ ~ - \ C I I . I T T E S  COOKD. 

, Xr 2hd PrO<YlemI"t 
1 6 .  300 
15. i30 
43.140 
29. i65 
13. 710 
13,730 
74 .  340 
1 2 . 9 9 0  
37. I',O 
61,050 
24 ,680  

, , . $ - I 4  cont rac t  spec 

c i . 5 - I 4  Indue rial Spec 
I , ,S-L4Pro, ."rem,nt  sp,.c 
' <,$-I4 Productlo, Ofllrer 

c.5-14 F:lecf-ic Rate Spec SECIJPJTY & INSPECTIONS DIVEION 

Exc. Dlr , Sec &Inspec .  $ 16,500 
Exc. Dlr of Inspec. 16,500 
GS-15 Dlr. ofsec.  I S .  030 
Gs-I5 Chief, P e r s .  & Ind. See. 13.730 
0s-15 Chief, Bdqre. Sec .  Oper. 13,730 

OI'F. O F  TRACKING h D9TA ACQUlS 

I Exc Dlr. $ 18. iiun 
I E x c  Dep Dlr L8.000 
1 Exc. Dlr of N?twork (mer 

1 C S - 1 5  Facll Spec. 
3 CS 14 1.5~14 Froglam ,Ulalyrt 12.470 

I 1.5-14 t i s - l i sup .  sup 3ontIarf prop Mc Suec Officer 49 .360  12.470 

24,940 1 t;S-l' Tranr. Spec 
564. 195 .') Other G S  P e r s o n ~ e l  

$l.WU 

GS-I5 Inspector 27,750 
GS-14 chef, See. Ciassif. 12.2l0 
Gs-14 Insoector 25.460 h Facll 16.000 

1 E X E  C l u ~ f ,  Comrnun h F r e q  16.000 
1 iixc. Dlr of Pr0rr;un suooort 

GS-14 Asst. C h e f  Hdqrs. Sec. 

GS-14 Asst. to Dlr. Of Sec. & 
Inspections 12 .470  

1 GS-14 Chief. Phyelcal Sec. Br 12,210 
9 Other GS Personnel 276.324 

6454 124 

operations 12,210 

~ 

~ _. 
L Adv Systems 16, uun  
EXC c h e f ,  program support 15. so0 

i ~ s - 1 5  sen~or  sI:ientlfIc nep. 1s. 030 
Exc. C h e f ,  Adv Syetema 15,500 

(GS-15 Dlv. ofNat ' l  Rl(e. Supp. 13,730 
1:s-I5 Chef .  Network ()per. 13 .730  
lis-15 Chef .  F a d  R Station 
mpleme"taf.0" 13,730 

1GS-15 Head, Lmge Rrquire 
1'lmol"g 13,730 
GS-I5  Flight Miseron Reqmre.  
:nrcr. 13.730 
l l - 1 5  Operational I . iason Offcr13.730 
lGS-15 Head. Manned %,ace Fl1 

Programs 12,210 

iz.210 

& W a g e  1 2 ,  n o  
s . 1 4  H ~ ~ ~ ~ .  mp p e r @  o fcr 13,210 

GS-14 Chief. Hdqrs P1ri.e 
h Employee Relatlrlns 
GS-14 C h e f .  Hclqrs Class 

430.662 
$655,612 
__- Other GS Pereollnrl 

1 E X <  ne],, Ihr. 
CS- 15 Ai,rospace Tech 

I C S -  14 Ai,rospace Tech 
1 C S  14 Mgt. Anal?St 
5 Cthcr G$ Personnel 

1 I 

$233 0 3 0  I MGT. ANALYSIS DIVISION I 

I I EXC. mr.. ~ g i .  ~ n a l y s ~ s  $ 1 7 . 5 0 0  
I G . - ISInd .  E n s n e e r  15.030 
3 G s - l i  "0. Analyst 43,140 
5 GS-I.'Tgi h e l y s t  62.350 
5 Other GS Personnel  30,768 

$- 

r:z? TECH. PROGRAMS 1 .ENOGRAPRIC & TI PING Pi X)L 

Other GS Personnel $ 6 6 . 2 0 8  - 
AUIBT DIVISION 

$ 17,000 
16.000 
97,410 

160.730 
328.141 

$619, 281 

Exc. Dlr. of Audit6 

Gs-15  Sup Auditor 
13 GS-I4  Sup Aud;tor 
38 Other GL Personne! 

E ~ ~ .  ~ e p  mr. 

Data sys  13,730 
G - I 5  Head. Lunar & F.1e.net. 
Data S"S I 3  730 
CGS-15 Head, Scientific Satell 
'YB. 14.055 
1:s-15 Head, Application 
ialell. Day= Sye. 13,730 
11-15 Head, Deep Space Instr 
r a d  13.730 
1:s-I5 Head, Mumed Space El. 13.730 
1;s-15 Head. Satell Network 13,730 
1:s-15 Herd.  F a d .  Ehgineer 13.730 
1;s-I5 Head. Interagency Rei .  13.730 
1:s-I5 Facll. Engineer. Offcr 13.730 
1 s - 1 5  Staff SCLP"tlB1 96,435 
~ s - 1 4  C h e f .  P ~ ~ ~ ~ ; ~  cOoi 12.210 
!Hher GS Personnel ~ 53.430 

I DIR. OF  MCiT. REPORTS 

1 Fxc, D l i  $ 16,000 
2 E x ' ,  Chef  Analyst 31. nu0 
4 CS 15Aerospace  Tech 54 ,920  
2 C S  1 5 P w g r a m M g t  Anal 27.460 
2 C S 14 A.roepace Tech 24.940 

13 Cther  G! Personnel 86,066 
mi233 __ I 24 

I 

OFFICE OF MANNED SPACE FLIGHT 
:!l, 000 
19.000 
14.055 

3 , 7 3 0  
7 . 2 0 5  

Od Ul" 

$ 21,000 I 4 1 E ? % ~ ~ % % S t  18,000 

1 EXC. M r . ,  Manned Space 

11.482 
$ 50,482 

2 Other GS Personnel 
T L" -- , - - -  

I- 

ITEMS 

i 16.500 

16,000 

16,000 
14.380 
27. 460 
27,460 
13.730 
12.210 
28.290 1 172.030 

I- 

DIR. OF LINAR 5 PIANETA 3Y PRO;. 

Exc. Mr. $ 13,M)C 

1 7 . 3 C  
Exc. CN. , Luna- dr Plmz:m Y 

science:. 

i.:xc. mr. 
iixc. Dtp. tar. 
Exc. ZM., .;mal Veh. Prog. 
lox,.. Z h f . ,  a u n : h  Operations 
G E - 1 E  C'hf., Cen aur Flogram 

IR. OF PRCG. REVIEW k RESOURCES MGT. $ 19,000 

10,000 
15,500 

17,500 

13,730 
13,730 
13,730 

13,730 
13,730 

13.730 

I I TECHNICAL PROGRAM COORD. 

I 1 I X C .  Dir $ 19  000  

16. 475 3 <.*her GS P e r e m d l  
$104 7 7 5  

5 I S - 1 5  Aerospace Tech 60  inn 
. 

2 E,c Chic1 of Office $ 31.1100 
1 G! - 5 Ae-ospace Tech 13,730 
1 G:- 5 Fa:iliti?s Offlcer 14,il55 
L G: ~ 5 A d n m  Officer 14. (155 
2 C! - 4 Ae-ospace Terh  24.42U 

24. h9b 
(1  71 .m6 

.I Other (is Personnel  __ 

E X .  Asst chf. Lu::a- I. 
1;s.:: F-ead, Centaur Bystems 
G $ - * E  head,'Certaur Prop. 
~:s-lE FIead. Cen:mir Launch 

r 3lRECTOR O F  RESEAllClI 1 13.730 

13,730 
13,730 

prcgrm. 13,730 
\;S-lf Yead, Lau?Ct. oper .  & 

Fac. for Emall Veh. R o g .  13,730 
c;S-lE C'hf., AdvvlcedProjec ts  13,730 
GS-lE Staff 3ng. Studies & 

13, 730 .%stems Pnalvils 

ROiVAUTICAL IlESEARCIl i 

t $ i i ~ . n n u  
32, on0 
211,735 
97 .085  
411. 640 
31, 369 

c 7 T T  

I E r r  Dlr $ 19 0oo 
i E 'r  ChL.fof Program 46 i 0 l l  

2 G.i-15 Chief of Program 29 735 
i G - 1 5  Aeroapace Tech 96. 760 
L G.i- i4  Aerospace Terh 49. rj4u 

53,13!3 $m 
hc r GS Personnel  -- 

I Exc. Dlr 
2 EIF Chief of Propam 
2 os-I5 C h e f  Of Pr"qi.aT 
7 GS-15 Aerospace Terh 
4 GS-14  Aerospace Tprh 
6 'GIher GS Peraonnel 
2i 

DIP.. OF LAUNCH VEHICLES 61 PROP. j,j 4 

E x .  Dir. 
EXC. Asst. Dlr. 
Exc. C h i d  of Program 
Exc. Staff Scientist 
GS-15 Aerospace Tech . ,  Mol. 
GS-15 Mst Aerospace Tech . ,  Tech 

Mut . 

s B , W 0  
52,500 

131,500 
17,500 

509,860 

55,245 

1 16.500 
13.730 
13,730 
13,730 
36,830 
12.210 
23,905 

13,730 

opPrat1oni 13,730 

13,730 

GS-1E Staff Pngr , Gvdance 

GS-lC Staff lngr , Pe-formance 

GS-lf [GS-1: Staff Exes. 3nqr ASst., , Prop. Lurnch a s .  

Zortrol k Elec. Syslems 1.1.730 

& F l q h t  rynarrirs 

. inher  GS P e r s o n l e  

- 
IR OF ZEOPlIYSI~2? & ASTRONOMY PROS. 

c DI%. O F  PROGRAM REV, 6 RES. M G T  

1 EXC. Dlr. $ 17.500 
3 11-15 Chief of Group 44,115 
2 11-14 Aeroepare Tech. 24,960 

15 other GS P ~ T S O M ~ I  100,923 
$187.498 

1 D r  $ 16.500 

:< ai- 15 Chief of Program 44, 440 
st a i - 1 5  Aerospace Tech. 124.870 
f ,  ai- 14 Aerospace Tech. 74 ,  300 

60,432 
$336, 542 

1 E w  Chi?f of Program 16 ,  000 

10 O h c r  GS Personnel 
30 
-. 

208,870 

49,100 

$1,274,119 
SOURCES 

16,000 
13,730 
13,730 
12,210 
15.112 7 70 .782  

1 E x .  Chf., Ezbmhilogy Prog. 
1 GS-15 Chf. ,  EnvFrorimemal 

Blolan, R o q r s m  

hiolan, Program 

viponmtyltal Bio low Proq. I, m e r  GS P e r s o m e l  

1 GS-15 S M  Scientist, Ex- 

1 GS-14 S t d  Scieritist, En- 

DEP. DIR. FOR SYSTEMS ENGINEERING DIR. OF SPACE VEHICLES 

2 Exc. Asst. Dir. of Sp. Veh 36.000 
2 Exc. Chief of Pmgrpm 
3 Gs-15 Chief of Program 43,790 
8 0 5 - 1 5  Aerospace Tech I I 0 . 4 9 0  
6 Gs-14 Aerosone Tech 7 s  080 

1 EXC. Dep. W. 16 zo,m 
5 Exc. Asst. Mr. 85,000 

469,745 

a EX. chief of program 148,500 
34 GS-15 Aerospace Tech.,  -01. 

5 GS-%Aerospaee Tech., Tech. 
68.975 

1 Exc. Mr. 5 18,000 
1 Em. Chi . ,  Astron0m.i & 

S o a r  Ph) sics 
1 Exc. Head, SOlar Physics 
1 E x .  Chi., Phy::lcs 
1 Exc. Bead.  Plasma Phvs ics  16.500 

16,500 

1 E . C .  Dlr. $ 19 000 
1 Exc. c 3 i a . f  of Program 16:UUU I 

43.790 4 3 a;- 5 Ch.efof Promam 
STEMS 

i 17.000 
I8.000 
13.730 
13 .730  

r. 13 .730  
54,920 
12,210 
32,610 

im3x 1 - 5 Aerospace Tech. 
5 0;- 4 A e m ~ p a e e  Tech. 
8 a h e r  OS Personnel 1:;; il I 

$298,411 
I- 

63: 566 
$380.429 

1 EXC. Chf., Chetnistry 16; 500 
1 EX=. Head, Aemnomy 
1 E x c .  Chf. FUg?t , s t i m  
1 GS-15 Scferitlflc Asst. , 

1 -15 Asst. Chf., AskOMmY 
Geophysi,:~ & Astronomy Prq. 14,380 

33 GE-14 Aerospace Tech., PToj. 

3 GS-14 Aerospsce Tech., Tech. 

D4.828 
s1.529.308 

I 1 Exc. Mr. $ 1'7.50 
1 Exc. Pr<,q. Review miter 1T.X 

1 0s-14 Rag. Revlew Asst. 12,21 

1 GS-14 Aclmln. Ofilcer 12,7: 
1 GS-14 Rr?sourees b@t. Offi'er 12,21 

53.81 I_ 9 other GS Persome' 

F K  O F  NUCLEAR SYSTEMS 3 D R  O F  AEROSPACE MEDICINE 

14.055 

& Solar Physlx 
1 GS-15 stati SeIe?tlst For 

I E==. mr I I Ere .  I ~ D .  M r  
$ 18,500 
l8.000 I ~ ~ 

1 Ex:. Dir. $ 19.000 
1 Ex:. Dep. Dir. 18.000 
I Ex?. Anat mr. 17 .000  
1 Ex:. StpnSei. 17,000 
1 0 5 - 1 5  Aerospce T e c h ,  

M e  lei. li sys. 14.055 
2 0 5 - 1 5  A e r o s p e e  T e c h .  

I 0 5 - 1 5  A e r - a  Tech, 

1 0 5 - 1 5  A e r o r p a  T e c h .  

2 0 5 - 1 5  A e r o r p a  T e c h ,  

Fuel P4y.IobW 28. I10 

m,n<,low 1 4 , 0 5 5  

Beurlom1 stmdie. 13 .730  

Enrilvr,In'.nt captrol n, UIO 
Sdm.a .  h Sy'tmM u. 410 

a 0 5 - 1 4  ~~~~a T C ~ ,  m e  

1 08-1a Aero- Tech, 
24.680 

2 Erc. Asit. M r .  
2 Ere. Chlel of Program 

9 CS-15Aem.pce Tech 125.845 
4 os-15 Chief Of Program 

6 0 5 - 1 4  Aer0sp.a Tech. 75 ,080  
I 3  OUvrGSPer-el 83 .857  

DIR. O F  SPACECRAFT h FLIGHT MISS. 

Ere. Dlr. 
E==. -st. mr. 
Exe. C h i d  Of P r o s -  
EIE. Staff Sd. 
0 5 - 1 5  A e r ~ p c e  T e c h  
--I4 Asst. Pmj. Id@. 
Other 05 Persumel I $ 19.000 

49 .500  
80.000 
11 .000  
n ~ ,  2.35 
306.550 
t za .180  

.-..I nr. 

I 1 -15 Asst. Chi:, Fllght m. 
3 GB15 Project oillcsrs 

13;790 

1 08-14Ente. Aeat. Genphysfcs 
k Astrmomy Prearams 12,790 ; G S - I 4 3 t d f ~ . ,  Inatrum. 

1 -14 Pmj. OU. for solv *em'. 12,790 
5 OlheroSPanod A 

po6.824 

GPO 9 2 5 5 7 4  
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PBomsED msonuxr, STABTIXG CH*BT 

FISCAL TELB 1963 
HAM IIULDQUARm 

OFFICE OF ADMINISTRATOR 
AERONAUTICS h ASTRONAUTICS 

COORDINATING BOARD 1 Excepted Adnlinishator 

I E i c .  Asst. to the Admtn. 
50ther GS P e r ~ o n n e l  
1 WB Personnel 

I E ~ ~ .  secretary to  the $16,000 
I Other GS PerSDMd 

- 
OFFICE 

1 Exc 
1 Exc 
I Exc 
1 GS-I! 
1 GS-I! 
1 GS-I '  
1 GS-I '  
1 Gs-1, 
I GS-I, 
1 G s - I .  
I3 0thi.r 
23 
- - 

- 
PROCIJI 

1 Exc 

1 Exc 
1 Exc 

Re"M 
L GS-I' 
3 GS-I 
2 GS-I 
1 GS-I 
1 Gs-I 
6 GS-l  
1 GS-I 
3 G S - l  
5 cs-1 
2 Gs-I 
1  G s - I  
4 GS-I 
I GS-1 
2 G s - I  

79 Othei 
I 5  

supp1 

- - 

D F n C E  O F  GENERAL COUNSEL 

INYENTIONS h CONTRIBUTIONS BOARD I 1 GS-I5 Secretary to the Board 514. 360 

OFFICE OF ASSlSTANr AflMlN. FOR 
PUBLIC AIFAlllS 

1 Exr.  Deputy Asat. Admm. fo r  

1 Ex<:. Ihrector. Offlre of P r u -  
Put,. Aff-re 

gram Developmiml 
I a - 1 5  mrectoI - .  offm of 

5 Other cs Persollnel 

OFFICE OF EXECUTIVE %SSISTILN~ 

I Gs-15 €:ret. Asst. to t k  
Administrator i 18,730 

I GS-14 ~ ~ r o n a u t l c s  ~ e s  S O  1%,470 
I CS-I4 Mp. Analyst 1:' .210 
I GS-14 A ~ r o s p a c e  Tech. i i i . 2 1 0  
I GS-14 (ihief,Corr&+lpt EF. I:' .210 

14S1.767 
1211.597 
~ _ _ _  .'I Other GS Personnel 

36 
- --- 

OFFICI OF umisu.nvI: AFFAIRS 

I SXC. ml . off. of L V ~ S .  Aff. $ is, OOD 

3 cis-15 L. p,. hamoll offlcc.r 44.960 
1 175-14 Ir .qs. Asrf. 12,790 
17 Other G i Ft~sornr l  124. sa5 

2 OS-I5 A, sf. Dirrctoi. 26.760 

1 WR Per:onnel 4.780 
$234,865 
~ - 

25 

1 E X C .  ce". COLmsel $ 20 500 
I F : ~ ~ .  m p .  c a  counsel I S  no0 

Patent Matter" 17 500 
2 F:XC Asat  en counsel 32.onn 

1 F:xc. Aast l k n  Comeel  for 

5 (is-15 Attorney-Advmor 71  575 
1 (;S-I4 Attornry-Advmar 66.770 

164,184 > (nher GS Personnel - - 
2 $410.529 - 1  OFFICE OF PLANS h PFtCGR4I)p EVAL 

1  Exc. Ihr. of Prog. P l m l n g  
and Evaluation $ 20,000 

2 Exc. Associate Dip. 36,000 
2 senor staff scientlet 35. oon 
7 Gs-15 Staff Sclentlsl 102 ,285  
1 GS-14 Staff Scientist 
7 Other GS PersoMel  

13, 5 1 0  
51. 316 

$260,111 

I. l i .  i o i  
14 .  70: 
IS.  731 
13. 131 
24 421' 

175 .111  23 (Hher GS Personnel ~- 
5259. 2 0 ,  

1 Exc. h r  
1 (8-15 Dep. Dlr 
1 (iS-15Assoc. h r  

2 (is-14 lnfo Spec. 
I ~ 3 . 1 5  c h e f ,  N < W ~  mv. I I O ? I l ( i I :  OF P DMIN 

I 2 EXC. ABst to Dl" 3 2 .  500 
14 .705  
15, 030 

32.113 

1 GS-15 3afPty Officer 

I GS-I4 program Analyet 12.460 

OFFICE O F  THE ASPOCIATE ADMIN. 1 GS-I5 Staff Asst  - 
OFFICE OF PROGRAMS 

I Exc. Aesoc Admin. 5 21.000 5 other 7s l'ersorulel 
1 Exc. Dep. ABBoc. Admin 21.000 1 Ex. Dir $ i9,noo 

1 Other GS Personnel 6.050 1 Exc Tech. Asat 19, 000 &--- 
OFI' OF  TECH. INFCR. 6 EDUCATION 

1 Ex<. Ihr S I t i , 1 1 0 (  
1 Exc. Dep. Ihr. 16, m 
1 C 1 - I 5  Ihr. Ed Prc g Div 15.')31 
1 (is-15 Dlr .Tesh .  Info Ihv. 15.031 

7 Other GS Personnel 46.284 $n $zs.oso 
i n  

1 CS-I5Ihr . ,Spec .  P I O J  IXv 152131 
1 Cis-I5 NASA H ~ s t ~ r i a n  1 4  815: 
1 Cis-I5 Chief, llepar B S t d f  13. 731 
1 (iS-15Asst hr.. Ed P r o g  

In" 13. 731 
1 (is-I5 Chef, Ed. S w v .  Br.  1 3 .  731 
1 (is-I5 Chief. Ed. Aidlo-Visual 
ut. 13.  731 

- 
PERSONNEL DIV. 

1 t x r .  mr of i'ersonnei $ 17, )on 
L Gs-15  Chief, Classlf. h 

(:ornpe"aatlon 14. J60 

I GS-15 C h e f .  Employee R e -  13, 130 
IatiDnS & Reg 

I CiS-15Hdqrs Per8 Offcr. 13.730 
I (is-I5 Chef .  Rccrulfment h 

13, 13 .  130 730 c is - I5  ~ x a m i m n g  Chief. F'rupams Tvumng Prog 
cis-I5 Asst. for PPOZ Chord 

--- 
ADMIN. SERVICES DIVISION 

1 Gs-15 n r .  Admm. S e n  $ 14.705 
1 GS-15 Asst. Ihr. 14, 360 
3 GS-I4 Automatic Data P r o g  

Speclalrst - Proced Andyet 36.690 
6 3  Other GSPersonnel $90. 267 

9n.656 
07 $i4ti,9zn 

~ 

19 wn Personnel 

~~ ~~~ ~. 
DIR. OF  RESOURCE PROGRAMMING 

I mr. $ 15.500 
1 GS-15 Sup. Programm.  

Specialist 13.730 
1 GS-15 Programm.  Spec. 13.730 
1 GS-14Program Res. Spec 12.210 
6 Other GS PersOMel 55,092 , 1 7  $ l m  

I (is-15 Dep. Ihr, Tvch Info 
h". 13,  731 
( a - 1 5 C h e f .  Tech. S e n .  Br. 13.731 
(is-15 Chief. Tech. Pub Br 14.3618 
GS-I5 Chief, Pro, Info. Br. 13.731' 
( S - 1 5 C h i e f .  Lib. I'rw.  R r .  13.731' 
(8-15 Chef.  contr.,ct o p e r  
Er. 13.  7381 
G - 1 5  Asst. thr., Spec. Pro., 
Ln" 11.731 

SECUKITI & INSPECTIONS DIVIXON 

I  EX^. nhr , set. h inspec ? 1 6 ,  :,no 
1 Erc .  Ihr of Inspec. 16. :inn 

os-I5 b Evaluatlon Scientist for Manpower 

(is-14 Re80"TCPB Dep Chief. Classif & 

Compe"eata>rl 
GS-14 Examination hi Quallf. 
off icer  
( i s -14  Exc Develop Mfcr 
(is-I4 College Kecrml h 
.Advertiemg Offer 
1;s-I4 Professional Recrult 
Mfcr. 
l;s-l4 Dep. Chief, T r u n .  
P r O C r a m s  

13. 130 

13.  130 

12 730 

I 2  470 
12 210 

12 4 7 0  

1 2 , 4 7 0  

1 2 , 2 1 0  

I $ 1 6 . 5 0 0  

3 GS-14 " 9 '  37.410 
39.087 i r? 1106.727 

13.730 
1 Exc. Ihr. 
1 GS-15 F a d  Spec. 

7 Other GS Personnel ~ 

-8 

OFF O F  TRACKIVG h DAT9 ACQUIS 

1 Exc D r  $ m.onn 
1 Exc L l p  Dlr i s ,  no0 
1 Fxc D r  of NetwarkOoe- 

Froduction Br 15,0311 
GS-15 Chief, Exhib t e  Mgt Br 13.73'1 
l i s - I 4  Soec. Asst o th,. Dlr I 2  21 I 

1 GS-15 Dlr of Sec .  15,1130 
1 GS-15 Chief, Pers .  h In<l. Sec. 13.730 
1 GS-15 Chief. Hdors. Sec Omer. 13.730 

1 2 . 2 1  I I S - I 4  Asst. Hietor M 

GS-14 Info. Spec. (Rpts. 1 48 64 1 
l i s - I 4  Ed. Spec 24 41 1 
IS-11 Motlon Picfuce S ~ e c .  1 2 ,  21 I 
GS-I4 Writer-Editcr (Educ. 1 12.  21 1 

GS-14 Document Spec. (Tech ) 1 2 . 2 1  I 
3 l i s - I 4  Tech. lnfo !ipec 36.63 I 
1 (X-I4  Tech. lnfo !ipec.U.ib.SrB12. 21 I 
3 17s-I4 Exhibits Spe,.. 36, 63 1 

'B other Gs Persome1 502 .6F . .  

~ ~~ 

15 -53; -- 

27.7 50 
. .  

2 GS-I5 Inspector 
1 GS-I4 Chief. Sec. Class11 12. 210 
2 Gs-14  Innpector 25,460 
1 GS-14Aest.  C h e f  Hdqrs Sec 

0IX~af lO"e 12. ,210 

& F a d  16,000 
I EX< ciilef, cornmnn. e. Freq. 16,noo 
1 Exc D r. of Program Support 

h Adv j ~ s t e r n s  16.000 
DIR. OF REL. h QUAL. ASSURANCE 
1 Exc Dlr. $ 17,500 
1 Exc. Dep. Dir. 15. 500 

11  GS-15 Aerospace Tech 151,030 
1 GS-I4  Aeroepace Tech. 12 .470  
1 GS-I4  Mgl. Analyst 1 2 , 2 1 0  
5 Other GS Personnel 24,320 

233.030 

I ~ 4 . 1 4  A ~ s ~ .  to  mr of m. & 
Inspectlons 12 ,470  

2 $454. I24 

1 GS-14 Chef .  Phyelcal S P C .  HI Iz.210 
276.324 .___ 'y Other GS PersDMel 

I EXC Civef .  program supFloFt IS. 500 

i G S - 1 5  z e n ~ o r  scientlflc Rep. 15.030 
1 Exc Cluef, Adv. Svstems 15.500 

1 GS-15 I6r ofNat ' l  Rge Supp 13,730 
1 GS-15 I hief, Network mer. 13.730 
1 GS-I5 I b e l .  F a d  h Stuion 

lmpleme ntation 13.730 
1 GS-15 liead. Range Reqvlie 

Planrv", 13.730 

1 1;s-I4 C h e f .  Hdqrs Place 

1 G - 1 4  h Employee C h e f .  Relations Hdqrs Class  
1 2 , 2 1 0  

h wage 12 .210  

4 3 0 , 6 6 2  
1 CA-14 Rdqrw Ikp .  Pers .Gffcr  12.2Lo 

62 Other GS Personnel 
T i  $655 .612  

STENOGRAPHIC hi TYPING POOL 

15 Other GS Personnel $ 66.208 - 
1 AUDIT DI\lSION 

FINAN( 

1 E X C .  
1 Exc. 
1 GS-I 
1 cs-I 

4  GS-l 

IO cs-I 

1 GS-l 

7 1  Ollie 

~ 

MGT. ANALYSIS DIVISIOP 

I Exc. Dir., Mgl. Analysis 5 17.500 
15.030 1 GS-15Ind E n s n e e r  
43 140 

DIR. O F  T E C H  PROGRAMS 

1 Exc. Ihr. 5 16 .  OOLl 
2 Exc. Tech Programs Off 31,000 
3 Gs-15  Aerospace Techno1 41.190 
4 Other GS Personnel 19,177 

30,766 5 Other Gb Personn~l 
5-m --- I,% I . Data sy 13.730 

GS-IS  I ead, Lunar 6 Plare t .  
Data sy: 13.730 
GS-15 I ead. Screntlfic Satell 
SYS. 14,055 
GS-15 I lead ,  Applmatmn 
Satell i1aya s y s  13,730 
= - I 5  Iiead. Deep Space h is t r .  
F a d  13 730 

1 Erc. Ihr. of Audits 5 17 000 
1 Exc De0 I>r 16 000 I 

I I DIR. OFMGT.  REPORTS I 7 GS-l5Sup Auditor 97 410 
I3 GS-14Sup Auditor 16c 730 

328 141 
$ S I ?  281 

I 2 Other GS P.,rwmnel 1 EXC. Dir. $ 16,000 
2 Exc. Chef  Analyst 31,000 
4 GS-I5  Aerospace Tech. 54 ,920  

2 GS-I4  Aerospace Tech. 24 ,940  
1 3  Other GS Personnel 68.066 

2 ~ s - 1 5  program ~ g t .  h a i l .  27.460 

GS-15 Ilead. Manned Space. FI. 13.730 
GS-15 Ilead, Salell. Netwcrk 13,730 
GS-I5  Iiead. F a d  Engineer 13.730 
GS-15 Fiead, Interagency Fiel. 13.130 
GS-15 i a c l i  ~ n g ~ ~ e r .  mirr 13,730 

7 GS-15 s:afr Scientlsf 96 .435  
1 GS-14 c h e f ,  Program tour 12,ZlO 

io Other G j  Persoimel 53,430 
E 5513,110 
-I 

I I OFFlCE OF APPL'CATIONS I I OFFICE OF MANNED SPACE FLIG+T 

I 1 EXC. mr. MannedSFace 
Flight Rogram 

I Exc. Staff Sclents t  
2 Other GS Personnel  

I 21 000 --- 18 OO(1 

1 M dR7 - 
O F L  

1 Exc 
1 Enc 
I Exc 
1 Exc 
1 GS-1: 
1 GS-I! 
1 GS-i: 
1 GS-I! 

op 
1 GS-1: 
1 GS-1: 

MI: 
1 os-1: 

Mi: 
1 GS-I! 

me 
1 GS-I! 
1 GS-1: 

P1< 
1 GS-1: 

F U  
1 GS-1: 
1 GS-1: 

as 
1 GS-I! 

C,,, 
1 Gs-I: 

& €  
1 GS-I! 

.I GS-1: 
07 

- 11 Gthtzr 
32 - - 
DIR. OF 

1 Exr. 
1 E%:. 

-0 
1 Exo. 
1 Ex<:. 
1 EX<:. 
1 E x .  
1 Em:, 
1 E x .  
1 GS-I 

Ge 
1 GS-1 

& ,  
1 OS-1 

bl 
1 GS-I 
1 GS-1 

la 
105-1 

Ph 
1 os-1 
3 GS-1 
1 os-1 

pm OF PRO;. REVIEW E:SOLWES MOT 1 - 
DIR. O F  METEROLOGICAL SYSTEMS 

1 Exc. D1r. I 2 Exc. ASS,. Dlr I 1 Exc. Dlr 1 1 6  501 
I Erc. Chief of Met Satell 

m"el0pme"f 16. 110 I I 1 Exc. Chef  of Ooe .atio?al 

2 Exc. C h e f  of Office 
1 Gs-15 Aerospace Tech 
1 GS-I5 Facilities Offlcer 14.055 

6 ( 2 - 1 5  Aerospace Tech. 110 

1 Exc. Chief of Program 15,50 
I GS-15 Prsxj. Planning Spec. 14,05 
3 GS-15 Re.iources Progralminbl 

11.51 I Met.  Satell i 6 . 0 0 1  
I GS-I5  Chief M e t  9ye Eng 1 4  36 I 

2 GS-15 staff sCi -nipt.  1 7 . 1 6  I 
2 GS-15Staff Ens 2 1  16, I ,, GS-I5  Chief a f M e l  Scund 2;g 
I GS-14 Exec. Asst  
ti Other GS P e r s o n w l  

5172 .  03.1 - -~ 

I 1  Exc. Dir. $ 1 6 . 5 0 ~  
1 Gs-15 Chef,Fut.Sltel App. 13.730 
1 GS-15 CheLlnd itpp. 13.733 
1 GS-15 Staff Ens 13 735  

3 Exc. Asst Dir. 
8 EXC. Chief of Program 
1 Enc. Staff Scientist 

37 3s-15 Aerospace Tecn., I b o l .  

4 8;s-15 Aerospace Teci. ,  "ech. 

17 08-14 Aerospace Tecn. l h o i .  

4 GS-14 Aerospace Tech., "ech. 
2013,870 

40,100 

-- 
I I 19 $130 435 

3 Gs-L4App. A&et 3 6 .  633 
I GS-14 Exec. Ansl 1 2 . 2 1 >  

2 3 .  905 5 Other GS Personre l  .. 

1 -- 
-<E". b RESOURCF.b 

DIRECT& OF BIOSCIENCE PROGRAlils 

1 E x ,  Dir. 

1 GS-15 C N . ,  Environmental 

1 GS-15 Staff Sz.etitlst, Ex- 

1 GS-14 Staff Sc.eutiSt, En- 

&Other GS P e r s o m e l  

- 
Biology Ro~jrarn  

hiology Program 

vlronmsntal Biology Prog. 
I 1 Exc. Dir. $ 16. 301 

1 GS-14 Res. Mgt iUst 12 .  211 

1 G s - 1 5 A a e t . P r o g  Cocrd. 13.731' 
1 G S - l 5 A ~ s l . , R e s  Mgt. 1 3 . 7 3 1  

15.11: 3 Other GS Peraonn<.l 
-5 - 

DEP. DIR. FOR SYSTEMS ENGINE1:RING -1 

43 f 1 P l  

Enc. Dep. Dir. 
Exc. Asst. Dir. 
Exc. Chief of Program 
GS-15 Aeromace  Tech. 

6 

, R O l .  

, Tech 

I mol. 

, Tech 

A 

7.l1,oOo 
8!,,oOo 

48!1,745 

148,500 

@8,975 

405,530 

36,830 
294.828 

DIR. O F  COMMUNICATIONS SYSTEMS r - 7  GS-15 Mst. Aerospace Tech. 

Mst. 

m. 
GS-14 Aerospace Tech. 

GS-14 Aerospace Tech. 

FIR. OF PBCG. REVIEW & RESOURCE!: MGT:I 1 E r c  Aest. .Tcleconm ICmrd. 16.00,l 
I Os-15 ChletComnlSat..ll De". 13.73'1 
1 0 s - 1 5  Chief, Adv.l:omrr.sye. 13.7381 
1 a - 1 5  ChieCComn~Snlell  Oper.13.73'1 
4 GS-I5 Staff mng. 
1 GS-I4  Exec. Aest 
7 Other Os Per.onnrl 

1 Exc. Mr. I 1 7 , W  
1 1 OS-14 Exc. Rog.  Admln. Review Officer Otflcer 1 7 , W I  12,730 

1 OS-14 Resow.ces Mgt. Oftleer 12,210 
1 Gs-14 Prq.  Rmlew Asst. 12,210 -- I- 0 Other GS PPrSOMe' 

DUI. O F  AEROSPACE MEDICINE 

1 Exc. Dlr. s 19.000 
i   EX^. ~ e p .  mr. 18, nno 

17.000 1 Erc. Asel. Mr. 
1 EXC SMf S E I .  i ? ,nnn  
1 08-15 Aerospace Tech.,  

h f e  Sd. h Sy.. 11.055 
2 0 8 - 1 5  Aerospace T e c h ,  

Flight *.iolOg, 28.110 
1 08-15 Aerospaa T e c h ,  

RndiOlO* 14.055 
1 =-I5 Ae-a Tech.. 

2 08-16 Aempee T e c h ,  

2 08-14 Aempace T e c h .  Lile 

Behauloral studlea 13.130 

EnviroMlent contml n,m 
Sdena. h Sy.term a4 .4~0  

ma *.iolonr u. 680 
a 08-14 ~erompcc T ~ A ,  

#.p' (is Pe-1 

1 Erc .  Dir. 8 18.500 
I EXC. D<:P. mr. 18. on0 
2 E r r .  A's& Eir 35,500 
2 Erc .  Clvef of Program 3a.500 
4 Os-15 ,:hid O f  Program 58.810 

-1 DIR OF SPACECRAFT h FUGA1 MISS 

1 Erc .  Dir. 
3 Exc. Asel. Dir. 1 1 

Erc .  Erc.  ChiefofYrogram Staff SCl. 

gz I -- 
20 0s-15 Aerospace Tech. 218.225 
25 GS-14 Asat. Pro). Mgt. 3 x .  550 

222.780 33 OtherGSPer.onne1 ~- __ 
e71.055 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

- 

TECHNICAL D I V I S I O N  

1 GS-15 Chief of division 14,706 

21 GS-14 Aerospace technologist 275,324 
3 GS-15 Aerospace technologist 43,805 

10 - Other GS personnel 66,962 
35 $400,797 

SECURITY D I V I S I O N  
$29,329 4 GS personnel 

CONTRACT M A N A G E "  D I V I S I O N  I t- 1 Excepted Procurement Officer $15,517 
2 GS-14 Contract spec ia l i s t  25,5m - 40 Other GS personnel 370,5,32 
43 +.ii, j;cg , , - -  s 

i 

- 

Proposed Personnel Staffing Chart 
Fiscal  Y e a r  1963 

FINANCIAL MANAGEMENT D I V I S I O N  

9 GS personnel *rc +55.  c i HhlL - 

WESTERN OPERATIONS O F F I C E  

I OF'FICE OF THE DLRECTOR I I 1 Excepted Director $19,011 I-, 
I 1 Excepted Deputy Director 16,516 I 

PUBLIC INFORMATION D I V I S I O N  4 1 GS-14 Public information 
spec ia l  i s t $12 750 

I $32,614 
Other GS-personnel 

I 
WNA'I'IONAL PROGRAMS D I V I S I O N  

1 GS-14 Educational Specialist  $12,750 I 

1 GS-15 Chief counsel $14,394 

1 GS-14 Attorney advisor 12,750 
1 GS-14 Patent attorney 12,750 
- 5 Other GS Fersonnel 31,788 
9 $85,743 

14,061 L GS-15 Patent counsel 

I I 

ADMINISTRATIVE SERVICES D I V I S I O N  ! 
.4;81;8ll? 1 J I 16 GS personnel 

I 
I I 

A7-3 



NATlONAL AERONAUTICS AND SPACE ADMIN!STF?AT!O?! 
Proposed personnel staf f ing chart 

F.Y. 1963 
LANGLEY RESEARCH CENTER 

Excepted Research Staff Scientist 

$215.447 
v15,573 

-. . __ I(EsEARCR STAFT 
1 I_".- .- 

~ lb,21b '1 f f i - i j  Exxeciitive Amisteat MZ P r c y n v  Cmtro 
, ght Reentry PTogem O f f i c e  A11 other CS employees 1 Excep 

1 Excepted Asst. Manager, Flight Reentry Program Office 16,016 2 
CY, l iLC 2 &-i> Aerospace Tecmologlsr 

2 GS-14 Aerospce Technaloalrt 24.460 
All Other ffi employees 

Total 

$367,541 
- 14 

%?* i: ir .Chl*Dd ,A??*: "!ice Cf x r e c t c r .  

Budget Officer $14,061 1 
I x1 Totll $196,117 I *Pasition not included in totale 86  this ie a mirltiple function position 

I 

ASSISTANT DIRE- 

1 Excepted Assistant Director, Langley Reeearch Center $18,512 

I 

APPLID MATEXIAIS ANT PKISICS DMSION 

OFFICE OF CHIEF OF ADMDyISl'R4TIyE SFXVICES 

Excepted Chief O f  Administrative Services and 
A11 Administrative Other GS employees Management Officer 

Total $21,341 

ASSISTANT DIRECTOR 

1 Excepted Assietant Director, Langley Research Center $19,011 - A11 other GS employees 2LB 
3 Total $42,369 

2 

OFFICE OF m, T2CANIW.L SERVICES 

1 Excepted Chief of Technical Services $16,516 
1 GS-15 Assistant Chief of Technical Services 
1 0s-14 Assistant to Chief of Technical Services 12,750 

All other ffi employees 

$59,260 

t?? DIRECTOR 

Lepted Assistant Director, laOgley Research Center $18,512 

I I 
OFFICE OF CMEF COUNSEL 

$14,394 ffi-15 Attorney Advisor 
All other Gs employees 

Total $19,074 

AERO-SPACE MECHANICS DMSION YSICS DIVISION 

xcepted Chief of  Division $ 18,013 
keepted Assistant Chief of DiYlsion 17,015 

S-15 AasiSt-t Chief of Division 15 ,Ob  
S-15 Division Executive 14,194 
5-13 H e a d ,  COntlmou6 Flow Hyppere.on1; Tunnel Bracti 14,394 
S-I5 Head, Internal Aeradynsmics Brmmch 1 5 , O b  
S-15 Head, Reentry Physics Branch 14,394 
S-15 Asbistant Head, Internu Aerodynrunicn Branch 14,394 
s-15 ~ead, ~ y p e r ~ ~ i c   emd dynamics section 14,394 
S-15 Head, 20-Inch Hypersonic b e l  Section 14,706 
s-15 ~ead, ~ e i i m  ninneia seetion 14,061 
c-;j ::=&a, :Ll&-Temperatue rldi :.kLh,iLS ^siii"" I - , S L l  
S-15 Head, Magnetohydrodynamics Section 14,706 
S-15 Head, Plasma Applications Section 14,706 
5-15 Head, Plasma Pky.slc6 Section lu, !Ob 

S-14 Assistant Head, Contintmu8 Flow 

rcepted Head, M-etoplasmadynmics Branch 16,016 

5-15 Aerospace Technologist li,741 

Hypersonic h e 1  Branch 1 3 . m  
S-14 Aerospace Technologist 113,4w 

All other ffi  employees 1,442,751 

Total $1,822,936 

Excepted 
Excepted 
Excepted 
Excepted 
ffi-15 
Gs-15 
GS-15 

ffi-15 

g:;z 
ffi-14 
ffi-14 
w.14 
ffi-1" 

Chief O f  Divieian 
heistant Chief of Division 
Assistant to Chief of Division 
Head, Ai&-Temperature Materidls Branch 
Head, Spacecraft and Missile b a m i c s  B 
Head, Vehicle Performance Branch 
Assistant Head, High-Texperature 

Head, System6 Amlication Section 
Materials Branch 

$ 16,016 
33,032 
16,516 
16,516 
15 ,Ob  
14,706 

1 Excepted Chief of Division $ 17,015 
1 Excepted Aseociate Chief of Division 17,015 
1 Excepted Head, Guidance and Control Branch 17,015 
1 Excepted Head, berations Branch I h  nlh 

ranch 
__)___  

13.078 1 ffi-15 Technic& Assistant to Chief of Divmlon 
1 CS-15 Head, Ailvorthiness Branch 
1 GS-15 Head, Dynazlc Stabi-izy Brancn 
1 GS-15 Head. Flidt Mechanics Branch ~ ~~ 

1 ffi-15 Head; ReCOvery Systems Branch 

I ffi-15 Assistant Bead, Airnorthmess B r a n c ! ~  14,061 
1 GS-15 ASCistant Head, Guidance and Control Branch 14,706 
1 ffi-15 Head, VTOL Section 

I ffi-15 H e a d ,  VTOL Branch 15,058 
1 ffi-13  ad, planning section $ 11,939 

All other GS employees 84,700 
A 1 1  WB emplayeee 

Total $125,592 

OFFICE OF PATENT COUNSEL 

1 Gs-13 Patent Advisor $11,170 
2 All Other GS employees 

'1'0tQ.1 $21,520 I '  

Aerospak Techn&gist 
Head, Systems Analysis Section 
Head, Heat Transfer Section 
Head, Reentry Performance Section 

Aeero6pace Technolosist 
ALL other GS employees 

"?a; "eIPh,c,P SYF'Pm6 sertron 

-71 iiB cnpployees 1 GS-14 Head, Reentry Vehicie Dynedcs S e c n o n  15.520 
1 f f i - 1 4  Yead, Control and C i c ; i l a t L i i r .  ScctAur. 
I Os-14 Head, Systems Analysis Section 
2 !X-14 Aerospace Techna1oq:st 

iJ.0iC 
12,480 
2L.SOC I I  I 215 Total $1,906,144 

DYNAMIC UXZ6 DMSION 

1 Excepted Chief Of Divisior. $ 18,013 
1 Excepted Associate Chief Of Divlsion 17,015 
1 Excepted AssistBrit Chief of DlviLion I I 1 GS-12 Head, AcouStiCB Branch 

1 GS-15 Chief of Division $ 15,058 
L Gs-15 A S S 1 S t a n t  Ciilef O f  D l V i B l O n  14,706 

14,706 1 GS-15 Head, Electrical Engineering Branch 
11.744 1 i'S-15 AerosWce Technolonist. Electrical Svstems 

10 GS-14 Aero&ce Teehnolo&t 128,710 
141 A l l  other GS employees 1,141,183 II A11 riB employees '-7,2111 1 js-1- He&, EiectrL;ai 3:strrbut.m Sec'..on 13,520 

1 GS-14 Head, Elec t r i ca l  Equipment and Control Section 13,520 
1 Gc-l!, Aerospace Technologist, Electrical Systems 12,480 

342,996 1 2 A l l  Al: WB oiher employees GS enplo~ees l,l?l,Oqe 

2% Total $1,611.814 

I '  I 

I r  1 

i 1  I 
1 1  I 
I I I INSTR- RESEARCH DIVISION 

A,,"," 

L7, 
_ ,  -^, I 
14,706 
1 2 , W  
14,706 
15,OB 
IY , ""I 
29,058 
13,520 
13,520 

139,150 

LE RESEARCH DIVISION 

cepted C h i e f  of Division $ 17.015 
repted Assistant Chief of Division 16,515 
.i> ne-, D.illC,L Tunnria sranrn I?,'JF 
-li H e a d ,  FUl-Scale Analysis Branch 15,038 
-13 Head, General Aerodynsmics Brancn 14,706 
-15 Head, Large-Scale Compressible Flow Branch 15,038 
4 5  Head, 7- by 10-Foot Tunnels Branch 15,509 

%ad, Unitary Plan 'Wind h n e :  Branc!: 13,058 
-1s He-, Cmponents becrion U , U b  -:; Aerospace Technologist 86,987 
-~ Head, 16-Foct Transonic T m e l  Section 11,340 
-14 Head, Supersonics Section 13,520 
-14 Aerospace Technologist 210,370 

K i  "iller icI e5Diiiyees m; 
Total $2,117,L>' 

I I E N G I ~ ~ G  3 I V I S I O N  

I I Excepted Chief Of Division 
w-12 Associate Chief O f  Division 

1 Excepted Chief of Division 

1 GS-15 Head, Instnxent Standerds snd Systene 
Integration Branch 14,706 

1 ""., 
A ;:e&, :..Brigati",, hld G U i i l h l . C C  ReBs6rLii Stiti",, i 2 , m  

L12,eaO 3 G s - l L  Aerospace Technologist 
226 All Other ffi employees 1 I 913,392 - 15'1 A11 UB employees 1,120,587 

409 Total $3,402,473 

1 ffi-15 Assistant Chief Of Division 
1 ffi-15 Technical Assistant to Division Chief 14,706 
. X-12 Head, Engineericg P r o j e c t s  Analysis ltaff 14,334 
1 GS-15 Head, Research Models and Vehicles Branch 14,706 
1 Gs-15 Head, Systems Engineering Branch 14,394 

13,749 

1 GS-14 Head, Research Facilities Branch 13,520 
I 1 15-r; GS-1Y Ass1sTanT He&, Plant riead. Ewineerlng Research Section Fhcllinies armen 12.7% 

: 1 s-15 ffi-14 *eraspace Aerospace Technologist, rechno1ogist Technical Management 13,WO 

i 2 , a  

1 E - l L  Ham, Research Equipment Desigr S e c t s 3  12,480 
1 GS-14 Head, Dynamics Vehicle Section 13,C"X 
1 GS-14 Head, Research Models and Payloads Section 13,520 
1 GS-14 Head, Systems Control Section 15,520 
1 E - 1 4  H e a d ,  4r;iBr.i;s Arnalysih staff 1:,52c 
2 ffi-14 Aerospace Technologist, Technical Asslatant 27,040 
4 GS-14 Aero~pace Technologist 49,920 

A11 Other Gs employees 2,062,550 

2oB Total $1,908,060 

STRUCTLWS RESEARC!I D I V I Z I O N  

$ 18,013 

Excepted Assistant Chief cf D < u i r i e r  16,016 

Excepted Chief of Division 
Excepted Assistant Chief O f  Division 16,516 

Special Aasiatant zo Lhief of Division 
1 GS-15 Head, Aero-Theme1 Facility Branch 

ffi-15 Head, 8-Foot High Tenperbture StlVCtures 
ninnel  Branch 14.061 

64 Total $305,826 

:AL MECBANICS DIVISION 

epted Chief of Division 
15 Assistant to Chief O f  Division 
15 Head. Astromechanics Branch 

1 ffi-15 Head, Fatigue Branch 
1 f f i -15 Head, Space Structures Brmch 
1 GS-15 Head. Structural Materials Branch 

14 706 
1510% I 
14.061 

1 ffi-15 Chief of Division and Personnel Officer $ 14,394 

Personnel Officer 13,000 
12, lia0 1 Gs-14 Head, Employee services section 
12,480 

- 41 

45 Total $301,563 

1 ffi-14 Assistant Chief of Division and Asatstant 

1 ffi-14 Head, Training Section 
All Other ffi employees 

$ 18,013 
29,412 
15,055 
14,061 
14 706 

13,790 
12.750 

to:535 

~ ~~ 

1 Ds-15 Assistant Head, Fatigue Branch 14;39i 
1 GS-15 ~ead, mermal Protection section 14,706 
4 ffi-15 Aerospace Technologist 57,241 
1 Gs-14 Assistant Head, Structural Materials Branch 12,480 
1 ffi-14 Assistant Head, Aero-Them1 Facility Branch 13,030 

12,230 1 GS-14 Head, Erectable Structures Section 
1 ffi-14 Head, Stnictlval Mechanics Branch 12,750 

1 x  ?*in 1 Cn5.$-1b Head. T m a r i i n c  Qfnl-t,,rp. e-,.+;-- 

15 Head; Mathematical Physics Branch 

:: Aerospace Technologist 
i4 Division ExeCUtiYe 
14 Head. Astronautical Systems Section 
I , ,  "--A ,".""a"* A. .o, . .oa-  a-"*a-- 

Assistant Head, AstrmeehBnicB Branch 

I '  I 



L4$'4?47 
051'641 
024'41 
024'41 
ffi0'62 

K0'41 
90L'11 
a0'41 

90L "IT 
S0'4i 
840'41 
970'91 
410'LT 
470'81 0 

T90'11T 

9OLt$T 
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11 
T 
1 
2 
1 
1 
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I 
I 
1 
1 
1 
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I Ch DIVISION 

-. " . _  I 
hssistant Chief of Division $ 17,015 16 5,' 

"I YiVIll",, 

i5;Gi 
i-:dZ: 

de&, b-Foot Tunnels Branch 
had, Full-scale Analysis Branch 
iead. General Aerodynmira BranC>. 
1884, *ge-SCale Con;presaible Flow Branch 
lead, 7- by 10-Foot Tunnels Branch 
iead, Unitary Plan Wind Tunnel Branch 

15,oJB 
15,309 
15 ,OS 
15,038 

lead, Cmponents section 
teroepace TechnalaKist R C  .In- 

[CS D I V I S I O N  1 
.ef o f  Div is ion  
ii.tMt to Chief Of Division 
kd, A8traOechanics Branch 
Id, Mathematical Physics Branch 
iiStant Head, Astrmechanies Branch 
'ospace Technologist 
ision Executive 
d, Astronautical System Section 
d, Mission Analysis Section 
d, Rendezvaur Analysis Section 
d, System Simulation ++ticn 
ncnnr- TP^h*^/ ""I _f  

$ 18,013 
29,412 
15,038 
14,061 
14,706 
M,535 
13,790 
12,750 
13,ooO 
f!.!?? 
+L, t i "  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Proposed personnel staf f ing chart 

F. Y. 1963 
LANGLEY RESEARCH CENTER 

I OFFICE OF DIRECTOR P 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROPOSED PERSONNEL S T A F F I N G  CHART 

F I S C A L  Y E A R  1963 
AMES R E S E A R C H  C E N T E R  

O f f l c e  of rhe ~irector 

1 Brcepced Illrector 
1 Excepted ~ s r u o l a l o  ~ l r ~ c ~ ~ ~  
I Excepted Technical Aseisisnr to x r e c r a r  
2 G s - I 8  Technical  sirr rant t o  ~ i r e ~ t ~ ~  
1 C S - 1 5  Exervrlvo Arslstenl and Budget Officer 

30,141 

12,480 7 1 GS-14 A i l  ".her cc Public "..̂""sl Infar?wrlon Officer 

E 161,304 

I 

I I I 
Office of A s ~ ~ s ~ a n t  Director 

1 Excepted A r o ~ r c n a t  Dxresror $19,011 

1 GS-15 Iechnical Assistant 14.706 

I A l l  other GS p e r ~ m n e 1  3 

$39,315 

Vehicle-Environlrnt U ~ u i s i o n  

I Excepted C h i e f  of D~vision 8 18,013 

1 Excepled Arsirranr ihlei of D~u~.ion 16,016 

1 GS-I5 C h ~ e i ,  Phyrlcs Branch 14,061 

1 C S - 1 5  Dllef ,  Entry S i m l n t i o n  Branch 18,038 

1 C S - 1 5  Chief, Erruccural Dynamics branch 15,038 

1 GS-I5 Chlef, 3.1 Foot Hyperlonlc Ylnd Tunnel Branch 11,038 

I C S - 1 5  Chief, Hypcrvelociry Belllstlc Range Branch 15,038 

LO CS-15 Aerorpeco IeChnologirf 144,499 

16 C S - 1 4  Aerospace Iechologrst 206,980 

14 A i l  other CS personnel 949,777 

1p A l l  ofher Wage Board personnel a 
97 $1.763.106 

Aero-l%erradynamics Div i$ ion  

Excepted Chief of Division $ is.013 

Excepted A ~ s l s i a n c  Chief of Division 16,016 

Excepted Research Scientists 3 8 , 0 2 8  

Excepted Chief. Supersonic Free-Flight Wind Tunnel Branch 16,516 

excepted c h i p <  w~. ,  ~ ~ ~ ~ ~ i . ~  ~~~~~h , 6 , < , $  

E x s p i e d  Chief, Tho~rosriral Branch 16,816 

GS-15 '"rei,  Pl"l0 wcnanlc. Brancn L>,"JI 

CS-15 Chief. Trl$onic Aerodynamics Branch L5.038 

CS-15 A r r u a p a ~ ~  Techoohglir 2 0 i . % *  

"I.,* *erospace 'ecnnologlnr I Y J , Y " "  

A 1 1  other GI personnel 1,187,161 

*ii  " L i i r l  *'VE i oara  persoone, ,ca.,+e 

$2,123,m76 

I I 
I Office of Asli irtanr Director 1 I Office of A r s i s r a n r  Director for LLle Scienr.8 

$18.812 I Excepted Asslsranr D~recror for L i f e  Sciences $18,013 
29,100 I Excepted Depiry As,istoni O i r e c i u r  17,015 

I Excepted A s s i s t a n t  Director 
2 CS-IS Technical Airisrani 
I A l l  orher GS personnel 

1 CS-I5 Chief. Profeisional Support Group 11,394 
8 A l l  arhcr Gs personnel 

153,111 
$78,708 

I I 

Pull Scale and Syrfemr Research Division 

I Excepted Chief a *  Division $ 11,514 
1 Excepted Arsirlanr Chief of Diulsion 15,517 
1 68-15 Chief, 10- by 80-Poor Wind Tunnel Branch 15,038 
1 C S - E  Chief, Flight and Systems Simulation Branch 14.394 
1 6s-I5 Chief, Operilflonr Branch 15,309 
1 C S - 1 5  Chief, Analog and Flight  Simulator Branch 14.39'1 
I GS-15 Chlef, Guidance and Control Branch 15,038 
1 CS-I5 Chief. Guidance B~rtems Com~ononrr Branch 15.038 
2 C S - I 5  AST and P i l o t  

1 65-14 AS1 and ~ i l m  
10 GS-15 Aerospace Technologist 

I8 C S - 1 4  Aerospace Technologist 

A l l  ocher Wage Board personnel 
108 AI1 other CB personnel 
- 20 

30;076 
141,812 

12,230 
231,000 
910,504 

147,689 

167 $1,621,553 

Unitary Plan Wind Iunnel Olvl~ion 

E 16.016 1 lxcepred Chief of ~ivision 
15,038 I CS-15 Asristanr Chlef of Division 

1 CS-I5 Chief, 8- by 7-Pool Supersonic Wind Tunnel Branch 15,038 
I GS-15 Chlef, 9- by )-Foot Supersonic Ytod Tunnel Branch 15,038 

15,038 I CS-15 Chlef, 11 Foal hansoni r  Wind Tunnel Branch 
3 CS-15 Aeroapaco Technologist 43,805 
6 GS-14 Aerospace Technologisr 77,480 

326,401 
75 A 1 1  other CS personnel 593,225 
45 A I 1  other wage Board personnel - 

134 51,117,079 

1 
I Excepted Chief of Divirlon 
L CS-15 Chie f ,  Life SynrhesrP Branch 
L GS-15 Chlei. Cellular Biology Branch 
2 C S - I 5  Aerospace Technologist 
5 cs-14 *ernspace Technologist -I- 18 A I ?  other CS persome! 

$ 17,015 
13,749 
13,749 
27,498 
63,460 

E""ir~"me"lrl Biology Division 

1 Excepted Chief of M u i s i o n  $ 17,015 
1 Excepted Chief, Radioblalogy Branch 18,517 
1 cs-is Chief, "icrobiolagy, zoaloay, and Botany Brainch 13,749 
1 GS-15 Chief, Expermental Pathology Branch 13,749 

4 GS-15 Aemepaoe Technalogisr 54,996 
126,920 

1 CS-15 Chief, Phy8iology lreoch 13,749 

41 A 1 1  oiher CS personnel )41,587 
IO CS-16 Aerospace IeChnologlst 

$597,282 

Biotechnology Division 

$ l7 ,OLS 1 Excepted Chief af  Divlrlan 
1 Excepted Aar ia lanr  Chlef uf  Division 16,016 
I Excepted Staff S c i o n r ~ s r ,  ~ e v r o ~ h ~ s i o l ~ g ~  18,013 

13,749 1 GS-15 Chief, Human Performance Requirements Branch 
1 I 1 C . l i  Phin<, EnzL:**:t-" .__._ ,"".. --."-L 

I GS-15 Chief. Human Systems Engineering Branch lir 7"h 
3 CS-I5 Aerospace Technologisr 41,247 

.. ./" 
~ _, . ..-~, "." 

9 CS-14 A e m s p s r e  Technoluaisf lli 690 - ru i i l l  orher cs PCrrannel  

58 S882, l l iO 

I $ 8,861 
208,847 

I $266,989 

F l s c a l  Olvrilon 

I 65-14 C h i e f  of Dtvlslon and Pirral Offrcer $ 13,000 
57 A l l  other CS personnel 

$308,445 

Personnel Dlvioio" 

$ 13.120 1 cs-14 Chlef of Division and Personnel Of f i cer  
41 A i l  other c5 personnel 

$238,725 

I Technical Services Division 

8 15,038 

1 4 , l O t  

1 GS-lb Assrsfanr Chief of D L V L P ~ O ~  13,521 

1 G S - 1 5  Chief of Division 

I LI-I5 A a s ~ 8 t m t  L n i e t  oi Division 

2 A I 1  ather 65 personnel 8,65! 

2.816.48i A l l  Other Wage Board personnel 

401 $2,928,399 

1 Excepred 

1 cs-15 

1 cs-15 

L cs-I5 

2 GS-I5 

19 cs-14 

109 AI1 0 t h  

- 75 All orhei 

209 - 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PROPOSED PERSONNEL STAFFING CHART 

F ISCAL YEAR 1963 
AMES RESEARCH CENTER 

"tflce 01 the D,rector 

1 Eieeptcd Director $ 21.008 
I Excemfed *810C* . IC  ire.."^ 19,011 

I ExCeptpd Tcchnical A33iscant r o  D i r e c t o r  L6,Olb 
2 GS-I5 Technlc.1 Assistant t o  Dlrerfor 30,347 
L C S - I 5  Erecvrlve Asalafant and Budget Officer  15,038 

11.480 I C S - 1 4  P v b l l o  Information O l f l c e r  
7 ALL other CS personnel 2 

$L5,.301, 

I 

- 

I O'ierrDr 

$19,011 

14.706 

$39,375 

Personnel Dl"i3lO" 

I CS-14 Chief of Division and Personnel O f f i c e r  $ 13,520 
'I & I 1  o r h e r  c.5 oerronn.1 - 

$238,725 

n: DL"lSi0" 

6 18,013 

16,016 

14,061 

15,038 

"Ch 15,038 

d T u n n e l  Branch 15,038 

Range Branch 15,038 

144,499 

206,980 

949,777 

--iiua 
$1,763,106 

$ 15.013 

16,016 

35,028 

'6,515 

15,515 

15,038 

15.038 

206,991 

243.900 

1,157,755 

I D l v l r i o r l  

'Lad Tume! Branch 

anCh 

52,121,176 

OffLCC O f  *SPi.f."L Director 

I Exrepfed Assistant Director 
2 t ib-I5 Technical Arrioranr I -  I A l l  orher CS per.ionneI 5 . 8 2 6  - I $18,112 

29.100 
~- 

I -  $53,436 

I 
P u l l  Sca le  and Systems Research Division 

I Exceprcd 
I Excepted 
I cs-15 
L cs-15 
1 GS-15 
I Gs-15 
1 cs-15 
1 GS-I5 
2 GS-I5 

10 CS-15 
I G S - I 4  

I8 G S - I 4  
108 A L i  other 

20 A 1 1  other - 

Chief of Division 
Asaislant Chlef of Division 
Chlef, M- by 8O-Poof Wind Tunnel Branch 
Chie f .  Plight and Systems Stmulatlon Branch 
Chief, Operations Eranch 
chief ,  ~ ~ ~ i a g  and ?light Simlator  Branch 
Chief, Cutdance and Control Branch 
Chief, Guidance Systems Companenrs Branch 
*SI and P i l a r  
Aerospace Technologist 
hST and P i l o t  
Aerospace Iechnahgllit 

cs personnel 
wage Ward personnel 

$ 17,514 
15,517 
15,038 
lk,39& 
15,309 
14,394 
15,038 
15,038 
30,076 

145.812 
12,230 

233,000 
930,504 

L47.689 
167 $1,621,553 

I Unitary Plan Wind Tunnel Divislon 

1 Excepted Chief of Divlaion $ 16,016 

1 GS-I5 Chief, 8- by ?-Pool Supersonic Wind Tunnel Branch 15,038 
I CS-I5 Chief. 9- by ,-Foot Supersonic Wind Tunnel Branch 15,038 

I GS-I5  Asristanr Chief of Division 15,038 

1 CS-I5 Chief, 11 Pool Transonic Wind Tunnel Branch 15,038 
3 GS-15 Aerospace Technologist 4 3 , 8 0 5  
6 CS-14 A O ~ O S P ~ C F  Techna1ogi.r 77,480 

75 A l l  ocher GS personnel 593,125 - 45 A I 1  other Wage Board personnel )z).w)1 

1311 $1,111,079 

Insrruneniarian Division 

$ 16,515 
16,516 
14,706 
13,749 
15,038 
10,076 

L30.020 
998.186 

1 e r c e p r e d  Chisf of Division 
L Excepted A - l i i s t d n l  Chief of Dlvlsivn 
L G s - ~ i  Chiei, Kraburrmsni Research Branch 
1 GS-15 Chief, Instrument Syriemr Development Branch 
I C s - I 5  C h i e f ,  llectronrc Hachine Computing Branch 
2 GC-ls Arrrroacr Technologirt 

LO G S - I 4  k r o p p a c p  Technologist 

L.LLl,bUY 
130 A 1 1  other  CS personnel 
150 A 1 1  orhe r  Wage Board personnel - 

6, I , r  " , l  ._,_ " ,... .". ./I 

I Exobiology Division 1 
L Excepted Chlef of Diuirion 
1 GS-15 Chief, Life Synrhesis Branch 
1 cs-15 Chief. cellular Biology Branch 
2 65-13 A e r ~ ~ i p a c e  Technologist I $ 17,015 

13,749 
11,749 
27,498 
63,460 

I z 5  

$260.442 

I 
I $ 17,015 

15,517 
1 Excepted Chief of Division 
1 Ercepred Chief, Radiobiology Branch 
1 cs-15 Chief, Wicrobiology, Zooloky, and Borany Branch 13,749 

13.149 
13,749 

1 GS-15 Chief, EiperlmenLal Pathology Branch 
i CS-15 Chief. Phvsiolom Branch 

I 6o 
$597,282 

Biorechnology Division 

1 Excented Chief of Divlrlon S 17.015 
1 Excepted A s s i s r a n t  Chief of Division 

I GS-15 Chxef, Human Performance Regulrements Branch 
1 CS-15 Chief, Enginecrlng Psychology Branch 

i r L r Y i F l i  S L d L  S L L * , > L . h L ,  ~ r " r " p , ' y r L " i " ~ y  

Y cs-iil Aerospace Terhnoioglst 
- 4(1 All other GS peraannel 

58 $582,44C 

1 GS.11 Chiri of Division 
45 AIL orher CS personnel 
I O  A I ?  orher Wage Board p e r r c n n e l  I $ 8,851 

208,847 

$265,989 I 

I I GS-LS Chief of Division. Procuremenr and S u p p l v  Officer $ 14,061 
1 d S - 1 4  Arslitanl Procurenenf an* s u p p l y  o t r i c e r  12,180 

266.56: 

6 15,038 

1&,706 

13,520 

8,653 

2.816.482 
$2,928,399 

Reaeerch F a c i l i t i e s  and E q u i p e ~ n f  DiYi8ion 

L Excepted Chief of DLvirion $ 15.5Li 

11,036 I GS-L5 Chief, Research Facilities E I e c t r I ~ a 1  
Engineering Branch 

I CS-I5 Chief, Research E q u i p ~ n f  Engineering Branch L5,03t 

I GS-15 Chief, Reaearch Facilities Engineering Branch 15,036 

2 GS-I5 Aerospace Technologists 30,071 

245.98( 

847.581 

19 CS-14 Aerospace Technologists 

LO9 A 1 1  other CS personnel 

J-5 

209 $1,724,65f 

A l l  orher Wage Board personnel 

A7- 5 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED PERSONNEL STAFFING CHART 

FISCAL YEAR 1963 

LEWIS RESEARCH CENTER 

I OFFICE d THE DIRECPGR 

I I I I I 

r I 

I 0 T T C F  OF ASSOCIATE DI.WCW? FUR D"YPM?bBY! 1 
1 zA:c;:e2 ze;.'., Acrcz.l?s >.zeztcr 
i Ex-epted Technical  Consdl tant  
1 GS-15 Ass i s t an t  t o  t n e  Associate  D i rec to r  
3 A l l  o the r  GS PerBonnel rl I '  

~ ~ ~ ~ _ _ _ _ _ _ _ _  

FIlTIO S Y W F "  COhmomW~ D I V I T I O N  

I Excepiec Crne:, Division 
I Except~i Assiithrit  u?icf, 3 r ;L ian  
. Exzcprei e . l e f ,  Floi Processes  Brans" 
1 Hxcepced Chief, Rrrbapump Branch 
I ~s-1: k e f ,  Research I n s t a i l a t i o n s  araacn 
I GS-1;. Beha, Lubricat ion seccio* 
I GS-15 Chief, Flo; Physics Branch 
I GS-1; Head, Rrmp Sect ion 
1 GS-15 Head, Flow Physics  Sec t ion  A 

i G-L: ArrOsp~Cr Research Sc ien t i s t  
I GS-15 Head, Flow Physics  Sec t ion  B 
1 GS-15 Head, Cryogenics and Condenser Sect ion 
1 GS-1: Chief, Lubricat ion and Veer Branch 
1 GS-1: Head, Bearings Sect ion 
1 GS-14 Head, Space Radiator  Sect ion 
21 GS-14 Aerospace Research S c i e n t i s t s  

1 0 5 - l L  veal, "Yrhirive sect ion 

- 103 A l l  Other GS Personnel 
140 

I '  
OFFICE OF IIEWPMENT PLANS AND P F W M  

1 ExcepIed Chief cf Plans and prsg;ams $lS,000 

3 GS-15 Aerospace Engineers 45,090 

9 All Other GS Permme1 97,E95 

1 GS-15 A s s l s t a i t  Chie?, Plans and Prvgrurj  15,030 

E GS-14 Aeraspace mgineers 61,060 

$25E.,fi7Z 

16,000 
12,030 
12,030 
14,70> 
14,105 

14,360 

14,055 
14 .055 

14,380 

14,510 

9 GS-15 Aerospace Engineers 
17 GS-14 Aeros?ece Bngln~nl 's  
42 All o the r  SS Personnel  
70 

1 Excepted Chief ,  Divis ion S16,000 
1 Excepted Chief ,  Phys ica l  Chemistry Branch 16,000 
1 Excepted Chief .  Racket R m b e n t a l s  Branc t  1s "M 

1 hB-iC 
ADVANCED DEv'E&OPMTXI ANE EVALUATION D M S I O N  

$16,000 Division Chief 
Ass i s t an t  Divis ion Chief 17,000 
Technical  Comul t an t  16,500 
Chief, Power Generation Branch 16,500 
Chief, Nuclear Propuls ion Branch 16,500 
Chief, F l igh t  h - o g ~ m s  Branch 16,500 
Chief, Systems m d c s  & Controls  Branch 16,500 
Chief ,  Chemical Propulsion Brmch 16,000 
S t a f f  Ass i s t an t  t o  Division Chief 15,290 
Ass i s t an t  Chief, Nuclear P r O p U l S l O l  Branch 15,030 
Ass i s t an t  Chief ,  F l i g h t  Programs Branch 15,033 
Chief of F l igh t  Operat ions Branch 15,030 
Technics Consul tant  t o  Division Chief 15,030 
Chief ,  Aerospace Operat ing h-ohlems Branch 15,030 
Head, Liquid Metal Systems Sec t ion  1 5 : O x )  
Head, Liquid Metal Mechanical PToblams Sec t ion  15,030 
Head, Nuclear Rocket Heat Transfer Sec t ion  15,030 
Head, Nuclear Rocket Propulsion Systems Sec t ion  15,030 
Head, Nuclear Rocket Mechanical Problems Sec t ion  15,030 
Head, F l i g h t  PTogrms F l u i d  Systems Sec t ion  15,030 
Head, F l igh t  Programs Power Systems Sec t ion  15,030 
Head, F l igh t  Progrms Space -E lec t r i c  F l i g h t  Sec t .  15,030 
Head, Aerospace Systems Problem Sec t ion  15,030 
Head, Aeranpece Mechanical PTOblemS Sec t ion  15,030 
Head, High Energy Chemical h-oprlsion Sec t ion  15,030 
Heed, Chemical Pra~ulsion Oneratinz h-oblems Sect.  15.090 

OFFICE OF PROJECT MA+GD!33T 
14;055 
14,055 

267.650 
12,210 

1 Excepted 

1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 GS-15 

1 Excepted 
Ch ie f , -Of f i ce  of Pro:ect Mtn-ement 
ASS1Stant Chief,  Off ice  c f  Pro ,ec t  Managerrent 
Ass i s t an t  Chief,  Proiulsio-. 

$1?, 000 
17,500 
1',oW 
17,000 
17,000 
17,000 
17,000 
lC,500 
li,500 
1C,500 
15.030 
15,010 
1 5 , O B  
15,030 
15,050 
15,030 
15,o-W 
l5,O.W 
12,0:3 
755,::O 
l?,FlO 
1'. 10 

__,___ 
1 C S - u  Technical  Consul tant  ~ 15,030 
1 GS-15 Head, Rocket Cooling Sec t ion  15,030 
1 GS-15 Head, P rope l l an t  ChemistTy Sec tmn  15,030 
1 GS-15 Head, Rocket Combustion Sec tmn  L5,030 
1 CS-15 Chief ,  Rocket Heat l h n s f e r  Branch 15,030 
1 GS-15 Chlef, Direc t  Energy Conversion Branch 15,030 
1 GS-15 Head, Gas +its Sec t ion  14,705 
1 GS-15 Head, Reaction Kine t i c s  Sec tmn  1 4 , 7 0 5  

1 GS-14 Head, D i rec t  Energy Conversmn Sec t ion  A 13,510 
1 GS-14 Head, AnaWitical Chemistry Sec tmn  13,510 
1 GS-14 Head, Research Operatmns Sec tmn  12,990 

1 GS-14 Head, Cryogenic Heat Transfer Sec tmn  12,390 
1 GS-14 Head, D i rec t  Energy Convers.on section E 12,990 

10 GS-14 piemipace Reaearch Scient .s ts  127,300 
105 W other GS Personnel  865,635 

(1 7 R P  99- 135 

3 CS-15 Aerospace Research Scientists 45,090 

1 GS-14 Head, T h e r m o m i c s  Sec tmn  12 ,990  

- 

1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 Excepted 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-1s 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 CS-15 
1 GS-15 
1 Gs-15 
1 Gs-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 

I 

I 
926i375 

$1,431,765 - 
Ass i s t an t  Chief, Power 
Chief,  Apollo P rop l l s ion  
Chief ,  Apol la  Power 
Chief ,  Launch Vehicle  Propiiisian 
Ass i s t an t  Chief, Apo113 Prcpuls ion 
Chief, E l e c t r i c  PropVlsim 
Chief, Space E l e c t r i c  h-aplilsior. 
Ass i s t an t  t o  Chief ,  Power 
A s s i s t a m  Chief ,  Components 
A s s i s t a r t  Chief ,  Systems 
Ass i s t an t  Chief ,  Apollo P w e r  
Ass i s t an t  Chief ,  merm Sources 
Ass i s t an t  Chief ,  Power S ) s t ens  
Ass i s t an t  Chief ,  LaL-ch Zehicle  P ropAs ian  
Ass i s t an t  Chief ,  E l e c t r i c  Propuls ion 
Assistmt Aerospace Chief ,  Ingiieers Szax zle:-ri: ~ r o p d l s i ~ ~  

Assista ' l t  t o  Chief ,  Apclio P r q t l ~ l s i o n  
AsSlStant t o  Ch ie f ,  A ~ o l l o  Pcver 

INSTRlMENT AND COMPUTING D I V I S I O N  

1 Excepted Chief ,  Divis ion $17,500 
1 Excepted Chief ,  Mechanized C a m p t a t m n  and analyses Branch 16,000 
1 Excepted Chief ,  Instrument Research Branch 16,000 
1 GS-15 Ass i s t an t  Chief ,  Division 15,030 
1 GS-15 Chief ,  Instrument  Systems Research Branch 14,705 
1 GS-15 Aerospace Resewch S c i e n t i s t  14,360 
1 GS-15 Head, I n s t m e n t  Research See t ion  B 14,055 
1 GS-15 Chief ,  Aut-tzc Dtlta Processing Branch 14,055 
1 GS-15 Chief ,  Machine Compllting Branch 14,055 
1 GS-15 Chlef ,  Data  Systems manch 13,730 
1 GS-14 Head, Measurement Sys t em Compnents Sec t ion  13,510 
1 GS-la Head, Op t i ca l  Sec t ion  12,470 
1 GS-14 Head, Instrumentat ion Sect ion 12 ,210  
1 GS-14 Head, TeBt Operatione C o n t r o l  Sec t ion  12,210 
1 65-14 Head, Advanced Sys tem Sec t ion  12,210 
1 GS-14 Head, Instrument  Research Sec t ion  A Y,210 
d c q - l n  d.r?gp_r. F..g.sl̂ h S C ' e n t ! E ? C  <?,Ad" 

176 A l l  o the r  GS Personnel 1,326,360 
88 A l l  Other Wage Board Per~onnel  589,414 

?? ,101,114 
- 
7ri. 

TECHNICAL F'UBLICATIGNS D F T S I G N  

1 GS-14 r%ief, Divis ion $ 1 2 , 2 1 0  
106 A l l  o the r  GS Persom,el 602,460 
31 A11 Other Wage BOard Ferwnnel  

I 

1 
1 GS-15 
1 GS-15 
1 GS-15 
1 CS-15 
1 GS-15 1 GS-1E 

1 GS-1; 
20 All 0 

E:- ill _1 -I - 257 

1 CS-15 
1 GS-15 
1 GS-L5 
55 GS-15 
1 CS-14 
1 GS-IC 

GS-14 A s s t  Chief :cr Drvelopmenz Procur r r en t  19,ilO 
A l l  Other Z C  Prrsonr.rl I ELECTFIOMAGNFTIC FTOFIJLSIGN DT:ISION 

1 Excepted Chief, Division 
1 Excepted Aasistt lnt  Chief, Division 
1 GS-15 Chief Electroma@etics  Branch 

Chief, Research 

1 GS-14 Head, Electrothermal  Sect ion 
1 GS-14 "=ad, Research F a c i l i t i e s  'scti?c 
1 GS-14 Hesd, E lec t ron ic s  Sect ion 

4 "e??, Pig"-m"ap"etlL-F P 
4 Head, Plasm Flow Sec t io  
4 Aerospace Hebearch beierrtisth 

25 A l l  o the r  GS Perscnrel 
iE 

1 GS-14 A s a i s t a l t  t o  Chief ,  Launch Vehicle  Pr0l)uls im 15,510 I 1 GS-14 Ass i s t an t  t o  Chief ,  Electri . :  Propulsion lJ,10 
1 CS-14 Ass i s t an t  t o  Chief ,  ~ 5 a - e  U e c t r i c  ~ r o p d s l : n  IJ.:~O 

1 GS-15 Head, Mechar'ical h-oblems Sec t i sn  15,030 
1 GS-15 Head, P0-r Generat ion Control  Sec t ion  15,030 
1 GS-15 Head, Nuclear Rocket Control  Sec t ion  15.030 
1 GS-I5 Head, Chemir Se?+ion 
I ss-15 :e:icpacc "6 
1 08-14 Head, Power > 

51 3-5-11 >.ercs;acP 1 -  144 All o the r  GS Personnel 
i 230 

1 P"^-"*D_i Oh,"? ",...".̂ r * I *  m 
1 Excepted A s s i s L t  Chief ,  Divieion 17,000 
1 Exceuteu in ie f .  S t r en r rh  of Materrais  Erranclr 1 E  ,000 

12,930 
11,080 
12,210 
I 7  I l n  

1 Excepted ChAef. S t r u c t i ' e s  Branc?. 16,000 

11,360 
14,065 
14.055 

1 %-.5  WCLL4?  ?EA.CPGR DIVIZIO?! 

A excepted Chief, Divis ion $..,OX 
1 Excepted Head, Reactor  Experimental P ro jec t s  Paanel 16,000 
~ 1 E.." ...@e& Chief, h-opd:e:on Cirrciptz Brenih 16,X.Z 
i Excepted Chief, Reactor  Fwsics Branch 16,000 

r.i,7iii I Ya-li Bead, i i racrvr  i"mwrr.rria %CLi",% 

- " " .~~  ::crA, C;zbrEtr A-->,&- z...t:u.. 
1 GS-14 Head, Theore t i ca l  Phy6ic6 Sect ion 12,330 

1 GS-15 Chief, Heat Transfey B m x h  15,030 

14,055 I OS-15 Chief ,  Radiat ion Phys ic i s  Branch 
/ ' . , i i Y  

1 GS-14 Head, Reactor Analysis  Seet ion 12,4'0 
1 GS-14 Head, Experimental RePCtor Physics  Sect ion 12,470 
1 GS-14 Head, Nuclear Physics Sect ion 12 ,210  

10 05-14 Aerospace Research S c i e n t i s t s  129,640 
73 A l l  o the r  GS P e r s o m e l  

363,170 36 

. --  .. 
.- .-- 1 ^ ^  1 1  

1 08-14 Head, General %sics Sect ion 12 ,210  

- 
I 

Chief Division 
Chief ,  Reactor Operations Branch 
Chief .  Reactor Erv-ineerinn Branch 

1 GS-14 Chief, Division $ 12,210 1 GS-15 Chief, Division 
1 GS-14 Chief ,  Turbopump Branch 
1 GS-14 
1 GS-15 Chief ,  W r a t l o n s  Branch 

Chief ,  Rocket Systems Branct 
24  A l l  o the r  GS PerSOMel 
25 
- 

- 36 All o the r  GS PersoMel  
40 

1 Excepted 
1 GS-15 
1 CS-15 
1 cs-14 
1 GS-14 
1 GS-14 
1 CS-14 
1 CS-14 
6 GS-14 

95 A l l  Other - 
1 nfi 

$1&,056 
13,610 
13,510 
13,510 

326,935 
$381,520 

Head,'Reactar Physics  S e c t i o n  
Head, Instrument  and Controls  Sec t ion  
Head, Processing Engineer ing Sec t ion  
Head, Hot I ahora to ry  Sec t ion  
Nuclear Head, Experimental  P r o j e c t s  Engineer Equipnent Sec t ion  

GS Personnel  



NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATION 

PROPOSED PERSONNEL STAFFING CHART 

FISCAL YEAR 1963 

LEWIS RESEARCH CENTER 

I 

.. ~ 

I > nil o the r  GS Fersonnel 

I "  I I I 
I 

I 
I 1 r 

D PRMjRiUhS 

B and ProgTams $16,500 
15.030 

1 Excepted Chief ,  Dlvls ion $le,  GOO 
IY,<"" 

16,000 
15,030 
15,030 
14.705 

." ̂ ^ 

10,000 
I Lxceprea Y 5 S i S T l h n C  Lniel, ulvlslon 
I Excepted Chief ,  €Tor  Racesses Branch 
1 ExceDted Chief .  R v t o m ~  Bmnch 

OFFICE OF DEYELOPMENT PLAWS AWD PRoGRAlhs 

1 Excepted Chief of Plans and Programs $1@,000 
1 ;S-15 Ass i s t an t  Chief, Plans and Programs 15,030 
6 GS-15 Aerospace Engineers 
6 OS-14 AelOSpCe Engineers 81,060 
9 Al: o t h e r  GS Personnel  97,695 

$256,875 

15,030 
sis Branch 13,730 

13,310 
206 980 

$- 

1 Excepted Chief o f  R e l i a b i l i t y  i Qdali ty  AsSl l lence  $17, GOO 
1 GS-15 Ass i s t an t  Chief ,  Reliability i Qualit:< ASS~aariIe 
Q GS-15 Aerospace Engineers  135,270 

1 7  GS-14 Aerospace Engineers 229,iiO 
42 A l l  othex' GS Personnel 

, . .  
1 GS-1: Chief ,  Research I n s t a l l a t i o n s  Branch 
I ZS-15 Head, Lubricat ion Sect ion 
1 GS-I; Chief, Flov mysics  Branch 
1 GS-1; Head, h p  Sec t ion  14,705 

1 GS-15 Bead, Wboi7i ' ive  Sect ion 14,3tiO 
1 GS-15 Aerospace Research S c i e n t i s t  14,380 
1 GS-15 Head, Flov Physics  Sec t ion  B 14,055 
1 GS-15 Head, Cryogenics and Condenser Sect ion 14,055 
i GS-15 Chief ,  Lubricat ion and Wear Branch 14,055 
1 GS-15 Head, Bearings Sect ion 14,055 

2 1  GS-14 A e F D E p C e  Research SCient lSts  267.850 

1 GS-15 qead, Flov Physics Sect ion A 14,380 

I GS-14 Head, Space Radiator  Sect ion 12 ,210  

105 A l l  o the r  GS Personnel 
140 
- 

I TEST INSWLL&TIONS DIVISION 1 
ON DIVISION 

ICh 
inch 

1 ka-20  Chief ,  Divis ion 
3 All o the r  GS Personnel 

3e7 All o the r  Wage Board Personnel  

$12,750 
17,310 

5,427,277 
E5,*57,337 

$ia,ooo 
16,000 
16,000 
15.030 

OFFICE OF PROJDX MA$?&= 

1 Excepted Ch ie f , 'Of f i ce  of Pro:ect Manegement $le,o00 

1 Excepted Ass i s t an t  Chief ,  PrOpulSiDn 1',000 
1 Excepted Ass i s t an t  Chief ,  Power 17,000 
1 Excepted Chief ,  Apollo Propuls ion 17,000 

1~,000 1 Excepted Chief ,  Apol lo  Paver 
1 Excepted Chief ,  Launch Vehicle  Propuls ion 17,000 
1 Excepted A S S i S t m t  Chief, lip0110 h 'opuls ion 16,500 
1 Excepted Chief ,  E l e c t r i c  Propulsion :i ,500 
I Excepted Chiel', Space E l e c t r i c  Propuls ion 1F,500 

1 Excepted Ass i s t an t  Chief ,  Of f i ce  of  ProJeCt "IPnageneqt 17,500 

15.050 
15.0'0 
15.o.w 

1 GS-15 AsSiS tmt  t o  Chief, Power 
1 GS-15 Ass i s t an t  Chief, COmponentS 
1 GS-15 ASsiBtent Chief ,  Systems 
1 GS-15 Ass i s t an t  Chief ,  A p c l l o  P 3 ~ r  15,030 
1 OS-15 Ass i6 tan t  Chlef ,  &erg, Sources :i ,050 

PJlVANCED DFVELOpMLa AiW WALUATLON DMSION 

$18,000 

1 Excepted Technical  Consul tant  16,500 

1 Excepted Chief ,  Nuclear h o p u l s i o n  Branch :t,500 

1 Excepted Divis ion Chief 
1 Excepted Ass i s t an t  Mvis ion  Chief 17,000 

1 Excepted Chief ,  PORT Generat ion Branch 16,500 

1 Excepted Chief, F l igh t  Programs Branch 16,500 
1 Excepted Chief ,  Systems Dynamics & Controls  Branch 16,500 
1 Excepted Chief, Chemical Piopulaion Branch 16, 000 
1 GS-15 S t a f f  Ass i s t an t  t o  Divis ion Chief 15,290 
1 GS-15 Ass i s t an t  Chief, Nuclear Propuls ion Branch 15,030 
1 GS-15 h e i s t a n t  Chief, F l i g h t  Progi.am5 Branch 15,030 
1 GS-15 Chief Of F l i g h t  Operat ions Branch 15,030 
1 GS-15 Technical  Consul tant  t o  Divis ion Chief 15,030 
1 OS-15 Chief ,  Aerospace Operat ing Problems Branch 15,030 
1 Gs-15 Heed, Liquid Metal Systems Sec t ion  15.030 
1 Gs-15 Head, Liquid Metal Mechanical Problems Sec t ion  15,030 
1 OS-15 Head, Nuclear Rocket Beat Transfer  Sec t ion  15,030 
1 O S - E  Head, Nuclear Rocket Propuls ion Systems SecDlOn .2,030 
1 GS-15 Head, N u d e e r  Rocket Mechanical Problems Sec t ion  15,032 
1 GS-15 Head, F l i g h t  Programs F l u i d  Systems Sec t ion  15,030 
1 Gs-15 Head, F l igh t  Progrvnr Power System5 Secti-7. 15,032 
1 GS-15 Head, F l i g h t  Programs Space-Electr ic  F l i g h t  Sec t .  15,030 

15,030 1 GS-15 Head, Aeroepace Systems Prablerr Sec t ion  

230 

ACCOUNTING AND AUDITmG DPIISION 1 
I s 12,210 rn 15;030 

t l O "  15,030 
1 02-14 Chief Divis ion 
61 A-I Other GS Personnel PLANT SZRVICES DIVISION 1 926;375 

$1,431,765 
15,030 

'mch  15,030 
m Branch 15,030 

14,705 
14,705 

3 Section A 13.510 
45,090 

.. I 

I mCHNICAL PJBLICATIONS DIVISION 

1 CS-14 Chief ,  D i n s i o n  -1 1 2 2  A U  o the r  Wage Board Personnel  
165 

A 0  A l l  o the r  GS Personnel 
- m S T R W  PJUD COMPLJTING DNISION 1 $ 12,210 1 OS-14 Chief ,  Divis ion 

602,430 106 AL1 Other GS Personnel  
31 
138 

A l l  o the r  Wage B a r d  Personnel  - 

PROCWREMXIPP WD SUPPLY DIVI3ION 

1 Excepted 
1 Excepted 
1 Excepted 
1 GS-U 

Chief ,  Divieion 
Chief .  Mechanized COmDUtatlOn and iuYl lySeS  

$17,500 
Branch 16,000 

15.030 
16,OCG 

t l O "  13;510 
.>on 12,990 

12 ,990  
Sect lo"  12,SCO 

I S ec t ion  B 12 .930  

I FABRICATION DIVISION Chief: I n s t m e n t  Research Branch 
Ass i s t an t  Chief ,  Divis ion 
Chief ,  Instrument  Sys t em Research Branch 
Arroqmce Research S c i e n t i s t  

14.705 1 GS-15 
1 GS-15 
1 GS-15 
1 35-15 
1 Gn-15 
1 GS-15 
1 GS-14 
1 GS-14 
1 CS-14 
1 GS-1'. 
1 GS-14 

i zs-1; 
. -. ..  

dU.L* 

Sl5,OJO 
12,170 

lG,4@3 
1,618, LO? 

S:,dOL,BE 

14,380 
14,055 
14.055 
14,055 
13,730 

on 13,510 
12,470 
12,210 
12.210 

1 cis-15 Ass i s t an t  Chief ,  P m e r  Systems 15,050 
I GS-15 Assistan: Chief ,  Launch Vehicle  Pmp9ls10r. l5,O'O 

1:.010 

~....=~ ~ ~ 

Head, Instrument  Research Sec t ion  B 
Chlef ,  . h t o s a f ? r  r e t e  Processing Branch 
Chlef ,  Macnlne COmpuClng B r h n C n  
Chief ,  Data Systamms Branch 
Head, Measurement Systems Comwnents Sect1 
Head, Op t i ca l  Sec t ion  
Head, Instrumentat lon Sect lOn 
Head, Test  Operetione Control  Section 
Head, Advanced Sys tem Sec t ion  

kr,xpe:e Pesearch S;:entists 
:<ea;, I,,Btrlment ,Researoh z e c t i o s  R 

1-5  ill o the r  ^.S Fereonnrl 

> 9 h  
ilP A?!  o the r  Wage Board Pel l sOMel  - 

I I 

FACILITIES OPZPATIONS D N 3 I O N  
DIVISION 

L- .ooc 
u , 2 1 0  
l 2 , E l U  
51,440 

1,32E, 360 
589,414 

$2,131,244 14,380 
Branch 14,380 
I System Sect ion 13,730 
I Component Sect ion 13,730 
in _-. .c .= -7  

I I 

Sl,103,a51 
- 
1:. 

MATERIAJ.? AND s l m J C m S  DNISION 

B l 0 , W O  
1-,ooO 
lE,OOO 

1 Excepted Chief ,  D1Y151On 
1 Excepted AB-SSlStBnt Chlef ,  DlvlsLon 

1 6 , W  
16,000 

14,055 
14,055 
14,055 

t l ire P ro tec t ion  Sec t ion  

- 

r 

C E C t i D i .  l2,210 
1 2 , 2 1 0  

1 r r  n7n - ,--- 
739.295 

Al.1*4.5*., 

SION 

$:-,COO 
0;ects Panel 15,000 
mCh 16,000 

16,000 
15,030 

ion 14.70: 

1 ss-:: 

FLUXB300K 5TATiON 

nch 14.0:; nch 14,o:; 
on l?,iiO 
t i a n  12,330 

12,210 

12,470 
y s l c s  Sect ion 12,4'0 

._^ ^.^  

on l?;iio 
t i a n  12,330 

12.470 - 
$45,575 

1 Gs-15 Chief ,  Divis ion c > l e f :  Reactor Operations Branch 

1 GS-14 Chief ,  RacXet Systems Branch 
Chief ,  Rebctur Eru;ir.eerir.g Branch 
Head, Reactor Physics  Sec t ion  

1 GB-14 Cnlef ,  l roopumlr  Brancn 

95 All o the r  GS Personnel  
? l , W r  -6. 

106 



NATIONAL AERONAUTICS AND -E ADMINISTRATION 
PROPOSED PERSONNU. STAFFING CHART 

FISCAL YEAR 1963 
FLIGHT RESEARCH CENTER 

OFFICE OF THE DIRECTOR 
1 h c e p t e d  Direc tor  $19,000 
1 B c e p t e d  Associate Di rec tor  17,500 
- 1 Other G S  personnel 6,180 

3 $!c2,680 

PROJXCT MANAGEHEST OFFICE 

1 GS-15 AST, Pro jec t  Wnagement $41,840 

3 $41, a40 

RESEARCH DIVISION I 
I 1 Excepted Chief, Research Div. $ h , > O O  

1 Excepted A s s t .  Chief, Res. Div. 16,000 
2 GS-15 AST, F lu id  & F l t .  Mech. 29,410 
1 GS-15 AST, Contr. & Guid. Sys . l>, 0 30 

5 GS-14 AST, Contr. & Guid. Sys. 6&,69O 
4 GS-14 AST, Fluid & F l t .  M w n .  48,840 
1 GS-14 AST, F l i g h t  Systems 12,990 

'719,875 

i GS-ij .GI, S ~ m c .  iviecn. L+,GJ, 

- 96 Other GS personnel 

112 $977,390 

FLIGHT OPERATIONS DIVISION 

4 Excepted Aero. Res. P i l o t s  $118,500 

2 GS-12 AST, Research P i l o t i n g  29,085 
1 G S - l j  AST, Flt,. Veh. Exp. Tech. 14,035 
i G - i k  Gi, Eesearcii  F i i u L i I i g  i r , r i u  
3 GS-14 AST, Ylt . Veh. Exp. Tech. j ' l , l > O  

1 G8-1> AST, F l igh t  Systems 13,290 

i( Other GS personnei i20,640 
984, ooo 141 Wage Board personnel 

16 9 $1,260,930 

DATA SYSTEMS DIVISION 

GS-1s AST, Meas. 4 Tnst r .  Sys. $42,815 
1 SS-l'+ AST, Meas. & I n s t r .  Sya. 12 , '+(0  
1 GS-14 AST, Radio Freq. Svs. 12,470 
1 GS-14 AST, Data Systems 12,210 

64d, 000 
)GV, UVV io  utner bb personnel 

- 93 Wage Board personnil  

ADMINISTRATIVE DIVISION 

1 3-1> Administrative Mgt. O f f .  $13,730 
1 GS-14 A s s ' t .  Admin. Mgt. O f f .  12,210 
56 Other GS personnel 
26 -_ Wage Board personnel 

36 3; 000 
162? 107 

$551,047 



NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATION 

PROPOSED PERSONNEL STAFFING CHART 
FISCAL YEAR 1963 

GODDARD SPACE FLIGHT CENTER 

SPACECRAFT SYSTEMS AND PROJECTS DIVISION 
1 Chief, Spaceook Systems ond Preiects DIYIsIM 
1 Stolf Scientist, Commuoicdionr 
1 Head Communicotlonr Branch 
I Head' Spceooh Systems Branch 
1 A&lote Chief. Spacecrok Systems end 

Projects Division 
17 1 Hsod, GS.15 Aerospace Advanced Proisctr Tech, Fl ight  Group Systems 

5 GS.14 Aerespoce Tech, Fluid ond Flight Mechanics 
4 GS.14 Aerospace Tech Mderiolr and StNcturer 
I GS-I4 Aerorpoca Tech: Propulsion and Power 

8 GS.14 lnrwumontotion Aerospace Tech: Measurement ond 
18 GS.14 Aerospace Tech Flight Systems 

216 1 GS-I4 Other GS Aerospace Personnel Tech, Dot. Systems 

276 2,529,355 
- 

1 

I 
DATA SYSTEMS DIVISION 

16.500 
16,500 
16,000 
27.785 

Mechanics 62,610 
37,930 

Mothemotician 12,730 
1 127 340 

I Chid, Doto Systems Division 
I S t d l  Scientist, D d o  Systems 
1 Machine Prepramming Mothsmdicim 
2 GS-15 Ae,orpace Tech, Dola Systems 
5 GS.14 Asrospocs Tech, Fluid & Flight 

3 GS.14 Aerorpoce Tach, D d a  Systems 
I GSI4 Supervisory Machine Programming 

I& Other GS Personnel m 

- 

1 Chief, Aeronomy and Meteorology Division 17,OM) 
I Project Manager (NIMBUS) 17,000 

16,500 I Head, Pionetory Amowheres Branch 
15 .50  

3 GS.15 A ~ I O S ~ U L C  T&, Spice S c ! e ~ ~ : z  
82,933 1 6 GS.15 .. .. Aerospace Tech, Flight Systems 

4 lr3.13 Aerorpoco Tech, M e u s w e m ~ ~ t  io: 
54,920 

161,330 13 GS.14 Aerospace Tech, Spoce Sciences 
3 GS.14 Asrospoce Tech, Flight Systems 36,630 
6 GS-14 Aetorpace Tech, Meowramen1 and 

instrumentotion 73,260 
1.33 1,250 - 165 Other GS Personnel 

E4 1 ,R67,515 

1 Aerospace Scientist A 1 , I V O  

I 
inrtrumcntdion 

OFFICE OF THE DIRECTOR 

1 Director 21,000 
1 Associate Director 19.000 
1 GS-15 A i i i r l m t  to the Director 15.030 

137.160 
12 Other GS P.rsonn.1 

I 

I I 
OFFICE OF THE ASSISTANT DIRECTOR 

(TRACKING AND DATA SYSTEMS) 

1 A r r i r t m t  Dircctn, Tracking and Doto Systems 1 
1 b p t y  Arristont Director FOI Operotions 1 
I GS-15 Aerospace Tach, Technical Management 1 
I GS.15 Asrerpece Tech. Measurement b. 

Instrummtdion I 
- 16 Other GS Perrwnnel - 11 
?? I7 

OFFICE OF THE ASSISTANT DIRECTOR 
(SPACE SCIENCE AND SATELLITE APPLICATIONS) 

1 Asslstonl DirectorJpoc.Science &Sat. Applications 19,000 
I Head, Systems Review Group 1 7 . 0 0  

13,730 1 GS.15 Aerospace Tech, Space Sci.nc*s 
1 GS-IS Aerospace Tech, Technicol Management 13.730 

38.955 6 D ~ h n  GS Personnel 

IO 102,415 
- - 

OFFICE OF THE ASSISTANT DIRECTOR FOR 
ADMINISTRATION 

1 Assistant Director For Adminirtdion 17.030 
1 Deputy Assistant Director For Adminirtrat im 15.500 
1 GS15 Technicol knogement Asrirtant 13.730 
1 GS-15 AnwneyAdviror 13 730 

2 GS.14 Mwegement Analyst 24 680 
I 

1 GS.14 Information Officer 12:210 

12:210 

I GS.14 AnorneyAdvisor 12.210 

GS.14 Space Flight Pmgrom C m * d h * o r  I %-Other GS Pwronnel 
621 700 

OFFICE OF TECHNICAL SERVICES 

I Chief of Technicol Servic*r 
5 Other GS Personnel 

6 
- 

17.000 
33,025 

50.025 
- 

~~ 

-SPACE SCIENCES DIVISION TRACKING SYSTEMS DIVISION 

17,000 1 Chid, Trocking Systems Division 
4 GS.15 Aerospace Tech, Mearurment and 

3 GS.14 Aerorpoce Tech, Mot*rids & SINCIW~S 
instrumentation 

IO GS.14 Aerospace Tech, Meorurnnetit and 

95 Other GS Personnel 
instium.ntation 124,180 

934,670 

SPACECRAFT SYSTEMS AND PROJECTS DIVISION 
1 Chief, Spaceook Systems ond Preiectr DIYIsIM 18.000 
1 Stolf Scientist, Commuoicdionr 17,000 
1 Head Communicotlonr Branch 16 500 
I Head: Spceooh Systems Branch 16:MO 
1 Asroclote Chief. Spacecrok Systems end 

16.000 
I 5  500 

233:915 
61,570 
49,880 
12,210 

18 GS.14 Aerospace Tech Flight Systems 222,900 

100 280 

Projects Division 

17 1 Hsod, GS.15 Aerospace Advanced Proisctr Tech Fl ight  Group Systems 
5 GS.14 Aerospace Tech: Fluid ond Flight Mechanics 
4 GS.14 Aerospace Tech Mderioir and StNclur.r 
I GS-I4 Aerorpoca Tech: Propulsion and Power 

8 GS.14 Aerospace Tech: Measurement ond 

1 GS-I4 Aerospace Tech, Dot. Systems 12:210 
1,736,890 

lnrwumontotion 

- 216 Other GS Personnel 
276 2,529,355 

1 C h i d  Space Sciences Division 

I Aerosoace Scientist. A s t r e d ~ y d c r  
I I Asro;lote Chief, Spoce Sciences Division 

18,000 
16,500 
16.500 
I5 500 
I5:500 
15,500 
15.5M) 

110.545 
14,705 

197,440 
62,090 

24,420 

24,420 
12,210 

1,235,045 
1,793,875 

18.000 
17,000 
16,500 
16.500 

FACIL IT IES ENGINEERING DIVISION 

I Chief, Focilitlsr Enpineering Divlr ion 16.500 

40 (kher GS Pefsmnel 327.910 

1,209,566 

1 (35-14 Design Construction Engineer 12,210 

123 Wage b a r d  Personnel 

FINANCIAL MANAGEMENT DIVISION 

1 GS-15 Finmclo l  Manapment Dfficer 13,730 
1 G S I I  Assirtont Financiol kbnagement Officer 12,470 

85 (We, GS Personnel 624.325 

88 662,735 

1 GS.14 Budget M f i c e ~  12,210 

- 

ORGANIZATION AND PERSONNEL DIVISION 

I Aererisce Scientist, Re&ch Instrumentdim 
1 Aerospace Scientist lonorph ere 
1 H w d  Fields and P&ticler Branch 
1 Head: Plenstorv lonosoheres Branch 

1 GS-15 Perrmnel Dfficw 
1 G S I I  Assistant Personnel Mficn 

57 Other GS P.rsonn.1 

13,730 

395,470 
12,210 

421.410 

16.000 
I 5  500 

233:915 
61,570 
49,880 
12.210 

222,900 

1 ; Other GS P n r o n  I 8 GS-IS Aerospace Tach, Space Sciences 
1 GS.15 Aerospace Tech F l igh t  Systems 

16 GS.14 Aeroseoce Tech). Smce Sciencer 
5 GS.14 Aeroipace Tech Flight Systems - - -  2 65.14 A m r p o c e  Tech: Msorurem*nt and I 

In.w"mntation 

end Equipmmt 
2 GS.14 Aerospace Tech, Experimental Foci l i t ier  

158 1 GS-14 Other GS Aero Personnel Rerwrch  Scientist 

200 
- 

100 280 
12:210 

1,736,890 
SPACE 

I 1 Chief, GS.15 A~IOSPU~ Spmce D 

Initrumnldii 
2 GS-15 A u o r p c  
2 GS.14 Aererpc 

Instrumntdi 
2 GS.14 Aererpai 

135 Other GS Perre 

TEST AND EVALUATION DIVISION 

1 C h i d ,  Test and Evduatim Division 15,500 
2 GS.15 A~IOSPOC~ Tech, F l igh t  Systems 27,785 
2 GS.14 Aompoce Tech, M o t d o l r  ond Structures 25 460 
7 GS-14 Aerospace Tech, Flight Systems 86:510 
5 65.14 Aerospace Tech, Meoruremcnt and 

ln*tr"mntdion 61,050 
2 GS.14 Aerorwace Tech, Ex.wimentol Foci l l t ies 

I PROCUREMENT AND SUPPLY DIVISION I 
1 Procunmmt m d  Supply Officer 16,500 
I GS15 A s r i r k n t  Procurment and Supply Mlicu 13,730 

I GS.14 Supnvisory Contract Specid lst  48,840 

210 0ih.r GS Peismnol 1,389,750 
26 Wop. Board Persmnel 162,618 

254 1,655,859 

1 GS-14 Pmcurm.nt Analyst (Cmtroctr) 12,210 

1 GS.14 Procurmmt Spciallrt 12.210 

- - 

TECHNICAL INFORMATION DIVISION 

39 M e r  GS Personnel 
I8 Wage Bowd Personnel 

57 
- 

263.230 
124,335 

387.565 
- 

. .  
and Equipment 24,420 

162 Other GS Personnel m 1,504,370 
SPACECRAFT TECHNOLOGY OlVlSlON 

THEORETICAL DIVISION 

Chief. Theoretical Dlv i r ion 18,OW 
ii,uu(l 
16,000 
27.460 
13,730 
13,730 
74,300 

Deputy Chief, Theoretical Division 
Arslrtant Chief. Theoretical Division 
GS.15 Aerorpoce Tech, Spocc Science9 
GS.15 Aerospace Tech, Fluid ond Flight Mechonics 
GS.15 Asrorpoce Tech, Dolo Systems 
GS.14 Aerospace Tech, Space Sciences 
I X l 4  Acrar~oce Tech, D m  Systems 12.210 

86 Other GS Personnel 683.610 
876,040 

Chief Spocscrdt Technology Division 
G S . I ~ A L ~ O S ~ C ~  Tech, Fluid end Fl ight  Mschmi( 
i S i 5  Aororpocr Tech, Moter:g!s and Stm;?urcr 
GS.15 Acrorpocr Tech, F l igh t  Systems 
GS.15 Aerospace Tech, Measurement and 

17,000 
:I 13,730 

13.730 
13.730 

97.410 
73.780 
12,210 
48.840 

IOO,'!" 

34,723 
1.896.473 

... 
1,385,050 
- 

OPERATIONS AN0 SUPPORT DIVISION 

9 G S I S  Ao,orpoce Tech. Measurement and 

4 GS-I4 inmumentmtion Aerospace Tech, Meorurement and 
126,495 

49,360 Initrumentotion 
I GS.14 Eq,' Aerospace Tech, Experimental Faci l i t ies 

.* 5." '*'.'.... 
98 Other GS Personnel - 

I l l  932,865 

5 GS-I4 inrt,umentdiOn Aerorpoce Tech, Motarmis and Structures 

1 GS-14 Aerospace Tech, Propulsion and Power 
4 GS-I4  Aerorpacc Tech. Flight Systems 

I 5  GS.14 Aerospace Tech, Measurement and 
I73 Other inrtrumentotim GS Perwmel 

- 6 Wage Board Personnel 

216 

FABRICATION 01 VISION 

13.730 I GS-I5 Aerospace Tech. Fl ight  Systems 
I 2  Other GS Personnel 82,210 

994,402 

127 Wage h o r d  Personnel 

I40 
- 

MANAGEMENT SERVICES OlVlSlON 

I 65-14 Chid, Manopmnt S.rvices Division 12.210 
327 nin 
53,762 

393,582 

.$ l L s .  f: m??:y-* I  I t Woo. Bowd Personn.1 - 



NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATION 

(SPACE SCIENCE AND SATELLITE APPLICATIONS) 

1 Assistent DirectorJpoc.Saencc &Sat. Apphcotionr 19,000 
1 Head, Systems Review Group 17,000 
1 GS.15 Aerospace Tech, Space Sciences 13.730 
I GS.15 Aerospace Tech, Technical Monopement 13.730 
6 Giha GS Personnel 38,955 I - - 

PROPOSED PERSONNEL STAFFING CHART 
FISCAL YEAR 1963 

GODDARD SPACE FLIGHT CENTER 

OFFICE O F  T H E  DIRECTOR 

I Dlr.ow 21,000 
I Associal. Director 1 9 . m  
I GS.15 Airirtont to the Dlrecter 15,030 

*O i I5 137.160 
- 12 Other GS Perrmnel 

I 
OFFl r t  OF i n €  r r S i S i A l * i  DIRECTOR 

(TRACKING AND DATA SYSTEMS) 

I 

1 Arslstmt Director, Tracking and Date Systems 18,500 

1 GS.15 A ~ I o s ~ ~ c ~  Tech, Technical Uanopement 14,055 
1 GS.15 Aerosoace Tech Meorur.mnt (L 

1 Deputy Arsirtant Director For Dperetlmr I 8.m 

ISTANT DIRECTOR FOR 
STRATION 

ni.t*i.n 1 7 . m  
or Adminittrotion 15,500 
it Assistant 13,730 

13,730 
12.210 

I I O F F I C E  O F  TECHNICAL SERVICES 

1 Chief of T.chnic.1 Servic.r 
5 O t b r  GS Personnel - 

17.003 
33,025 

50,025 
~ 12;210 

24,680 
I Coadinrer  12,210 e 

621,700 I I d  16 Other instrumentotion GS Psrsmnel 13,730 

174,685 I l o  

SPACE SCIENCES DIVISION 
1 Chid, Space Sciences Division 
1 Assoclote Chief, Space Sciences Division 
1 Aerospace Scientist, Astrophysics 
I Aerospace Sclentlrt, Reswarch Instrumentotion 
1 Aerorpoc. Scientist ionosphere 
1 H w d  Fields and P h c l e r  Branch 
1 Head: Plonetory Ionospheres B~onch 
8 GS.15 Aerospace Tech Spoce Sciences 
1 GS-15 Aerospace Tech: F l igh t  Systems 

16 GS.14 Aerospace Tech, S ace Sciences 
5 GS.14 Aerospace Tech, F6ght Systems 
2 GS.14 A.rospace Tech, Measurement and 

2 GS.14 Aerospace Tech, Exprimentd Foci l i t iss 

1 GS.14 Aero Reswrch Scientist 

I"llI"m.ntotion 

and Equipment 

IS Other GS Personnel 
200 
- 

TRACKING SYSTEMS DIVISION 

1 Chief, Tracking Systems Division 17.003 
4 GS-15 Anorpoce Tech, Measurement and 

Instrumentotlm 

10 GS.14 Aomrpoce Tech, Measurement end 

95 Other GS Perrmnsl 
I " l t l Y I M " l O l i m  124,180 

934.670 

a 

SPACECRAFT SYSTEMS AND PROJECTS DIVISION 
I Chief, Spacecroh Systems and Preiacts Division 
I Staff Scientist, Communicotionr 
1 Head Communicotionr Branch 
1 Head: Spocecroh Systems Blanch 
1 Asrociote Chief, Spacecroh Systems ond 

I Heod. Advanced Ptoiectr (;roup 
Proiectr Division 

MANNED SPACE F L I G H T  SUPPORT DIVISION 

8 GS.15 Aerorpoce Tech, Measurement and 

4 GS.14 Aerospace Tech. Mearuremnt m d  
Inrtr"mnt.ti." 111,465 

lnlINnUnIDI~on 49.360 

76 614,265 

- 64 Other GS Pnronnd e 

ia.oo0 
16 500 
16:MO 
15,500 
15.503 
15,500 
I 5  500 

110:545 
14,705 

197.440 
62,090 

I FACILIT IES ENGINEERING DIVISION I I ORGANIZATION AND PERSONNEL DIVISION 1 I I 18.000 
17,000 
16.5W 
16,500 1 Chief, Foci l i t ier  Engineering Division 16,500 

40 Other GS Psrrmnel 327,910 

1,209,566 

1 6 - 1 4  Design C o ~ t ~ c t i o n  Engineer 12,210 1 GS.15 Personnel Officer 13,730 

57 Other GS Personnel 395,470 123 Wage b a r d  Personnel 

I GSl4 Asrlrtont Personnel Officer 12,210 

421.410 

16,000 
15,500 

233,915 
:s 61,570 

49,880 
12,210 

222,900 

17 GS-15 Aerospace Tech Flight Systems 
5 GS.14 Aerospace Tach: Fluid and Flight Machani' 
4 GS.14 Acresoace Tech. Materials ond S I N C I W ~ S  I 

TEST AND EVALUATION DIVISION 

I GS.14 Asrorboce Tech, Propulsion and Power 
18 GS.14 Aerospace Tech, Flight Systems 
8 GS-I4 Asroroace Tech. Meorurement ond 24,420 I 

100 280 
12:210 

1.736,890 
SPACE DATA ACQUISITION DIVISION 

1 Chid, Spec. Doto Acquisition Division 16.500 
1 CS-15 AUOS~C.  Tech, Mearur.n*nt ond 

Instrununtotion 13.730 
2 GS-I5 Arrorpace Tech, Doto Systmr 27,460 
2 GS.14 A.rorpace Tech, M*orurmnt and 

Inst,"mntoti." 24,420 
2 GS.14 A ~ e i p o c .  Tech, Date S y s t m r  24.420 

143 1,013,280 

- 135 Other GS Personnel 906.750 

Instrumentation 
I GS-14 Aerorpocc Tech, Dato Systems 

216 Other GS Personnel 
DATA SYSTEMS DIVISION 

16,503 I Chief, Doto Systems Division 
16,500 1 Stoff Scientist, Data Systems 

1 kbchine Pregramming Mmhcmotician 16,000 
2 GS-I5 Aerospace Tech, Doto Systems 
5 65.14 Aerorpoce Tech, Fluid (L Flight 

3 I GS-I4 GS-14 Aerorpocs Supervisory Tech, Mechine Data Programing Systems 

27,785 

Mechonicr 62,610 
37.930 

12.730 Mathcmotician 
Other GS Personnel 

24,420 
12,210 

1.235,045 
1.793.875 TECHNICAL INFORMATION DIVISION 

39 Giher GS Personnel 263,230 
18 Wope Board Personnel 124,335 - - H 57 387,565 

I 

1 Chief, Test and Evoiuotim Division 15,500 

2 GS-14 Aerospace Tech, Moterids and Strvcturer 25,460 
7 GS-14 Aerospace Tech, Flight Systems 86,510 
5 GS.14 Aerospace Tech, Meowrerent and 

2 GS.15 Asrorpocs Tech, F l igh t  Systems 27,785 

in*r"mntotion 61,050 

and Equipment 24,420 

1,504,370 

2 GS.14 Aerospace Tech, Expsrimsntoi Foci l i t ies 

162 Other GS Personnel u.%&i5 SPACECRAFT TECHNOLOGY DIVISION 

1 Chief, Sp-xecroft Technology Division 1 7 . m  
1 GS.15 Aerospace Tech, Fluid ond Fl ight  Mechonicr 13,730 
1 GS-I5 Aerorpoce Tech, Materiolr and Structures 13.730 
I GS.15 Aerospace Tech. F l igh t  Systems 13,730 
7 GS-15 Aerospace Tech, Measurement and 

Instrumentation 97,410 
6 GS.14 Aerospace Tech, Materials and Structures 73,780 
I GS.14 Aerorpocc Tech, Propulsion and Power 12,210 
4 GS.14 Aerorpocc Tech. Flight Syrtcmr 48,840 

instrumentotion 186.270 
IS GS.14 Aerospace Tech, Measurement and 

173 Other GS Personnel 1,385,050 
34,723 6 Wage Board Personnel - . nnr .TO 

- _. . 
""'"'*'* I L I O  

THEORETICAL DIV!SION 

1 Chief, Theoretical Division 
I Deputy Chief, Theoretical Division 
I Assistant Chief, Theoreticd Division 
2 GS.15 Aerospace Tech, S p c e  Sciences 
1 GS.15 Aerospace Tech, Fluid and Flight Mechonicr 
I GS.15 Aerospace Tech, Doto Systems 
6 65.14 Aerospace Tech, Space Sc~encer 
1 GS.14 Acrerpoce Tech, Doto Systems 
- 86 Other GS Pe,ronncl 

100 

18,000 
17,000 
16,000 
27,460 
13,730 
13,730 
74,300 
12,210 

683.610 

876,040 
- 

OPERATIONS AND SUPPORT DIVISION 

9 GS.15 Aerorpoce Tech, hkoruremsnt ond 

4 GS.14 Asrorpoce Tech, Measurement and 

1 65.14 Aerospace Tech, Experimental Feci i i t ies 

In stlumentation 126,495 

49,360 lmtrumentatim 

end Equipment 12,210 

932,865 

98 Other GS Personnel 

FABRICATION DIVISION 

1 GS-I5 Aotospoce Tech, Flight Systems 13,730 
12 @he, GS Personnel 82.210 

127 Wage Board Personnel 

994.402 - I  
I AERONOMY AND METEOROLOGY DIVISION I 

I Chief, Aeronomy and Meteorology Division 
1 Proiect Manager (NIMBUS) 
1 Head, Planetary Atmospheres Branch 
I Aerospace Scientist 
3 GS.15 Aerospace Tech, Spoce Sciencer 
6 GS.15 Aerospace Tech, Flight S y r t m r  
4 GS.15 Aerorpoce Tech, Mearuremont ond 

13 GS.14 Aerovncr Tech, Space Sciences 
3 GS-14 Aaospace Tech, Flight Systems 
6 GS-I4 Aerospace Tech, Mearurtment and 

Instrumentation 

instrumentotion 
- 165 Oher GS Personnel 

a14 

17.000 
17,000 
16,500 
15,500 
41.190 
82.935 

54,920 
161.330 
36,630 

1,331,250 



I '  
I r J 

I 

LO A l l  o the r  GS Perso rze l  , ,-- 
25 
- 

I '  

FLIOHP OPERATIONS DMSION 

1 Excepted Chief $18,013 
1 Excepted Deputy Chief 17,514 
1 GS-15 Chief, Operations Coord. 13,749 
1 GS-15 Chief, Network Coord. 13,749 
1 GS-15 Chief, Mission Analysis B r .  13,749 
1 GS-15 Chief, Raj .  Analysis  Br. 13,749 
1 GS-15 Chief, Spacecraf t  Oper. Br. 13,749 
2 GS-15 Flight Control B r .  27,498 
1 GS-15 Chief, Recovery Br. 13,749 
1 -15 Chief, Training S w a t o r  Br. 13,749 
1 GS-15 mlef, 4 p c e c r a f t  Syntezs Pr .  13,7473 
1 GS-15 Chief, Flight Control Fac i l .  Sec. 13,749 
1 GS-15 Chief, Training A i d s  Sec. 13,749 

20 GS-14 Aerospace Technologis ts  
All %her 2s Persoruiei l L $ g J  

225 
- 

A s s m t m r n m m m r n  REsEARcBa mmom 
1 Excepted Aeet. D i rec to r  f o r  R & D $i8,013 
1 os-15 Asst .  t o  t h e  Asst .  D i r .  f o r  R & D 13,749 
1 W Other Os Persornel  i 3 

I 

I SPACECRAFl' RESFARCH DMSIClI? 1 
1 Fxcepted Chief $18,013 
1 Excepted Eeputy W e f  17,514 
1 Os45  Chief, Systems In t ea .  B r .  15,749 
1 pIs-15 C h i d ,  yP- - -y  yZte,-. 3:. ::,?IC? 
1 os-15 Chief, hg. Design & h91. 

1 0615 Chief, Elec. S y s t e m  Design 13,749 
1 Gs-15 Chief, Spec ia l  Instrumentat ion 13,749 
1 GS-15 Chief, F l i g h t  nynamics 13,749 

1 GS-15 A s s t .  t o  Chief (Technical)  13,749 
1 Os-15 Asst .  50 Chief (Operations) L3,749 
1 Os-15 Research Coordinator 13,749 

1 CS-15 Chief, S t ruc tu res  13,749 

mvmmmr, TWT, a EVAIJJATION DMSTQN 

1 Excepted Chief $10,013 
1 Excepted Deputy Chief 17,514 
1 -15 A s s t .  t o  Chief 13,749 
1 GS-Q Chief Research hg. 13,749 
1 09-15 Materials h g i n e e r  13,749 

1 mi5 Chief, R e c .  ~ y s t e m e  13,749 
1 GS-15 Test Coordinator 13,749 
1 mi5 planning o f f i c e r  13,749 
22 0s-14 Aeroepace Tech. 269,060 

1 GS-15 Chief, Mech. Eng. 13,749 

3 All Other Os Personnel  

29 0s-14 Aerospace Technologists 
208 A l l  Other GS Personnel 

I S Y S W  DMSION .. 
1 Excepted Chief $18,013 
1 GS-15 Ikuutv Chief 13.744 

I 

~~ 

SPACE FKYSICS DIVISION 

1 Excepted Chief $18,013 
1 GS-15 Deplty Chief 13.749 

2T,4Yo 

9 09-14 Aerospace Technologists 110,070 
4 2 CS-15 Research Phys ic i s t s  27.498 

n "C .= 
W-L, Erhuch i n i r i s  

2 A l l  Other Os Personnel 

I 
I 50 

ASSISTANT D I R K T O R  FOR OPERATIONS 

1 Excepted A s s t .  D i r ec to r  f o r  Oper. $l@,512 
1 GS-15 A s s t .  t o  A s s t .  Mr. for 

Operat ions l5,'7L9 
1 b 1 1  Other GS P e r s o m e l  i -  3 

AEROSPACE _ _  MEDICAL OPERATIONS OFFICE 

14 All Other GS Personnel 10'5,306 
*I,< E I L  

1 GS-14 Chief 12,250 l -  I 15 I-,,,,- 

I 

20 

PRpZIGap OPERATTONS DIVISION 

Excepted Chief $17,015 
Excepted Deputy Chief 16,016 
GS-13 Asst .  t o  Chief 13,749 
GS-15 Chief, AMA Pro jec t  Off. 15,747 

13,749 vu-~, Tniei, inst rumentat ion nr .  
GS-15 Chief, Spacecraf t  Systems B r .  13,749 
GS-15 Chief, Launch Coord. Off., Apollo 13,749 
GS-15 Chief, Preflight Planning 13,749 
GS-15 Asst .  Chief, Instrumentat ion Br. 13,749 
GS-15 Ass t .  Chief, Spacecraf t  Systems Br. 13,749 
05-15 Chief, Technical  Services  Br. 13,749 
0s-14 Aerospace Technologis ts  244,600 
All Other GS Personnel 
Wage Board 

"" .- 

ASSIGTANT DIRECMR FOR DIGD?EBING SUPPURT I I 
L Excepted A s s t .  M r e c t o r  f o r  Emg. Support $18,512 
1 GS-15 Ass t .  t o  t he  Asst .  3ir. f c r  

1 A l l  Other GS Personnel 
13, p? Ens. Support 1- 

INS-ATION AND DATA SYSTEMS DIVISION 

1 Excepted Chief $iR,ni: 

1 GS-15 Chief, I n s t m e n t a t i o n  Br. z,lpz 
A,, 1-7 

1 OS-13 A s s t .  Chief, Instrumen. B r .  13,749 
1 0s-15 Asst .  Chief, Data Systems Br. 13,749 

1 7  -1 . -  -/, IT7 I 1 GS-15 (?.i2f 

r.%i 4) p-t̂  ".St- El, 

6 GS-14 Aerospace Technologis ts  75,380 
A l l  Other GS Personnel 

DATA CCMRrmATION & REIUCTION DIVISION 

1 Excepted Chief $18,013 

1 1 GS-15 GS-15 Eeputy Chief, m t a  Chief Computation B r .  13,749 13,749 
1 GS-15 Chief, Data Reduction Br. 13,749 
1 GS-I5 Deputy Chief, mta C q .  Br. 13,749 
1 GS-15 Deputy Chief, mta Reduc. Br. 13,749 

24,460 2 GS-14 Programers 8 All Other GS Personnel 

SHOP SERVICES DIVISION 

1 GS-15 Chief $13,749 
1 GS-14 Deputy Chief 12,230 
8 All Other GS Personnel 59,032 i Wage Board m- 

ASSISTANT DIRECTOR FOR ATMINIRTRATIClN 

1 Excepted Asst .  D i rec to r  for Admin. $17,017 
1 Excepted Eeputy Asst. Director far Ac3z:z. 15,517 
2 A i i  o the r  IX Personnel i 5 

1 GS-14 Chief, Technical  In fo r .  12,230 
7 05-14 Supv. Per.. Mgmt. Spec. 24,460 
1 GS-14 Management Analyst 12,230 

237 A l l  o the r  W Personnel 1,740, u il 
lae, 430 

'73 $2, c.i2,15: 
30 WageBmrd - 1 

I 

FACILITY SERVICES MVISION I 
1 1 Excepted GS-15 

1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 Gs-14 
1 GS-14 
1 GS-14 

Chief 
Deputy Chief 
Chief, Construct ion Br .  
Asst .  Chief, Corstr .  B r .  
Chief, ELectr icai  Branch 
Chief, Res. Equip. Design 
Chief, Mechanical Branch 
Planning Of f i ce r  
Arch i t ec t  
Chief. P l an t  Maintenance 

55 AU o the r  GS Personnel 
3 Wage Board 
100 

$15,517 
13,749 
13,749 
15,749 
13,749 

Br. 13,749 
13,749 
12,230 

12,230 
12,230 

I FINANCIAL MANAGEKR?'I DIVISION I 
1 Excepted Chief $15,517 
1 GS-15 Deputy Chief 13,749 
1 GS-14 Chief Accountant 12,230 
1 GS-14 Budget Of f i ce r  12,230 
81 All o the r  GS Personnel 

mGI"G DESIGN DMSION 

1 GY-12 Chief AlZ 7kO 
13,749 
27,498 

1 GS-15 Deputy Chief 
2 CS-15 Branch Chiefs 
2 GS-14 A s s i s t a n t  Branch f % i e t a  3h,k6@ 

44 A l l  Other GS Personnel 
50 
- 

I 

PPdCUREGWI ANT C0NFAL'TS D I V I S I O N  

1 Excepted Chief $;;,>I7 

G; 745 
1 %  71so 1 GS-15 Chief. Anolln P r n r i 3 r ~ m e n t  

1 GS-15 Chief, Mercury Procurement 
1 GS-13 Chief, Plans and Operations 13,749 
1 E-14 Chief, C o n t r .  Nego+. & P ? T ~ z .  Pr .  l?,?:C! 
1 GS-14 Supv. Acct. (Contract  P r i c ing )  12,230 
3 GS-14 Contract  Negot ia tors  

ill All Other GS Personnel 
l20 
- 

I C.EMIN1 PROJECT OFFICE 

1 Eicepted P ro jec t  Manager 
1 Ikcepted Deputy P ro jec t  Ymager 
i Zxcepted Spacecraf t  Systems Manager 
1 Excepted Vehicle Systems Manager 
1 CS-15 F l i g h t  Qer. Planning Of f i ce r  
1 GS-15 Ground Support Reqdire. Of f i ce r  
I GS-13 Tech. Representat ive (Cape Canaw 
1 GS-13 Asst .  t o  P ro jec t  Manager 
1 GS-15 A s s t . ,  Spacecraf t  Systems Mgr. 
1 GS-: j A s s t . ,  Y e h i c l t  Systems Mr. 
5 GS-l: B m x h  %hie:; 
1 GS-L> Tech. Rep. (Con t rac to r ' s  P l an t )  

12 GS-14 Aerospace Technologists 
ILL Mi irLiirr CS Personnel 



NATIONAL AERONAUTICS AND 1 

--.-. 

m 

$,lS, 313 

Aeroripacft Technologis ts  85,610 

1 Excepted Chief 
1 X-1.5 Eepuly Ct.ief 
1 X-l5 Chiel, Af,rospace Med. 13,749 
T.'&;S=15 Chief', Spec. Equip. Dev .  13,749 

15, T40 - ---. 
LIFE 5YS'IW D I V I X O N  

-. 

b --. 
DIXELOIMFNP, TE;T, B EVAUATION D1 YISLQN 
:. Ekcepted Chlef $18,013 
t Ikcep ted  Deputy Chief 17,514 

L 18-15 n i e f  Research '~ng. 15,749 
L IS-15 Meterials h g i n e e r  13,749 

1 1s-15 Chief, Elec.  Systems 13,749 
1 I S 1 5  Test Coordinator 13,749 
1 iX3-15 P:.anr.:Lng o f f i c e r  13,749 

22 1W-14 A w o ~ p c e  Tech. 269,060 

$1,500,301 

L rs-15 Asst. to Chief 13,749 

= 1 GS-1.5 Clief ,  Mech. Eng. 13,749 

3 .W Other Ihs l ' t trsonnel 

--. 

PROPOSED PERSONNEL 
FISCAL YEAR 

c 

AWOSPACE-MQIIC(LL OPERA!?IONS OFFICE 

12,230 
14 All Other GS Personnel  
15 

-- 
1 GS-14 Chief 
- 

h 1 
AUDIT IIFFICE 

1 C r d 5  Supervi:;ory- Auditor  $13,749 
3 GS-14 Supervl iom Auditors  36,693 

713 
6 E.1 o the r  GS Pe-sox ie l  4 4 . G  - 
10 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

29 

~~ 

SPACECRAFT ABUIICH DMSION 

Excqhed Chief $16,015 
Excepted Deputy Chlef 17,514 
05-lfi Chief, Sy;tmos I r t e g .  Br. 13,749 
GS-llj Chief, Spscec r s f t  In t eg .  Br 13.749 
-13 Chief, hg. .;esign a ~val. 15,749 
GS-lj Chief, Me&. Systems Design 13,749 
6 1 5  Chief, Elec.  Systems Design 13,749 
GS-15 Chief, Sr ,ecieJ  InstrumentatLon 13,749 
GS-15 Chief, n i g h t .  Eynamics 13,749 

05-15 A s s t .  t o  Chief (Technical)  15,749 
GS-I5 Asst .  t o  Chlef (Operations: 1:,749 

05-1.4 Aemspac 1 Tt::hnologiEts 354,6ro 
A l l  O t t e r  GS Pers jnne l  

GS-15 Chief, Si.rucl;ures 13,749 

05-:.5 Research Coordinator 15,749 

SPICE IgYSICS DIVISION 
1 :Wcepted Chief $18,013 
1 (GS-15 MpGy Chief 13,749 
2 SS-15 :3nm:h Chiefs 27,498 
2 05-15 '3esearch Pnys ic i s t r  27,498 
9 05-11 .Aerosprce Technolw.is ts  110,070 
2 A l l  Other B i?er8oMel 

MANNED SPACECR 

OFFICE OF TE3 D I I  
1 Excepted Di rec to r  
1 Excepted Associate  X r e c t o r  
1 Excepted Ass i s t an t  t o  Director  
1 GS-15 Aseistant f o r  ProJect  Managel 
1 CSJ5 Assistant to Associate  Mre: 
1 GS-15 A s s i s t a n t  f o r  E lec t ron ic s  FL 
3 GS-15 Technical  Ass i s t an t s  
6 All o t h e r  GS Personnel 

I_ 

KTBLIC AFFAIRS OFFICE 
1 GS-15 Chief $13,745 
1 GS-14 Tnformation Off icer  12,2X 

A l l  o t h e r  GS Personnel 

1 
1 
1 
1 

20 
74 l i  g 

PREFLIGaP OPERATIONS DIVISION 

Excepted Chief $17,015 
Excepted Deputy Chief 16,016 
GS-15 A s s t .  to Chief 13,749 
GS-15 Chief, AMR P r o j e c t  O f f .  13,749 
Os-15 Chief, Instrumentat ion B r .  13,749 
GS-15 Chief, Spacecraf t  Systems B r .  13,749 
GS-15 Chief, Launch Coord. O f f . ,  Apcl lo  13,749 
GS-15 Chief, P r e f l i g h t  P l a i n 8  13,749 
GS-15 A s s t .  Chief, Instrumentat ion T l r .  13,749 
GS-15 A s s t .  Chief, Spacecraf t  Systeris B r .  13,749 
Os-15 Chief, Technical  Services  Br. 13,749 

A l l  Other GS Personnel 
Uage Board 

GS-14 Aerospace Technologis ts  2U+, 600 

1 Excepted 
1 Fkcepted 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
1 GS-15 
2 0s-15 
1 05-13 
1 CS-15 
1 05-15 
1 G9-15 
1 GS-15 

20 GS-14 i 11 

A l l  Other 

FLIGET OPERATIONS DIVISION 

Chief $18,013 
B p u t y  Chief 17,514 
Chief, Operations Coord. 13,749 

Chief, Mission Analysis Br. 13,749 
Chief, Traj. Ana lys i s  Br. 13,749 

13,749 Chief, Spacecraf t  Oper. B r .  
Flight Control  Br. 27,498 

13,749 Chief, Recovery Br. 
Chief, Training & Simulator  B r .  13,749 
Chief, Spacec ra f t  Systems B r .  13,749 
Chief, Flight Control  F a c i l .  Sec. 13,749 
Chief, R a i n i n g  A i d s  Sec. 13,749 
Aerospace Technologis ts  244,600 
GS Personnel  

Chief, Network Coord. 13,749 

1 AS'I!RO"TS & T R I \ I " G  D I V I S I O l i l  

1 Excepted Chief $18.013 
1 GS-15 Deputy Chief 13; 749 

27,498 2 GS-15 Branch Chiefs 
4 CS-14 Aerospace Technologis ts  48,920 
5 A L l  Other GS Personnel  1 55 

IXGAL OFFICE 

1 GS-15 Chief $13,749 
1 GS-14 Deputy Chief 12,250 
- 1 3  
15  

A I 1  Other GS Personnel 

ASSIBTANT DIREL'MR FOR IXGINEEXING SIJPRIRT 

1 Excepted A s s t .  m r e c t o r  f a r  Eng. Support $18,512 I- 1 GS-15 A s s t .  to t he  A s s t .  Dir. for 
-. Support 

1 A l l  Other GS Personnel -1 5 
13,749 

5% 

r-- INSTJJhENTATION IWD IlATA SYSTEMS DIVISION 1 
1 €kcep:ed Chief 
1 GS-1: Deputy Chief 
1 rS-1: Chief, I n s t m e n t a t i o n  B r .  
1 GS-1: Chief, Data Systems B r .  
I G S - l j  A s s t .  Chief, Instrunen.  B r .  
1 GS-15 Ass t .  Chief, Ihta Systems B r .  
t i  GS-14 Aerosoace Technoloais ts  

inm CCNHJTATION a RELXJCTION DIVISYON 

1 Xkcepted Chief $18,013 
1 GS--5 Deputy Chief 13,749 
1 OS-I5 Chief, Cata Computation B r .  13,749 
1 GS- 15 Chief, Data Reductron Br. 15,749 
1 OS-t5 Deputy Chief, Cata Comp. Br 13,749 
1 GS-15 Deputy Chief, Data Reduc. B r .  13,749 
2 GS-14 Programers 24,460 g All Other GS Personnel 

r- SHOP SERVICE! DIVISION 1 
1 GS-15 Chief $13,:49 
1 GS-14 Deputy Chief 12, ' 30 
8 A l l  Other GS Personnel 59,C32 3 Wage Board 1 

- 
EW-G DESIGN DIVSSION 

1 Gs-lj Chief $15,749 
1 GS-15 Deputy Chief 13,749 
2 GS-15 Branch Chiefs  27,498 
2 GS-14 Ass i s t an t  Branch Chiefs  24,460 - Lk A l l  Other  GS Personnel 

:>0 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SSISTANT DIREXTOR FOR OPERATIONS 
pted Asst. Director for mer. $18,512 
5 Asst. to Asst. Dir. for 

Other GS Personnel 
Operations 13,749 a 

J 

PROPOSED PERSONNEL STAFFING CHART 
FISCAL YEAR 1963 

MANNED SPACECRAFT CENTER 

.- - -- - ___ ---- I 
U J P L L L  "2 Ir& " m c I u P  

I 
19,011 

13,749 
13,745 $14,449 

1 GS-15 Assistant for Electronics Flight and Support hquipment 13,745 
41,247 

1 Excepted Associate Director 
1 Excepted Assistant to Mrector 
1 GS-15 Assistant for Project Management 
1 GS-15 Assistant to Associate Director 

CHIEF MEDICAL ALWISORS OF'FI-CE 

3 GS-15 Technical Assistants 
6 All other GS Personnel I 

i i5 

FJBLIC AFFAIRS OFFICE 
-15 Chief $13, 749 
-14 Information Officer 12,230 
1 other GS Personnel 

PREF!LIGHT O P Z W F I O N S  DIVISION I 
Chief $17,015 I 
Dewtv Chief 16,016 
Asit.. to Chief 13; 749 
Chief, APR Project Off. 13,749 

Chief, Spacecraft Systems Br. 13,749 
Chief, Launch Coord. Off., Apollo 13,749 
Chief, Preflight Planning 13,749 
Asst. Chief, Instrumentation Br. 13,749 
A s s t .  (7hief; Spacecreft Svstems Br. 13.749 
Chief, Technical Services Br. 13,745 

GS Personnel 546,046 

Chief, Instrumentation Br. 13,749 

Aerospace Technologists 244,600 

d 

LeG4L OFFICE 

$13,749 1 GS-15 Chief 
1 GS-14 Deputy Chief 12,250 

13 All Other GS Personnel 
15 
- 

ASSIFPANT DIRECTOR FOR E N G I N W I N G  SLTPWRT 
1 Ekcegted Asst. Director f o r  Eng. Support $18,512 
1 GS-15 Asst. to the Asst. Dir. for 

1 All Other GS Personnel 
Erg. Support 13,749 i- 3 

I EE?!%?ED"!..?I"! !>E ""mb CVSW? "I"ICIO?! I 1 Exceoted Chief $18 9 013 
1 C' 1: "-p25; '3ie  lZ;?Lp 
1 GS-15 Chief, Instmentation Br. 13,749 

1 GS-13 Asst. Chief, Instrumen. Br. 13,749 
1 cs-15 Chief, Data Systems Br. 13,749 

i s-15 A a a L .  ai&., X*& "yst;;;; 3r. 1>,57 
6 GS-14 Aerospace Technologists 73,380 

All Other GS Personnel 

1 
1 
1 1 Q  

UTA CCMPUTATION & RELUCTION DIVISION 

Excepted Chief $18,013 
GS-15 Deputy Chief 13,745 
GS-15 Chief, Data Computation ~ r .  13,749 -".. "iyij 31.. i,) , -, 
GS-15 Deputy Chief, mta Comp. Br. 13,749 
GS-15 Deputy Fnief, Data Reduc. Br. 13,749 
GS-14 Programers 24,460 
All Other GS Personnel 

I ..I?. " n  ? C  a:,.." -+.. r,->..-2.-- 

ADVANCED S'KIDEG AND MISSION ANALYSIS OFFICE 

$13,749 1 GS-15 Director 
1 GS-15 Deputy Mrector 13,749 

13,745 1 GS-15 Chief, Mission Analysis 
13,749 1 GS-15 Chief, Advanced Studies 

1 GS-15 chief, Systems Engineering Analysis 13,749 
4 GS-14 Aerospace Technologists 48,920 
16 A l l  other GS Personnel 
E 

1 
ASSISTAWT DIRECTOR FOR AIMINISPRliTION 

1 *.C,Ft,.' >.c.t. "rect?r fer 4 a i n  *17;015 
1 Excepted Deputy Asst. Director for Admin. 15,517 
3 A U  other GS Personnel 
5 

I MANAGEMENT SEEVICES DIVISION I 
I Excepted Chiei i 1 GS-15 Deputy Chief 

19, f+Y I I 1 r s - 1 5  Personnel O f f i c e r  
13,749 1 CS-15 Management Analyst 

1 GS-14 Chief, Technical Infor. d,2% 
2 GS-14 SUDV. Pers. W t .  Spec. 24,460 

FACILITY SERVICES DIVISION 
1 Excepted Chief $15,517 
1 CS-15 Deputy Chief 13,749 
1 GS-15 Chief, Construction Br. 13,749 
1 GS-15 Asst. Chief, Comtr. Br. 13, 749 
1 GS-15 Chief, Electrical Branch +!,149 
I w-17 Lniex, iies. Equip. ut'slgrl ET. A>, 1-y 
1 GS-15 Chief, Mechanical Branch 13,749 
1 GS-14 Planning Officer 12,230 
1 GS-14 Architect le, 230 
1 GS-14 Chief, Plant Maintenance 12,230 

55 All other GS Personnel 405,845 
3 Wage Board 
100 

RELIABILITY AND FL1m SAFETT OFFICE 
1 Dcepted Chief $16,516 
1 GS-15 Chief, Flight Safety 13,749 
1 GS-15 Chief, Reliability 13,749 
4 GS-14 Aerospace Technologists 48,920 
18 All oTher GS Personnel 
25 
- 

I GEMINI PRaTECT OFFICE 
1 
1 

1 
1 
1 
1 
1 

1 
5 
1 
12 
2 2  
-50 

1 

Excepted Project Manager 
uceptel uep-zy rroject Menager 
Exceptei Spacecraft Systems Manager 
Excepted Vehicle Systems Manager 
GS-15 Flight Oper. Planning Officer 
GS-15 Ground Support Require. Officer 
GS-15 Tech. Representative (Cape Cans> 
Gs-15 Asst. to Project Manager 
GS-15 A s s t . ,  Spacecraft Systems Mgr. 
GS-J5 Asst., Vehicle Systems M@;r. 
GS-15 3rtr:ch Chiefc 
GS-15 Tech. Rep. (Contractor's Plant) 
GS-14 Aerospace Technologists 
A l l  Other GS Personnel 

$18,013 
17,514 
17,514 
17,514 
13,749 
13 749 

reral) 15,749 13:749 

13,749 
13,749 
68,745 
13,749 

146,760 
goo, 238 

$1,282,541 

PROGRAM ANALYSIS AND EvdLuATIoA m c B  

1 Excepted Chief $l66,(=6 
131 749 1 GS-15 Deputy Chief 

1 GS-15 Chief, Program Analy~is 13,749 
1 Os-15 Chief, Program Evaluation l3,749 
J GS-14 Program he.lysts (mineera) 36,690 

2$ AU other GS Personnel 

mm PRQTFCT OFFICE 
1 Excepted Apollo Project Hananer $19,U 

1 GS-15 Tech. Rep. (Cap Cmmveral) 13,749 
1 GS-15 Tech. ~ e p .  (Contractor's m t )  13,749 
1 GS-15 Chief, Systems Design 1 3 , W  
1 GS-15 Chief, Systems Engineer- 13,749 
1 GS-15 Chief, Ground Support Systema 13,749 
1 GS-15 Chief, Life Support Requirements 13,749 
A GS-15 Asst. to Project W e r  13,749 

4 Excepted Systems Managers 70, 6 
4 GS-15 Asst. Systeme hnagers 54,M 

15 GS-14 Aerospace Technologista 
9 A l l  Other Os Personnel 
.&TO 



PACE ADMINISTRATION 
[AFFING CHART 
963 

FT CENTE:R 

I r - - r  In 

-- 
ADVANCEE STUDIES AND MISSION ANALYSIS OFTICE 

1 GS-15 Di rec t c r  Sl3,7'+9 
1 GS-15 Deputy M r e c t o r  13,7b9 
I. CS-15 Chief, Mission Analysis  13,749 
1 GS-15 Chief, Advanced Studies  lj,7:L9 

L GS-14 Aerospace Technologis ts  48,920 

&'9 

1 Os-15 Chief, Systems m i n e e r i n g  Analysis  13, 749 

.b - All o the r  GS €er sonne l  118 O b 4  3 A 2  o the r  GS Personnel 
30 

.-- 

I I 

ASSISTANI DIRECTOR FOR AWLWISTRILTION 

1 Excepted Ass'.. Director  f o r  Admin. $17, '115 
1 Excepted Deriity A s s t .  D i r e c t c r  f o r  Admin. l5,;AT 
2 All o the r  GS Personnel 
5 

I 

M A N A G m  SERVICES DIVISION 

1 Excepted Chief $15,517 
1 GS-15 Deputy Chief 13,749 
1 GS-15 Personnel Of f i ce r  13,749 
1 GS-15 Management Analyst 13,749 
1 GS-14 Chief, Technical  In fo r .  12,250 
2 GS-14 Supv. Pe r s .  Mgmt. Spec. 24,460 
1 GS-14 Management Analyst 12,23c 

237 All o the r  GS Personnel 1,748,071 
30 Wage B a r ?  188 430 

$qE% - 
275 

FACILITY SERVICES DIVISION 

1 Excepted Chief $15,51'7 

1 GS-15 Chief, C o n s t m c t i m  Br. 13,74'3 

1 GS-15 Chief, E l e c t r i c a l  Branch 13,74'2 
1 GS-15 Chief, Res. Equip. Design H r .  13,74g 
1 GS-15 Chief, Mechanical 3ranch 13,749 

1 GS-15 k p u t y  Chief 13,74'> 

1 GS-15 A s s t .  Chief, Corstr .  Br .  1:,749 

1 GS-14 Pianning 0ff;cer 1:1,2:0 
1 GS-14 A.chitect 12,2:,3 
1 CS-14 Clief ,  Plant  Maintenance 12,2;3 

55 AU o the r  GS Personnel 405,8L> 
3 Wage Board 
100 

FJW2CIAL MANAGEMENT DIVISION I 
I Excepted Chief $Is>, 517 
1 GS-15 Deputy Chief 13,749 
1 GS-14 Chief Accountant 12,250 
1 GS-14 Budget o f f i c e r  12,230 
81 All o the r  GS Personnel 
5 

P R O C U R E W  AND CONTRACTS DIVISION 

1 Excepted Chief $15, ';17 
1 GS-15 Chief, Apollo Procurement 13,749 
1 Os45 Chief, Mercury Procurement 13,?49 
1 GS-15 Chief, Plans and Operations 13,'[49 
1 GS-14 Chief, Contr. Negot. R Admin. B r .  12,230 
1 GS-14 Supv. Acct. (Contract  P r i c ing )  12,.!30 
3 GS-14 Contract  Negot ia tors  36,iigo 
- ll1 
120 

All Other GS Personnel 

m N I  PROJECT OFFICE 

1 Excepted P ro jec t  Manager $18,013 
1 Excepted Deputy -?reject Manager 17,514 
1 Excepted Spacecraft Systems Manager 17,514 
1 Excepted Vehicle Systems Manager 17,514 
1 GS-15 F l i g h t  mer. Planning Of f i ce r  13,749 
1 GS-15 Ground a p p o r t  Require. Of f i ce r  13,749 
1 GS-15 Tech. Representat ive (Cape Canaveral) 13,749 
1 GS-15 A s s t .  t 2  P ro jec t  Manager 13,749 
1 GS-15 Asst . ,  Spacecraft Systems Mgr. 13,749 
1 GS-15 A s s t . ,  Vehicle systems Mer. 13,749 

1 GS-15 Tech. Rep. (Con t rac to r ' s  P l an t )  13,749 
1 2  C-S-14 Aerospace Technologists 146,760 

5 GS-1: Sranch a i e l ' s  68,745 

122 A l l  Other GS Personnel 

1 
4 
4 
1 
1 
1 
1 
1 
1 
> 

15 

% 

FV.WECI O F F I C E  

Exrepted Apollo ProJect Hanagel' $15, OLL 
7C,o56 Excepted System Managers 

13s-15 Asst. fystems Mamgerfi 54,996 
Os-15 Tech. Fep. (Cape Cenavera ) 13,749 
GS-15 Tech. Fep. (Contractoi*'a I'lant) 15,749 
os.-15 Chief, Syst6w Design 1: > 749 
GS.-15 Chief, Systems Ewgineerlw 1:,,719 
Gs-15 Chief, Ground Support 3 p ; e m ~  1?8,749 
GS-15 Chief, L i f e  Support Ra?qui-ements 13,749 
GS-15 A s s t .  i o  P r o + e c t  Maaarzer 13,749 
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Proposed Personnel S t a s f i n g  Chart 
FIscaL YEAR l%3 

OFFICE OF DIRECTOR I 
I 1 Excepted Director $s, 013 

I 3" 
FLIGIPT TEsf DIVISION 

L Excepted Chief of division $15,517 
1 (33-14 Assistant- bran-& head 12,480 
3 GS-14 Branch head 37,440 
1 GS-14 Engineer 12,230 

83 Other GS personnel 626 224 
Wage b o A  personnel 8 

CONSTlWCTION OFFICE 

I I 1 GS-14 Planning engineer 
2 Other GS personnel ti 10 

I '  & 

TECHNICAL SERVICES DIVISION I 
25 GS personnel $137,076 

841 842 * 1 6 Wage board personnel It 

1 GS-14 Chief of division 
58 Other GS personnel 
22 Wage board personnel 

Ti 



NATIONAL AERONATJTICS AND SPACE ADMIXISTRATION 

Proposed Personnel Staffing Chart 
FISCAL 'IEAR 1963 

SPACE NUCLEAR PROPULSION O F F I C E  (CLEWEWID EXTENSIOM') 

I OFJKCCE OF THE CHIEF I 

I 

1 GS-15 

TECHNIC& OPERBTIOIJS 

Assistant Chief, technical 

Fac i l i t i es  engineer 
Aerospace technologist 
Technical s i te  representative 
Fac i l i t i es  engineer 

operations 

10 GS-14 Aerospace technologist 124,860 
15 Other GS personnel 
E 

AD€XU?ISTRATION 

1 GS-15 Procurement Officer 
1 GS-14 Programs Officer 
6 Other GS personnel 

I B  

$14,061 
12.480 



NATIONAL AERONAUTICS AND SPACE ACMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

21 TRAVEL AND TRANSPORTATION OF PERSONS 

1961 1962 -. A.-. 
NASA Hea.i.quarters.. ............... 
Western Operations Office ......... 
Langley Research Center. .......... 
Ames Ree,c:arch Center. ............. 
Lewis Rer;es.rch Center.. ........... 
Flight Fksearch Center. ........... 
Goddard Space Flight Center. ...... 
Manned Spacecraft Center. ......... 
Marshall. Space Flight Center. ..... 
Wallops Ststtion. .................. 
Space Nwlear Propulsion Office.. . 

Total.. ........... 
A n a a i i s  -- by types of t rave l  

Direction and coordination of 
program and business a c t i v i t i e s  
at  NASA ins ta l la t ions  ........... 

Coordina,%ion of program a c t i v i t i e s  
with otlictr Government Rgencies, 
contra.c:tors, and the sc i en t i f i c  
cornunit 3'. ...................... 
global tracking s ta t ions. . . . .  ... 
commit,t;ees and working panels, 
and te(:hriical and sc i en t i f i c  
societ,j.es.. ..................... 

Travel to j .nit ial  duty stations,  
tempomry assignments and 
transf'ers, and emergency 
reloca.t;ion s i t e . .  ............... 

Travel cd' consultants and 
1ectwerEi. ...................... 

Charter a i r c r a f t  service.. ........ 
A l l  other tzavel. . . . . . . . . . . . . .  .... 

Total. . . . .  ........ 
Local transportation and t o U  

charge:;. ........................ 
Rental CIY passenger motor vehicles 

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

Travel to launching s i t e s  and 

Meetings of NASA technical 

$1,069,435 
85,623 

569,374 
153 , 592 
273,696 
136,417 
852,240 
700,812 

1,549,687 
59 , 518 --- 

$5,450,394 

$618,085 

459,085 

265,709 

38,485 
654,562 
48- 716 --me53 
38,245 

152,098 

$5,450,394 

$19 982,500 
183,000 
725, cmo 
261, ooo 
481,000 
145,000 

I., 544,000 
I-, 138,000 
2,845,000 

99,000 
- 37,500 

$3 , 449, 000 
271, ooo 
865, cloo 
507, CQC 
936, cloc 
178, ooc 

2,960,OOC 
3,574, OOC 
3,390 , C)OC 

204,OOCl 
171, ooo -. -. 

$997, ooo $1,817, ooo 

:j,387,000 5,861,000 

2,137,000 4,457,000 

741,000 1,234,000 

549,000 872, ooo 

112,000 145, (IO0 
:~,ig5,ooo 1,585,000 

78, ooo 111,C~OO 
192, ooo 370, ooo 

I --- 
$9,441,000 $16,505,000 -- .-- 
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The :.nr:restse i n  t r ave l  and transportation of persons funds 
requested should be viewed i n  context with the  s ize  and complexity 
of space niir;sions and the  distances between key space program 
locations,, O v e r  809% of the increase requested is required i n  
the follcnring major areas: 

(1) Direction and coordination of program and business 
a c t i v i t i e s  at  NASA instal la t ions,  

(2) Coordination of program a c t i v i t i e s  with other Govern- 
ment agencies, contractors, and the  scientif:bc 
ccmmunity, and 

( 3 )  Travel t o  launch sites and global tracking stations.  

'fie fmding l eve l  proposed in  these estimates i n  -.Ludes increttsed 
requiremeit3 i n  a l l  program areas, but the majority OP the  additional 
funds are required i n  implementation of the manned 1 ,~na r  landing pro- 
gram. I-; i s  evident that the technological problems attending suc- 
cessful accomplishment of t h i s  program w i l l  require considerable -brave1 
on the par t  of  management t o  direct  and coordinate the numerous research 
and deve.13pment tasks undertaken by NASA in s t a l l a t  ions. Effective 
monitoring is imperative t o  assure tha t  a l l  elements O F  the  progrrm 
are  keeping pace w i t h  development and f l i g h t  sched des. Consultakion 
a t  the working group leve l  must be maintained t o  dete:rmine new a.l:eas 
t o  be investigated and t o  exploit new research information and nevly 
developed techniques. Research conferences must :re held periodic:illy 
t o  coordinate work among the  various Centers and t o  revise program 
p r io r i t i e s  i n  those areas where individual program segments are 
lagging 'oehind mission requirements. 

Exemtion of the agency's space missions i s  also Idependexit 01 

the  sc ien t i f ic  ta len ts  and contributions of other Gove.rment n,icncies 
and the participation of a larger  segment of the Natio.n's 
development and industr ia l  capacity, including significant supJort  
from educational ins t i tu t ions  and other nonprofit organization J .  

The coordination and direction of these a c t i v i t i e s  w i l l  requit : 
substantial  travel,  par t icular ly  i n  the development of rnulti-::saze 
launch vehicles and i n  liquid, solid, and nuclear propulsion L,rctltms. 
Supervision of contractual e f for t  i n  supporting systems, instr,aentat,l.on, 
and the development of advanced electronic tracking system w 1 - 1  ,also 
involve considerable t rave l  t o  contractor plants. Continuous nwultatiox, 
with industry a re  essential t o  resolve the  numerous technical ~ ~ 3 b l e m  
re la t ing t o  vehicles, spacecraft, and propulsion systems curr  r*c,ly 
under design, the evaluation of contractor performance, the  e a i n a t f c m  
of a l ternate  design concepts, and the  adaptation of new zec 
t o  the development e f for t .  
administration and operation of Government-owned vehicle f 
and engine t e s t  sites and the expanded vehicle launchirg asea 
F'urther, the distances of NASA instal la t ions from the  h x  

rec-wzh, 

Increased t r ave l  w i l l  be requ 



number of indas t r ia l  participants i n  the space program contributes 
materially t o  the  rise i n  t rave l  requirements. 

f l igh t  programs w i l l  require a considerable increase i n  t rave l  for  
the fiscal. year 1963. 
integrated systems, atmospheric, ba l l i s t i c ,  and suborbital launchirlgs 
are perfoimetl for  the acquisition of sc ien t i f ic  data, the evaluation 
of the f1:~ght performance of' components and subsystems, and the  
range tes t ing  of telemetry and electronic tracking gear. 
connection, Lntensive t r ave l  of technical personnel t o  the launching 
sites is nlacessary t o  supervise launch operations and t o  provide 
essent ia l  10,gistic support. 

The glsnned launching schedule i n  both t h e  manned and unmanned 

As a prerequisite t o  o rb i t a l  flights of 

I n  t h i s  

Orbital flights, par t icular ly  i n  the manned flight program, 
necessitate considerable t rave l  of technical teams t o  launching 
sites for  preflight checkouts, spacecraft assembly, vehicle and 
spacecraft integration, and t o  provide necessary support services. 
Similar t a s k s  w i l l  be perfomed i n  the launching of operational 
meteorological and communications satellites, and i n  t h e  unmanned 
lunar and planetary missions. 
periods, a, significant increase i n  t rave l  will be required f o r  the 
detail  of medical and technical personnel t o  the global, tracking 
stations in order t o  maintain constant contact w i t h  the  astronaute 
w h i l e  i n  flight . Other t rave l  requirements include periodic v i s i t s  
by techicians t o  supervise the  calibration and modernization of 
tracking equipment and %lie replacement of obsolescent equrpment 
a t  world-IriCLe tracking sites. 

During the manned o rb i t a l  operational 

To a. lesser degree, increased t rave l  funding is  requested 
f o r  the  etktctndance of personnel a t  domestic and foreign technical 
and scien1;iCi.c meetings and symposiums, t o  defray expenses of 
t rave l  of' newly appointed personnel, and t o  provide fo r  the 
r e a s s i p i d ;  of employees t o  new duty stations.  
chartered aircraf t  are also increasing i n  the f i s c a l  year 1963 
on routet; wliere passenger density i s  high and commercial services 
do not m e e t  the need. 

Funds fo r  



1 

f NATIONAL AEROWU'MCS AMD SPACE ADMINISTFUITION 

FISCAL YEAR 1963 ESTIMAmS 

22 TRANSPORTATION OF THINGS 

- 1961 - 1962 ..- 1963 

IJASA Headquai?ters. .................... $90,528 
Western Operrttions Office.. ........... 2,565 
Langley Research Center. .............. 227,733 
Ames Resewch Center.. ................ 41,206 
Lewis Resezirch Center.. ............... 158,073 
Flight Reectarch Center.. .............. 15,464 
Goddard Spice Flight Center. .......... 747,073 
Fbned, Spacieeraft Center. ............. 285,920 
Marshal.1 Elpac:e Flight Center.. ........ 441,346 
Wallops Station. ...................... 90,553 
Space Nucl.ear Propulsion Office. --- ...... 

$:!48,ooo 
15, ooo 

298, ooo 
75, ~ 0 0  

4135,000 
21,000 

1, :100,000 
1,~!00,000 
1,C)42,000 

1.47,OOO 
7 5,000 

@t92,000 
13, cm 

324,000 
100,000 
5 40,000 
45,000 

1,600, 000 
1,329,000 
1,470,000 

147,000 
-, 10,000 

T O ~ ~ I .  ............................ $2,100,461 $4,786,000 & 070,000 - -- 
Analysis by types of services -- 

Shipment 01' household goods. .......... $374,461 $1, 5117, 000 $1,465,000 

1- 248,000 Rental of nonpassenger type vehicles. . 108,628 7 - 
Transporte.l;ion of supplies and 

eqaijpent;. .......................... 1,617,372 3,073,000 .. ,357,000 

T o t a l .  ........................... $2,100,461 $4;186,000 $6,070,000 

Est int t i tas  under t h i s  head include requirements for the shipmer!t of 

- - 

personal ef'fec t s  and household goods, the transportation of comodi t ies ,  
and the accpisition of nonpassenger conveyances on a ren ta l  basis. 

Expenses incurred for the shipment of household goods and personal 
effects  of employees have been instrumental i n  a t t ract ing and retaining 
qualified personnel i n  shortage categories. 
th i s  purpose for the f i s c a l  year 1963 are, for the most part ,  required i n  
connectior. with the recruit ing of employees outside the immediate area uf 
the i r  init2.al. duty stations.  Other requirements provide f o r  the transfer 
OS employees between NASA instal la t ions when such transfers are corisidered 
t o  be i n  the best  in te res t s  of the Government. 
the re1oca.t;ion of personnel engaged i n  the manned space f l i g h t  propam from 
Hampton, Virginia, t o  the Houston, Texas, area will be substantially 
completed. Reduced requirements are therefore reflected i n  the fiEcal year* 
1963 request for funds f o r  the shlpment of household goods. 

The estimat,es submitted f o r  

During +he f i s c a l  year 1962, 
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Ship-?iiig costs re la t ing t o  the acquisition of supplies and equip- 
ment, and i n  the hauling of such items t o  and from delivery points, will 
increase .in proportion t o  the leve l  of funding'requested f o r  the procure- 
ment of commodities i n  the f i s c a l  year 1963. 
category are requirements f o r  the shipment of spacecraft and compcrnents 
t o  1aunch:Lng sites, and the movement of electronic gear t o  the global 
tracking s ta t ions.  

Included under th i s  

The ;mall increase requested f o r  the rental. of nonpassenger vehicles 

The 
is  solely related t o  the contractual motor f leet  operakions a t  the: 
Marshall Space Flight Center and other sites under i t s  jurisdicticm. 
increase :Ln program ac t iv i ty  and the maintenance of expanding launching 
areas and fabrication and engine tes t  sites w i l l  requim additional 
leased vellicles i n  support of operations, including the replacement of 
Governmen-t-owned trucks which are eligibile f o r  replacement. It is 
considered more economical t o  meet the expanding vehic1.e needs on a con- 
tractual1)ar;is i n  l i e u  of any fur ther  investments i n  capi ta l  equiriment. 
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" I O N A L  AJ3RONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ES~~MATE~ 

23 RENT, COMMUNICATIONS, AND UTILITIES 

Ana1ys:Ls -- by Location 

NASA Headqilrwters.. ............. 
Western Opera,tiona Office... . . . .  
Langley Resls~crch Center.. ....... 
Ames Resewch Center............ 
Lewis Reserwch Center. .......... 
Flight Resewch Center.......... 
Goddard Space F l igh t  Center.. ... 
Manned Spacecraft Center........ 
Marshall gpace Flight Center.. .. 
Wallops Sta t ion . . . . . . . . . . .6 . . . . .  

1961 

$603,866 

3,427,649 
116,45 1 

2,947,071 
2,411,054 

230,168 
4,139; 107 

639,875 
7,520,772 

342,061 

Total ....................... $22,378,07+ 

Analysis by Typ es  of Services 

Rents : - 
Electronic eqapmnt :  

Research compU.t;ations.. ..... $10,422,344 
Business operations......... 1,258,296 

Buildings and Land............ 415 , 982 
Other r e c . t a l s . . . . . . . . . . . . . . . . .  283,791 

12,380,413 

Communicat 1.orts : 

Local telephone and exchange 
servlc.er.. ................... 860,142 

Leased l.J.ne!s .................. 249,000 
Long-diebt;ance t o l l  charges. . . 936,839 

Telegraph service.. ........... 137,586 
Post&ge.n. .................... 6, OOo 

2,359,667 
Penalty.zmJ.1. ................. 170,100 

Ut i l i t i es :  

Electric: power.. .............. 6,300,708 
Other ul;:ilfities.. ............. 1,337,286 

7,637,994 
Total. ...................... $22,378,074 

1962 

&O ,921,000 

1,399,000 
1,374,000 

751,000 
225, OOo 

15,000 
240,000 

4,004, OOO 

6,560,000 
1,394,000 
7,954,000 

$30,921 9 000 

$2,3(,3,000 
l%,OoO 

3,2yo, 000 
255,000 

16,500,000 
3,333,000 

io, 8:~9,000 
735 , 000 

4,780,000 
4,252,000 

$us, 4.33 , 000 

$27,2.14,000 
1,068,000 
2,995,000 

-I 824,000 
32,1~31,000 

1,720, 000 
1,618,000 
1,182,000 

266,000 

270,000 
5 , o Q m  

24,000 - 

$46,4.33,000 -. 
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Rent - 
Electronic- equipment: 

The increasing volume and complexity of mathematical. techniques 
involved i n  tihe solution of problems ar is ing i n  aerodyncunics, space 
technology, and related theoret ical  f i e lds  requires the u t i l i za t ion  of 
electronic data reduction and computing equipment, since: man cannot 
perform the necessary calculations within a reasonable t i m e  period. 
Future inw!st;igations i n  space depend t o  a considerable extent on 1;he 
capabili ty of' presently available electronic equipment to provide t ; u f  - 
f i c i e n t  dal;a from current programs on a timely basis. 

ImprcnreCL equipment f o r  high -speed operation i s  continually being 
developed, arid the uni t  costs f o r  purchase o r  ren ta l  of the advanced 
types of equipment are r is ing.  
improvement in order t o  meet i t s  program schedules and increase the 
probabi1il;:r of successful ventures i n  space. The funding leve l  proposed 
f o r  the fj.i;ct%l year 1963 will provlde f o r  additional advanced electronic 
computing eqilipment and f o r  continued use of present equipment i n  r e t i -  
ple sh i f t  operations. 
follows 0 

The NASA must u t i l i z e  every significant 

A l i s t  of the equipment proposed t o  be rented 

RENTAL OF ELECTRONIC COMPUTING EQUI€"!C - 
Number Fiscal  Y e a r  1963 Funding 

of Prime Second Third Total 
ren ta l  -- shift shift - - units  s h i f t  

ADP coqnitttsr. . . . 1 
Aut one t j. c s corn - 

puter,  . . .. . . . . . 1 
EAM .... . I . 0  ..... 1 
Miscellaneous . . - 

Langley R~mttrch -- Center: 

IBM-709O,. . . . . 1 
IBM-7070 . . . . 1 
IBN-~~OI-~ . . . . 4 
IBM-1620, . . . . . . 2 
ltLscellcuieoua. . . - 

$60,000 --- 

786,000 $164,000 
317,000 124,000 
273,000 104,000 
88,000 12,000 
269,000 

1,733,000 404,000 

$60,000 

30, OOo 
25,000 
-,35,ooo 
:1.50,000 

95 0 ,000 
1.141, 000 
377, OOO 
:1100,000 
269,000 

-I 

2,:L37,000 
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1iElITA.L - OF ELECTRONIC C 0 M E " G  EQUIPMENT - C O " U E D  

Ames Resea?& Center: 

I B M - ~ O ~ O . .  ........ 
MH-800.. .......... I B M - 1 4 0 1 . .  ........ 
Miscellaticmls . . . 

Lewis Reseagi  Center: 

IBM-7090,... ....... 
IBM-14ol.. ......... 
I B M - 6 1 0 . .  .......... 
Miscellaneous . . . . 

Number Fiscal  Year 1963 Funding - 
nird T o t a l  of Prime Second 

s h i f t  - uni t s  

1 $ m O O o  

1 406,000 
3 183,000 

- 

1 
1 
1 - 

Fl i&t  Research -- Center: 

IBM-704. . - 8 .  ........ 1 - MiscellaJilwus. ..... 

Goddard Space Fliaht  Center: 

IBM-7090.. ......... 7 

~ ~ - 6 5 0  ............ 1 
Super-speed. ....... 1 

(4th shi:E't). ....... 
IBM-1401.. . . 3 

Miscellamaus...... - 

Manned Spalgsraft Center: 

IBM-7 090. .......... 2 
I B M - ~ ~ O ~  ........... 3 
Miscellaneous...... - 

733,000 
105,000 
28,000 

sh i f t  - 

$157, 000 
52,000 

160,000 

f l  

ren ta l  
-I- 

a h i f  t -- 

- - - $1, OI..~, 000 
--* 235,000 

$38, 000 604, oo0 
- c.~o,OOo :m 1,91,.7,000 
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RENTAL OF EWECTRONIC COMPUTING EQUIPMENT - CONTINUED - 

Number 
of 

uni ts  

Marshall r;Ece F l i a t  Center: 

- 

IBM-7090. t . 
IBM-141O.. . *.. . . . 
IBM-1b:L.. . * " . . . . . . 
Mtscel1wnecx.m. . . . . . 

Wallops SIx5t:ton: 

IBM-7090. . . . . . 
I B M - ~ ~ o , .  . .,,. . . . . . . . 
M s c e l l m x u s .  . . . . 

Totei.. . . . . . . . . 

Fiscal  Y e a r  1963 Funding 
Prime Second Third Total 

$20, ?92,000 $5,, 152,000 $2,838,000 $28., 282,000 - - LI: 

Buildings cmcl land: --- 
Becawe of anticipated increases i n  staff and the f a c t  that  several 

buildings now occupied are scheduled t o  be torn dawn, NASA Headquarters 
w i l l  require approximately 150,OOO square f e e t  of office space i n  t h e  
Dis t r ic t  olf' Columbia i n  addition t o  space now occupied and t o  become 
available -in 1963. 
the Office of Manned Space Flight,  consisting of about 460 employees. 
Several small. area recruit ing offices will also be established at  such 
places as New York, Los Angeles, and Dallas. In  some instances, thsse 
will require rentaL of office space. 

The additional space w i l l  be used primarily t o  'house 

The Marshdl Center w i l l  need about 285,000 square fee t  of off ice 
space i n  Huntsville during 1963 t o  house a par t  of t h e i r  staff. 
buildings scheduled f o r  completion i n  1963 w i l l  f ree  some of this space 
t o  house new employees and contractor employees from the Mchoud P h t  
detailed t o  Marshall f o r  training. 
house a varying number of personnel i n  space near the At.Lantic Missile 
Range until  appropriate f a c i l i t i e s  become available. 

New 

In  addition, it will be necessary t o  

Most (of the Manned Spacecraft Center personnel and :€'unctions will be 
transferred fromHampton, Virginia, t o  Houston, Texas, pr ior  t o  Junc 30, 
1962. Current construction schedules provide f o r  completion of the f i rs t  
permanent lwildings i n  FY 1964. Until  t ha t  time, leased off ice  space must 
be used f a r  a staff which will increase from about 1,200 on June 3O,, 1962, 
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t o  about 2,400 on June 30, 1963. 
f e e t  w i l l  be required. 

A t o t a l  of approximately 480,000 isquare 

Rental. space w i l l  be required i n  1963 f o r  a computing f a c i l i t y  i n  
New York t c ,  be used i n  the Goddard Space Flight Center's programs 
involving theoretical  studies a t  various universit ies i n  the area. 
Goddmd w i l l  also need t o  rent  temporarily office, storage, and labora- 
tory space i n .  the Dis t r ic t  of Coluuibia area pending completion of 
permanent quaxters a t  the Center. 
continue. 

Tracking s ta t ion leases w i l l  ds13 

In  1963, it i s  planned t o  continue t o  rent an off ice  building a t  
Santa Monica, California, t o  house the Western Operations Office, the 
functions of which have been expanded t o  include technical as well as 
admini s tre.t,ive work. 

Other rentale: --- : 
Estinutes are included f o r  the f i s c a l  year 1963 t o  cover other 

ren ta l  reqyirements f o r  such items as small calculators, duplicators, 
recorders, tape units, and facsimile posting equipment. Such items are 
used a t  al.1. NASA locations. 

Communications 

The intensif ied space program i s  a di rec t  factor  i n  support of the 
increased funding requested f o r  the f i s c a l  year 1963 f o r  communications. 
The comple!l;icm of new research and development f a c i l i t i e s ,  the establish- 
ment of a nev Center a t  Houston, Texas, and the proposed. staff increases 
w i l l  requ3.1.e additional loca l  telephone and exchange senrice. 
stantiall jr  a l l  of the funds requested i n  t h i s  category &re f o r  rent'al of 
instnunent;t;, associated equipment, and switchgear. Relocation of 
telephone equipment t o  accommodate necessary reassignment of persorinel 
i s  also included. 

Sub- 

The j.ntensified program, new f a c i l i t i e s ,  and increased staf'f %rill 
also direc-bly a f fec t  the need f o r  long distance t o l l  service. 
timely execution of the agency's missions necessitates c:onstant communi - 
cations w i t h  other Government agencies, contractors, and the sc ien t i f ic  
community :in coordinating programs of mutual. in te res t .  The resolutdon 
of difficu:Lt:ies i n  preparation f o r  launch operations and the necessary 
contacts with global tracking s ta t ions during the immediate post- 
launch per:ioti also require the use of long distance telephone f a c i l i t i e s .  

The 

Leased :Lines have been found t o  be more economical and expeditious 
i n  handlilq3 communications when t r a f f i c  load factors are  sufficien1;ly 
high, o r  idle11 specific need f o r  an independent system ar ises .  Often, 
t r a f f i c  load factors  may warrant the use of more than one l i ne  between 
certain locations. 
f i s c a l  year 1963 follows . The proposed schedule of leased l ines  fo r  the 
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CObMUNICA~ONS - W D  I;CNES 

.- :Leased Lines 1961 962 L963 
NASA Headqmrters: --- 

Washington to  Langley Center......... 
Washington t o  Western Office... . . . . . .  
Washington to  Atlantic Missile 

Range.............................. 
Washingtm t o  Manned Spacecraft 

Center............................. 
Washington to Lewis Center........... 
Washington t o  New York............ ... 
Miscellaneous t i e  l ines  and circui ts .  

$9,00 
41, OOO 

$9,000 
56,000 

:18, ooo 
5,000 
1,000 
2, OOO 

g,ooo 
200,000 

27,000 
:L2, OOO 
6,OOO 
22, OOO 

200,000 

Langley Research Center: 

4, OOo 4, 000 4,000 Langley Cbn.ter t o  Wallops Station.. .. 
Lewis Resegah Center: 

Cleveland. to Plum Brook Station...... 
ClevelanB. t o  NASA Headquarters.. ..... 
Cleveland. to any point i n  the eastern 

half cd' the United States.. ........ 
Flight Ree.eruvh -- Center: 

Edwards, C e d i f . ,  t o  E l y  and Beatty, 

Edwards zmct San Bernardino, C a l i f . ,  
Nevada,, ............................. 
t o  Angc!l''s Peak, Nevada, and 
Boron, Cttlif....................... 

Goddard S p g :  FU&t Center: 

Silver Z3pr:tng t o  m86A Headquarters.. . 
Goddard -to Valley Forge & Princeton.. 
Goddard to local key points.......... 
Goddard -to Atlantic Missile Range.. .. 
Goddard to Wallops Station........... 
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COMMUNICATIONS - LEAGED WNES - CONTINUED 

Leased Lines 1961 1962 - 
Manned Spacecraft Center: 

Langley Center t o  Atlantic Missile 
Range.............................. 

Langley Center t o  St .  Louis, Mo...... 
Langley Center to NASA Readquarters.. 
Langley Center t o  Downey, C a l i f . . . . . .  
Langley Center t o  Houston, Texas.. ... 
Houston t o  Downey, C a l i f . . . .  ......... 
Houston t 'o Marshall Center.........,. 
Houston t o  Atlantic Missile Range. ... 
Houston to AMR (closed c i r cu i t  TV) ... 
Houston to St.  Louis, M o . . . . . . . . . . . . .  
Houston tpo New Orleans, La.. ......... 
Miscellar.eclus t i e  l i nes  and circui ts .  

Marshall S i s e  Flight Center: 

Marsball. t o  Atlantic Missile Range.. 
Marshall. t o  Patrick AFB.. ............ 
Marshall. tcr AMR (video).. ............ 
Marshall. t o  NASA Headquarters. ....... 
Marshall. t o  Langley Center.. ......... 
Marshall. t c )  New Orleans, La .......... 
Marshall. t o  Birmingham, A l a . .  ........ 
Marshall. t o  key local  points ......... 
Marshall. t o  Santa Monica, C a l i f  ...... 
Pt. Mugu t o  Pt .  Arguello, C a l i f .  ..... 
Miscellatiecus t i e  l i nes  and c i rcu i t s .  

88,ooo 

$18,Ooo 
20, OOO 
9, 000 

18,000 
28,000 
12, 000 
10,000 
21, OOO --- 

--e 

1963 

124,000 
14,000 
97, OOo 
28,000 
14, OOO 
54,000 
17, OOo 
23,000 
55,000 
5,000 

Wallops Slxtion: 

--- --- Wallops :Cs:land t o  Wallops Station.. .. 
Wallops Stution t o  NASA Headquarters. --- 4,000 5,000 
Wallops tjttdion t o  God- Center. ... --- 4, 000 5,000 

1, OOo 

wallops tjttztion t o  -gley Center. . . 4,000 

To-tfil............................ $249,000 $751,000 $1,J82,,000 

Mino:? increases are requested f o r  telegraphic service, postage, and 
penalty rmLil:ings i n  d i rec t  support of the program leve l  proposed for the 
budget year. 
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Utili t ies 

Electric power: 

Requirements under t h i s  head axe largely concerned with the opcr- 
ation of research f a c i l i t i e s  at the Langley, Ames, and Lewis Research 
Centers. 
transonic, the 7- by 10-foot tuwels and the Unitary Plan tunnel at the 
Langley Center w i l l  require additional parer, and nominal increases are 
anticipated. a t  the other research centers. 
Space Fl igh t  Centers wi l l  need additional p m r  f o r  newly completed 
f a c i l i t i e s ,  and the Manned Spacecraft Center at  Houston, Texas, w i l l  start 
operations i n  t h i s  time period. 

Increased usage of the air removal system f o r  the 16-fwt 

The Coddard and Marshall 

Other util5.t ies:  

I n  addltion t o  routine heat and water consumption, some major 
f a c i l i t i e s  such as wind tunnels and nuclear reactors require large emounts 
of gas, waotter., and steam under pressure f o r  e-rimentaL operation and f o r  
f a c i l i t y  cool-ing purposes. These requirements are grouped under the head- 
ing of 0tb.w u t i l i t i e s .  
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NATIONAL MRONAUTICS AND SPACE ADMINISTRATION 

Analysii; by Location 

FISCAL YEAR 1963 ESTIMAIIZS 

24 PRINTING AND mPRODUCTION 

Headquartt,: =rs........................... 
Western Operations Office.. ........... 
Langley Rei;eiarch Center.. ............. 
Ames Resetxrcln Center. ................. 
Lewis Rese<%rc:h Center................. 
Flight Research Center................ 
Goddard Spacle Flight Center.,......... 
Manned Spacecraft Center.............. 
Marshall Space Flight Center.. ........ 
Wallops Station....................... 

1.963 - 1961 1962 

$1,437,000 
3,000 
42,000 
8,ooo 
25, OOO 
2,000 
'70,000 
30,000 
450,000 
:Lo , 000 

Total.. ..................... $779,691 $2,0'77,000 $ & 3 3  

AnalyF;is by Typ es of Printing 

Scient i f ic  and technical reports. ..... $183,625 $ 496,000 $ '[44,000 
Special reports and brochures......... 165,090 754,000 1,U3,W 
Printed forms and letterheads......... 141,779 243,000 X8,OOO 
Micellaneous printing and binding..... 289,197 584, OW - '796,000 

Total., ...................... $779,691 $2,077,000 $3,:321,000 - 3 

HAsA printing funds are used primarily t o  defray the  cost of printing 
scientific and technical reports and publications used by NASA,industrial 
contractors, other Government agencies, and the sc i en t i f i c  community a t  
large; for the preparation and publication of special reports and 'bro- 
chures distributed t o  the general public and educational inst i tut ions;  
for  printing, of technical and administrative material largely f o r  use 
within the agency; and f o r  binding of technical periodicals t o  be placed 
i n  the litlrexies of the agency f o r  use by the NASA sc i en t i f i c  and 
technical staff . 

The ac len t i f ic  and technical reports and publications printed by 
the NASA include knowledge newly acquired i n  the conduct of the  agency's 
awh research and development programs as w e l l  as that acquired through 
other than NASA sources, such as translations of pertinent foreign 
publicaticjns. 
and selected as permanent reference documents and consti tute o f f i c i a l  
public repor.Cs on the agency's operations. The reports are widely 
used by the military organizations, the a i r c r a f t  industry, the air 
transport industry, contractors engaged i n  a l l i ed  fields, other 

Cer ta in  of the agency reports are carefully evaluated 

All'. 1 . 



Government agencies, educational inst i tut ions,  and sc ien t i f ic  organ- 
izations End. individuals, A l imi ted  distribution is  also made t o  
selected public l i b ra r i e s  throughout the country. As the data from 
the various types of space exploratitjns and investigations c.wrently 
planned ttecctmes available and i ts  significance is analyzed and related 
t o  current; ksowledge, the number of reports w i l l  increase, and additional 
funds wi1.3. be required fo r  t he i r  printing. 

Them is an increasing public demand fo r  maherial on the program 
content, objectives, and accomplishments of the NASA. An active program 
t o  meet t;his demand is  now i n  progress, including the publication and 
dissemina1;ian of material fo r  use by educators a t  the s t a t e  and lclcal  
levels. Material fo r  use i n  recruit ing the sc ien t i f ic  t a l en t  requ!ired 
i n  carrying out the agency’s programs i s  also provided f o r  under p i n t i n g  
f’unds . 

Prin’xing of technical and administrative materials f o r  use w i t h i n  
the agency :is an  expanding requirement as the s i z e  and complexity of the 
agency incrt, sases 



MTIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

1961 
AuQrsis c- by Location 

NASA Headquarters. ............. 
Western Oprcitions Office.. .... 
Langley Re!;tm~rch Center. ....... 
Ames Reseeu*ch Center. .......... 
Lewis Resetwch Center.. ........ 
Flight Rese!arch Center. ........ 
Goddard Spwc! Flight Center. ... 
Manned Sptc:ecrsft Center. ...... 
Marshall E!]rac:e Flight Center.. . 
Wallops Sfxtion. ............... 

$ 4,812,586 
7,768 

1,966,460 
831, 000 

1,295 7 727 
338, 000 

1,739,000 
587,000 

8,603,861 
9779 000 

Total. ..................... 
AnalysiELkr Type! s of &mixes 

Repairs, eiltorations, and d n o r  
construcxion. ................ 

Mi scellanaour; s e m i  ces ......... 
Servlces of other agencies.. ... 

Tota l .  ...................... 

$ 5,524,902 

5 9 603,500 
10,030, OOO 

$21 158 402 

1962 

$13,917,500 
14, 000 

2,293, 000 
1,250, 000 
2,003,000 
1,092,000 
3 ,62000  
3,503, OOo 

15,864, OOo 
2,217, 000 - 

-.- 1963 

$45,773 500 $67 693 000 

F’undtr requested under this heading are used for:  (1) repairs and 
alteration13 -to buildings, f a c i l i t i e s ,  sc ien t i f ic  equipment, shop and 
off ice  equipment, and mobile equipment; 
services in specialized sc i en t i f i c  and engineering areas, managemerit 
analysis wid administrative systems and controls, maintenance ac t iv i t i e s ,  
services n.t4qidring largo or  unusual. shop equipment, and i n  other special- 
ized areat; such as preparation and dissednat ion of educational exhibits 
and materirela f o r  use within and outside the United States; and (3)  f o r  
services xaos-t economically obtained from other agencies of the government, 
such as scxwrity investigations ( C i v i l  Service Commission), auditing of 
major conlxracts (Army and Navy), downrange tracking and recovery of’ 
experimental payloads at Wallops Station (Navy), and mitscelhneous mainte- 
nance and operational services at specific locations (eamg., Army ai; the 
Marshall :3:?m:e Flight Center, Air Force a t  the Atlantic Missile Range, 
and Agriculture at the Goddard Space Flight Center) 

(2) commercial miscellmecms 
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Repairs, aJ&:mtions, and minor construction: 

There i s  a continuing need f o r  routine repairs and al terat ions t o  
existing bitil.dings, f a c i l i t i e s ,  and equipment, par t icular ly  f o r  
f a c i l i t i e s ,  cmd components t h a t  are being operated close t o  maximum 
capacity ciri urgent programs related t o  space missions. 
new techniques are developed and perfected, a l terat ions t o  f a c i l i t i e s  
become esse!nt;ial t o  permit their u t i l i za t ion  i n  the mostp effective 
manner. 
additional f a c i l i t i e s  often saves considerable t i m e  i n  gett ing new parts 
of a program under way which would otherwise have t o  w a i t  f o r  the next 
authorizatdori b i l l  f o r  a suitable f a c i l i t y .  
of instrunw!nt;ation and equipment is also done under this,  heading. Repairs 
and alteras1;ions t o  shop and off ice  equipment, t o  u t i l i t y  ins ta l la t ions  and 
air comprer;scr systems, and t o  automotive equipment and a i r c r a f t  form a 
minor but necessary part  of the requirements. 

I n  ada t ion ,  as 

For the same reason, minor construction under $250,000 of modest 

Modernization of major items 

Miscellane5,uE; services: 

As the! riation's space program expands there will be a greatly 
expanded rieedl to u t i l i z e  commercial and non-profit organizations having 
specialized scient i f ic ,  engineering, and technical capabi l i t ies  not' 
available, or available only t o  a limited extent, within NASA. I n  such 
areas as reU.abili ty monitoring, operation and programming of electronic 
computing ~mdl data reduction equipment, and f eas ib i l i t y  studies of 
certain pbsuas of space missions, the u t i l i za t ion  of such organizations 
will assist; materially i n  meeting our launch schedules w i t h  the hig,hest 
probabilitly of success. 

Many nmtagewnt and administrative problems associated w i t h  rapid 
organizaticjned expansion can best  be analyzed by outside groups whcl 
specialize i n  these services. 
the most in@ort&t management and administrative problem during the 
f i s c d  yeex 1.963. 

It i s  planned t o  contract, f o r  studies on 

In  order* t o  provide f o r  adequate dissemination of t,echnical and 
general ird'ormation t o  the public and t o  technical user8 about the Nation's 
space progi*ani a broad technical information and education program i s  
planned fcw f i s c a l  year 1963. 
pictures, nDMle exhibits, and material f o r  use by teaching staffs, and 
an e f fo r t  t;o col lect  and col la te  technical data on past  and ongoing 
programs f o r  wide use. A substantial  contractual effort, will be needed 
i n  this area. 

This will include publications, motion 

Maintpe!namce services include custodial services, rodent control, 

Shop services include machine 
and chemical cleaning, the need f o r  which will increase along w i t h  
increased plant and operational level.  
shop services f o r  components too large or  too colnplex f a r  in-house 
equipment. 
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Services of' -- &her agencies: 

Particularly at locations where such services are readily available, 
the mAsA makes use of other agencies of the government on a reimbursable 
basis. The services obtained vary from maintenance and custodial services 
to operaticln of a small  weather predicting stktion, snd include auditing, 
contract administration, downrange tracking and recovery of payloads at 
Wallops Sta.tion, and machine shop services. There is a saving realized 
by obtaining the services in t h i s  m e r ,  and in some cases the service 
is only avsLlsble from .the agency involved. In 1963, there will be 
continued need for services of other agencies in support of the space 
program. 
for the Presidential Missile Sites Labor Conrmission. 

!be estimate includes $30,000 to cover NASA's share of expenses 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATE8 

26 SUF'PIJES AND MAT'ERIAIS 

NASA Headqm.rters .............. 
Western Opsrations Office ...... 
-gley Research Center ........ 
Ames Reserarclo Center ........... 
kwis Resamxh Center .......... 
Flight  Reslsarch Center ......... 
Goddard Spm% Flight Center .. . 
Manned Spacecraft Center ....... 
Marshall Space Flight Center ... 
Wallops S*tBti.on ................ 

Analysis b;y types of supplies 

Building in~teridls ............. 
Chemicals ...................... 
Electr ic  ....................... 
Electronic ..................... 
Fuels and lubricants ........... 
General maintenance ............ 
General qpr ,a t ing  .............. 
General service ................ 
Hardware  ....................... 
Instrumentation ................ 
Metals ......................... 
Missiles, a i rc raf t ,  and 

vehicle,s ..................... 
Office ......................... 
PhOtOe;r..iC ................... 
Pipes, valves, and f i t t i n g s  .... 
Publicatisns, pamphlets, and 

dOC.ntS .................... 
Tot d...................... 

$ 365. 0o0 
13. 000 

3.285. ooo 
1.604. 000 
3.775. 000 

376. 000 
1.094. 000 

205. 000 
4.250. 000 

849. OOO 

$15.816. 000 

$ 386. 000 
776. 000 

L796. (330 
1.882. 000 
1.772. 00 

547. 000 
1.363. 000 

402. 000 
617. ~0 
880. 000 

1. 795 . 000 

145. 000 

$15. 816 ., 000 

183. 000 

$22. 004 . OOO 

$ 1.017. 000 
35. OOo 

5,:1.61,000 
2.000. 000 
6. .. 17. 000 

~ 6 8 .  000 
1. 800. O0O 
1.850. 000 
7. 300. OO0 
1..!00. OOO 

$27. 648 . 000 - 

$ 631. OOO 
t380. OOO 

2.107. 000 
3.'[14. 00 
3.162. 000 
1.074. 000 
2.335. OO0 

m3. OOo 
1.031. 000 
1.1159. OOo 
2.:. 05 . 000 

295. 000 - 
$27.648. 000 
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This abJect heading comprises the supplies and materials used f o r  
operations at all. lgAsA locations. 
cation of qperimental compontnts, research apparatus, auxiliary equip- 
ment and t e s t  rigs. Also included are expendable items used i n  machine 
shop and :Instrument work, and materials fo r  maintenance and imgrovwmnts 
t o  buildings and f ac i l i t i e s .  Propellants, fuels, and lubricants for 
small-scale and large-scale tests of propulsion devices w e  other m j o r  
i tems .  Wnor i t ems  such as office, msdicdl, security, and safety 
supplies, together w i t h  miscellaneous i t e m s  such as photographic supplies 
and subscriptions t o  publications, mdre up the balance of the require- 
ments. 

Included are zuateridlrs for fabr$.- 

As operations at all Centers continw to t o  support larger 
and more lzoqplex space missions, the supplies and materials consumed w i l l  
increase lboth i n  nuniber and i n  the quantity of each i t e m  used. Inventory 
control i s  practiced at  all NASA locations, and the inventories are kept 
a t  the level required fo r  efficient operation. 
not used are returned t o  stock, and surplus lists are exchanged t o  
permit transfers of items between locations. 

Supplies withdrawn and 
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NATIONAL AERONAUTICS AM) SPACE ADMINIS!I!RATION 

FISCAL YEAR 1963 E S T I W S  

31 EQUIPMENT 

1961 - .,- ,1963 

NASA Headq-mrters ................... $ 149,000 $ 303,000 $ 752,000 
Western Operations Office........... 24,000 50,000 35 , 000 
Langley Research Center. ............ 1,963,000 2,293,000 3,017,000 
Ames Reseasch Center................ I, 758,000 1,810,000 2,648,000 
Lewis Research Center. .............. 3,632,000 5,787,000 5,950,000 
Flight Reseaxch Center.............. 357,000 578,000 1,1228,000 
Goddard SFlace Flight Center. ........ 1,442,000 3,432,000 3,325,000 
Manned Spacecraft Center.....4...... 328,000 3,951,000 2,356,000 
Marshall Spa,ce Flight Center.. ...... 2,839,000 5,587,000 6,1t175,000 

615,000 ~,1500,000 Wallops St~ation~..................... 560,000 --- 
Total.. ....................... $13,052,000 $24,406,0W+ $27,b86,000 

Analysis Qr types of equipment -- 
Electrical  and mechanical equipment. 
Instrumentation and electronic 

equipment............. ............ 
Portable hand  tools................. 
Photographic, reproduction, and 

draftin@, equipment................ 
Machine and fabrication equipment... 
Chemical equipment... ............... 
Office and laboratory equipment..... 
Motorized vehicles and marqml 

handline equipment... ............. 
Firefighting equipment... ........... 
Medical and safety equipment........ 
BO0kS.............o.........oo.o~o.. 

$ 3,476,000 $ 6,172,000 $ 6,823,000 

5,482,000 8,722,000 11,080,000 
175, cmo 488,000 378 000 

521,000 934,000 1, .L93,000 
1,028,000 2,621,000 2,707,000 

175,000 283,000 '553,000 
1,724,000 3,854,000 3,691,000 

315 , 000 5.14,OOO 1't86,000 

95,000 1'74,000 :131,000 

7,000 43 , 000 47,000 
54,000 601,000 :397, 000 

Total. ........................ $13,052,000 $24,406,000 $27,h86,000 

The equipment needed t o  support the research and development i tc t ivi t ies  
undertaken a t  NASA instal la t ions is included here. Other equipment items whxh 
are direct ly  program- oriented o r  kela'bed t o  construction of faci1il;ies 
are  contained elsewhere i n  the estimates. 



To m:iiiimize expenditures f o r  the procurement of capi ta l  equipment, 
surplus 1L~t:ings of other Government agencies are carefixlly screened f o r  
available items e Other economies, par t icular ly  i n  the procurement of 
electronic and recording instruments , are affected through the estab- 
lishment o P  centralized equipment pools at  all installations,  thereby 
assuring greater u t i l i za t ion  of existing items and reducing requirements 
f o r  the p:rcmxement of new equipment 

The :Funding level requested ref lects ,  i n  addition t o  the procurement 
of new equipment, a continuation of the agency" s conservative replacement 
program f o r  items which have outlived the i r  economic usefUness. I:n many 
instances,, replacements w i l l  a lso be required as a result of the ttldinical 
obso1escei1:e of existing equipment 

As iil3icated above, approximately 77 per cent of the increase requested 
i s  attribiita'ale t o  instrumemtation and electronic equipment, such as  
oscillographs, potentfome tess , analog computers , pressure and temperature 
measuring instruments, telemeters, and recording equipment. 

Prec.ise measurements are v i t a l l y  necessary i n  the conduct of research 
investigations and exploratory experiments. To t h i s  end, the best instru- 
mentation should be u t i l i zed  so tha t  test  objectives and program require- 
ments are not compromised, A portion of the items which we replaced with 
new equipment are u t i l i zed  i n  research operations where some degree. of 
variance i n  accuracy is acceptable; others are salvaged t o  provide com- 
ponents for  use inthe construction of instruments which are either 
una-kai1ab:l.e commercially o r  are excessive i n  cost. 
research, hovever, a high equipment a t t r i t i o n  rate  i s  unavoidable. This 
i s  pwticii larly t rue i n  those areas where equipment is  used t o  insi,rument 
rockets wliic'h are launched into the atmosphere and are  firretrievab1.e. 
Work on high-performance military and commercial a i r c ra f t  also con1,ribute 
materially t o  the need f o r  advanced instrumentation. Of the  increase 
requested in  the budget year fo r  i n s t m e n t a t i o n  and electronic equipment, 
70 per cent is required i n  support of the fundamental research effort at  
the agency ' s research centers. 

In  many fields of 

Increased funding w i l l  a l so  be required fo r  e lec t r ica l  and mechanical 
equipment. 
of research rigs and test  stands and f o r  the improvemenl; and modernization 
of processing systems and service instal la t ions e 

as e lec t r ic  motors and generators, transformers, pumps, f i l ters ,  wilves, 
gy-roscopes, and pressure gages, A substantial  portion of the tot&. 
requirement under t h i s  head is  required i n  support of operations ai; the 
Lewis Center, A t  t h i s  site, research ac t iv i ty  on power plants and com- 
ponents, rwkiliary power units,  and on toxic and exotic fuels are conducted. 
i n  numerous test ce l l s  where research r ig s  and test  stands are  constantly 
being erecte3Z, torn down, and rebuilt .  Requirements at  the other IIIASA 
i n s t a l l a t  i m s  are mostly for  improving and modernizing u t i l i t y  instal la t ions 
and the replacement of overaged equipment 

Items under t h i s  &ass are primarily required i n  the ei-cctAon 

Included are such items 
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All o:F the increase requested f o r  photographic, reproduction, and 
drafting cqu:lpment is  i n  support of work at the Wallops Station, 
expansion of launch operations at  th i s  s i t e ,  and the characterist ics 
of new and improved sounding rockets and small  launch vehicles generates 
the need for  modernizing certain item of equipment. The high al t i tudes 
now being attained i n  Wallops launchings and the greater range coverage 
require improved photographic and optical  equipment f o r  support of the 
radar and telemetry tracking systems, 
instal1at:twu; are expected t o  remain constant f o r  the fiscal year 1963. 

The 

Requirements at  other NASA 

Minor increases are being requested fo r  chemical arid f i r e  fighting 
equipment to support program requirements and f o r  thti Mintenance cif 

essent ia l  :supporting services 



IWTIONAL AERONAUTICS AND SPACE ADMChn[sTRAT1[010 

FISCAL YEAR 1963 ESTIMWES 

1962 1963 

NAW Headquarrrters.. ...................... $8,753 $U,O,OOo $3~0,000 
2, OOo Langley Re~earch Center.. ................ --- --- 
1, OOo Ames Resewrcli Center..................... --- --- 
1, OOo Lewis Resasrch Center.o.................. --- --e 

1, OOo ooddard miaCQ Flight Center. ............. --- --- 
--- 1, 000 Manned Spwecraft Center. - - --- ................ 

Total. ................................. $8,753. $11O,OOo $~16,000 - 
UL-ys:Ls -A by types of payments 

Tort clairw.. ............................ $5,753 $ 10,OOO $ 16,000 
Awards . . .  .............................. ;. 3,000 1.00,OOo 1"00,000 - 

Total.. ............................... $8,753 $11O,OOo $1.16,000 

The e:r;t:imtes under this head provide f o r  the payment of accid.ental 
damage cln;imc3 t o  property result ing from the conduct of the agency's 
operationt;, tmd for the payment of monetary awards f o r  sc ien t i f ic  and 
technical contributions pursuant t o  Section 306 of the National 
Aeronautic:; and Space Act of 1958. 

The rumimts included f o r  the f ield instal la t ions f o r  the f i sca , l  year 
1963 cover the administrative delegation of payments for  minor tort '  claims 
t o  the fie!:Ld offices. 



NATIONAL AERONAVPICS AND SPACE ADMINISTRAITION 

FISCAL YEAR 1963 ESTIMATES 

SUMMARY S,FREQUIRENENTS 
Page 

1961 1962 - 1963 NO. 

Advanced. Technical 
Develcpnent . . . * $ 2,737,000 $ 2,258,000 $ -- RDO 1-2 

Pro,ject Mercury i s  the  i n i t i a l  s tep i n  the NASA Manned Space 
Flight I3:ogram. 
man’s ca].?abilities i n  the space environment and t o  develop the 
technology required fo r  rnanned space f l i gh t  missions. 

The objectives of t h i s  project are t o  determine 

JUST IF’ICATION : 

A L L  p~eliminary steps leading up t o  manned o rb i t a l  flight were 
successfu1:Ly completed by the  end of calendar year l96l. 
included ,the manned suborbital f l i gh t s  by Astronauts Shepard and Grissom, 
which qualified the basic f l i gh t  systems i n  the  space environment; 
a single-orbit mission of an instrumented spacecraft;; and a two-orbit 
mission vi-sh the  chimpanzee, Enos, i n  the spacecraft;. The o rb i t a l  
f l igh ts  -te;;ted a l l  of the spacecraft systems and the &round tracking 
and da t t r  acquisition systems. 

These E)teps 

FY 1963 funding i s  required for the  last f l i gh t s  of Project 
Mercury. h the  f i n a l  Project Mercury missions, a manned spaceci’aft 
w i l l  be @Xed into earth-orbit, w i l l  c i rc le  the earth for three 
orbits,  -13 w i l l  return t o  earth. 
planned for FY 1962 with several successive manned o rb i t a l  f l i gh t s  
extending into FY 1963. 
support %t Cape Canaveral, recovery operations conducted by the Navy, 
meteorol~gical support provided by the U. S. Weather Bureau, f l i t$& 
monitors at %he world-wide tracking network stations, and the 
acquisition and analy?,is of f l ight  data and results. 

The first of these missions is  

F’unds requested w i l l  provide for contractor 



7 FUNDING REQUIREMENTS: -- 

Advanced ;&hnical ................. 

1961 1962 - 

With tke planned completion of Project Mercury i n  FY 1963, no 
additional. advanced technical development funds w i l l  be required f o r  
t h i s  project. 

Flight Prc~grams - 1961 - 1962 - 1963 ._ 

Capsules, Ecluipment , and 
Service€;.................... $60,474,000 $301,215,000 $7,569,000 

Tracking, Data Acquisition --- - -- and Corit;rol Network.. ....... 25,254,000 

Flight Operwtions ............. --- ~-,091,000 2,490,eloo 

Recovery Operations ........... 5,029,000 x!, 833,000 3,200,0130 

Launch Veliicles ............... 
l’otctl.. ............... 

-, - - 30,836, ooo ~€1,881,000 - -- 

Capsules, Equipment, and Services 

FY !~96:j funds are required t o  support the e f fo r t  of the Mercury space- 
c raf t  corrmtctor (McDonnell Aircraft Corporation) through the completion 
of the pi:oJect;. 
preparation of each spacecraft pr ior  t o  f l igh t .  

Funds w i l l  primarily be used fo r  contractor eff0i.t i n  the 

Tracking, Data Acquisition, and Control Network - 
FY :~‘96.1 funds for the  procurement, instal la t ion,  t es t ing  and operation 

of the P:mject Mercury tracking, data acquisition and control network w e r e  
included in t h i s  category. Completion, modification, :Lmprovement and 
operat,ioin of the network i n  FY 1962 and FY 1963 a re  noid funded i n  the 
Tracking znd Data Acquisition Program. 

Flight Operat ions 

FY ,1963 funds w i l l  support the remaining Mercury manned orb2l;al 
f l i gh t s  currently planned f o r  that year. 
the support by the  U. S. Weather Bureau f o r  meteorological services, t he  
services of f l i gh t  monitors at  world-wide tracking stations, and -‘;he 
acquisition md analysis of f l i gh t  data. 

Included i n  t h i s  catego:::y is 
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Recovery Op erations 

These funds w i l l  provide f o r  reilribursement t o  the TJ. S. N a v y  f o r  
t he i r  serviclss i n  recovering the Mercury spacecraft. 
is provide% not only i n  the eight primary recovery areas i n  the Atlantic 
Ocean but also on a contingency basts around the en t i r e  world. 

Recovery support 



NATIONAL AERONAUTICS AND SPACE ADMIESTRATION 

ADVANCED MANNED SPACE FLIGHT< 

Page 
No. - 1961 - 1962 1963 

Manned Spacecraft 
Technology $ 2,020,000 $ 14,952,000 $ 11,'j'64,000 RDO 2-3 

4,246,000 l'j',24kLF 19,320,000" RDO 2-4 
ll5;0&5,500 832,544,000 RDO 2-6 ----. --- 

Total $ 6,266,000 $147,241,500 $863,628,000 

OBJ-ECTIVES: , / \  --- 
Tc, c a r r y  out the manned exploration of space, and t o  develop man's 

capabi1it.y t o  perform effect ively i n  the space environment. As the major 
step ir, the present program, t o  achieve a manned lunar landing and r e t u m  
t o  earth. 

J U S r n V  I\ v n v :  
--I- 

D e q i t e  impressive accomplishments and improvements i n  ins  t m n t  

Man's 
design, precision, and r e l i ab i l i t y ,  the most significant achievements in 
space 161.1 r e su l t  from man's presence i n  the space environment. 
unique a b i l i t y  t o  make c r i t i c a l  decisions, t o  observe, and t o  reason 
cannot, be: duplicated, even by the most advanced technical systems. 

'Isle first major step i n  manned space exploration will be a mission. 
t o  l m c l n l a n  on the moon and return him safely t o  earth. As the  Preside:nt 
stated. i n  May, 1961, the earliest achievement of such a landing fs one 'of 
th i s  1Sfatj.on's goals. 
t o  take advantage of the experience and information gathered from each 
successive s tep i n  the overall  program which includes Project Nercury, 
Pro j eel; Cemini and Project Apollo . 

The Advanced Manned Space F l i a t  Program is  designed 

Pi?oJect Mercury was planned as the i n i t i a l  e f f o r t  i n  the United States 
manned space flight program. The project, through t;he b a l l i s t j c  sub- 
orb i td i  flights of astronauts Shepard and Grissom, has already provided 
fundanrm1;al data on man's reaction t o  zero gravity and his a b i l i t y  t o  
perfom effect ively i n  the space environment. By the end of FY 1962, 
Projec-i Mercury w i l l  have provided detailed inf'ormation on man's capa- 
b i l i t i e s  i n  8 weightless state f o r  periods of up t o  4 1/2 hours. 



As t he  next step in manned space flight, and i n  order t o  take! maxi- 
mum advantage of the successful Project Mercury experience, Mercury 
capsules are be- rmdified to accomplish maned missions of one-day 
duration. 
and w i l l  expse mers t o  considerably extended periods in the space 
enviromr nt- e 

These xniraions w i l l  makc msximum use of the Mercury synctem 

F’rcc,;jec:t Gemini, which w i l l  follow the  manned one-- f l igh ts ,  i s  
based on the decision Illade i n  FY 1962 to i n i t i a t e  the development of 
a rcnde5,?r01iP-.in-ea~-orbit technique as a w a n s  of achieving an early 
manned 1.1mctr hndigg. 
capabfli-tics, and the l imitations of boosters avai1abl.e i n  the near 
butlmre, *bbc rendezvous technique m y  make a manned lunar lauding pos- 
sible  be:to:ro one can be achieved through the d i rec t  accent approat.&. 
Project GeiaLni will use advanced two-man Mercury-type spacecraft, and 
is decsigaed to produce the necessary experience in reru3ezvous techniques 
through t h e  practice of rendemow and docking maneuvers with 8 modified 

By overcoming tthe l imitations of current booster 

&m-B booster stwe e 

Measwhile, NASA w i l l  continue t o  press the d e v e l o p n t  of the direct 
ascent aethod of reaching the =on, ba8ed on the NOVA launch vehicles, 
a n  w e l l  as the rendezvous method, bared on the Advanced Saturn, .in order 
t o  achieve the e a r l i e s t  posrible manned lunar landing. 
method,? a common Apollo spacecraft is being developed. Both Project 
Mercury arid Project Gemini w i l l  produce da-h which w i l l  be incorwrated 
into the <lesi@ and o p r a t i o n  of the A p U o  spacecrafte Project Apollo 
is pro@;res;sing on a schedule fully con@atibh with developments in  the 
necesswy launch vehicles. 

For either 

19u: 1lp0U0 spacecraft w i l l  be modular. The crew‘ w i l l  be housed i n  
a conmuid nodule, a senrice module w i l l  contain suppc~rt and various 
p.mpul.r;io~i syatem, ana a lunar landing module w i l l  be added t o  Ian& 
the cormmid and service modules on %he moon. 

The effort devoted to Apollo will be substantially increased i n  
FY 196~3$ a8 the development of the command and eemice modules 
builds 
of“ f’%fgh% hardware w i l l  be in i t i a t ed  i n  F Y  1@3 using so.lid rocket 
suborbit&l :Launch vehicles 

yp,, and as the first  %est hardware is  delivered. T e q t s  

The Wrmed Spacecraft Technology effort provides necessary support 
t o  Project Gemini ma Project 40110, exploring alternative ~~w 
landing syaPtx?mrs and conducting in-house evaluation and testAng of 
contrac%clr desrelopmerat~ e 1% also funds contracts f o r  indcpend.ent 
studicbi8 of state-of-the-art technology and altema%i\re methods S 
achieving program objectives 



Miasion a~wJ-ys3.s $ 363,000 $ 857,000 $ 480,000 
Systemrr developuent & anaI.ysis 1,657,000 10, 520, OOO 6,ix), ooo 

2,050,000 - 225!B&E OperationaL methods and oyatem --- 
Mission simulation and 
training --- 1,525,000 2,235 O ( 0  

'Po lnrcure successful and t inc ly  completion of' the G e m i n i  two-manned 
spacecraft and the Apollo lunar landing spacecr&t, the Manned Sprscecraft 
Center ertgetges i n  intensive, in-house t e s t  and evaluation of spaciscraft 
and reU.4;etl a n a  contractor developments. Alternate spacecraft s ystema 
a r t  etlm 1)e evaluated as potential  backups or  replacements for the primary 
syatema. The Maned SpucecraPt Center contracts under this project for 
rervicci; t o  obtain independent evaluations of state-of-the-art 
for stutkiea of a l ternate  tcchniqucs f o r  accomplishing technical ob jectiveo, 
and f o r  :prCicurenaent of existing hwdware t o  be tes ted and evaluated by i t s  
technicin1 :prsonnel. 

Mission Analy sir 

This area provides for  the analysis of manned space flight misriona 
t o  determine optimum trajector ies ,  guidance and control requiremmto, 
abort, considerations, and tracking and data acquisition requiremr?nts. 
From such o tudies, recommndations regarding configurations, guitlerncc 
and control tcchniquea t o  be util ized, as w e l l  as p i lu t  display :-equire- 
mmts ard other operational techniques ; W i l l  result. 
th1s area w i l l  be theoretical  in nature. Dtveloprmnt of specific hard- 
w a l e  recrul.ting f r o m  these studies will be funded under System Develop- 
ment mCt Analysis. 

'The studies i n  

Systems Development and Analysis 

Bt:is area provides f o r  the evaluation of backup spacecraft 
system; hardware, spacecraft t es t  instrunrentation, a d  sc ien t i f ic  
equipmmt as required t o  supgort the manned spacecraft missions. 

RDO-2-3 



Mission Simulation and T r a i n i n g  

Studies of mission simulation requirements euld the development of 
mission simulators and crew training equipment are funded i n  this area. 
All phases of orbi ta l ,  circumlunar and lunar landing flight are con- 
sidered i n .  order t o  simulate on the ground m y  of the tasks  and 
problems that the astronaut w i l l  face i n  space. 
rendezvoum amd docking process is particularly important t o  both 
Project Ge!mJ.ni and Project Apollo. Advanced technical studies and,. 
deve lopr i t e  on these problems provide a base f o r  the requirement€, 
of each of the f l i g h t  projects. 

Simulation of the 

Operational Methods and Systems 

Stutlieia and evaluation of operational techniques and mb-systems 
are fkde1 in. this area. A l l  phases of a mission are  :investigated 
including preparation for' launch, launch, earth-moon ccmmunications 
and control, earth landing and r e t r i eva l  s7stems operation, grounli 
handling and displays of f l i g h t  data. 

--=+Aerofipa,ce Medicine 
1961 a -a 

~ g c e ~ . e r a t i o n  and weightlessness $1,830,000 $ 6, 130, OOO $ 6,275, &I 
efj'e c:ts 

Radi.ation protection 

aid rmnitoring 
L .̂" 

T s t a l  

1,190,000 ~;,800,000 5,410, OOC 
1,226,000 4., 656,000 4,780, OOC 

-- 2,658,oOo 2,855, OOC! 

The Aerospace Medical effort i n  the W e d  Space Flight Pro(;rmns 
ha6 the obkectives - ------- QLinsuripg the safety, r e l i a b i g t y  an& effective 
performance of the fkqt  and grZ+ operaTAons persZ.me1 a u r a  -we 
prepa.rat&-.t and conduct of manned f l i g h t  missions. 
omectives"on k tlme'>cale compflible w i w t h e  development and flight 
schedules, development and testing effor t  isneeded -. i n  the follow$ng 
areas: 
f?Yr Apol.lo; lis support systems requirenents; and medical selection 
a& mnj.tc)qing of ~ ~ e w s .  
stantia.2- portion of this work w i l l  be accomplished at, Department of 
Defense f a c i l i t i e s  on an individual task basis. 

To ac6';Tmplish these 

e f fec ts  of weightless&so and acce&ation; r e a t i o n  Protection 

~n ad-i;'lion t o  indusWid contracts, a sub- 

Acceleration and Weightlessness Effects 

flit physiological e f fec ts  of prolonged periods of zero gravity are 
It is necessary t o  evaluate the possibly harmful e f fec ts  of not kntrlm. 

streoe m human subjects due t o  changes i n  the gravitational-inc:rtial 



force-enirircxment. 
ground baseil approximations of selected portions of Project Apollc~ 
and othe:r a:pacc flight prof i les  in disorientation devices t o  study 
t h e i r  pe:ycho-phy@iological. responses t o  the varied force environ- 
ments t o  be encountered W i n g  manned space f l igh ts .  

Human and animal subjects w i l l  be exposed t o  

Aninlgtl. experimntation is required t o  validate findings and 
extrapoln,ted assumptions obtained from the above study program + 

E f f o r t  in 'IT 1.963 will provide for the completfon of d.eve1cpment 
of anim:, cqeriments a n 3  the required equipment, which was 
s ta r ted  :i31 FY 1962, 

Booiitc:r phuse and reentry acceleration forces anticipated during 
manned q a c e  flight prof i les  will be duplicated in aynamic flight, 
sirmilators t o  study human physiological reactions t o  such forces, 
Other stress factors 6uch as noise and vibration which may advermly 
affect9 p i l o t  performance and produce undesired psycho -motor perfonnancc 
aberrations must be determined, Performance degradation and pcycho- 
phyoiological tolerance limits muot be defined fo r  each planned :Itlight 
mission profile.  
the effectjs of space f l i g h t  and f o r  ground based studies. In  adlitLon, 
the deve5lc)pmnt of specific in-fl ight experiments will be accomplished. 

The development of bio-sensorP is required t o  (svuluatc 

Radiation Protection 

Pmttxtion of the ApoU.0 f l i g h t  crews from radiations in  q a c e  
which i r E L  be encountered during the circtmlunar and manned 1unei.r 
l a n d i r y g  missions is the primary obJective of work in  tihis area. 
i n  FY :t$3 includes the folliowing e s s c n t i d  parts: 
biomedical, tes t ing of Apollo shielding materials and t e c h 5  ques; 
deveio'pm&n-t. and. tes t ing of instrumentation t o  masure the radia';ion dose 
secti.vzd by the crews; continuing studies t o  define the biological 
effects cf the energy spectra and fl.ux levels which m y  be encsmtered 
durfng scilar events; and cosrelstion and analysis of physical d3ta 
0btain.e.d on the space radiation environment to e n h a t e  the hazwdr;, 
aaaoci.cilx!d with the several mission profiles.  

Ef fork  
developmnt and. 

Life Support System 

I)rm~lopmnt and tes t ing i n  l i f e  support and environmental contyol 
requi:%rnents and mthodology i n  I 3  1963 is  necessary fo r  tihe lc~nger 
dura t im ( 7 -14 day) f l i g h t  mission prof i les  of Pro,jcct &Mini and 
Pro je't, .Apollo. This e f fo r t  should determine ekdequa'ce atmaspheric 
composition and investigate methods of mintaining -that a~ospl~eepe 
w i t h i n  permissible tolerances t o  avoid accumulation of toxic gfseu 
ana particles,  trace cont&n,ants,and humidity in the cabin. 

Ikvelopment of res t ra in t  and posit ional systems and methol9sr t o  
mint,airt optimal. musculo-skeletal tone w i l l  parallel developmnt of 



nutriticlri end w a e k  disposal equipment and techniques. 
intra-arid extra-vehicular f u l l  pressure s u i t  and system requirements 
and tecktiiqueo f o r  escqx?, transfer, survival, and rescue w i l l .  con- 
s t i t u t e  tt fmbrtantial segment of the e f fo r t  i n  l ife su.pport systems 
otudies. 
and poyc9io-physiological e f fec ts  of environmntal facttors t o  be 
cncounte!reii i n  maned space flights. 

Developmnt of 

fiuman subjects w i l l  be used t o  study system performance 

C r e w  Nedical Selection and Monitoring 

Thtz siiccess of the manned f l i g h t  missions w i l l  be related bSrectly 
t o  the ;rel:iability of the crews involved. 
extend lxyond any heretofore experienced, considerable study Will. be 
devoted to the development of well-defined and meaningful psycho3.ogical 
and physical examinations and tes t ing of astronaut candidates. 
necessary for  groups of subjects with varied physical features and 
mental postures t o  be subjected t o  searching physical examinations and 
laboratory analysis while under normal and stress conditions. These 
group6 . w i . l l  experience complete ba t te r ies  of psychologic€tl tests t o  
determine the psycho-physiological factors  regarded as essent ia l  for  
astronauts. 
of a d d i t i o n a l  astronauts f o r  manned space flight. Development 0:: 
biomedical monitoring equipmnt and techniques, and s:ystems f o r  *che 
collection., storing and processing of psycho-physiological data * w i l l  
a l so  be pursued i n  FY 1963. 

decause mission prof i les  

X t  is 

Studies in this area are required pr ior  to the selection 

Fl ight  I’rctaram 

PiLWvleCl Che-Day Mission --- 
Capsul.es, equipment & 

Flight operations 
Rec:ovc?ry operations 

mnrices 

Total 

G e m i n i  

-- e-. , $12,180,000 

Spazecraft 
Spaloecrait development 

Engineering -- $ 7,9(>0,000 $22,~100,000 
F,sbricat,ion and procurement -- 26,1(x),ooo .86, (KX),OOO 
Flight test support -- -- 2,:-50,000 

;Supporting development -- - ,- 5 ,  fiOO, OOO 
(Operational support -- 699,500 15, :BO, 000 

RDO-2-6 
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1961 1962- 163 
Laundh vehicles 

T i t a n  11 
Atlas-Agena 

--- 

Total 

Apollo- 

Ccammd & service module 
Lauiar landing module 
Gw:i&mce and navigation 

3z;t:rumentat ion & sc ien t i f ic  

q?zr,%tional mipport 
SJpporting development 

system 

equipment 

Launch vehicles --- 
Scllid, suborbital 
Se.twn, C - 1  

Total, Project 
Apollo and 
Launch Vehicles 

Total, Flight 
Programs 

-- $54,246, ooo $617,164,000 

-- $n5,04:;,500 $832,544, ooo -- 
MANNED -- 3NE-DAY MISSIONS 

The rapid progress on Project Mercury in  the fo:m of succemful 
manned sub-orbital f l i gh t s  and unmanned o r b i t d  t e s t  f l i g h t s  anti the 
Fmrnediate prospect of manned o rb i t a l  f l i gh t  i n  FY 1962 has led 50 a 
change ia. the current planning for the t o t a l  resources o t  %he project. 
Effort has been in i t i a t ed  i n  FY 1962 and w i l l  be continued i n  FY 1963 
t o  mod.5.fy four Mercury spacecra9t t o  carry astronauts on one-day 
m i s s i c m  of about eighteen orbi ts  around the Earth.  This modification 
effort, wjl .1  extend the time that a Mercury spacecrd t  w i l l  support a 
ma31 5x1 orbi t  from the current 4&-hour mission t o  a 24-hour mission. 
Four nvuvied one-day missions are now planned for the l a t t e r  part of 
1962 and early 1963. 

!Cl3e objectives of the rmaned one-day mission include the whieve- 
ment of  space flight .for the longest period possible at the e a r l i e s t  



date possib.le; the collection of data on m ~ t n ’ s  reaction t o  zero gravity 
and t o  tlie ,space e n v i r o m n t  for extended geriods of t b e ;  the co2llection 
of data 4311 the functioning of spacecraft sub-systems over extended 
periods of time; and the real izat ion of the rmximum potent ia l  of I’roJect 
Mercury. 
value t o  both the two-man spacecraft developm%nt, Project Gemini, and 
the threlz-man spacecraft developmnt, l?roject Agollo, 

ILnSorPaation from these longer duration flights w i l l  be of 

Mercury-Atlas launch vehicles similar to  those used on Project 

The Mercury tracki1.x 
Mercury f l i gh t s  will be used for  the manned. one-day missions as w i l l  
the Project Mercury ground support equipment, 
network, augmented in FY 1962 lspecifically f o r  this purpose, will be 
used t o  eupport these one-day flights. 

Capsules, E q u i p n t  and Services 

Fmbk are requested t o  support moaification of the f l i g h t  sgace- 
craf t  by the McDonnell Aircraft Corporation and contra.ctor e f for t  a t  
the launch s i t e  through completion. of the one-day mission. 
of the lirst; four Mercury spacecraft w i l l  include the addition of more 
cooling capacity for equipment such as the inverters md telemetry 
transmit;-;ers, the addition of three 3,000 watt-hour bat ter ies ,  all.dition 
of hydrogen peroxide t o  be used by the a t t i tude  control j e t s  and heating 
equipmerl-5 ‘LO keep the h6rizon scanner within temperature limits during 
the longt?r f l igh ts .  I n  a number of areas equipment and supplies w i l l  
not need t o  be modified but w i l l  be u t i l i zed  at  t h e i r  designed crtpacity 
rather -Lhan at the reduced levels used during the three-orbit fl:i.ghts. 
In order t o  handle the s l igh t ly  increased weight of the mod.ified 
Mercury capsules,  posigrade and retrograde rockets more powerful than 
those u133d i n  the current Ekrcury w i l l  be procured, 
early FY 1$:3 a rocket for the posigrade and retrograde syst+em, iising 
higher spec.Lfic iwpulse propellants which are currently available 
within the s~tate-of-t,he-mtB w i l l  be qualified fo r  the one-day mission 
spacecraft. In the area of services, contractor personnel are  located 
at  the launch s i t e  f o r  preparation of the spacecraft, mnitoring of the 
spacecraft during f l igh t ,  and f o r  post f l i g h t  examination. 

Modification 

:In J?Y 1962 and 

Flight Operations 

Itemk i n  t h i s  category support the conduct of the four manneia 
one-day f l igh ts .  
vehicleE;,, the tracking network and the miassion controll system t c  insure 
adequatx: preparation for f l ight , ,  This also includes such items as 
meteorol.ogical m q p x - t  yrovsded by the U,S,  Weather Elureau; f l i g h t  
monitors by the Philco Corporation and the acquisiticin of telemetry 
data by the Federal Electr ic  Corporation, Funds support these crgani- 
zationc; for services to he p e r f c m d  through completion of the cine-day 
missionr;. 

Activit ies include t e s t  and checkout of the launch 
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Recovery Op erations 

Fun.ds budgeted i n  t h i s  category axe required for spacecraft 
recovery services, Recovery semices f o r  the one-day mission will be 
provided. by the U.5, Navy, as has been done for Project Mercury. 
planes, cund helicopters w i l l  be deployed i n  a nuniber of areas t o  pick 
up the spacecraf't and pilot., These areas include Cape Canaveral t o  
cover the possibi l i ty  of an abort when the vehicle is jus t  off tbe pad, 
near C a p :  Canaveral for an abort during the early stages of P l i g k t ,  
the ent i re  f l i g h t  path from Cape CanaveraL t o  beyond the predicted 
landing ;?oint; i n  case of a U t e  abort, and the regular: impact areas 
f o r  reculze:ry from orbi t .  
comp1et:im of the planned one-day missions. 

Ships, 

li'unds requested oover these services through 

GEMIfJI 

A major advance i n  NASA planning f o r  manned f l i g h t  has occu:i.-red 
within the l a s t  eight months. It has become apparent t ha t  the use of 
the rendezvous technique offers the possibi l i ty  of achieving a mwed  
lunar landing  e a r l i e r  than does the direct  ascent method. 
the Advanced Saturn launch vehicle, expeztedto be completed p r i x  t o  
the Nove. launch vehicle, and rendezvous methods, it may be possible t o  
send the  f q o l l o  spacecraft t o  and from the moon before such a t r i p  
would  be possible using the Nova. The rendezvous and, docking of space- 
c r a f t  mid boosters i n  space m y  be compared t o  aerial. refueling i n  tha t  
it makes possible the resupply of a vehicle i n  space, thus extending 
its mission capabili t ies.  The rendezvous maneuver makes it possible t o  
put a cnicl-1 larger effective payload i n  space with a given type c f  
booster, 
booster capability available, the development 09 the rendezvous technique 
w i l l  en.zb:Le us t o  get the most out of our e a r l i e r  boosters. 
manned orb i t a l  f l i gh t s  become more frequent, there w i l l  'be instances 
when pc:rsonncl transfer and spacecraTt repair ceeds will. make the 
mastery o:e rendezvous technology essential .  

By using 

Since our planned manned space f l i g h t s  are limited by the 

Alho, as  

I3 l i g h t  of the attractiveness of the rendezvous concept i% is  
necesssry t o  determine how be& t o  rendezvous and dock spacecrz'X 
and propulsion stages i n  space and whether t h i s  technique shoulri be 
applied t o  the manned lunar landing, 
docking, technique development effor t ,  has been in i t i a t ed  in  FY 1962. 
The t w o - m a n  spacecraft t o  be used i n  Gemini  w i l l  be launched into earth 
orb i t  b y  Titan I1 vehicles. The spacecraft w i l l  rendezvous and dock 
with a, specially configured Agena stage that has been launched 
on a 1LtI.a~. 
direct!-y applicable t o  the accorrrplishmnt of a lunar. Landing w i t h  an 
ApoUo spacecraft 

ProJect Gemini, a rendezvms and 

The rendezvous capability tha t  is developed here is a lsc  
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Project Gemini  flight missions are now planned t o  begin in  
mid-1963, m r e  than a year before manned f l i gh t s  i n  Apollo. In 
addition t o  developing and tes t ing  rendezvous asd docking tech- 
niques dcr lng  o rb i t a l  f l igh t ,  these missions w i l l  t r a i n p i l o t s  
i n  spacecraft control and maneuver. Gemini missions KL11 a l so  
expose astronauts t o  weightlessness and the space environment 
for pericds of time approximately as long as those necessary 
f o r  f l ight  t o  the moon. 

Spacecraf't Development 

The spacecraft t h a t  w i l l  be used in  the Gemini development 
project is a successor t o  the Mercury capsule. 
t h i s  two-mmed spacecraft has been in i t i a t ed  i n  FY 1962. 
end of' 37: 1.962, engineering design w i l l  have been coqpleted and 
production of the spacecraft ini t ia ted.  Peak production of the 
spacecraf't w i l l  be reached during FY 1963. 
f l i g h t  cd' the spacecraft is now planned f o r  the middle of 1963. 
Althougk. t h e  spacecraft w i l l  be based largely upon Merwny tech- 
nology, :.% w i l l  require new subsystem f o r  reaction control, on- 
board pcrcrei*, in-space maneuvering, and control i n  order t o  meet 
the demuida of increased spacecraft s i z e  and extended msnusrerable 
f l i g h t  

Developmnt of' 
By the 

The first qualification 

Spacecraft and subsystem design and development k r i l l  p ro f i t  
from experflence with the Mercury capsule, 
will. be de.eaigned t o  allow easy access t o  component subsystems, an 
importam; ccmsideration in spacecraft checkout and repair  
system components w i l l  be designed and developed employing a 
modular (xmcept so tha t  they may also be used i n  l a t e r  spacecraft,, 
such as -$he Apollo, and to permi t  easy replacement when necessaq'. 

The spacecr.aft structure 

Sub- 

Gexaini -plans provide f o r  the development and production of 
twelve (:L2) two-manned spacecraft of which three (3) w i l l  be 
refurbir;lzed for re-use if necessary. 
booster ,stages w i l l  be modified t o  ac t  as rendezvous target  
spacecrd't. Three (3 )  of these will be spares. 
f l i g h t  missions planned, eight (8) will involve rendemous/docking 
operations 

Eleven (ll) Atlas-Agena 

Of tlie twelve (11.2) 

Operational Support 

Operstional support services f o r  the f l i g h t  missions w i l l  bt: 
provided b;y organizations other than the primary spactscraft con- 
t rac tor .  :Flight operations, landing and recovery, at  IZ re la t iveqr  
low level in  FY 1962 and par t  of FY 1963, will make heavy demand:; 
during the f l i g h t  program, 
personnel fkployed with the tracking net and a t  the control center 

Costs f o r  additional cont:ractor 
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and costs of necessary ship operations w i l l  appear i n  this category. 
Major emphasis i n  FY 1962 and ear ly  FY 1963 is on flight simulat:ion 
and mission analysis e A ground-based program of rentkzvous tech - 
nique development, simulation, and t ra ining has been in i t i a t ed  in 
FY 1962 m.d w i l l  reach an optimum leve l  during FY 1963. 

Supporting Development 

Fluids i n  this category cover the developmnt of project com- 
ponents arid t e s t  items that are not generally included in the prime 
contrac*tor8s effor t .  Items tha t  have been in i t i a t ed  in  the Manned 
t3paceci::b-t Technology area and are approaching the hardware fabri -  
cation stage are continued in t h i s  area, 
of i t e n  i s  the paraglider that may be used i n  the spacecraft larding 
system. 

An exaanple of t h i s  tyre 

Spacecraft landing m d  recovery w i l l  differ markedly from %he 
Controlled land landings of %he techniques employed with Mercury, 

spacecraft rather than l a d i n g s  at sea are  an objective of the 
project,. 
naval f'orces f o r  the recovery of the spacecraft at  sea is  such 
tha t  any  maas for avoiding, o r  a t  least minimizing th i s  e f fo r t  is  
h i m  desirable, 
anythj3g like a routine basis, spacecraft mst be designed t o  a l ight  
on larid at specified locations. Although the spacecrdt  will b3 
designed to land a t  sea. as well, a vigorous e f fo r t  i s  under way t o  
find tt solution to  the land landing problem., 
evalutrted ana tested, an a i rp lme type of banding using a paraglider 
shows bhe most promise, Landing and recovery techniques and experi- 
ence w i l l  be 02' great value in solving similar prob1,ems with the 
heavier Apollo spacecraft , 

The magnitude of t h e  ef for t  required t o  de:ploy adequate 

If' space f l i g h t s  are t o  be accomplished on 

O f  the concepts being 

Launch Vehicles 

The Titan 11, as modified f o r  Gemini, w i l l  be used as  the 
The Titan I1 is launch. vehicle for the two-manned spacecraft. 

necesEary t o  boost t h i s  larger spacecraft into earth orbit w i t h  8 

minimun pre-launch period on the pad. 
Titaa.  11: f o r  t h i s  project w i l l  not require extensive development of 
new c:cmponents. 
for the procurement of f i f t een  (15) vehicles, of wbich three are 
spare :3 . 

The mhor W i f i c a t i o n  of tihe 

FY 1363 funds requested are the second increment 

'he Atlas-Agena launch vehicle w i l l  be used as the rendez,vous 
target  ;;pace vehicle. 
serve. both as an upper stage on the A t l a s  launch vehicle and EI,S the 
rendczvx~s target ,  

The specially configured & e m  stage w i l l  

B e  Agena stage win undel*take =Y necessa,ry 



gross orb:Lt changes and maneuvers and the named spacecraft w i l l .  
carry cyut the terminal docking maneuvers. 
Atlas b ~ o s t e r ,  an init ial  firing of the Agena stage % r i l l  be re- 
quired t o  achieve earth orbi t .  
then be used f o r  the primary rendezvous naneuvers as directed by 
the astronauts in the spacecraft, 
second increment for procurement of eleven (U) launch vehicles, 
of which three are  spares. 

Following launch on tm 

The Agena restart capability w i l l  

FY l$3 funds shown are the 

'IZte Apollo project covers the &velopIrb=nt and fabrication of 
a versrctile multi-manned spacecraft t o  carry astronauts on a 
lunar :anding and return mission a t  the e a r l i e s t  practicable date. 
The spicecraft, with i ts  associated on-board propulsion stages, 
is  ber'.ng designed t o  perform its mission using e i ther  the rendez- 
vous or  -the direct  asccint approach. 

Ikv12lopmnt of the Apollo spacecraft w i l l  be conducted i n  
three phases. 

In  tihe first phase, a manned Apollo spacecraft w i l l  be plrtced 
i n  a 300 nautical m i l e  orbi t  around the ear th  fo r  periods as long 
as two weeks, 
and evaluate the spacecraft systems and components and t o  conduct 
rendezvous maneuversc 

This mission wi l l  provide an opportunity t o  t e s t  

I h  the second phase, circumlunar flight and f l i g h t  i n  o rb i t  
arowcil tbe moon will permit close examination of lunar terrain 
and e,sscssm?nt of spacecraft systems for the final lunar landing 
rnissi.c>n,. 

!Be third phase of the project W i l l  be the mmed  lunar 
landing with the Apollo spacecraft and seturn t o  the earth, 

:E'o:mid.able obstacles must be overcome i n  the design and ctevel- 
opment of a spacecraft that w i l l  protect three astronauts from the 
hazarls of the space environment. 
manned spacecraft t o  leave near orb i t s  around earth and enter outer 
space. 
spacecraft by micrometeorites, and the e f fec ts  of prolonged 
weightlessness, i n  addition t o  the mre basic probLems of mec:iani- 
ca l  re l iab i l i ty ,  a l l  combine t o  challenge the ingenuity of scien- 
t i s t s  and technicians. 

The Apollo w i l l  be the first 

The problems of exposure to radiation, puncture of thc 



Based on experience with the  Mercury capsule and in-house and 
contrac:tor studies of the  requirements f o r  a lunar landing space- 
craft;, NASA selected a prime contractor f o r  the ApoI3.0 spacecraft 
i n  E?! 1.962. 
and 6;eneral specifications f o r  the  spacecraft, contractor prclpos- 
als vere subsequently evaluated and North American Aviation 
Coqxmation w a s  selected as prime contractor. The prime 
cont;i?actor w i l l  develop and fabricate the spacecraft and 
coordinate associate contractor effor ts .  

Contractor briefings were held on the: requirements 

Command, Service, and Lunar Landing Wdules - 
Tlie Apollo spacecraft w i l l  be constructed of separate mod- 

ule:;,, each designed t o  f u l f i l l  specific mission requirements. A 
comro;mnd module w i l l  serve as a control center f o r  spacecraft and 
kawich operations, house the crew during missions,, and serve as 
the entry and l a n d h i ;  vehicle f o r  a l l  missions. A service module 
wil:L house support systems and components, and wi:U incorporate 
the :propulsion systems required f o r  emergency abort, retro- 
pro1sil:;ian f o r  return from earth orbit ,  mid-course f l i gh t  pal;h 
cormction, lunar orbit ,  and lunar takeoff. Lunar landing w:i.U 
be :%:complished by the  addition of a lunar landing module 
con1;ai:ning a propulsion system. 

The modular method of construction offers  f l e x i b i l i t y  i n  
assembling spacecraft configurations; each spacec:raft w i l l  be 
coqpmed of the modules necessary t o  f u l f i l l  mission objectives. 
The same command module configuration w i l l  be used f o r  a l l  missions. 
The lunar landing module w i l l  be used only on lunar landing inissions, 

The prime contractor w i l l  develop the cornmanla and servi1.e 
modules. An associate contractor w i l l  be s e l e c t e d t o  build the 
lmsr landing module. 

Major e f fo r t  i n  FY 1962 has been devoted t o  the study O F  the 
Feasibi l i ty  m y  problems t o  be faced i n  spacecraft development. 

t e s t s  at the laboratory l eve l  are also being conducted on 
potent ia l  solutions t o  design problems. 
1963 the contractor w i l l  design spacecraft modules and components 
and carry out tes t  programs on early configurations of the design 
iterm. Boilerplate models of the command module w i l l  be f l o m  as.. 
payloads on developnental Saturn f l i gh t s  i n  1963 t o  t e s t  
various re-entry configurations. By the  end of FY 1963 init iat: ion 
of the spacecraft fabrication f o r  the first phase of the project 
i s  plamed. Examples of design, development, and. test  e f fo r t  on 
problems connected with the  comrmand, service, and. lunar landing 
modu les  tha t  w i l l  be conducted i n  FY 1963 are  noted below. 

In both FY 1962 and FY 
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O f f  -t*he-pad and post -launch abort systems must be provided f o r  
the  cormnand module. The most d i f f i c u l t  abort task w0ul.d occur while 
the modu1.e is i n  the atmosphere, and it i s  necessary t o  separate and 
clear the module from the launch vehicle. Since the  launch vehicle 
would haw re l a t ive ly  less drag than the  spacecraf't, merely separcting 
from the  :Launch vehicle would not be suff ic ient .  The spacecraft must 
be able c?:itlier t o  outrun the  launch vehicle o r  t o  get off t o  one side 
and l e t  i;he launch vehicle go by. An escape tower incorporating high 
thrus t  rol?kets, similar i n  pr inciple  t o  that used f o r  t he  Mercury,, m y  
be used. Once outside the atmosphere, high thrus t  is no longer rc- 
quired an3 the escape tower can be je t t isoned.  
on-board the spacecraft w i l l  then be used t o  provide the  veloci ty  
increments required for return t o  earth from an aborted mission. 

The propulsion system 

Selection of the command module detai led configuration is a major 
focus of a t tent ion i n  FY 1962 and w i l l  continue t o  be so during FI 
1963. Ccnfiguration of the Apollo command module w i l l  be marked1,y 
different  from both the  Mercury and Gemini spacecraft. 
entering the  ear th ' s  atmosphere w i l l  i n i t i a l l y  be t ravel ing a t  speeds 
i n  excess of 35,000 feet per second. 
w i l l  have t o  withstand reentry heating conditions considerably higher 
than those previously encountered by manned spacecraft. By je t t isoning 
the service module pr ior  t o  reentry only the  command module w i l l  need 
thermal protection, but the  provision of effect ive protection, particu- 
l a r l y  fmm radiat ive heating, involves extensive design and tes t  of 
proposed solutions. 

Spacecraft re -  

A s  a resul t ,  the spacecraft 

In  order t o  minimize guidance problems on return t o  earth fibom 
the moon and problems i n  landing and recovery, it is essent ia l  t o  
give the  module maneuverability so tht the  reentry corridor is  
wider and the recovery areas can be predetermined. Through the use 
of modu:le configurations with & lift t o  drag r a t i o  of 1./2 or  higher 
it is  possible t o  achieve maneuverability without incurring the  
weight penalty of an  additional propulsion system. 

The on-board propulsion system tha t  is  t o  be included i n  th'? 

Instant start and re- 
service module w i l l  provide propulsion f o r  a l l  space 'maneuvers and 
w i l l  u t i l i z e  a highly r e l i ab le  propellant. 
start d u i n g  f l i g h t  and maximum impulse with minimum weight and 
space a re  objectives of t h i s  system development. A propulsion 
system usi.ng storable hypergolic propellants w i l l  be designed and 
developed by a North American sub-contractor i n  FY 1962; other 
backup cLeE;igns and developments w i l l  be pursued t o  insure tha t  t he  
best on-board propulsion system i s  available on a timely basis e 

The designing of an Apollo command module she l l  that i s  re- 
sistant; t o  meteoroid darnage i s  another area of concern. 
satelli-;e:; t h a t  w i l l  be flown by NASA should help mswer the  question 

Sc ien t i f ic  



of how imch hazardous debris is found in space. However, data Yrom 
studie:; 0x1 material penetration and cratering at meteoric speedri 
are neeiied, t o  design and test structures f o r  the ApoUo spacecrtrit. 

Guidance and Navigation System 

The basic guidance and navigation system for the Apollo 
spacecraft is being developed by the Massachusetts Ins t i tu te  of 
Technology Instrumentation Laboratory, an associate contractor on 
the project. 
w i l l  ccntinue during FY 1963. The MIT Instrumentation Laboratorywill 
develop the system; liowever, operational syStfBlS w i l l  be procured from 
industr ia l  sources. 

The contract f o r  the system was l e t  i n  FY 1962 ani1 

FY 1963 funding for  these sources i s  included. 

!Re system all be an integral  par t  of the command module arid 
w i l l  function i n  a11 phases of the lunar landing and return mission. 
A desi@ requirement for Apo110 is t ha t  the spacecraft be commanded 
by t he  crew. 
coqut.atj.on may be available, the crew must be able t o  perform the i r  
flight, mission without external aid. 
traJec4;oiy determinations, and calculation of required corrections 
will Iw based on information from a variety of instzwrtents, such as 
autorrur%ic center and edge trackers, opt ical  instruments of the 
sex tax - t ype  and radar altimeters that  w i l l  be designed and developed 
for Apo1:Lo. 
corrections and reentry asd as a backup t o  other pgtrts of the :,ystem. 
During the midcourse phase of the f l i gh t ,  the crew may cross-check 
the system navigation results with data from the earth, but they vi11 
have t i  capability t o  navigate without such data input. 

Although information from earth-based tracking and 

Navigation masurenents, 

Inertial guidance systems w i l l  be used during velccity 

Instrumentation and Scient i f ic  Equipmat 

:FY 1962 and FY 1963 funds cover analysis of mission requi:i:ernents 
f o r  scient. if ic equipment systems and t e s t  instrumentation; the funds 
will i n i t i a t e  the design w d  fabrication of prototrpes of the x i e n t i f i e  
equipmentsystems necessary for the different  phases of the lunm 
landing and return mission. These systems w i l l  be used t o  con1ue.t 
basic sc ien t i f ic  t e s t s  while the spacec ra t  i s  i n  orb i t  around the 
h r t h  or the moon and eventually on the surface of the moon. I’est 
instrvmentation t o  evaluate the spacecraft and i ts  components in 
f l i g h t  w i l l  also be designed, developed and fabricated with these 
funds. 
requireG systems and instrumentation. 

A nurnber of individual contracts w i l l  be used t o  procure the 

Operational Support 

l a i r  i n i t i a l  levels or operational su9port are required f c l r  Apollcl 
in FJ: 1962 and FY 1963. Contractual. services are required f o r  prepa- 
ration rind conduct of suborbital so l id  rocket etnd Saturn firirigs used 



t o  test; Apollo prototype spacecraft module structures and system. 
Preparcttion of the test items for launch, data acquisition, recovery 
operationc: and mission analysis must be performed f o r  each of these 
developnental flight t e s t s .  
category w i l l  reach significant levels  when first phase flights of 
the ApcLLlo spacecraft are ini t ia ted.  

Effort  i n  the operational support 

Supporting Development 

A nmnber of supporting development tasks for the: Apollo space- 
c ra f t  w e  included in t h i s  category. The Manned Spacecrxft Center 
w i l l  deve:Lop and t e s t  system and sub-systems not included in  tke 
prime coni;ract; Center personnel w i l l  also evaluate gromising develop- 
ments fa %he Manned Spacecraft Technology area and i n i t i a t e  hardware 
fabriccGion of i tems  applicetble t o  ApoLlo. 
recovei:f devices, beacons, f lo ta t ion  and impact attenuation schemes 
for the ctmmmd module. 
sled te:;;t:;, aad drop t e s t s  of parachute recovery syst;ems, t o  be performed 
by othe:r government agencies. 

The Center w i l l  t es t  

Funds are &so included for wind tunnel. t es t s ,  

Launch Vehicles 

A ;o:Lid rocket launch vehicle will be developed and procure'd for 
the fligh-t t e s t  of prototype Apollo spacecraft modules. 
w i l l  tusdergo short range f l i g h t s  for the purpose of ctvaluating full. 
scale cim:figuration concepts, systems haramre perfo~mance, spacecraft 
structirra.1 Integrity, aad the Apollo spacecraft launch escape sjrstem 
under :;imlleLted Saturn f l i g h t  conditions. The f l i g h t  t e s t s  will. occur 
during ICY 193 ,  CY 1964 rand CY 1$5. Developmnt mci procurement of 
fo t r t eea  (14) sol id  vehicles was i n i t i a t ed  in FY 1962 and w i l l  Ire 
comgle-tmzd i n  FY 1963. 

The m~C"~ules 

Saturn C - 1  launch vehicles of an operational configuration w i l l  
boost .int:, earth orbi t  the developmental Apollo spacecraft flown i n  
the f i r s t  phase of the project. 
increment(a1 funding for ten (10) of these operationa:l Saturn C - l s .  
F l i&ts  of these vehicles are currently planned t o  begin i n  CY :1-964-. 

The FY 1963 submission includes 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAZ; YEAR 1963 ESTIMATES 

SATURN C - 1  

SUMMARY OF REQUIREMENTS: --- 
1961 1962 196 3 Page 110.. 

Vehic Le Bvelopment . . .$116,156,000 $182,106,000 $155,533,000 RDO 3-3 
Engine 3evelopment.. . . 33,823,000 39,993,000 36,743,OOCl RDO 3 4  
Systc:In S ~ p p o r t . .  - 1 23,929,000 60,094,0~0 56,961,00(1 RDO 3-6 - 

T o t a l .  . . . . . . . . . . . . . $173,906,000 $282,193,000 $249,237, OOC - - 
OBJECTI3TEE; : --- 

Tkte purpose of  t he  Saturn C - 1  development progran i s  t o  develop a 
high tl-.rixst vehicle f o r  general purpose application i n  manned or  unmanned 
e a r t h  c3.bj.t missions, and t o  provide a tes t  bed for t he  development of 
advanced systems and components associated with o r b i t a l  rendezvous 
operaticlns and the manned lunar  landing object ive.  

JUSTIFICATION : 
c-- 

The C-l configuration o f  Saturn i s  planned as a two-stage v-iiiele 
using clustered engines i n  each stage, and will be used primari1,f f o r  
placing approximately 10 tons of  payload in to  low ear th  o r b i t .  ‘me first, 
stage (3-1) is  under development a t  the Marshall Space Fl ight  Center, and 
uses th?  H - 1  (188,000 poilnd thrust) engine produced b;y the Rockexlyne 
Divisioi  o f  North American Aviation, Inc.  Production of the S-I stage 
w i l l  be performed by the Chrysler Missile Division a t  the  NASA MI-choud 
Plan”, i n  Lmisiana.  The second stage (S-IV) i s  being developed by the 
Douglas .4ircraf t  Company, and uses the  A-3 l i qu id  hydrogen engine pro- 
duced by tlie P r a t t  and Wnitney Division of United Aircraf t  Corpo~at ion , 

Rocket engines used f o r  the Saturn C - 1  vehicle are developed under 
separate contracts and supplied to t h e  respective stage contractors as 
government f’urnished equipment. The H - 1  engine t h a t  is used on the S-I  
stage i s  nearing completion of the  development necessary :for manned 
ra t ing’  The simplifications that have been incorporated have been 
successf’ul and should provide a high degree of  r e l i a b i l i t y .  The A-3 
engine is hasical ly  the  same as t h a t  used on the  Centaur launch vehicle  
T h i s  engf-ne w i l l  be capable of  producing 15,000 pounds; of th rus t  and 
w i l l  be I;he f i r s t  flight engine t o  u t i l i z e  the high en.ergy propellant 
combinathx-t o f  l i qu id  oxygen and l i qu id  hydrogen. Changes t o  the basic 
Centaur Etn@ne are kept t o  a minimum leve l  consistent with the  6 engine 
c lus te r  used on the S-IV stage o f  the Saturn C-1, 
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The Saturn C-1 development prograa of fe rs  the eizrliest pos,:;i- 
b i l i t y  Df tlie realization of a multi-ton payload capi3bility for  the 
initia:L p:hase of the manned lunar landing program. 
Saturn 1C-.l program w i l l  support the development of high vehicle system 
reliab:i:Li'ty, which i s  of  great importance t o  the performance of manned 
mission:;. 
gaining esseii t ial  experience i n  the development, fabrication, and flight, 
of I-argt: rzul.ti-stage launch vehicles; i n  t h i s  sense, it w i l l  serve as a 
valid point  of departure f o r  the developmen-L of the larger  and niOi*e 
complexAilv&nced Saturn and Nova vehicles which w i l l  be needed f o r  manned 
lunar 1.stnding and manned interplanetary space flight. Much of the  know- 
ledge required for the  development of tliese larger  vehicles can be a 
logical extension of  experience gained i n  the Saturn C-1 pmgram i n  such 
areas as system engineering, manufacturing, materials processing, t e s t  
and checkout procedures, instrumentation and f a c i l i t i e s ,  ground support 
equipment, transportation of  stages, and, even possibly, booster recovery. 

In  addition:, the  

The program w i l l  a lso serve as a prototyp: e f fo r t  foil 

Tbs  curren-tly pl.anned f l i g h t  t es t  program i s  div.ided into t 1 ~ 0  major 
phases-:Block I and Block 11. 
SA-4), t h e  tes t  plan i s  .to launch the Phase I S-I stage w i t h  dUmri3;Y upper 
stages -to explore control and environmental conditions, tracking and in- 
strumen;;ation problems, and the operational requirements of  large! vehicles, 
The fir:;-t :3hck 1 vehicle was launched i n  October 1961 with vir tual ly  
complete success; analysis o f  the f l i g h t  data i s  now underway to permit 
the  inco:Toration or" any necessary design changes into subsequent, vehicles (I 
The Block ;:I f l i gh t s  ( f l i gh t  vehicles SA-5 through SA-10) w i l l  cclnsis'i of' 
the RiaEx? 111 S-I  stage (modified f o r  two-stage use), the  S - N  stage, sLnd 
an ins-tnmieiit iinit and payload. 
Block I1 vehicles include the S-I/S-IV staging, the S-N stage opera.t:ng 
capabilit.ies, and the system guidance and control function thi-0ug.h S - N  
stage cutof ' f .  

I n  Block I ( f l i g h t  vehicles SA-I through 

T?e development tes'i missions of th? 

I n  %road 'cems, tlie major e f fo r t  i n  FY 1962 centered on the  !?repa- 
ra t ion and launch o f  the first 'CWO f l ight tes t  vehicles (SA-]. and SA-2), 
analysis o f  test data from those two fligh-Ls, manufactdring and ti2st on 
three mom f l igh t  vehicles (SA-?, 4, and 5) ,  and in i t i a t ion  of manufac- 
turing 011 f l i g h t  vehicles SA-6 and SA-7. 
(SA-3,, 4 ,  and 5) are planned f o r  launch; f l i g h t  data from tile FY :.962 
and FY l1363 f'ights w i l l  'oe analyzed; manufacturing and t e s t  o f  vehicles 
SA-6 and SA-7 w i l l  reach advanced sta-tus; and manufacturing o f  the f i n a l  
three f l j . g l i+ ;  t e s t  vehicle:; (SA-8, 9, and 10) w i l l  be in i t ia ted .  

I n  FY 1963, -three vehic:-es 

A more detailed discussion of  the FY 1963 finding requirements and 
program c::mt;ent follows : 
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lg6l ag6;2 l963 -- Vehicle Development 

Deve1opmsn.t -- Eugineer-: 

Total Vehicle Development. e $182,106, ooo $~55,533,000 - 
Development Engineering 

S-I : 3 t t E :  The second Plight t e s t  az t ic le  has been designed, 
I-- 

fabricated, assembled, s t a t i c  t e s t  fired, and is  undergoing f i n a l  check- 
out and assembly prior  t o  shipment t o  the Atlantic Missile Range. 
AdditionaJ. research and development work w i l l  analyze flight t e s t  data 
obtained l'rcm the seccnd vehicle launch, determine changes t o  improve 
re l iab i l i t ,y  based on b o r n  f l i g h t  environments, and complete design 
modificatioris for  glaxirmun r e l i a b i l i t y  and safety for manned f l igh t .  
Significant; portions of" t h i s  work w i l l  be conducted by the S-.I stage 
production contractor (Chrysler Space Division) a t  the NASA Michoul3 
Plant and a t  the Karshal.1 Space Flight Center. 

S - N  S t w .  S ta t i c  tes t ing  of the S-IV design concept will be con- --- 
ducted i n  FY 1963 t o  prepare the first f l i gh t  t e s t  a r t i c l e  for lawich. 
!Theoretical ,analyses w i l l  be compared with actual. t e s t  data obtained from 
structura:L tesLs, cold flow tes t s ,  s t a t i c  f i r i n g  tests, and all-systems 
t e s t s  e Mcumtacturing, assembly, and checkout techniques will be estab- 
l ished and extensive subsystem and coanponent tes t ing  conducted t o  €.chieve 
a satisfactory degree o f  r e l i a b i l i t y  which is consistent w i t h  manned 
f l i gh t  wit21 I\pollo payloads 

Guidance System: Development w i l l  continue on modi.fication of the 

Analysis of' flight t e s t  data w5ll 

PI 

basic Jupitper platform which is being used i n  conjunction with a large 
capacity beJ.l.istic missile computer. 
be conducted t o  determine the changes required for improved guidance 
system accura,cy and. r e l i ab i l i t y ,  
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----LA+& Systen: Inte  ra t ion The Apollo capsule, which has been designated 
as the  primary pay oa 
detailed development phase. A s  the Apollo design changes evolve, the 
C-1 vehicle, including both S-I and S-IV stages, guidance system, and 
ground support equipment, must be revised t o  assure overall  system 
compatability. In addition, vehicle r e l i a b i l i t y  must 'he upgraded by 
improved component and sub-system performance obtained from tes t  and 
f l i gh t  iaformation. Transportation methods for stages and associrtted 
hardware nust be examined fo r  improved program economy. 

o r  the Saturn C - 1  vehicle, is  now enteriny the 

Flight and Expendable Hardware 

S-I St 's: The ins ta l la t ion  of a production contractor at  Nichoud 
w i l l  reqix.i.rt2 funds fo r  fabrication and assembly tooling i n  additicln t o  
the  actWL :?abrication and assembly of the  SA-8, 9, and 10 flight stages. 
Spares art: a lso required for the launch of vehicles SA-3, I + ,  and 51, and 
fo r  the s1;aki.c: t e s t  f i r i n g  of SA-4, 5, and 6. 

--- 

S-I" %age: Componerits w i l l  be required fo r  manuf'acture and assembly 
The S-IV program w i l l  enter a heavy developmental 

--- 
of S A T : ) ,  and 10. 
tes t ing phase requiring spares f o r  the  s t a t i c  t e s t  vehicle, all-systems 
t e s t  vehicle, and f l i gh t  vehicles. Modification of hardware and tooling 
i s  anticipaated t o  incorporate the changes result ing from the  s t a t i c  
t e s t  progr'mt, i n  addition t o  requirements f o r  the Apollo spacecraft. 
Rel iabi l i ty  and s t ructural  tes t ing hardware w i l l  a lso be required. 

p-1 Guidance System: Flight vehicle guidance systems and componeiits must 
be procured fo r  vehicles SA-8, 9, and 10, i n  addition t o  the sparetj 
required t o  support the f l ight  t e s t  and r e l i a b i l i t y  tes t ing  program. 
ware redesign is  anticipated t o  accommodate new developments i n  vehicle 
design. 

H a r d -  

System Integration: Electr ical  networks and instrument uni ts  fo r  --- 
each vehicle are required, as well as experimental hardware fo r  so:l.ution 
of system problems. Advanced transportat  ion hardware, r e l i a b i l i t y  t e s t  
equipment, a;?d scale models f o r  advanced s t ructural  aero-thermodynmics, 
and v e h i c k  dynamic testing w i l l  a lso be required. 

Engir itilevelopment 

Developmenl; -- Engineering: 1961 1962 1-96:, -.- 

H - 1  Ehgi.ne,. .............. $ 7,518,000 $ 6,164,000 $ 5,176,000 
A-3 Ehgi.ne. ............... 12,560,000 9,749,000 18,224,000 

'I'ot>al.. .............. $20,078,000 $15,913,000 $23,400,000 

- I- 
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1961 

Flight and Expendable Hardware: 
-I 

1962 -- 1 9 6 3  

H-1. Engine.. .............. $11,434,000 $11,766,000 $ 5,750,000 
A-3 Er.gine ................ 2,311,000 12,314,000 7,593,000 

Total. ................. $13,745,000 $24,080,000 $13,343,000 

- - 

Total En@:in.e Development. a e $33,823,000 $39,993,,000 - 
Development Engineering 

--- H-1 Engine: The development of the H-1 engine w i l l  be contiuued 
with concentration on minor modifications necessary t o  incorporata the  
resu l t s  o f  the vehicle f l i gh t  tes t ing  program. Major emphasis w i l l  be 
placed on improved r e l i a b i l i t y  and safe operation of t'he booster For 
successful mission perforlnance a f t e r  one engine has failed,  as 
required fo r  manned rating. 

--- A-3 En@: The development of the engine w i l l  continue with pre- 
liminary f l igh t  ra t ing of the common engine (Centaur and S - I V ) .  
addition, the cbanges generated by the S-IV s t a t i c  and all-system:!, tests 
w i l l  be engineered. Rel iabi l i ty  tes t ing  of t h i s  engine w i l l  contmue as 
it matures to sat isfactory manned f l i gh t  status.  

Cn 

Flight and Expendable Hardware 

--I H-1 : E l y e :  Engine and spares w i l l  be produced f o r  vehicles SA-8, 
9, and 10, iaS well as fo r  the r e l i a b i l i t y  program. 

--- A-3 :hngLne: Engine and spares w i l l  be proauced f o r  vehicles SA-8, 
9, and lo,, i n  addition t o  the manned rat ing qualification tests. 
Additi0mt.L engines fo r  the groundtesting of the S - I V  s t a t i c  t e s t  m d  
prototype? all-systems vehicles a re  a lso required. 
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*tea. -- SLlpport ig6 i  1962 1963 

Development -- Engineering 

Ground Support Equipment.. . $ 4,449,000 $ 7,287,000 $ 4,4113,000 
System Instrumentation. .... 1,670,000 4,456,000 1, 967, 000 

m s i .  .................. $ 6,223,000 $19,261,000 $ g,g2dyooo 

.. 104,000 7,518,ioOo 3,55L,OOO Launch Operations........ - 

Flight an3 :Expendable Hardware -- 
Groiud Support Equipment. e . $ 9, 23l,000 $16, 383, 000 $17,64:?,000 
System Instrumentation.. ... 4,050,000 8,897,000 7,867,000 
Lawich Operations. ......... ioo,ooo 5,gio,ooo 10,65:?,000 
Propc:l:Lants. ............... 4,325,000 9,643, (100 10,872,000 

I W x l .  .................. $17,706,000 $4O,833,OOO $47,033, 000 

Total Sys1;eni Support. ........... $23,929,000 $60,0g4,~~00 $56, %I., 000 - 
Development Engineering 

Ground --I Supgort Equipmnt: The final design and development c d  the 
ground suppctrt equipmat necessary f o r  launch complexes 34 and 37 (Pads A 
and B)  wi1.I  be carried out. These two launch complexes w i l l  require modi- 
f ica t ion  8.8 f l i g h t  experience is gained from the large scale launching 
OT l iquid oxygen and l iqu id  hydrogen stages. Automaticln i n  launching 
operations w i l l  be reflected i n  the ground support equipment development, 
and the overall  program will be analyzed t o  minimize hunch pad. time. 

System Instrumentation: Development i s  required f o r  vehicle instru-  
mentation-% accommodate the two-stage vehicle f l i g h t s  w i t h  the Apollo 
t e s t  capsules t o  assure t h a t  maximum h t a  is  gained from each f l i gh t .  
Data acquisition techniques m u s t  be constantly examined t o  improve 
instnunentation r e l i ab i l i t y ,  accuracy, and efficiency. 

L a u m h  Operations: Effort  i n  t h i s  area is  directed toward exmi-  --- 
nation of the launch operation function for effect ive procedures aiid 
technique:;. Specific areas of study w i l l  include trans:portation alia 
erection o.F -Irehicles, pad checkout pr ior  t o  f l i gh t ,  and propellant 
loading p::io:r t o  actual  launch, 

Flight and Expendable Hardware 

--- Ground :3upport Equipment: Launch Complex 34 will undergo mod:ifi- 
cation for launching the f u l l  two-stage C - 1  vehicle. Additional 



equipment; w:ill be required t o  complete launch complex 37 as a two pad ( A  
and -8) coinp:Lex, and automation of t h i s  equipment w i l l  be incorportited 
consistent with vehicle r e l i a b i l i t y  and launch pad uti:Lization. 
three pa&; vi11 thus be completed t o  accommodate the f inal  develo1)- 
mental laimches and be ready for  the prototype operational vehiclc 
phase. 

Yhese 

System Instrumentation: Flight instrumentation wi:L1 be provided 
f o r  vehic:le:; SA-8, 9, and 10. In addition, spares are required i n  
support of SA-3, 4, and 5 launches. 

Launch Operations : 
t o  be conducted i n  FY 1963. 

These funds w i l l  support 
--_. 

I,,- Pro x1:Lants: Propellants must be supplied t o  
Flight C e i i t c z r  f o r  s t a t i c  tes t ing  of the S-I f l i gh t  

the launch operations 

the Marshall Space 
stages and t o  the 

Sacramen1;o Test Fac i l i ty  of Douglas for  the S-IV s t a t i c  t e s t s ,  a l l -  
systems 1;es1;s, and f l i gh t  stage t e s t s .  In  addition, propellants J’or the 
acceptan(:e tes t ing  of both the H-1 and A-3 engines are required. 
prope1lax;s t o  be supplied include l iqu id  oxygen, l iquid hydrogen,, 
l iquid n:i-;rogen, kerosene (RP-l), and gaseous helium and nitrogen I 

The 
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NATIONAL AEROPSAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATEX3 

ADVANCED SATURN 

1962 
1961 1962 Supplemental 1963 - -.-_ Page No. 

Vehicle 
DeveI.opment.. .$623,000 $26,712,000 $37,600,000 $2r{3,042,C00 RDO 4-3 

Engine Flight 
Hardsmre . .  . e . .  --- 300,000 8, 750, 000 28,995,COo RDO b-5 

System. Support. . --- 750 , 000 33,135,OE RDO ;!I-- 6 

Tct,al.. . . ,, . . .$623,000 $27,762,000 $5O,OOO,OOO $335,172,000 - 

Tke purpose of the Advanced Saturn program is  t o  develop a vehicle 
system w i t h  sufficient payload capability t o  perform manned lunar- 
landine, rcissions using a single earth-orbital  rendezvous; and t c ,  pro- 
vide a basic vehicle f o r  manned circumlunar and lunar orbi t  missions, 
and f o r  unmanned lunar and planetary exploration. 

JUSTIFICATION: --- 
The  aavanced Saturn vehicle i s  designed t o  be ei ther  a two- or a 

three-stage vehicle depending upon the mission t o  be performed. The 
two-stage version w i l l  be capable of placing approximately one hundred 
tons of payload in  earth orb i t  and w i l l  be the  primary vehicle for  
o rb i ta l  rendezvous missions in  support of the manned lunar landing 
objective. 
t ra jec tor ies  w i t h  payloads up t o  fo r ty  tons and w i l l  be used primarily 
fo r  manned :Lunar orbi t ,  circumlunar f l igh t ,  and unmanned planet,my 
explonztion. 

The three-stage version w i l l  be capable of achieving escape 

I t  i s  lzurrently planned tha t  the first stage booster w i l l  De 
powered by :five F-1 engines, each of which w i l l  develop 1.5 million 
pounds of  tlwust for a t o t a l  thrust  of 7.5 million pounds. The 
engines wil:L be arranged i n  a square pattern of four gimballed cmt- 
side e:ngines and one fixed engine located in  the  center of the 



square pattern.  
f1exib:il:ity i n  that two of the outside engines can be eliminated 
withou'; redesign, thus providing a more economical stage for 
missioiis which do not require the  f u l l  7.5 million pounds of 
thrust;. 

This basic configuration provides for maximum 

The current plans f o r  the upper stages provide tha t  the 
second stage w i l l  be powered by f ive  5-2 engines, each of which 
w i l l  ckvelop 200,000 pounds of thrust ,  for a t o t a l  thrust  of 
l , O O O ~ , O O O  pounds. 
a tota:L 1;hrust of 200,000 pounds, and w i l l  house the all-inert::.al 
guidance system which sends commands t o  the control systems f o r  
each 02 1;he vehicle stages i n  the three stage vehic:Le configuration. 
Both t;he second and th i rd  stages w i l l  use the high energy pro- 
pellant combination of l iquid hydrogen and l iquid oxygen. 

The t h i r d  stage w i l l  use one 5-2 engine f o r  

l%e various stages of the  Advanced Saturn vehicle w i l l  be 
developed through contracts w i t h  industry under the  overall  
syst eni:; rianagement of the Marshall Space Flight Cen1;er a t  Hunt rwille, 
Alabmut, which w i l l  include the maintenance of close and continuous 
coordj-iial; ion between stage contractors and contractors on as so (! ia t ed 
spacecraT3 development. 
have been placed. 

By end FY 1962, a l l  major contracts ~1.11 

Conceptual and preliminary design studies in i t i a t ed  i n  FY 
1961, :tnd continued in to  FY 1962, have provided the  basis f o r  
detern1:in:ing the current configuration of the Advanced Saturn 
vehicl-t? and the sequence of principle milestones t o  be accompl:l.sh- 
ed. Iiitjor emphasis i n  FY 1962 w i l l  be placed on the procurement 
of long :Lead-time items and the in i t i a t ion  of major systems con- 
t r a c t s  a:; necessary t o  meet these configuration and milestone re-  
qui.rmit?nt;s i n  support of the manned lunar landing objective . 

To rieet t he  target  schedules currently established, supp1c:- 
mental. funds i n  the amount of $5O,OOO,OOO will be required durl.ng 
Fy 1962. These funds, combined with the basic amount in  FY 1962 
and the additional funds f o r  FY 1963, w i l l  provide the necessa~y 
build-up of' development effort  t o  achieve the first f l igh t  of  
the Advanced Saturn i n  the f irst  half of calendar year 1965 ancl 
t o  meel; follow-on schedule requirements for t he  ApoXlo develop-. 
men t pi?ogr;ram. 



1962 
1961 1962 Supplemental - w63 __ 

Vehi c:L e :Development --- 
---- Developmen% Engineering: 

F i r s t  Stage --- 
Seconll Stage. ......... $312,000 
Third Stage ........... 
Guidance Syst em....... 
System Integration. - .  . --- 

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

Total..  ...... $312,000 

--- Flight and Expendable Hardware : 

Second. Stage.. ........ $311,000 
--- Fi r s t  Stage ........... 

Third Stage --- 
S-I Stage. ............ 
Guidarce System.. --- 
System Integration. ... --- 

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

Total.. ...... $311,000 

Total., Vehicle 
Devec,pment. ........ $623,000 

$10,367,000 
7,500,000 

500, ooo 
751,000 

3,568,000 

$22,686,000 

$1,951, ~ 0 0  
i,700,000 

375,000 

$4,026,000 

--- 
--- 
--- 

$26,712,000 

$13,ooo,ooo $68,174, ooo 
8 , 800,000 'S9,052,000 
2,~000,000 L5,911,000 
1,750,000 7 , 188,ol:)o 
2,500,000 ~2,637,000 

$28,050,000 $1152 , 962, ooo 
- _- 

$2,950,000 $!l1,118,000 
6,000,000 38,689 , 000 

--- 9, '752,000 
E, 000,000 

600, ooo 3,081,000 
5 , )-c40,000 

$9,550,000 $110,080,000 

- - -- 

Development Engineering 

F i rs t  Stage: 
Marst;=.. Center, action has been completed f o r  selection of t1.e first 
stage contractor. 

Based on preliminary design concepts prepared by the  

During the  balance of FY 1962 arid continuir.g into 
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FY 1963, msJor e f f o r t  w i l l  be placed on detailed design; structural testing; 
i n i t i a l  component t e s t ing  of the control and propulsion systems; studies 
on trajectl3ries and the inter-action of s t ruc tura l  dynamic effec-1;s; and 
qual i f icat ion of the various stage components. Development in  'diis area 
w i l l  draw heavily upon t e s t  f a c i l i t i e s  t h a t  are  now available at  the 
Marshall Space Flight Center and upon new f a c i l i t i e s  that  are  plmned 
for -the Michoud Plant i n  Louisiana and the Mississippi Test Fac5'Litjr a t  
Pearl River, Mississippi. 

--- Second Stage: During FY 1962, major e f f o r t  i s  being placed on pre- 
liminary design and f a c i l i t y  planning. In  FY 1963 t h i s  e f f o r t  will be 
extended t o  include s t a t i c  t e s t ing  of the  propulsion system and .Tehi.de 
subsystems with specific analysis of  pressurization, propel! mi; . a t i 1 . 5  - 
zation, and propellant flow. All components w i l l  be tested f o r  design 
ver i f icat ion and subsequently for qualification i n  accordance with 
approved t e s t  plans. 
i n  FY 1963 and dynamic t e s t ing  w i l l  be conducted. The all-syste:ns 
tes t ing  w i l l  be in i t i a t ed  i n  FY 1964 t o  ver i fy  stage system desi,zn. 

The design o f  the flight vehicle w i l l  be c3mpleted 

--_. T h i r d .  Stage: The fbnding in FY 1962 provides for d e t a i l  design and 
f a c i l i t i e s  planning. During FY 1963, s t a t i c  t e s t ing  and a l l - sys  tems 
vehicle tes t ing  w i l l  be in i t i a t ed .  
w i l l  ha\e i t s  i n i t i a l  f l ight t e s t  on a Saturn C-1 f i r s t  stage. In t h i s  
manner the development can be essent ia l ly  completed before the stage i s  
incorporbatted into the E i n a l  vehicle configuration. 

It i s  planned tha t  the th i rd  stage 

--I Gu.i.dance System: The a l l - i n e r t i a l  guidance system used i n  the 
Advanced Saturn w i l l  'oe a modification of the  basic equipment developed 
under the Saturn C-1 program. 
tes t ing  wi.11 be undertaken t o  ensure compa'cibility o f  the basic elements 
with tk.e Advanced Saturn missions. 

During FY 1962 and FY 1963 extensive 

--- System Integration: Effort  i n  t h i s  area provides for the resolution 
of interface problems i n  order t o  integrate  the various stages into an 
operatimg vehicle system. During FY 1962 and l?Y 1963 t h i s  e f ro r t  w i l l  
include fl-ight enviroment studies, t r a j ec to r i e s  studies, contrcl  studies,  
and investigations of s t ruc tura l  dynamics. In  a l l  areas, m a x i m v m  
emphasis vi11 be placed on integration of the vehicle w i t h  the &ol lo  
spacecraft, and the orbital. rendezvous propulsion stage i n  support of the: 
manned I-uriar landing program. 

Flight and Expendable Hardware - 
--- Fi:?sl; Stage: During the FY 1962 and FY 1963 phase of t h i s  development 

program,, t t  lead tine of 24 months w i l l  be required fo r  most of the componen-'is 
which wiLL be used i n  t e s t  and assembly operations. 
be procured for qual i f icat ion t e s t s ,  fo r  fabrication,, f o r  the s t a t i c  t e s t  
vehicle,  :?OY the dynamic t e s t  vehicle, and fo r  major s t ruc tura l  assemblies 
Flight Iia~dware, special  tooling, and t e s t  equipment for stage essembly 
and chef-kout; w i l l  also be procured f o r  the f i r s t  and second fli6a-t t e s t  
vehicle 5 .  

These compc'nents w i l l  
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Second Stage : Procurement of components and sub-assemblies ini t ia ted 
--7 i n  FY 19122 w i l l  be continued i n  FY 1963 i n  support of the t e s t  arid quali-. 

f ication p:rograa. Hardware w i l l  be procured for s t a t i c  t e s t ,  one’ dutmny 
f l igh t  stage, and tne f i r s t  f l i gh t  t e s t  vehicle. Faci l i ty  modification 
and provisioning will be continued and special tooling and t e s t  equipment, 
w i l l  be :?rocured to  support the assembly operations. Fabrication of 
structu;ral par ts  and assembly of vehicles w i l l  be in i t ia ted .  

Thfird Stage: During FY 1963 hardware w i l l  be procured for  one stati-c 
_.-I_ 

t e s t  vehicle,  one dynamic t e s t  vehicle, one all-systems t e s t  vehicle, and 
the f i r s t  P l i g h t  t e s t  vehicle. Procurement of tooling and speciE.1 tes t  
equipment i s i l l  be i n i t  iaked. 

--- S-:C S-=: The long lead-time items fo r  two Saturn C-1 f i m t  stage 
(S-I) boosters w i l l  be ordered. 
the f i r s b  Plight tests of the  Advanced Saturn th i rd  stage. 

These boosters w i l l  be used to Iirovide 

--- Gu:idaince System: During FY 1963 procurement of componen’is tmd sub- 
assemblies for  development and tes t ing  of the guidance system wil.1 be 
continued. 
f i rs t  t im .Flight t e s t  veliicles . Hardware will also be procured for guidance sj.s-tems f o r  tine 

S tein In te  ra t ion Hardware w i l l  be procured to support the various 
propel ls i t ,  ae odynamic, thermodynamic, and t ra jectory experimental programs 
and t o  :;.ip:?ort the overall  system r e l i a b i l i t y  program. 
cured f o r  wind tunnel investigations and f o r  tes t ing  of air  tran:,portation 
schemes. 

Models w i l l  be pro- 

FUNDING ;g2uJcREMENTS : 
1962 

En I in(= Ellight Hardware - la- -  1961 1962 Supplemental 

F-:L Engine ................ - $300, ooo $h , 750, ooo $16,497, CIOO .............. - - - ~t,ooo,ooo 12,49E!,ooo 5-2 Elwine.. - 
To-tal Engine Flight 

Hardware - $3OO,OOO $8,750,000 $28,995,&00 - 
Engine Flight Hardware 

I-- F-:L Enghe: Ten engines w i l l  be procured during FY 1963, for the st;at,ic 
In  addition, long lead-time t e s t  ve1iic:Le and for  engine r e l i a b i l i t y  tes t ing.  

components w i l l  be ordered for the ground t e s t  and f l i gh t  t e s t  vehicles $0 

follow. 

--- 5-2 Engine: During FY 1963, 33 engines w i l l  be procured foi- tile sec0r.d 
and th i :d  ,stage s t a t i c  and all-systems ground t e s t  vehicles and j’or engine 
re1iabi:Lit;y testing. In  addition, long-lead-time components w i L  be ardered 
for  %he f i r s t  f l i gh t  t e s t  vehicles. 
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FUNDING -- IE€UDE3lE2JTS : 

1961 SysLeni Suppor L - 
Deve1opnlc:n-L Engineering 

Ground Support Equipment. . - 
Sys-;eri Instrumentation. . . . - 
Launch Operations.. . . . . . . . 7 - 

:Co.f;al - 

Flight  ~iiid -- Expendable Hardware 

GroiintL Support Equipment e a - 
Sy:; cein Instrim-entation. . . - 
Laiuicli Operations-. . . . - - 
Pro:?e.Llants.. . . . . . . . . . . . . . - - 

'Cot al- 

To-tal System Support ,- 

- 

1962 - 

- 
$500 , 000 - 
$500,000 

- 
$250, ooo - - 
$250, 000 

$750,000 

1.962 
1963 - Supylement a1 

- 
$2,650,000 

~00 ,000  

$2,950,000 

- 
$tjOO, 000 

~!00,000 
.. 

$'TOO, 000 

$3,650,000 

$ 6,k39,0c:o 
2 J ~~07,000 
51-0 ooo - 3.2,000,000 .- 

$;!2,05;,0c:o 

Development Engineering 

Grumd Support Equipment : An ex-kensive effsrt  w f i l l  'be i r i i  i;:.a-tcd .ln 
FY 1~~~~ design and fabrication o f  special  support equipmeriL r:?qii? rzd  
fo r  ini-:ia:l launching of  the Advanced Sa'curn vehicle. Altliou.zh :;he ZqLip- 
ment i t s 2 l f  w i l l  not be required u n t i l  the  time of  launch, it rnu:;t i : ~  
developei ;as an in tegra l  p a r t  of t h e  overa l l  vehicle system. I n i t i a l  
componeiit ,and r e l i a b i l i t y  t e s t i n g  of t h i s  equipment will be unde:-takcn 
during :FY ,1963. 

Sy,; t ea  I n s t m e n t a t i o n :  Development of the  inst:rumentaY on f o r  the 
Advanced Ssturn w i l l  p a r a l l e l  c losely the development progrm fo:. the 
Saturn C - 1 .  
borne te1e:netry and measuring components and systems. 

The majok e f f o r t  i n  FY 1963 w i l l  be placed on i.mpro-red vc'r;icJ<: 

--- Lamc'h Operations: During FY 1963 studies w i l l  'be undertakim -Lo adap ; 
the  intisgrated tes t  and launch concept t o  the  Advanced Satu rn .  
nique will minimize the time on the I.ZV.ilch stand and thereb2- ensixre mas:iiiin~ 

u t i l i z a t i o n  of launch f a c i l i t i e s .  
undertaken to ascertain, the hazards t h a t  may be pecul iar  tc the ,ildvari ;.ai 
Saturn 3ue t o  

T k i s  tech- 

I n  addition, experimental war:< wi 11 'c:: 

large-scale rniving of liqirfd Zydrogelz and l i qu id  SX,-'zZ! I 

Flight  and Expendable Rardware 

I-- Grmnd Support Equipment : During FY 1963, procurement o r  il wclrm-e 
required fo r  t e s t i n g  w i l l  be in i t i a t ed .  Long Lead-ti:ne items to be Used 
for f i e l d  checlr.ou-ic, Pueling, launching, handling, and transportation w i l '  
a lso be procured. I n  addition, selected components of  the  autom3tic 
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checkout equipment will be procured for  instal la t ion on the Advanced 
Saturn launch complex. 
included as par t  o f  the procurement cost. 

Contractor f i e l d  support for  t h i s  equipment i s  

System Instrumentation : Procurement of i n s t m e n t a t i o n  for develop -. 
mental tes t ing and for  ins ta l la t ion  i n  the first two f l i gh t  t e s t  vehicle;:; 
w i l l  be continued i n  FY 1963 on the basis of approximately eight hundred 
telemetry channels per vehicle. 

_.-- Launch Operations: Procurement i n  th i s  area w i l l  cover the ground 
support equipment and materials tha t  are  expended during i n i t i a l  f l i g h t  
u s t i n g  of the vehicle. 

PmEl lan t s :  Propellants for  the Advanced Saturn program w i l l  
inc luz- l iqu id  oyygen, l iquid hydrogen, l iquid nitrogen, kerosene (RP-1) , 
and helium. These propellants w i l l  be used for  dcvEhpmenta1 teisting of  
the Advanced Saturn stages and fo r  r e l i a b i l i t y  tes t ing  o f  the iiillivldual 
engines. 
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NATIONAL NERONAUTICS AND SPACE ADMINISTIIATION 

FISCAL YEAR 1.963 ESTlMATES 

NOVA - 

Vehicle Ik ve lopment $297,000 

Engine Procurement --- 
System Support --- 

To t a l  

1962 - 
$6,322, ooo 

$6,322, ooo 

Page N o .  

RDO 5-S? 

m 5-11 

RDO 5-)+ 

OBJXCTTVES : -- 
The purpose of the NOVA development program i s  t o  develop a vzhicle 

w i t h  sufficient payload carrying capabili ty t o  achieve a manned luiiar land- 
ing by direct  ascent from the Earth's surface; and t o  provide a basic high 
performance vehicle required for  f'uture space missions. 

The NOVA vehicle t o  be used for  a manned lunar landing by dir?ct  ascent 
w i l l  consist of three stages and w i l l  be capable of accelerating t 3  escape 
velocity the l50,OOO pounds of payload required. 
between tk.e NOVA and Saturn vehicles w i l l  be effected t o  achieve econori 0.: 

ef for t  an2. t o  ensure a high degree of r e l i a b i l i t y  i n  the f i n a l  product. 
The first  stage w i l l  be powered by ei&t 1,500,000 pound thrust (F-1) engiqes, 
generatinE; E. t o t a l  t'nrust of  12,000,000 pounds , using RP-1 (lei-osene ) and 
liquid ox3'gen as  tlie propellant combinaLion. 
a single large tank fo r  each propellant o r  a cluster  o f  tanks, depending 
upon which alternative provides the greater advantage i n  cost, production, 
transportation, and launching. 
i s  now i n .  process. 

Maximum standardization 

The vehicle w i l l  inwlve  e i ther  

A study on relat ive merits of the two approaches 

For tbe  second stage, four 1,000,000 pound thrust  ( M - 1 )  engines,which use 
l iquid hydrogen and l iqu id  oxygen propellants, will be used t o  provide a 
t o t a l  thrust, of approximately 4,000,000 pounds. I n  t h i  s development the 
normal prc)bl.ems of clustering engines are increased by the additional requ.ire- 
ment t o  pE:ri'orm the mission even though one engine has fa i led.  T k i s  capa- 
b i l i t y ,  however, i s  par t icular ly  significant i n  that it, provides en e s t i -  
mated 7$ 5.iic:rease i n  stage r e l i ab i l i t y .  

The th i rd  stage employs one 200,000 pound thrust  1.iquid hydrclgen 
(5 -2 )  engf-ne and i s  basically the same th i rd  stage that, i s  being dl.evelu,oedl 



f o r  the Aiivviwced Saturn. 
the basic Si3t;urn eqyfpment, w i l l  be mounted i n  t h i s  stage and will. serve 
as a cen-;r&l command uni t  for  the en t i re  vehicle cOi1tml system. 

An all-inertial .  guidance system, also ai!apted from 

Whe:r?as the e f for t  during FY 1962 i s  primarily concerned w i t h  engineer- 
ing and -t’ne determination of  detailed requirements, FY 1963 w i l l  see an 
acceleration of hardware development, the procurement of long lead time 
items, aid the start of more e,utensive analysis, simuli3tion, a?d :;:elated 
e f for t  assoc-iated with the integration o f  various elements i n  the vehicle 
system. 

Vehicle Development 1961 --- 
Development -- Engineering: 

Firs  t St age --- 
Second Stage --- 
Guid.ance System 
Syst eir Integration $297,& 

T o t a l  $297,000 

Fl ight  ar.d -- Expendable Hardware : 

Firs t  Stage 
Secclnli Stage 
System Integration --I 

TcIts.1, Vehicle 
DE velopment $297,000 

1962 - 

$2,750,000 

822,000 

$6,322,000 

--- 
2,750,000 - 

$6,322, ooo 
a - 

$ 65,956,000 
46,963,000 

5,804,000 
2,6313,000 

$121,362,000 

$ 6,333,000 
j, 166,000 

$1~1,92,6,000 

1,055,000 

,- 

Developnent Engineering 

F i r s t  Stage: Contractor design and development e f f o r t  on tke f i r s t  
--I 

stage w i l l  be s tar ted i n  l a t e  FY 1962. 
ed w i t h  ctng;in.eering and the determination of detailed requirement s.  D u r i n g  
FY 1963, there w i l l  be an acceleration of hardware development eri.compass2 ne 
detailed design of the stage i tself  and the  relatzd interfaces of’ t e s t  
and laurtcii f a c i l i t y  requirements. Model t e s t s  of engine arrangement s, both 
s t r w t u r a l  mid aerodynamic, w i l l  also be conducted. 

This ef for t  w i l l  be primarily concern- 

--- Secmnti Stage: In FY 1963, contractor design and development, e f fo r t  
will be :Lniti.ated on the second stage. The contractor will work closely 
w i t h  tho cont,ractor developing the M-1 engine and w i l l  carry out  engiieeririg 
necessai-y .:or determination of requirements for  the t e s t  facil i- ty design arid 
construc-;ion. A s  i n  the case of the first stage, model t e s t s  w L 1  zlso kle 
conducted. 
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Third Stage: Funding for  the th i rd  stage fo r  NOVA w i l l  not be required ---- 
u n t i l  a f te r  :FY 1963. 

--- Guidance System: During FY 1963, the development e f fo r t  s tar ted i n  
the previous year w i l l  be continued with emphasis on re:Liability and f lexi-  
b i l i t y  i n  3rfier tha t  NOVA may achieve the planned types of mission::, 
including, b u t  not limited to ,  the manned lunar landing. 
close coo riiination w i l l  be maintained w i t h  the Massachusetts Insti:,ute of 
Technclogf, -xhich i s  the guidance contractor for the Apollo spacec:*aft . 

In  addit:i.on, 

3ysten In$egration: This e f for t  will be expanded substantia1:l.y i n  
FY 1 g m ; r e s o l v e  the interface problems ar is ing between stages, YO study 
system ef fec ts  due t o  the interactions expected during f l igh t ,  and t o  perforni 
detailed integration of the i n i t i a l  NOVA payloads. Various studier; will 
be conducted t o  determine the effect  o f  replacing the l iquid f i rs t  stage 
w i  tli a solid motor first stage i f  solid motor development progresses favor- 
ably. Possible recovery techniques w i l l  also be examined. 

Flight and Expendable Hardware 

--I- First Staze: In the early stages of the NOVA deve.lopnient pro,;ranl, a 
lead time of 30 months i s  requ.ired f o r  some o f  the components t o  be assem- 
bled t o  J k r m  the first stage, 
a r t i c l e  w i l l  not have t o  be ordered u n t i l  FY 1964, components required fo r  
the s t a t i c  t e s t  vehicle and to  support the r e l i ab i l i t y  md general develop- 
ment t e s t  program must be ordered during FY 1963. 

Although components for the f i rs t  f.Light 

--I Second Stage: The second stage w i l l  have a lead time of 30 months; 
and, as i n  the case of the firs% stage, sufficient hardware must be 
ordered i n  FY 1963 t o  support the s t a t i c  tes% and general devc1opmi:nt t e s t  
program. 

System Integration : Components and subsystems w i l l  be purcliaised as 
required ?! solve experimentally the various propellant, aerodynamic, 
thermodjmaic, and t ra jectory problems. Model sized mock-ups of the launch 
vehicle, rrmnufncturing and t e s t  f ac i l i t i e s ,  launch f a c i l i t i e s  and support- 
ing equipment w i l l  be made available t o  help solve problems associstetl with 
the t o t a l  ITCVA system development ., 
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Engine Procurement 1961 1962 1963 

l,5OO,OOO pound thrust  (F-1) 
$2,110, ooc --- --- Engine 

Engine -- - --- 1,055, OOC 
1,000,000 pound t h m s t  (M-1) 

$3,165, ooc Total, Engine Procurement --e --- 

Engine Procurement 

The F-l, M-1, and 5-2 are being developed under th.e Liquid Propulsion. 
Accordingly, funding of these items under NOVA i s  limited t o  the Program. 

procuremerit of engine hardware f o r  the vehicle stages. 
f'unding i n  t h i s  area w i l l  provide f o r  procurement of longlead-time items 
required f'or the vehicle s t a t i c  t e s t  a r t i c l e .  No funding on the 200,000 
pound thrust, J-2 engine i s  required i n  FY 1963. 

During FY 1963 

System Su.1gp-t - -  1961 1962 252 
Developme -I r t t  Engineering 

Growtd Support Equipment --- --- $18,997,000 
Sys t e m  In  strumentat ion --- --- 2,110, ocio 

--a 1,055, OCiO Law,c:h Operations - 
T o t d .  a_- -_- $22,162,0~10 

Flight and -- Expendable Ilardware 

-I- --- $ G,331,OClO - Gmwd Support Equipment 

$28,493, OO? .Total, System Sumport --- --- - 1_ 
Development Ehgineering 

will 
with 

--- Ground Support Equipment : 
be undertaken a t  the start of FY 1963 and w i l l  be coordinatet. closely 
desisn and construction of the launch and t e s t  f a c i l i t i e s .  

The development of ground support equipment 

Since it 
i s  plann&I that the NOVA will be assembled and checked out on the launch pad., 
the time on pad must be minimized i n  order t o  provide l ~ l e x i b i l i t y  t o  meet 
launch sc!hetlul.e requirements. Accordingly, emphasis w i l l  be placed on 
developmc?nt tha t  will achieve high-speed subassembly checkout with maximm. 
reliabilj.-;y. 
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System Instrumentation: Intensive design and development studtes are 
required cluring FY 1963 t o  determine the  type and degree of instrumentation 
required f m  a vehicle of t h i s  size. 
C-1 and tha t  planned f o r  the Advanced Saturn will be modified, where fea- 
sible, fo r  adaptation t o  the NOVA program. 

I n s t m e n t a t i o n  from the existing Satur:? 

--- Launch Operations: Studies w i l l  be undertaken during Fy 1963 on 
water transportation techniques for the NOVA stages, on the possible use of 
alternate nethods of transporting stages, and on improvements i n  laimching 
techniques tha t  will minimize vehicle time-on-stand. 

F l i a t  and E,upendable Hardware 

--I Ground Support Equipment: During FY 1963 i n i t i a l  orders w i l l  be 
placed f o r  the procurement of  special ground support equipment required f o r  
the NOVA vehicle. 
and f i e l d  checkout. 
f o r  items that may be destroyed during the launching operations w i l l  also 
be procured. 

The equiiment w i l l  be used f o r  fueling, launching, handling, 
Spare checkout equipment for standby or for replacemen-t 



NATIONAL AERONAUTICS AND SPACE AIMINISIRATION 

FISCAL YElAR 1963 ESTl3lATFS 

METEOROLOGICAL SATELLITE SYSTEMS 

Advanced Technical 
Develtapment 

FYi@;lrb I?ragrm 

Total 

1961 - 

$1, 870,000 

2 ,p 00 5,000 

l5,735,000 
$19,610,000 

1962 - 

4,510, ooo 

47,935,000 
$54,310, QOO 

$1,808,000 mo 6-4 

OBJECTIVE!S : 

The pri~mrpy objective of the meteorological satellite systeas program 
remains t h a t  of establishing and continually improving 8 meteorological satel-- 
l i t e  capalDflity f o r  world-wide coverage, t o  provide the meteorolog:i.st w i t h  
obsemt ions  o f  atmospheric elements and storm systems a Observations obta:ined 
by metear 3logi(dal satellites should improve weather prediction procedures r i m 1  
increase o u r  understanding of atmospheric processes. 
observed insluele cloud cover, s t o m  location, precipitation, t empe%tuPe, wirid 
direction, heat balance and water vapor and other @onst.ituents OS %he atmo:;pliere. 
An effect f v e  meteorological capability w i l l  require the developmen+; and fl:L glit 
t es t ing  a f  em%h-stabilized s a t e l l i t e s  f o r  500 t o  1000-mile al t  i tu t le  polar 
orb i t s  anl? of" stationary satellites fo r  22,300-mfle al.titude equatorial. orl:)it,e e 

Related developme& s w i l l  inelude suitable on-board detection E qui:ment in -e 

cluding television, infrared detectors, spectrometers, radar and s.%rics; 
and %,he development of adequate b t a  storage, processin,g, cormnllnfcirtioas aid 
presentation equipment and t;echniques. 

The phenomena to be 

The long-range objective of the program continues to  be the develcpment 
of the principles and prototyges for  a system of' instrumented orrbf5ltng 
satellites and of the appropriate data processing and communications equip- 
ment t o  provide the National Meteorological Center o f  t h e  WeatAer Bureau w F t h  
world-wide meteorological infomation. 
d i ssa ina t  e d  mt iona l ly  and inter .mtfsmlly,  and made available to the 
National We%Lher Records Center archives f o r  research and cbimatol3gical 
purposes 4) 

These data will be used op izWdonall;r, 

This program also includes the development and launch of instrumented 
meteorol.se;ical sounding rockets t o  obtain inproved data on temperatures and 
winds. 
radiosonde B o r  indirect  sa , te l l f te  techniques, and below those wher? s a t d l i t m  
can orbi t  and make ambient measurements. 

T P w e  rocketsondes are effective at levels above those observable by 
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The earth s a t e l l i t e  is  a new observational too l  which has al~eady demort- 

Sa te l l i t e s  w i l l  not provide all necessary meteorologim3.l infox*- 
strated :its value t o  the science of meteorblogy m d  t o  the practice of weather 
forezasti-ig . 
mation, 1riC they have already supplied tremendous amounts of usefill meteoro- 
logical  tbs ta not available from conventional observational techniques 
l i t es  can potentially give global coverage of some meteorological parameters; 
fn contrast t o  the five t o  ten per cent coverage provided by ordinary methods 
and, because of t h e i r  unique vantage point above the atmosphere, rilletke new 
wcaficem-~nt: 11. ssible,  These data w i l l  improve basic sc ien t i f ic  imderstandng 
sf c t , n ~ ~ ~ J ~ ~ r i ~  processes and lead, t o  a more comprehensive knowledge of wcm1.d 
and regional climatology which should produce advances i n  weather forecas-Ling . 

Satel- 

The benefits t o  be derived from improved capabi l i t ies  i n  meteorology 
include protection of l i f e  and property from weather disasters; sr&eguardLng 
transportation; crop planning, control and protection; industr ia l  planning of 
weather - fiepeadent products, outdoor enterprises, and heating and eooling I.ot1da; 
ccnvenfence i n  planning personal ac t iv i t ies ;  eventual l imited weather m0dif.i- 
cation sndl control; and good will i n  return f o r  providing current global me-teoro- 
logical  data to other nations. In  addition the same meteorological data required 
for world-wide c iv i l ian  needs can, with proper handling, meet speeial millitim 
needs as well, 

The requirements f o r  an operational meteorological satell i te system, m t i c i -  
pate4 betlefits and a proposal fo r  implementing such a system have been set  forth 
i n  t h e  "Fl-an for  an Operational Meteorological Sa te l l i t e  System" 
the Panel on Operational Meteorological Satellites under the auspices of' -tha 
Mat,icsmaL Cosrfiinating Committee fo: Aviation Meteorology and w i t h  par t ic ipst isn 
~f representatives of the United States Weather Bureau, the Department of De- 
fense, Federal Aviation Agency and the National Aeronautics and Space A b i n -  
st.sst+ion, In  accordance with the May, 1961 request of the President;, Congr~ss 
:q.qz+'opx-i.~ted $h-8,000,060 t o  the Weather Bureau i n  September, 1.961 t o  i n i t i a t e  
Lvp_!emen.t.H;t: ion of' an operational meteorological s a t e l l i t e  system. T'ne pian 
@~ntemplt:vixs the maximum operational use of data from the Nimbus research 
pznd devel.ipmrt program, an increased number of spacecraft (using Weather 
Bt:rew;e.l .f~.inZ.s] i n  the program t o  insure the continuity of working sa-kellites 
i n  orbit ,  and -&he t rans i t ion  t o  f'ully operational status upon the conclusien 
of %he F r e & e n t l y  scheduled Nimbus research and development program. 
will ?emnit, the earliest establishment of a linldted operational capabili ty 
The es.t;sZdl shment o f  a fully effect ive operational meteorological s a t e l l i t e  
system dependen% upon the completion of the improvements contemplated i n  
t h e  pres m % l y  scheduled Nimbus research and development program, The Wef.tL;er 
Bur:e,ia -@.13. t ransfer  funds t o  NASA t o  augment the program w i t h  aelditional 
spaceered't and launch vehicles, and t o  build ground read-out s ta t  ions specifi-  
c d 7 y  r q u i r e d  f o r  operationaL use 

prepared 'by 

This plzn 

T'he dc:velopment of an operational system depends not only upon specj.f"ic. 
f l ight p q j e c t s  but a lso on sustained programs of advanced research and advanced 
%echnic&.. ckmlopment 
and proc:r?s:;ing of meteorological satell i te data and includes feas i b i l i t y  ar.d 
%ni.tjal riet;ign studies of more complex sensory systems and advanced satelll: t e  
con%igwat:iona The advanced technical development program provj des improked 

The advanced research program deals w i t h  the reductLon 



satell i te instrumentation and equipment t o  measure and interpret  c r i t i c a l  
atmospheric parameters. 

Progressively more sophisticated meteorological s a t e l l i t e s  w i L l  be flown, 
capitalizing upon the experience gained from previous spacecraft. The f l i gh t  
program w2s begun with the successful launchings of TIROS I, I1 AN3 111, arid 
a t  leas t  four additional TIROS launchings are planned for the remainder FY 
1962 and early FY 1963. Four R & D Nimbus spacecraft are planned for launch 
beginning i n  FY 1963. 
i n  a near polar orbi t  w i l l  operate concurrently with the last TIROiS. 
a t iona l  Nimbus spacecraft w i l l  be interspersed with these progressively more 
advanced research and development Nimbus f l igh ts .  
a l  Nimbus s a t e l l i t e s  and launch vehicles and t h e i r  support, are -- not included 
i n  t h i s  b u Q e t ,  but w i l l  be requested separately by the Weather Bureau i n  
Department o f  Commerce budget submissions. S t i l l  later a more advznced 
s a t e l l i t e  called AEROS i s  planned. A single AEROS stationary s a t e l l i t e  
w i l l  provide continuous data coverage fo r  nearly a t h i r d  of the ear th 's  
surface. 

The first Nimbus, which w i l l  be earth-stabilized and 
Oper- 

Funds for these operation- 

Tke planned s a t e l l i t e  f l i gh t  schedule follows: 

M i  s s ion 
R & D  - 

Weat her Bureau 

TIROS I 
TIROS I1 
TIROS 111: 
4th TIR06 
5th TIROLCl 
6th TIROS 
7th TIROE) 
1st R&D I\ljml)ua 
2nd R&D IV:mI)us 

1st Weather Bureau 

2nd Weather Bureau 
Nimbus 

Nimbus 

3rd Weather Bureau 

4th Weather Bureau 
Nimbus 

Nimbus 

Launch Vehicle Calendar Year 
of Launch 

I- 

Thor -Able  
Thor -Delta 
Thor-Delta 
Thor -Delta 
Thor-Delta 
Thor -Delta 
Thor -Delta 
Thor -Agena 
Thor -Agena 
Thor-Agena 

Thor -Agena 
Thor-Agena * 
Thor -Agena 

Thor -Agena 
Thor-Agena * 

1960) Success- 

1961 ) 1aunch.ed 
1960) f u l l y  

1962 
1962 
1962 
1962 
1962 
196: 
196: 

19611. 

*Sulx;titition of the Atlas Agena may be required t o  carry thc: f u l l  com- 
The Weather Bureau funds i ts  own Nimbus f l i gh t s .  plement of  instrumentation. 

Meteorological sounding rockets are the only feasible vehicles for acqliir- 
ing data in  the 100,000 f-t;, t o  3OO,OOO f t .  layer of the atmosphei-e. Thirs, 
layer i s  i%boVe the  a l t i tudes  normally reached by radiosonde balloons, is  not, 
amenable t o  indirect  sensing techniques from satell i te: ;  and is  below the :tlt;i- 
tudes where satellites can orbi t  and make ambient measurements. "lie small sim- 
ples of ( h t i z  obtained indicate that significant meteorological processes take 
place at these al t i tudes.  This layer may hold the key t o  an undemtanding oj' how 
changes i n  the suds radiations influence the weather. Furtkrsmore, l k s e  levfILs may be 
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u t i l i zed  by future high f l s n g  a i r c r a f t  and are  known t o  be c r i t i c a l  f o r  re- 
entering apace vehicles. Data on the  winds and temperatures at such altitu.des 
have been obtained with various techniques, but t he  most successful is  the 
exploding grenade experiment. This program w i l l  continue, using arrproximat e ly  
t h i r t y  sotmding rockets i n  FY 1963, t o  provide required additional data, de- 
velop improved techniques, and extend present techniques t o  higher a l t i tudes.  

FUNDING RICQKlREMEIiTS -I : 

AdvanctJd Research 1963 .-- 1962 1961 - --I 

Data ana:Ly:;is and research $1,064,000 $ 216,000 $ ll3,OK’ 
Studies of potent ia l  satell i te 

sensor:; ----- 379,000 339, ooc 
Radiation tiata studies 414, OOO 838,000 847, OOCl 

Radiative character is t ics  of 
atmos]?lieric gasses ----- 3162, ooo 226, ooc~ 

Data syr~ems studies 392, OOo ..---- 283, OOCJ 
Aeros system studies e---- q o ,  000 -----. .-- 

$1,870, ooo u 3 6 5 ,  ooo $1,808, ooo -. -. Totir L, Advanced Research 

Basic mdiation data studies w i l l  be continued i n  I’Y 1963 t o  t e s t  radia- 
t i on  sensors on balloons and rockets and interpret  the data obtainttd from 
these f l ights ,  t o  analyze and study data from previous s a t e l l i t e  experiments, 
and t o  stii3y the amount of atmospheric t race  constituents and t h e i r  influence: 
on observe3 radiations. Design studies of optimum systems f o r  the reducticin, 
processing and presentation of meteorological satellite data, especially of’ 
cloud cover ,and patterns, begun with funds f o r  ea r l i e r  f i s c a l  year:;, w i l l  7:le 
continued 2nd expanded. Feasibi l i ty  studies t o  accomplish a t  leas% partia:L 
data processing on-board a s a t e l l i t e  a re  included i n  t h i s  e f for t .  
the feasi’3ilit:g and potent ia l  value of advanced meteoro:logical sensors for  
use on s a t e l l i t e s  (such as radar, sferics,  and microwave absorption detector:;) 
w i l l  a lso be continued. 

Studies oj’ 

1963 .-- 1962 - Advanced Technical Development 1961 

Radiation detector development $ 
Electronic instrument development 
Electronic eompnent development 
Mechanical instrumentation development 
Advanced ,video recorder 
Advanced sensor development 
Aeros comFonent development 
Advanced d a t a  analysis and trans- 

Advanced Kinbus controls subsystem _. 

mission developnent 

437,000 
670, ooo 
112,000 
338,000 

448,000 
----- 
----- 
--e-- ----- 

$ 1564,000 
1, .ug, 000 

174,000 
8O4,OOO 
186,000 

1, EO, 000 
273,000 

Tota l ,  Advanced Technical 
$2,005,000 $4,510,000 $9 605 003 Development 1_== 
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Conti:nuing development is necessary t o  improve the performance and re1:L- 
a b i l i t y  of existing f l i g h t  instrumentation and t o  develop new instnunentation 
t o  provide additional meteorological data not y e t  available. 
which w i l l  be  continued i n  FY 1963 w i l l  include improved radiation detectors; 
electronic components and instrumentation; mechanical instrumentation such as 
tape recorders and bearings operating i n  vacuum; development of an trdvanced 
controls system fo r  l a t e r  Nimbus spacecraft; equipment fo r  processing, com- 
municating and presenting meteorological s a t e l l i t e  data; and deve1o:lpnent of 
advanced sensors such as e lec t ros ta t ic  tape cameras, video systems suff i -  
ciently sensit ive f o r  nighttime use, radar and improved spectrometers. 

Areas of work 

Development of Aeros prototype hardware w i l l  be accelerated, 
the items requiring long lead time development. 

1962 1961 Flight Program 
-I 

TIROS 11: 

Spacecraft fabrication, modifi- 
cation, integration, tes t ing  

Data acquisition 
PMR supgort 
PMR ground stat ion 
Ground.  s ta t ion support 
Fort Pbnmouth support 

Infrared interrogation package 
Delta vehicle (procured with Delta 

vehicle development funds ) 

I---- 

145, OOo 
145,000 
155,000 
196,000 
185,000 

TLROS 111: 
Spacecraf't fabrication, modifi- 

cation, in,tegration, tes t ing  
Data acqy.i.8 i t i o n  

b v i n g  ground stat ion 
Ground. stat ion operation 

$ 336,000 ,my--- 

- 

Data reduct ion, processing, analysis 
Computing and analysis 336,000 
InfrareC. d a t a  l l2,  OOO 

Delta vehicle (procured with Delta 
vehic I s  development funds ) 

TIROS (bth., 5th, 6th and 7th): 

Spacecra.f% fabrication, modifi- 
cation, integration, tes t ing  

Fab ri. cat; ion, assembly, t e s t  
Int  ega t ;  ion 

Data acquisition 
Ihta reduet;ian, processing, 

Infrared Isiib syst em integration 
Launch wh2cles (Delta) 
Launch vehicle modification 

and analysis; 

$3,870, OOo $ 622,croo 
-I---- 1,469, C o C  
4-55, OOo 141, CW 



I\limbus (Fin3t. -- ,and Second) A 
Scientif Lc experimnts $ l&000 
a t e g r a t i m  and tes t ing  1,772, OOo 
Attituile co.ntrol 1,139,00 
solar PO’lTCF supply 842,000 
Advanced rig3icon systems 2,342, OOo 
High resolution infrared detector 347,000 
High resolution infrared tape 

kdium re solution infrared 

Wdiwn resolultion infrared tape 

Medium resolution infrared 

Irrw reso.Lution infrared 

Clock receivers 
PCM telemetry 
S-bsnd t:ran&tters 
W/FM transmitter 
W/AM t:ransmitter 
Ground s t a t  ion integration 
Launch s1.lpp3rt, PMR 
Video d a h  compression equipment 
Data -Lysis and processing 

Tape and E F l n  
SpacecraPt :nodiffcation and 

hunch vehicle (Thor-Agena) 

re c0rde.r 

detector 

recorde:r 

electronics 

ConaDand I:lOCk 

support 

qualification 

T o t a l  

Scien-bif i c  Iexperbwnts 
Integrahim and tes t ing 
Attitude csrntxro1 
solar p’o’lfcr supply 
Advanced vidicon systems 
High resolution infrared 
Medium re so lution infrared 
LQW reso.Lution infrared 
Co-d lzlock 
PCM tel,einetry 
Infrared ground eqapmnt- rea l  tw ----- 
Iufraxed data display ----- 
EbeetmstEttic tape camera ----- 
Spectrme t e  r --“-- 
bmch vehicle (Thor-Agem ) ----- 

----- T o t a l  
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Fabricaticln, rocket instrumen- 
tation. 

Grenade E; 
Dovap f i e l d  services and data 

Sound req;ing f i e l d  services 
btePna;tsional support 

reau@t.ioEl 

TotaJ. 

TIROS 

!The ffl-st* TIROS w a s  launched in FY 1960. During i.ts three-month period 
of useful op:ration t h i s  extremely successful satellite transmitted. almost 
23,000 pic'xwe frames of which about 60 per cent were of' the ear th  and its 
cloud covc*:r rmd applicable t o  meteorological analysis. 
stratetl  bo-;lh the operational and research value of s a t e l l i t e  cloud pictures. 
The data con1;inue t o  be used f o r  meteorological anal.ysiE; and study by the 
Weather Bi~reau and other research groups, including several universit ies.  

TIROS I clear ly  demon- 

T%RX3 :E1 was successfhlly hunched on Now&r 236 1960. This s a t e l l i t e  
contained ~qx:cial radiation detectors f o r  neasuping the ear th 's  allado, the 
total Pa&iint:EOn of the earth and its atmosphere, the direct  radiation f r o m  
the ea r th '  3 :surface of cloud tops, the radiation from the ear th ' s  vater vapor' 
layer, and for reference purposes, radiation in  the visible  portioxt o f  the 
spectrum. 
phere were abeo made. TIROS I3 &so contained vidicon camera systems l ike  
those o f  !PIR(3S 51 f o r  cloud cover ~ e r s m m n t s .  
o f  the radiation data are continuing. TXROS I1 was still pmariding we%ul 
data more than ten  aaonths a f t e r  launch, and the majority of i t s  components 
and subsystem was still operating after mre than one yeas i n  orbi t .  

Gross measurements of %he heat budget of' the e a r t h  and the ahos- 

Reiiuction, amilysit; and sttidy 

T6TWX I%%, hunched July 12, 1961, was generally similar t o  :IXROS 11:; 
however, it  contained an additional heat budget experim%t and two cameras,, 
both eq=ui-~p& w i t h  wide-angle lenses. This satellite obtained dah on many 
tjropical stom systems and provided the first detection of Hurricare Esther. 

The perfamance of TIROS I, I1 AND I11 has been highly succei3sful, pjro- 
viding m a f i b  mteorological darta and experience in the use of groimd tram- 
mission, s%zortige arid wmlysis systems. The outstanding perfomanctt of the 
TIROS systems and the w i d e  use which has been made of the meteorological data 
by both civilian and military- weather services merit the continuat:Lon of the 
TINS project through the i n i t i a l  flight of the Ninibus system, 
now provides for an additional four TIROS launches, inc.luding two backup Delta 
vehicles in an attempt t o  insure four successful f l i gh t s ,  
scheduled at three t o  four month intervals t o  provide almost conti~~iuous werrrtlier 
coverage through the 1962 thx?  period. 
overlap the first Nimbus i n  order t o  insure adequate coverage during the t.twi- 
s i t i o n  t o  the new Nimbus capability. 

The project 

Launche,; w i l l  bc! 

The last TImS launch is p,L&mied t o  
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The first TIROS w a s  launched w i t h  a Thor-Able launch vehicle funded 
TIROS 115 I11 and the fourth TIFiOS w i l l  by ARPA mid transferred t o  NASA. 

use Delta vehicles procured under the Delta development, program, The 
remaining three TIROS satellites w i l l  also employ the Iklta vehicle. 
Five of t,lie!;e vehicles (two backup vehicles a re  included) were funded 
i n  FY lgtk?. 

Nimbus 

Nimbus is  the first i n  a family of earth-oriented meteorological 
satellite:; being designed t o  carry with f l e x i b i l i t y  a variety of Eensors 
and expei*:irntxrks. The first Nimbus s a t e l l i t e  w i l l  weigh about 600 pounds 
and w i l l  lie launched i n  a polar retrograde (about 800) circular  orbit; 
at about a tj00-mile a l t i tude.  
and sensory subsystems. 
l i k e  struotiu-es covered with solar  ce l l s  and arranged t;o face the sun 
d i rec t ly  vhenever the s a t e l l i t e  is  i n  sunlight e 

bat te r ies  w i l l  be used f o r  power storage. 
keep the sa1;ellite pointing direct ly  at the earth w i t h  an accuracj' of 
about lo :in a l l  three axes -- ro l l ,  pitch and yaw. 
f o r  the first, Nimbus i s  expected t o  include an improved television vidicon 
system t o  provide almost complete coverage of the globe and a radiation 
sensing sysl;em t o  provide atmospheric and t e r r e s t r i a l  radiation measure- 
ments, including data on nighttime cloud cover. Other sensory subsystems 
planned, which w i l l  probably be flown i n  l a t e r  s a t e l l i t e s  of the c>eries, 
include: an e lec t ros ta t ic  tape camera system t o  permit higher rescilution 
studies o:f specific meteorological events such as hurricanes; a more 
comprehen~;Pre infrared radiation system containing, i n  addition t c i  the 
sensors ii,;ed i n  the  first Nimbus, low resolution (400-rile) sensoins f o r  
gross meit,;a:rements o f  the earth-atmosphere heat balance and auxiliary 
measurement IS of importance to meteorology; and measurements of the solar 
constant : m i  other factors which may be of significance i n  determining the 
influence o:f the sun on the ear th 's  weather. 

It w i l l  consist of power, s tabi l izet ion 
The power subsystem w i l l  consist of two paddle- 

Nickel~-cadmium st orage 
The s tabi l izat ion system w i l l  

The: smsory sj.stem 

The F i r s t  Nimbus i s  now planned f o r  completion and launch about the 
end of caleindar year 1962- The second Nimbus w i l l  be :Launched about s i x  
months thereaf'ter. 1% i s  planned t o  have the spacecraft structure, power 
and stabfi Lization f a i r l y  w e l l  standardized w i t h  the successful launch of 
the seeon3 IYimbus 

Dur:i.ng FY 1963, the second R&D Nidus  w i l l  be modified and rcqualified 
i n  accordznlze with the eqer ience  gained from the first Nimbuso 
a l  experiments w i l l  be incorporated as weight l imitations and rel:i.abl.lity 
permit. Also during th i s  f i s c a l  year, work on the  t h i r d  and fourlih R&D 
Nidus stxtellites w i l l  be s tar ted,  These s a t e l l i t e s  w i l l  be launched 
after the i :ni t ia l  spacecraft of the Weather Bureau funded Nimbus series, 
and are  expected t o  carry one of the more advanced sensory system; such 
as a radar, a spectrometer o r  an image or%hicon camera system which can 
view c1oixls under Lower levels o f  illuminationo 

Addition- 

On-board analysir; techni- 
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ques and grmnd data analysis and presentation systems now being (Level- 
oped will be ilzcluded i n  the advanced Nimbus f l igh ts  t o  redace thc amo-ut 
of re&mdant data transmitted by the sa t e l l i t e .  

%un3ing i s  also requested i n  t h i s  project f o r  the Thor-Agena 
vehicles used t o  launch Nimbus satellites. The Thor-Agenas f o r  N:imbus 
are incrententizlly funded i n  FY 1961, FY 1962, and FY 1963. 

Meteorological Sounding Rockets 

The primary NASA meteorological sounding rocket experiment h m  been 
the exploding rocket grenade. 
of the explosions are observed and the time of arr ival  of  the sound waves 
at  an array of sensitive microphones is  recorded. These data pennit cal- 
culation of the wind and temperature i n  each level  between the al t i tudes 
o f  the  e3glosions. 
at  Wallop Island and Fort  Churchill. 
previously unsuspected types of seasonal and shorter period variations of 
the  structure of the atmosphere i n  the  upper stratosphere. 

In  this technique the time and loc3tion 

Several series of successnil f i r ings  have beeii held 
These data have revealed sriveral 

Futtre. work w i l l  include additional series of approximately th i r ty  
FY 2-963 I.aunchings to  provide a more s t a t i s t i c a l l y  reliable sampl? f o r  data 
reduc-biorl end analysis of both new and ea r l i e r  data, and development of 
more powerf'ul rocket grenades tha t  w i l l  permit the techr,ique t o  bs employed 
at  s t i l l  higher alt i tudes.  Studies and developments toward possible bettep 
methods cif observing the properties of the atmosphere i n  the upper stTato- 
sphere w i l l .  be in i t ia ted .  

The fi inds for International Support w i l l  be used i n  pa r t i a l  support 
of  coopex*a%ive meteorological rocketsonde programs i n  overseas areas. 
I n  such p:rograms one o r  more foreign countries would Frovide f o r  a signi- 
f icant pci:rLian o f  the costs, with NASA finds requested. being used for 
equipmer.t, or components not readily available outside the United States. 
The data obtained would help t o  extahd our information on the higrher 
atmosphe;*e; since data t o  date have been obtained primarily from the 
North Auic::riean area. 
of i&unc!lringE i n  connection with the International Ind!im Ocean Expeat-itio n. 

Specific consideration i s  being given to a series 
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NATIONAL AERONAUTICS AND SPACE A D M I N I S T W I O N  

F I S C A L  YEAR 1963 ESTIMATES 

COMMUNICATIONS SATELLITE SYSTEMS 

1961 

Advam sd Research. . . . . $ 
Advancsd Technical 

Flight Program. ....... 31,793,000 

1,250,000 

k v e  lopment . . . . . . . e . 790, 000 

TOTAL. . . . . . . . . . . . . . .$ 33,833,000 

1963 Page No.. 1962 - 
$ l,l7O,OOO $ 2,688,000 RDO 7-11. 

2,272, ooo 2,473,000 RDO 7-5 
b5,035,000 80,216,000 RDO 7-6 

9 48,4'j"l',OOO 9 85,377,000 IS 

The objectlves of space exploration can be broadly (categorized as 
(1) the advancement of man's knowledge of the universe, Leading t o  a 
better understanding of i t s  workings, and as (2) the application of this 
knowledge, result ing i n  tangible benefits  t o  mankind. 

One application of the use of space *ich has great potent ia l  For 
aiding a l l  mankind i s  the f i e l d  of world-wide communications. 
use of s a t e l l i t e s  as relay stations between earth terminals dispers2d 
about the globe, the quali ty of long-distance radio communications sa.n 
be greatly irrproved, and many countries which are now dependent on the 
uncertainties o f  high frequency radio for communicating with other 
locations i n  the world can be linked t o  dis tant  areas with micrcwavs 
circuits wkich w i l l  be as effective as those now used i n  domestic sorvice. 

By ladsing 

The o b j  ective of the c o m i c a t i o n s  satell i te systems program is, 
therefore, the pursuit of  research and development t o  give maximum 
assurance c ~ f  rapid and continuous sc ien t i f ic  and technological. progress 
toward operatdondl global cormrmnications s a t e l l i t e  systems fo r  c iv i l ian  
use. 

JUSTIFICA[I'l:ON _-- : 

The ef'fective conduct of the Nation's business depends on fast, 
reliable ccm.mnications. 
the capabil-ity fo r  rapid transportation of people and goods and for 
comnmicatAng over great distances has become essential .  
contrast t,o gre-World War I1 times, the t rave l  and c o m i c a t i o n s  rrlust 
necessaril.2r be t o  and with a l l  par t s  of the world. 

In the pol i t ica l ,  economic and. social  f i e lds  

ALSO, i n  
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Great r;trides have been made i n  international communications 
between the United States and Europe. The ins ta l la t ion  of trans- 
Atlantic telephone cables has broadened the comnunications base be tween 
those cont;inents, and more cables are being planned f o r  t h i s  service 
and fo r  service t o  A s i a .  However, it has been the experience of the 
cornmications industry tha t  as new kinds of service are offered, the 
demand g;Iic)ws rapidly and soon overtakes the supply. 

H i &  -.:fr*equency radio, used for the  present world-wide coin- 
municaticrts system, i s  not  a rel iable  means of communication. It 
depeEds f'c~x Its use on the ionosphere, which varies diurnally, seasonally, 
and geogrstpkdcally. In  addition, the capabili ty of the ionosphere fo r  
reflectin$; x*adio waves i n  the high-frequency region of the spectrun 
varies w 5 t h  the 11-year sun-spot cycle. During periods of high solar 
activity,  m.ch as occurred between 1957 and 1959, the ionosphere i s  
capable of' reflecting radio waves over a range of frequencies betwien 
approximately 3 and 50 megacycles; when the solar  ac t iv i ty  declines t o  
low levels, frequencies above 20 megacycles are seldom reflected. In  
t'ne l a t t e r  case, the number of communications c i rcu i t s  possible woiLd 
be decreaEed by more than 60 percent. 

Neither high-frequency radio nor present submarine cables provide 
television and high speed d a t a  transmission. These services,as well as 
most of the long l i nes  telephone ca l l s ,  are  nornally carried w i t h i i  the 
Uni5ed Staiea 'by microwave radio. However, fo r  all pract ical  puqwses, 
c o m i c a t i o n  'by microwave i s  limited t o  points within line-of-sigiit of 
each other. 

Communications s a t e l l i t e s  of fe r  the possibi l i ty  of microwave 
communication over long distances by providing relay st(3tions a t  
altitudes where they can .be viewed simultaneously from id1 points vi thin 
vast areas of  the ear th 's  surface. 
providing all types of  telecommunications services on a world-wide basis. 

Thus they of fer  the potential  :?or 

The 1YBS.A communications satell i te systems program i s  designed t o  
advance by rzsearch, technical, development and space flight the technology 
for  applicstion of these systems t o  c ivi l ian use. Both active and 
passive s:ystlzms are  being pursued. 
been flown, Isither by NASA or the Department of Defense,, and have 
demonstra-;sd the f'undamental f eas ib i l i t y  of these systems e 
investiga-; io:is of alternative configurations for  the  eventual oper:ttional 
system art? now required. 

Sa te l l i t e s  of both -types have already 

Detailed 
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The f l i g h t  schedule fo r  the communications satellite systems 
program is a(; follows: 

Mission -- 
'ECHO (rigidi:zed sphere) 

Suborbital t e s t  (2  f l igh ts )  
Orbital tei; t, 

Radiation Measurements Sa te l l i t e  
(2k-hour orbi t )  

2 f l igh ts  

Relay ( l o w  a l t i tude active 
repeater) 

2 f l igh ts  
2 f l igh ts  

Syncom ( 2bhclur  orbit ,  
narrow banL active repeater) 

1 f l igh t  
1 flight 

Rebound (wzl t i p l e  passive 
reflectors) 

2 f l igh ts  

Intermediate AI-ti tude Sa te l l i t e  
(active repertter) 

3 flight;$; 

Advanced Synchronous Communications 
Sa te l l i t e  (wlideband active 
repeater, 2bhour  orb i t )  

2 flfgh.t;r; 
1 f l igh t  

Launch 
Vehicle 

m o r  
mor-Delta 

A t l a s -  Centaur 

Thor-Delta 
Thor- Delta 

mor- Delta 
mor- Delta 

A t l a s -  Agena 

Altas- Agena 

Atlas- Agena 
A t l a s -  Agena 

Calender Y e a *  of Launch - .-- 

1962 
1962 

1963 

1962 
1963 

1962 
1963 

1963 

1964 

1964 
1965 
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1961 

336,700 

1962 

00- 

Advanced Research 

Technical turd operational 

-I 

studies.. ,, ................. -$ 

Influence o f ultimate u t i l i -  
zation on :oimunications 
satell i te system design- 
study. ........ I .............. .,e-- 

.,.-- 

1y2,ooo 

108,600 
Frequency :interference prob- 
lems - s tudy . .  .............. 

Interference 'by comamica- 
t ions sat8sllites t o  opt ica l  
and radio astmnomical 
endeavors - study.. ......... 119,500 0-0 ,,.-- 

215,000 

215, l ~ o o  

Utilization of nuclear power 
supplles - s tu  dy............ 

Optimum antenna arrays f o r  
communications satellites... ... $ 111,000 

High-gain ref lect ive space 
 structure^,.................. 01.1 336,000 161, j O O  

Modulation and demodulation 
techniquesn.. ............... 111,000 752,500 

Simulation. of' communications 
satell i te systems ........... 43,500 155,000 2l5,300 

Quasi-pass 5 . w  satell i te 
techniques.. ................ 54,300 167, ooo 322,500 

Sa te l l i t e  nlat,erials and 
component.:: .................. 161,500 

107, ooo 

435,400 167,000 

om- K-band RF poo'trer sowces.. .... 
Photography c) f passive 

satellite:;.  .................. 0- 0 12,000 0-c 

--I 1u, 000 ,- 

Total, ACt~rariced Research $ 1,25O,OOO $1,170,000 $2,688,000 

FTil Receive~s with feedback.. . -.I- 

m 7-4 



The achievement of any new operational system must be preceded by 
research anif invention. 
research and study t o  provide such support for ultimate communication 
s a t e l l i t e  s;ystems. Two types of research we carried out: comprehensive 
studies which provide a basis for  program direction; and -theoretical 
and experimental investigations which indicate l ines  fo r  worthwhile 
hardware development. 

NASA has undertaken a program of advanced 

The f i r s t  type of research i s  represented by several studies funded 
i n  FY 1961. 
of comrmurfca,tions satellite systems w i l l  be continued i n  :FY 1963. 
A broad rang,e of problems such as orbit& perturbations affecting 
s a t e l l i t e  use, re la t ive technical advantages of the various comrmrnicxtions 
satell i te systems, and how best  t o  locate earth terminals f o r  world- 
wide service w i l l  be studied. A new study t o  begin i n  FY 1963 w i l l  
investigate the applicabili ty of nuclear power  supplies,such as the 
SNAP-8, t o  cclmnmication satellites. 

The study of the technological and operational problems 

In the second type of research are investigations of ref lect ive 
space structures which may provide more g&n than spheres. Ifsome of 
these strnct.ures are s t r i c t l y  passive, while other, c d l e d  
employ active techniques on a much simpler scale than active satellites. 
FundeiP. initJ.al.ly i n  FY 1961 and FY 1962, these investigations 
will be cor;t;inued i n  FY 1963. 

quasi-passive", 

FY 1963 funds are d s o  required t o  continue experimentation i n  
modulation and d.emodulation techniques t o  determine the best methods 
f o r  vari.ous operational systems, and t o  continue the work: on electronic 
and mechanj.cala3.. components direct ly  applicable t o  communications satellites. 

Advancxd Technical Development 1961 - 1962 1963 --- 
Development; of radiation resistant 

Developmm-l; , :?abrication and t es t ing  

Developmenl; o:F jmproved spaceborne 

materials :wtL components............ I-- $ 334,000 $ "I" 

of hi&-gxLn ref lect ive structures. . --- --- 1,882,000 

Long-lived -triwelling wave tubes. .... 56,000 278,000 269,000 

structurer;. --- --- 

-0- --.I batteries ........................... .$ 598,000 

......................... 136,000 
Rigidizatio:i techniques for  space 

Precision tlzta system fo r  antenna 
pointing......*..O.... .............. --- 9'75,000 --- 

Attitude sfzbil ization techniques.. .. ma- 558,000 322, ooo --- 
-, 

Solid-state s:paceborne transmitter.. e --- 127,000 

Total Advancsd Technical Development$ 790,000 $ 2,272,000 $ 2,473,000 



In  exploiting the knowledge gained f r o m  i t s  own and other research 
programs, NASA develops materials and prototype hardware ,which have 
application t o  the  f l i gh t  program, such as radiation resis tant  materi,d.s 
and components, eff ic ient  satelli "e batteries, a precision data syst'zm 
for  antenna pointing, long-lived t ravel l ing wave tubes and a t t i tude  
s tabi l izat icn devices. 
funds t o  develop a high-efficiency, high-power t ravel l ing wave tube 
having l o w  inter-modulation distortion. 
most promise f o r  achievement of long, usef'ul l i f e  as active satell i t .  
f i n a l  output stages 

A continuing ef for t  w i l l  be made .with FY 1963 

These tubes presently of fe r  the 

O f  utmcst importance t o  the passive s a t e l l i t e  program i s  the 
development of reflecting structures which w i l l  direct  more of the 
received enemy back toward earth than does a sphere such as ECHO I. 
This i s  desirahle i f  passive s a t e l l i t e  systems are t o  be employed a t  
operational a l t i tudes (3000-6000 miles, t o  reduce the number requirel)  
for  wideband transmissions, i n  order t ha t  the power radiated by the 3arth 
terminal can be kept within reasonable limits (20 KM o r  l e s s ) .  FY 1363 
finding w i l l  provide for  the development, fabrication and ground tes t ing  
of scale models and f i l l - s i ze  structures with gain applicable t o  f i t l i re  
passive s a t e l l i t e  flight programs Testing w i l l  include a determination 
of the su i tab i l i ty  of t h e i r  erection techniques, mechanical integri ty  
and electroragnetic gain. 

F ' l i g h t  Program -- 1961 

ECHO I 

Passive sa-bellite reflec- 
t ion  characterist ics $ 250, ooo 

Total ECHO I $ 250,000 

ECHO (rigidized -- sphere) : 

Sp ac e c raf t  
Sphere development and 

Canisters and space- 
c raf t  environmental 

procurement 831,000 

t e s t s  1,630,000 
TV system 402,000 
Beacons 325,000 

system 90, ooo 

Thor launcb vehicles 3,200,000 

Ground equipment for  TV 

Data reduction and analysis- 
contract --- 

Thor-Agena. launch ve- 
h ic le  2 200 000 

Total ECHC (rigidized sphere]-- 

1962 1963 

--e --- 

4 680 000 --- 
$5,010,000 $ 135,000 
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--- Flight, Program cont d. 

Rebound 

Spacecraf’t design study 
Space ciaf’t 
Sat ell.j.te: f l i gh t  uni ts  
Systemi analysis, coordination 

ReceiverEi, a.nteFa feeds and 

Cammun j.ca,t ions experiments 
Atlas-Agcna launch vehicles 

and gI.axming 

term.j.na.1 equipment 

Tota.1, Rebound 

Relay 

Systems engineering study 
Spacecraft fabrication and 

Systems coordination and 

Command and control equipment 
Special ground equipment 
Operation s 
Thor-Delta launch vehicles 

check.ou t 

planning 

Total, Relay 

Radiation Measurements Sa te l l i t e  -- 
Engineering services 
Structures 
Solar :paddles 
Flight data systems 
Mechanical systems 
Systems integration 

Total, Radiation 
Measurements Sa te l l i t e  

1961 1962 -I 1963 ._ 

836,000 807, OCIO 

--- 807,000 --- 618,000 --- 6,244,000 - 11,828,000 I 

$325,000 $13,500,000 $16,747,000 

5,500,000 4,720,000 6,237,000 

3,011,000 

2,000,000 446,000 1,075,000 --- 1,450,000 2,258,000 

- - .- 3,650, 000 
1,000, ooo 2,007,000 

8,000,ooo --- 5,560,000 -- 
$20,650,000 $8,623,000 $113,14i,ooo 

- - 

- .- 
- - .. 1,100,000 527, cm 

260,000 --- 
175 9 000 446, ooo - - .. 
75,000 

120,000 100, 000 
- 235,000 - -- 160, ooo 

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

$1,890,000 $1,308, ooo - - .. 



Flight Program Cont'd, --- 1961 - 1962 - 
Synchroncus -- Communications S a t e l l i t e  ( Syncom) 

Spacecraft, 
Backup t ravel l ing wavetube ------ 
Special. telemetry equipment - - -- - - 
Commandt t ~ ~ m s n i t t e r  
Reliabi.:-:ft;y services ------ 
Injection motor 
Tracking and data acquisi- 

---a_- 

----_- 
t i on  E W ~ ~ E  services 

Cmmuiication equipment ------ 
Minitrack operational ------ support test  

Data :reduction 
Side -;oiae ranging equipment------ 

Compu1;er services ------ 
------ 

Transpo:rtation, instal la t ion,  
and o]?wation of ground 
stat io:l ------ Sta t  :Lon operat ion 
Tranr;:po:rt a t  ion 
lLogi:;.tic support ------ ------ 

" b ~ - D t ~ L t i ~  launch vehicles ---I-- 

Tata.1 Syncom 

Intemed.i.3;te -- Altitude S a t e l l i t e  

223,000 
33 5,000 
112,000 
558,000 

200,000 

223,000 --- --- 
1,004,000 

--- 
670,000 
23,000 

8,350,000 

--- $16,594,000 

--- --- Sp8cec:raf t 
Systems coordination and 
planning 

Radiation experiment 
Special ground equipment 
A t l a s  -.Agena launch I&- 

*e- --- --- --- --- --- -_- --- 
--- --- h i d e s  

Total Intermediate A l t i -  
--I --- tud.e S a t e l l i t e  

323 3 000 
108, ooo 
430,000 --- 

L, 022,000 
107, ooo 

54,000 --- 
$4,087,000 

$ 16,452,000 

2,150,000 
1,613, ooo 

10,215,000 

1,075 , 000 

$21,505,000 
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1962 Flight -- F'rogram cont'd. * - 
Advanced Sp@ronous Communications S a t e l l i t e  

E5pacecra.f "t --- --- 
cations eclujpment --- --- Ground control and cornmi- 

Atlas-Agenst launch ve- --- --- hicles  

Total. Aclvmced Syncom --- --- 
Total FlipJit Program $31,793,000 $45,035,000 

1963 

$6,450, ooo 

5,915, OC'O 

6,236, octo 

$18,601, oclo 

$80,216, ooo 
I- .- 

O f  the po6sible general types of communications satellite sysi,ems, 
three apptttar t o  be logical ly  the most applicable t o  the  problem of 
pract ical  :ormimicationso These are passive satell i tes i n  low-altxtude 
orb i t s  (2+,0OO---3,000 miles), act ive s a t e l i i t e s  i n  low-to-intermeditite 
a l t i tude  orb i t s  (~,OOO--l2,000 miles) and active satellites i n  24-hour 
(22,300 mi Le s) synchronous orb i t s  . 
and disa&mntages. 
requires 13 gJantitative comparison of the par t icular  system characl;eristic,s. 
Data for ,such (z comparison a re  not now available, and can only be ob- 
tained through actual  test of the system types i n  the space enviroxnent. 
The NASA mmmmications s a t e l l i t e  systems flight program contains ?light 
experiments involving each of these three types of s a t e l l i t e  systems. 
Results of the program w i l l  materially aid i n  f i n a l  system type selection 
and w i l l  provide a background of hardware and operating experience 
requisite t o  developing operational systems. 

Each type has part icular  advmxages 
Select ion of system type f o r  operat.iona1 application 

ECHO I was a successful f l i g h t  experiment conducted t o  demonstrate 
the  f e a s i t i l i t y  of using Large, lightweight, inf la table  spheres as commu- 
nications ref lectors  and t o  study the behaviour of these structures i n  
the space ecvironment. 
series of su.cceseful communications experiments were carried out. 

ECHO I was launched on August 12, 1960, and a 

A l l  work on ECHO 1 was carried out with pr ior  year funding; because 
of the corit,i.nued l i f e  of ECHO I i n  orbit ,  FY 1961 funds were allocated 
t o  provide for  continuation of experiments t o  determine the nature and 
type o f  d.qp.adation experienced by the  satellite. 



Echo (Rigidized Sphere) -- 
Projec'; Echo (rigidized sphere) will cover development and fli&t- 

tes t ing  of iz passive communications satell i te larger  than ECHO I and. 
possessing :inherent r i g id i ty  capable of maintaining a spherical shape 
i n  the space environment for  a extended period of time. The program 
includes two l>a l l i s t i c  shots from Atlantic Missile Range (AMR) and EUI o r b i t a l  
launch Proxn Pacific Missile Range (PMR). 
Thor launch vehicles and w i l l  test s a t e l l i t e  ejection and inf la t ion.  
Each Thor viXL c a r 7 . r  a television camera and recoverable fi lm caerzts, 
and will be a-ttitude 
recording o f  the sphere ejection and inf la t ion.  

The b a l l i s t i c  shots w i l l  u t i l i z e  

stabil ized during coast and after ejection t o  permit 

The orb i ta l  launch w i l l  u t i l i z e  a mor-Agena launch vehicle, 
which w i l l  place the s a t e l l i t e  i n  a circular  orb i t  of 650 miles alt:'-tucle. 
Functionin,l; of the sphere i n  orb i t  as a reflector of radio waves w i : L l  be 
determined through monitoring i t s  radar cross-section. 

The development of t h e  Echo (rigidized sphere) spacecraft was ini- 
t i a t ed  wi t in  FY :1961 funds, which will cover the cost of the f ive flight, 
models and the f l i g h t  instrumentation for the  ver t ica l  t e s t s .  Two 
spacecraft w i l l  be used i n  ver t ica l  t es t s ,  one w i l l  be used i n  the v b i t a l  
launching, cmd two more w i l l  be available i n  case of fa i lure .  
FY 1962 a n d  1963 will cover cost of support and of radar cross-section experi- 
ments. 
required f o r  the ver t ica l  t e s t s  and fo r  the first increment of the mor- 
lgena procurement. 
Agena vehicle required for the o rb i t a l  test. 

Funding i n  

FY 1961 f'unds also provide fo r  procurement of the two Thor vehicles 

Funding i n  FY 1962 will complete payment for the  Thor- 

Rebound 

Project Rebound covers development and fl ight test  of a multi$le 
comunicat i.ons satellite launching technique, using a single spacecraft i n  
order t o  eE;t&blish the f eas ib i l i t y  of an economical meth.od for placing i n  
orb i t  the I.arge number of satellites required f o r  a " l o w  orbi t"  s a t e l l i t e  
system. 
of the Echo (rigidized sphere) type i n  predetermined locations in  the 
sane orbi t , .  Two launches, using Atlas-Agena launch vehi-cles, are 1 lanned 
i n  calendr,~ 2rea.r 1963 from PMR into a circular  orb i t ,  inclined 820, a t  
1,700 miles; alt i tude.  Although planned for passive sa t e l l i t e s ,  the 
techniques dctveloped i n  Rebound w i l l  be equally applicable t o  actiT-e 
sa t e l l i t e s , ,  
expected to be completed wfth a sat isfactory design i n  March 1962. It i s  
expected tJia1; communications experiments with Rebound s a t e l l i t e s  will 
be conducted jo in t ly  with +;he Air Force using A i r  Force f a c i l i t i e s ,  The 
same foreign nations par t ic ipat ing i n  Project Relay may also par t ic ipate  

A s  planned, the Rebound spacecraft w i l l  deploy three p s s i v e  satel . l i tes  

The existing design study contract, placed Ju ly  1, 1961, i s  
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i n  Project Rebound through operation of communications ground staticrns. 
The design of the spacecraft was in i t ia ted with FY 1961 f’unds. FY 1962 
and 1963 fluid:; provide for the development and fabrication of the two (2) 
f l igh t  model spacecraft fo r  the o rb i t a l  tests. 
the first :i-ic.rement, and FY 1963 funds will complete f’uncling for  the two 
( 2) Atlas-A:eiia launch vehicles required. 

FY 1962 Punds w i l l  provide 

Relay 

Project Relay covers development and f l i g h t  t es t ing  of an expermental 
wideband, Low orbi t ,  active communications satell i te and measurement of 
effects  of the space environment on such a spacecraft. 
c r a f t  w i l l  he m $-sided prism, 29 inches i n  maximum wid-th and weighing 
125 pounds. It w i l l  5e spin-stabilized and w i l l  have a degree of a-;titude 
control through use of a co i l  interacting with the earth’s magnetic f ie ld .  
The spacecraft w i l l  contain two complete and separate comrmulication; 
transponders each capable of relaying a standard TV channel o r  equtralent 
high-speed data o r  duplex telephone channels. Only one transponder i s  
operated ?t any time; the other i s  f o r  backup, representing 100 per cent 
redundancy. 
toring the radiation levels encountered by the s a t e l l i t e  and measuring 
radiation 6.aniage t o  selected solid-state devices. In  addition, the 
spacecraf? ir.cludes a solar cell/nickle-cadmium bat tery power supply, 
solar attitx6.e senscrs, and command and telemetry equipment. Relay space- 
c r a R  w i l l .  be launched with Thor-Deltas from AMR in to  e l l i p t i c d l  orb i t  
with 3,OOCwni.le apogee, 900-mile perigee and 50 degrees inclination. 

The Relay space- 

The spacecraft also contains a radiation experiment for  moni- 

@omur,j.Lsations experiments with the Relay spacecraft w i l l  be con- 
ducted between the East Coast of the United States, Europe and South America. 
Relay comnmications ground s ta t ions are t o  be erected by the  United 
Kingdom, E’IxL~~cE:, the Federal Republic of Gemany, and Brazil. Services 
of ground :;tati.ons i n  the United States a t  Mutley, N.J. and Andovex,, Me. ,  
w i l l  be cor~ti:acted fo r  by NASA. I n  addition t o  the comiunications ground 
stations,  ITMA i s  assembling equipment a t  Wallops Station, Va.  mil Goldstone, 
C a l i f .  to %e:;% the m c t i o n i n g  of the Relay spacecraft. 

Two Re:Lay spacecraft w i l l  be placed i n  o rb i t  during the la t ter  half 
o f  calendru year 1962. 
f l i g h t  tes-;etl i n  calendar year 1963. 
ser ies  e 

Two more spacecraft of improved design w i l l .  be 
A back-up launch i s  provided f o r  each 

Suppleineiital FY 1961 f’unds were used t o  i n i t i a t e  spacecraft development 
and fabric3tion and t o  procure three Thor-Delta ieh ic les  (including one 
back-up). 
and test, to  provide special  ground equipment, t o  procure the sem-ces  o f  
ground sti3tions i n  the United States, and t o  begin deve:lopment of  -;he 
second ser ies  of spacecraft. Funding i n  F!l 1963 i s  necessary to wmplete 

FY 1962 ftmds are  being used t o  continue spacecraft fabrication 
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the  second ser ies  of Relay flight models and t o  fund incrementally the 
1procurerac:nl; of three Thor-Delta vehic l e s  . 
Radiation -- Measurements S a t e l l i t e  (24-hour o rb i t )  

The ext;ent of damage t o  solar ce l l s  and sol id  s t a t e  components 
caused 1 ) ; ~  radiation existing i n  the  space environment i s  being i n -  
vestigated i n  Project Relay at  the 3,000-mile a l t i tude.  A t  24-hour 
a l t i tudes,  only fragmentary information on the composition and i r  tensi-  
t y  of ratliation has been obtained by sc ien t i f ic  s a t e l l i t e s .  The 
Radiation Measurements s a t e l l i t e  w i l l  provide such information. From 
these mwsurements and the damage data obtained from Flelay, some 
estimate can be made of the eff ic ient  lifetime of comyonents of the 
Syncom arid Advent s a t e l l i t e s .  
Centaur vehicles from AMEL 

Launch w i l l  be on devel.opmenta1 A t l a s -  

FY 1.961. and 1962 funding has been used t o  develop and procure three 
f l i gh t  spacecraft fo r  two launches. 
by the  C!e?nt,aur development program. 

Vehicle funding i s  being provided 

Syncom 

Projectb Syncom covers development and fl ight tes t ing of a narrow 
band active communications s a t e l l i t e  i n  a 24-hour circular orbi t .  

"he E;yncom spacecraft w i l l  be 28 inches i n  diameter and w i l l  qeigh 
125 pounds, of which approximately 70 pounds i s  the weight of the 
injectior. rocket motor. 

It w i l l  contain a communication transponder capable of accommdating 
one f u l l  duplex radio telephone channel. 
"apogee kick" rocket motor; vernier rockets; nitrogen gas j e t s  with gas 
supply and valves fo r  a t t i tude  and position control; solar  att i tulle 
sensor; solar cell/nickle-cadmium bat tery parer supply; telemetry and 
control equipment; and radiation experiment. The spacecraft w i l l  be 
launched by a mor-Delta into a highly eccentric orb i t  with apogee a t  
synchronous al t i tude.  When apogee i s  reached, the "apogee kick" rocket 
motor w i l l  be fired, and w i l l  provide sufficient additional velocity t o  
inject  t h e  spacecraft into a circular, near 24-hour orb i t  inclined 33 
degrees t o  the equator. The appropriate number of vernier rockets w i l l  
then be f i red  by ground command t o  provide the incremental ve1oci';y fo r  
the exactly desired 24-hour period. Three transportab.le communicrttion 
ground stations f o r  Project Syncom are  being developed and procured by 
the Department of Defense. It i s  planned tha t  one groimd stat ion w i l l  
be located merseas, and two i n  the United States. 

It w i l l  a lso contain thl? 

The development of t h i s  s a t e l l i t e  has been in i t i a t ed  with FY ~ 9 6 2  
funds. 
ment fo r  thle development and fabrication of the three ( 3 )  f l igh t  r,iodel 
spacecraft, of which one w i l l  be launched i n  calendar year 1962, ctnd two in  
calendar yei%r 1963. 

These funds plus the FY 1963 funds w i l l  provide the major incre- 

FY 1962 funds also provide for  the three Thoi--Delta launch 



vehicles requi.red. Development and fabrication of the communications 
ground statj.on equipment i s  being M d e d  by the Departmen.t of  Defense. 

Intermediate -- Altitude Communications Sa te l l i t e  

The pm j ect  for an intermediate a l t i tude  commnicati.ons satell i te,  a 
logical ext,c?nc;ion of the Relay type of comnmication sa t e l l i t e ,  w i l l  cover 
development, and f l i gh t  tes t ing of a stabil ized active repeater s a t e l l i t e  
capable of :;irml.taneous two way wideband intercontinental transmission. 
Atlas-Agena ltmnch vehicles from AMR w i l l  be used t o  achieve the 6,cloo 
to  10,000 x i l e  o rb i t a l  altitude, which will provide long mutual v i s i l l i l i ty  
times. 
with their  :Large number of required s a t e l l i t e s  and extensive ground stakion 
antenna retpi:rements, and the 24-hour orbi t ,  which requires someiJhaf lazger 
vehicle capxLty, and which may result i n  shorter s a t e l l i t e  l i fe - t ine  
due t o  the .iecessity for  position keeping. 

Th5:; o rb i t  will represent a compromise between the lower o rb i t s ,  

FY 1963 f'unds w i l l  enable NASA t o  begin spacecraft development and 
fabrication of the f i rs t  three spacecraft, and t o  provide the first incremerk 
of funding for the launch vehicles fo r  the three f l i gh t s  i n  calenda:: year 
1964 and o:ie f l igh t  i n  calendar year 1965. 

Advanced Svnc'hronous Comunications Sa te l l i t e  

The proj ec-t for an advanced synchronous communications s a t e l l i  ;e ~ d l l  
develop an3 fl.i&t t e s t  a wideband active communications s a t e l l i t e  2apable 
of transmi tt3.n:: four television channels or 300 tvo-way radio telep;lone cha-1- 
nels. The s a t e l l i t e  w i l l  represent the logical  extension 01 the byicorn 
s a t e l l i t e  tcr a wide-band capability and w i l l  use similar techniques for  
achieving o r b i t ,  and maintaining posit icn and orientation. Launch d i l l  

be from AMF into a 24-hour c i rcular  equatorial o rb i t  (22,300 miles dti- 
tude). I n  t h i s  o rb i t  the s a t e l l i t e  w i l l  appear stationarJ to an observer 
on earth, End can serve as a l ink  between suitably equipped ground stations 
over almost a. complete hemisphere. 

FY 1963 f'unds w i l l  begin spacecraft development, an.d commence fabri- 
cation of t be  f i r s t  two spacecraft. 
first increment of finding fa r  the Atlas-Agena launch vehicles leading 
t o  two fli&its i n  calendar year 1964 and one flight i n  calendar yeer 1965. 

FY 1963 f'unds will also provide the 
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NATIONAZ AERONAUTICS AM> SPACE AIOMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SOUNDING ROCKEX'S 

1961 - 
Advanced 3esearch . . $ 419,000 

Advanced IPechni cal  
Development 

Flight Prog~ram . . . . . 
. . * .  . . 1,386,957 

10,524,043 

Total- . . . . . . . . $l2,33O,OOO 

1,046,638 

u,597,362 

$14,261,000 

To investigate geophysical phenomena from the earth 's  surface out 
t o  one ea.i-th's radius. 
ing the rmdiation arriving from other ce l e s t i a l  bodies from above the 
obscuring and dis tor t ing e f fec ts  of the ear th 's  atmosph.ere. 
t iga te  the structure of the atmosphere, the ionosphere, the geomagnetic 
f ie ld ,  en.erE;etic par t ic les ,  and the chemistry of and so lar  effects  on 
the upper atnosphere. To f l i g h t  t e s t  i n s t m e n t a t i o n  pr ior  t o  use in  
satel l i tes ;  asd space probes. 

To perform astronomical observa,tions by measur- 

To inves-  

A substantial  expansion of the sounding rocket program i s  phimed 
fo r  FY 1963 t o  permit continuation of existing research and an expanded 
program of university research. 
rockets as  a xiems t o  par t ic ipate  i n  the national space e f for t .  
t r a c t s  and grants w i l l  be placed with selected universit ies f o r  
preparation of experiments, and engineering support wiLlbe provided on 
a contractual basis t o  assist the experimenters in preparing t h e i r  
instrumentation f o r  f l i gh t .  Approximately 160 sounding rocket veh.tcles 
w i l l  be procured. 

New experimenters w i l l  use soundhg 
Con- 



1961 1962 1963 - -A- Advanced Research --- 
Aeronomy: 

Atmospheric temperature studies $ 43,000 $ 45,000 $ lil,OOO 
Ultravi(?le t scattering densit o - 

meter mlii composition o e o o .  e -P- 50,OOo - -. 
Specfal techniques fo r  atmospheric 

measurements O..o.Oo.e.......Oo. 66,000 220,000 3‘i1,000 
$ 10g9000 $ 315,000 $ Z E ’ , O O O  

Galactic 11,st:roncm.y: ..- 
Design of f l igh t  opt ical  eystems 

Study of i n t e r s t e l l a r  and intdr- 
f o r  i n - i e r s t e L k  studies . e . .  $ 85,000 $ 81,000 $ I~Z,OW 

gabcl; le media 1: il, 000 
$ 202,000 $ x12,000 

Soundfig rocket handbook e e $ PjO,OOO $ 100,OOQ $ 100,OOq 

Most c ~ f  the  advanced research conducted i n  geophysiics and astrlxximy 
is funded under the Scient i f ic  Sa te l l i t e  Program, 
amount of tkls  research is specifically aimed at  the developanen6 of tech-, 
niques f ~ r  Eptm,oos;pheric and astronomical studies using sounding rocketso 
Continuation of studies of performance capabili t ies and design chanwteris- 
t i c s  of available sounding rocket vehicles i s  also planned. 
are published i n  the form of a sounding rocket handbook f o r  use by 
experimente:rs in planning flight missions and desigging payloads. 

However, 8ib Ih i te l l  

These slxdies 

Advanced !I!ec.hnlcal Development -- 
Aeronomy: 

Ins%armenl;t~t:lon fo r  upper 
atmosphwic research . . . e ., e .  e e $ 450,820 $ ---- $ -.e- 



Advanced Technical Developnent 
1963 '-5nued) 1961 1962 7 

$ -..- 
--- 310,000 I -. - 

Sodilan mpor experiments . e e 0 $ 392,432 $ --- 
Ultmviolet  spectra of the 

Mass sDectrome3lers .......... 25,000 140,638 :1125,000 
upper atmosphere .......... 

:iLg5,000 Magnetic spectroeneter development --- --- 
a8 000 :161 000 wzm mom ne= Deve:Lopnent of cases and gages 

Energetic :Particles: 

Neut:rm measurements . . e . .  e e .  e $ 42,194 $ --- $ -..- 

Plasma a n d  __.I Ionospheric Physics : 

Electron density probes . . * .  . o. $ 138,924 $ k6,OOO $ :LOg,OOO 

Galactic -- Astronomy: 

$ -..- Soft x-ray equipment .......... $ 70,587 $ ... 
F l i g h t  aetector development fo r  

interspel lar  studies ........ 21 000 90,000 

Astroph,ysics : -- 
Radio astronomy ............... $ ... $ 11~,000 $ ---- 

Soundin,$ - Rock& Systems : 

Transitorized telemeter ....... $ 
Dowp development data ........ 
Aspect sensors ................ 
Vibration studies ............. 
IpM/:pcsI telemetry ....... : ..... 
Inst:rumentat for; development 
14 dhannel d i g i t a l  tape system 
Wind tunael studies ........... 
Vehicle syseems development ..* 35,000 

,$ 267,000 

$ 40,000 
1~,000 

~ , O O o  

--- 
67,000 

,347; 000 
$?-;'005,000 

Total, Advanced 
Technical Development $1,386,957 '$1,046,638 - $1,585,000 
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ELnphcr,si;; i n  t h i s  area is  on the developnent of advanced spect:i-o- 
meters, cases and gages fo r  determining the composition, pressure, 
temperature cmd dlensity of the upper atmosphere. Work on advanced 
electron chni;ity probes f o r  ionospheric research is  being continued, 
and support LB provided for developnent of astronoanical instrumentation 
by the Gobia:rd Space Flight Center. An expanded ef for t  i s  also plrtnned 
fo r  develo:mant, of hpmved telemetry systems and data systems f o r  
f'uture sounding rocket payloads. 
ment of existing sounding rockets t o  give them greater :Load carrying 
capability &;3d more precise staBilization and pointing control. 

Work w i l l  a l so  be done on the  Improve- 

Aeronomy: 

Sodium vapor experiments $ 26,100 $ 204,741 $ 2i72,000 

atmosphere O O e a . . . O . . . O . O . O  276,000 270 9 OOo 2'75,OW 

measurements. O . . O O D o  327,000 33s, OOo 260,000 

corre:Ls;tion e e ., e o  * .  e .  e o  e e e --- 51,898 l52,OOo 

NeutrgL composition of upper 

Pressure, temperature density 

Wind shear and D region 

Falling sphere accelerometer --- --- 175,000 
Rocket grenade experiments . 448,000 --- --- 
Ion canposition measurements 240 OOO 285,000 m- $e $1,3;29,000 

Space Chemistry: -- 
$ --- $ 2L5,000 Airglow photometry ., . . o . .  * .  . $ -e- 

--- 3L5,OOO experfment . . . . O . O O O O . . . O . O  --- 
measurements . . . . O O e . . . o . O .  --- --- 2fI55,OOO 

215,000 Induced airglow reactions . --- --- 
photometry . e . O O . O o . . . . . . . .  --- --- 2 L!5,000 

phenanena o . . . . o . . . . o o . e . s .  170,000 161 000 1151 000 

Induced chemiluminescence 

Spectrometry and composition 

H i g h  resolution ul t raviolet  

Earth's aLbedo and scattering 

$ 170,000 $ $ I -  

Micrometeorite s : --- 
Meteor streams collection 
progmm . . . . a . . . O . O o . . . . O . .  $ --- $ 201,000 $ 115,000 
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1962 I-- Flight Program ( Con t . ) 1961 

Energetic Particles : -_. 

Low energy heavy primary 
C O S ~ ~ C :  rizys.. ..................... .$ 55,000 

Nuc1ea;r emulsion experiments. ....... 440,500 
Solar lmm experiments. ............. 

$ 5'7,000 
189, ooo 

$ 57,000 
1.95 ; 000 
1.60,ooo 

Fi-12, 000 

MagnetoQniarnics : 

1nvestigal;ion of the electrojet  .... .$ 25,943 
Magnetic: :Fields and ionospheric 
current;::.,........................,. 

$ 445,000 $ :;;30,000 

Plasma arid -- :Conospheric physics: 

Electrcm density probes. ........... .$ 
Langmufi: i-onosphere probes.. ........ --" 
DC and VLF measurements.. ........... 161,000 
RF ionc)sphere measurements. ......... 344, 000 
Measurerlent s of  the ionosphere 

during solar eclipse.. ............. --- 
Ionospkre measurements f o r  the 
Interrrtrtional Quiet Sun Year 

--- $ 23,123 
140,000 
246,000 
326, ooo 

--.. 
140,000 

$ 

~~81,000 
144, ooo 

270,000 

(IWY) .............................. .... rn 2'15, ooo 
$ ~ 5 0 , 0 0 0  $735,123 

Galactic -- Astmnomy : 

Ste l la r  x-ray mapping.. ............ .$ 
Ultravicllet photometry. ............. 86,000 

I-- $ 132,000 
273,000 

Ste l la r  antd nebular spectrometry.... 633,000 
$ 719,000 

Solar Physic s : --- 
Solar ul.traviolet spectrometry.. ... .$ 490,500 $ 307,000 $ 350,000 
X-ray spectrophotomet ry............. * 130- 000 v m b  242; 000 

$32,000 

Astrophysics: --- 
Radio astronomy.. .................. .$ --- 

MeteomlogLPhoto Probe.. ............ .$ 146,000 - 
-0- $ 

$ 206,000 

$ 115,000 

$ 40,000 
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Rocket Sys:l;enis : 
e--. 

Aerobee Z.00. ....................... .$ 45,800 
Aerobee l.'jO/l,50A. ................... 1,048,000 
Nike Cajun. ......................... 262,000 

Argo D-f!,, ........................... 152,000 
Aembee :SO(). ........................ --I 

Arm D-k4 ........................... 642,000 
Nike Apache. ........................ 52,000 

~ri~.... ............................ 252,000 

- -- 
Aerobee :YjO. ........................ --- 

$29253,800 

General F1 j& t t  Support : - 
Launcher mcdifications ............. .$ 55,000 
Attitude c:ontrol systems ............ 29,000 
Ground eI.ectronics and 

instnm;.ent8ation.. .................. --- 
Airborne el.ectronics..,............. -.-- 

Telemetrg- support.. ................. 470,000 
b v a p  s q p c r t . .  ..................... 175,000 
Antenna support.. ................... 104,000 
Wind effects..  ...................... 145,000 
Transistcrized FM/FM telemeter 
packages ........................... lO5,OOO 

MCR lo5 airborne 10 channel 
command receivers (24) ............. 131,000 

Airborne pulse position te le -  
meter transmitter... ............... 7O,OOO 

Supersonic wind tunnel test......... 50,000 
Mircom msdel CM-LOO video band 

recorder.. ......................... 60,000 
NERV modifications.. ................ 126,000 
Argo D-4 vehicle performance study.. 165,400 
Support services, f a c i l i t i e s  
and materid.;; ...................... 1,268,800 

Iris - 0:XR Dverhead adjustment.. .... -I- 

Despiii qystems.. .................... --- 
Checlrout a n t i  launch operations.. .... 1,477,000 

FM/FM telemetry ground station..  .... 52,000 

Engineering services t o  universit ies 
f o r  coordination of  fabrication 

$ 165,000 
723,000 
270,000 

$ 55,000 
360,000 

lOk,OOO 
770,000 
400,000 
125, ooo 
75,000 --- 

--- 
I-- 

*-- --- 
-I- 

--- 
"I- --- 

1,149,000 

25,000 
56,000 

2,188 000 

--- 
9~2, ooo 
2C18, ooo 
127,000 

I., 449, ooo 
151,000 
441,000 
162,000 
46,000 

$ 

1 2 000 
$&* 

$ 55,000 
430,000 

80,000 
745,000 
395,000 
125,000 

75,0'30 

--- 

- -- 
m u -  --- 

.................... 595 000 601f, ooo of experimznts. $4,483,200 $l5p$m $ ? G , , O O O  

T O - L ~ ,  pl ight mgrams..  .... .$10,524,043 



During FY 1961, 69 sounding rockets were launched. The number of 
flights i s  expected t o  be increased t o  166 i n  FY 1963. 
procured 104 sounding rockets primarily of the Aerobee, Iris, Nike Cajun 
and Nike Apache types. 

,Aerobee, Nike Cajun, Nike Apaches and Journeyman (Argo D-8)  types. 
procurement; w i l l  consist of about 158 sounding rockets (of the Aero')ee, Iris, 
Nike Cajun, Nike Apache, Journeyman, Javelin (Argo D-4), and Arcas types. 
The &or areas i n  which sounding rockets will be used $me l i s t e d  ')elow. 

FY 1961 a i d s  

Fy 1962 funds procured 108 sounding rockets of  the 
FY 1963 

Aeronoq 

Direct measurements w i l l  be made of atmospheric temperature, density, 
pressure, composition and dynamics using various types of sensors,l;auges, 
spectrometers, spectrophotometers and accelerometers. Indirect  meiisure- 
ments of *winds, turbulence, diff'usion rates, density and temperatu:l:es w i l l  
be made b,y the ejection of sodium vapor from rockets i n  the upper ittmosphe:r*e. 
These sodium releases are conducted at  t w i l i @ t  i n  the morning and evening 
so tha t  the sodium vapor i s  illuminated by the sun. The sun makes the 
cloud gloa and the dr i f t ing  and twisting of the vapor t r a i l  gives :.nforma- 
t ion 011 t:he winds andl turbulence. 
t ion on diffusion rates  and densities. 
instrument techniques based on interferometric and absorption principles will. 
measure u--per air temperature. 
be used t o  dztermine the number, temperatures and ident i t ies  of the vii,riou:: 
ions i n  t1i3 upper atmosphere. 

The expansion of the cloud give:: infoma- 
Observation of -these cloud:: using 

Ion t raps  and ion mass :;pectromete:*s w i l l  

Space Chemistry 

New effort;s t o  study the chemistry of the ear th 's  upper atmosphere 
w i l l  be in i t ia ted .  
and other sej'lsors t o  study natural  and induced chemical reactions :.n the 
upper atmosphere. 
study the relative importance and speed of the principle reactions believed 
t o  be occurring i n  the upper atmosphere. 
amounts 0:: cliemicals t o  the upper atmosphere t o  produce loca l  reac1,ions w i l l  
be conduc:;ed with sounding rockets and these reactions will be observed from 
ground and rocket borne instrumentation t o  study chemiccd phenomenct. 
Ultraviolet :spectrometers designed t o  perform detailed measurement:; of' knotin 
atmospheric chemical reactions w i l l  be used t o  study the day t o  night changes, 
the speed 1d';h which the reactions occur, and the extent; of reaction products 
and compe1;ing reactions. Sensors w i l l  be flown t o  study the  spectiVal dis- 
t r ibut ion of ul t raviolet ,  v i s ib le  and infrared light scattered or ~eflectecl  
by the mo:!ecules, ions and par t iculate  matter i n  the  upper atmosphwe t o  
identify %lie responsible species and determine par t ic le  s ize  and q u n t i t y .  

These experiments w i l l  employ spectrometers, photometers 

Simple photometers i n  sounding rockets will be used. t o  

The controlled addition of s m a l l  



Micrometeorites 

Sounding rockets w i l l  be launched into meteor streams t o  detect and 
collect  rxicrometeorites f o r  laboratory analysis. 

Energetic Par t ic les  

Sounding rockets are used fo r  investigation of the lower reaches 
o f  the i.rmer Van Allen radiation be l t  and for determination of the origin,  
nature, motion, spa t ia l  distribution and temporal variations o f  various 
energetic: par t ic les  entering the  ear th 's  atmosphere. 
a Joume~msm rocket was  flown along a t ra jectory closely corresponding t o  
the magrwtic meridian, extending from the Pacific Missile Range t:, a point 
1780 kil.c)m!ters a w a y  i n  the Pacific. This rocket carried a special nose- 
cone fit,t;ell for  the exposure and recovery of nuclear emulsions f o r  the 
measurenic:nt; of the flux and e n e r a  spectrum of the tra.pped protons i n  the 
inner V ~ a i  Allen be l t .  This successf'ul fllght has given sc ien t i s t s  the 
first measurements of these quantit ies as a function of position i n  the 
bel t .  

On September 19, 1960, 

Interest  i n  the problem of the spectral  characterist ics of the solar 
par t ic le  beams associated with. major solar  f l a r e s  led t o  a rocket probe 
study of' these events between June and November 1960. 
experiment, t en  f i r ings  were made into four solar par t ic le  beams and four other 
f i r ings were made f o r  conparison purposes during quiet periods an3 periods 
of auroral absorption. 
solar p r c h n  flux was  measured. 
balloon measurements and other data, and the correlation between Soli- 
f la res  and the solar  proton f lux has been broadly defined. 

In  the course of the 

Both counters and emulsions were carried, and the 
These rocket data have been correlated w:it:1 

Sounding rockets are  also being used i n  coordination with balloons 
t o  study tke energy spectrum of solar cosmic rays down t o  energies below 
1 MEV. 

Magnetodynamics 

Sounding rockets are being used t o  carry mametometers t o  a l t i tudes 
of about 2CO km t o  study the equatorial e lectrojet  and other aspezts o f  
the earth's magnetic f ie ld .  
and ionospheric currents w i l l  be studied. Sounding rockets are used for 
t h i s  p u r p s e  because the al t i tudes t o  be studied are below s a t e l l i t e  alti- 
tudes and ver t ica l  prof i les  are desired. 

Relationships between the ear th 's  mapet ic  fie.Ld 

Plasma and Ionospheric Physics 

Measurements of electron and ion density, and electron temperature 
The ef fec ts  on the io:iosphere and energy distribution w i l l  be continued. 



of the cutoff of solar  ionizing radiation during the mid-1963 so la-  
eclipse w i l l  be studied, 
fo r  the Tnternational Quiet Sun Year (1964). 

An ef for t  will be made to  prepare new ex:?erinent,:; 

Galactic Astronomy 

Sounding rockets w i l l  be used i n  increasing numbers t o  make s i u v e y  
measureme2ts and t o  t e s t  and cal ibrate  instruments being developed fo r  the 
Orbiting Astronomical Observatories e 

obtained 13w dispersion spectra for t en  stars. These were all veqr bright 
stars, varying i n  temperature from s l igh t ly  hot te r  tharl the  sun up t o  the 
hot tes t  s t a r s  observable i n  the sky. The u l t rav io le t  s p e c t m  of only one 
of these ,;tars agrees well with the prediction of  exis t ing theory. 
par t icu lar  s t a r  w a s  among the  cooler ones, and the spectrum followed close:ly 
what one migit expect from a knowledge of the sun. However, the hot te r  the 
star, the g?eater the disagreement with current theory. Other f l i&ts  have 
revealed aid made detai led observations of nubulocity which w a s  invis ible  
i n  the no:nnally observed spectral  regions but unexplainably bright i n  the 
ul t rav io le t .  The discovery t h a t  t he  sun i s  an unexpectedly intere:; t ing 
source of X-rays suggests -the poss ib i l i ty  of being able t o  learn much about 
t he  stars in the X-ray region of the spectrum. 
sounding :~ocltets have demonstrated t h a t  sounding rocket spectrometiy can 
yield vaImb,b:le information fo r  development of astronomical theories 8.r.d foy 
optimizatfion of  the design of instrumentation for the more comprehensive 
experimenl;,; -to be flown i n  the more expensive s a t e l l i t e  observator:.es. 

One such rocket f i r e d  i n  Novcmber lgt!;C~ 

This 

These experiments vitk 

Solar Physics 

Fligli-;s w i l l  be conducted t o  study the sun and solar ac t iv i ty  using 
ultraviole-; :md X-ray i n s t m e n t a t i o n .  
t o  increar:e om* understanding of solar  ac t iv i ty  and i t s  e f f ec t s  on the 
ear th  ' s at;rnor;phere since u l t r av io l e t  radiation produces auroral  ani. airglotr 
e f fec ts  as w e l l  as the stable ionosphere. Fl ights  w i t h  X-ray instiwnenta- 
t i on  are e:rpectecZ t o  yield information on the temperature structure' of the 
quiet  corona and hence contribute t o  our knowledge of the mechanism respon-. 
s ib l e  f o r  c:oronal heating. 
give inforrmtion on the type of so la r  a c t i v i t y  responsible f o r  pa r t i c l e  
showers near the earth.  

The u l t rav io le t  studies are' expected 

X-ray observations of the ac:tive sun w i l l  

Astrophysics 

Soundj.ng rockets are being used for  the  development, of radio 
astronomy i'eceivers. 
surface, thei'e are  substant ia l  ranges of the spectrum which can be observed. 
only, or v i t h  much greater accuracy, from above the eartb's atmospkere. 
Radio astrrmclw techniques w i l l  be used t o  study the  planets and other 

Although radio astronomy i s  conducted from tk. e ear th '  s 
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cold celes ' t ial  bodies from which the primary electromagnetic radiation 
is  i n  the excrtremely high frequency radio regLon. 

Meteorology Photo Probe 

Sounding rocket flights with recovery provisions are u t i l i zed  t o  
develop phot,ographic equipment and techniques for  meteorological rlesearch. 
Polaroid f'ilters have been used on cameras t o  determine the effectiveness 
of  the f i l ters  i n  distinguishing clouds from a snow and, i ce  backgrmnd. 

Rocket Systems 

S0uniUc.g rockets fo r  the experiments described i n  t h i s  program are 
procured vit,h these f'unds t o  meet NASA, university and some contractor 
requiremer.ts. 
t o  meet the current and new perfomance characterist ics required by  more 
sophisticated sc ien t i f ic  payloads. 

Rocket development, modification and improvement are fbnded 

General Flight Support 

This category covers preparation f o r  launch, and the launch itself', 
including ground instrumentation and telemetry readout, rocket handling and 
minor modi.fi.cations, performed primarily at Wallops Station and Fort Churchill, 
Canada. 1:nsrtrumentation and launch services are maintained fo r  the year- 
round flight, ac t iv i t i e s  of the sounding rocket program. 
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NATIONAL AERONAUTICS AM) SPACE ADMINISTRATI[ON 

FISCAL YEXI3 1963 ESTW4ATES 

1961 - 1962 - 
Advanced Research $ 6,793,824 $ 13,847',000 

Advanced Technical 
~evelc~pment . . 6,207,176 13,124,000 

Flight IVogram. . . 41,397,000 90,647',000 

To-CaL . . . $54,398,000 $117,618,000 

To :increase man's knowledge of the earth, 

16,261,000 

141,486, OOO 

$175,165,000 

the sun, interplanetary 
space, ?;lie universe i n  general and the relationship bekeen s o h g  
processtss and geophysical phenomena. More specifica1:Ly: 

1. 

2. 

3 .  

4. 

5. 

To determine and understand the structure, composition 
and dynamics of the Earth's atmosphere and ionosphere. 

To investigate and determine the nature of the great 
r d i a t i o n  be l t s ,  the nature and origin of cosmic rays, 
the characterist ics of other energetic par t ic les  i n  
space, the characterist ics of magnetic and e l ec t r i c  
f ie lds ,  solar act ivi ty ,  the ionospheric and atmospheric 
conditions, and the relationships among these phenomena, 

To understand the origin, present s t a t e  and evolution 
of the universe by observation of the stars ,  nebulae, 
galaxies and planets from above the obscuring influence 
of the E a r t h ' s  atmosphere. 

To investigate the physical processes occurring in  the 
universe including the nature of gravity, the gross 
features of the E a r t h ' s  gravitational f ield and the 
b'ehavior of elementary par t ic les  i n  rapid motion. 

To study the effects  of space environment on l iving 
organisms. 
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6. To provide basic s c i en t i f i c  knowledge required f o r  
manned and instrumented space flight and f o r  advance- 
ment of the state-of-the-art i n  meteorology, communi- 
cations, and navigation. 

7.  To support international cooperative e f fo r t s  i n  the 
exploration of space. 

JUSTIFICATION: --- 
Earth orbit ing satellites offer  a mans of conducting comprehensive 

sc ien t i f ic  investigations i n  space over long periods of t i m e .  Direct 
measurements can be made of geophysical phenomena with accurate refer- 
ence t o  t i m e  and space. The Earth's ionosphere and atmosphere c'an be 
examined. i n  s i t u  and from above, and astronomical observations clul be 
made frcm above the absorbfng and dis tor t ing e f fec ts  of the Ear t l a ' s  
atmosphere. 

Major emphasis i s  being placed on the development of geophysical, 
astronomical and solar  observatories capable of carrying a wide variety 
of exper*inients using a basic spacecraft, power supply, s tabi l izat ion 
system, ccmmand system, data storage system and telemetry system i n  an 
e f fo r t  t o  achieve a high degree of r e l i ab i l i t y .  However, there is a 
continulng requirement for  smaller satellites i n  special  o rb i t s  md smal:L 
space pruohes t o  conduct experiments which are incompatible with the 
larger cibservatories . 

FY' 1963 funds provide f o r  continuation of the development and 
product3.ori of the three types of observatories, f o r  i n i t i a t ion  of the 
developnlent of one Scout-sized satell i te and a series of geophysical and 
biological. probes f o r  specialized experimnts. FY 1963 funds also provide 
f o r  contirtuation of a program of international cooperation, providing 
launch vehicles and spacecraft f o r  experiments by sc ien t i s t s  of the United 
Kingdom arid other countries. 

I n  conjunction with the program of f l i g h t  experiments, increased 
emphaslr: is being placed on support of research and advanced technical 
development e f fo r t s  i n  universit ies,  non-profit ins t i tu t ions  and industry. 
This ret:enrch and development e f fo r t  i n  the space sciences provides the 
theoretical  framework upon which the program of f l i g h t  experiments is 
bu i l t .  If; develops the techniques and instrumentation f o r  the f l i g h t  
experinimlx and provides f o r  analysis of the data obtained. 



FUNDING -gJUIREMENTS : 

Ad.nmced --- Research 

Aeronomy 

Plane-t<sr;y atmosphere studies. . 
Calib:rstion of photon cowters .  
Atom density measurements . . .  
Inteqplanetary gas and dust . . 

$ 658,119 $1,292,414 

Space Chemistry 

Chemistry of the upper 
atmosphere . . . . . . . . .  

Investigate physical chemistry 
of comets . . . . . . . . . .  

$ 378,000 $ 616,000 $ 334,700 

39k, 000 
$ 772,000 

Micrometeorites 

$ 260,000 
235 000 

$ 263,000 
280,000 

$ 217,375 
11,000 

Micrometeorite simulation . . .  
Radar studies of meteors. . . .  
Meteorite recovery and 

atmospheric ba l l i s t i c s .  . . .  165,000 
$ 660,000 

- 250,000 
$ 793,000 $ 228,375 

Energetic Par t ic les  -- 
$ 759,708 
187, 955 
290,038 --- 

$ 437,700 
443,000 
780, 000 
330, OOo 

Cosmic ray studies. . . . . . .  
Studies of energetic par t ic les .  
Radiation b e l t  studies. . . . .  
Solid state detector research . 
Recovemble nuclear emulsion 

stuc.y . . . . . . . . . . . .  250. OO0 
$2,240,700 $3,145, OO0 

Magnetodpmics - -  
$ 340,000 $ 160,071 Geohydrcmagnetic theory . . . .  

thecwy. . . . . . . . . . . .  
Studies of magnetic storms. . .  
Magne!l;oClynamics and o rb i t  

100,000 
$ 160,071 
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Advanced Re search 1961 --- 1962 

Plasma aggIonospheric Physics 

Ionospheric propagation research $1,043,018 
Plasma, physics studies. --- 
Studies; of VIIF emissions. . . .  164,938 

25 , 230 
Ionosphere reaction studies . . --- 

. . . .  
Separmi;ing capsule electron 
denaity technique . . . . . .  

Ionosphere. . . . . . . . . .  Studien of the structure of the 

Theorei;ical. studies in 
--- 

ionospheric physics . . . . .  172,200 
$1,405,386 

$ 797,000 
877, 
466,000 

25,000 
196,139 

25,000 
208,000 

- 148,000 
$2,646, OOO 

130, OOO 
$2,445,457 

Galactic -- Astronomy 
w lalmratory spectroscopy. . .  $ 

po:Lar:lzation in the W . . .  1ntertste:Llar extinction and 

Stellar atmospheres . . . . . .  
Gamma ra;y data handling . . . 
Opticitl constants in the 
ext:r!me UV . . . . . . . . .  

Suppo:r t Iof International 
Rst:rmmical Union. . . . . .  

Studies (of' interstellar gas . . 
Radiometric standards . . . . .  
OptiCiZl and electronic pro- 
perties of soltds . . . . . .  

Parameters of solids. . . . . .  
High resolution infrared studies 
Formation and properties of 
interstellar matter . . . . .  

Image tube research . . . . . .  
High eltitude recoverable 
experiments . . . . . . . . .  . . . . .  Ultraviolet detectors _. 

$ 

$ 458,000 

72,900 
115 OOo 
29,742 

102,000 

25 , 000 
99,400 

112,000 

--- 
107,000 

224, OOO --- --- 
43,089 

32, cm 
122,000 

87,000 
62,000 113, OOO 

$1,079,089 E, 492, OOo 915 042 

Solar Physics - -  
Solar monitoring. . . . . . . .  $ 105,000 
Theoretical research in solar 
actlvlty. . . . . . . . . . .  144,800 

Interylre tation and observation 
of solar phenomna. . . . . .  

Solar Tn;' research . . . . . . .  --- 

$ 205,190 $ 213,000 

298,000 558,0001 

176, 
383, 

RDO 9-4. 



Adwmced Research 
_I-- 

Solar Php&s (Continued) lg62 

$ 37,000 Studiec; of solar flares . . . .  
Solar p l r r r a l l a x .  . . . . . . . .  

$ 35,000 $ 218,000 $ 235,000 

120,600 

65,000 
$ 871,600 

471, OOO 

Radio tMt:ronoIIiy . . . . . . . .  
Rot a t  ion rmd g r a d  tat  i on 

on s t ia t :ht ical  systems. . 
Ce1est:tral mechanics . . . . 
Gravity and re la t iv i ty .  . . . .  

$ 183,000 

Space Bio -- loia 

$ 174,000 $1,326,000 Researc'h in space biology . . .  
Study of illicro-organisms i n  

the i i p p s r  atmosphere. . . . .  

Scientif:ic -I ,Satellite Support 

Theoretickl studies of guidevlce 
techniques during o rb i t  ..... 

Theoretical studies of s tab i l i -  
zation systems r e l i ab i l i t y .  . 

Theoretical stuides of o rb i t  
rendezvous guidance system e 

Investigation of improved tech- 
niques, processes, and 
materials . . . . . . . . . .  86 400 

r86j400 
121 000 

$--TG$m 

General Support 

Theoretical research i n  the 

Biographic and bibliographic 
services. . . . . . . . . . .  

Support of Rocket and S a t e l l f t e  
Sub-center of the World Data 
Center . . . . . . . . . . .  
services. . . . . . . . . . .  

space sciences. . . . . . . .  

Mathematical and computing 

$ 600,000 

75,000 

32, OOo 30,150 

549,700 
1,226,630 

$6,793,824 Total., Advanced Research. . 



The bmad range of s c i en t i f i c  investigation conducted with s/xbel- 
l i t e s  must be based on f i r m  laboratory and theore t ica l  research i n  order 
t o  define the nature of investigations t o  be undertaken, t o  devise methods 
and techniques for these investigations, t o  assess the r e su l t s  of f l i gh t  
experiments and t o  r e l a t e  them t o  exis t ing theory and knowledge. 
srties and other non-pmfit ins t i tu t ions  play a. predominant ro le  i n  t h i s  
research. 
increase the number of univers i t ies  par t ic ipat ing i n  the program and t o  
expand the programs of %hose univers i t ies  already par t ic ipat ing.  

Univer- 

In  FY 1962 and FY 1963, an intensive e f fo r t  will be made t o  

Advenc ed Technical Development 1961 
--I 

Aeronomy 

Instrunieritat ion, composition 
of tk.6: upper atmosphere ...... $ 

Mass spectrometers. ........... 206,000 

sensc~rs ....................... ll7,OOO 
$ 609,837 

286,837 

Development of radiological 

Space Cherni:;try -1 

Chemical release f o r  a r t i f i c i a l  

Study :€'o:r opt ical ly  observed 
--- cornel;;;. ..................... $ 

$ 
--- cornel; head. .................. 
--- 

Micrometeorites 
-I- 

Velocity, energy and direction 

Micron pa r t i c l e  impact studies. 211,400 

Collection sensors and special  

--- detectors .................... $ 
Hy-perveMcity neutron beam.. --- 

anal,ysis --- 
$ 211,400 

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

Energetic -- Par t ic les  

~ o s m i c  radiation detectors.. . .$ 
Isotopic abundance of helium.. 
Interplanetary radiation 
instrwn.entation.... .......... 

Polar radiation experiments ... 
Par t i c l e  detectors. . . . . . . . . . . .  
Study of' avalanche process,... 
b g i c  system development-, ..... 
Test Ilal.loon flights - .......... 

$ 

$ 266,000 $ 349,000 
434,000 478,000 

--- --- 
-I 

$ 700,000 $ €27,000 

$ --- $ 290,000 

:?18,000 
$ 583,000 $ 377,000 

- _ .  - 212 J 000 

$ 160,000 
10,000 

560, ooo 
260,000 
597,300 

57,000 
--- 

32,000 
$ 1,676,300 

160 , ooo 
260, ooo 
305, ooo 

32,000 

--- 
47,000 

$ 1,!324,000 
- 
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Ad.vartced L-- Technical Development (Continuedl 
1961 1962 1.963 

-I 

MagnetoQnamic s 

Mame1;onieter development. .... $ 188,900 $ 1,185,000 
Ma&l;ic f i e l d  and ionosphere 
noise . ,, ..................... a 5  480 F-=em 

Plasma rwid -- Ionospheric Physics 

e-- Intei??lculetary plasma probe. . $ 
Polair ionosphere instrumentation 
RF spx-trometer development. . 227,000 
Comprehensive specification for 
data acquisition and processing 
sys-s~3ms..................... 111,400 

anal1 yzers 

--- 

Deve:Ll3pinent of e lec t  ro  - ion ................... 14a,ooo 

$ 160,000 
125, ooo --- 

$ 651,000 
125,000 --- 

--- e-- 

27.3,OOO 270,000 
222; 000 r 777,000 

195 000 $1,24.4,ooo 
-0- Studies of plasmas ........... 

$ 486,400 

Gslact i c  -I Astronomy 

Stratoscope experiments.. .... $ 344,000 

Ultraviolet spectrometer ..... 310, ooo 
Optical instrumentation...... 382 , 446 

--- Image converter.............. 
X-ray astronomy.............. --- 

$ 419,000 
447,000 
327,000 
67, ooo 

1317, ooo 
340,000 

$-z > 737,000- 

--- 
223, ooo 
322, ooo 

355,000 
162, ooo 

$ 1,103,000 

$ 

41,000 

--- --- UL t r&io  l e t  s t e liar po lari z a t  ion 
Photodiodes and photomultipliers 184 100 

T-iP$m 
Solar Physics - -  

X-ray instrumentation $ 130,000 
G ~ E .  ray instrumentation.. .. 114,000 
Ultre.vi.olet instrumentation. . 227,726 
Inst  zwnent at ion-polari zat ion 
of %he zodiacal light 65,000 

$ 69,000 
139, OOCl 
600, ooo 

$ 265,000 
11.0,ooo 
603,600 

”-- 

DeveI.o-gment of image orthicon 
w i t h  IrV and X-ray response.. 202 400 

$739,1.26 
418 000 

n3&= 
404,000 

$.,212,006 

A s  t rophys j-c s 

$ 333,000 Radi.o astronomy receivers. ... $ 
Infrared astronomical optics 

and detectors.. ............. 
Direct five antennae ........... 

412,589 

0-0 --- 640,000 
206, ooo 

250,000 --- --- Rela-xtvity experiments.. ..... 
$ 412,589 



Advanced Technical De 
1962 - 1963 

c-- 

S c i e n t i f i c S a t e l l i t e  Support 

Temperature control device and 
coatings .................... $ 

Wide band flight recorders. .. 
At t i tx .de  control and guidance 

subsj?st.ms.. ................ 
Advanc:eC. telemetry. .......... 
Advancet. video techniques.. .. 
Design and development of  

speci.al. bearings.. .......... 
Precession damping and spin 

cont~*ol. devices.. ........... 
Spacecraft propulsion.. ...... 
Anternla development. ......... 
Vibrat;ion measurements and 
teckaiol-ogy .................. 

Mobi1.e f i e l d  t e s t  f a c i l i t i e s .  
Devel.opment of r e l i a b i l i t y  
teckuiiques fo r  evaluation of 
spacwxaft. ................. 

218,000 
208,300 

259,500 
92, ooo 
86,000 

91,100 

42,300 
89,800 
39,900 

129,800 
43,700 

$ 473,000 
726,200 

677,200 
487,700 
352,500 

89,000 

76,000 
442,500 
100,200 

--- 
-e- 

844,500 

$ 564,000 
386, ooo 

595,000 
654,000 
524,000 

90, ooo 

1,281,000 ... 167 000 --- U l t r a  hf:gh vacuum system.. 
$ 1,300,40 0 nm3E 

To-;a:L, Advanced Technical 
Bvelopment ............ $ 6,207,176 $13,124,000 - $16,261,000 

Ba-E'o:re experiments are selected for specific flight project.s, it i f ;  
necessaqy ';o demonstrate tha t  a given method or technique can be employed 
within the constraints of available materials and the size,  weight and 
environrm?n-;al l imitations of s a t e l l i t e  flights. For t h i s  purpose, labora- 
tory model:; are designed, bui l t  and tested. 
the program on the par t  of universit ies,  other sc ien t i f ic  ins t i tu t ions  arid 
industry i s  providing a large number of promising proposals for 
o f  inst:?xnentation fo r  future s a t e l l i t e  flights. 
ing compLe.xity of sc ien t i f ic  experiments makes it necessary t o  place gree,tc!r 
emphasis 012 the development of s a t e l l i t e  sdbsystems t o  provide the neces:m.y 
stabiliizzt ion, environmental control, data storage and transmiss:l.on, and 
mechanicd control for future sc ien t i f ic  s a t e l l i t e s .  

The increasing i n t e ~ e s t  i n  

levelopment, 
In  addition, the increes-. 

:L963 F:L i ght Pro gram 1961 1962 - --- 
Orbitin,g -- Gieophysical Observatories 

Stuqy of par t ic le  population of' 
spaze.,.. ................... $ --c $ 333,000 $ 691,000 

Magnetic Xeld experiment.. .. 201,100 672, ooo i,29'1, ooo 
O p t i c s  oi' the atmosphere ..... --- 39 ? 000 1611, ooo 
Directional mapping of dust 
par t ic les  ................... --- 112,300 393 > 000 
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1963 .:- 
Flight Program ( Continued) 1961 1962 --- 

0 rb i t i n g z 2 p h y s  i c a1 Ob s e rvat  o ri e s ( C ont iiiue d ), 
--- Ion e:Lec tron measurement.. ... $ 

Rubidium vapor magnetometer.. --- 
spectroneters. .............. 93,000 

1nstm.aentation fo r  ELF and 
e..- VIJ? enissions...,........... 

Atmos:phere detectors and 

Preparation of experiments not 
yet selected................ 
R&D o?i ccmmunications, data 
handling system and power 

--- 

system. ..................... 125 , ooo 
Relia'bility contract t o  

Design, development , fabrication, 
--- monitor prime contractor.. . .  

t e s t  and evaluation of space- 

Studies o f  OGO control systems. 
Missim studies and systems 

OGO contro L system component 

Data reduction and analysis. . 
Atlas-Agenalaunch vehicles.. 

c ra f t . .  ..................... 4,718,000 

s u p p  ....................... 

development.... ............. 220, goo 

--- 
--I 

0 - m  

--I 

$ 146,000 $ :t83,000 

240,300 
185,400 

322, ooo 

:149,300 
~ ~ 8 6 ,  ooo 

1362, ooo 

2,185 , 000 

221,000 

103 , ooo ~ 3 2 ,  ooo 

17,016,300 
170 , ooo 

96,700 ; 108 , 000 

1596 , 000 
936,000 

17 565 000 

539 , 000 
-0- 

5 , 790,000 
,&p8;000 

, '595,000 

- --- Thor-.A&ena launch vehicles.. . 
$ 5,358,000 

Orbiting -- Astronomical Observatories 

Uicraviolet sky mapping experi- 
ment ........................ $ 710,543 

Ultraviolet  broad band photometry 455,000 
Galactic astronomy study of 

Absorption spectrum of in te r -  
s t e l l a r  gas................. 45j,OOO 

Spectrophotometric measurements 39,400 
Experiments f o r  fourth mission 

Comnicat ions and data handling 

s t e l l a r  structure........... 582, ooo 

--- ( t o  b e  selected).  ........... 
systems.. ................... 68,000 

Control system.... ........... 31,500 

and checkout ................ 4,774,100 

Computers .................... 356,000 

Structures and systems integration --- 
Spacecraft development, test  

--- R e l i a t i l i t y  contract. ........ ..-- Star-T'racker backup. ......... 
Coxnprf ssed and l i qu i f i ed  --- gases,....................... 

$ 1,318,000 
768,000 

338,000 205 , ooo 

410 , 000 
1,141, 000 

1,368,000 
1, j72,OOO 

1, 136,000 

144, 000 
264,000 
59,000 

165 , ooo 

60, ooo 
142 , 000 

23,309,000 
157,000 

233 , 000 
1,445, 000 

19, ,300, ooo 
219, 000 
555,000 --- 
514,, 000 



-- Fl:L&t Program (Continued) 1961 1962 

Orbiting; -- .Astronomical. Observatories (Continued.) 

Magnetic tBpe ................ $ "I- 

Gmmtl support operation.. ... --- 
Test tuid evaluation.. ........ I.... 

Atlas-Agena launch vehicles. m - 1  

$ 7,4739543 

Orbiting -I Solar Observatory #l 

Spacecraft development, t e s t  
and ckteclr-out.. ............... $ 428,000 
Solar ult raviolet  radiation 
experi.ment. ................. 73,800 

Thermal. vacuum system.. ...... 275,400 
Solar X-r~y instrumentation.. 312,800 
Satell.j.te data analysis.. .... --- 
Data reduction. .............. -e- 

$ 1,opo,ooo 

Orbiting -- Solar Observatory #2 
Spacecraf't development, test  
and cl-eckout ................ $ 1,477,000 

Power supply equipment.. ..... 173,400 

White l igh t  coronagraph.. .... 598,000 
Gamma r ay  telescope .......... 172,000 
ZodiacaJ. l i gh t  experiment... . 80,000 
Communications and data handling 

systeTIs... .................. ...-I 

Wheel and pointed experiments 149,000 
X-ray spectrophotometer. ..... --- 
Digital cmmand system.. ..... --. 
Attitude control subsystems. . --- 
Thermal systems development.. --.. 

Pointing control............. l-77 J 600 

Data anal;ysis.. . . . . . . . . . . . . . .  rr- 

$ 2,827,000 

Advanced 0 -- rb:iting Solar Observatory 

Design :Phase I spacecraft.. .. $ 
Pro t o t y ? e  space c raf t .  ........ -I- 

Experiraen-t al systems ......... .-- 
AtLas-l&l;ena launch vehicles.. --a 

--- 

...-e 

1-11 

1,943,000 
$32,428 , 000 

$ 1,447,600 

37,000 
971,400 
139, QOO 
165,000 
85,000 
27, Qoo 

$ 2,339,400 
I-- 

1963 .:- 

$ :107,000 
636,000 
:(13,000 

A 16 C97,OOO 
$45,668, 000 

I..... $ 

.d ~'40,000 

--- 
6,704,000 

$ 

1,383 000 



19153 1962 -- Flig;ht, Program (Continueu 1961 

Topside Sounders 

Spacemaft cievelopment, test 
and <:he?ckout ............... $ 1,354,000 

Resewcti. ................... 88,m 
Data analysis.. ............. 
Scout; l,€mnch vehicles....... 52,000 
Thor-flgena launch vehicles.. 

--- 

Inosphen: tilonitor 

$ I., 203, 000 --- System cievelopent e e e e . e $ 
Const;:%ction and t e s t  of 

In s t i~mmta t ion  development --- --- sate:U:ite spacecraft. ...... 
--I 

-e- 

'$- 

Antenna measurements ........ 
Design ,  fabrication and 
asse.ably of' nose cones..... 

Ecpe:rim~int,s. ................ 
Telemetry encoders.. ........ 
Field service............... 
Data system development..... 
Transmitter, a n t e m ,  
programmers and recorders.. 

Thermal systems development 
b n i t o r i n g  effect........... 
Integration of payload...o.O 
Scout launch vehicle......,. 

69, ooo 
89,000 
35,000 

I, 256, OOO --- 
:I, OOO; OOO 

$IC, 397,006 
--- --I --- --I $ 

Energetic -- Part ic les  S a t e l l i t e  

Study. p r t i c l e  population of . 

Devel.opent of optical. aspect 
and. power systems. . e e . . . 

Basic: payload structure, 

space... ................... $ 586,000 

542,000 

design, development and tes t  615,000 

$ 336,000 

Fabri.ca,tion, spacecraft 
int€!qSI.ationo.... ........... 



FligW; ~rogram (Continued) 1961 
LI-- 

Atmospher:i c 1StsucttPre Sa te l l i t e  

PCM te:lemetxy ground 

Optical aspect and parer 

Basic pyload design, 

stations. . e e .  . . . e a . e $ 599>OOo 

syatemS .......O.e.e.......o 540,500 

Spacecr.af"t integrationoo.... 507, OOo 
develcpnent and t e s t  . . 766,200 

Experinients.. . . . . . . . . . . l,Og3,300 
-I- Data p-oc:essing and analysis 

$ 3,506,000 

In t emt idELl  Ionosphere Sa te l l i t e  (U.K.#l), 
. . .  

Deve1o:pent of encoder and 

DeveLqment; of programmer tape 
power  supplies.. . . . . e e . e $ 531,200 

recoriie r, transmitter, receiver 
and imtenna.. . . . . . . e e 199,7oQ 

T h e m 1  systems development. 50, Qoo 

structure and mechanisms... 34% 900 

Design, manufacture, 
integration and t e s t  of 

--I Data glmcessing and analysis 
SpaceCraSt integration. . . 349,200 
Scout launch vehicles....... 1 200 OOO m 

InternatisIEtZ Sa te l l i t e  (u.K. e) 
DesiEpi and development of 
te1c:rnel;ry encoder &nd power 
system. *. . o.. . . *. *.. e e . 20,000 

tranwLtter,  receiver and 
ante ma development . . . . . 20, OOO 

m u f a c t u r e  structure and 

Spaceerafb integration..... 
Thermal systems development 

$ 
Pmg~:i.;um~er tape recorder 

Design, developiment and 

mec:hani sms 20,000 --- --_ 
-..- Scout launch vehicles e o  . e 0 0  

$ 6% 

A- 

$ 147,300 

$ 434,400 

1359 509 
509 

774,900 

$ 3729900 

2515,400 

326, 000 
745,700 

--- 

--- 
-e- 

--- 
338, OOo --- 

-e- 

378,000 



F l i g h t  Prograsn (Continued) 1961 

In t  ernat icbnztl Sat e l l i t  e (U. K.#3) --- 
-e- Struct;lm: contracts * * . . * * * - * 

Systenu; integration. . $ 

In te rna tGzt l  Sa teUi te  (#4) 

--- Structure contracts . e e . . e e e 

Systems Integration. . . . e e e 

$ 
$- 

Space B io log  

Biological investigation of 
outer space (BIOS) . . . . . $ 165,000 

Inospher3.c Mrect Measurement Sa te l l i t e  

Data Etmtlysis. . . . . . . 
SpacecrrLft integration, t e s t  
and c:hc:ckout i . . . . . . . . . 

Juno :[I launch vehicle. . 
$ 225,000 

999, OOo 

Microme1;ccoroid Sa te l l i t e  

Space :m%Lft, development, t e s t  
and chlickout . . . . . . . . . 

Data reduction and analysis. 

$ 2,101,000 
Experiments.. . . . . . . . . . 5G,o00 

-- Gamma RayAstronomY Sa te l l i t e  

Space c raf t  development, t e s t  
and. checkout . . . . . . . . 

Juno 11: launch vehicles. 

-c- Electron Density Prof i le  Probe 

$ 918,000 

~xperinlents .. . . . . . . e . . . . . . . . 621,000 Scotd; :bunch vehicle 950,000 

$ 1,571,000 

$ 

1962 

--- $ 

$ 2,llO,OOO 

$ 135,000 

$ 150,000 
75;  
268 000 

F - T a j  

$ 505,000 

$ 354,000 

&:M 

$ 3,633,000 
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Flight Program (Continued) --- 
Ionosphere -- Beacon Satellite 

Spacecraft development, test 
and checkout............o.~ 

Juno I1 launch vehicles...., 

Data aXt~,ysis............... 
Computd.q: services.. ........ 

X-15 Airc!i*af.'t --- 
Modify X-15 for  astronoqy 
paylocid.. .................. 

Total ; ,  Flight Program. . . 

1961 

$ 639,000 
1,413,457 

$ 2,052,457 

$ 144,700 
22,300 

$ 167,000 

$ 89,000 

$4-1 J 397, cm 

1962 

$ 94,500 
13,500 
108,000 

$90,647,000 - 

1963 - 

$141,486, 00C! - 
Orbiting Geophysical Observatories 

The ob,jective of t h i s  project is  t o  design and construct a ser ies  
of spacecraft capable of carrying a wide variety of related geophysical 
experiments which can be selected as close as possible t o  the fli6;ht 
date. 
based upon the most recent f l i g h t  experiments and laboratory resecirch. 
One spacecraft could then provide as many as 20 or  more different types 
of measurements, which would be correlated t o  determine the interinelation-. 
ships between geophysical phenomena. 

Tliis capability would make it possible t o  conduct a program 

These observatories w i l l  be launched into two general types of 
orbits:  
Radiation belts; and (2) a less eccentric polar orb i t  providing fo r  
coverage of' the upper atmosphere and ionosphere, with special  empliasis 
on the pclar regions. 

(1) a highly eccentric orb i t  passing through the Great 

The f irst  Eccentric Orbiting Geophysical Observatory (EGO) w i l l  
be launcked. into a highly eccentric orb i t  by an A t l a s -  Agena arehic Le. 
Experiments tentatively selected for  EGO include: 
measure energetic electron intensi t ies ,  energy distribution, density 
and tewera,ture, solar cosmic ray fluxes, and galactic cosmic radiation; 
magnitud.e fluctuations and direction of magnetic fields;  and conc $ntra- 
tion, erergy distribution and densit ies of charged par t ic les  a 

instnunentatio? t o  

Eq,erj.ments for  the first Polar Orbiting Geophysical Observatory 
(POGO) ,r!.XI. be selected i n  1962. 



The development of the Orbiting Geophysical Observatories was 
in i t ia ted  i n  FY lg60. 
fabricaticn of the f irst  three spacecraft and flight experiments. 
FY 1963 fund.s complete the funding of the first three spacecraft and 
t h e i r  experiments and provide a major portion of the cost of three 
additional. spacecraft and experiments. 
Observatorles (EGO) w i l l  be launched i n  CY 1963 and two i n  CY 1964 on 
Atlas-Agerla vehicles. 
Geophysica.1 Observatory (POGO) on Thor-Agena vehicles i n  1964. 
first a t t e m p t  i n  any year i s  successful the spare spacecraft will be 
rescheduled fo r  a l a t e r  flight. 
increment of the  procurement of two Atlas-Agena launch vehicles for 
EGO. 
the first ,k,crement of the cost of two additional Atlas-Agenas for  EGO 
and %wa Ttror-Agenas f o r  POW. 

FY 1962 funds continue development and i n i t l a t e  

Two Eccentric Orbiting Geoghysical 

There w i l l  be two attempts to launch a Polar Orbiting 
If the 

FY 1962 funds also provide f o r  t h ?  first 

fo r  these vehicles w i l l  be completed in  FY 1963, as -Jel l  as 

Orbiting Astronomical Observatories 

The purpose of t h i s  project i s  t o  place into orbi t  a ser ies  of 
astronoml.c:al. observatories above the absorbing atmosphere for  prec Lsion 
telescopic: cibservations of the emission and absorption characteris t i c s  
of the Swi, stars, planets and nebulae i n  the ul t raviolet ,  infrared 
and X-ray regions of the electromagnetic spectrum. 
spacecraft; is being developedto carry various types of astronomic31 
observin@; equipment. 

A s-d stcp'ldilized 

The f'imt of these spacecraft i s  scheduled fo r  launch i n  l a t e  CY 1963 
and w i l l  c:arry two major experiments. 

A s t tud; )r  of the celestial sphere i n  three ul t raviglet  ranges w i l l  map 
the sky 1.11 ul t raviolet  doim t o  a wavelength of UOOA (Angstroms) with 
three broad band television photometers and w i l l  record. the brightness 
of at leettrt 200,000 stars. 

A brcmad band photometry study of individual stars and nebulae w i U  
help dete:imine the s t e U r  energy distribution i n  the spectral  region from 
800 t o  approxl.mately 300OA!! and the measurement of emission l i n e  in tens i t ies  
of diffuse nebulae i n  the sa.me spectral  region. These investigations 
are  expec:l;ed t o  provide data which w i l l  not only be useful t o  the 
astronomj.c:a:L community but w i l l  a lso a i d  i n  designing future instrumen- 
ta t  ion. 

The second OAO, t o  be launched in  CY 1964, w i l l  contain a system 
designed to obtain absolute spectrophotometric data on selected stars, 
nebulae mid galaxies. 
36-inch (Stsaegrain telescope with a large aperture spec:trophotomet e r  and 
w i l l  use 1)ol;h the  coarse (1 minute of a rc )  and the fine! ( 1  second of a rc)  
control z;:ys%ems. 
t o  40O0fat 

The opt ical  system will employ a. relatively fast 

The usable spectral  region w i l l  be approximately 912 
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The absorption experiment in the third observatory,,to be llsunched 
in CY 1$4 w i l l  laeike qusntitative observations of the abso 

30008. 
ments shc1ul.d the first attempt fail.  

of the in t e r s t e l l a r  gas i n  the regions between 800 and 
I b i s  spacecraft may also be used t o  repeat the first s e t  xf experi- 

A se t  of experimnts f o r  a fourth spacecWt will be selected in  
CY 1962. 

The development of s a t e l l i t e  astronomical observing equipment and 
the design of the standard s tabi l ized spacecraft were begun in pmvious 
years. FY 1961 and FY 1962 funds provided f o r  the completion of design, 
t he  develogment of the spacecraft, and in i t i a t ion  of fabrication of the 
f irst  t w c  observatories, Current plans c a l l  f o r  a continuing ser ies  of 
observatcries and experiments 8t eur anticipated rate of one attenpt every 
six months, w i t h  an objective of one successful flight per year. Vehicle 
funding,begun i n  FY 1$2, continues i n  FY 1963 and includes development 
of a special 10-foot diemeter Agena nose t o  accommodate tk OAO. 

O r b i t i n g  Solar Observatories 

The Orbiting Solar Observatories (OW) are  s tabi l ized space plat- 
These e:cperi- forms designed primarily f o r  solar-oriented experiments. 

mcnts w i l l  provide continued observation of the Sun and the solar atms- 
phere in the X-ray, ul t raviolet ,  and infrared regions of the specitrum. 
The first spacecraf't designed f o r  this purpose is a rotating wheeL-like 
structure composed of nine wedge-shaped compartments connected t o  fan- 
shaped s tabi l ized section by an aluminum shaft. 
is continuously pointed a t  the center of the Sun t o  an accuracy o:'? +1 
minute of arc. 
pare radiation from the sun t o  that i n  other portions of the sky. Tlie 
observatories w i l l  be launched from AMR by Thor-Delta vehicles bi;o EL 
circular  Earth orb i t  a t  an a l t i tude  of 300 miles. 

The oriented spacecraft 

Sky mapping experiments i n  the wheel-like structurecorn- 

The first OS0 is  scheduled t o  be launched in early CY 1962 :md w i l l  
include : 

(1) solar  pointed experiments f o r  X-ray, gamma ray, and dust 
par t ic le  measurements; 

(2) e.xperiments i n  the lower section of the spacecraftj such as solar, 
gama ray and u l t rav io le t  masupemcnts; and neutron, proton and 
emissivity s t a b i l i t y  measurements of surfaces i n  a vacuum. 

The elcperimnts for the second solar observatoq,, scheduled t o  be 
launched l a t e  in CY 1962,includc steULar a d  ult raviolet  spectometric 
measuremnts, gama ray telescope measurements, and X-ray9 white light 
coronogmph, and Lyman-alpha measurements. 

Deve loFn t  of the OS0 and the construction of two flight space- 
craf t  and f l i g h t  experiments were funded i n  previous years. 
funds add two backup spacecraf't with the final increment of funding in 
FY 1963. 

FY 1962 

Del t a  vehicles f o r  the two flights and t h e i r  backups arc? pro- 
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vided from the Delta vehicle development program and by sharing backvj 
vehicles with other projects.  
scheduled. i n  FY 1962 and FY 1963. 
scheduled. as backup t o  the f irst .  

Two attempts t o  launch observatories are 
I n  each case the second attempt is  

FY 1962 funds also provide for study and design of' an Advanced 
Solar Obwrvatory capable of pointing much larger experiments a t  the 
Sun. 
the solar corona and a scan capabili ty which can be centered on any 
selected :region of the Sun. 
and fabr:lca-tion of the first four spacecraft and experlments f o r  launch 
attempts in  CY 1964 and CY 1965. The first increment of procurement of 
three At:L<ss-Agena vehicles for  t h i s  observatory w i l l  be funded in  FY 
1963. 

ThL:; observatory w i l l  a l so  have an offset  capabili ty for  study of 

FY 1963 funds w i l l  i n i t i a t e  developmcat 

Topside Sounders 

The topside sounders w i l l  examine the structure of the ionosphere 
from above i n  a manner similar t o  tha t  now used by ground-based sxmding 
stations.  Two different  experimental approaches were selected f o r  meet- 
ing the Ecientific objective. 
based on tke use of s i x  fixed frequencies. Work on a s a t e l l i t e  based on 
t h i s  approaxh was in i t i a t ed  in  FY 1960. 
f l i gh t  hardware and spares and launch vehicle were f'unded in  Fy 1961 and 
FY 1962. 
continuous sweep over a range of frequencies, proposed by t h e  Defense 
Research Telecommunications Establishment (DRTE) of Canada. NASP fund- 
ing for  1;hf.s project i n  FY 1961 and F Y  1962 provides fo r  the laurch 
vehicles arid fo r  integration of the s a t e l l i t e  with the vehicle. 
satel1it;e cost i s  being borne by the Canadian Government. 
a re  curixn1;ly planned f o r  FY 1963. 
vide for  data acquisition, reduction and analysis. 

One approach involves a sounding technique 

The spa.cecraf"t development, 

!Yhe second approach uses a sounding technique based on the 

The 
These f l i gh t s  

Funds a re  needed i n  FY 1963 t o  pro- 

Ionosphere Monitor 

This new project t o  be in i t i a t ed  i n  FY 1963 w i l l  involve the  
1aunchi:ng of  a ser ies  of smaller satellites in to  a near circular orbi t  
t o  monitor continuously the structure of the ionosphere and i ts  faria- 
t ion  over the so la r  cycle. These measurements w i l l  be correlate3 w:ith 
measurements of solar ac t iv i ty  and other geophysical phenomena. 

F'urds a re  requested i n  FY 1963 t o  begin development of the satel-  
l i t e  and. construction of two f l i gh t  spacecraft. 
scheduled t o  be launched, using Scout Vehicles, i n  CY' 1964. 
of t h i s  project is  t o  keep a monitor i n  orbi t  on a continuous b a s i s  
througk a complete solar cycle. 

These spacecraft are 
The obJect 

Geoprobes 

Another new project t o  be in i t i a t ed  i n  FY 1963 w i l l  involve the  
launching of: two non-recoverable probes t o  obtain ver t ica l  Profiles of 
atmospheric and ionospheric structure and composition and of absiorption 



of solar reXUation. 
and constnxc:t:'ion of these probes and t o  procure the f i r s t  Scout lauTi,ch 
vehicle. 
pletion of -the development M d  construction of the two spacecraft arid pro- 
curcznent of a second Scout vehicle i s  planned fo r  FY 1964. 

Funds are requested in FY 1963 t o  begin developmnt 

Con- "lie first probe is scheduled fo r  hunch before mid-1964. 

Energetic Pa.rticles Sa te l l i t e  

This su te l l i t e  i a  designed t o  make repeated observations of the 
solar Wsnd., the Earth's magnetic f ie ld ,  the interplanetary magnetic 
f ie lds ,  - the: pa.rticle population of interplanetary space and the tra,,ppcd 
radiation i.-cgions. The s a t e l l i t e  w i l l  traverse the Van Allen Belts 
twice in :?I+ hours with an apogee of 40,000 miles and a perigee of 1.80 
miles. 

me first of these sgttcllites ( m l o r e r  XII) was successftiIQ7 
launched on August 1% 1961 and a l l  experiments functioned very satLs- 
factor i ly .  
to continue the observations after the useful l ife of the first eatel- 
l i te.  FY' 181 Funds completed the funding of the first s a t e l l i t e  and 
ixxitiatea fabrication of the second sa te l l i t e .  FY 1962 Arnds complete 
the fumU.ng of the second s a t e l l i t e  with the exception of data ac@si- 
t ion  and :reduction cost which w i l l  b e  funded in  FY 1963. Delta vehicles 
for this y o j e c t  w e r e  funded as  a par t  of the Delta development program. 

'Ilze 8econd s a t e l l i t e  is scheduled t o  be &unched i n  CY 1962 

Atmospheric Structure Sa te l l i t e  

lhis s a t e l l i t e  is designed t o  measure the density, composition, 
pressure artd temperature of thc earth's atnosphere f r o m  160 s ta tu te  
miles t o  700 s ta tu te  miles und t o  determine the variations in these 
p&rametei*s with time and la t i tude.  
early c7: 1962 w i t h  a second flight i n  early CY 1963* 
sateUltx is complete with FY 1962 funds with the exception of & i t a  

acquisition a d  reduction costs for  the second flight,, 
launch veh:icles were funded as a par t  of the Delta development pi*ogran. 

The i n i t i a l  launch is planned for 
Funding of th i s  

The Dclttt  

InternationaJ. Ionosphere Sa te l l i t e  (UK #1) 

The primary sc ien t i f ic  objectives of this  s a t e l l i t e  a m  t o  deter- 
mine the electron temperature, electron density, and ion mss spectrum 
in the x.ee;ion 300 t o  loo0 km, 
to prarrrote internationa3 cooperutfon in  the space scl.ences. 

This s a t e l l i t e  is also one of a series 

E? 1963 funds complete the work on %hi6 sa t e l l i t e .  NASA fuads 

The flight of this s a t e l l i t e  i s  scheduled during CY 1962, 
in FY l($:L and FY 1962 proWded fo r  the basic spacecraft and bac:kup 
hardmre. 
The iastI?umcntation of this s a t e l l i t e  is being provided by the ricien- 
t i s t a  of the United Kingdom. 
the Delta development program, 

The Dclta L&unch vehicXes were Ruided by 



IuternatiomJ. Eatellite (UK #Q) 

This is the second s a t e l l i t e  in the cooperative space science pro- 
gram w i t h  the United Kingdon. 
s a t e l l i t e  arc t o  measure the galact ic  noise in the 0.75 t o  3.0 Mc region 
and the cizonc i n  the upper atmosphere. 
detector of' new design will be flown. 

the International Ionosphere Sa te l l i t e  (UK #l). 
Ringdom em! furnishing the urperiments. 
satellite md in i t i a t ion  of fl ight hardware wds provided w i t h  FY 1962 
funds. :FY 1963 Funds arc t o  provide f o r  fabrication of the f l i g h t  space- 
c ra f t  a t c i  backup and procurement of the Scout launch vehicles. 
flight is plaaned for CY 1963. 

The primary sc ien t i f ic  objectives of the 

I n  addition, a micrometeorite 

The! basic spacecraft design furnished by RASA i s  the sbmc as  f o r  

Construction of the prototype 
Scient is ts  of the United 

'The 

InternatiomJ. satellite (VX #3) 

Negotiations will be in i t i a t ed  during FY 1962 with the United 
Kingdom :Leeding t o  the selection of experimnts an3 determination of 
spacecraft aJld o rb i t  requirements f o r  a t h i r d  international s a t e l l i t e ,  
Procuremnl; of the spacecraft will be in i t i a t ed  in FY 1963 f o r  launch- 
ing ear~:r :in 1965. 

InternatiomJ Sa te l l i t e  ieyc 

Dj.r;cussions are under way w i t h  a number of governmnts concern- 
ing poss:ib:Le participation by their  s c i en t i s t s  i n  a cooperative program. 
It is eqFccted that a commitment w i l l  be made by the ITnited States dur- 
ing FY :lp62 t o  provide the spacecraft, support and launch vehiclc: fo r  
flight e::rpt:rimnts prepared by sc ien t i s t s  of one o r  more of the countries 
concerne!tl. 
spacecrzcSt f o r  la~nching in ear ly  1965. 

FY 1963 funds wil l  provide f o r  initiating procurementt of the 

Biological Investigation of Outer Space (BIOS) 

Di:is project i s  an advanced and continuing program t o  make biolog- 
i c a l  dos.lmr?try evaluation of the inner Van Allen radiation belt t i d  t o  
conduct subgravity tests; t o  msJre a further nuclear emulsion study of thee 
inner bdLt and t o  study time variations of the belt i n  coqarisicm with 
the NERV I data; t o  record, col lect  and recover e x t r a k r r e s t r i d  in te r -  
planetary matter from a known meteor stream. 

FIC l!$3 funding w i l l  provide f o r  two flight operations and one 
A backup system is provided f o r  each ground i xs t  spacecraft s y s t e m .  

operation. 
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NXEONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESmMATES 

LUNAR AND PLAIETAKY EXPLORATION 

--- STJMMAUY OF REQUIREMENTS: 

1961 

Advanced Research. . $ 5 , 432,000 

Advanced Technical 
Devel-opment. . . . . . 11,670,000 

Flight, Program: 

Luns;l* Programs.. . 58,670,000 

Plamrtary and 
1nl;erplane ta ry  
Programs. . . . . . . 15 , 247,000 

To tal.. e . . . . . . $91,019 , 000 

1962 

$ 5,584,000 

12,80g,000 

106,837, 000 

44,734,000 

$169,964,000 

151., 800,000 

89,760,000 

$273,560,000 - 

"he objectives previously s ta ted f o r  the Lunar and Planetary Explcira- 
t ion E'rogram remain unchanged. 

PIc,dern science and technology present challenging poss ib i l i t i es  f o r  
the uninlarlned exploration of the sol= system. An accelerated program to 
explolt; these poss ib i l i t i es  i s  being undertaken by the NASA. I n  addition 
t o  i t s  d i rec t  contributions t o  science, this prograni will provide a sound 
sc ien t i f ic  and technological foundation f o r  subsequent manned exploration. 
Before mtn lands on the moon, for  example, far more must be knciwn about, t h e  
lunar surface and environment than can be determined from eartk. 

The sc ien t i f ic  objectives of this program include studies of the 
physics c d  the moon and planets, solar and interplanetary physics, bio-- 
sciences and ex t r a t e r r e s t r i a l  l i f e ,  and cosmology. Nearly a l l  of the 
scient3.f i.c discfplines are involved i n  these categories. Physl cs of the 
moon and planets is  comparable t o  geophysics of the earth, and as such 
inc1ud.w studies of atmospheres, ionospheres, trapped radiatiori , magnetAe 
and grrtvl.tational f ield-s, and properties of the surf'ace and sutl -surf ace. 
Solar ruzd interplanetary physics i s  concerned with the solar atmosphere 
and rafliations, and with the properties of interplanetary space as in-  
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fluenced by the sun, %he solar system i t s e l f ,  and sources f r o m  ou'63ide the 
solar syst;em, Bioscience encompasses the search for  ex%ra%errestr fal, l i f e  
and the rstudy of the behavior a d  pmpaga%ion of earth l i f e  forms In extra- 
t e r r e s t r i a l  env.imnmentso LastXy> cosmology i s  the efforb t o  bnte3mk thla 
resul ts  of' a . l l  t;hese studies in to  a beeter UderstandFng of" the na'bmt? and 
origin of t;h.e solar system, arad %he universe i t s e l f o  

Lunar Program 

The m i e n t i f i c  objective of the lunar science p;po~;ram is the 2xplora- 
t ion  and investigation of the moon f o r  the information 'which i-6 caiz provide 
on the hiE8tcry of the earth-moon system, and on the origin of platlstary 
bodies i n  the solar system. The experiments a re  directed toward the deter-  
mination c ~ f  surface structure and physical properties of the supfaze, the 
origin of the surface features, chemical composition, properties O F  the moon 
as a planeta.ry body) and the thermal history of the moono 

S u r f a m  features and structure wiM be determined 'by te levis i (>n sys- 
tems. 
and $hemie.l. conductivity, and $he s ize  distribution of surface rocics and 
particles.  
including X-ray fluorescence spectrometry and gamma ray spectrometry. 
detection. of radioactive elements %as the surface will be an impoP$mxt part of 
t h i s  stud,yo InrfoPllvztion regarding the t h e m 1  history of the moon w i l l  come 
from the niea,surement of heat flow through the sweface, and from t h ?  simuItta- 
neous anaJ,ysis of the chemical composition, %he surface features aid  sdrue- 
ture, and. the degree 0% differentiation of the moon's in te r ior ,  Tlse prbtary 
source of' iinf*omtfon on the differentiation of the in te r ior  w i l l  De by an- 
a lys i s  of the orb i t  of an advanced lunar sateUlite, Seismic and gravimetrlc 
measuremerits w i 1 . I  be the principal source of i n f o m t i o n  regarding the prop- 
e r t i e s  of the moon as  a plsne%ary body, The seismic and gravimetric data 
may also yie1.d i n f o m t i o n  on the differentiation 0f $he mOonDs inberior. 

Physical properties of the surface to be meamred include ebectricaB 

The chemical composi%ion wiM be studied by a variety xf' methocis 
The 

In a.tldi.tion, the moon has a biological in-berest through the pmxLb3-e 
occurrence: cif organic molecules, precursors of living organisms, i n  the lay- 
er  of dust, which has a c c e t e d  over m y  aeonse 
t h i s  s u r f e . ~ ~ :  dust layer m y  prove to be of immeasurable fmport;ance t o  the 
biologica.1. sciences e 

The chemical anslycis of 

Ffna,SJ,y, the ex-ploration of the lunar supface, and the analysis of its 
physical ~tnd chemical properties, are  necessary steps i n  thc planning and 
designing of manned i n s t m e n %  stat ions and the solution of the prDblems of 
constsuctj.ori and l i f e - s u p p r t  for  a manned lunar stat iono 

Planetary and Interplanetary Program _I 

The cibtiective of the planetary and interplanetary science program i s  
Investiga,ti.ms fo r  the exbensicm of man*s knowledge of the solar systemo 

signs of planetary l i f e  m e  among %he most important currently plannedc 
These wi1.1. be undertaken by measurements in the  infrared spest;m, survey- 

RW U3-2 



ing the surface fo r  organic molecules and solvents, and by examining 
planetary'atmospheres fo r  carbon and owgen compounds, lsuch as CO tmd 
ozone, t o  determine i f  the planet environment i s  compatible with the 
support of l i f e .  
observations. Additional knowledge can be learned from balloon observa- 
t ions at  great enough height above earth t o  eliminate mst of the u l t ra -  
violet  absorption. S t i l l  additional measurements will be required from 
planet fly-bys, orbi ters  and ultimately from probes direct ly  examining the 
planetary atmosphere and surface, In addition, measurements of planetary 
physics, atmospheres, magnetic f ie lds ,  radiation belts, and surfacc 
features %re required. 1 

Some information can be obtained from earth-based 

L i t t l e  i s  known about the structure and composition of inteq,?lanetary 
space. Observations of t h i s  medium, the solar effects  upon it, and i t s  
relationship t o  the t e r r e s t r i a l  condition w i l l  be made with the long-range 
objective of understanding the nature of the  solar systemo 
accomplished by obtaining measurements of the interplanetary plasnut density 
and i ts  energy spectnun and some data on the angular, spa t ia l  and ';emporal 
dependence of the flux. 
during periods of minimum solar ac t iv i ty  as well as during periods of great, 
sunspot ac t iv i ty  w i l l  be emphasized. 
la t ion  of measurements between interplanetary probes, planet orbi ters  and 
lunar orbiters which should &e it possible t o  establish the scale s ize  o:f' 
plasma, clcuds ejected by the sun and compare the interplanetary densit ies 
a t  different portions of the solar system. Also a pai-tFcularly ipiprtant 
objective i s  the study of cosmic dust which, as representative of -;he bui ld-  
ing blocks of s t a r s  and galaxies, m y  be a key in  the study of the origin of 
the solar system and the universe. 

T h i s  w i l l  be 

Detailed measurements of interplanetary p:lasma. 

An important objective is  the corre- 

JUSTIFICAT'ICN : --- 
From a sc ien t i f ic  viewpoint, the exploration of the moon i s  O F  great 

importance because i ts  surface has not been subjected t o  the erosion of 
winds and water, and therefore may carry on the surface a record o r  the 
early history of the so la r  system. This record, lost florever on t;ie Farth, 
W s ,  or  Venus, m y  only be available on the moon. The moon may aLso have 
on i ts  surface, i n  the layer 02 dust which has accumulated there, organic 
molecules which may provide a be t te r  understanding of t.he developmmt of 
physical l i f e  on the Earth. 

Exlplclra.tion of the planets presents a different type of a t t razt ion.  
They a l l  d i f f e r  markedly f r o m  the Ea,rth. 
clues t o  the nature, origin, and evolution of the solar system. 
study of other planets it i s  almst certain tbt more w i l l  become :mown 
about the Eazth. The expected discovery of organic molecules and Life fonns 
may have tremendous implications i n  basic chemistry and biology ani i n  
medicine. !The sc ien t i f ic  s tudy  of solar and interplanetary space *&XL 
strengthen the understanciing of the sun-earth relationships upon wiich man"s 
comfort and l i f e  cycle intimately depend. V i t a l  infomation will be gather- 
ed on p t c n t d a l  hazards which await future space t ravel lers .  

In these very differences may l i e  
From the 

Tnclidetl i n  
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t h i s  category a re  solar radiation s t r e w ,  lunar and planetary terrtrins, 
and even planetary meteorological conditionso -Hopefully, knowledge may be 
gained t o  permit uti l izakion of natural resources at  these distant ciestina- 
t ions 

The l u n a r  and planetary exploration program is  designed t o  avo:.d dupli- 
cation and 60 promote r e l i a b i l i t y  i n  the developnent of spacecraft. Efforts 
have been made t o  minimize the number of types of spacecraft and t o  maximize 
the number of uses f o r  each type. Wherever possible, the same basic: subsys- 
tems, or t he i r  advanced derivatives, w i l l  be employed i n  successive space- 
cZ"ift series.  This w i l l  r esu l t  i n  the evolutional development of a family 
of unnaanned exploration spacecraft, wherein the relative.ly simple s;rstems 
and limited capabili t ies of early spacecraft w i l l  be extended and rc!fined 815, 

launch vehicle weight-lifting capability i s  increased t o  the point where 
l a t e r  spacecraft w i U  be capable of the more sophistlcated operations neces- 
sary t o  achieve the objectives. This building-block concept w i l l  pc!rmi.t ex-- 
ploitation of early unmanned sc ien t i f ic  and techno1ogica.l missions i ts p.rt 
of an orderly fl ight-qualifization sequence prior t o  undertaking mlneci ex- 
ploration sc t iv i t ies .  

The proposed schedule under the Lunar and Planetary Exploration Program 
follows : 

Lunar Projects 

Hanger 

-_.- 

Surveyor Lsnder 
Surveyor Orbiter 
Prospector 

Planetary FroJects -- 
Mariner R 
Wriner B 
Voyager 

Interplanetarx 

Pioneer 5 
projects- 

Magnetometer 
probe 

Ranger, Mariner 
Voyager t e s t  
vehicles 

Calenhi: Y e a r  
Mission Objectives Launch Vehicle of first launch 

Rough landing; high Atlas-Agena 1gt 51 
resolution TV 
reconnaissance of 
the lunar surface 
sof% landing Atlas-Centaur 1963 

Soft; landing-mobile Saturn 19(;5 
Precise orb i t  Atlas-Centaur 1965 

Fly-by A t  las-Agena 1962 

Orbit and land Saturn lg( 55 
Fly-bY A t l a s -  Centaur 19( 54 

Radiation gpectnun Thor-Able 1g60 

Plasma and f i e l d s  Thor-Delta 1g61 

SpacecrafX t e s t  Various 191 51 

and f i e lds  

plus interplane- 
tary physics 
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Advanced R e  search --- 
Lunar Advays:d Research: 

Wpping the Lunar Surface.. . . . . e . . 
Lunar F ie lds  & Atmospheric Studies. . 
Lunar Sueface & Interior Studies. . . . 
InstrumeritELtion Research, . . . e e e .+e . 
Data. An&l.yais & Interpretation.. . 
Spacecraft Systems & Mission Research 
1k t~~ ia I . z ;  & Structures Research. ., 

Planetary and In te rp lane taq  
Advancecrxzsearch: -- 
plane tar;^ Atmospheric, Surface & 

Interplcmetary Part ic les  & Fields.. . . 
Biologicrxl Studies, e .  e . .  . . . . ... . 
WteriaL; (E Structures Research. a e .  . 
Instrummtc3;tion Research. 
Planetairy ,Qstronomy. e * .  e * .  . . . . . e e 

Cosrno101~y OOOO~..O..O..O..U........O.O 

Spacecraft Systems & Mission Research 
Data Analysis & Interpretation.. ., . . . . 

Subsurface Studiese.. e -. *. . *. . e e 

. . *. . . . 

Total, Aavanced Research........... 

1931 1962 1963 - 

$ 349,000 $ 466,000 $ 7%,ooo 
223, OOo 85 j 000 495* 000 

--- -- - 1,708, OOCI --- 445, ooo 1,258, ow 
232,000 ..-- 370, oocl 

686,000 1,195,000 1,845,000 

$ 555,000 

496,000 
93,000 

771,000 
215, ooo 
526,000 

501 , 000 

--- 

.-, . . 
$5,432,000 

$ 643,000 
765,000 
u5,ooo 
680, ooo 

430,000 
80, ooo 

680, ooo 

--- 

--- 
E, 393 9 000 

$1 ., 300, ooo 
I., 110,000 
I., 000,000 
1 ., 000,000 

260, ooo 
645 OOC 
230, OOC 

:,-, 862, ooo 
" 41.0; 000 

TI', 817,006 

Advanced Research 

Advanced Research forms the core from which new ideas are dram tto 
a t t a i n t h e  objectives of the NASA space programo 

Advanced Research funds f o r  FY 1962 were used i n  two main areiis: 
support of the sc ien t i f ic  research groups at  the Jet Propulsion La'3oratory 
(JPL) and support of research at universit ies and non-profit research 
ins t i tu tes .  
e f for t  i s  due t o  the following factorsa  Firs t ,  it i s  desirable t o  broaden 
the base clf Advanced Research t o  insure a sound sc ien t i f ic  knowledge of 
lunar, planetary, and interplanetary environments in which man may venture 
i n  the next decade* 
of the it concerned with the reduction, analysis, and interpret%tion of 
data because of the expanding f l i g h t  program. Third, many projects at JPL 
heretofore separately itemized under Spacecraft Technology are  now combined 
here undei- the  Advanced Research heading. 

The increase requested f o r  FY 1963 over the IT 1962 13ve:L of 

Second, an increase is  required i n  the funding leve l  
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Advanced Technical -- Development 1961 1962 - 1963 .- 

Lunar Advanced -I Technical Development: 

Feasibility, design & Reliability 

Data Processing Systems............... 70,000 107,000 295,001‘3 

Communice,tions & Electronics Systems.. 329 , 000 270,000 L, 30O,OOO 
Lunar Surface Analysis Instrumentation 1,170,000 1,432,000 1,695,000 
Development of Radiometers & 

Studies &. Services.. ................ $ 596,000 $ 1,218,000 $ 1,050,000 

Guidance & Control Systems............ 964,000 818,000 1,030,00o 

562,000 625 000 Spectrcim€ters...... ................. 375,000 
Materials 8; Structures Development.... 478,000 356,000 555,000 
Documentation Support............oe~eo 115,000 39,000 30,000 

$ 4,097,000 $--6 - .- 
Planetary and Interplanetary 
Advanced??& h nical Development : ---- 
Feasibility, Design, & Reliability 

Guidance & Control Systems............ 
Communic:atj.ons & Electronics Systems . 
Planetary Surface Analysis Instrumen- 
tatiori,,. ............................. 

Planetary Atmospheric Instrumentation. 
Bioscience Instrumentation.. .......... 
Interplcuietary Probe Instrumentation.. 
Material.!; t~ Structures Development .... 

Studies., ........................... $ 991,000 $ 
294,000 
298,000 

175 000 
250,000 
321,000 
347,000 --- 

673,000 $ 885,000 
912,000 1,405,000 
819,000 1,047, OCiO 

600,000 l , l ~ O , O C l O  
279,000 438,000 
950,000 1,000,000 
318,000 400, OClO 
309 j 000 1,000 OCO - 

Documentiition Support. ................ --- 29, ooo 35,OC’Q 
Propulsion Systems Development ........ 4,897,000 3,118,000 3,020,OCO 

$7,573,ooo$tpz5-m$i0,420,000 
Total ;, Advanced Technical 
Devc?:Loprnent ....................... $11,670,000 $l2,809,OOO $1 7,000,000 _- _- - - 

Advanced Technical Development 

Advanced Technical Development provides the connecting link between 
Advanced 13r:search and future flight programs by taking the discovei-ies in 
the Advanced Research program and translating them into devices wil,h 
engineerin,z feasibility and program utility. 

FY 1962 f&ds support the development of scientific payloads l;o be 
flown on available launch vehicles. The FY 1963 request reflects planned 
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preparation f o r  the  best possible use of l a t e r  generation boosters w i t h  
larger weight-carrying capability. Scient i f ic  instruments of increased 
sophistica,tion and means t o  perform complicated mid-course and terminal 
spacecraft maneuvers are required- O f  immediate concern are the  com- 
plex guidssce, control, observation, and comunications systems ne 3ded 
when data i s  t o  be collected and telemetered after contact with th: 
lunar surf'ace on Ranger and Surveyor missions, and the  W t i a n  surface 
on the lgf14 Mariner missions. 

Advarced technical development f o r  chemical and physical explxa-  
t ion  of the moon and planets by Surveyors and Voyagers i s  t o  be aczeler- 
ated w i t h  FY' 1963 funding i n  response t o  the developing needs of t i e  
mmned l u r w  program. Developmental requirements include instruments 
which will. provide continual monitoring of the  environment on a se l f -  
operating basis, and equipment which w i l l  make surface t rave l  and point- 
to-point c:onununicat ion possible . 

The Pbiners ,  Surveyors, and subsequent orbit ing and sof t  lanaing 
spacecraft,, such as Voyager, w i l l  demand a high degree of componert and 
system pel-iability over extended periods. Much of the increase i n  Ad- 
vanced Tec:hrtical Development funds requested f o r  FY 1963 is  t o  support 
a greater e f for t  on r e l i a b i l i t y  programs. 

FY 1.962; funds are also requested t o  continue spacecraft propulsion 
effor t  at' the  Jet Propulsion Laboratoryo 
maneuvering require the use of various propulsion systems, 
and temirial. corrections t o  the f l i gh t  path a re  made by sensit ive 
eontro1la.Ed.x: thrust  elements ., Retrorocket systems are  needed t o  cmcel  or  
seduce %kn: i.mpac% velocity of a landing package. 
propul.sion system development e f for t  w i l l  have across- the-bdd appli- 
cat ion. 

The problems of spacecraft 
Mid-course 

The resu l t s  of this 

FLIGHT PROGIW -- SUMMARY: 

Lunar Pro~:rmi: 1961 1962 1953. 

Planetary & Interplanetary 
Fl ight  I)rogram: -- 
Magnomc:l;ei: Probe.. e . . . *.  $ 462,000 $ _-- $ --- 
mrine r  A. e .  *. e e e ., . *.  . 13,068,000 7,620,000 
Msiner R., , . . e e ., e .  e e e * .  e * --- 23,778, OOo s,240,9 000 
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1961 1962 1963 

mr ine r  Be..*................. 
Voyager....................... 

Total, Planetary & Inter- 
planetary Flight Programs. 

Lunar Prograg: 

Atlas-Able.. .................... 
Ranger : 

Project Nanagement and 

Systems Analysis & Integra- 

Structu.ra1. Design & Develop- 

AMR Fac:j.U.ties & Administra- 

Support..................... 

tion..............o....o..o. 

ment........................ 

tion........................ 

Documerti;at;ion & Reports.. ..... 
Data Retiuction & Processing. e 

Scientj.::'ic Experiments. ....... 
Ehvirorunental Requirements & 

Testy-ng..................... 
Experinen% Analysis. .......... 
Comunil:ai;ions & Telemetry. . 
Guidance IE Control.. .......... 
Parer f$ysLems & Energy 

Control..................... 
Pyrotechnics Design & Develop- 
ment...~..................e. 

Instrwnentation Systems....... 

Lunar C!apaul.e.. ............... 
Impact TV Systems.. ........... 
Operations .................... 

Computer Supprt . . .  ........... 

$17,247, ooo $ 44,734, ooo $ - 89,760,002 

$ 768,000 $ 1,153,000 $ 913,000 

2,024,000 1,712,000 1,61J+, 000 

2,508,000 1,798,000 995,000 

374, 000 470,000 540,000 
1,467, cm 3,503, OOo 1,200,OOC 

633,000 455,000 450, 00Ci 
1,138,000 8,001,000 5,780, oocl 

470,000 523,000 525, OOCi 

1,237,000 527, OOo 425 000 

1,707,000 1,299 , OOo 1 , 040, OOCl 

2,284,000 2,053, ooo 1 , 209,O" 

840,000 3 ., 125 ooo 
z ! ,  126, ooo 

317, OOo 
4,363,000 3,232,000 
5,249,000 3, 33.2,000 i!, 135 000 

2,141,000 1,391,000 400 000 

221,000 260, ooo 195 , 000 
236; 000 757; 000 625 ooo 

:i9 825, ooci 
n3,122,00(:' 

Atlas-.Agena Launch Vehicles. .. $16,670, OOO $ 3O,640,000 $ 20, 9009 000 

Total, Ranges. .............. $45,066,000 $ 64,000,000 $ - &t, 022,000 .- 

Surveyor : 

Project Minagement support. . $ --- $ 363,000 $ 965,OW 
System Analysis & Integration 715,000 209,000 400,000 

ment........................ 35,000 158,000 225,000 
Structural  Design & Develop- 
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Surveyor ( Continued) : 

Spacecria P t  Development Con- 
t r a c t . O . . . . . . . . . . . . . o ~ ~ . o . . .  

Orbiter 3pscecraft Develop- 
ment C3n.tr&ct....0..~.00.00. 

Planning & Documentation 
Suppo.rt . . . . . . . . . . . . . . . . . . . . .  

Data Reduction & Processing... 
Scient i f ic  Ekperiments. . I . . . 
Environmental Requirements & 
Testing...O....Oe..........~ 

Scient i f ic  Experiment Analysis 
Communications & Telemetry,... 
Guidance &, Control. ........... 
A1Bernat8e Mission Package..... 
Orbiter Sw.'veiUance Sub- 

systeni.....o....o.......e... 
Computer ~~upp~lrt;. . . . . . . . .~. . . .  

Centaur Launch Vehicles....... 

Total-,, Surveyor.. ........... 
Prospect c g  : 

ProJect; Mmagement and 

System; Analysis & Integra- 

Spacecmft Development Con- 

Experiment 

Suppart.. ................... 
tion... . .9.. . . . . . . . .e~.a..o~ 

trac-t...4......0.0.......... 

Tota.L, Prospector.. ......... 

1961 1962 1: 6 A- 

--- 49, cm 350, ~ 0 0  
454,000 329, 000 570, am 
88,000 124,000 150, OOo 

206,000 280, ooo 
--- 5,100,000 

56, OOo --- 

537,000 17 , 300, oocl 

$ 7,054,000 $ 41,037,000 $ 97,378900C! 

--- 

$ 575, ooo $ 1,800, ooo Qo, 400, ooc! 

$58,670, ooo $i06,837,000 a1-9 80, ooc:, .- 
._ 

Lunar Prggr: 

The l u n a r  f l i g h t  program provides fo r  the orderly progress 00 
sc ien t i f ic  and technological experiments necessary t o  the detai le9 ex- 
ploration cif the moon. 
maximum of continuity in developnents from one ser ies  t o  the next, i s  a 
princip,J. par% of t h i s  p r o g m .  

An evolutionary family of epcecraf i ,  provi&lng a 

All. of the lunar program projects are  steps toward a common goal and. 
each of l;hc ea r l i e r  projects w i l l  contribute s ign i f i cmt ly  t o  subsequent 
projectc;, 
strument;tat:t;:ion f o r  specific lunar requirements. 

The funding includes new developments i n  spacecraft and i n -  
The fac t  t h a t  many new 



developmeiittrs are required for the  achievement of &L successful lun8.r pro- 
gram resu.Ltt3 in  high non-recurring costs for  these spacecraft and 
associattsd experiments. 

Atlas-Able 

The :pw?pse of t h i s  lunar orbit ing spacecraft u t i l i z i n g  the Pl.tlas- 
Able W laimch vehicle was %o obtain sc ien t i f ic  measurements of solax and 
interplurettugr phenomena while "anchored" i n  the v ic in i ty  of the nioon 
within coiwonient commumica$fon range of the earth, and t o  measure the 
magnetic :tiaPd mound the moon. Thiag spacecraft effort; wk8 termirated 
fOllWw$ the f a i lu re  O f  the  h U C h  VehiClC. 

Ranger 

The liurger project consiats of nine flights wing Atlas-Agena B vehL 
cles  launched f r o m  the Atlantic Missile Ruage. The overall  objective8 of 
t h i s  pro&pma &re t o  create and t e s t  a new spacecraft design whose fea- 
tures  can ba exploited i n  the performance of lunar a d  interplaemetary 
f l i gh t  mirss:ions, and t o  use t h i s  spacecraft t o  perfom sc ien t i f ic  inves- 
t igat ions &lose %o and on the surface of the moon, and t o  study particles 
and fielcto :in interplanetary s p c e .  
three ser:iea as foklarag: 

The niae fli@ts are divided i n t s  

Ranger 1 --- imct 2: 
provide engineering tests of the basic elements of the spcecrarft system 
and the Ikcp Space Urrstrucntation Facility, (2) t o  measure significant 
chaLracter:Lwt;i.es of the bntenplane.t;asy medium along the selected trajectory., 
and (3) %,o arscefiain the 'performuwe of and gab operatiag experience w i t h  
the  Atlerf:-Agens~ B launch vehicle. FOP these flights, Q csixty-day, 700,000 
mi, l e  

The firs% two Ranger f l i gh t s  were iatended t o  (1) 

higlr3.y-e lli pt i ca l  cart h- sat  e l l i t  e orbi t  w a s  eho es en 

The I h r q p r  spacecraft consisted of a basic hexagonal structure, or 
bus, upon which were maunted the sc ien t i f ic  instruments, together w i t h  
equipment, to provide attitude-control, communications, electrical power, 
and spacecmtft environmental control. 
injected might  of 675 lbs. 

The spacecrafi had a t o t a l  

I:nstmmients carried on the firsst two Ranger spacecraft, ineluded a 
solar eoxqwcicuhr detector, ia rubidium vapor mgnetometer, semi-conductor 
detectors; ana thin-waLUed Geiger counters, an ion cbmiberp, t r i p l e -  
coincideace telescopes, and a Lyman-Alpha 8cmwier. 

Rangtrrai 1 and 2 were hunched on August 23, 1961, and November 18# 
1961, res;l~et:.B;ively. Because of mHmc%ions of the Agena hunch vehicle, 
both sspac:c!craft remined i n  new-earth orbi$er instead of being propekled 
into the planned highay-eU.ip.B;icd orbi%ag. Nevertheless,, telemetry daka 
indica-%xdl that most of the s;paa@ecraf% subsys%em performed properly, 
thus conf'j.mdng the basic de$%& 0% the  Raager sp@ecra;f%. 
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R a n g e r  3,4, and 5:  
approach the moon and rough land about 56 pounds of survivable payload. 
This series of spacecraft has been designed f o r  mining detailed d i k t a  
on lunar surface characterist ics,  Etch spcecraf% baa two major pilrts: 
the  1'bus1'9 the basic hexagoml r t r u c t w e  with power supp l i e~ ,  com- 
municatio,ns equipmeat, attitude-control, and mid -course guidance; md 
the  1'cap~ul.e''9 I separable survivable instrument package, sLnd its x t r o -  
rocket. The t o t a l  weight 0% the  spaeeeraf't i s  750 lbs. 

The next three Ranger spacecraft a r e  intended t o  

The c3mplete spcecraft w i l l  be hunched OR a lunair impact t ra jectory 
with midcourse corrections applied t o  imoPove accuracy, 
distance :Pso:n the Lunar  surface the spaeccraf't w i l l  be properly oriented, 
and the  landing capsule launched. The burs wiU continue on to crash into 
the moon, ' b a t  a retrorocket w i l l  decelerate the capsule, allowing it t o  
impact at  a :iominal, speed not exceeding several hundred f ee t  per scxond. 
A balsawoo3 i m p a c t  absorber w i l l ,  cushion the landing shock t o  a le \*el  
which (:ma 'De sustained by %he instruments. 

A t  a suitable 

Experiments will be carried by both bus and capsules. The prinary ex- 
periments inoimted on the bus w i l l  be am advanced vidicon system, a gamma- 
ray specti~omc?ter, mid a radar r e f l ec t iv i ty  experiment The major experi- 
ment i n  the .Landing capsule w i l l  be a single-axis seismometer. 

The fsj+(:ecr&t will complete i t s  terminal maneuvers, i nc lud iq  s tab i l -  
ization and. the! establishment of a telemetry l i nk  with the  t r a c k i q  
station, bofore the  f irst  picture is exposed. Thereafter, one comxllete 
picture! w i U  be transmitted t o  the tracking s ta t ion  every 13 seconds, 
provids.ng i~ t;o%al of 100 pictures during the  lunar approach. The f irst  
picture wi..LL contain a f i e l d  of view 25 a l e s  square with a resolution of 
650 feet .  
resolution of l o  Beet, 

' 6 1 ~  final picture w i U  be of" an w e a  2,000 feet square with a 

The @;aunnma-ray spcct.rome$er experiment is intended t o  determine 
whether 01' not the moon, l i ke  the  earth, has formed a crust  which cmtains  
a high conceritration of naturally radioactive isotopes, The information 
w i l l  bear on questions such as how the  moa was formed, i t s  heat; balance, 
and the ~;C~LPC:C of chondpi%i c meteori%es e 

Ranger 6 t c ~  4': 
obtain vera' h.igh-ress.lution delevirion pi@%uPes of the  lunar surface. 
The spcecr r f ' t  w i l l  be basically the same as tha t  used f o r  t he  pre- 
vious three flights;, except that the  landing capsule w i l l  be replaced by 
I clus&er c f  s i x  television cmeras fixed. t o  the bus;, 
weight %os these missions w % U  be about 800 lbs. The television systera 
w i l l  begin operation a t  a distance above the l m r  surface that w i l l  
provide pictures of a resolution equivalent t o  present earth-based 
photographs. Coverage w i l l  continue u n t i l  impact, with the  resoluti.on 
of the  & s t  s ie ture  on the order of 0.2 t o  0.3 me$ers. In addition t o  
the television equipment, several experimenks f o r  studying the radiiktion 
environment arcrmd the spacecraft during its flight w i l l  be inchded. 

The IILissfcm for the  last four Bmger f l i g h t s  w i U  bs t o  

The spcecraPt  



Surveyor 

The 8wveyor proJect includes two relate, spacecraft systems, namely 
the Surveyor Soft-Lander and the Surveyor Orbiter. 

-- S u r v e y p  Soft-Lander: The Surveyor Soft-hader  spcecraf t  i s  
currelatly scheduled t o  be h u c h e d  by Atlas-Centaur vehicles from the 
A t h a t i c  Irlitisile m e .  The objectives af the Surveyor Lander are  t o  
successfu:Lly soft-land a number of sc ien t i f ic  payloads on the lunar 
surface, t o  provide fo r  a minimum of 30 days (design goal: 90 days) of 
scientific: observations rand measurements on the lunerr surface, and t o  te le -  
meter the: data t o  earth f o r  reductioa and timely dissemimtion t o  the 
engineerj.ng and sc ien t i f ic  comtnmity. 

The sc ien t i f ic  Objectives of Surveyor a re  t o  provide close-ux views 
of the liulru? landscape, t o  measure the physical properties of the moon, 
and t o  ruurl;yze the  composition of the lumr surface a d  subsurface i n  
various rselect;ed regions v is ib le  from earth. The sc ien t i f ic  measwe- 
mnt s  are iintended t o  a id  i n  establishing a be t te r  mderstanding c f  
the intenwkl structure and compositiogl of the  moon and i t s  local atmos- 
phere, a1111 -to obtain additional data that may provide clues t o  the 
origin of the moon asd LIF~ mderstcuading of the physical phenomena 
associatell with the origin of the solar  system. 

Additional objectives are t o  dernonstmte the engineering ferf:i- 
b i l i t y  of l w r  exploration with sofi-lar&ding spacecmf't system, and t o  
contribute -to the technology required f o r  the successfirl accomplirhmelst 
of eventual mamned lwaar br id i r igs  and operations. 

The :;wveyor bus, consists of those elemn%s of the Spacecraft required 
t o  acCohq3;tsh the t r ans i t  phase and soft-landing on the lunar sur:?ace. 
The principal elements of th i s  basic spacecraft bus a re  the spacecraft 
structure and  landing gear, the power supply consisting of batter:i.es and 
solar cells, the F M  wideband telecommunications system, a multiplf?-mode 
guidance system, a cold gas att i tude-control system, a d  a propu1:;ion 
system consistirg of P so l id  rocket engine f o r  the main re t ro  pha:se and 
small t h r o t t h b l e  l iquid vernier engines f o r  mid-course velocity 301"- 
rection, main retro-thrust-vector control, and termina:l descent decelera- 
t ion.  

To obtain msuclrmun f l e x i b i l i t y  i n  accomodating se.lected sciemtific 
instruments in various conibimtioms, the spacecraft i s  designed t o  
provide a simple and standardized interface between the bus and t h e  
sc ien t i f ic  mission payloads. 

The spacecraft w i l l  be injected into a lunar impact t ra jectory w i t h  
a t rans i t  time of 66-h0ws0 
rection nimeuver w i l l  be performed t o  enswe impc t  on the moon. The 
terminal. maaeuarer consists of orienting the spacecraft and f i r i n g  the 
main r e t r amto r  and vernier engims i n  a coatroled manner, so as to 
arr ive at, the lunar surface at near zero velocity. 

Ndwpy i n  flight a midcourse-trajectx?y-cor- 
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-- SurveEr Orbiter: Much of the basic Surveyor technology and sub- 
system, wch as structure, guidance and control and telecomunications, 
w i l l  be u%iJ.ized ia the Surveyor Orbiter, 
system w i l l  provide an oriented space platform f o r  overall  lunar recon- 
naissance mrd topographic mapping cas well as prelimirary selection of 
desirable sl.tes f o r  subsequent Surveyor Landings and l a t e r  manned hdings.  
The Orbitebr w i l l  fmct ion  as a l o w - l i f e  l m  space s ta t ion t o  inves t i -  
gate and a m i t o r  the radiation envisoaraent and other physical parkmeters 
i n  the ixmiediate vicini-by of the moon. It w i l l  also yield new knowledge 
on the sl .m and sbpe of the mom arnd the  properties of i t s  gravitktional 
f ie ld .  

This advanced sptlcecrarft . 

Prospector 

The I'rcmpector project spacecraft will have the a b i l i t y  t o  l and  
anywhere on the moonO t o  inspect pa;rt icuhr area@ prior  t o  landing, asd 
t o  carry to the moon a variety of mission payloads, such as roving lunar- 
surface eorpl~oratioa vehicles smd lunar ample-return systems. 
t o  its pweliy sc ien t i f ic  functions, Prospector w i l l  be capable of providing 
direct  suqqxmt f o r  mamaad landings oa the moon by performing detailed 
landing-a;:ito surveys, emplacing guidance aids, a d  monitoring the manned 
landings., The Prospector roving vehicle would be useable by mamncd 
expeditions as a remotely controlled scout i n  potentially hazardous 
areas, and l;o extend the radius of exploration act ivi ty .  The Prospector 
spacecraft T r i l l  a lso be capable of providing log i s t i c  support botk prior 
%o and d1u5ng msuuled operations on the noon. 
tmnsgort;iLt;t;:ion of supplies, equipment and shel ter  required for the estab- 
lishment of a lunar base, as well as any emergency resupply needei. by the 

In  additiozs. 

Such support w i l l  irclude 

expeditioll. 
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Planetary *lid Interplanetary 
Prograrn : 

Ikgnetoinet er Probe : $ 462,000 

l4wine:r -- A: 

project mnagemcnt and Support. $ 498, OOO 
Systems Analysis & Integration. 740,000 
St:mcbure Design & Developmeat. 891, OOo 
Docurnentatiola & Reports........ 369,000 
Data Reduction & Processing.... 
Scient i f ic  Experiments. e .. e . . . 2,569,000 
Environmental Requirement8 & 

T~~t i~ . . . .o .e . . . . . . , .o . . . . . r .  432, OOo 
Communication & Telemetry. * . . 
Guidawe & ControlD ., e a a a e e . . 
Power Systems & lbergy Control. 765,000 
Pyrotechnics Desigrm & 
Deve3.0~imento .................. 1859 OOo 

Instrzunentation Scrvicelis & 
FaciJ.it.,ies. . . .e  . e e o .  . . 143, OOo 

Compuit,er. Support- 6 9 9 

Total,  Mariner A . .  .......... 

803, OOo 

1,562,000 
3,638, OOO 

Mariner €1: 

pro jec:i; lmgement mid Support I) a $ 
System; I b l y s f a  & Lntegratiorm. e 

Struct;imrl Design & Development . 
AMR Fac:i:Litieg, & Administration. 
Doc1.mte12.ta.t;ion & Reports. ........ 
Data Iied1rct;fon & Processing. .... 
0perd;ions. ..................... 
Scient; Lfic Experiments. ......... 
Enviro.,mi%atal Requirements & 
T e s t ~ l l @ ; . O O . . . . . . . a . . . . . . . ~ . . . e .  

C o ~ ~ i C i ~ t i o n s  & Telemetry. ..... 
Guidswzce & Co~troleO............ 
Instrumentation Service & 
F~~~.Litles.....0.e...60........ 

Pares Systems & Energy Control 

cI_--- 

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

Computer S~~p~O~*.e.e........... --- 
$ --- 

e-- $ 

$ 431,000 
409, OOo 
195, OOo 
go, 000 

735,000 
1,871,000 

197,000 

-- 

$ 1,370,000 
1,0389 OOo 

851, OOo 
99,000 

239, OOo 
365, OOo 
238,000 

i,310,000 

1,232,000 
2,949,000 
2,065, OOo 

201,000 

Atles-Agena Lamch Vehicles... 
' I lo te i l ,  Mariner R ........... 

--- 

$ 2q0,OOCl 
4579 000 
145,000 
90.9 
80, ooc) 

280, OM) 

285, ooo 
340,000 



Fli&it Prograsl ( Continued) 1961 1962 lgtj3- 

142, OOO 
183,000 1,268,000 
594, OOO 3, 202, OOo 

364, OOO 
48,000 509,000 

101,000 

Centaur Launch Vehicle 
"'Tbt,&J.,nT&,&ner* B. ........... 

Voyager; 

--- Pro jec: t  Mmagement and Support $ --- $ 
Systenlts halysis & Integration. --- 186,000 

84,000 
78,000 

30, OOo 

--- Structaral  Design & Developmeat 
Scieat;if'ic Expzrime~6s. ........ 
COmnnZrliCatiOlPS & Telemetry. e a 
Guiclmicct & Control. ............ 
Power Systems & Energy Colatrol. 

--- --- --- --- 
--P 

Totwtl,, Voyager. .............. 
! 

$ 3,100,000 

260,000 
360,000 

3,600, ooo 

4,900,000 
4,050, OOO 

520, OO0 
8,845,000 

3,495,000 
7,030,000 

10,757,000 
1,700, ooo 
6,543,000 

,, 720,000 

$ 765,000 
602,000 
625, ooo 
923,000 

1,005,000 
2,265, OOo 

61 ooo 



PlarnetarLand Interplanetary Promxtm: 

A lolag-tern objective of the planetary ser ies  is t o  place spcecraff;  
i n  orbi t  about Venus caad h r s  capable of gathering fudramelstal scientific: 
know:ledge (of the planetary environments and of the planets thernsctlves 
and t o  .lmd instrumented caprules on the surface of these planet#$. 
c ra f t  technology must thus provide f o r  long l i f e  (over one yew),, proper 
enviroruntrmt f o r  the sc i ea t i f i c  instrwnents, adequate guidance, cc~mmuElica-. 
t i o a  power and bandwidth f o r  the sc ien t i f ic  objectives, mad an almorspherc! 
entry awad landing capsule. 

Space- 

An important constraint from the planning viewpoint on the near 
planet missloas, as opposed t o  most other flights, is  the r e l a t i i z l y  
long t h e  'between bunch opportuaities. 
periodicit,y between pl.a.net oppositions, aad amounts t o  one and ore-half 
years for 'Venus and just  over two years for  Mars. 
optimum progress toward the sc ien t i f ic  program objectives requires a 
success:Ful shot a t  alms% every opportunity. 
new spacecraft ser ies  be preceded by complete ground and flight testing. 
Lead t i m e s  fo r  the flight t e s t s  must be sufficient t o  incorporates needed 
changes. The development sequence of planetary spacecraft begins w i t h  
the FY l362 missions os fly-bys, which a re  defined as passing within 
several thousands of miles of a plranet, and progresses through p lme t  
orbi ters  at about mid-decade and plmaet landers toward the end of' the 
decade 

This wait i s  the resul t  of' 

Achievement 01' 

This requires tha t  each 

btxr;pla3letary long-term objectives a re  t o  map a d  inves t igah  the 
interphae-tary medium and solar ilafluence on th i s  medium. 
planeta2r;y mnedium consists of charged particles,  solar radiation, 
elecl;ro.-iaa,g?letic and gravitatioabll f ields,  maeutral gas, and dust. 

The inher- 

Tyl?Ical instrunrents carried by interpLagaetary spwecraf't will 
consist of plasma and radiation detectors, magnetometers, micrometeorite 
detectors, and Lyllli%a-Alpha telescopes. Besides providiag new insights 
into so:lirr-terreratrial rebtiomhships, such as the distribution of 
e lec t r ic  ciirrents in the outer radiation be l t  of the earth and the form 
of the eiax%hBs f ie ld  i n  regions where it merges w i t h  interplatretory 
space, txperiments may provide the basis fo r  a new theory fo r  the under- 
standing of the nodulation of cosmic rays. 

Ekplorer X (Nzgnetometer Probe) 

EQ$Lorer X successfully Laurached OR Mmch 25, 1961 by a Thor-Delta, 
wlks the  r3econd flight i n  the interplanetary program; Pioneer V had been 
flown i n  1960. Objectives of Explorer X were observation of the fluctu- 
ations 9il;he radiation and f i e lds  both- ia  interplanetary space alad in  
the region where they interact  w i t h  those of the earth. 

During the next few yews, interplanetary measurements w i l l  be  made 
on t e s t  ttnd operational spacecraft fo r  lunar and planetary missions. 

R W  10.-16 
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The first objective of the Mariner project i s  t o  make flights t o  
Venus i n  3bg@!. The Mariner A spacecraft, designed f o r  launch on the 
Centaur vehl,c!les, was intended t o  accomplish this  mission. 
recent delayr; i n  the Centaur 8chedu.h made it addsable  to plan a 
l igh ter  ~ ~ " E J : L O I L  of the Mariner spseecr&%, Model R, t o  be launched on 
the Atlas -Agenntt in  1962. 

However, 

The Wriner  B, d e s i s e d  t o  fly on Centaur i n  1964, Will be capalble 
of fly-by missions t o  both W s  and Venus and, i n  additfan, will be ibble 
t o  carry a. small plmetaPy atmospheric entry capsule. 

The fly-by mission is a n a t u r a  f i rs t  step, both sc ien t i f ica l ly  and 
technobogiceUy. Sc%en-I;PfEc f n f o m t f o n  on planetary environment will 
add t o  fundsnentxd knowledge and prowde the necessary input f o r  latter, 
more reffnec'. experfmntatfon. A mor portion of the technology needed 
fop l a t e r  or%iter flights can 'be proved and evaluated on a fly-by mission. 

Two fJ.:&if.~ w i t h  Mariner R in CY 1962 w911 be timed t o  take advantage 

Althou$$ t h i s  

of the Venus opportun%ty. 
lessons lexmed i n  %his first; planet fly-by attempt, w i l l  be incorpcrated 
and test; f:bmm as an interplanetary mission during (Jy 1963. 
mission wKL1 be interplanetary, the tretgec-tsory w f l l  be chosen t o  proof- 
test all. sp~cecmft  subsystems required f o r  the CY 1.964 planet miss:.ons. 

Modifications and remedial action, based upon 

The choice o f  sc i en t i f i c  instruments t o  be carried on Mariner :is 
governed bot& b,y the basic sc ien t i f ic  obJectives and by the f a c t  that 
the fly-bys are preludes t o  more thorough investigation with orbi ters  
and landers. 
the instrunien-ts w i l l .  gradually change. 
t he i r  p q c m s  ~311 become more specific and the i r  desired ranges more 
clear ly  def'ined. 

During the course o f  tihe Mariner project - 1962 t o  191%' - 
As more knowledge is  gained, 

For Venus, i t e m  of in$%feeb in t e re s t  are the nature of the atnosphere, 
the surf?ac:c? % e q r a t u r e ,  the rotation m%e, the spfn axis, and magnetic 
f i e l d  and pxrt ic le  metsupement experiments. The structure of the Oytherean 
atmosphere is of great sc ien t i f ic  in te res t .  Knowledge of i t s  presmre, 
temperatws profile md constituents is 0f %mediate importance i n  
planning a long-range planetary p r o g r ~ .  Assuming that current estimates 
of the surface temperature auld pressure are correct, designing a s:l?aee- 
c ra f t  that can survive entry and landing w i l l  be a formidable task. On 
the o%hm hncf, if a predfeted supface temperat- of 600% is muca too 
high, it I s  probable that the unseen surface o f  Venus us covered by oceans. 
If th is  f ~ )  t m e ,  then spacecraft design problems become very different .  

The strength of the magnetic f i e l d  of Venus i s  a l so  important to the 
understanding of the science of the solar system and t o  the engineering 
of spacetzwft. 
radiation m y  present subtle eomnraunierttion problems. 

If the magnetic f i e l d  is exceptionally strong, trapped 
If, on the other 
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hand, the f i e l d  is very weak, it is possible tha t  the planet coultl 
sustain IZ very dense ionized layer which would account for the hit$ 
brightness temperature detected from ear th  w i t h  microwave t e l e sco~~es .  

The Venus mission w i l l  carry experiments d i rec t ly  concerned l r i t k i  
the planet plus an inst rumnt  package t o  obtain interplanetary &l;a 
enroute. The planet experiments w i l l  include a radiometer t o  masure 
temperature brightness, a fluxgate magnetometer t o  determine the lip- 
proximate strength and character of the magnetic f ie ld ,  and e x p e r h a t s  
r o r  sampling .particle radiation trapped i n  the magnetic f i e ld .  

For Mars the basic question is the existence of life. Early e-ri- 
ments will, therefore, be oriented toward t h i s  detection problem. 
red spectrograph will be carried t o  determine the existence and location 
of organic molecules. 
ozone t o  deterrnine whether or not the surface of the planet is pr3tected 
from ult raviolet  radiation which i n  large doses is damaging t o  l i r e  as 
it is knc;wn. on earth. 

An infra-  

!&e upper atmosphere should be examined f o r  

A M,ra mission could thus include an ul t raviolet  spectroscop?, a 
mgnetomcter, and an infrared spectrometer which would search for organic 
moleculeE, on the Martian surface. In addition, since the Martian atmos- 
phere iE, clear, the spacecraft would car ry  an optical  system mated t o  
a vidiccxt capable of taking and transmitti% photographs of the terrain. 

&e cEtpsule which leaves the spacecraft t o  enter the planetary 
at2;mosphei.e would carry pressure-accelerometer i n s t m n t a t i o n ,  
experimerits; t o  determine the nature of the atmosphere and i n s t m e n t s  
t o  detect; the existence of l i f e .  

Marr.ner A funding terminates in FY 1962 because of its replacement 
by Mariner R, 
used on Tbriner R; similarly, much of the development e f fo r t  on the 
various 1ki:iner A subsystems w i l l  be used i n  Mariner R. 

Much of the hardware developed fo r  the Mariner A is  being; 

Mar:iner R funding peaks sharply i n  FY 1962 reflecting the f a c t  
that akmsl; a l l  work must be coq le t ed  by the end of the f i s c a l  sear 
in  order t o  meet the launch opportunity date. 

The Mariner B request f o r  FY 1963 re f lec ts  the heavy hardware 
requirerwn-ts, since it is  i n  this year tha t  equipment mst be purchased 
f o r  both the t e s t  f l i g h t  l a t e  i n  CY 1963 and the Venus missions early 
i n  CY l!P54. FY 1962 funds m e t  the Mariner B pre-hardware requirements; 
the FY 1L136.3 request i s  to cover prototype and fl ight hardware, the 
necessa:ry ground equipment f o r  check-out and test, and the tes t ing phase 
it self. 

ITMI-10-18 



Voyager 

Planetcuy missions in the Mariner project are the i n i t i a l  phase of 
the planetary exploration program. 
obJec'civt?,;, f ollow-on missions will require advanced spacecraft t c b  fly 
i n  proximity of the planets f o r  long periods of tinre. 
establishes the requirement f o r  spacecraft refinements, associatecl 
instnunentation and technological development e 

ser ies  t l i ~ ~ t  follows Mariner is phased w i t h  the Saturn launch vehic:le 
development. This series, the Voyager planetary orbiters,  begins with 
t e s t  shots planned in  CY 1965. 

In  order t o  meet sc ien t i f ic  

This, i n  turn, 

The planetary spacecraft 

The Vqyager, the second phase i n  planetary exploration, w i l l  
provide a lengthy ta.rrying capability t o  permit mapping of the enlriran- 
ment. 
and surface. Spacecraft orbi t  elements w i l l  also permit the evaliiation 
of planetary mass and mass distribution. 
carried cm the Voyager w i l l  be advanced versions of those of the Mariner 
ser ie  s. 

A landing capsule w i l l  provide de ta i l s  of the lower atmosphere 

Scient i f ic  experiments 

The complete orbi ter  mission, including the a b i l i t y  t o  carry a 
large entry and landing capsule, w i l l  u t i l i z e  advanced versions 0:': the 
Saturn lamunch vehicle e 

Stud.ies on the design and u t i l i za t ion  of Vorager spacecraft began 
i n  FY 1962. 
including, studies and initial breadboard hardware for each of the 
advanced subsystems required %or the Voyager spacecraft. 

Effort, w i l l  continue at an accelerated pace i n  FY 1963, 



NATIONAL AERONAUTICS AND SPACE AI=bJL;CNISTRATION 

FISCAL YEXI3 1963 EkSTDuYlTES 

SCOUT 

PB.gE! 
No. 1961 - 1962 - 1963 -*- 

‘Jehic.2e Development. e a e e. e $4,550,000 $3,263,000 $3,297,000 RDO 11-2 

Motor DeveTopaent e e e k,250,000 2,600,000 4,000,000 RDO 11-3 

System Supsort. e e + o .  e 3,852,000 2,343,000 1,650,,000 R1)O 11-4 

Total. I j  It . e . e . e . e . a e $9,652,000 $8,206,000 $8,947,000 

OBJECTIVEB : -- 
The purpose of the SCOW program i s  t o  develop a rel iable ,  re la t ively 

inexpenEdve vehicle f o r  general space research. 
include orbi ta l ,  probe and re-entry missions. It i s  the smallest of the 
basic NPSA family of launch vehicles and w i l l  fu l f i l l  a large vasiety of 
requiranlrm-ks fo r  small sized payloads. 
funded under the  various f l i gh t  programs using SCOUT. 

The vehicless  capabi l i t ies  

Operational SCOUT vehicles are 

The SCOUT vehicle developnent flight test  program comprises €1, t o t a l  of 
Of the seven launchings t o  date, four have been succesful eight; ve:nicles. 

and t h r r z e  imsuccessful. 
first a:LL-soiid propelled vehicle t o  place a satellite in orbi t .  
smin i i ag  development; vehicle w i l l  be launched i n  early 1962. 

SCOUT No. 4, launched in  February 1961, was the 
The 

:Cn .Lstz :~96s, a prime vehicle contractor was established f o r  the  
second .four developent vehicles and the  subsequent operational -7ehicles. 

The SCOW vehicle, in i ts  present configuration, is capable of placing 
a. 150-pound payload with a maximum diameter of 25 inches into a 300 
m u t i c a l  m i l e  orbi t .  
b i l i t y  b e  increased t o  approximately 250-pounds and a msximum d ime te r  of? 
32 inches. 
requirements of both agencies a standard vehicle can be achieved wish a 
resu l t i rg  economy of production and simplicity of logis t ics .  The SCOW 
development program i s  oriented i n  t h i s  direction. 

Both NASA and DOD missions require that t h i s  capa- 

.By increasing the performance of the basic vehicle t 3  meet the 

RDQ 11-1 



A l l .  operational vehicles w i l l  be b u i l t  t o  the same specifizations 
and on a single production l ine .  
t o  meet a unique mission requirement. 
the tbree .Launch sites (Atlantic Missile Range, Pacific MissiL? Range 
and Wallops Island) has been thoroughly integrated into a singLe progrim. 

Only three w i l l  be specially modified 
Further, the log i s t i c  support of: 

The FY 1961 funding completed procurement of the eight devlzlopment 
vehicles and in i t i a t ed  a motor improvement program t o  obtain tlne per- 
formazce required of the SCOW vehicle. 
m c e ,  standardization of the basic design, completion of compment 
qualification and design of the  larger  diameter payload compartment i s  
being accomplished under 1962 funding. 
ment program and qualification of the en t i re  vehicle t o  the operationa:L 
standazds required w i l l  be accomplisked i n  1963. 
accuracy of the vehicle w i l l  be increased t o  meet the  requirements of (2 

number cf" missions for near-circular orb i t s  o r  orb i t s  at  exact inclina- 
t ions.  These improvements w i l l  be validated by s t a t i c  test  and other 
m e a m  without procurement of development vehicles i n  addition t o  the 
eight development vehicles now provided. 

Further improvement OF perfor- 

Completion of t he  motor improve- 

In addition, the  

1961 1962 - 1963 

Vekt:.cl-e Development ---- 
VehicLe. . . e . ., . o .  . . . . a I . - .  e .  e . . $1,900,000 $1,850,000 $I.,847,OOO 
Guidance and Control. Is . . 2,650,000 1,413,000 - 1,4~0,00o 

Tot;ct.l., Vehicle Development. . $4,550,000 $3,263,000 $:.,297,0OC! - 

lTj-962 funds a re  being applied t o  standardization of the vehicle, modi- 
ficat;.ion of the separation system t o  correct a serious probleri discovered 
on the SCOUT 6 f l igh t  test, and simplification of the check-out procedures 
ad; the hunch s i t e .  t o  complete the 
detailed qualification necessary f o r  continued rel iable  operation with 
three different launch crews at  three different  sites and t o  :improve 1;hct 
accw..;x;y. of the vehic.1e e 

The FY 1963 funding w i l l  be u t i l i zed  



Vehicle 

The vehicle consists of the  airframe, instrumentation, e l e c t r i c a l  
networks and destruct systems. Additional qucllification of the  en t i r e  
vehicle is required t o  meet t he  operational s i tua t ion  now established. 
Three Eqa ra t e  hunch crews w i l l  be i n  operation a t  three different  ~ O C E L -  
t ions .  I 'his requires a vehicle which i s  thoroughly qualified i n  a l l  
aspectE,, 
systems i s  required t o  meet the  safety regulations being applfe2 by the  
launch raages. These new systems w i l l  be designed, and qualified f o r  
incoxycm,tion i n  the  operational vehicles. Also, the  use of SCOUT w i t h  
minima3. guidance and control fo r  probe applications w i l l  be investigated. 
The rec1uc:tion i n  guidance and control systems w i l l  result i n  a lower 
cost vehicle f o r  those missions which do not require precise guidance. 

I n  addition, major modificehion t o  both the  igni t ion md destimut 

Guidance and Control 

Tet;t:-ng of the  SCOW t o  date has indicated that an improveanlent i n  
the v~?l i i ( : le~ s guidance and control system i s  required t o  meet &om@ 
miss%ons nciw planned f o r  SCOUT. A detailed study of" the  actual require- 
merits rmd %heir  e f fec t  on the  system w i l l  be accompl-ished durir,g 1962. 
FJ 1963 funds will be used t o  modify the  exis t ing guidance system and t,o 
deVeloj? a very lightweigh3 uni t  f o r  i n s t a l l a t ion  i n  the  fourtk, stage, 
i f  nec:csa;ary. 

Mo-tor Development 1961 -- 1962 - 1963 

Motor l?rocurement . a a . . . e . e e $ 140,000 $ --- 
Moto:r :Development . a . * . a . 1,1PO,OOO 2, GOO, (300 Jk, 000,000 

--- 
e - .. $ 

Tota.l, Motor Development.. e .  $1,250,000 $2,600,00@ $Ic,OOO,OOO - - 

Mot o r  Procurement 

The FY 1961 amount completed the  funding f o r  the  first eight develop- 
ment vehicle motors. 
operatfond vehicles. 

A l l  subsequent motor procurement i s  funded by the  



Motor Development 

Ey ut i l iz ing  recent advancements i n  the propellant state-of-the-art, 
significant improvennents i n  SCOUT performance can be obtained. I n  con- 
juncti.on with the Department of Defense, a program was i n i t i a t ed  in  
1961 t o  develop new motors for  the th i rd  and fourth stages. 
ing pclrtion of this particular program is being funded w i t h  FY 1.962 
f'unds. 
This Flrogram consists of using the identical  motor case, but lDading i t ;  
with the improved propellant being used on Minuteman. The improved 
motor w i l l  provide approximately 50 pounds increase i n  payload and w i l l -  
be operational by mid-calendar year 1962. 
motor will bc modified and improved t o  match w i t h  t h e  other three moto:r.s, 
The u t i l i za t ion  of existing state-of-the-art techniques t o  improve the 
SCOUT moto:rs resu l t s  i n  a significant increase i n  payload capability fo r  
considerably less cost than would have been required t o  actua1:Ly devehp 
new mstors. Final performance w i l l  be approximatel;y 230 pound:; i n  a 300 
naut i :: EIL mile orbi t  

The remain- 

Also w i t h  FY 1562 fln?ds, the first stage motor i s  being up ra t ed .  

During 1'363, the sel:ond sta,i:e 

1961 :~962 - 1963 

Groiiad Support Equipment * .  . * .  . . $1,425,000 $ '793,000 $ 550,000 
Launah Services. -. . . ,, . . . ., . . * .  . , 1,800,000 1,100,000 --- 
Eng:i:ieering Coordination. . . . . . . . 627,000 ~~50,000 ~ i o o , o o o  

To'ta:L, System Support. . . . . . . $3,852,000 $2,343, 000 $1,650,000 

Ground Support Equipment 

Tiit: FY 1962 funding w i l l  complete the  design and manufacture of the 
horizc~iitrrl pre-flight check-out system fo r  the Pacific Missile Range 
SCOW :launch si te.  
allornuice t,o modify the Wallops Island and the Pacific Missile Range 
equipment; and t o  replace items which are worn out. 

A continuing need ex is t s  i n  FY 1963 fo r  a s;mall 

Launch Services 

W i t h  t h e  completion of the development f l i gh t  test  program in  e a r l y  
ca1ends.r year 1962, there is no reqyirement fo r  fund.ing i n  t h i s  area i n  
FY l96:1#, l%ture launch services are funded as part  of the cost of 
ogerat i ora l  SCOUT vehicle 8 .  

RDO ll-4 



Ehgineering Coordination 

Ana.lysis of improvement change recommendations, detailed analysis 
of flight and field failures and special  r e l i a b i l i t y  p r o m s  are a 
continuing requirement. 
developnental support f o r  successful operational u t i l i za t ion  of the  
vehicle. 

This amount i s  the estimated annual cost of 



NATIONAL AEFiONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

DELTA - 
SUMMARY CE’ FSQUIREMENTS: -- 

1961 - 1962 - 
Page 1963 -.- No ., 

Vehicle Development ..... .. .$ 3,500,000 $ 760,000 $ 268,000 RDO 12-2 

Engine Cievelopment . e . . . . . . . lO5,OOO 51,000 .I-- REO 12-2 

-- - RDO 12 2 2,116,000 - _I 

~ y s t e ~  Sup:port,.. . * .  * .  - . . . 6,874,000 

$10,479,000 $ 2,927,000 $ 268,000 - 
To p:rmide a rel iable  launch vehicle fo r  medium payload satel:.ites 

and s m a l l  payload space probes. 

JUSTIFICAT LON : 
-I- 

‘The IIISLTA vehicle i s  being used t o  launch a variety of scient i f ic  
and applications s a t e l l i t e s  and space probes. 
skage vehf-cle with the f i r s t  stage being a production Thor missile with 
the nosecone and the guidance uni t  removed. 
-GO that; 01’ ‘Thor-Able and Vanguard with a new engine thrust  chamber. and 
an irnprcnml mdio i n e r t i a l  guidance system. 
propellant; rocket motor developed f o r  Vanguard. 

The DELTA i s  a three- 

The second stage i s  similar 

The th i rd  stage i s  a sol-id 

Al.thcnr@i stimilar i n  design t o  the Thor-Able series,  the DELTA 
inccrporaf,m a number of changes, including a coast-phase a t t i  tude cont;:-ol 
system tha t  t r i l l  permit higher injection al t i tudes and Edditional f 1e:ci.- 
b i l i t y  i n  est,al:lishing t ra jector ies .  The capabi l i t ies  clf t h i s  vehicle 
were demor.:;tyated on August; 12, 1960, when the second DELTA vehicle 
successfUl1.y placed the E C ~ G  s a t e l l i t e  i n  a precise, nearly c i rcular  
orbi t ,  at  EU-I a l t i tude  of ab5ut 1,000 miles; and again on November 2 3 ,  p 6 c ,  
when the th i rd  DELTA placed into orb i t  the Tiros 11 meteorological sat,?llif,r> 
at  an altitu6.e of  approximately 400 miles. 
date, five hcve been successful and one (DELTA No. 1) was unsuccessful. 
DELTA has E .  payload capability of up t o  500 pounds for s a t e l l i t e  
applicatfors and up to  75 pounds for space probes. 

O f  the s i x  DELTA lacnches t,c. 

RDO 12-1. 



Vehj. c1.e Develomnent 1961 - 1962 

Design and engineering ............ $1,075,000 $305,000 $268,0~10 -- - 
-, .- Fabricaticm.. . . . . . . . . . . . . . . . . . . . . .  2,425,000 455 , 000 

Total, V'ehicle Development... ... $3,500,000 $760,000 $268,000 .- -- 
Durirg FY 1961, the basic soundness of the DELTA design was firmly 

established through the successful f i r i n g  of DELTAS 2 and 3. 
of the twelve development vehicles w i l l  be completed with FY 1961 snd 
1962 funds. 
final review and analysis of  the development program. 

Fabrication 

A small amount of FY 1963 funds w i l l  be required t o  c2mplete 

--I- Engine Development 1961 - 1962 - 1963 _- 

$105,000 - $51,000 - __ - - __ ... Changes t o  t h i r d  stage motors.. 

- - _. ....... .- _- - $51,000 - Total, :Engine Development $105,000 

Changes in  the  t h i r d  stage sol id  propellant motor or iginal ly  developed 
f o r  Vanguard were re la t ive ly  minor and consisted principally of  applying 
closer control over dimensions and performance characterist ics.  FI 1962 
changes i n  2iided work on delayed ignition and the  replacement of ail overage 
motor. 

System Support 1961 - 1962 - 1963 _. 

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

Guidance swrvic!es. $555,000 9;9~0,000 
Range support; services.. .;. 658, ooo 75 7 000 ..... .. - - .. ........ 5,661,000 1,131,000 ---.. Contract 01' 1cru.n ch servi  c e s 

- - -. ......... - - Total, 6yst;em Support.. $6,874,000 $2,116,000 

Guida.nce services are procured through the A i r  Force and cover u t i l i -  
zation of %he radio guidance systems during each of the DELTA launches. 
Range suppcrtf services include such items as the purchase of propellants, 
range over-binie compensation, provision of telqnetry support services, and 
direct  work orders issued t o  the Atlantic Missile'Range. 
contractor launch services in  FY 1962 covers the reception assembl$, 

Funding fo r  

RDO 12-2. 



check out, and launch of %he vehicles, and required guidance services. 
The requeE'teld f'unding w i l l  complete all requirements for  the twelve- 
vehicle DE:IEA program. The last development vehicle launch i s  planned 
fo r  mid-caLendar year 1962. 

RDO 1.2-3 



NATIONAL AERONAWICS AND SPACE A,lMINISTRA!I!ION 

FISCAL YEAR 1963 ESTIMaTEs 

CENTAUR 

- S W Y  OF REQUI;RENEPJ!S: -- 
1962 - a961 1962 supplemental 

V'ehiele Develo~]?m~?n-t; . . $37,373,000 $42,900,000 $ 9,000,000 

Sy5tem Support; 3,340,000 3,004,000 

Total. + .  e e $64,673,000 $65,840,000 $ g,OOO,OOO 

The purpose of the CENTAUR development program is  t o  develop a launch vehicle of 
ki-gk, performanre and reliabil i ty f o r  NASA unmanned lunar and planetary exp1oratio.a 
missions and EOD missions using communicatdons s a t e l l i t e s  i n  a high ear th  orbi t .  The 
costs of GEN1cALR operational vehicles are funded under the various programs usitlg the 
CXNTAUR vehicle 

CENTAUR i s  a high energy upper stage using l iquid bydrogen and l iquid oxygen 
"he lower stage i s  an A t l a s  vehicle with a cylindrical  top section f o r  iaounting the 
lapper stcsge. 

Ten de-velcqxnentd CENTAURS are  planned f o r  flights i n  the 1962-19611. period, 
Same sf %he development flights w i l l  carry t e s t  pa+yloads and an operational vehicle 
ES expected f0 .a  19611. NASA and DOD missions. 

6"ENTAUFt cpc:upies a position 0f key significance i n  the NASA space progrtmo 
It) is gl&mned for Baunching unmanned reconnaissance spacecraft in to  orb2.t about the 
111oa)s &ad ummmit?d spaeecraf't fo r  lunar landings t o  gather vit;al inf~smat~ion about 
f,k,le moon a d  2 % ~  environs needed f o r  manned lunar landingo 
w m e d  flights GO Wps and Venus. It w i l l  car ry  a DOD c m f c a t i o n s  s a t e l l i t e  
inbo a high em-;ba orbit  which keeps the s a t e l l i t e  stationary with respect t o  a 
pasit ion an eeuTh, It w i l l  provide this  country w i t h  our first experience and 
te&nslogy in using l iquid hydrogen i n  flight. 
In  f l ight  i s  higUy important t o  our laationaZ space program. 
S e t u n  will use bxquid hydrogen, as will fu ture  nuclear propulsion systems. 

X t  i s  also planned for 

The successnil use of l iquid kydmgen 
The upper stages of 

m 13-:1 



i'?J?Vl?XNG . R E Q U m S :  

1962 
Vehicle -- Development 1961 1962 Supplemental 1963 . 

engineeriag . . . $ 9,108,000 $10,323,000 $ 4,39,000 11 7,600,cK)c 
Second-stage design 

First-stage procurement 

Fabricat b n  of second- 
and m o d i f  lcation. . . . 4,500,000 3,950,000 --- 7 , ~ , c o O  

Ground tt?ojt:LW . . . . . . 8,891, OOO 7,452,000 3,856, OOO 7,400,OQO --- 1-09 700 9 000 5, 6 6 9 J m  - e 

stage I;es1; vehicles. 14,874,000 15,506,000 825,000 13,860,000 

Launch SUI?PO~~; e e e e 0 e --- 
TottLL, Vehicle 

Dstvekopment . * .  &7,373,000 

This portion of the program includes the design, engineering, fabrication, 
and grouricl Lesting for the (33"TAUR second stage ( l e s s  engines); the design of 
modificatJ.ons to, and fabrication of, the  first stage (Atlas); and the equipment 
and services involved i n  launching the cunplete vehicle. The basil: design of 
the  second stage is substantially comlete. 
have been delivered t o  the Atlantic Missile Range and are undgergoing checkolt 
preparatory t o  first launch early i n  1962. Two additional A t l a s  boosters have 
haen muf'actured. 
fabrfcaticn process 

One first stage and one second stage 

Four addi t ional  CENTAUR stages are in various istages of the  

The $9 million requested as Fy 1962 supplemental funds are required i n  
suppcrt of the  second-stage vehicle development t o  provide for  unforeseen re- 
ouirenent3. 
m e m  a r e m  which degraded the vehicle'8 predicted perfonaance. 
design pqyLoads, a number of vehicle improvements have been starteci an3 others 
a m  under study. 
removal of telemetry instal led primarily for  development, relocaticln of tracking 
equipment from the second t o  the first stwe, and redesign of certaAn e lec t r ica l  
componentr; ( shielding, wire length, connectors, harnesses, power systems). Other 
impsosremeiits under study include redesign of insulation techniques t o  reduce heat 
propellanl; loss, al ternate materials and tank design, redesign of propellart 
u-cilfzatioii system, repackaging of guidance components, and increasing engine 
perf OrmanCC? . 

During the past year, unanticipated problems m design and deveA.op- 
In order t o  meet 

Improvements started t o  reduce weight consist of such things a5 

Second-Stwe Design and Engineering 

Incluctecl here a m  engineering services for the design of the  C;ENTAUR s'econd 
stage, ery::.neering studies of various flight trajectories,  and techlnical reports ., 

RDO 13-2, 



First-Stage Procurement and Modification 

Thi  3 :Includes design of necessary modifications 9n the Atlas: booster to 

Ten such Atlases are  provided f o r  i n  the progrea 
adapt i- t  fo r  use with the CENTAUR second stage, and the fabricati.on and check- 
out of -Sic modified Atlas. 

Fabrication of Second-Stage T e s t  Vehicles 

The munufacture of CENTAUR second-stage vehicles (less engines) and 
their checlc-out i s  included. 
program. 

Ten such vehicles are provided f o r  i n  the 

Ground Testing 

Thf-I; :includes the preparation of a special  t e s t  vehicle and other vehicle 
componen-ts, and the conduct of tests t o  obtain data on storage, pumping and. 
heat trtuisfer characterist ics of l iquid hydrogen, operation of integrated 
a t t i tude  control systems, jett isoning of heat insulation panels, and on %he 
operation of integrated second-stage flight propulsion systems. 

Launch Support 

Eqi1:ipmnerit and services necessary t o  prepare f l i g h t  t e s t  vehl c les  f o r  
launching, and t o  launch them a t  the Atlantic Missile Range are included. 

Eng:. ne Development 1961 -I 1.962 - 1963 __ 
Engine &?sign and engineering. ...... $ 5 . 662,000 $ 4,035,000 $ 2,940,000 

produc1;ion engines. ............... 7,946,000 8,4O1,000 6,000,000 
Ground t;rtsl;ing ...................... 10,352,000 7 , 5 O O , O O O  2,200,000 

Fabricatf-on of prototype and 

- - 
Totctl; Engine Development ...... $23,960,000 $19,936,000 

The CIGNTAUR second-stage engine i s  the f irst  flight-configured rocket 
engine ul;.il-izing l iquid hydrogen and l iquid oxygen as propellants. 
pmtion of the program includes the design, engineering, fabricat ion, and. 
ground tes t ing of the CENTAUR second -stage engines and the auxiliary 
ground equipment necessary t o  support the transportatfon, check-out, and 
f i r i n g  of’ (X”JXUR engines i n  ground t e s t s  and i n  the f l i g h t  program. 
Preliminary f l i g h t  rating tests of the CENTAUR l iquid hydrogen er gine 
have been completed. 
t e s t  en@;j.nas and suff ic ient  f l i g h t  engines f o r  the ten CENTAUR f l i g h t  
vehicles; p l u s  spares, are  provided f o r  i n  the program. Ground t e s t s  
a t  the k k s t  Palm Beach tes t  f a c i l i t y  are  currently und.er way i n  support 
of the coming f l i g h t  program. 

This 

Twelve engines have been delivered t o  date. Ground. 



Engine Design and Engineering 

Engineering services fo r  the design of the CENTAUR second-stage hydrogan 
engine, engineering studies of the engine ' s adaptabili ty t o  opera t ion under 
off-design conditions, and technical reports are included. 

Fabrication of Prototype and Production Engines 

!Phis includes the manufacture of CENTALlR second-stage engines and the i r  
check-out prior t o  delivery. 

Ground Testing 

Furitis are requested here for the fabrication of ground suppclrt equipment 
and of 61evelopmental engines, t he i r  ins ta l la t ion  i n  the West Pahi Beach tes t  
f ac i l i t y , ,  and. the conduct of the tests i n  tha t  faci1it;y. It alsc includes 
technica:L services provided by the engine contractor during engirie -vehicle 
tests a t  the vehicle contractorgs test f a c i l i t i e s .  

1961 1962 - ,1963.. 
NASA %p:?o:rt.. .................... $ 2,180,000 $ 600,OOO $ 1.,388,000 
A i r  Force Support.. --- 1, :150,000 goo, 000 
Marsha1:L Space Flight Center 

SUPPOI: t. ......................... i,160,000 654,000 2,276 , 000 
Propelltultr;. ...................... --- ~00,000 I - ,  ooo,ooc~~ 

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

T O - L ~ ~ ,  System Support ........ $ 3 , 3  40,000 $ 3,  004,000 -_ $ - j~2tj64,00(~. _I____. 

This portion of the program includes supporting services provided by 
the IJASIS. Centers, such as the L e w i s  Research Center ( fo r  example 
propellants under zero gravity and engine a l t i tude  t e s t s )  and thf? technics:. 
divisio:is 3f the Marshall Space Flight Center. It also includes support 
provided b y  the Air Force, such as the a l t i tude  test  of the Centctur stage 
a t  the ~?lrnAtl Engineering Development Center, Tullahoma, Tennesme. In  
addition, the purchase of propellants, such as hydrogen, oxygen, hydrogen 
peroxide, and nitrogen required i n  the development program is provided. 

study of 



hUlTiCONAZ AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SPACECRAFT TECHNOLOGY 

SUMMARY 03' -- IGQUIREMENTS: 
Page 

1961 1962 1963 - No. 

Advanced :3esearch and 
TechnoL3gy. . . . . . . . . . . . . . . . $25,376,000 $25,220,000 $30,894,0(x> RDO-:1.4..2 

Flight Pxgrams. . . . . . . . . . . . 1,750,000 11,925,000 23,190,000 - RDO-:1.4--10 

To1;als I . . . .. . . . . . . $27,126,000 $37,145,000 $54,084,000 
'IC 

OEJECTIV:E3 -- : 
The objectives of the spacecraft technology program are t o  obtain 

the  research information and technical design data required t o  aalrance 
the state-of-the-art, and t o  provide a ra t ional  technological basis f o r  
the design of increasingly sophisticated spacecraft having improvt?d 
performance, r e l i ab i l i t y ,  and safety. 

JUSTIE'IC.ATION : --- 
A balanced program o f  research and tes t ing  i n  ground f a c i l i t i e s  

and of  carefully selected flight tests must be pursued i n  a number of  
areas t o  provide the basis f o r  advanced spacecraft design f o r  7-I.mRnned 
and manned f l i gh t  t o  the  moon and planets, and f o r  other space missions. 
As successful as a number of space missions have been, many of the 
systems and. f l ight techniques employed i n  these early spacecraft are  
rudimentaq when compared t o  those that will be required. 

Advcsced mission requirements are characterized by long f l i@,ht  
auratior.:; and  consequent long-duration exposure t o  the environmert 
of space, which poses special d i f f i cu l t i e s  with respect t o  relialclle 
spacecraft performance and hazards t o  manned f l i gh t .  The ever 
increasing flight speeds required f o r  interplanetary niissions ane. the 
implicattj.ons of such speeds with respect t o  atmosphertc entry, t1.e 
continuous demand fo r  greater precision of navigation and f l i g h t  
control, arid the  demands fo r  better materials and more e f f ic ien t  
structures;, require expanding research programs t o  provide the re- 
quired solutions . 

Inlit?rent, i n  the study and solution of these problems i s  the  con- 
tinued CLtm?lopment of the laboratory tools  required f o r  experimental in- 
vestigai; ions. 
maximum exient, some of the research programs require space f l i gh t  
experimt5:nts because 
properly duplicated in  the  laboratory. 

While ground-based f a c i l i t i e s  w i l l  be u t i l i zed  t o  the  

combined space environment and ef fec ts  cannot be 

R1)O 14-1 



FUNDING ..-- REIQUIREMENTS: 

Advancel. -- F:esearch and Technology 

Spacecraft, Materials and Structures 

Physics arid clmnistry of sol ids  ............ $ 650,000 $ 5OO,OClO $ 5&l,OOO 
Metallurgy. ................................ 1,125,000 980,OClO 1,030,COO 
High-tcsiperature structures and heat 

Erecta'rLLe mace structures. ................ 400,000 545,000 61c),coo 
prote?c:t:ion systems. ...................... 2,450,000 2,5OO,OCO 2,500, CGO 

- 

Space lumttrd protection. ................... - 
750,000 740,000 9lO,ClOO 
655,000 - 545,OClO - -.L- 610 000 Advanced s t ructural  design and fabrication. 

Totals. ................. $6,030,000 - $5,810,000 - $6,200,000 

Fluid medhanics . . . . . . . . . . . . . . . . . . . . . . . . . . .  
High-tmperature gas properties. .......... 
Plasma physics ............................ 

Totals. ................ 
-- Reentri -- Heating and Aerodynamics 

Hy-pervelocity heating and heat t ransfer . . .  
Spacecraft configuration aerodynamics ..... 
Spacecraf't dynamics and control.. . . . . . . . . .  
Reentrap t,rajectory mechanics .............. 

Totals.. . . . . . . . . . . . . . . .  

$1,065,000 $ a05,ooo 9; 85~1,000 
385,000 280,000 310 , 000 

1,350,000 l,O5O,OOO 1,45?,000 

$2,980,000 $2,800,0~30 $2,75:),ooo 

~,O~O,OOO 1,150,0~30 1,225, mo 
1,110,000 I 950,000 - 7915,390 

$7,750,000 $7,450,000 - .-.I-- $7,000,000 

2,610,000 2,550,0130 2,23O,1100 

Spacecraf't -- Landing and Recoverx 

Rocket, landing technology ................. 300, COO 325, C 00 585,000 
Landirq: jmpact ............................ $ 350,CK)O $ 350,C100 $ 373,000 

$1,5OO,OOO $1,575,(100 - $1,)0,000 

............. 850, ooo goo, c 100 6 4 ~  000 Atmosglieric: recovery systems. - --- - 
Totals. ................ 

Spacec:ra:E% ---I Environment and i t s  Simulation 

High V I P C ~ J ~  technology.. .................. $ 846,000 $ 725,000 $ 8:35,000 
Therma 1 :radiation e f fec ts  and simulation 400,000 325,000 535: 000 
High (3 ae:rgy par t ic le  radiation e f fec ts  . . . 450,000 545,000 620 ,, O W  
Meteo:roid b p a c t  research.. ............... 650,000 545,000 505,8000 
Fluid behavior and system design fo r  

zer13 gravity ............................ 300,000 - 360,000 - -:4- 305 ooo 

Totals. ................ $2,646,000 $2,500,1)00 $2,8:)0,000 - - -.-- 



1961 1962 1963 ._ 

Control, Chihlance, and Navigation 

Guidance and navigation .................. 
Automatic control and s tabi l izat ion. .  .... 
Advanced ccmnunicat ions and 

instrumentat ion. ....................... 
Manned f1;ighI; control and 

simulatiion .. ., .......................... 
Totals. . . . . . . . . . . . . . . .  

Advanced l l n t t n  Handling, Reduct ion, 
Analysi(Zmd Computation 

Tota:L, Advanced Research and 
Tec’hnology ........................ 

$ 845,000 $ l , l P j , O O O  $2,130,000 
920,000 i,iio,ooo 2,290, o(10 

475,000 675,000 2,110,000 

$25,376,000 25,220,000 :j0,894,0(30 - - 

Spacecraft Materials and Structures 

It is  essent ia l  that space vehicle structures and inaterials research 
technology ble developed not only a t  t he  same r a t e  but at a f a s t e r  rate than 
the overaU program part icular ly  w i t h  regard t o  materials f o r  futuire gen- 
erations of vehicles. In  order t o  provide the basic knowledge fo r  a 
vehicle p:rDgram i n  the  future, the  major research programs i n  the areas 
of materials and structures w i l l  be continued. 

The inaterials program w i l l  include basic materials research. Re-  
search on refractory metals and ceramics w i l l  range from the  basic study 
of the n a t u r e  of the atomic l a t t i c e  and the  e f fec ts  of .foreign a t o m  in  
the l a t t i e e  through the  p l a s t i c  behavior of such materials. This ilass 
of materials w i l l  have a steadily increasing u t i l i za t ion  f o r  many high 
temperature s t ructural  applications i n  space. 

Research on high strength-to-weight materials has as i t s  goal an 
increase i n  the maximum stress that materials can withstand. Typilzal  
materials being studied include s ta in less  steel, titanium alloys, 
beryllium, and cer ta in  reinforced polymers. The temperatures of interest 
range froin -4230 Fahrenheit fo r  l iquid hydrogen ( for  rockets using 
cryogenic f luids)  t o  about 15000 Fahrenheit. 

The increased insight provided by basic research on the  naturla of 
sol ids  i s  expected t o  reduce future  development costs. This research 
w i l l  include studies of several aspects of diff’usion, kinetics,  chlemical 
reactions with activated species, and the  extension of theories on dis- 
locat ion :mot ion. 



Research on structures and materials applications fo r  spac1:craft 
w i l l  include studies of space vehicle dynamics. 
knowle3ge on the dynamic characterist ics of space vehicles currently 
ex is t s  which a f fec ts  spacecraft requirements. 

A serious lack of 

Analytical methods fo r  predicting the  failure of t h in  she l l s  
and pressure vessels are inadequate f o r  determining optimum conQgara- 
t ions and fo r  establishing accurate design methods. Research stu*j on 
the analyt ical  aspect of the problem was i n i t i a t ed  during FY 1961. 
These kave resulted i n  some improvement i n  accuracy and fundamelatal 
research t o  improve these analyt ical  methods w i l l  continue in  FY 1963. 

Ma.jclr s t ructural  advances can be made by improving u t i l i za t ion  of 
existing materials. Examples of these improvements a re  the application 
of filements, flakes, f o i l s  and foams i n  composite, expandable structures, 
and impact energy absorbing systems. 

The methods of protection against space hazards w i l l  be improved 
as envi.ronmenta1 dtzta and adequate test f a c i l i t i e s  a r e  provided. 
Currer:t research has shown great potent ia l  f o r  active radiation pro- 
tecticlri  systems i n  terms of effectiveness and efficiency. 
request, F r i l l  provide f o r  accelerated programs designed t o  develop 
system for protecting against meteoroid impact, high-energy radiation, 
hard v~tcuum, and thermal radiation. 

The FY 1963 

Wieima.1 protect ion of vehicles during o rb i t a l  reentry has reached 
the f i rs t ;  objective of demonstrated feas ib i l i ty .  
i n  FY 3 6 2  has indicated that increased efficiency and r e l i a b i l i t y  can 
be ach:ieved.. 
ment of thermal protection systems which must be developed if  r'eentry 
from 1.1m~r and planetary orb i t s  is  t o  be successful. 

Research conducted 

Funds included in  the FY 1963 request provide for develop- 

Spacecraft Physics 

33ie physics of f lu ids  and f lu id  flow systems are  basic t o  the 
design and operation of  spacecraft systems-- from the  external flows 
which de1;ermine overall  configuration design and heat protect ion 
systenir; i;o deta i l s  of internal  flows in  power generation and pi*opulsion 
device;. The demands of space technology require a radical  exLension 
of knovledge of f lu id  properties and flows t o  temperature, pret:sure and 
speed  conditions which d i f f e r  very significantly from those prttsently 
encomrte:recl. Research w i l l  be continued t o  determilie t h e  t rampor t  and. 
radiation properties of a i r  and other planetary gases at high temper- 
ature!; for use i n  calculating the flow f i e lds  of reentry spacecraft at 
extrerns ,speeds and i n  various planetary atmospheric gaseous environmenl;s. 



f i r i n g  FY 1963, theoret ical  and experimental research of a basic 
nature 7ri:Ll continue t o  be conducted i n  order t o  understand and explain 
the  physical- and chemical phenomena which occur i n  the shock-heated 
plasma r;uTrounding a reentry spacecraft. 

Btxaixse of the wide potent ia l  application t o  hyyersonic flow 
simulal; 1013. and heating, communications, power generation, and p1.0- 
pulsion o f  space systems, the  FY 1963 funds requested w i l l  provide fo r  
intensiFied research i n  plasma physics, par t icular ly  t o  take advantage 
of the ~ s e  of newly developed cryogenic techniques in  t h e  genercttion of 
large mzgoe1;ic f i e lds  with lightwei$ht, low power magnets. Before t h e  
applicatiiont; can be realized, however, much more knowledge i s  mquired 
of the physical processes whereby plasmas are generated, contained, 
stabilizeSfil, and accelerated. 

Reentry Heating and Aerodynamics 

Successful reentry a t  s a t e l l i t e  velocit ies,  about 18,000 miles per 
hour, has been demonstrated with ablation-cooled spacecraft, and the 
associzted aerodynamic heating problems at  these speeds are rea;onably 
w e l l  understood. However, at  the higher speeds of lunar and planetary 
f l igh t ,  additional sources of heating become important. 
heating due t o  radiation from the  incandescent gas cap becomes Signifi- 
cant a t  lunar return speed. A t  speeds characterist ic of planetdry 
f l i gh t  t h i s  source of heating is  many times larger  than the  mor3 
f a m i l i a r  convective heating of s a t e l l i t e  reentry and has a profmnd 
effect  on spacecraft design and heat protection systems. Present 
knowled.ge i s  based almost en t i re ly  on theoret ical  studies and on 
meager experimental data obtained i n  small-scale experimental f z c i l i t i e s .  

Spacec:raft 

Another source of heating f o r  spacecraft i s  air ionization during 
The effects  have recently been predicted on theoretics1 reentr$-- 

grounds and some experimental c o n f i m t i o n  has been obtained. 
potential. importance makes it necessary tha t  a firm experimental 
veriflc:at,ion be in i t i a t ed  i n  FY 1963. 

Its 

E'Linds requested f o r  FY 1963 w i l l  provide a continued program of 
experlaiental research i n  laboratory f a c i l i t i e s  t o  provide under standine; 
of these heating problems a t  extreme speeds and t o  provide data fo r  
spacec!l*af% design. Speeds i n  excess of 21,000 m i l e s  per hour ?lave been 
obtained f o r  the first time i n  ground based facil i t i .es,  and ef for t s  
w i l l  he chamneled i n  FY 1963 t o  provide even more advanced labcratory 
techniques. 

Ci:il;ic:al f l i gh t  experiments designed t o  ver i fy  laboratory resu l t s  
are e~;:;enti.al as a basis f o r  sound technical decisions i n  planrring 
spacec:m?t development programs. Such a f l i g h t  program, begun i n  
FY 1962, w i l l  be actively pursued i n  FY 1963. 



Ae~:otlynamic control during planetary atmospheric! entry cont, inues 
t o  offrti: advantages. 
essentj.irl t o  the  development of spacecraft reentry shapes which have 
minimuni heat problems, which are aerodynamically stable, and which can 
effecti1re:Ly u t i l i z e  aerodynamic control forces. 

The FY 1963 estimate provides f o r  research 

The FY 1963 estimate a l so  provides f o r  continued research in 
aerodynamic and heat t r ans fe r  theory f o r  parabolic and hyperboljc 
reentry,, and. the  development of advanced laboratory tiechniques f'or 
experini~z&~l. study. 

Spacecraft Landing and Recovery 

SEtfe:Ly returning manned and unmanned spacecraft t o  earth, c r  of 
landing on other planets of t he  solar  system, is  one of the more 
critica:L objectives of the  space exploration program. Manned vehicles 
must, of course, be returned safely, and many unmanned spacecraft must 
be landed and returned t o  the  laboratory t o  allow a complete asEess- 
ment of the  mission resu l t s .  

Pal-achutes which have high load carrying eff ic iencies  at bclth 
subsonic rtnd supersonic speeds need t o  be designed and perfectet .  
During FY 1962, research is  continuing, par t icu lar ly  a t  the  supersonic 
speeds, on new conical and annular ribbon, hemisflo, and ro to fo l l  
parachu1;e types. Additionally, new concepts, such as inflatable 
paraglitlei~i and rotors ,  f o r  recovery devices are being investigated. 
With FI: 1961. and 1962 funds much work was accomplished i n  wind tunnels 
on paragl:.der configurational design. L b i t e d  fl ight,  experience has 
been o1)l;a:ined by the  Langley Research Center on paraglider effic iency, 
operational character is t ics ,  and ac tua l  deployment. Additional labo- 
ra tory and f l i g h t  experiments concerning techniques f'or deployment f o r  
inflatablt: paragliders is  included i n  the  FY 1963 request. 
is  also $Lamed on the  use of deceleration drag devices f o r  the 
in i t ia l -  &owing of vehicles returning t o  the earth.  

Research 

The techniques discussed above involve the  use of  the  atmosphere 
t o  e f fec t  a soft landing. The moon has no sensible atmosphere; 
therefore:, the en t i r e  vehicle energy must be absorbed by the  USE of 
retrorockets and by the  vehicle s t ructure .  I n  e i ther  an impact 
landing 03: a soft landing on the  moon usable i n s t m e n t a t i o n  muElt 

During FY 1962 research centered around such techniqucs as 
braking rockets, gas f i l l ed  bags, and collapsible s t ructures  such as 
frangiKLe metal tubing, aluminum honeycomb, and balsa wood. Research 
w i l l  be continued i n  FY 1963 on various techniques arid systems f'or 
effectj.ng a successful landing of unmanned and manned spacecraft on 
the  moc)n. 

Tlie IT 1963 request a l so  provides f o r  research t o  be i n i t i a t e d  on 
the  protiltmms associated with landing on planets which have atmoE:pheres 
differemt from that of t he  earth.  



Spacecraft Environment and I ts  Simulation 

Spacecraft f o r  advanced missions must be designed t o  functj on 
properly and re l iab ly  f o r  long periods of time i n  a hazardous er.vironment 
that in; only partly defined, and whose e f fec ts  on spacecraft materials, 
compon~?iit:;, and systems are largely unknown. This environment j ncludes 
hard vst!:u11111, extreme cold, exposure t o  unattenuated solar therms.1 and 
ultra-v.io:Let; radiation, high-energy par t ic le  radiation, meteoroids, and 
zero-grtivity effects .  
a more corapl-ete definit ion of the  t o t a l  nature of the  space environment, 
t o  the cle1;ermination of environmental effects  important t o  spacecraft 
design,, aid t o  means of simulating these effects  i n  %he laboratcry. 

In FY 1963 increased at tent ion w i l l  be gjven t o  

S1;iid:Les are required on vacuum ef fec ts  on materials of a l l  kinds, 
particuki?rly in  the  presence of solar thermal radiation. 
e f for t  In FY 1963 w i l l  be placed on the  techniques of producing a hard 
vacuum cmtl on instruments f o r  i t s  reliable measurement. Effort w i l l  a lso 
be directed t o  acquire the techniques f o r  reproducing the sun's radiant 
energy ,;pc?ct;rum through the ultra-violet  portion i n  t;he laboratory. 

Continuing 

L:unised experiments have been conducted with pr ior  year funding i n  
exist in,^ par t ic le  accelerators simulating the exposure of materl.als and 
componmtt; t o  Van Allen be l t  radiation. A variety of e f fec ts  httve been 
discovt?:red such as the  suscept ibi l i ty  of solar ce l l s  and transi!;tors t o  
radiation dnmage. 
study o f  -the effects  of radiation on heat shield and other polyrieric 
materiaLs, transparency of glasses, surface coatings used f o r  tmperature  
conl;ro:l, iwcl on elements of communication and guidance equipment. 
Studies w i l l  be in i t i a t ed  with FY 1963 funds on secondary radia1;ion 
behind ma-terials used f o r  shielding i n  composite spacecraft des:.gn, and 
on pos;; ib .k  new techniques of shielding by electromagnetic mean:; against 
energetic charged par t ic les .  

The needs f o r  investigation a re  e,xtensive and include 

Liabo:ratory experiments i n  high-speed par t ic le  bnpact h v e  produced 
a limi-:2d understanding of impact phenomena and poss:lble means ?or 
protection against penetration. 
made t o  increase impact speeds t o  simulate natural  meteoroid ve:Locities 
i n  order -that a greater understanding can be achieved. 

Continuing e f fo r t s  i n  FY 1963 vi11 be 

Tlne problem of the  behavior of f l u i d  systems under a zero-igavity 
condition is  of prime importance. Experiments i n  laboratory f a d l i t i e s  
and i n  f l igh t  tests have produced insight into certain aspects of the  
behavior 3f f lu ids  under a zero-gravity environment. These experiments 
w i l l  be con-binued. 



Control, Guidance and Navigation 

A n  advancing space program constantly demands extreme accuracy 
and precision of navigation and flight control, and the utmost 
r e l i ak i l l t y  i n  system performance f o r  both unmanned and manned missions, 

In the  navigation and guidance problem of accurately deterinining 
spacecraf't position and velocity, on-board measurements are signif icant:Ly 
augmen.%&l i n  near-earth flight; by radio techniques. 
when eetrth-based systems are inactivated by communication blackout, on- 
board riavigat ional data become the only reliable source of information. 
Funds requested w i l l .  provide f o r  expanded research on a v a r i e t y  of 
advanced in.ertia1 and electromagnetic techniques, systems, and compo- 
nents, a31 of which should provide improved sens i t iv i ty  and precision 
togetkter with long-life performance and low power consumption. Cryo- 
genic rmit electrostat ic  gyro and accelerometer research has progressed 
t o  the point where feasibility has been demonstrated.. An Increase i n  
dewelopnent e f for t  i s  planned f o r  FY 1963. 

I n  deep spsce, o r  

Ilc:ncLez,vous, lunar and planetary operations require the developtent 
of a r i tw generation of sensors f o r  the  measurement of range, velocity, 
and or:lentation with respect t o  lunar and p h e t a r y  surfaces and t o  
other r;pacecraft . 
tec:hnj.ques fo r  improved resolution and image intensi.fication fo r  deep 
space navigational purposes are included i n  the  FY 1.963 request. 
research e f for t s  on ce l e s t i a l  body tracking, together with comgonent 
develo]mc?nts such as sextants and theodolites, w i l l  be continued. 

Research and advanced development on advanced opticat.l 

Current 

Spacec:raft s tabi l izat ion and control technology w i l l  be ccintinued 
with %lie objectives of minimizing weight and power c:onsumption and 
improving accuracy and l i f e t  h e .  
inertictl tctchniques, the use of gravity gradients and magnetic fields, 
solar sails, horizon sensing, spacecraft rate sensing, and advanced 
circuL-;rye I n i t i a l  Orbiting Astronomical Observatories dictate the 
emp1o:nnent of new stabi l izat ion techniques, because of f ine  pointing 
accuracy requirement s . Research t o  provide future spacecraft with 
greatt?:r orientation control accuracy w i l l  be conducted i n  EY 15163. 

Current development s include gas j e t  €1, 

:E3 order t o  command and obtain useful data from future s a t e l l i t e  
and deep space craf t ,  communications technology must; be continued and 
expanded. Long communication distances, noisy environments, arid time 
delayr; require extensive investigation into methods and componr!nts fo r  
achieving transmission and reception of reliable and accurate c!ata.. 
Resear:h being conducted i n  FY 1962 on several specific techniques 
includes ground based multiple antenna arrays, unfirlable spacc!craft 
antemias and methods f OF overcoming communications blackout during 
reentiray. 



Tktct FY 1963 request w i l l  provide for  expanded research i n  t h e  
f ie ld  of communication theory i n  order t o  improve information handling 
rates and ;  i n  particular,  t o  investigate the problems of speech communi- 
cations at; lunar and planetary distances. 
i s  considered of extreme importance i n  order that astronauts may be able 
t o  comnnmicate by voice. 

Reliable speech transmission 

In close parallel w i t h  information tranamission techniques, it is  
necessruy t o  develop instrumentation which w i l l  generate such irforma- 
t ion.  
measur:hg physical and biological phenomena and methods of converting 
and handling that information fo r  use w i t h  advanced communicaticms 
devices. 

:In FY 1963, investigations w i l l  be expanded i n  the technjques of 

For navigation and flight control of manned spacecraf't, ref:earch 
w i l l  be continued in  FY 1963 taward defining the  best role  of m n  i n  
the systen so that he may be relieved of over-difficult, fatigu:r.ng, 
and re:petitIve tasks so that his  higher abil i t ies of judgment, ( w e -  
rience, and observation may be most profitably used. With fund; 
previously provided, considerable e f for t  is  already underway i n  th i s  
area, including extensive simulator tests as w e l l  as X-15 and Mercury 
flight experience. 
f l i gh t  and ground data displays and means f o r  generating these Ilisplays 
w i t h  I.:ig?i tveight,  low-power, and highly reliable devices. 

Work w i l l  be continued i n  FY 1963 t o  improve 

Research on l inear  and non-linear servomechanism theory w i l l  be 
contimed. and expanded i n  FY 1963 ut i l iz ing  university grants and 
contracts t o  provide the basic data fo r  developing improved mechaniza- 
t i on  cf' control systems. 

Advanced -- Data Handling, Reduction, Analysis and Computation 

A,cldj.tional work must be done i n  the f ie ld  of &&a handling, 
reduct,j.on, analysis, and computation if f'uture space missions a r e  not 
t o  be :.nliibited by lack of a b i l i t y  t o  handle an extensive mass of data 
from EL variety of continuous and rapid-sampling measurements. 
c0mput;t.r technology, work funded i n  FY 1961 and FY 1.962 has been under- 
way i n  a, number of areas w i t h  potent ia l  f o r  achieving major imlrove- 
ments :in terns of reduced s ize  and w e i g h t ,  increased r e l i ab i l i t y ,  
inc:rea:;etl data handling capacity, and reduced power consumption. Item 
such t ts microelectronic elements, functional electronic element s, cryo-. 
tonic -i;h.in fi lm and wire wound elements f o r  storage and switching 
(using slipsconductivity phenomena i n  a cryogenic environment ) and. 
adaptive logical  networks which exhibit a learning capability have been 
studii.13 and developed i n  FY 1962 for  use i n  advanced computation devices. 
In  FY 1963 t h i s  work w i l l  continue. 
resea:rch e f for t  i s  electronic and computing elements which exh:i.bit, 
resist snce t o  space radiation. 

In  

An area requiring increat;ed 



1961 1962 1965-  

Flight -- I'rogram : 

--- Radio A1;tenuat ion Measurements ......... $ 5OO,OOO $1,835,000 $ 

--- 200,000 --- Aerodyritunic Noise Measurements. ........ 
Trailbl-wer Reentry Project ............ 50,000 200,000 200,000 

Horizon Sensors... . . . . . . . . . . . . . . . . . . . . . .  7OO,OOO 700, ooo 700,000 

...... 220,000 140,003 Recoveigttb:1e Micrometeoroid Probe. --- 
Reentry Heating and Materials 

Exper:iments : 
5O0,OOO 1,300,000 500, QCO 

Scoul; launch vehicles.. ........... 2 000 000 2 000 OCO 
Sgctcecraft and support.. .......... 

$31300,000 $2,5oo,Eir --- 
Microme-;eoroid Sa te l l i t e s  : --- Spacecraft and support. ........... 

Scout launch vehicles. ............ --- 
-..- 

Enginee:riing Test Flight Experiments : 
S c  i e i~bi f ic  experiments. ........... 
Lwmch vehicle (available under 

--- 
--- otlner programs). ................ --- 

True Environment Engineering Test 
Sate:L.lites: 

S p i ~ ~ ~ c r a f ' t  and support.. --- .......... --- Smu-t launch vehicles ............. --- 
Flight :Reentry a t  Hy-perbolic Velocities : 

Design and fabrication of 

11nst:mentat ion development 
spi%cecra ft...................... 

cznll suppo ....................... --- 
Velocity package. --- 
Atlas launch vehicles............. --- ................. 

--- 

610 I 000 1,500 I OCmO 
2 000 octo 

$$&E8 --- 

880,000 1.,950, OCiO 

-- Y 

$ 880,000 --- 

2,  ooo;, 000 ,- - - 
2 000 000 --- 

--- 5&5Eiz5 

880 I 000 2,970 ., 000 

60,000 1,480,000 
640,000 1,750., 000 

2 400 000 4,000',000 
$3,980,000 $10,200,35 - 

Total, Flight Program. ...... $1,750,000 $ll,925,OOO $23,190,000 t-- -- 
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The objectives of the f l i g h t  t e s t  program are t o  obtain data on 
those e.r;pr:cts of the  space environment which influence the  design of 
space vcthicles; t o  acquire by ac tua l  flight vehicle technology where 
ground fa(:il.ities do not provide adequate simulation of the  space 
envirornient; and t o  permit correlation with data on vehicle technology 
obtained i:n laboratory f a c i l i t i e s .  

Trailblazer Reentry Project 

T M s  project i s  a study of the reentry physics phenomena at speeds 
up t o  22,000 f ee t  per second and is par t icu lar ly  concerned with measure- 
ment; of the radar cross section of reentry objects at; affected l y  the  
surrounding ionized gas during reentry. 
vehicle has been developed f o r  these tests. 
program conducted by the Langley Research Center and the Lincoln 
Laborator:ies of the  Massachusetts I n s t i t u t e  of Technology f o r  the 
Departram-: of Defense. 
cont;inili%t.ion of t h i s  program by providing modification and imprclvement 
of inst'runents, and tracking and data acquisit ion equipment essent ia l  
t o  the  s u ~ x e s s  of the  program. 

A unique Trailblazer r c  cket 
This project i s  a lo in t  

Funds requested f o r  FY 1963 are t o  a l lov  a 

Horizon Sensors 

Means for precisely determining posit ion and ve:Locity i n  space are 
e s sen t i s l  t o  the  midcourse and reentry guidance systems f o r  a l l  lunar 
and deep space missions. 
viewed fr9m a spacecrafi o f fe rs  t he  poss ib i l i ty  of using the e a ~ t h ' s  
horizo:a as R reference point. In t h i s  project information will be 
obtained. t o  determine how the  electro-magnetic spec t :m of t he  ear th ' s  
hor:fzo:n vEtr:Les with a l t i tude .  This project w i l l  accurately lociite t he  
effect ive earth horizon and w i l l  assist i n  the  determination of the  
type of horizon sensor best  suited f o r  use i n  future  guidance s;rstms. 
Three f l i gh t  experiments are planned, using a modified Javel in  isomding 
rocket. 

The re la t ive ly  large s ize  of the  earth as 

Recoverable Micrometeoroid Probe 

T h i s  project  concerns the  use of a new technique fo r  measu:ring 
the conc!ent:ration and energy spectrum of micrameteoroids i n  a n<?ar-- 
ear th  environment. 
weight surface outside the atmosphere f o r  a short time i n  order t o  
perni t  d i rec t  measurement of the  frequency of impact of s m a l l  micro- 
meteorcfds and of the  resul t ing penetration depths. This surfa2e 
m a t e r i a l  w i l l  be i n  the  form of a paraglider t o  f a c i l i t a t e  i t s  recovery 
t o  perrrit study of cratering resul t ing from the  micrometeoroid impacts. 

Sounding rockets w i l l  be used t o  place a large ligh-t,- 



1be FY 1962 funds provide f o r  the i n i t i a l  design of the experiments, 
including the paragliders, and for development of t h e  technique foy 
detectI.ne; penetrations 
the deve1.opment of the technique including tests of two f l i g h t  units, 
and w i l l  permit exploitation of the developed technique by means of 
four fl.i@;hts t o  secure hpac t ,  penetration, and cratering data. These 
data will. have direct  application t o  the design of those elements of 
spacecraf't which are sensit ive t o  micrometeoroid damage. 

The FY 1963 request w i l l  provide f o r  ci3mpleting 

Reentry Heating and Materials Experiments 

Ar t  essent ia l  part of the research program on the  reentry problems 
of spa.c:ec!raft involves a series of reentry flight experiments using 
Scout vehicles. 
entry f l i g h t  experiments t o  measure, respectively, t o t a l  heating, 
radiative heating, and the performance of one heat shield material of 
the chrEtming ablator type. 
ments is t o  provide data at reentry speeds up t o  approximately 30,000 
feet E I E : ~  second t o  permit correlation w i t h  small-scale data obtsined in  
laboraAory f a c i l i t i e s  and t o  provide data on heat shield perforinance in  
real f'l.i&t environments at very high velocit ies.  The funds requested 
f o r  FY' 1963 are t o  expand t h i s  program t o  include an additional radiative 
heating experiment and an experiment on the performance of pyrol i t  ic 
graphit,e as a heat shield material. 

A program was i n i t i a t ed  i n  FY 1962 involving three re- 

The objective of these i n i t i a l  f l i g h t  exper?- 

Micrometeoroid Sa te l l i t e s  

A s&.tel l i te  having a large exposed surface placed into an o r b i t  
around. the earth f o r  a long period of time offers  a valuable technique 
f o r  ac (p i r ing  s t a t i s t i c a l  data on the distribution of micrometeoroids 
in  space along the earth's path around the sun, f o r  studies of the 
probaW.e frequency of micrometeoroids colliding w i t h  spacecraft oper- 
a t ing i n  the v ic in i ty  of the earth, and for investigating the penetra- 
t ions of spacecraft that may resu l t  from such coll isions.  I n  FY 1963, 
funds Etre requested f o r  detail design and procurement of hardware for  
two sa,t,el.lites, using Scout launch vehicles, t o  investigate these 
phenomena i n  d e t a i l  as a follow-on t o  the research in i t i a t ed  w i t h  t he  
microxteteoroid satell i te funded in  FY 1962. 
quired. to permit design of space vehicles able t o  withstand coll isions 
w i t h  nti.cz*ometeoroids or mall meteoroids. 

Such information is  re- 

Ehgineering T e s t  Flight Experiments 

The technology of materials and structures f o r  spacecraft applica- 
t ions recluires engineering evaluation tests i n  a t rue  space environment. 
Part 01' t;hese tests can be readily accomplished by including experiments 
on space vehicles performing other space missions. These "piggyback" 
individual experiments wil l  be less expensive than special  f l i gh t  ex- 
perherits, and permit necessary exploration of the su i t ab i l i t y  of 
variour; nlaterials and s t ructural  concepts f o r  space vehicles. The 



funds requested f o r  FY 1963 are f o r  the  development of special  Iexperi- 
mental packages sui table  f o r  incorporation on a non-interferenw basis 
i n  other space vehicles. 

True Environment Engineering Test S a t e l l i t e s  

?'his: project  concerns the  use of special ly  constructed engineering 
test  Eettellites t o  study the e f f ec t s  of t he  combined. elements of the 
space cmrironment, such as high vacuum, zero gravity, micrometeoroids, 
and ra.clintion, on the properties of materials and s t ructures  which 
appear; based on ground research, t o  meet the requirements f o r  use i n  
advanced spacecraft. These satellites w i l l  be launched w i t h  Scout 
vehic1.t:~. 
and f c ) r  the developnent of two spacecraft payloads incorporating the  
engineering test materials and s t ructures  experiments. 

The funds requested f o r  FY 1963 provide f'or two Scout vehicles 

Flight Reentry a t  Hyperbolic Velocit ies 

?lie primary objective of this  flight project i s  t o  investigate the 
heating environment of a reentry object at 37,000 feet per second. This 
f l i g h t  p:roject includes investigation of the  t o t a l  heat t ransfer  as well 
as the hot air radiance. 
environment as w e l l  as radio blackout e f fec ts  are important secondary 
objectives,  These flight experiments const i tute  an extension of the  
Scout reentry flight t e s t s  t o  higher speed as a part of a coordinated 
labora tory-f light reentry research program. 
i s  t o  be used i n  order t o  d r a w  on a large reservoir  of ground-based 
f a c i l i t y  data f o r  co r reh t ion .  
t o  prlsviae a basis f o r  expanding the usefulness of theore t ica l  analyse,:; 
and ground f a c i l i t y  tests i n  providing c r i t i c a l  infomation fo:r reentr,y 
f l i g h t .  
package consisting of a Scout t h i rd  stage so l id  rocket motor (hnteres) 
capable o f  giving a 200-pound payload a 37,000 f e e t  per second reentry 
velocity. 

The determination of materials respoiise t o  t h i s ;  

An Apollo shaped spacecrai't 

These f l i g h t  experiments are required 

The launch vehicle w i l l  be the A t l a s  D mated t o  a v e b c i t y  

Two such flights are planned. 



WATIONAL AERONAWTICS ANL, SPACE AI)IMINISTRATION 

FISCAL YEAR 1963 ESTIM~TES 

MUNCH V M I C L E  TECHNOLOGY 

SUMMARY OF -- IXEQUIREMENTS: 

Mvanced System Studies 

Vehicle Telzhology 

TOTAL 

1962 1963 Page NO. 

$ 5,029,000 $ 69116,000 $ 7,452,000 15-2 

8,822,000 16,964,000 24,238, OOO W'o 15-3 

- 1961 - 

&851,00p, 

OBJECTNES, : 

The p rpose  of the Launch Vehicle Technology program i s  t o  advance 
the techncd.oty which w i l l  be required t o  support design and development of 
future launch vehicles; t o  solve technical problems faced by launch 
vehicles t;llat; are now being designed; and t o  examine al ternate  deslgn 
mncepks wid systems f o r  general application t o  space missions. 

In o:rler t o  meet the  long range goals of manned flight, lunar 
orbi ts  mi landings, and eventually planetary missions, the basic 
technology must keep pace w i t h  &vancing vehicle concepts. 
t h i s  area is  an integral  par t  of the planning and development required 
fo r  both current and future vehicles. 

Effort i n  

The teed fo r  high system r e l i a b i l i t y  f o r  manned space flight (and 
the fact  that the required large vehicle systems are now i n  t h e i r  
infancy dictate  the need fo r  a Vehicle Technology ef for t  that is  aimed 
well beyclrid the requirements of current developmental vehicles. 
Similarly, the  long lead times associated w i t h  the development of these 
advanced vehicles requires; that experimental and protottype hardware be 
developeel in sufficien% time t o  permit integration in to  the detailed 
design recy:irememts of a papt%cuLar vehicle. For example, improved 
e1ectron:Lc: rsystems w i l l  be required tha t  are capable of: surviving the 
very long operatinej periods associated w i t h  lunar and planetary missions. 
The probllms associated with the use of the high energy propellanl, 
l iquid hykogen for  space missions must also be resolved. 

Technicd problems character is t ical ly  arise during the design phase 
of a vehicle and must be solved before design and development can 
proceed effectively. 
and data for  multi-barrelled racket engine systems, the motion and state 

The problems of providing effective instrumentation 

RDO 15-1 



of l iquefied gaseous propellapts a f t e r  long periods of weightless:iaess, 
and the sloshing of propellants in large diameter booster tanks are 
but a few. of the areas i n  which an intense technology e f fo r t  will be 
conducted., 

FUNDING FEWIKpIIEmTs: -- 
Advanced - astern~ Studies 1961 1962 

Vehicles EItudies 970,000 2,415,000 3,502,003 

$ 5,02g,ooo $ 6,116,000 $ 7,452,000 - 
~n EY 1962, the major areas of e f fo r t  were directed toward design 

requirerrmts f o r  the clustering of very large thrust engines f o r  use in 
the Saturn and N o v a  class vehicles, and toward conceptual studies of 
o rb i t a l  cg?erations as a mans of achieving manned earth orbit ,  lunar, 
and space exploration missions. This work has formed the basis f o r  the 
current vehicle systems plans fo r  the accomplishment of the manned lunar 
landing prcbgmm. 
and refine the results already accomglished; in addition, specif ic  
emphasis wjU. be directed toward other requirements beyond the ear ly  
lunar leilidjaas, as noted below. 

This e f fo r t  w i l l  be continued in  FY 1963 t o  consolidate 

Operational and Systems Analy si8 

This effort  w i l l  include the operational and systems analysjs 
required to establish future missions and system recpimments with 
respect l;o vehicle design c r i te r ia ,  applications, and environment!. 
During I T  IL963 a major e f fo r t  will be directed tuwmd defining the 
vehicle systems that w i l l  be required after the first manned lunaz 
landing. 
requiremn1;s f o r  lunar bases, earth-lunar transportation and early 
manned p:Lmetary flights. 
economic aspects of advanced space transportation systems w i l l  be 
continued as a basis f o r  developing cost optimization standards. 

:In this area, par t icular  a t tent ion will be given t o  t h e  

Current study e f fo r t s  concerning the 

Vehicle Studies 

Veliic:Le studies will be conducted t o  analyze and evaluate advanced 
propulsion systems and t h e i r  applications t o  stage or  vehicle der:ign; 
t o  esta1,lish conceptual and preliminary design requirements; t o  tletermim! 
optimam stise sizes; and t o  evolve performance evaluation naethodri and 
techniqiu5s. JXI FY 1963, specific a t tent ion w i ~  be given to  the 
Advanced Szturn class with a nuclear upper stage and t o  the post 
Nova veh i c Le (I 



Vehicle !k chrmlogy 
---I 

VehicL? Havigation and 
St a1)ilfL zat ion 

Materfialt; QG Structural  
De Sii(yl 

Flight Qmanics 

Comwiicc%tions a.nd Data 
Procx ssing 

1961 

3,455,000 

1,316, OOo 

Instnunentation and Test 1,843,000 

Ele c t:r i c a l  Power Sources 
and Distribution --- 

$ 8,822,000 

1962 

$ 2,893,000 

6,791,000 

3,802,000 

1,868,000 

1,356, OOo 

254,000 

$16,964,000 

1963 

7,461, NO 

4,658,000 

1,865, O(K, 

2,792,000 

1,865,000 - 
$24,238, ooo - 

In E'Y 1962, the Vehicle Technology e f fo r t  was  oriented towa:i?d the 
me3ium a d  smaller launch vehicles, which are primarily intended f o r  
unnaymcd space f l i gh t ,  and the Saturn C-1. In FY 1963, the errrphrisis 
will shift t o  the new class  of large vehicles t o  be developed fo:l: 
mume& space f l igh t ,  the Advanced Saturn and the Nova, and to or1)ital 
operatims; the level  of e f fo r t  w i l l  be raised i n  FY 1963 commenmrate 
with t h e  emphasis on the larger, more complex manned space f l i g h t  
vehi c.le s . 

Vehicle Navigation and Stabil ization 

This area covers the research, development, and t e s t  necesssry t o  
evolve reliable and economical guidance and control systems, subsystems, 
and compnents for hunch vehicles. 
f ea s ib i l i t y  of self-adapting control systems; studies on the rel%tive 
enphasis t o  be placed on naanned versus etutomtic guidance and control; 
trajectclry. aimlysis; energy management; and analysis of advanced 
guidance and control concepts. 
be carried out in the areas of' miniaturization and r e l i a b i l i t y  improve- 
ment of e l ec t r i ca l  and electronic components. 

It also includes studies on the 

Specific technical clevelopments will 

Materials and Structural  Design 

De\*el.opment and tes t ing of materials, structures, and fabrl cation 
techniques are required on a continuing basis. 
on matei*iaLs at cryogenic temperatures, high energy forming techniques, 

Efforts include t e s t s  



large diemeter (33 - 50 f e e t )  task fabrication, fuel sloshing contzol, 
titanium tet%mology, e f fec ts  of high temperature, structures f o r  multiple 
engine s+utges, and investigation of adv&nced materials aad methodr:. 

Flight Dynam ics 

Effort  in t h i s  area will be directed towards investigations of 
atmsphei:ic effects  on vehicle dynamics, interaction of structures and 
guidance sy:;tems, interstage s t ruc tura l  requirements, dynasics a c l  
t r ans i e r t  characterist ics of engine -out situations, base heating, 
e f fec ts  CY.P :&el sloshing, and s t ruc tura l  f l i g h t  dynamics, Specif:i.c 
hardware lkvelopment and analysis w i l l  be performd on self'-adapt:i.ng 
controls, xval-tim computer evaluation, t ra jec tory  optimization, and 
aeroelas-t i c i t y  . 

Coxnunmications and Data h-ocessing 

?his area covers the development and t e s t  of re l iab le  and economical 
conmnulicrrtions euzd data processing systems, subsystems, and c0mpo:ilents 
required i n  future launch vehicles and those now under development. 
Specific areas of e f fo r t  include vehicle telemetry, ascent tracki13g, 
computer integration, advanced techniques f o r  connmmications, datls. 
storage and. processing, and studies of integrated launch vehicles and 
spacecraft commications and data processing systems. 

Instrumentation and Test 

T h i E ,  technology supports the d e v e l p n t  of new instruments and 
test  methods f o r  launch vehicles including mass flowmeters, simple leak 
detectors, fa i lure  detection systems, reliable engine-out detectors, 
automatic: checkout equipment, propellant instnunentation, and trans- 
ducers for launch vehicle flight t e s t s .  

Electr ical  Power Sources and Distribution 

Effort ,  i n  this area is required t o  provide reliable and economical 
componeri1;s and systems f o r  the supply and dis t r ibut ion of e l e c t r i c  
power fcn: Launch vehicle equipment, 
of 1aunc:li vehicle and spacecraft power supply and dist r ibut ion s~l'stelas, 
w i t h  s p x i f i c  work on bat ter ies ,  fuel cel ls ,  gas-driven genemto~~s ,  
rotary equipment, and e l ec t r i ca l  conductors 

The e f fo r t  will include integration 



NA'MONAZ Al3RONAUTICS AND SPACE ADMINISTRATTON 

FISCAL YEAR 1963 ESTIMATES 

LAUNCH OPERATIONS DEVEIQPMENT 

SUMMAFtY OF -- REQUIREMENTS: 

1961 - - 1963 Pai3e No. -. 

Launch 3perations Studies $100,000 $ 596,000 $ 2,901,000 III>Il 16-2 

Advanced Instrumentation - 1,193,000 322,000 RLkl 16-3 

Range Support Operations - - 18,263,000 mi 16-4 

TOTAL $ioo,o00 $1,789,000 $21,486,000 

OBJECTIVES: - 

The purpose of the Launch Operations Development program i s  to 
analyze opsrational requirements and t o  provide advanced ground inistru- 
mentation 'an12 equipment for  launch vehicle operations. I n  addition, 
the requirsd operational support f o r  ac t iv i t i e s  t o  be conducted i n  the 
new area ta t  the Atlantic &fissile Range (AMR) will be provided i n  t h i s  
program. 

JUSTIFICCATCOIY : --- 
During I T  1963 a substantial  increase i n  the leve l  of e f fo r t  J'or 

launch opera-tions studies i s  anticipated i n  order t o  meet the planned 
and poten1;:ia:L requirements f o r  launch f a c i l i t i e s  f o r  l iquid,  sol id  and 
nuclear pi-opulsion vehicles e Propellant safety hazards, new concepts 
i n  ground :;upport and launch f a c i l i t i e s ,  and the transportation ancl 
recovery o;? :Large missiles and space capsules are areas of investigation 
and develc) ]~mt  which are d i rec t ly  re la ted t o  these requirements. 
continuing requirement is  the development of the special  ground 
instrument;cvtt:ion needed t o  meet the increased complexity and data require- 
ments f o r  vehicles s ignif icant ly  larger  than Saturn C-1. 
ment and t;echniques w i l l  be studied and developed t o  accommodate the 
new problems associated with the use of the l iquid hydrogen and nuc:lear 
upper stagm I #  

A 

Special equip- 

With the? i n i t i a t i o n  of the manned lunar landing program and the 
result ing increase i n  launch operations at  the AMR, it was determined 
that the i.nci-eased cost ~t the AMR f o r  t h i s  program will be borne lly 
NASA. The e f fo r t  i n  FY 1963 w i l l  support spacecraft f l i g h t s  on the C - 1  
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vehicle and w i l l  provide a build-up f o r  the Advanced Saturn and h t e r  
f o r  thr Nova launch vehicles. The scheduled use of A i r  Force personnel 
for FY 1562, provided for an average m i l i t a r y  and c i v i l  service s t rength 
i n  support of the manned lunar landing prograd of 500 and an aversge 
range contractor support staff of 870. 

FUNDING _FEQUIREMENTS: 

--- Launch Operation Studies - 1961 - 1962 @Q 
Handling of Very Large Solid 

Propellant Vehf cle s - - $ 430,000 

New Concepts i n  Ground Support - @79,000 430,000 

New Concepts i n  Launch Fac i l i t i e s  $lOO,OOO 369, OOo 43% 000 

Ground Sugport Equipment fo r  
Sub-Cocling Liquid Hydrogen - - 215,000 

Transportation of Large Vehicles - - 966,000 

Effects c f  Je t  Impingement on 
Water - - 430,000 

Acoustic Studies 

TOTAL 

- 48,000 - - 
$im, ooo $596,000 $2,901, ooo 

Handling of Very Large Solid Propellant Vehicles 

'The possible use of very large so l id  propellant engines as bDosters 
for a Nova type vehicle will require new techniques and new equipmnt 
t o  assemble the segments and the separate engines in to  a clusterel9 f i rs t  
stage. I n  addition, c luster  assembly and alignment i n  a ve r t i ca l  
position on the launch pad w i l l  require different  equipment than that 
used i n  handling the engines a t  the manufacturer's plant. 
handling concepts will be developed t o  meet the new requirements f o r  
these large stages. 

Optima 

New Concepts i n  Ground Support 

This e f f o r t  provides f o r  development of new concepts i n  ground 
support t'o achieve the rapid launch rates required f o r  manned space 
f l i g h t  pr'ograms. One major concept under consideration involves the 
assenibly of the vehicle and spacecraft a t  a spot remote from the launch 
pad, from which it can be moved ver t ica l ly  t o  the launch position. 
Transportpatoion of the f u l l y  assembled vehicle would be accomplished 
though tke use of a f loat ing platform that i s  conveyed t o  the launch 
site v i a  canals. 
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By use of t h i s  concept, it i s  estimated tha t  the vehicle could be 
transported i n  a vertical. position and launched within approximately a 
week's time, thus reducing appreciably the c r i t i c a l  t i m e  required on 
the launch pad. 
transport, at; the manufacturing plant and a t  the s t a t i c  test si te.  

The same mobile platform might be used also f o r  vehicle 

New ConceDts i n  Launch Fac i l i t i e s  

New I.a~mch concepts and launch f a c i l i t y  design must be investigated 
t o  meet the requirements f o r  large diameter vehicles and f o r  nuclear 
and solid. stages. 
meet the j.nc:reased hazards associated with these larger, higher 
p r f o m . c : e  vehicles. 

I n  addition, protective measures must be devised t o  

Ground --- Support Equipment f o r  Sub -Cooling Liquid Hydrogen 

A system has been designed f o r  i n i t i a l  sub-cooling of l iquid 
hydrogen at  the launch sites. 
a method of maintaining the sub-cooled temperature i n  the storage tank 
while transferring the hydrogen and while the hydrogen i s  i n  the launch 
vehicle f u e l  tank during countdown holds and countdown recycles. 

A study will be conducted t o  determine 

Transportation of Large Vehicles 

It i E 8  anticipated tha t  the s i ze  and weight of vehicles planne3 
during the, next decade w i l l  create unique problems i n  the transportation 
of vehicle' stages. I n  addition, the c r i t i c a l  phasing of manufacturing, 
test, and launch schedules requires that  rapid modes of transportation 
be avai la t le  . A l l  feasible methods w i l l  be investigated including the 
use of 10%' performance a i r c ra f t .  

Effects of Jet Impingement on Water 

The planned use of water-borne platforms t o  f a c i l i t a t e  movement of 
launch velcicles in to  the launch position may pose a problem of watlsr 
removal at. t i m e  of launch since a flame p i t  i s  required t o  avoid flame 
flash-backs on the base of the vehicle. To avoid a system of locks and 
pumps t o  remove the water from the f lame p i t ,  it may be possible t 3  
blast d i rec t ly  in to  the water. A study t o  determine the e f fec ts  of 
t h i s  technique with m u l t i  -engine configurations will be undertaken. 

FUNDING REQUIREMENTS: -- 

19153 Advanced --- Instrumentation - 1961 * -- 
Development of Optical Equipment 

and Devices - $ 567,000 - 
Development of Telemetry Equipment - 328,000 $184,000 
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11 ~ 6 3  -- 1962 - 1961 - 
O f f  set Frquency Reference Station - $ 298,000 - 

- - Acoustic .&asuring System $138,000 

with 

- $1,193,000 $3) 2L, 000 -- TO!I?AIL 

Development of Teleme t r y  Equipment 

This e f fo r t  concerns the development of UHF telemetry antennas 
a self -tracking capability. These antennas will be required 

during the experiment a1 development of the transmitting equipment and 
later as operational equipment when the UHF band is  activated. 

Acoustic Measuring System - 
Launches of Saturn, Advanced Saturn, and Nova will produce 

extremely high acoustic decibel levels.  
e f fec t  on equipment and surrounding buildings and people, an accurate 
acoustic measuring and recording system w i l l  be developed. 

To appraise accurately t'ae 

FUNDING EEQUIREMENTS: -- 
Range Support Operations -- 1961 - 1962 - 

Supporting Vehicles, Equipment 
and SUFlplieS - - $ 7,037,000 

Rentals, UtAlities, Contractual - - 11,226, ooo Services, and Support - 

I n  the development of a launch operations capabili ty f o r  the 
Advanced Sehxn and Nova launch vehicles i n  the new area a t  AMR, both 
J L ~  NASA Launch Operations Directorate (LOD) and the A i r  Force wlll 
provide ext,ensive support. 
i n  the new area w i l l  be provided on 3 reixtiburseable basis.  
quested I.n FY 1963 w i l l  be used for  support i n  the  areas described below. 

The A i r  Force support of NASA missiorx 
Funde re- 

Supporting Vehicles, Equipment and Supplies 

The funds i n  t h i s  category will provide f o r  120 general purpose 
vehicles; 1-87 special  purpose vehicles; a diesel locomotive, a u-hility 
boat, and two barges; miscellaneous shop machinery tools, photographic, 
repraduc5ng and drafting equipment, accessories, plant maintenance 
par ts ,  txtst equipmeni;, furniture,  off ice  equipment, laboratory equipment, 



food service, and dispensary equipnmnt; and petroleum products, off ice  
supplies, replacement parts, construction and repair  materials, chemicals, 
photograpkic supplies, hand tools, laboratory test supplies, and 
electronic and e l ec t r i ca l  spares. 

FLerltals, -- Ut i l i t i e s ,  Contractual Services and Support 

This includes ren ta l  of electronic data processing equipment, 
power and.wa.ter u t i l i t i e s  including the cost of power f o r  cryogenics 
manufacture; contractual services f o r  maintenance and operation of the 
launch ama; boat and ba.rge operation; reproduction services; lease, 
operation., stnd maintenance of motor vehicles; ren ta l  of passenger motor 
vehicles; rental  of trucks and other transportation equipment; motor 
pool operation; professional engineering; administrative services; 
insurance arid other miscellaneous services such as laundry and printing; 
and salaries f o r  an additional 870 range contractor employees and an 
additionaJ. 5100 military and c i v i l  service personnel required i n  FT 1963 
by the Ail. Force a t  AMR. 



NATIONAL MRONAU!PICS AND S P U  ADMIB-ION 

FISCAL YEAR 1963 ESTIMATIS 

ELECTRIC PROPULSION 

Advanced TechnicaJ. 
&velopm!=nt . . . . . . . . $2,204, Ooo $5,770,000 $10, 725,i330 x7-b 

Total .................. $7,164, OOO $l7,581,000 $30,647,300 - 
OBJECTIVES: 
-I. 

The continuing objective of the Electr ic  Propulsion program is t o  
develop the technology of thrust  generators required f o r  accomplishment 
of missions ut i l iz ing  a d m c e d  e l e c t r i c  rocket systems. Development of 
thrust  6.evices for nuclear-electric rocket systems is coordinated w i t h  
the NASA nuclear power generation program which includes the 
NASA-AZC! STAP-8 program covered under the Nuclear Systems Technology 
budget. 

JUSTIFI[I!AfJ!ION: --- 
Electr ic  propulsion systems are t o  be developed t o  propel fpacecraf't 

on 8. ve,rie:ty of missions. 
pulsion to transport heavy payloads t o  a l l  the planets within the solar  
system. 

They hold promise fo r  providing adeqcate pro-, 

Typical missions f o r  which these systems w i l l  be applicable during 
the period 1967-1975 are propulsion for: 

(EL) Vernier corrections of s a t e l l i t e  orb i t s  and space vehicle 
t ra jec tor ies  . 

( I ) )  Interorbi ta l  transport of large payloads from l o w  orb i t s  to 
higher orb i t s  about the Earth. 

((:) Transport of Large payloads from low orbi t s  about the Earth 
t a  l o w  orbi t s  about the Moon. 

(ct) Mcuured and unmanned interplanetary and deep space probes. 

!J%e -three major types of e l ec t r i c  propulsion systems which are 
presen-tLy under investigation are the arc-jet, the ion je t ,  and the 
mgnetcinydrod.ynamic (MHI) o r  plasma) je t .  
researc'r, development, a,nd f l i g h t  program are under way t o  es t tb l i sh  

A t  the present t i m e ,  basic 
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the  f e a s i b i l i t y  o f  the  three types. The a rc  j e t  w i l l  be developed t o  an 
operational s t a tus  i n  the  30 t o  60 kilowatt  s ize .  After the deve:',opment 
of  the 30 kilowatt ion and plasma types, it should be possible t o  deter-  
mine whizh ,3f these two types merits development i n  the megawatt s i ze .  
Should a marked superior i ty  of one of these types become evident, it i s  
l i k e l y  t 3 a t  only one type w i l l  be developed i n  the  megawatt s ize .  

FUNDING :REQUIREMENTS -- : 

ADVANCED RESEARCH 

1961 7 1962 1963 
Ion Roc_&t Engine Research 

Ion Generation and Acceleration ... 
P:ropellant Research ................ 
Beam Neutralization ............... 

Arc-Jet Research. ................... 
~ 

Plasma-Jet Research ................. 
GeneralRe search 

Propezant  Feed Systems ........... 
Mission Analysis .................. 
High Vacuum Research . . . . . . . . . . . . .  

Tot ,~l........................... 

$1,119,000 
229, ooo 
384,000 

321, ooo 
275,000 
367,000 

$4,575,000 

$1,552,000 
385,000 
473,000 
798,000 

1,658,000 

847,000 
388, ooo 
558,000 

$6,659,000 

$2,346,000 
890, ooo 

:L, 108,000 
:L, 184,000 
'C, OOE,OOO 

I O N  ROCKET ENGINE 

'The propulsion pr inciple  of the  ion rocket engine i s  based 01 the  
acceleration of charged pa r t i c l e s .  New knowledge is  continually iecessary 
t o  improve the  materials, techniques and equipment f o r  developing, testing: 
and exterding the operating l i f e  time of e l e c t r i c  engines and t h e i r  com- 
ponents. 
temperature materials, la rger  ion sources, surface ionization, sp;l t tcring, 
secondary emission, voltage breakdown, high temperature insulators ,  and 
propel lar t  selection and flow. A program of advanced research i n  these 
areas i s  e s sen t i a l  t o  provide the information f o r  advanced technizal 
development and the propulsion systems which w i l l  operate the spazecraft 
f o r  future  f l i @ t  missions. 

Some of  the major  problems requiring act ive research ar?  higher 

Ion Generation and Acceleration 

In  cird.er 'io rea l ize  the  poten t ia l  performance of e l e c t r i c  pr2pulsion 
systems, the ionization and acceleration components must operate as 
e f f i c i en t ly  as possible.  
concepts fclr  such systems. 
contact fonization, ca ta ly t ic  ionization, and production of high in tens i ty  
elect,roEl;at,ic f ie lds .  

Research i s  underway on materials, designs and 
Individual investigations include stuiiy of 
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Propellant Re seas-ch 

Ces ium I s  currently used as a prapellant fo r  ion engines because it 
i s  easi ly  and.  e f f i c i en t ly  ionized and has desirable physical properties.  
However, cesi.unt i s  a scarce and expensive element. Many other materials 
have been considered and investigated. One type of propellant materlal 
of i n t e re s t  j.s a col loidal  suspension. The suspension i s  capable of being 
readily spre,yed and can be given an e l ec t ros t a t i c  charge and thus wodd 
be promising RE; a propellant. However, t o  date, it has not been poscible 
t o  impart. a :Large enough charge to  the spray droplets, nor are the pl.ysi- 
c a l  properti.t?s of the  suspensions compatible with the system requirements. 
Research on col loidal  suspensions, as well as on other promising matc:rials, 
w i l l  continue i n  FY 1963 w i t h  the  f'unds requested. 

Beam Neutralization 

An ton  engine develops thrus t  by the  acceleration and expulsion of 
positive.ly cnargcd ions. 
e l ec t ros t a t i c  f i e ld .  The ions must be neutralized with electrons when 
they have at ta ined maximum velocity o r  they w i l l  slow down and remaii in  
the e l ec t ros t a t i c  f ie ld .  Continuing research i n  FY 1963 i s  necessary t o  
provide data  and new concepts t o  insure e f f i c i en t  and re l iab le  operation 
of f'uture icn engines i n  the space environment. 

"he ions are  accelerated by a negatively charged 

ARC-JET RESEARCH 

The propellant of an arc  j e t  i s  a plasma (electr ical ly-neutral  
ionized gas:] generated by a high temperature e l e c t r i c  arc  and accelerated 
through a j e t  nozzle. Research funded i n  FY 1961 and FY 1962 has made it 
possible to begin development of an experimental engine for f l i gh t  t e s t s .  
However, coritinuing research with funds requested f o r  FY 1963 i s  necessary 
on high tenq)erature materials for electrodes and nozzles, electrode erosion, 
nozzle c:ool.:ing, and propellant dis t r ibut ion and flow i n  order t o  improve 
the efficiency and performance of future a rc - j e t  engines 

PLASMA JET RESEARCH 

I n  the plasma, o r  MtSD j e t s ,  the plasma i s  produced from the propellant 
by a high-energy, low temperature, e l ec t r i ca l  discharge accelerated by a 
high-intenr;it:y magnetic f i e ld .  Research support of th i s  kind of e l e c t r i c  
propulsion includes studies on sputtering, secondary emission, voltiige 
breakdown, and e f f i c i en t  low weigh-i; production o f  high in tens i ty  malyletic 
f i e lds .  
pulsion a r e  being studied i n  FY 1962. From these studies, one o r  m i r e  
concepts w i l l  be selected and a f e a s i b i l i t y  demonstration program w i l l  
be i n i t i a t e d  i n  FX 1963. 

A variety of configurations and concepts f o r  u t i l i z i n g  MKD pro- 

GENEXAL RESEARCH 

This Emff'ort is t o  support research on problems common t o  a l l  systems. 
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Propellant Feed Systems 

The propc:,ltmt feed system for e lec t r i ca l  rocket6 includes propel- 
l an t  tanks, pr:qdJ.ant heaters, pups  and pipes. Research t o  support 
the developmri't prograsl includes corrosion res i s tan t  high temperature 
mtter ia l  resen:rch, pump system technology, and heat t ransfer  data and 
mr: chanisms 

H i g h  Vacuum Research 

Since the e l ec t r i c  propulsion systems w i l l  be designed t o  operate 
only in the space environment ground facilities which simulate space 
conditions must be used i n  conducting research on these systems. 
the problems faced is the simulation of the almost perfect vacuum i n  
space. Concepts, such as very low temperature condensers and chemical. 
reactions of the gas molecules, are being investigated as methods for  
retaining as perfect a vacuum as possible in a ground-based f a c i l i t y  
trhile tes t ing  an operating propulsion device. 

One of 

Mission An&lysis 

Anslysir; ai? future applications f o r  e l ec t r i c  propulsion systems is 
.necessary t o  13eie.termine configurations and operational requirements for 
future systems. 
orienting t he  necessary research effort. 

ADVAlJCED TECliiCAL DEVELOPMENT 

Identifying key problem areas is  a prerequisite f o r  

1961 1962 1963 . 

Proto type2velopmen-t 

1 and :;O KW Arc J e t  Engines. .$ 614,000 $1,500,000 $2,000,00C1 
30 XM ]:or1 w i n e . .  . . . . . . . .$ 610,000 $2,300,000 $4,975,000 
Advanced Systems and 

Coqone:nts.. . . . . . . . . . . .$ 980,000 $1,970,000 $3,750,000 - 

Arc-Jet E=~.IES 

Two sizes  of arc- je t  engines are  currently under development. 
1 kilowatt a t t i tude control system is planned for  flight evaluation in 
FY l$3 on a Slcout vehicle using battery power. 
solar  o r  SIUPS-type parer uni ts  when they are available. 'Ibis system is 
expected t o  be available for  application by 1965. 
j e t  engine i.s the first e l e c t r i c  propulsion engine under developmnl; t ha t  
will have cqcr.a;tionaluse for  prime propulsion of a spacecraft, with the 
capabili ty of providing propulsion for orb i t  changes, such as raisi~g a 
spacecruft from a 300 mile orb i t  t o  a 24 hour orbi t .  It is planned that  

The 

It can be powered ly 

me 30 kilowatt arc- 



t h i s  engine will be tested late in FY 1963 or  ear ly  FY 1964 with a battery 
system mxpplying the power. 

The! elevelopment of the ion engine f o r  operational use is predicated 
upon a sucxzessrul f e a s i b i l i t y  demonstration a t  the 30 kilowatt Elmer level. 
In order to t e s t  the f e a s i b i l i t y  of the concept, a very low thrust flight 
experimnt; will be flown i n  FY 1963. 
systems will be continued. 

R r t h e r  exploratory work cn ion 

Advanced Systems and Components 

Furtding in this area is  required t o  improve the materials, techniques 
and equipnmlt f o r  developing, tes t ing  and extending the operational l i f e  of 
e1ectric:a.l. engines and t h e i r  components. 
hi@er temperature materials, larger  ion sources, propellant selection and 
flow, pam,llel operation of engines, and techniques f o r  the best  u t i l i -  
zation ctf various type e l ec t r i ca l  engines i n  conjunction w i t h  other propul- 
sion sy&ltems. 
FY 1963 tcl support the advancenent i n  technology necessary i n  order to 
have the ~~ropu l s ion  systems which will operate future spacecraft. 

Some of the major problems involve 

Continuing e f f o r t  at an accelerated pace is  requested f o r  

FLIGHT PROGRAM 

Test and Evaluation Support..... $385>000 $ 759>000 $1,424,000 
Flight Pac~ing................ $ .. $2,893, mo $3,800,000 
Flight Vehicles. ................ $ .. $1, 500,Oo0 $2, 5 O 0 J  Oo0 

'Ibtal ........................ $385,000 $5,152,000 $7,724,000 

- 
- - 

The e l ec t r i c  propulsion fl-t test program is aimed toward studying 
those problems which cannot be studied i n  ground f a c i l i t i e s ,  i n  w2dition 
t o  conducting various tests required t o  damnstrate component o r  system 
feas ib i l i t y  and r e l i a b i l i t y  in a space env i romnt .  These experiments are 
planned to  ver i fy  o r  correct the performance obtained i n  ground l a c i l i t i e s  
so that aevelopment of components and systems in ground f a c i l i t i e s  can 
proceed with confidence . 

FY 1962 funds provided f o r  two Scout vehicles and ussociated e l ec t r i c  
propulsion exprimsnts. 
t ra l iza t ion  problem which cannot be demonstrated in ground f a c i l i t i e s .  
The! first vehicle will carry two small, thrust ion engines on a b r U s t i c  
path t o  inveetigate t h i s  problem w i t h  the second vehicle as a back-up. 
If the first test is fully successful, the second vehicle is t o  carry a 
1 kilowatt arc- je t  t o  demonstrate i t s  feasibility i n  a space enrtron- 
ment, o:r a higher thrust ion engine t o  study the scaling e f fec ts  on the 

These t e s t s  are t o  investigate the ion 'beam neu- 



neutralization problem. 
of the 2Lrrs-b test .  
these tcmt:;. 

The engine selected w i l l  depend on the :*esults 
FY 1963 funds provide the required amount t o  complete 

FY :1963 funding also provides fo r  two additional Scout vehicles and 
flight e:qx?rimental payloads t o  investigate the f eas ib i l i t y  of  using ion 
o r  arc-;ic?t engines f o r  satellite missions having a stat ion keepir.g 
requirement. 

Funds provided fo r  FY 1962 and finds i n  the FY 1963 request provide 
electric: engines fo r  use i n  the SNAP-8 project.  
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1962 Pag3 
1961 1962 Supplement a1 1963 No e 

--I- 

1,~00,000 potLnd 

200, oocl pcllmll 

thrust' en6:irte.. . $ 50,849,000 $ 56,798,000 --- $ 55,316,000 RDO 
18-3 

' thrust, hydrogen - 
oxygen ery:ine - e . 18,574,000 37,885,000 --- 38,732,000 E:DC 

3.8-5 
1,000,000 pound 
thrust hydrogen- 
oxygen engine e . --- 55,316,000 RDC, 

1-8- 7 
Analysis mid experi- 
mental sys tms  and 
componenl; develop- 

1 7?8,OOO RDC~ 
$- a $ 26,000,000 1C12,OOO 1-8- 9 

m n t . * . .  . e . , L 1 . . .  

TOtELL. . . . . 

OBJECTIVES : 

The purpose of the Liquid Propulsion program is t o  develop l iquid 
propellant rocket engines of *roved r e l i a b i l i t y  and performance 1,o 
support, ltunch vehicle development; t o  anticipate requirements f o r  space 
operation:; involving rendezvous between vehicles, lunar orbi t ing arid 
landing qpzrations, and long duration f l i g h t s  t o  planets o r  deep space; 
and, fUrtlidr, t o  undertake the required advanced design and experinental 
investiga-tio:ns so that the basic technology w i l l .  be available when 
specific equipment developments are needed. 

JUSTIFICA'P1O:N --- : 

Since one of the MASA objectives i n  space exploration is  mnmd 
operation in  space, improved propulsion systems of greater thrust, in- 
proved reliability, be t t e r  performance, and lower cost w i l l  be required. 
The Liquid Propulsion Program is  oriented t o  the development af a :3mall 
number of reliable,  appropriately-sized engines t o  meet these require- 
mnts. Supporting t h i s  e f fo r t  is  the propulsion technology f o r  space- 
c ra f t  that w f l . 1  provide a technological base f o r  the propulsion derelop- 
lnents necessary t o  carry out space exploration missions planned by NASA 
f o r  the next decade. 
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NASA i s  currently engaged i n  the  development of three major new 
engines t 3  support the launch vehicle requirements f o r  the manned Lunar 
exploration mission. 
engine (F-l) ,  the 200,000 pound thrust  hydrogen-oxygen engine (5 -2 )  and 
a 1,000,OCO pound thrust  hydrogen-oxygen engine (M-1). 
engine i s  being undertaken i n  FY 1962 t o  meet the requirements' of .;he 
NOVA vehicle. Also provided, as a continuing effor t ,  i s  a program of 
analysis and experimental development t o  provide design specifications 
and to deaonstrate the pract ical  application of advanced design coxepts  
f o r  spacecraft propulsion. 

Imse are  the  1,500,000 pound thrust RP-l-oqqgen 

The l a t t e r  

F-1 Engine 

The 1,500,000 pound thrust  engine w i l l  be clustered t o  provide 
the  high thrust  required i n  the  Advanced Saturn and NOVA vehicles ';o 
launch manned spacecraft and t o  conduct manned lunar explorations. 
Development of the engine i s  being performed by Rocketdyne, a Division 
of North American Aviation, Inc., under the  technical direction of the 
Marshall Space Flight Center. 
accomplished at  the Rocketdyne Plant i n  Canoga Park, California. :om- 
ponent test  operations are conducted i n  the Santa Susana, California 
f a c i l i t y  o f  Rocketdyne and engine t e s t s  are run on t e s t  f a c i l i t i e s  
provided a t  Edwards Air Force Base i n  California. 
ment program i s  scheduled t o  complete preliminary flighk rat ing t e s t s  
of the  engine during 1963. 
tinuing improvement program leading t o  engine qualification f o r  lamch 
vehicle use during 1965. 

Engineering design and fabrication itre 

The current dev?lop- 

These t e s t s  w i l l  be followed by a con- 

5-2 Engine 

The SOC,OOO pound thrust hydrogen-oxygen engine i s  a high spe2ific 
impulse r x k e t  engine t h a t  w i l l  be used i n  upper stages of advance1 
vehicles. It is  specif ical ly  planned f o r  use i n  the  second and th i rd  
stages of t h e  Advanced Saturn configuration and i n  the  t h i r d  stage of 
the NOVA vehicle. 
produced by Rocketdyne under the  technical direction of the I4wshal.l 
Space F l i g h t  Center. 
preliminary f l i gh t  ra t ing tests i n  1963, with qualification of the engine 
during 1964. 

The 200,000 pound thrust engine project i s  also being 

"he development program i s  scheduled t o  complete 

M-1  Engine 

The 1, COO, 000 pound thrust class  l iquid hydrogen-liquid oqyge n engine 
w i l l  be developed primarily f o r  the  NOVA second stage. The M - 1  enzine 
w i l l  make it possible t o  accomplish manned lunar landin$ and return without; 
refueling i n  the space environment. In the  absence of such an engine, it 
would'be necessary t o  resor t  t o  multiple clustering of smaller engines i n  
the  NOVA second stage, thus forcing a compromise between a smaller number 
of engines (with sacr i f ice  i n  payload capabili ty) and a larger nuinber of 
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engines (rer;ulting i n  increased system complexity and jeopardy t o  system 
rel iabi l iky)  . 
design arid development leading t o  early accomplishment of a preliminary 
flight, rating t e s t  and qualification f o r  use i n  manned missions. A s  i n  
the case of the F-1 and 5-2 engines, M - 1  development and t e s t  e f fc r t  w i l l  
be under the technical direction of the Marshall Space Flight Center. 

The contractor, when selected, w i l l  perform engineering 

FUNDING €U%.IJDIE"PS : 

1962 
1961 1962 Supplemental - 1963- 

l ,5OO,OOO -- Pound Thrust Engine (F-1) 

Design.. . ,. ,, . . . . . . 
Component; Develop- 

ment,. . . , . ,, . . . . . . 
Component; T e s t .  . . . 
Engine Dwe:Lop- 

ment.. . , . ,, . . . . . . 
Engine Tcwt . . . . . . 
Fabrication and 

Test, Equipment. . 
Propellanl; s . . . . . . 
Propellant Trans - 

port, Equipment. . 

$535,000 $468,000 

21,232,000 11,357,000 
5,509,000 9,619,000 

13,353,000 13 132,000 
2,631,000 10,271,000 

--- 362,000 

-e-  

--- 
--- 
e-- 

--- 

$442, ooo 

8,408,000 
i c  ,465,000 

X!, 537,000 
10,631, ooo 

L., 536,000 
E ; ,  297,000 

Total, :L, fjoo, 000 
Pound Illmrst 
Engine. , . . . . . . . $50,849,000 $56,798,000 --- - $552 316,000 - 

The development of the 1,500,000 pound thrust  engine has proE;ressed 
through CLes:ign and component development t o  operation of the engine fo r  
long dura1;ion and rated thrust .  The first ful l -scale  engine run vas made 
i n  August; 1.961 at  reduced thrust. In  December 1961 the  engine w a s )  oper- 
ated a t  f ? L L  thrust. A major phase of engine system design effor t ,  which 
began in  IT 1959, w i l l  terminate i n  FY 1963 with the completion of' the  pre- 
liminary :?light ra t ing tes t s ;  engineering e f for t  w i l l  continue thereafter 
f o r  f u l l  tmgine qualification, r e l i a b i l i t y  improvement, product improvement, 
and support of f l i gh t  programs. Ebgines funded under the respective vehicle 
developmei~t programs, w i l l  be delivered for  use i n  vehicle development pro- 
grams in  the  first half of 1963. 

Design 

Component; engineering design and the integration of individual com- 
ponents i l l t o  a complete system is the  primary objective. 
1963 will- be directed towards detail ing the engineering modifications 
that have resulted from vehicle application studies, from newly acquired 
fabrication techniques, and from engine t e s t  resul ts .  

Uphasif; during 

RDO 1.8-3 



Comonent Deve loment  

During E'Y 1963, design, fabrication, and test of the individual 
engine components w i l l  continue, Development costa w i l l  include 
engineering supervision, purchase of materials, tooling f o r  shop scpport, 
and fabric:ctt:ion labor and supervision. 
component rnoclifications, as iqdicated by vehicle design and application 
studies, W L L  also be included, 

Incorporation of desirable 

Component Test 

Every major engine component is  tas ted experimentally i n  accord- 
ance w i t h  a ]?lanned ser ies  of t e s t s  that  is continued throughout thie 
l i f e  of the engine developmnt program, 
the thrust; climber turbopwnps, the gas generator, and the engine veLves 
and c0ntro.L~ , 

Major engine components include 

Engine Development 

Duri.1~3 I?Y 1963 development tes t ing  w i l l  be conducted on 10 en@.ines 
cowleted :in FY 1962 and 12 additional engines completed i n  FY 196:). 
To insure -that engine developmnt schedules do not lag, it will be 
necessary -to provide, i n  addition t o  the fabricated engines, an int.en- 
t o ry  of test hardware t o  rebuild engines damaged o r  worn as a resul t  
of tesl; opmttions. 
i n  anticipation of the engine qualification t e s t .  

Ion@; lead-time hardware items must also be purchased 

Engine T e s t  

The ccmp3iete engine t e s t  program w i l l  be conducted a t  Edwards 
AFB, Califmnia, on Test Stands 1A and U3. Fundin@; covers not o n l ~ '  t e s t  
m s ,  b u t  also the data reduction, t e s t  data analysis, and preparation 
of engineering reports required t o  support the t e s t  e f for t .  

Fabrication and Test Eqyipment 

The cost of special instrumentation, fabrication machinery, and 
tooling r e ~ ~ u l r e d  f o r  manufacturing and t es t ing  of the engine and i ts  
componentra i s  provided in  this area. 
covered am gauging and inspection equipment, ' systems handling jigf!, 
transports tion equipment, instrumentation, and expendable materials; 
f o r  the t e s t s .  
equipment i t e m s  rendered unsuitable by wear, deterioration, o r  
obsolescence. 

"he specific items that must be 

In addition, funds must be provided f o r  replacement; of 
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Pronellant s 

Approximately l50,OOO tons of l iquid oxygen, 50,000 tons of l iquid 
nitrogen and 10,000,000 gallons of kerosene w i l l  be needed fo r  FY 1363. 
Propellants will be procured through A i r  Force procurement channels and 
w i l l  be used t o  accomplish engine component and systems tes t ing.  

1962 
1961 1962 Supplemental - 1963 

200,000 Pound Thrust 
Hytkogen-Gygen Engine (5-2) 

$451,000 --- $353,000 
--- 4,763,000 

Ehgine 'Test............ --- 4,596,000 --- 7,524,000 

9,073,000 

Desi gn.. . . . . . . . . . . . . . . .  $725,000 
Component Llevelopment . . 5,467, 000 6,779,000 
Component Test.. ....... 1,125,000 6,431,000 --- 6,086,000 
Engine Development. .... 609,000 5,169,000 --- 6,861, om 

Fabrication and Test 
Equipment. ........... 6,315,000 6,926,000 --.. 4,072,000 

Propellant E. --- ........... 4,333,000 7,533,000 

Total, 2C0,OOO Pound 
Thrust Hydrogen- 
Oxygen Engine. ....... $18,574,000 $37,885,000 --- $38,732,000 

--I_ 

The 200,000 pound thrust  hydrogen-oxygen engine was i n i t i a t ed  in  
September 1960 and i s  being developed on a time schedule which w i l l  bring 
it t o  preliminary flight ra t ing tests at  approximately the  same t ime as 
the  1,500,000 pound thrust  engine. The major par t  of the FY 1962 funding 
was devoted t o  development tes t ing of the engine components. "lie first 
engine test is scheduled fo r  February 1962. 
1963 w i l l  b e  i n  the  engineering design, fabrication, and tes t ing  of 
engines leading t o  completion of t he  preliminary f l i gh t  ra t ing t e s t s  i n  
late FY 1963. Thereafter tes t ing  t o  f u l l  thrust  and duration w i l l  be  
continued toward the objective of developing an upper stage engine o f  
very high r e l i ab i l i t y .  The present development contract with Rocketdyne 
extends beyond the preliminary f l i g h t  ra t ing t e s t s  t o  include develop- 
ment and t es t ing  f o r  the purpose of qualifying t h i s  engine f o r  use  i n  
manned vehicle systems. 

The major emphasis i n  FY 



Design 

Durirg FY 1963, the  design e f for t  w i l l  be directed toward refinement 
of design improvements result ing from the engine test  program. 
as the 20C,OOO pound thrust  engine is  approxdmately the  same size as 
several missile engines tha t  have been developed by the contractor and 
since the f u e l  pump is  similar t o  that being developed fo r  Project Rover, 
a re la t ive ly  nominal e f for t  is  required i n  t h i s  area. 

Inssmuch 

Component Development 

Major camponents include engine controls and valves, the  rocket 
chanber assembly, the gas generator, and the individual oxidizer and 
fuel turbopumps. The development of these components involves engi- 
neering, Frocurement of materials, and the fabrication of components and 
sub-assemblies fo r  the  complete engines. 

Cmponent T e s t  

Component tes t ing  is  required t o  ident i fy  and eliminate design 
and fabrication deficiencies t o  achieve maximum r e l i a b i l i t y  and per- 
formance o f  components pr ior  t o  t h e i r  incorporation i n  the complet? 
engine system. To meet t h i s  requirement, funds must be made a v a i h b l e  
f o r  materials other than propellants; fo r  t e s t  engines and labor; pro- 
curement and maintenance of general and special  tes t  equipment; data 
acquisition; and, f inal ly ,  for  the preparation of engineering reports.  

Engine Developent 

In  FY 1963 ac t iv i ty  i n  t h i s  area w i l l  increase measurably as the 
development e f for t  reaches i t s  peak. Major funding items are: engi- 
neering, ,purchase of materials, fabrication, assembly, inspection, 
final checkout, and the  creation of engineering models and mock-ups. 

Engine Test 

Testing w i l l  begin during FY 1962 and w i l l  continue a t  an accel- 
These engine t e s t s  consist of experimental erated rtxte into F Y  1963. 

t e s t  runs t o  prove r e l i a b i l i t y  and performance, and t o  detect and 
eliminate system design and construction f au l t s  that cannot be de- 
tected during the  component t e s t  phase. Funding fo r  these test  
operations includes costs of engineering and t e s t  crews, special t?s t  
equipment, transportation, data reduction and analysis, and the p r +  
parat ion of f i n a l  reports . 
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Fabrication and Test Eaui-oment 

Procurement of special  fabrication, assembly and tes t ing  equipment 
and the associated tooling and j i g s  is  required t o  support the coinbined 
development and test  e f for t  during FY 1963. As the  development program 
progresses, it w i l l  be necessary t o  provide f’unding i n  t h i s  area, not 
only for  maintenance and replacement costs,but a lso f o r  tooling t o  pro- 
duce aeliverable engines in  quantity f o r  the vehicle program. 

Propellants 

The increased test  e f for t  i n  FY 1963 w i l l  r esu l t  i n  a commensurate 
increase in  propellant requirements. 
tons) w i l l  be obtained from comercial  sources and l iquid oxygen 
(approx. 25,000 tons) w i l l  be purchased through A i r  Force channel;. 

Liquid hydrogen (approx. 7,OOO 

FUNDING :REQUIRFMENTS: -- 

1962 
1961 1962 Supplemental 1963 _I- 

1,000,000 Pound Thrust 
HycirogeGOxygen -- Engine (M-1) 

Design.. ............... 
Component Development.. 
Component Test......... 

Engine Test..... ....... 
Fabricatim and Test 

Equipment. ........... 

Engine Development. .... 

Propellants. ........... 
Total, 1,000,000 
Pound T h r u s t  Hydrogen- ........ --- --- $26,000,000 !,;55,316,000 Oxygen Engine -- 

SincI? the M - 1  engine i s  an en t i re ly  new development, it cons1;itutes a 
c r i t i c a l  lead-time element i n  the  NOVA development schedule. The supple- 
mental funds requested in  FY 1962 w i l l  provide f o r  the ear ly  init:i.ation of’ 
the program ef for t  needed t o  insure ava i lab i l i ty  of a re l iab le  enlgine t o  
meet the :NWA program schedule requirements. FY 1962 funds w i l l  l)e used 
primarily t o  provide necessary fabrication and tes t  equipment and t o  desi@ 
and deveLDp engine components. 
tinued and tes t ing  of the full-scale engine w i l l  be in i t ia ted .  

During FY 1963 component work wi.1:- be: con- 
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Since the M - 1  engine is  i n  the i n i t i a l  stage of development, the 
engineering Icomponents and the integration of components into the 
complete crag.Lne system consti tute an important aspect of the develop- 
ment p r o g ~ ~ ~ l  i n  both FY 1962 and FY 1963. 

Component Development 

The bsvelopnent of the engine components and sub-assemblies will 
be performed concurrently with the design e f for t  and i s  comprised of 
engineering, procurement of  materials, and the  necessary fabrication 
and shop :;irpport. 

Component Test 

Ekper:imc?ntal t es t ing  will be conducted on each major engine ccrlnponent ; 
t h i s  w i l l  be continued throughout the  development l i f e  of the engine. 
Funding du:ring FY 1963 w i l l  include the  costs of test  materials, test 
labor and supervision, data reduction and analysis, and the preparation 
of enginecxring reports . 

Engine Development 

This :Tunding covers the  engineering and fabrication of the  complete 
engine syr;tem including the cost of materials, engineering, shop super- 
vision, falirication, assembly and inspection, and quality control. 

Engine T e s t  

1ni t i . t t l tes t ing of the ful l -scale  engine w i l l  be undertaken during 
FY 1963. 
of completx engine assembly runs t o  detect and eliminate design anc. 
construction f au l t s  that were undetected during the  component t e s t  
phase. Auiding for  t h i s  operation includes the  cost of engineerin& 
and t e s t  (rews, special t e s t  equipment, transportation, data reduct ion 
and analyt;:is,, and the  preparation of reports. 

These engine t e s t s  are of an experimental nature and constist 

Fabrication and Test Equipment 

Fabrication and test  equipment covers the cost of special inst'ru- 
mentation, necessary fabrication machinery, and special  tooling re-  
quired f o r  manufacturing and tes t ing  of individual components and the 
complet,e engine system. 
equipment 
various i n r ~ t ~ m e n t a t i o n  and expendable materials 
tes t ing  plume. 

Specific items include gauging and inspectdon 
systems handling j igs ,  transportation equipment, and the 

u t i l i zed  during t'he 
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Propellants 

Proc1ire:ment of propeUants i n  FY 1963 w i l l  provide f o r  approx:imately 
10,000 tons of l iquid hydrogen and 40,000 tons of l iquid oxygen. 

1961 

Analysis and W r i -  
mental ~ Z L o p m e n t  - 

Launch Veh ic.Le 
Engines , 'I . . . , , . $ 1,156,000 

Spacecraft Esngines 2, 14T1 000 

Total, .bidysis 
and Ex~:rimental  
Deve l o g n e  nt $ 3,303,000 

1962 
1962 Supplemental 

$ 4,213,000 --- 
5,005,000 

$ 9, 218, ooo --- 

:1.963 
__I 

To e n s ~ r e  tha t  the required developmental capabili t ies w i l l  ex is t  
when needed, it is necessary t o  continue an aggressive analysis and 
experimen1;al development program i n  anticipation of the requiremenks 
for booster and space propulsion, A second important benefit  i s  the 
minimization of costly "quick fixes" which are inevitable if  the 
required c~igineering foundations have not been established before 
developmen-; programs are undertaken, 

Launch Vehicle m i n e s  

Among the most promising advances that can be made in t h i s  area are 
those that; develop integrated system design concepts, Investigations 
undertaken in FY 1961 and FY 1962 have shown the des i rab i l i ty  of 
u t i l i z ing  : r i g i d l y  mounted engines employing "unconventional" nozzle s 
These nozr::Le:: are conceptually different  fromthose used today and they 
are amenaKLe t o  a variety of configurations which can be ta i lored t to 
resu l t  in rtn improved engine-vehicle system. Feasibi l i ty  work, im.olving 
both hot auld cold tes t ing  a t  suitable scales, must continue i n  FY 1.963 
i n  order to evaluate def ini t ively the capabili t ies of these improved 
designs; arid to make it possible t o  bring them t o  ear ly  use. 
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Another promising technique that is  applicable t o  conventionrrl 
engines BS well as t o  %he new designs i s  the u t i l i za t ion  of higher 
combustion chamber pressures. T h i s  u t i l i za t ion  would resu l t  i n  reduced 
engine s ize  and i n  increased performance per pound of burned propellant. 
En FY 1962 investigations were in i t i a t ed  t o  uncover potential  d i f f i -  
cul t ies  associated w i t h  high pressure operation. The major problems 
under consideration f o r  FY 1963 are those associated w i t h  transients 
i n  the combustion process, high pressure pumping w i t h  rotating tx,?e 
compressors, and heat t ransfer  i n  the engine chambers and nozzles. 

In  FY 1962 work was i n i t i a t ed  t o  resolve some of the major areas 
of engine operating r e l i a b i l i t y  problems. Among the most pressin13 
problems I s  that of system leakages. Determination of f au l t  charracter- 
i s t i c s  ar.d the influence of the extreme operating environments, Cin- 
rent ly  u r d e m y t  is  already leading t o  new design and ins ta l la t ioo  
c r i t e r i a  f c r  rocket engines. 

Spacecraft Engines 

The ad.vanced design and development projects of FY 1961 and 1962 
provided rapid progress i n  determining propulsion and operational re- 
quirements f o r  various missions and i n  re la t ing the capabili t ies Df 
known coricepts and technologies t o  spacecraft engines. Also, refined 
concepts regarding propellant pressurization systems, posit ive ex- 
pulsion Levices, pressurized storage, chamber cooling, chamber con- 
struction, controllable injectors,  large area r a t i o  nozzles, control 
and shut-of% valves, s t a t i c  and dynamic seals and other components 
were evo3.ved 

Work is planned i n  FY 1963 t o  evaluate and prove the f eas ib i l i t y  
o f  these refined approaches. 
sub-systmns must a lso be carried out t o  permit the experimental evalu- 
ation of' compatibility. The sub-systems which w i l l  require investiga- 
t ion  a re  those needed fo r  spacecraft engines that  w i l l  provide t ra jectory 
adjus8tmen%s;, rendezvous and ex%ra-terrestrial landing. Similar work 
must also be undertaken on new concepts fo r  small, highly reliable, 
long-life propulsion devices that are capable of repeatedly delivering 
accurate hipulses f o r  the a t t i tude  control of spacecraft. 

Integration of certain components into 

1nvest;igations t o  determine the effects of' space environment on 
the storctb:ild.ty of propellants, on engine components and on engirie 
operatictn have been proceeding. 
men% of ]mtct,ical insulating materials f o r  the storage of cryogenic 
materiali; i n  space a d  at, the developmen% of suitable micrometeorite 
protection d2viees. 
consLanKLy o.r.bented and intensified a%, new i n f o m t i o n  on space eaviron- 
ment becomes available 

These are now pointed at the delelop- 

Work i n  t h i s  area is  a continuing ef for t  whjch i s  



S O D  PROPULSION 

1961 963 Page No. I 

OBJECTFE -- 3: 

'The :purpose of the Solid PropUsion program is t o  develop the sol id  
propeUant rocket motors and systems that may be requiEd f o r  space 
missions,, aid t o  establish advanced designs, concepts, and materials f o r  
improvbj; pzrformance and r e l i a b i l i t y  of so l id  rocket motors and I:OW- 
nent s . 

'Be solid propulsion program is directed toward the application of 
the inherent Vjirkues of solid rockets t o  the space missions. 
desirable c ~ c t e r i s t i c s ,  already applied i n  weapons systems, are 
simplicity, m l i a b i u t y ,  re la t ive ease of hrzntuing and use, and lcmg 
storage lffe with continuous readiness for operation. 

The 36: 

'The progsm has two main categories: those tasks tha t  support a 
possible so l id  propelpaslt booster stage of a launch vehicle f o r  tlae 
di rec t  l u n a 2  ascent, axid those that support space propulsion systisms 
first used a f t e r  long-term exposure t o  the space environment, 
first c&P,e?go~,y, the special  vehicle problem associated with the use of 
the very large so l id  propellant stage must be defined, Special systems, 
such as a n  ab0r-b warning system asalogous t o  %hose axailable for liquid 
booster Etages, must be deffncd and developed. Optimum component design 
and fabrica.tion nethods must be investigated, The sat isfactory integra- 
t i on  of ~ ~ o S , i d  propulsion elements i n to  the comrplex lunar launch vehicle 
requires a vigorous attack on these and similar problems by the National 
Aeronautj.cs and Space Administration. The Department of the Air Force 
has been assigned development responsibil i ty f o r  the large so l id  mtor 
which may be used i n  a solid stage vehicle f o r  manned space f l i g b t .  

In the 

In tihe second category of space propulsion, the potent ia l  a b i l i t y  
of solid. prope%lan.t; systems t o  w-ithstand prolonged exposure t o  space 



environment must be verified,  and high performance motors f o r  posi3ible 
lunar or  planetary re t ro  or  takeoff use must be demonstrated i n  p:l?ototype 
form. 

Systems a 3  Components 
Developmn t FT 1961 

Missior,, Motor and System 
StudleE $ 306,OOO 

Solid Motor Feasibi l i ty  
Demristzation 921,000 

Motor Subsystem In-  
ve s td. ga t i  ons 380,000 

Compone!nLs and Materials --- 
Storage and Environment 

Ef f ec:tr; 292,000 

To-tgL Systems and 
(2oxrrponents Development $1,899,000 

FY 1962 

$ 457100 

1,968,000 

936,000 

312,000 

624,000 

$4,297,000 

$ 953,000 

2,065,000 

-L 636 000 

$7, 944,000 

During FY 1962, e f fo r t  i s  being directed primarily to complete 
feasibi1Lit;y demonstration of a large sol id  propellant booster mottor 
s tar ted in FY 1961, and t o  advance the technology by which greater 
performance and r e l i a b i l i t y  of sol id  propulsion systems m y  be realized. 
Example:; are  propellant chemistry, nozzle design and fabrication, 
inspectim techniques, case fabrication, and propellant-case bond. 

I n  FY 1963, the technology e f fo r t  wl l l  be continued with specific 
emphasis on the requirements of the manned lunar landing program) 
Particular attention will be given t o  the development of higher specific 
impulse propellants, thrust modulation techniques, and Ostop-sttx?ttl 
capabili t ies needed fo r  spacecraft application. 

Mission, Motor and System Studies 

This work i s  analytical  i n  nature, although it m y  lead t o  Feasi- 
b i l i t y  d.emnstrations and/or to  specific development tadcs. It defines 
the missions t o  which sol id  motors a re  applicable, establishes specific 
motor and system design characterist ics,  and investigates special problems 
result ing from or  accompanyhg the use of so l id  propellant motors, f o r  
example, the ef fec t  of high acoustical energy leve l  produced by 5 sol id  
stage cai the remaining stages. 

RDO 19-2. 



Solid Motor Feasibi l i ty  Demonstrations 

The purpose of th i s  e f fo r t  is t o  demonstrate the f eas ib i l i t y  r u d  
applicabi.lity of so l id  propulsion system f o r  the space propulsion re- 
quiremnts of lunar and planetary missions by the develomnt  of masonably- 
sized prototype motors. 
t o  the interaction of so l id  motors or  stages with other elements of the 
system, i n  order that satisfactory integration of so l id  components in to  
vehicles can be assured, 
conditions associated with the  use of so l id  motors, and t o  support in- 
vestigations f o r  *roving overaLl r e l i a b i l i t y  of the vehicle systm. 

Also included is the development of data relating 

Epfort w i l l  be expended t o  establish the hazard 

Wtor Subsystem Investigations 

The tasks i n  this area cover the investigation of major elenrents 
of sol id  FropuLsion systems for  the purpose of increasing r e l i a b i l i t y  
of the t o t a l  s y s t e m ,  improving performance, or meeting requirements 
not adequately sa t i s f ied  by the existing e t a b  of knowledge. 
system contains a number of individual devices and components, and a 
major puqose fo r  these investigations is t o  demonstrate sat isfactory 
functionicg of the subsystems under enviroxmzntal conditions closely 
simulating the end use. A typical  e q l e  is  the vector control slb- 
system for the possible so l id  propellant booster stage of the Nova 
launch vehicle. Here spec ia l  nozzles, seals, torque elements, feed- 
back instrments  and power supply marst be demonstrated together t o  
form a contpl.ete vector system. 

Each sub 

Components and Materials 

Effort in this area WiU investigate s t ructural  materials w i t l n  
characteristLcs which have not previously been evaluated under the 
com3ition.s established by the propulsion requirements of maned 
missions . 

Storage m d  Environment Effects 

aQlese tasks will establ ish the a b i l i t y  of so l id  motors t o  rem,ain 
effective a f t e r  exposure t o  space e n v i r o m n t  f o r  the t i r e  periods 
required by the lunar and planetary missions, and will determine 
remedial masues if necessary. 



NATIONAL AERONAtJl'ICS AND SPACE AIMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

SPACE POWER TECHNOLOGY 

1961 1262 1263 Pase No. 

Advanced. Research ••.•...... 
Advance,i Technical 

Devel'::lpment • . • . . . . . • . . . .. 

$3,938,000 

4, 975 , 000 

$4,885,000 

9,759,000 

$6,934,000 

13,238,000 

ROO 20-2 

ROO 20-4 

Tot,al. ....•..•........•.$8,913, 000 $14,644,000 $20,172,000 

OB1ECTIVE:3 : 

The '::lb,jective of this program continues to be the developmen~:; of the 
technology of generating electrical power from solar and chemical energy 
sources ~'r use in space vehicles. 

JUSTIFIMrION:-
All space vehicles are critically dependent upon their electrical 

power systems for the power to operate instruments, communicationn 
equipment and other equipment. Solar cells and batteries have beEm 
successful in meeting these needs to date. However, these devicen have 
limitations and disadvantages which make them undesirable for some of the 
more adv~~ced spacecraft. It is, therefore, necessary that other 
promising concepts such as solar heated systems using turboelectric or 
thermionic power converters, chemical combustion auxiliary power systems, 
and fuel cells for energy conversion or energy storage be developE~d. 
Such char,9.cteristics as higher reliability, lighter weight, longer life, 
radiation resistance, lower cost and higher power capability are the 
objectives. 

ROO 20-1 




FUNDING IBUIREMENTS: 

Adwn c: ed R e  search 1961 -- 
Solar Cell  Research ...........$ 1,090,000 
Fuel Cell. Besearch ............ 250,000 
Thermionjc Conversion.. ....... 7OO,OOO 
Solar Concentrators ........... ~ ~ O , O O O  
Distribution and Control 

Technolo@y .................. 253,000 
Magneto f ' luid dynamic power 

generation .................. 3OO,OOO 
Battery Research .............. --- 
Thermal Energy Storage. ....... 400,000 
Thermal Radiation Properties. . 545,000 

Total . .  ..................... $3,938,ooo 

665, QOO 
970,000 
Goo, 000 

300, ooo 

450,000 
100,000 
266, ooo 

900,003 

750,003 
1,200,003 

384,OO'l 

500,0011 
400,000 
500 , oo( I 

-5 
--- 

Solar Cell  Research 

Because of the inherent simplicity of solar  c e l l s  and the i r  

However, major 
excellent perfomance i n  the past, it i s  anticipated that solar  c e l l s  
w i l l  continue t o  be very important indefinitely.  
problems h a v e  been encountered i n  such areas as performance degradation 
caused b;y t:he high energy electrons and protons of the Van Allen be l t s  
and so1a:r flares, high cost and weight, 
would therefore )be desirable. In  FY 1963, the extensive theoreticttl and 
experimenta.1 program on radiation daaage in i t i a t ed  i n  FY 1962 will. 
continue, i n  conjunction with e f fo r t s  t o  develop radiation resistent 
solar  ce:L.Ls and other s t a t i c  devices fo r  the d i rec t  conversion of solar  
energy t o  e l ec t r i c i ty .  
development of low cost solar  c e l l s  using th in  film techniques or other 
processes which can be automated. Reduced expenditures for solar ce l l s  
i n  flight p:rograms, as w e l l  as higher r e l i a b i l i t y  should resu l t  f m m  
t h i s  pro&,.- r"ara. 

More e f f i c i en t  solar  cel:.s 

A large e f fo r t  w i l l  be directed toward then 

Fuel C e l l  Research 

Fuel. cell research offers  the possibi l i ty  of d i rec t  and highly 
efficient; conversion of chemical energy o r  heat t o  e l ec t r i c i ty  i n  a 
s t a t i c  system w j  th a minimum of moving par ts .  
reduce system w e i g h t ,  improve r e l i ab i l i t y ,  and permit the construction 
o f  higher power systems than are possible with present methods. 
cer ta in  xrdssions such as manned flights, the elimination of the require- 
ment for orientation of the spacecraft t o  the sun and the availabil i t<y 
o f  by-prcC1uc:ts such as water f o r  crew consumption o r  equipment coolin:: 
are attra.c:ti.ve features ,  

This technology shculd 

For  

Thermionic Conversion 

Thermionic conversion, the d i rec t  conversion of concentrated s o l a r  
energy t o  e l e c t r i c i t y  by a s t a t i c  device, i s  advantageous due 'GO i t s  



radiation resistance and small radiator.  A broad in-house progrtun as 
w e l l  as wo:rk w i t h  industry and universit ies i s  expected t o  provide the  
theoretical, understanding of t h i s  process and solve the materials and 
fabricat:ion problems associated w i t h  high efficiency and long l i f e  of 
thermion:ic conversion devices. Past research has indicated that 
tantalum:, niolybdenum, tungsten, and uranium carbide a re  possible materials 
f o r  use LLS cathodes. 
vaporiza1;ion rates of these materials and on the effect  of cesium vapor 
(used for reduction of space charge effects)  on the vaporization rates. 
Research on the use of ion injection and auxiliary electrodes w i l l  be 
cont inuecl 

In FY 1963, research w i l l  emphasize studies on t h e  

Solar Concentrators 

In order t o  make use of the abundant and f r ee  energy from the sun 
which i s  of' too low an energy density fo r  current conversion techniques 
usable in space projects, large parabolic mirrors are being developed t o  
concentrs.te t h i s  energy. However, t he  problems of fabricating such 
mirrors, the materials t o  be used, the construction of forms fo r  shaping 
these materials and the  methods f o r  erecting large, l ight weight, geo- 
metr ical] .~ accurate surfaces in  space and orienting them toward t h e  sun 
must be Elol.ved. In  addition, further study i s  needed t o  make such mirrors 
l i g h t  i n  weight, radiation res i s tan t  and of long l i f e .  Studies already 
under way on inflatable,  foamed p la s t i c  and rigid,  honeycomb structures 
w i l l  contir;.ue i n  FY 1963. 

Distribution and Control Equipment 

A ueeful power system must contain more than a device f o r  generating 
e l ec t r i c  power. For example, equipment must be provided t o  change the 
r a w  output power t o  the voltage and/or frequency required by the load, 
t o  control the dynamic behavior of the system and t o  protect the system 
from dangerous abnormal conditions. 
methods o f  providing these functions w i l l  be pursued i n  FY 1963 a s  part  
of t h i s  program w i t h  par t icular  emphasis on developing methods t o  ef- 
f ic ient ly  and re l iab ly  convert low voltage d.c. power (the r a w  output of 
most of the converters of in te res t )  t o  power a t  useful voltages. 

Advanced research on improve1 

Magneto Fluid Dynamic Power Generation 

Research i n  t h i s  area i s  prompted by the potential  high effi-iency 
and absence of moving parts fo r  "MF'D" generators. 
an "MFD" generator could be used i n  conjunction w i t h  a conventioni%l 
turbine for eff ic ient ,  l i gh t  weight power generation, particularlif where 
high power and re la t ive ly  short l i f e  are the requirements. 
required on the plasma properties, electrode processes and design 
optimization. 

It i s  believed that 

Studies are 

Basic research in  magnetofluiddynamics has been i n  progress 
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f o r  several years (1. e., fusion research) and recent research on power 
generation has been able t o  advantageously use much of the available 
technology. 
containment materials, plasma physics and the generation of high magnetic 
f i e lds  . 

Projected research i n  FY 1963 w i l l  stress high-temperature 

Battery Research 

Btt%’te:ries are of fundamental importance t o  the space prograri both a:: 
primary anergy sources f o r  short duration and as rechargeable deTrices fo r  
energy :;-to:rage in  conjunction with other sources such as the solar ce l l .  
Research should continue, however, towards l igh ter  weight, higher reliabit - 
l i t y ,  and :Longer l i f e .  Studies t o  provide a better understandint: of the 
causes o:e self discharge, polarization, and other conditions, i n  addition 
t o  advanced experimentation with electrochemical ce l l s  offering I-iglriter 
weight r;liould be conducted f o r  future application. 
emphasit; has been on high erlergy density systems such as cadmium-sil.ver 
oxide arid zinc-silver oxide i n  bat tery structures t o  solve problms of 
temperatiwe. 
operation with the  Department of Defense. 

Major research 

The FY 1963 ef for t  w i l l  continue t h i s  work i n  close co- 

Thermal Energy Storage 

For many potent ia l  applications of solar  heated power converters, 
such as thermionic converters, means must be provided f o r  storing; energy 
within tJie system so tha t  operation i s  not interrupted due t o  the space- 
craf t  being eclipsed by ear th  o r  the moon. 
stored ah  appropriate temperatures by melting chemical compounds, such as 
magnesia., which w i l l  release t h e i r  heat of fusion a t  constant t a p e r a t u r e  
on freezing. 
purpose etnd! t o  solve the problems associated with t h e i r  containment. 
Studies mli experiments are required which w i l l  provide the necessary in- 
formation on thermal properties such as conductivity, thermal eqansion, 
heat of f’usion, and melting and freezing heat t ransfer  characterist ics 
before t h i s  technology can be applied t o  an experimental system. 

For example, heat car. be 

Work w i l l  continue t o  identify suitable materials f o r  t h i s  

Advanced Technical 
Develox&nt 1961 

Solar Cell Technology. ......... $ 5 b , O O O  

Solar-Themionic Power......... --- 
Distribution and Control 

Thermoelectric Power 

Fuel Cell. T’echnolo gy........... 500, ooo 
Solar Concentrator Development. 100,000 

Equipment 535,000 

Conversion. .................. 225,000 
Battery Improvement Progr am.... 475,000 
Dynamic :Power Conversion. ...... 2,600,000 

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

Tota l . .  ...................... $ 4,975,000 

1962 

$ 600,000 
850, ooo 
900, ooo 

I, 030,000 

950,000 

390,000 
839,000 

4,200,000 

$ 9,759,000 

1263 

$ 500,000 
750,000 

1,000,000 
1,150,000 

1,688,000 

6 30,000 

6,2 50, om 
1,3130,000 

$13,2 38,000 -- 
RDO 20-4 



Solar Cell  Technology 

Contbuing ac t iv i ty  i n  t h i s  area w i l l  be concerned with reducing the 
w e i g h t  and cost and improving the r e l i a b i l i t y  of solar c e l l  power supplies. 
Methods to be used include the  concentrating of solar panels so that the  
ref lect ive isurface is  an integral  part  of the panel structure in  order t o  
increase -$he solar  intensi ty  impinging on the solar c e l l s  thus re;rulting 
i n  more power output per solar ce l l .  
for  solar  panels using welding i n  place of soldering where possib:Le, 
improved i;ht?naal coatings fo r  lower cost, lighter w e i g h t  and highw 
r e l i a b i l i t y  w i l l  be pursued. 

Work on improved assembly techniques 

Fuel Cell Technology 

Prototype system develoment t o  solve hardware problems and invest i- 
gate long l i f e  and r e l i a b i l i t y  problems are the obdective of th i s  project. 
Some types of fuel ce l l s  whibh have developed suff ic ient ly  t o  be nearly 
ready for  flight use w i l l  be emphasized. One type involved w i l l  be re- 
generative! hydrogen-oxygen ce l l s  which may be used as replacementE f o r  
batteries i n  solar power systems and i n  primary systems with potecltial 
applicaticm i n  manned vehicles. The development of auxiliary devices 
such as special pumps, controls, and water separators w i l l  be included. 
The selection of a fuel c e l l ' a s  the first choice fo r  a power supply on 
manned lucar vehicles emphasizes the requirements fo r  increased system 
developect work. 

Solar-Thermionic Power 

A solar-thermionic development program was in i t ia ted  i n  FY lgr%!. 
The continuation of the development of th i s  prototype flight w e i g h t  
solar-therazionic power system, generating 1 t o  5 kilowatts, w i l l  h'zlp 
solve engineering problems direct ly  affecting l ife,  r e l i a b i l i t y  and 
weight problems. This project w i l l  provide valuable information o:i 
practical.problems which must be solved i n  the developnent of the 
thermionic:: diode and the solar concentrator. It is  anticipated thxt 
e f for t  wLL1 24160 be conducted i n  integrating the thermal energy technology 
into a so:Liw-thermionic power system. 

Solar Concentrator Development 

Work :in th i s  f ie ld  is  the technical developnent e f for t  which comple- 
ments the vork on solar concentrators conducted under the Advanced 
Research progran. 
mirrors us:tng the materials and fabrication technology acquired under 
the research program. 
deployment and orientation problems fo r  light weight storable mirrors. 
An engineering experiment is being prepared f o r  an orb i t a l  test  t o  

Emphasis w i l l  be on the  development of prototype 

E&rly flight tests w i l l  be conducted t o  stucy 
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determine -the l i f e  time of various ref lect ive surfaces i n  the spttce 
environment, with complementary additional laboratory experiment t ;  

under sknu:lated conditions. 

Distribution and Control Equipment 

An :improvement in  the r e l i a b i l i t y  of converters and inverters is 
required because of numerous failures of t h i s  equipment. Funds are  
requested f o r  Fy 1963 fo r  development of improved devices, c i rcui ts ,  
packagirq; techniques, and tes t ing methods. Effort will also be directed 
toward improved power control equipment such as battery charge ccntrols, 
system pi*ot,ect ive devices, and switchgear development. 

Thermoelectric Power Conversion 

For certain applications, such as solar probes, power generation by 
thermoelectric conversion i s  highly desirable. It offers  several impor- 
tan t  features such as radiation resistance, a b i l i t y  t o  operate in  a high 
temperature environment and lower cost. In  previous years emphasis has 
been (directed toward materials research by government-sponsored msearch 
with limited engineering work done on the development of re l iab le ,  long 
l i f e  generators f o r  space use. In  FY 1963 funds f o r  t h i s  project w i l l  
provide f o r  i n i t i a t ion  of the required development e f for t  t o  f i l l  t h i s  
need. 

Battery Improvement Program 

Alth3u,~li batteries have been used with some success i n  space vehicles, 
1imitatio:is of present hardware continue t o  be of concern. E f f o n s  t o  
solve tecjmical problems associated with seals, separators and process 
control 1mve been effective and must continue i n  FY 1963. Ex-tensive hark 
is  planned :in battery evaluation including l i f e  testing, qkalificztticm 
tes t ing  and d e t a i l  fa i lure  analysis fo r  use as a guide i n  fur ther  product 
hprovemtsit:;. 
w i l l  hear d i rec t ly  on the margins of safety adopted, system weight, a sd  
reliahili-by ,. 
weight and greater r e l i a b i l i t y  w i l l  a lso continue e 

L i f e  tests are of‘ par t icular  importance as the results, 

Developnent o f  improved types of batteries with l igh ter  

Dmmmic Power Conversion 

In pev ious  years technology has been developed i n  the  extraction 
of power f’rclm heat by use of turbines and reciprocating engines. 
higher power system, dynamic conversion is  advantageous because cf  i t s  
l i gh t  weight and economy. The Sunflower 3 kilowatt auxiliary power systerr!, 
for  example, produces power, by concentrating solar  energy with a parabolilc 
mirror t o  b o i l  mercury with the  vapor being used i n  a closed system t o  
drive 8 turbine connected t o  a generator. 
nology of moderately large solar power systems is  being developed in  

For 

Under t h i s  project the tech- 



anticipatf-on of space vehicles requiring several kilowatts and up t o  
one year'r; l i fe .  

Work w i l l  a l so  be done on dynamic conversion of chemical energy 
through development work on engines f o r  use w i t h  cryogenic f'uels. 
Application of th i s  technolo@;y w i l l  involve both re la t ive ly  short 
missions requiring several kilowatts and missions where mechanical power 
is  requiresd f o r  roving vehicles i n  future planetary probes. 



NATIONAL AERONAIFTICS AND SPACE AlNINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

NUCLEAR SYSTEMS TECHNOLOGY 

SUMMARY -- OF REQUIRFIMENTS: 

Page 
No. 1961 1962 1963 .- 

Advanced Research.. . . . $3,902,000 $5,814,500 $15,327,000 RI)O 21-2 

Advanced Technical 
Develcqme?nt. . . . . . . . . 20,750,000 43,000,000 73,690,000 RIIO 21- 6 

Flight I)rograms.. . . . . 398,000 1,420,000 33,945,000 RI)O 21-8 

$25,050,000 $50,234,500 $122,962,000 

The purpose of the  Nuclear Systems Technology program contirues t o  
be the acquisition of the technology required f o r  the development of 
nuclear :-ocket propulsion systems capable of carrying large paylc ads on 
space missions over extended time and distances, and the technolclgy t o  
devel-op nuclear e l ec t r i c  power generating systems f o r  applicatior. t o  
e1ect;ricctl space propulsion or  as auxiliary power sources i n  spac ecraf t  

JUSTIFItXTION : --- 
The accomplishment of advanced manned missions in  space w i l l .  re-  

quire veliicles u t i l i z ing  engines having greater specific impulse than 
i s  now 1;liought possible with chemical rocket engines. Nuclear rocket 
engines using hydrogen as the propellant can meet t h i s  requirement. 
The application of a nuclear upper stage t o  large launch vehicles w i l l  
increase vehicle payload capability significantly fo r  extended mj.ssions 
( e  .g. interplanetary fl ight) .  
carried -3y l igh ter  and simpler launch vehicles, having fewer totz.1 
stages, if a nuclear stage is  incorporated. Depending upon the  (:hemica1 
vehicles available, certain space missions, requiring rendezvous i f  per- 
formed b,y  all-chemical rockets, can be accomplished without rendezvous 
by the use of nuclear stages. 

Conversely, a given payload can be! 

The c-nrent  jo in t  AEC-NASA program fo r  the  development of 
nuclear rockets i s  aimed at  the design, development and tes t ing  of 
nuclear rocket reactors, engines, and f l i gh t  test  vehicles leadini: 

€ax) 21-1 



t o  an init ictl  series of f l i gh t  tests i n  the  1966-1967 period. 
1963 the development and test of KIWI reactors w i l l  have reached the point 
where the f u l l  nuclear rocket engine (MERVA) development program, in- 
volving %lie procurement and tes t ing  of engine components, subsystem8 and 
complete ,systems w i l l  be expanded. 
ment e f for t  leading t o  the  Slight tes t  vehicle stage initiated i n  FY 
1962, w i l l  be expanded. 
1967 Plight test  series, research, development, and tes t  of an a d l a c e d  
reactor tiesign w i l l  be included i n  the AEC-NASA program. 
in  suppor't of the entire nuclear rocket program w i l l  a lso be contjnued. 

In  F'Y 

Also i n  FY 1963, the major dei'elop- 

I n  addition t o  the e f for t  aimed a t  the 15166- 

Basic research 

The nu'clear e lec t r ic  generating systems portion of the progmm is 
directed toward the general advancement of the  basic technology wjth 
specific 3p:plicat ion i n  demonstration of the f eas ib i l i t y  of a lon&-life, 
compact, lightweight, nuclear turboelectric system (SNAP-8) a% the 30 
kilowatt power level.  In  addition, the  technology required for the  
design and Idevelopment o f  more advanced and higher power systems ja the  
megawatt range w i l l  be supported. This advanced work w i l l  include work 
on turbogenerator and direct  conversion systems. 

FUNDDJG REQUIREMENTS: -- 

Advanced Research 1,963 
___. 

1961 1962 

Nuclear .Propulsion -- 

Hydrogen Properties ............... $330,000 $400,000 $'780,000 
Radiation Effects.. ............... 761, OOo 806,000 1,!~4o,ooo 
Dynamics and Control .............. 120, OOO 280,000 1,:r76,000 

Advanced Concepts.............. ... 650,000 680,500 1,562,000 
Engine Systems and Components ..... 810,000 980,000 2,h71,000 

Power Gea erat ion -- 
Mechanical Component Research.. ... 416,000 728,000 l,i3lO,OOO 
Direct Power Conversion........... 215,000 520,000 1, jh,c?OO 

Waste Hea.t Rejection. ............. 200,000 440,000 1b;2~0,,QOQ 
Liquid Metal Research. ............ 290,000 670,000 I, 720 GOO 

Advanced Ccncepts.. ............... 110,000 310,000 i 3 $ 8 , ~ ~  
ys 

Total. .............. $3,902,000 $5,81&,5OO $15, 327,9000 --- --- 
NUCLEAR PROPULSION 

Hydrogen Properties 

Hyd.rogen is  the propellant of most in te res t  for  the nuclear rocket 
because of the high specific impluse tha t  resu l t s  from i t s  low molecular 
w e i g h t .  Although hydrogen has been studied for many years, many of its 
physical arid thermodynamic properties i n  the lidquid-gas state are not 



suff ic ient ly  w e l l  known t o  design the optimum configurations f o r  
cooling pissages, pumps, reactor heat exchangers, f l o w  meters, 
rocket nclzzles, and other components a A continuing research pro- 
gram i n  EY 1963 and subsequent years is, therefore, necessary t o  
determine! 8,ccurate properties, such as density-temperature relatim- 
ships, transport properties, and dissociation and recombination r3tes. 
This research w i l l  a l so  contribute t o  the NASA l iquid propellant rocket 
engine development program (Centam, 200,000 pound thrust ,  and 1,300,000 
pound. thv& engines). 

Radiation Effect6 

In order t o  provide a proper technological basis for design and 
developuml; of opthun systems compatible with a nuclear radiation 
environment, the following suppmting research areas must continue t o  
be inventigated i n  FY 1963: 

(:L) Radiation damage t o  materials i s  of par t icular  Fmpcrtance 
at cryogenic temperatures, because the temperature is too 
low f o r  eelf-annealing of the materials. 
insufficient f o r  design and development purposes. 

Present data are 

( 2 )  Radiation damage t o  specific major components must be 
studied; examples are stressed materials such as those 
i n  turbines and pumps4 and guidance and control equip- 
ment. In addition, l iquid propellant heating (critical 
w i t h  l iquid hydrogen) due t o  radiation must be stuclied. 

Although much basic data on shfeding is; available, e f for t  
is  required t o  sfmplffy calculation technique-. f o r  the 
numerous combinations of materials, physical e,hape::, m d  
design concepts e 

( 3 )  

f 

Dymmics and Control 

The ent i re  flight system is subjected t o  acceleration force 5 varying 
from many tines the force of gravity during hunch t o  zero gravi-;y during 
coasting periods; therefore the dynamic behavior of a l l  componenbs and 
the  integrated system must be accurately known. 
FY 1.962~ t C J  determine such phenomena a6 the dynamic behavior of l iquid 
hydrogen in a zero grav.i%y f i e l d  and the resultant effect  of heat tmm.fer 
t o  the  hydrogen. 

Research is  plamed i n  

Ve~~*bc)u&~ possible methods of reactor start-up, engine s%%apt-up, and 
integra-bion of reactor, engine and vehicle control, systems must be  
investigated. Analog and d ig i ta l  computer simuhlion, plus phyaieal. 
analog using actual  components where possible, w i l l  be used fo r  this  
research. 



Engine Systems and Components 

Since nuclear rockets operate a t  conditions and with materials 
radically different from previous power plants, considerable basic 
research 3ata are lacking for  component design parameters 
t o  insure the development o f  eff ic ient  and reliable nuclear rockel, 
systems. The heat flux t o  the nuclear rocket nozzle i s  much higher 
than ha6 been previously encountered and studied. Therefore, bas:.c 
heat t ransfer  research provided by FY 1961 and FY 1962 funds is  under- 
way t o  determine heat t ransfer  coefficients and transport propert:.es of 
gases and l iquids of most in te res t  t o  the  nuclear rocket program. Re-  
search i s  also underway on basic chemical and physical properties of 
various materials fo r  these systems,and on the fundamental nature of 
pump cavitation and two-phase flow phenomena i n  l iquid hydrogen. 
tinuation of these studies is  provided f o r  i n  the FY 1963 request,  

Con- 

Advanced Concepts 

The performance of the heat transfer nuclear rocket w i l l  be 
limited by the temperature l imitation of materials, particularly in 
the fuel elements. Research funded i n  FY 1961 and FY 1962 on several 
concepts, such as gaseous core, dust bed and f lu id  bed reactors, is 
being conducted i n  an attempt t o  overcome t h i s  l imitation. 
studies to assist i n  the determination of f eas ib i l i t y  of these various 
advanced. concepts include turbulent mixing of gases, heat transf e r i n  
two-phase flowing systems, and separation of gaseous mixtures, Other 
studies t,o improve the performance of the heat t ransfer  rocket engine 
included advanced high-temperature materials research. 
request prcwides f o r  continuation of t h i s  research. 

FundaJnen%al 

The FY 1953 

POWER GENERATION 

The development of compact, lightweight, long-lived nuclear 
electxic power generating systems i s  c r i t i c a l  t o  achieving the per -  
formance potential  of e lec t r ica l  propulsion systems and large space 
e1ect;rical power sources The specific requirements a re  ten pounds 
or less *;otal system wefght for  each kilowatt of e l ec t r i ca l  power 
delivered, with reliable operating l i f e  of w e l l  over a year and 
elect;ricc%l power levels of a megawatt-, and higher. 
convert ;iuclear thermal energy t o  e lec t r i ca l  energy may be either by 
Rankine loycle mechanical systems, such as those presently used i r  
central  :?O’FTC?F stat ion plants, o s  by direct  conversion thermionic devices e 

The method used t o  

Mechanical Component Research 

The mlechanical components of an advanced turboelectric system w i l l  
be requLred %o operate in  the 1800 t o  2500 degrees Fahrenheit tempera- 
tu re  envirmnent and f o r  unattended periods of a year o r  mew- These 



components include compact heat exchangers, pumps, vapor separa-l;ors, 
multi-stage turbines, and other awciliary equipment. The perfo:immce 
requirements are w e l l  beyond present -day capabili t ies as ty-pif ied by 
central power s ta t ion design and current gas turbine practice. The 
FY 1963 request provides f o r  research e f for t  directed toward the 
accumulation of design information and the development of the tech- 
nology required t o  build such components. 

Direct Power Conversion 

The direct  conversion of reactor thermal energy t o  electri1:al 
energy without rotating machinery i s  an a t t rac t ive  approach f o r  the 
development of high-powered systems. 
r e l i a b i l i t y  and reduced system weight may resu l t  from the  achierement 
of direct  power conversion i f  long l i f e  and high efficiency can be 
achieved i n  these advanced systems. 
a re  inclu.ded i n  the  FY 1963 request. 

It appears tha t  increased 

Continued studies in  t h i s  area 

Liquid Metal Research 

Construction of advanced Rankine mechanical systems, as weL1 ELS 
direct cc'nversion systems, depends largely upon the development of 
high strength, refractory alloys capable of containing a lka l i  metals 
i n  both the l iquid and vapor s t a t e  fo r  long periods of time. 
dealing; with corrosion, erosion, heat transfer,  and physical and metal- 
lurgical  properties a re  continued i n  FY 1.963, 

Programs 

Waste Heat Rejection 

Urlwanted excess heat from space e lec t r ic  power generating systems 
must be removed by radiation t o  space since there a re  no other 2ooling 
methods available i n  space vehicles. Radiator design i s  of majm 
concern i n  the advanced nuclear e lec t r ic  systems since the radi(3tor 
may comprise as much as s ixty percent of the t o t a l  system weight. 
SpeciaJ. problems include radiator deployment, zero gravity opes ?&ion, 
micron;.c!teoroid penetration, high temperature capability, emissi vit:r, 
and mu.l.t,i-tube para l le l  flow and compatibility with l iquid metals. 

Advanced Concepts 

Ldmitations i n  presently known power generation systems make it, 

In  FY 1963, these may include magneto- 
necese,Esry t o  examine advanced concepts f o r  possible u t i l i za t ion  i n  
nucleax space power systems. 
hydrod.j~i6rnic generators and f iss ion f rawent  converters. 
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1961 1962 

Advanced - Technical Development 

Nuclear Fropulsion 

Reactor I'est Support.. ............ $4,495,000 
Nuclear Rocket Engine Development. 2,3OO,OOO 
System and Component Technology.. . 6,100,000 
Propellants ....................... 2,105,000 

-- 

Power Generation 

SNAP-8 Development. ............... 2,400,000 

Component Technology 3,300,000 
Megawatt System Design Studies... . 50,000 

Total.. .  ............ $20,750,000 

Reactor Test Support 

$ 5 , 9 0 0 , ~ 0  
18,000,000 
6,600,000 
2,700,000 

6,000,000 
200,000 

3,600,000 

$43,000,000 

$5, jOO,O00 
36,000,000 
7, 1300,000 
12, : 500,000 

7,000 , 000 
~710,000 
2 4 :L80,000 

$73,t;gO,OoO 

M A  has the responsibil i ty f o r  supplying and developing non- 
nuclear components f o r  the reactor test  program of the  AEC. 
nozzles and l iquid hydrogen feed systems used by AEC i n  the i r  conduct, 
of the KIWI-B ser ies  of reactor tests have been and are being pro-Tided 
by NASA. I n  FY 1963, AEC w i l l  support development tes t ing  of reactors 
aimed a t  higher power-density reactor operation. 
t o  develop, and w i l l  deliver, nozzles capable of withstanding the  
higher heat f l u e s  involved in  these t e s t s .  
continue t o  develop, and w i l l  deliver, a l iquid hydrogen turbopump 
with the increased capacity needed fo r  these reactor tests. 

The 

NASA w i l l  continue 

In addition, NASA wf:U 

Nuclear Rocket Engine Development 

.During FY 1963, the nuclear rocket engine contractors w i l l  carry 
out a program of engine design, component development and testing.,  
and hardware procurement aimed a t  complete engine tests i n  FY 1961~ 
and f l i gh t  tests i n  the  CY 1966-1967 period. 
t o  be used i n  the engine w i l l  be based on the resu l t s  of the KLWI-B 
reactor test series, but w i l l  incorporate features necessary t o  a2ow 
handling and operation i n  a f l i gh t  rocket system. The nuclear rocket, 
engine t e s t s  w i l l  provide information on s t ructural  and mechanics:- 
design, reactor t ransients  and control, radiation, and thermal con- 
siderations; and w i l l  aid i n  familiarization of personnel with thc 
assembly and operation of nuclear systems. Non-nuclear engine con- 
ponents * w i l l  be subjected t o  tests under conditions which simulatt? 
engine cmditions as r ea l i s t i ca l ly  as possible t o  determine the 

The design of the reactors 
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reliabil i . t ,y of such components and systems. "Side-by-side" experi - 
ments wiU. be conducted i n  connection with the  reactor tests t o  
demonstrate the u t i l i t y  of these cpnponents i n  a radiation environ- 
ment. The data resul t ing from t h i s  phase of the  program, and the  
design decisions based upon these data, are necessary t o  insure the  
timely prosexution of later development and test e f fo r t .  

System and Component Technology 

Many of' t he  problems of nuclear rocket systems are unique and 
require extension of t h e  available technology. 
flux to the nozzle of a nuclear rocket i s  considerably higher than 
the  heat f lux  i n  the  nozzle of a chemical rocket, new problems i n  
design, miter ia ls  and heat t ransfer  arise i n  the  nuclear rocket 
nozzle. Advanced concepts, based on results of basic research, a r e  
a l so  needed f o r  design of flow measurement instrumentation, control 
valves, and bearings and seals i n  order t o  provide reliable operation 
with 1.iquj.d hydrogen. 
i n  FY 1963 t,o design and develop pumps and t h e i r  turbine drives t o  
insure ef'f'icient pumping of large quant i t ies  of hydrogen over a w i i e  
range of conditions. In  addition t o  component studies, analyt ical  and 
e ~ e r i m e r i t ~ a ~ .  investigations are necessary i n  FY 1963 f o r  successful 
integrati.cm of the  components in to  successful propulsion systems. 

Because the  heat 

Extension of the  current technology is  required 

Propellants 

Liquid hydrogen is  used i n  the  nuclear rocket reactor tests and 
i n  developnetnt of non-nuclear components required i n  reactor tests 
and engines. I n  addition, nitrogen and helium are required at  the  
various test, f a c i l i t i e s  t o  purge, and t o  precool or  ch i l l ,  the  system. 
Propellant, funding i n  FY 1963 is  based upon these combined requirenents 
i n  the  nuclear rocket engine, reactor- tes t  support, and f l i g h t  t e s t  
vehicle stage development programs. 

SNAP-8 Developnent 

The present schedule and funding plan f o r  SNAP-8 are aimed at  a 
f l i gh t  test  i n  mid-1965. During FY 1963, development and endurance 
tes t ing  of' t.he power conversion systems (at f u l l  power) w i l l  be con- 
ducted in .  fc iur  test  c e l l s  a t  the  contractor 's  plant.  In  support of 
integrateclt#esting of the  conversion uni t  with t h e  reactor,  AEC i s  
currently building (with AEC funds) a nuclear ground prototype test 
f a c i l i t y  witoh beneficial  occupancy scheduled ear ly  i n  FY 1963. Tes t -  
ing of t he  complete nuclear e l e c t r i c  generating system i n  t h i s  
shielded f 'aci l i ty  w i l l  begin short ly  thereaf ter .  
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Megawatt System Design Studies 

The a i m .  of these studies i s  t o  lead t o  the development of higa- 
powered nuclear-electric systems as soon as technically feasible. 
The 1Fmiting: factor i n  the  developent of such high-powered nuclear- 
e lec t r ic  propulsion systems continues t o  be the e l ec t r i c  power genlir- 
a t ing system.. I n  FY 1963, the  latest data from the advanced research 
and technclogy programs w i l l  be used t o  i n i t i a t e  design studies of a 
power genera.tion system i n  the  megawatt class.  

Component Technology 

The component technology ef for t  i n i t i a t ed  with pr ior  year fun3s 
w i l l  conthue i n  FY 1963, because research knowledge and data can De 
u t i l i zed  i n  development programs only i f  they are thoroughly studi3d 
using models of various components and sometimes ful l -scale  hardware. 
For example, aerodynamic and hydrodynamic research resu l t s  form t h ?  basis 
fo r  the design of pmps and turbines. 
made before the most reliable, l igh tes t  weight components can be blilt. 
A t  the same time resul ts  from corrosion research must be evaluated f o r  
determining the selection and performance of materials for  the pum- and 
turbine. 
be solved by additional research are encountered, and thus, the advanced 
research program i s  influenced by the technology development progrms, 
as w e l l  as by the hardware development programs. In  the same way 
other comyionents of the power generation system, such as radiators, 
boilers, \*apor-liquid separators and power conversion devices, w i l l  be 
studied as single component and multi-component systems in  order t 3  
lower the cast and time of developing f i n a l  systems fo r  space appli- 
cat ion .  

However, many compromises m i s t  be 

During the course of t h i s  technology development, probleins tha t  1x.11 

1961 1962 

S N A P - ~  Vehicle Integration. . . . . . . . --- --- $7,6830,000 
Nuclear Rocket Fliaht-Tast 

Stage (EIET) Development. . . . . . . . $300,000 $1,300,000 25,730,000 
Operat i o n d  Safety 98, ooo 120,000 - 645,000 

Total. . . . . . . . . . . . . . $398,000 $1,420,000 $33,945,000 -- 
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- S W - ~  Vehicle Integration 

Develcqpent tes t ing  during FY 1963 w i l l  provide the data neecled 
f o r  subsequent endurance t e s t ing  of t he  f l i g h t  prototype system i n  
ear ly  FY 15)64. The funds f o r  S W - 8  vehicle integration requestel  in FY 
1963 wi1.1. provide the  first increment f o r  f l i g h t  integration and t e s t  
payload development needed f o r  a test  f l i g h t  i n  mid-1965. 

Nuclear Rocket Flight-Test Stage (RIFT)  Development 

The! nuclear rocket f l i gh t - t e s t  stage development consists of the 
design, clevel.opment, fabrication and t e s t ing  of a nuclear upper stage 
incorpomting the NERVA engine, and flight t e s t  of t h i s  nuclear pro- 
pulsion system i n  an upper stage on an Advanced Saturn booster. The 
fligkte t,t?st; stage development project w i l l  therefore provide the  f i r s t  
oppor%un:ity t o  demonstrate t he  prac t icabi l i ty  of nuclear rocket pro- 
pulsion anti t o  obtain nuclear rocket flight data. 

In  Ii?E 1963, it is  planned that selection of materials, stage design, 
companenl; design and tes t ing,  environmental tes t ing,  and a mock-up of 
the  stage w i l l  be completed. Fabrication j i g s  and fixtures w i l l  be 
selected, but major fabr icat ion and assembly, whieh w i l l  be paced t y  progress 
i n  the  niiclear rocket reactor and engine program, w i l l  be i n i t i a t e d  
sf%er FY 1963. 
deveAopmn.1; of adequate interface information related t o  the protlems 
of engine-:;tage integration. 

During FY 1963 e f fo r t  w i l l  be directed toward the 

Operational Safety 

Th:ls area includes basic considerations such as materials selection, 
as wt:LP as techniques of launch operations and nuclear rocket recove~y.  
Syqttm Imtwia l s  must be studied f o r  radiation charackr i  s t i e s  or 
chemica:L tox ic i ty  i n  the event of catastrophic f a i lu re .  
test operations, transportation of nuclear components, vehicle assembly, 
launch i3ro:edures, and t r a j ec to r i e s  must be taken into considerat ion i n  
insuring safe  nuclear system operations. The two primary considwat,ions 
are avoidance of nuclear radiation hazards and hydrogen explosion hazards. 

T e s t  fa< ili.?;ies, 
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NATIONAL AERONAUTICS AND SPACE ACMINISTRATION 

FISCAL YFAR 1963 ESTIMATES 

AIRCRAFT AM> MISSILE TECHNOLOGY 

SUMMARY -- OF REQUIREXENTS: 
1961 1962 1963 - Page Nc. 

Advanced Research. . . . . . . . $22,000,000 $24,000,000 $30,000, OC 0 RDO 2!2-3 

Advanced Technical 
Develo~papent. * .  - .  . . . . . . . . . 8,000,000 9,000,000 9,500,OCO RDO 22-11 

Flight I':?ograms,. * .  . . . . e 7,857,000 8,479,000 13,088,OCO - RDO 22-12 

0 - - Total. . . . ., . . . . e . $37,857,000 $41,479,000 

To generate the  technology f o r  the  design, construction, and. operation 
of advanced aeronautical vehicles and missiles t o  support current and 
projected c i v i l  and mil i tary requirements and t o  maintain United States  
leaderskip i n  these f ie lds .  

JUSTjCFICATlCON : -- 
NASA1s Aircraft and Missile Technology program generates data which 

are used extensively i n  the following areas: 

1. On June 28, 1961, a National program was i n i t i a t ed  by t h e  
Federal Aviation Agency, Department of Defense, and the NASA 
toward the development of an economically competitive super- 
sonic commercial air  transport. 
the  advanced research information necessary f o r  t he  project. 
The major goals of the  program are the attainment of the capa- 
b i l i t y  t o  compete economically with the  long-range subsonic 
transport of the 1970's, public acceptabili ty with regard t o  
such factors  as noise and sonic boom, satisfactory safety and 
r e l i a b i l i t y  characterist ics,  and the  maintenance of United 
States  leadership i n  aeronautics. I n  addition, the design 
must be capable of future performance growth i n  terms of range, 
payload, speed, and economy of operation t o  protect the  Nation's 
investment. 

NASA's ro l e  is  t o  produce 

2. Several types of short take-off and landing (STOL) or  ver t ica l  
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take-off and landing (VIFOL) a i rcraf t  are under consideration 
i n  the c i v i l  transport field, following extensive NASA research 
effor ts .  h n g  these are an airplane intended t o  operate in 
underdeveloped t e r r i t o ry  in  advance of road and ra i l  systelas, 
a feeder transport capable of operating e f f ic ien t ly  from 
small fields and of making use of the relat ively free  connxt-  
ing s t r i p s  perpendicular t o  the main airport  runways; and 3 
long-range STOL transport  capable of competing w i t h  the przs- 
ent transports on moderate length in t e rc i ty  routes by v i r t i e  
of its a b i l i t y  t o  operate from relat ively small airports  
located close t o  the centers of' c i t i e s .  The first two types 
0.f a i r c r a f t  have military counterparts with full ver t i ca l  .:&e- 
off (VTO) capability i n  the United States short-range T r i -  
Service transport and the NATO medium-range transport. In the 
case of helicopters, NASAls research work is  directed towa::d 
de temining ways of attaining all-weather capability, increased 
fe r ry  range , increased component l i f e ,  improved f lying qual- 
i t i e s ,  reduced noise, and reduced complexity. 

3. For ;several years, NASA has concentrated on a continuing pj.0- 
gramto develop the means for providing true multi-mission 
combat a i rc raf t ,  thus reducing the number of types necessaiy 
t o  meet, mili tary requirements. As a resul t ,  a variable swept- 
wfiiig t a c t i c a l  a i rc raf t ,  known as the TFX, is  now in the in:.tial 
s1;agges of procurement by the Departnent of Defense. 
unique a i r c ra f t  is a two-man, twin-engine, fighter-bomber de- 
signed principally fo r  the medium-range s t r ike  and reconnais- 
smce roles of the Tactical Air Command. It has extensive 
capability also as an air- to-air  interceptor f o r  close air- 
support;, ayld as a Navy combat a i r -patrol  o r  s t r ike  airplane * 
In  addition, the Navy asd A r q y  currently have under study E ,  

second close-support multi-mission a i rc raf t ,  known as VAX c l r  
ALSCAS (All-Service Close Air-Support) The perfomawe re6,uire- 
rmsitt; f o r  t h i s  airplane have not yet been f ina l ly  determined, 
but; are expected t o  fo l low those of the TEx airplane i n  gerleral, 
except t h a t  the gross weight w i l l  be about half t ha t  of the TFX 
and it w i l l  have more stringent requiremnts fo r  short take-off 
arid ].anding performance 

This 

4. Th.e potent ia l  of hypersonic aircraft has generated much in te res t  
in .  tk.e Department of Defense. The Dyna-Soar project i n  particu- 
laa* demands advances in the state-of-the-art i n  the areas c f  
prcbpvlsion, hyperscnic aerodynamics , structures , and materials 
The 8:-15 flight research program, the Dyna-Soar development 
prclgram, and various reentry vehicle programs are providing 
sone of the required information. Further work w i l l  be conaucted 
i n  this area in  FY 1963. 
studies of recoverable boosters i n  an e f fo r t  t o  make the space 
prcgram as economical as possible. 
possibi l i ty  of a manned hypersonic a i r c r a f t  t o  replace the first 
stage booster of a launch vehicle t o  carry the payload and 
upFer stage mckets t o  a high-altitude, high-velocity condition 

NASA has also conducted numerous 

One method studied i s  the 
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before they are  launched. 
c:d.ly a t t rac t ive  provided the a i r c r a f t  i s  capable of a 
suf'f'iciently high velocity and there are a large number 
cbf re la t ively small spacecraft t o  be launched. The air- 
c ra f t  would also possess the advantage of being self- 
f'errying t o  desirable launch points and of providing the 
~aiy important capabili ty of off-set  launch. 

This method might be economi- 

5 .  Advanced technical development t o  support both mili tary 
anit c i v i l  a i r c r a f t  procurement i s  continually conducted 
i n  the NASA Research Centers. 
Ln cooperation With government-sponsored contractors a t  
%her request of the cognizant government agencies when i n  
t h e ?  national interest .  

This work is  performed 

6 .  IWA will also continue t o  conduct i n  FY 1963 advanced 
1;echnical development i n  support of missile programs of 
the Department of Defense. In  the case of maneuverable 
rnissfles, the work includes the aerodynamic s t a b i l i t y  
tmd control aspects and c r i t i c a l  nadgation and guidance 
component development. 

FUNDING -- l?EQ,,REMENTs: 

Advanced -- Research 

Supersonic Commercial Transport 1961 - 
Aerc~iym,mi.cs $10,200, OOO 
,Propulsion 2,500,000 
Strx-tures & materials 2 , ~ , O O o  
Operat:Lng improvements 500,000 

'bimsport $15,200,000 
Siib -Total, Supersonic 

V/STOL Aircraft  -- 
Aero Qnami c s $ l970O,OO0 
Propulsion 100,000 
StPJctures & mater ids  300,OOO 
0pe.rating tmprovements 2oo,oO0 

Aircraft $ 2,300,000 
Sub -'Total, V/STOL 

Multi --3 -capability Aircraft  

Aerodynamics $ 3 , ~ , O O o  
Structures & m t e r i a l s  30Q9000 
Operating improvements 

Sub -Total, Multi - aoo;ooo 

capabiG t y  Aircraft  $ 3,500,000 

1962 

$10,300,000 
3,500,000 
1,500, OOo 
~00,ooo 

$16,ooo,0oo 

$ 1,500,000 
500,000 
500,000 
500,000 

$ 3,000,000 

$ 3,000,000 

$ :i,500,000 
: L, 000, OOO - :L, 000,000 I 

$~,500,000 _- 
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Yypersoiiic Aircraft 

Aexoilynami cs $ 450,000 $ 1,000,000 $ 1.,000,000 
Propulsion 350,000 600, ooo 1., 000,000 
Structures & materials 200,000 400,000 - :I2 000,000 - 

4i.rcraf t $ 1,000,000 $ 2,000,000 $ :~,ooo,ooo - 
Siio --total, Hypersonic 

Total, Advanced 
$22.ooo,ooo $24,000,000 a), 000, OOO - Re search 

Supersonic Commercial Transport 

Aero dynami c s --- 
An intensive aerodynamic research e f for t  t o  establish the  teckfiicah 

f eas ib i l i t y  of an economically-competitive, high-performance, supersonic 
commercia.1 transport and t o  ident i fy  c r i t i c a l  problem areas for  fur ther  
detailed investigation has been underway by NASA since F Y  1960. The 
resultE, have played a major role  i n  the inception of the current program 
of government assistance toward the timely development of a suitable 
prototype. 

Although broad technical f eas ib i l i t y  has been sa t i s fac tor i ly  demon- 
strated,  the  research has shown tha t  an aerodynamic configuration to  
sat,isf':r tihe stringent requirements of the a i r l i nes  and the  public has 
not! yel; been f u l l y  achieved, and the  technology t o  arr ive a t  ar optimum 
sol.uti.on f o r  the United States '  needs is not yet available t o  the  a i r -  
c ra f t  .industry. 
substaiit- ally increased. 
theorcsical  and experimental studies of ways t o  improve f l i gh t  eff iciencj, 
dyriamic s tab i l i ty ,  and handling qual i t ies  throughout the wide speed 
range iqpl ic i t  i n  %he complex transport mission; accumulation of additi.or,al 
basic &,-;a fo r  predicting t h e  characterist ics of a l ternate  design soh- .  
t ions 'Defore the  prototype i s  frozen; and fur ther  application of high- 
l i f t  devices and speed brakes t o  the  preferred aerodynadc conj'igurations 
i n  order t o  maintain current take-off and landing speeds on prc?sent run- 
ways e 

The NASA e f for t  during FY 1963 must;, therefore, be 
Cr i t ica l  areas f o r  the  enlarged ef for t  include 

Pro pu 1 s ion 

Extensive research information on airbreathing engines i s  availab:l.e., 
however, because of problems peculiar t o  the development of a suitable 
propulsion system f o r  the supersonic transport, additional res;arch is  
necessary e 

2ku.dies have been ini t ia ted,  and w i l l  be continued i n  FY 1963, t o  
determine the optimumtype of engine f o r  a supersonic transport air- 
craft ,  i t s  required design features and mode of operation. In  these 
analyses, each class  of engine cycle w i l l  be mated t o  representative a i r -  
frame ccnf igurations and the  cycle design and operating variables (e.g *, 
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pressure rat ios ,  temperatures, by-pass ratios,  match l ines)  as w e l l  as 
t h e  13ight prof i le  w i l l  be varied i n  order t o  ascertain the  most favor- 
able design conditions, 
perfommce of compressors, turbines, fans, and burners, the  sat isfactory 
matching of these components throughout the operating range, and avoid- 
ance of (Dperating limits such as rotating s ta l l  and engine surge, The 
inlet ,  e x i t ,  noise suppressor, and thrust reverser performance must be 
examined, and the  weights of the propulsion system components muck be 
detemi:ned accurately by preliminary design procedures 

O f  particular importance i s  the off-design 

Continuing research over the  past eeveral years has furnished in- 
formation on the  design principles of a i r c ra f t  i n l e t s  capable of satis- 
factory operation a t  one specific M%ch number; however, these pr:.nciples 
have not been combined in to  an i n l e t  design which i s  matched t o  the par- 
t i cu l a r  airflow requirements of the  propulsion system needed fo r  a super- 
sonic transport. Also, the  performance of such an induction sys';em 
operating off-design, through a range of angles of attack and sideslip, 
cannot be analyzed adequately by simulation, and must, therefore,  be? 
determined experimentally, Another i n l e t  problem which i s  known i n  
principle, but which must be determined experimentally f o r  par t i  : uh r  
designs, i s  the area of i n l e t  controls, sensor location, and sen3or 
type. 
embrace a l l  operating variables, such as in l e t  geometry changes, k c h  
number, alt i tude,  and airframe interactions 

Fesearch t o  be in i t i a t ed  i n  FY 1963 i n  t h i s  direction w i l l  

Anotber investigation t o  be undertaken i n  FY 1963 i s  the exploration 
of fuels axailable f o r  use i n  a supersonic transport. 
of  non-hydrocarbon components i n  f u e l  introduces problems of thermal 
instabi1.ity tha t  w i l l ,  become severe i n  a Mach 3 transport where serodyna- 
mic heatirg may expose the  fuel. t o  moderately high temperatures for very 
much lortger periods of tbme than those currently encountered. Sma1.L 
amounts of' sol ids  from the t race  impurities i n  petroleum-derived fuels  
can cIcl(; nozzles, and foul  f u e l  controlso Analyses and investig3tions 
will, be conducted i n  FY 1963 t o  obtain a typical  time-temperature 
his tory of' fuels  i n  supersonic eomercial  transport operation. iJork 
w i l l .  also be done t o  determine the degradation of f u e l  which can be 
expected und.er operating conditions, the effect  of t h i s  degradation on 
engine m c t  aSrfraxne overhaul l i f e ,  and the relat ive benefits  t o  be 
obta.inetl through the upg-ading of: these fuels ,  

The concentration 

Structures & mterials -- 
Minimum st ructural  weight is impra t ive  t o  the  development of an 

ef f iciwit  
have the  capability of withstanding the loads, %emperatures and acoustic 
envirorrrnent over the lo-15 year lifetime of the airplane. 
severe environment must be withstood with no increase i n  the percentage 
of E;truc:tural weight compared t o  present-day subsonic a i r c ra f t  

reliable supersonic transport ., The a i r c ra f t  structure must 

This more 

O v e r  the past several years the amount of s t ruc tura l  research 
applicii2le t o  a i r c ra f t  has been declining Research aimed at  problems 



of s t ruc tura l  design has shown a marked decrease, and research aimed 
at f l u t t e r  and other dynamic problems has been continued at a lover 
leve l  of e f for t  than previously. The f eas ib i l i t y  of the  supersonic 
transport has given impetus t o  new s t ruc tura l  research, i n  par t icular  
research relat ing t o  s t ructural  materials. 

O f  primary importance i s  an increased knowledge of t h e  basi: 
properties of the materials of which supersonic transport is  t o  'le 
constructed. 
long material l ifetime w i l l  be expanded i n  FY 1963. 
and analyt ical  program i s  required t o  provide means of predictin% the 
s t ress  corrosion of materials under consideration f o r  both steady- 
s t a t e  and fatigue loads in  atmospheres tha t  maybe contaminated v i t h  
sea salt and other contaminants. 
i n i t i a t ed  t o  evaluate the effects  of fusion and resistance welds or 
other fastening methods on the parent metal properties under t i m e ,  
temperature, fatigue and corrosive environment. 

Research in i t i a t ed  i n  FY 1962 on temperature range and 
An experime;ltal 

In  addition, a program w i l l  be 

Also urgently needed i s  an evaluation of the properties of 
nonmetallic components of the airplane which must a lso withstand the 
environnlent of supersonic f l igh t .  
ship of necessary research programs f o r  other materials f o r  i t e m ;  
such as t i r e s ,  bearings, windows, seals, insulation, hydraulics 
i s  projected f o r  FY 1963. 

A compilation of data and spoisor- 

Equally important i s  the e f f ic ien t  u t i l i za t ion  of these matminls 
t o  derive optimum structural  designs. 
structures t o  f ind optimum parameters f o r  wings and fuselage construc- 
t i on  using steel and titanium f o r  the  s t ructural  indexes and s t ructural  
rigidity. requirements a re  planned. These w i l l  include t e s t s  of speci- 
mens and. segments of components up t o  f u l l  s i z e  including fabric2tiion 
techniques under t e s t  conditions of t i m e ,  temperature, and loadiig 
cycles which simulate the supersonic f l i gh t  time history. 

Studies and t e s t s  of types of 

Operat irj& Improvement s 

FY 1962 and pr ior  year funds provided f o r  research i n  supersonic 
a i rc raf t  csperating problems which are directlyrelated t o  the supzr- 
sonic ccimiercial transports are : 

a. Studies of runway requirements and the  response of a i rc raf t  
configurations t o  runway roughness. 

b. Edadies of atmospheric turbulence a t  a l t i tudes up t o  1013,000 
f ee t  

c. Generalized studies i n  the fields of a i r  t r a f f i c  control, 
communications and meteorology. 

d. Studies of sonic booms using wind tunnel and f l i gh t  invps- 
tQa t ions  e 
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e. Studies of landing approach techniques using simulator 
arid f l i gh t  experiments 

f .  Studies of handling qual i t ies  of various a i r c ra f t  con- 
f lgrrat ions using simulator derived data. 

The FY 1.5963 request provides fo r  continuing work i n  these areas. I n  
the past, tvo years, these research e f for t s  have provided much of the 
basic in:?oimation required for  the development of a supersonic corn- 
mercl.al 1;rttnsport. 
the need and direction for  f i r t h e r  research. Past research e f for t s  
which have required the use of simulators have been handicapped by 
the lack of proper f a c i l i t i e s  such as the f ive degree of freedom 
simul.ator at  the Ames Research Center which began operations in  the f a l l  
of 1361 and the simulator planned for the Langley Research Center. 
F Y  1963 Yunds requested w i l l  also be used t o  support the major re- 
search e f for t s  required i n  such operating problem areas fo r  the super- 
sonic tmnsport  as sonic boom, information display systems and air  
t r a f f i c  control. The resul ts  of the research e f fo r t  on these problems 
w i l l  have a direct  influence upon a i r c ra f t  configuration. The mission 
prof i le  of the supersonic transport and the combination of alrframe 
and poweipl-ant characterist ics required t o  f l y  the mission prof i le  
are d.irec:tl.y dependent upon the solution of the sonic boom problem. 
Research w i l l  be directed w i t h  FY 1963 funds toward mr the r  f l i gh t  
teszs uE8:.ng various supersonic a i r c ra f t  and specialized wind tunnel 
tes t s  t o  determine both the effect  of t o t a l  lift and aerodynamic 
desigp cm sonic boom intensity.  
be uri.dei*t,&:en t o  ascertain the effects  of changing meteorological 
condi t i c m  on boom propagation. 

The research i n  sonic boom problems has indicated 

An extended f l i gh t  t e s t  program w i l l  

Siniiilahor faci l i t ies ,both existing and planned for the Ames and 
Langley Research Centers, w i l l  be the principle research t o o l s  used 
t o  s t u d y  the problems associated with information display. 
w i l l  p*xrniit, the economical and simultarierous stddy of variable air- 
craft, ckrxmcteristics, flight situations and navigational problems 
with the p i l o t  i n  the simulator with the goal of optimizing infor- 
maticii Lsp lay  systems f o r  the extremely demanding task of  supersmil:: 
ccmxrci €11 a i r c ra f t  operation, 

Simulators 

A i r  t r a f f i c  control presents a severe problem today and the 
problem ~ r i l - 1  be magnified as  speeds and volume of a i r  t r a f f i c  in- 
crease. 
craf t  am1 tbe ground control system w i l l  be studied i n  FY 1963. 
Reseam?. in t h i s  area w i l l  t i e  together a i r c ra f t  simulators, computing 
fac i l i t i e l s  and a i r  traffic: control s imdators  for  study of -the resu l t -  
ant s itid a",.ons . 

A systems analysis approach which considers both the a i r -  



Vertical and Short Take-off and Landing (V/STOL) Aircraft - 
Aerodynamics -- and Propulsion 

Funds f o r  continuing wind-tunnel studies on a var ie ty  of config- 
urations ccasidered sui table  f o r  various a i r c ra f t  missions requiring 
ve r t i ca l  o r  short take-off and landing are included i n  the  FY 1963 
request. Plthough additional research studies w i l l  be required on 
t i l t-wing and. t i l t -duc t  models, which FY 1961 and FY 1962 studies have 
shown t o  be p r t i c u l a r l y  
research enphasis w i l l  be placed on more-advanced, high-performance 
concepts u t i l i z ing  l i f t i n g  fans and deflected je t s .  
w i l l  be given i n  FY 1963 t o  studies of the air flow into l i f t ing-fan 
wing-mounted engines on advanced configurations, and t o  means f o r  
overcoming the p s s i b l e  adverere characterist ics of these configurations 

useful f o r  the subsonic V/STOL transport, 

Special attention 

Operating 19rovement s - 
An imFortant unachieved requirement f o r  the helicopter o r  any 

V/STOL ; a i r c r a f t  i s  all-weather operation 
u t i l i z ing  the Ames height-control t e s t  apparatus t o  stimulate steep 
approach f o r  landing under instrument-flight conditions. In addition, 
ground-simulation studies in i t i a t ed  i n  FY 1961will  continue i n  FY 
1963 on possible improvement of V/STOL a i r c ra f t  stabil i ty and control 
t o  define <acceptable ranges of s t a b i l i t y  parameters, and t o  examine 
t h e  cha:racteristics of specific V/STOL concepts. 

Studies are planned 

Multi- capabili ty Aircraft 

Recent developmenQin variable-sweep-wing technology provide 
the  captibi.lit,y f o r  optimizing, within a single airframe, the  con- 
f l i c t i n g  aero5ynami.c requirements of subsonic and supersonic f l i gh t ,  
Such an ai:rcraft w i t h  wings swept forward can have superior take-of.? 
and landing characterist ics,  intercontinental ferry range, and long- 
duration 1111~31d" on station. 
mde, it, can have excellent high-altitude supersonic performance 
combined with good efficiency and low gust accelerations i n  low-alt:.tude 
f l i gh t .  This significant advance i n  mission versatal i ty  w a s  made 
possible litrgily by the  e f for t s  of the Langley Research Center which, 
i n  FY 1961 an13 FY 1962, conceived and developed a rat ional  basis fo r  the 
design of IL variable-sweep-wing conf igwation having adequate stabi:.ity 
and cont,ro:L cliaracteristies throughout a wide range of sweep angles I 
Recent invc;t.Lgations have been concerned with configurations considered 
applicable -to the  Tactical  Fighter-Bomber airplane. 

Also, w i t h  the  wings i n  the  sweptback 

In order fo r  the new multipurpose a i r c r a f t  t o  rea l ize  the  
maximum benaf it s of the variable-sweep concept, significant technical 
advancer; a m  required in  several areas. The new realm of vehicle 
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i n e r t i a  ratios (wings f u l l y  swept) leads t o  problems of dynamic rmponse 
and f lying qual i t ies .  
includes funds for research on skin-fr ic t ion drag a t  the very high 
Reynolds number corresponding t o  low-level supersonic f l igh t ,  development 
of new aerodynamic controls f o r  the f u l l y  swept-wing sweep conditton, 
and research t o  overcome trim drag with sweep angle. 

In  the area o f  aerodynamics the FY 1963 re lpest  

Structures & Materials -- 
From the s t ruc tura l  standpoint the deflection character is t ics  of' 

the wing pivot of a variable sweep a i r c r a f t  combined with the high 
speeds at  l ~ w  a l t i t ude  poses serious f l u t t e r  problems. 
aimed a t  Dptimizing such configurations w i l l  be conducted i n  FY 1!,63. 
The a;Lrea$y numberous occurrences of panel f l u t t e r  f o r  current f igh ter  
a i r c r a f t  c J i l l  be great ly  increased f o r  more advanced a i r c r a f t .  The 
FY 1963 : r q l e s t  also provides f o r  basic studies t o  es tabl ish acceptakle 
predictio 2 methods and boimdaries of panel f l u t t e r .  

F lu t te r  research 

Operating _. Dnprovements 

l a w  al-:itude attack modes and long distance l o w  a l t i t ude  
penetratfion:; required for  successf'ul mi l i ta ry  mission accomplishment 
of future t a c t i c a l  a i r c r a f t  systems pose new problems i n  navigatic n, 
a i r c r a f t  and p i l o t  response t o  low a l t i t ude  gusts and i n  design of' 
terra5.n a-Joidance equipment. 
preliniina:.-y studies of the handling character is t ics  of  typical  
variable-sweep t a c t i c a l  fighter-bomber configurations and w i l l  con - 
tinue t o  lie used t o  study the low-altitude problem areas fo r  a basic 
understanding o f  the requirements and then t o  check out, the character- 
i s t i c s  of' int>egrated navigation, t e r r a in  avoidance and a i r c r a f t  contml  
systems. For these studies, i n  which motion cues are  very important, 
moving base simulators which subject the p i l o t  t o  a i r c r a f t  motions 
resul t ing f m m  environmental and system response inputs are  required. 

Simulators have been used i n  recent 

Hypersonic Aircraft  

Aerodynamics 
-1- 

To a1loL.t the Mach 5 and 6 range, it appears t ha t  the  hypersonic 
ai.rplance can evolve i n  a logical  m m e r  from work being done on t ? e  
X-15, advsnced mil i tary aircraft and on the  supersonic transport .  
Be2-;oild Mach 6, however, analyses indicate tha t  hydrogen must be us3d 
as the f u e l  i n  order t o  provide an adequate heat sink capacity for 
handling the very intense aerodynamic heat input. 
density fuel  in tens i f ies  aerodynamic and s t m c t u r a l  problems by r e -  
quiring a major 
introduces major problems with regard t o  the handling of cryogenic 
l iquids .  
request, 

The use of t h i s  low 

increase i n  the volume of the a i r c ra f t  and a l s o  

Provision fo r  continuing research i s  included i n  the FY ~ 9 6 3  
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Propulsion -- 
'The biggest single hurdle t o  be faced i n  the development o f  an 

hypersonic a i r c r a f t  i s  the development of an en t i re ly  new propulsion 
system u t i l i z i n g  as i t s  basic component some as-yet-undeveloped tir- 
boramjet, subsonic or supersonic burning ramjet, a l iqu id  air-cyc:Le 
engine, o r  a similar engine. Fac i l i t i e s  f o r  the development of sirch 
engines do  not ex i s t  i n  th i s  country and are  l i k e l y  t o  cost hundreds 
of m i l l i m s  of dol lars .  The cost of these f a c i l i t i e s  w i l l  increa;e 
Drogressively with increasing f l i g h t  speed. 
the principal objective of current research by NASA i s  directed to- 
ward obtaining information needed t o  es tabl ish the basic f e a s i b i l i t i e s  
of thlese types of airplanes.  
studies t o  be t te r  define the propulsion problem areas which w i l l  lie 
encountered i n  continuous f l i gh t  at hypersonic speeds. Analytical 
studies . w i l l  'be conducted t o  define the poten t ia l  of possible eng::ne 
cycles, and t h e i r  re la t ion  to the airframe. Engines capable of 
operating over a portion of  -che required Mach number must be compounded 
t o  achieve hypersonic f l i gh t ;  therefore matching of potent ia l  pro])ul-. 
sion systems w i t h  each other and integration with the airframe wi:-1 
be s tudi id .  Methods fo r  the collection of l iqu id  air  and the sepwa- 
t ion  of l iquid oxygen while i n  f l i gh t  w i l l  be investigated. Since the 
attsiimeit 3f supersonic combustion of fe rs  promise as a hypersonic: 
propulsion system, basic studies of  burning i n  a supersonic s t e m  
w i l l  i2lS13 be undertaken. 

Because of t h i s  s i tuat ion,  

The FY 1963 request includes f'unds ?or 

Whi'Le considerable research has been conducted i n  p r io r  year:; 
by NASA on i n l e t s  a t  Mach numbers up t o  3.0, there i s  a void i n  
comparabLe information at  the higher speeds. Research e f fo r t  i n  
FY 1963 will be directed toward development of induction systems tle- 
signed fo r  Mach numbers i n  excess o f  6 and w i l l  include t e s t s  a t  
lower speeds 50 obtain information a t  off  -design operating condit:.one . 
,Because of the high temperatures involved, the hypersonic i n l e t  must 
have a slnple design; however, it i s  apparent t ha t  some form o f  variable 
geometry is required t o  achieve sat isfactory performance at other 
than $he fiesign cruise Mach number. The i n l e t s  t o  be investigated 
i n  t h i s  program, while of a general research type, w i l l  have provision. 
fo r  cont:r3l of the boundary layer  as a means f o r  improving the pro- 
pulsive efficiency. The integration of the i n l e t  into the airfrarie 
w i l l  also be studied t o  determine design and location which w i l l  
prove t o  be of benefit  t o  both the airframe and the propulsion syritem. 

Structure -- 3 and Materials 

Thex  are major structures and materials problems which increase 
in severity as  the design cruise Mach number increases. The s t ructure  
of a hypersonic a i r c r a f t  must perform i t s  load carrying task undei- 
a high teinpt?rature environment of 1000° t o  1700° Fahrenheit. The 
selection o C appr0priat.e materials and t h e i r  u t i l i za t ion  i n  a s t m c t u r a l  
arrangemcit represent problem areas of c r i t i c a l  importance t o  the 
hypersoni? a i r c r a f t .  Studies w i l l  be undertaken i n  FY 1963 t o  
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evaluate nater ia ls  f o r  the high temperature environment and t o  develop 
protective coatings which may be required f o r  some materials.  
as refractory materials a re  charac te r i s t ica l ly  of high density, nttw 
concepts i n  s t ruc tura l  design w i l l  be required. 
progrim is included i n  the FY 1963 estimate t o  develop e f f i c i en t  
structural. concepts which w i l l  furnish the desired strength and s1;iffness , 

Iniismuch 

An intensive research 

Advanced-Technical Development 

1961 1962 1953 

M i  s s i:Le 're c hnolo gy $1,000,000 $1,000,000 $1,000,000 
Hype rson i c .Aircraft 1,700,000 2,500,000 2,500,000 

Aircraft  Support ~,300,000 5,500,000 5,000, ooo 
Militiary and C i v i l  

M i  s s i.Le Technology -- 
The FY 1963 estimate provides f o r  continuous NASA wind-tunne:. 

model studies i n  support of current and proposed mil i tary missile 
projelzts. This i s  a continuation of the t rad i t iona l  assistance wliich 
the NASA has provided t o  the  mil i tary services i n  the past ,  including 
assistan2e i n  the i n i t i a l  design of advanced concepts, determinat:.on 
o f  the a2ticipated fl ight performance of new weapons, and improverlent 
of  the capabili ty of exis t ing mil i tary weapon systems. During thc 
last year, such support included investigations of the aerodynamic 
character is t ics  o f  the Skybolt air-to-surface missile; the stabil:.ty 
and contr3l character is t ics  of the GAR-9, the Subroc, the Pershin& the 
Redhead-:33a3nuzner, and ARGMA ramjet missiles; and the f l u t t e r  
character is t ics  of the Typhon missile.  

Hypersonic -- .Aircraft 

The purpose of the Dyna-Soar program i s  t o  determine the mil:.tary 
potentia.1 of hypersonic boost-glide type weapon systems, t o  provide %L 

basis fo r  such developments, and t o  provide research information (in 
the d ia rac te r i s t ics  and problem of flight i n  the boost-glide flight 
regime u-9 t 3  o rb i t a l  speeds. 
development of the Dyna-Soar vehicle, the NASA i s  responsible for 
providing the technological information f o r  i t s  development. 
NASA has the responsibil i ty f o r  defining the research instrumental,ior, 
%or the C l i & t  phase of the  program. In  performing these prescribed 
responsi'3ilities, NASA i s  conducting a continuing e f fo r t  at i t s  
Resea:rch ?enters i n  the form of experimental wind-tunnel, analytical, 
and g:rowiI-'based simulator studies.  
been conducted, much remains t o  'be done i n  order t o  develop the 
technology necessary t o  provide adequate s t ab i l i t y ,  control and 
-perfo:rmaiice character is t ics  
on a var ie ty  of configurations on f l u t t e r  character is t ics ,  s t ructural  

As a partner with the Air Force i n  %he 

Also, 

Even though considerable work has 

With FY 1963 f'unds, work w i l l  continue 
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dynamics, and aerodynamic and s t ruc tura l  heating i n  addition t o  
guidance a n d  control, energy management, cockpit displays, and flight 
operatior. techniques. 

General -- b[il.itary and Civi l  Aircraf t  Support 

Research on specif ic  a i r c r a f t  w i l l  a lso continue t o  be conducted 
during 3’4‘ 1.963 a t  the request of the mil i tary services. In  the past  
year, investigations have included <aerodynamic studies of models sf 
the H-5? arid B-70 bombers; Avocar, Hawker, Fairchild, Vertol, Ryan, 
and Doak.7m’OL a i r c ra f t ;  the  KULA and HU2K helicopters;  and the C-141 
transport, stirplane. 
mil i tary support w i l l  be about the same leve l  during FY 1963. 
anticipe;t,ed program f o r  FY 1.963 i s  expected t o  include specif ic  t e s t s  
o f  su.ch vehicles and t h e i r  components as f igh ter  and bomber a i r c ra f t ,  
VTOL a i r c ra f t ,  an t i -a i rc raf t  and anti-missile missiles, ta rge t  
drones, i-ec:overy devices, and ground support weapons. 

addit,iorutl work will be required during FY 1963 t o  improve the  already 
excellen:; subsonic transports.  
d i rec t  operating costs of  one-third o r  more a re  possible through 
increasi-ng the airplane s ize  t o  the maximum permissible f o r  trunk- 
l i n e  aiiyoi?ts (350,000 t o  400,000 pounds), increasing the force-lreak 
Mach number by 0.05 t o  O*l, and by developing a geared turbofan Engine 
w i t h  a b:rpass r a t io  i n  the range of 3 t o  5. 
aeroctynmic research i s  planned i n  FY 1963 i n  the areas of aeroQnamic 
interfe~t?nce e f fec ts  a t  high subsonic speeds, optimization o f  wir.g 
camber mid t w i s t ,  and optimization of engine ins ta l la t ion .  

It i s  anticipated tha t  the current l eve l  of 
The 

If the competitive posit ion of the United States is t o  be maintained., 

Studies indicate tha t  reductions i n  

Necessary additional 

1961 1962 1963 -_. 
B-58 fl:i,&-t simulation of 
Supcnxnic Transport operation $ 100,000 $ 500,000 $1,60o,oc~o 
B-70 flight simulation of 
Superso ni:: Transport operation ---- 200,000 1,500,000 

X-15 hypsrsonic environment 

V/STOL airiraft 757 J 000 779,000 1 , 988,000 
s tudie ;j 7,000,000 7,000,o00 0 ,  000, OOO 

To’:*al, Flight Program $7,857,000 $8,479,000 $13,0813,000 - 
7 

---- B-58 and B-70 Flight Simulation of Supersonic Transport 

Thi? design, development, and operation o f  a supersonic tran;;port 
present a ,wide var ie ty  of challenging problems, many of which camo-f; 
be solv2.d by analyt ical  methods or model t e s t s  alone. 
can ‘be divided in to  two categories: basic research i n  problem weas; 
tha t  a r e  d i f f i c u l t  t o  simulate i n  wind tunnels or where f l i g h t  

The p7oblems 
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ver i f ica t ion  i s  required, and operational problems where human factors  
and a i r c r a f t  u t i l i za t ion  a re  important factors .  
the mean8 f x  investigating these problems and i n  order t o  provide 
the  necessary information on a timely basie f o r  the design of a p::actical 
supersonic transport, flight research must be i n i t i a t e d  i n  FY 1962 and 
continued i n  subsequent years. To obtain the required research infor- 
mation, it i s  planned t o  f l y  a B-58 a i r c r a f t  and a B-70 a i r c r a f t  :in 
simulate5 transport  operation. The program using the B-58 w i l l  begin 
i n  l a t e  FY 1962. It w i l l  be used t o  study turbulence and make gui;t 
measurements at the cruise a l t i tudes  of the projected supersonic 
'cransport; t o  investigate and define operational techniques i n  the take- 
off ,  CclLgb, approach, and landing phases of a transport  f l ight  pa-;teia; 
t o  study and define handling qua l i t i es  and control requirements; imd 
t o  study and define navigation and guidance and air  t r a f f i c  integ::ation. 
The B-58 airplane can be used effect ively t o  p a r t i a l l y  simulate a 
supersonic transport  and w i l l  supply much needed valuable informaxion 
a t  an early date. However, the  B-70 a i r c r a f t  currently scheduled t o  
f l y  i n  December 1963, w i l l  provide data not aOtainable w i t h  the mich 
smalller and slower B-58. For e x w l e ,  t o t a l  airplane l i f t  and drdg, 
boundsry-layer and in te rna l  noise, boundary-layer t rans i t ion  and skin 
f r i c t ion  drag are functions of Reynolds number, and fu l l sca le  f l i $ t  
infomation is  needed for ver i f ica t ion  of  theoret ical  analyses anla 
wind tunnel studies.  The B-70 w i l l  be instrumented t o  obtain d i x c t  
measurements of skin f r ic t ion ,  noise, and boundary-layer t rans i t ion .  
Also instrumentation i s  required f o r  d i rec t  measurement of thermal 
stresses,  deformations of the large s t ruc tura l  components such as the 
fuselage, wing, and control surfaces t o  determine the requirements fo r  
s t ruc tura l  design and safe ty  factors  f o r  supersonic transports.  
Navigational aids, and dllweather systems and other p i lo t ing  aids and 
displays will be studied. Funds a re  requested f o r  FY 1963 t o  pro-ure 
and i n s t a l l  the  required instrumentation i n  the B-70 f o r  the planied 
f l ight  studies.  The B-70 is  currently i n  the fabrication stage aid the 
instrumentation instaL1ation should be accomplished during this stage 
i n  order not to  delay %he supersonic transport  development progran. 

Flight research :is 

X-15 Program -- 
The three X-15 research airplanes were developed t o  explore the 

hypersonic f l i g h t  environment and t o  obtain fundamental research 
information under r e a l r s t i c  flight conditions pertinent t o  the pr3blerns 
of  hypersonic f l i g h t .  The X-15 research airplane program consists of 
studies i n  the research areas of vehicle performance, aerodynamics, 
heating, f l ight control and control systems, and physiological 
phenomene.. 
the f l i g t t  conditions at  higher a l t i tudes  possibly as high as 90 niles 
and a t  szleeds up t o  4000 M€!K. 
X-1-5 airplane, par t icu lar ly  with regard t o  i t s  a l t i t ude  capability, 
makes it a valuable t e s t  vehicle fo r  many usef'ul experiments. Sone 
of the  experiments planned i n  FY 1963 for inclusion i n  t h i s  progrm 
include t.lt raviolet  stellar photography, horizon definiton, infrared 
exhaust Ebignature and a landing computer. 

During FY 1963, t h i s  program w i l l  be continued t o  explore 

The exceptional performance o f  the 
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V/STOL Aircraft  
e-- 

Extersive %Light studies t o  be t te r  define and understand L e  
handling characterist ics of a variety of concepts w i l l  be continued 
in FY ~ 9 6 3 .  One of the ear ly  findings of the study of a Vertol t i 1 . t -  
wing t e s t  bed at Langley w a s  t h a t  it was llmited t o  very low rates o f  
descent dii? t o  wing s t a l l i ng  which adversely affected s t a b i l i t y  anc! 
control. 'Fhe i n i t i a l  f l i gh t  tests have been completed and the aircraft 
i s  now bei:ig modified by the addition of large wing leading- and 
trailing-edge flaps t o  a l leviate  the s t a l l i ng  characterist ics.  The se 
modificatfon:; together with an increase i n  power t o  exploit i t s  
increased capabili t ies should provide ear ly  experience and informat ion 
applicable especially t o  tilt-wing type a i r c ra f t  planned fo r  the 
Tri-Servic:e assault transport. 

Another VTOL test  bed a i r c ra f t  on which originally planned f l i gh t  
t e s t s  have been completed i s  the Bell t i l t - r o t o r  vehicle. 
t e s t s  indi.c:at,ed tha t  use o f  the flapping rotor as a propeller i n  the 
cruise condit,ion generated forces tha t  reducedthe s t a b i l i t y  and in- 
creased aiz*frarne vibration, adversely affecting f l i gh t  handling 
quali t ies.  The airplane i s  now being modified t o  examine the e f f i -  
ciency of  s8everal design changes which, theoretically, w i l l  overcorn? 
these deficiencies and t o  determine the f eas ib i l i t y  of using the tilt- 
rotor concept i n  an operat iond VTOL vehicle. 

These 

Because of the l imitations inherent i n  ground-based simulation, 
flight studies are planned in  FY 1963 u t i l i z ing  the Bell X-14 deflectcci 
j e t  airplane, and the Vertol YHClA helicopter. These basic aircraf"; 
have been modified t o  provide variable s tab i l i ty ,  damping, and cant:-ol 
which w i l l  enable the p i l o t  t o  choose during flight from a wide 
variation of parameters from hover through t ransi t ion t o  normal f l i&t .  
These airc.rsft  w i l l  provide additional eeens ive  information on the 
flying q u ~ L i t  ies required for satisfactory V/STOL a i r c ra f t  and w i l l  
provide a inmis of evaluating and modifying various proposed VTOL 
designs. 

Furthe:r ;study is  planned during FY 1963 using the C-130 airplare  
equipped w::-;h boundary layer control over the wing t o  study operaticnal 
characteris-;ics of a large STOL airplane i n  steep landing approaches. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

TRACKING AND DATA ACQUISITION 

SUMMARY-~ REQUIREMENTS: 

1961 1962 
Page 
No. - 

Systems Development. . . $11,512,000 $13,051,000 $15,950,000 RDO 23-2 

Network Operations . . . 24,067,000 55,376,000 67,815,000 RDO 23-8 

Equipmznt and Components ~- 8,751,000 26,417,000 74,645,000 RDO 23 -12 

Total . . e . . . . . .$u, 330,000 $94,844,000 $158,410,000 

OBJECTIVES: -- 
To proride the tracking and data acquisition services required by 

NASA flight programs. 

JUSTIFICATION: -- 
Every space fl ight mission, whether rocket development, sc ien t i f ic  

satellite, space probe, o r  manned spacecraft, i s  undertaken t o  gsther 
information. 
managers of the mission i s  the worldwide network of tracking and data 
acquisition stations.  These stations, linked together and t o  th,? NASA 
data centers by a communications net, receive and record telemetwed data, 
track the spacecraft i n  order t o  determine i t s  position, and tra1wni-t 
command signals as required. 
requirerrents for tracking accuracy, amount and kind of spacecraft-gathered 
information t o  be transmitted, command signals t o  be received, and 
location of ground instrumentation t o  perform these functions. The NASA 
networks, supplemented as required by cooperating stations, are z f:Lexib%e 
and resgonsive too l  used to  f u l f i l l  the requirements of the f l ig3t  mission;. 

The c r i t i c a l  element i n  getting such information bsck t o  the 

Each flight mission has i t s  own s p x i f i c  



FUNDING REQUIREMENTS: -- 
Systems Development 

Improvement sf Exist inq 
Syatems a.nd qperations: 

Data acquisition......... 
Electronic tracking ..... 
Data processing ......... 
Spacecraft command . . e . . . 
Antennas ............. .* 
Calibration ......e..E... 
System tsesting a . . . . . 

Sub-system Development : 

N ~ W  Systems Development : 

-- 
I 

1961 - 

Total ,  Systems Development . $ll,512,000 

1962 - 

417,000 562,000 
$4J 184J Oo0 $ T I ) 3 J  OOo 

$13,051,000 $15,~jO,OOO -- 

One of the basic functions of tracking and data acquisition is to provide 
the necessary ground instrumentation support required by the NASA spaceflight, 
program. 
ing years bas substantially increased, the capsbilities of the ground instru-, 
mentation nust be augmented by developing new systems and making improvement;s 
to existine systems and operations. In many instances, state-of-thc-art 
sub-systems and equipment are being developed for incorporation int 3 the grouid 
instrumentation to meet the more demanding requirements of the spacxriift 
missions iz. a technically and economically sound manner. 

As the number and complexity of the spacecraft planned for the follow- 
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.- berovements of Existing Systems and Operations 

Data acqui s i. t ion :: --- 
The cu.r~ei~t  sens i t iv i ty  of data acquisition receivers w i l l  be fur ther  

improved by including parametric and maser preamplifiers i n  operatioral  
systems, A%-tho@ a reasonable background of development work has been 
performed, l;luree areas must be pursued. Since cer ta in  high-sensitivi t y  
devices, suc:li a s  the  maser, are not yet f u l l y  ready f o r  operational f ' ie ld  
use, there mirsl; be an e f for t  to make such systems optimum f o r  f i e l d  
operation arid $0 seduce t h e i r  current complexity. Work must also be 
performed t ic) mike these ultra-sensit ive systems operational at  the  new 
frequencies rrhich NASA w i l l  soon be using. Lastly, work w i l l  be performed 
t o  improve cc?rl;ain currently used devices, such as cooled p a m e t r i c  pre- 
amplifiers, 1;o provide even greater sens i t iv i ty  f o r  meeting planned space- 
craft requiremstnt s (I 

ELe ctroni. c t;iracki.q: --- 
The NASA s a t e l l i t e  tracking system, used since 1959, has provided 

nost of the :,oc!ational &%a on a l l  NASA earth-orbiting spacecraft. 
necessary t o  aE;sess the accuracy of the  tracking system i n  l i gh t  of the 
proposed new spacecraft; programs and t o  improve the system capability. 
The trajectories and orb i t s  of the  planned spacecraft missions w i l l  be 
analyzed and. also evaluated i n  comparison with data already obtained. 
To increase the: f l e x i b i l i t y  of the current s a t e l l i t e  angle measuring 
system, which uses a fixed-beam type of interferometer, and t o  provide 
an economic system f o r  data acquisition, work w i l l  be performed on the 
addition of eblec6ronic scan subsystems t o  existing systems. 
f o r  swinging the  fixed beam i n  order t o  provide angle tracking over greater 
spatial volunief %ban presently possible and arraying of smaller apertures 
will be major- areas of emphasis. The s a t e l l i t e  tracking system measures 
mgulas data bx radio as a primary means t o  determine spacecraft position. 
The propagation. of radio waves through the ionosphere, including auroral 
effects, is a, l imiting factor  on system accuracy. In  order t o  meet tracking 
accuracy reqLirements of planned spacecraft, work w i l l  be performed t )  obtain 
be t te r  infornation concerning these propagation errors  and improvements i n  
current methcds of compensation. Development i n  other f i e lds  of prop3ga%ion, 
such as transmission through planetary atmospheres and rocket exhaust media, 
w i l l  be undertaken t o  improve current techniques, 
requirements of present programs such as Ranger and Mariner which must muin- 
t a i n  communication during maneuvers and m e r  landing on ex t ra - te r res t ia l  
bodies e 

It is 

Techniques 

This work w i l i  meet the 

Ihta processix:  - 

Improvements w i l l  be made on the  speed and economy of current &;a 
reduction operations. 
computers t o  bet ter  advantage i n  the  handling and reduction of the te.Lemetry 
data. 

Work w i l l  be performed on the use o f  high-speeli 

It i s  known that the orb i t  computation program currently used causes 
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errors i n  the qxxecraf t  position output data independent of inaccuracies 
i n  the input, data. The error is  a function of the orbi t  being computed, 
the computat,:.on equations, and errors i n  constants used. 
t o  improve t h e  quality of o rb i t a l  calculations, especially as applied t o  
the new t,ype:a; of orbi t s  planned fo r  future spcec ra f t .  
done on nietkiodr; t o  s-peed orbital computations i n  order t o  affect  ecoromies 
i n  computDer iisELge t i m e ,  

Work will be done 

Work w i l l  a l so  be 

Ihproveraerits w i l l  be made i n  the command receivers currently used on 
8ne objective w i l l  be modifications t o  allow ranging as w e l l  
If th is  proves possible, it w i l l  not be necessary i n  certain 

spacecrafi. 
as  command, 
spcecraf’t t;o provide a second receiver solely fo r  ranging. 
decrease spc:ecraf% w e i g h t  and power whfle increasing r e l i ab i l i t y .  
objec*bivet i E :  t o  improve the sens i t iv i ty  of the spacecraft receivers row i n  
use. This work k r i l l  involve both coherency of reception rand lower ncise 
components Lo meet planed spacecraft requirements. 
formed on ful?roving existing equipment and operation of r e a l  time data handling 
systems for 1h~atph cormnand control of large complex s a t e l l i t e s  l i ke  04.0, OGO, 
and OSO. 
the Eark;h for maximum effectiveness i n  gathering data. 

This w o u l d  
P. second 

Work w i l l  also l e  per- 

Thr?stf spacecraft w i l l  require real-time operational con%ro3. from 

The ext;c:n:;ive use of large ref lector  antennae i n  NASA ground ia r t ru-  
mentation ha:; ~:esul%ed i n  the recognition of many deficiencies i n  present- 
day equipen-; ~f t h i s  type, 
of the anteruza are  warranted. 
drive syr:terms. Work w i l l  be done t o  develop ePectricaP dauive system with 
c a p b i l i t i e s  over the presently used hydraul ic drive systems. 
be performed i n  the  area of eddy-current clutches and d i f fe ren t ia l  drives, 
the l a t t e r  t;o aUeviate  current. pmblens of separmtc motors f o r  two Elpeed 
ranges of: op?rat;ion causing servo ‘tmsfents at switchover. The measurement 
of ref Lector surface accuracy w i U  be improved. 
are curren.9;:l;y ~%vaflable on the ref lector  surface accuracy of large antennae, 
particularly wider typical  f i e ld  operating environment conditions. Another 
area of jmpi:ovc?ment i s  i n  mtenna ref lector  surfaces. 
on wind timiel models of currently used antennae t o  ident i fy  possible! structira.1 
improvements 02.’ a d ~ t i o n s .  
structure btscomes part of the servo loop. 
and s t ructural  compliance of current antennas w i l l  be examined f o r  iriprovemnt. 
Antenna @.irti13g; fmprovement w i l l  involve combating problems of breakout forces 
and backlash and incorporating be t t e r  shaft p s i t i o n  sensors for  angular read- 
out. 
extent, de te  laline antenna efficiency, noise input, and pointing accuracy. 

Improvements ixx vir%wlly every sub-syst em 
One area of improvement w i l l  be i n  barlie 

Work \*ill also 

Few signif icant meawrement ti 

Work w i l l  be continued 

In a closed automatic tracking mode, the antenna 
Such items as resonant frcquencief; 

A major f i e l d  of improvement w i l l  be i n  feed systems, which, tci a large 
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Significant improvement has already been accomplished by NASA i n  the 
developnent of a very l o w  noise "shaped illumination" feed and i n  the 
use of Cassegrain microwave optics , 
especially in the  simultaneous lobing feeds used for  tracking. 
a lso be performed i n  modifying existing feed designs t o  operate in  t:ie 
new space com.unfcation frequency band, 

Further improvements appear feasible, 
Work w i l l  

Calibration ; - 
a&n the area of tracking, the proper reception of data and the dxiolute 

There have accuracy of a measurement&e directly dependent on calibration. 
been m y  tecbnieal problems involved wVkh W b r a t i o n ,  both f o r  ear th  
sa te3 l i te  arid deep space instrumentation. 
botn the earkh 
calibrating equipment e 

and range and range-rate tracking w i l l  be improved. Emphasis w i U  b e  on 
mung certain, ca3.Abration equipment more automatic t o  eliminate hmzn 
errorp reduce operating time, and t o  make certain calibration techniper;  
mrc repeaWbl.e fo r  reducing systematic errors. 
usefulness c d  the Sun and radio stars for certain calibrations will be 
continued. 

Work w i l l  be done t o  improve 
airborne portions of existing opt ical  and e1ectmxi.c 

The calibration equipment for h r g e  antenna >Dint ing 

Evaluation of the 

System T e s t i s ; :  -c . 

Toward. the  end of any developnent phase, new systems and sub-6;ystems 
must 'be thorboughLy tested. 
laboratory performatuce is  actual ly  obtained i n  practice. 
be opmted .u tder  f i e l d  conditions t o  determine t rue  r e l i a b i l i t y  and potential  
operational, problems. Such testing i n  advance of the equipment use on n 
planned spa,c:ec:rafi mfssion i s r  v i t a l  t o  insure success of the  mission and 
the  ab%l.fty of' the  ground instrumentation t o  meet re l iably the spacecraf't 
requirements. 
thoroughly t,raine;d i n  t h e  operation, calibration and use of the new systems 
or  sub-systtcm. 
Current methods include use of simulators, airplane targets, coUimation towers, 
and extra-tepr'estial bodies. As an i l lus t ra t ion ,  a t e s t  program called 
"as&romttrlc:s" is i n  use on deep space instrumentation. 
ments was c:cnclucted very successfully last year integrating f o r  the first 
time manby new sub-systems, including maser, parametric amplifier, ten- 
kilowa%t trrlncimitter, ultra- stable frequency devices, and a new rawe  
correbt t ion coder. 
more acc:ur&l;e?ly physical, constants of the solar system. 
constants is v i t a l  i n  performing the NASA space missions. The forcnost 
advance dW2-Q; the past year was the improvement i n  the  accuracy of the 
astrononlec&t:b unit by a factor of 100. 
generate pmpcrr guidance equations i n  order t o  have a spacecraft intercept 
a plane%, wi%h minimum energy expenditure. 'phis ser ies  of measuPemer.ts has 
also re&Lt;r?d in increased knowledge of the surface roughness and dielectric: 
constant of: Venus, needed f o r  optimum design of planetary spacecraftl 
altimeters 

It must be determined if theoret ical  o r  
The equipment must 

Equipment tests also allow the f i e l d  personnel t o  become 

Such t e s t s  vary widely with the type of new system involved.. 

A ser ies  of measure- 

This test program w a s  also directed toward meaovring 
Knowled@ c f  these 

The information is  necessary t o  



Sub -System Development 

The state of art i n  electronics i s  advancing rapidly. May new 
sub-system &we recently been developed fo r  applications, generally not 
associated with space work. DeveJlopment will be undertaken t o  make 
these sub-systems sui table  f o r  inclusion in  ncw instrumentation systems 
or, where ~x)s8ible, as augmentation t o  existing systems. Some sub- 
systems i n  %hf.s development category a re  th in  films, cryogenic elements, 
adaptive dii3plays, micro-electronic circuits,  super-conductive mater ia le ,  
and direct  c:nergy conversion devices. 
d i g i t a l  tec1m:iques w i l l  be incorporated into existing equipment. T1c.e 
developenf; work planned is t o  meet requirements of the spaceflight 
program, inc:.luding impPovement of sub - syst em r e l i a b i l i t y  i n  support clf 
Agofio i~eqixLrement s . 

Sophisticated automation and new 

Ncw Systems Devehopnent 

Dcvebprnent of new data acquisidion receiving 
system using current s t a t e  +f -the-& components i s  highly desirabh.  
The goal of t h i 8  work i s  t o  reduce substantially the volume, power ].e- 
quirements, a n d  complexity of the current equipment and to increase its 
r e l i ab i l i t y ,  :maintainability, and operational sixrrplicity. This w i L  be 
done by the use of solid-state components, improved packaging, sub-iiystem 
automt:lon, fa i lure  detection, and autorimtic calibration. The design 
of the equipmen% w i l l  be optimized f o r  operator use and minimumtimcs 
maintenance. 
and uti.lit,y costs. 
t o  meet certain short-term requirements for data coverage at a poin-; on 
a spacecraft o rb i t  which is  not v i s ib le  from existing Earth stations. 
This system w i l l  support a spacecraft, such as EGO (Eccentric Ceoph;ysical, 
Observatory), i n  a r t e l l i p t i c a l  o rb i t  where certain data coverage is re- 
quired a t  the fairly low a l t i t ude  perigee portions of the orbi t .  rl; is 
not always possible t o  place the perigee within view of exis€ing Earth 
instrumentation and, i f  it were possible, a relat ively small change i n  
launch vehicle performance might place the perigee i n  an area where no 
coverage w6.s possible. 
spacecraft performance soon after injection. With the planned use Df 
parking o r t i t s  by many spacecraft missions, the points of injection w i l l  
be located over different areas of the world, many of which have no 
instnunenta,tion f a c i l i t i e s .  
l y  be devehged, 

Data a 9 f i s i t i o n :  

Such systems w i l l  tend t o  lower future operating faci:Litiec 
A new portable data acquisition system w i U  be developed 

This system may also receive information on the 

A prototype system of th i s  type w i l l  i n i t i a l -  

-I Electronic tracking: The present deep space ranging system i s  
currently kmrpered by ambiguities i n  the measured data a f t e r  ta rge ts  
a re  mre-tkran-severt6 million ailes away. 
developed t,o provide unambiguous and precise measurement of ranges at  
interplanet;ary distances. Devclopment work w i l l  a lso be i n i t i a t ed  on 
an Apollo tracking system with i n i t i a l  e q h a s i s  on an integrated mdssion 
system and it;s application t o  the injection and re-entry phases of flight. 

A unique code system w i l l  be 



Data processing: The current data processing system i s  not capable 
of handling the increased data volume and speed requirements of planned 
spacecraft, A new data processing system w i l l  be developed w i t h  higher 
speed, more versa t i le  data outputs and display, greater capacity, aid 
almost fu l ly  autolpatic data reduction capability., Despite past develop- 
ments i n  data acquisition techniques, the recorded data is  often st:ill 
contaminated by noise, 
the spacecraft transmitted capabili t ies and the data acquisition sy:;tems, 
low signal-to-noise data w i n  s t i E  have t o  be processed. Systems imst 
therefore t e  developed t o  process such noise data using improved tech- 
niques, neb' correlation detection devices, and signal-to-noise enhaice- 
ment circul t s . 

Wen with the projected advancements i n  both 

Spcec%=a.f’t coxmmd: A new digital-type Earth-based command 6ystem 
w i l l  be developed fo r  s a t e U t e  spacecraft. The current command system 
U S ~ S  a band i n  the VKF range which is currently overcrowded and w i l l  be 
saturated by planned projects, 
EL higher f‘i0ccluency band where spectrum room i s  available and fewer 
possibl.Ut,l.(?s of interference exis t ,  
aclaptfwe r’t?aJ.-timc data handling and command system w i U  be developed t o  
meet the rfquirements of the geophysical and solar observatories and 
Project, Re:Lay. “he major elements of the pulse code mduLated (PCP) 
command syr;tt?m are data conditioning, computation, display and s p c h r o l p i z i q  
equipent  

The new command system w i l l  operate i n  

As part of th i s  development a new 

Opticisl: The accuracy of making angi!&w measurements of spacecraft 
location P:?orn the W h  by radio means is limited by various t e c m c a l  
factors. 
by the use OP frequencies i n  the visual and non-visual portions of the 
light speczrrun, N e w  optical-type systems of high accuracy and witf.out 
current; O J ? ~ &  ional d i f f i cu l t i e s  w i l l  be developed. 
are for opt ical  system which can track i n  e i ther  fu l l -dayl ight  o r  f u l l  
darhct;s,  track a target  automatically and present the tracking da%a 
i n  real-ti.ne o r  easi ly  reducible form witk higher accuracy than now 
achievable. 
system and possibly fo r  use i n  the  previously described opt ical  tracking 
system,? involves the lasbs, a l ight amplification device. InitiaWy, the 
technical fewibi l i tg  of using the U s e r  t o  meet future spacecraft re- 
quirement s f o r  high capacity data transmission, especially over grctat 
distance, must be determined. 

4 3 .  ‘aery significant increase i n  angular accuracy can be achieved 

The requiremerrts 

Another opt ical  system t o  be developed,both as a sepl.atcr: 

- Timing: A n  orb i t  f o r  any spacecrafi i s  essent ia l ly  derived b;f 

These measurements must be t ied  t o -  
using independent measurements of spacecraft location from different 
points on t h e  Earth’s surface. 
gether by a c o m n  t i m e  base and any measurement incorrectly t i e d  tn 
time t o  aa.othar measurement w i l l  cause an error  i n  the calculated (arbit.  
Currently th.e EEtrth s ta t ions i n  various positions around the world use 
the WWV t i n e  signal f o r  a common time base, Due t o  uncertainties in 
propagaticm time, it is currently estimated t h a t  the absolute time base 
accuracy is only 3 t o  $ milliseconds. 
accuracy (using VLF frequencies) w i l l  be developed. A more accurate 

A new timing system w i t h  improved 



individual station timing system w i l l  a lso be developed. 

Netwozk - Operat ions - 1961 1962 - 1963.. 

$55,376, ooo &', 815 , 000 - Tota:l :Network Operat ions $24,067, OQO 

Sa te l l i t e  Network Operations 

The s1;ah:tons i n  this ne%work provide the p r u e  tracking and datta acqui-. 
s i t ion  suppmt fo r  s c i en t i f i c  and aml ica t ions  sa t e l l i t e s ,  
twelve op%ica:L stations operated by the Smithsonian Astrophysical Observa- 
t o ry  and folzceen electronic stations operated by the Goddard Space Fl ight  
Center . 

They art! the  

The opt ical  stations use Wer-Nunn Sa te l l i t e  Tracking Cameras which 
provide certain s a t e l l i t e  tracking measurements more accurately than the  
electronic 3ystems. Data obtained from these stat ions can show extlnemely 
small variations and pertwhations i n  the orbi ts  of s a t e l l i t e s .  
data can be used t o  determine the density and variation of denaity of the  
upper Elt;mos:phtsre9 %he gravitational f i e l d  of the EaPth, the shape of the  
Ew%h and more precise distances between continents and islands on %he 

These 

E a r t h  o 

O n .  cwta in  s a t e l l i t e s  of generally simple shapes and at  propcz 
a l t i tudes  w e  useful for  the precision tracking studies mentioned ahove . 
Furthemrt? ,  'the opt ical  s ta t ions a re  limited i n  the t o t a l  tracking sup- 
prt they (:an give since they can track only during periods of c l e a ~  skies 
and at dam and dusk when the s a t e l l i t e  i s  i n  sunlight and the camera is 
i n  darloness . 

The eleci;ronic s ta t ions provide most of the tracking and data CiCqui- 
s i t i on  suppoI*I~ f o r  the sc i en t i f i c  and applications sa t e l l i t e s .  
includes tr:aclcing d&a used t o  compute predictions cor stat ions so t;hat 
data acquisition antennae can be pointed at the s a t e l l i t e .  
data are? a:L8so used t o  obtain s a t e l l i t e  position i n  re la t ion t o  time so 
that rnensunmtmtx made by the s a t e l l i t e  can be related t o  i t s  posit:.on 
rehtivc: t o  the earth, 
include scZien.l;ific measurements made by instruments on the satel l i t t t ,  
engineering i i i f o m t i o n  concerning performance of the s a t e l l i t e s  such as 
temperat;uret3, bat tery voltages and s t a tus  of on-board systems, as w e l l  
as wide-band picture Uta such as the cloud cover photographs obtained 
from the meteorological s a t e l l i t e s  

Thir; 

The tracking 
P 

The data acquired by telemetry from the sa t t t l l i t es  
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Track.ing of the majority of satellites is  accomplished through the 
use of radio interferometers which provide a measurement of angulaiI 
position wit11 respect t o  the  s ta t ion i n  re la t ion t o  time using the radio 
signal trwisrnitted by the satellite. In  t h i s  system, the telemetrjr 
transmitte:? can be used t o  t rack the  satell i te and can operate day and 
night i n  zuiy kind of weather. 

A l l  c;-;al;ions are capable of receiving and recording the re la t ive ly  
narrow band 1;elemetry which shows the  s ta tus  of systems on the satcrllites 
and the sc:Lentific data from the  smaller sc ien t i f ic  satellites such a8 
those launched by Scout and Delta. The data acquisition capabilitj. of 
t h i s  nrttwcxrk i s  being improved and expanded in  order t o  handle the 
wider baniiiritlth and greater accuracy needed f o r  the more compbex satell i tes 
being I.auricht?d. 
number of sal;ellites which w i l l  be i n  orb i t .  

This capabili ty i s  also needed t o  handle the  increased 

In addition, large data acquisition f a c i l i t i e s  are being established 
t o  hanltle -;he vast amounts of stored data tha t  must be collected from 
the larger sc ien t i f ic  and applications satellites such as Eccentric: 
GeophysicaIL Observatory, Polar Orbiting Geophysical Observatory, Orbiting 
Astroncmiatl Observatory and Nimbus. Such f a c i l i t i e s ,  using 85-foclt 
parabolic imtennae, are under construction in  Alaska and the East Coast 
of the Uni%etl States.  
the Construc1;ion of Fac i l i t i e s  appropriation estimates f o r  FY 1963. 

A Far East f a c i l i t y  of t h i s  type is  includec. i n  

!The s1;al;ions are operated under several different arrangements 
Those i n  %lie United States  and i n  certain foreign countries a re  operated 
under commercial contract, while other foreign s ta t ions are operated by 
cooperat in(< foreiga government agencies. 

It wLLl be necessazy t o  provide additional support at  a l l  s ta t ions 
during FY :L963 t o  meet the requirements of the  f l i gh t  program which 
includes f':irst launches of the communications satellites Relay and 
Syncom, of the meteorological s a t e l l i t e  Nimbus and of the observatcry 
satel l i . te  IGO and an increase i n  the numbers of smal l  sc ien t i f ic  
satell i . tes i n  orbi t .  
become ope~a t iona l  during t h i s  period, requiring an increase i n  personnel 
t o  adequately staff t h i s  station. 

The East Coast Data Acquisition Faci l i ty  w i l l .  

Deep Space Network Operations 

The &;ations i n  t h i s  system we used t o  obtain tracking and te le -  
metry d.ata from and t o  send commands t o  space vehicles at lunar a n d  
interplane4;ary distances. Because of the  extreme distances and the 
modest spa.c:ec!raft powers involved, high gain, large parabolic anternae 
are needed., along with the most advanced receiving and detection ecuip- 
ment availztb1.e. 
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There a r e  three prime s ta t ions i n  t h i s  network spaced approximately 
every L-200 Df longitude seround the  world so tha t  space vehicles more 
than eight thlxzxtnd m i l e s  from the  Earth w i l l  be vis ible  t o  a t  leas'; 
one of the stistions. In addition, there is  a mobile tracking s ta t ion 
which can be moved t o  the proper location during the launch of various 
missions t o  provide "gap f i l l i ng"  tracking data and acquisition informa- 
t ion  dufing the c r i t i c a l  launch phase. This i s  an important function 
since ear ly  t ra jectory data must be obtained within a short period 
after lctunch so that the re la t ive ly  narrow beam antennae a t  the  prime 
s ta t ions ctm 'De pointed i n  the  proper direction and lock on the space- 
craf't 

A transpor1;able data acquisition system has been bu i l t  which citn be 
located a t  existing antenna f a c i l i t i e s  such as the  antenna a t  JodreU 
Bank and the  210-foot antenna operated by CSIRO i n  Australia. 
ment w i l l  lie used t o  provide back-up t o  the prime deep space s ta t ions and 
for cer-t;ain phne ta ry  missions which w i l l  require the  higher gain 0:' the  
large antenna f a c i l i t i e s  t o  provide the desired data rate not possilile 
with the re.Latively low gain primary 85-foot antennae. 

This equip- 

TIie stations are operated by commercial contractors, other ageiicias, 
and non--pro:?il; contractors 

In  FY 1L963, it w i l l  be necessary t o  operate the  deep space statioris 
three shift;:; IL day, seven days a week i n  order t o  m e e t  the  tracking and 
data acquis:it:ion requirements f o r  the Mariner R and Ranger missions 
which w i l l  be i n  f l i g h t  concurrently. In  addition, the transportab1.e 
data acquisiticm system w i l l  be i n  operation for  t he  first time. 

Manned Space Flight Network Operations 

The net;work cors i s t s  of 16 prime s ta t ions that provide r ea l - the  
information concerning the location of the manned spacecraft, statuti 
of the equipment on board and, most important, the  condition of the 
astronaut e Tliis infomation must be hmediately and continuously aT-ail- 
able t o  the control center so that corrective actions can be taken if  
emergencies, should arise during the mission. 

To meet, these requirements, tracking is  obtained by radars a t  key 
s ta t ions which allow real-time o rb i t a l  determinations. A l l  stations' 
receive telemetry data from the capsule concerning the condition of the 
astronaut and the  functioning of systems i n  the  capsule. In  additicln, 
a l l  stationEi have radio voice communications with the  astronaut. Beta 
received by  a l l  s ta t ions a re  transmitted in  real-time t o  a processirg 
and computat,ion center and on t o  the manned space f l i gh t  control cer ter  
fo r  display and mission direction. 
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NASA ~ E L S  overall. responsibi l i ty  f o r  network operation, s ta t ion  
modificatj-on and inplementation. Five s ta t ions  are operated by a 
commercial- contractor, nine a re  operated by the  Department of Defense 
and two a re  operated under an inter-governmental agreement by the  
Weapons: Resertrch Establishment of Australia 

The network became operational at  the  beginning of FY 1962. 
creased f':liglit a c t i v i t y  and longer duration missions i n  FY 1963 wi.Ll  
make it ne2easary t o  increase the personnel t o  meet the  program r e  - 
quirement:; a 

:Cn- 

Network Communications 

The -tracking and data acquisit ion s ta t ions must have communic3tions 
circui'ts . to tie them in to  the  control centers and t o  obtain s a t e l l i t e  
and probe acquisit ion data. In  addition, summarized data concerning 
the  s ta tus  and operation of the space vehicles i s  sent from the s ta t ions  
t o  control centers 80 that decisions may be made concerning future  
operations of t he  vehicies. 

Tlne lzajority of' t he  communications c i r c u i t s  consist of te le type 
l inks,  howaver wide band links f o r  t he  weather s a t e l l i t e s  are used t o  
transmit the rapidly changing cloud cover photographs from t he  acquiring 
s ta t ions  t o  the  controL center. Voice channels link the  marwed sxace 
f l i g h t  sts.t;ions t o  pro-ride c r i t i c a l  information such as "hand-oven" 
tracking instruct ions fyom stat ion-to-s ta t ion and t o  pass emergency 
instructions. from the ccnt ro l  center. The communicatiols center i s 8  
located at Goddard Space F1igh-L Center w i t h  subcenters at J e t  Propulsion 
Laboratorj7 and Smithsonian Astrophysical Observatory. 

Ccmmc:rc:ial common car r ie rs ,  both foreign and domestic, provide the 
main SOUI'C:~ of" NASA communications but where available mi l i ta ry  and 
other goverrnent agency l ines  are used. 

Data Processing 

It is necessary t o  supplement in-house data processing f o r  t:?acking 
and d&ta acquisit ion through the  use of contracted support. 
of t h i s  addi t ional  suppor'c; i s  a function of t he  flight schedule and the 
available in-house capabi l i ty  Additional contracted data proces sing 
services are Eecessary i n  FY 1963 i n  order t o  handle the  extra  lOiLd 
generated by the increased number of space vehicles planned f o r  1 i L u n C h -  
ing dtmin,~ %he year. 

The :Level 
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Equipmrt - and Components 1961 1962 - 1963 
S a t e l l i t v c :  lktwork: - 

Main-kriance , spares and 

Expassf-ori of network capability: 
repbLce!ment,. ................. $ 3,622,000 $ 2,765,000 $ 6,778,000 

%ce:.vj.ng SLad recording. ...... 1,358,000 951,000 3,168,000 
A n t e r ~ r e ~ . . e . e . . . . . . . . . . . . . . . .  2,366,000 --- 4,674, 000 

Data han3.l.ing and processing.. --- 166,000 1,654,000 
1,781,000 

$J 7,346,000 $ 4 ,500,000 $20,230,000 

Commit. ...................... --- 618,000 2,175,000 

--- --- T r a c k i ~ g o  e e .  e o  e e e e o  e a a .e - 0  * 

Manned K&+t Network: 

Maintamice, spares, and 

Expans:ion of network capability: 
P;ugmf!nbtion of ground voice 

coxmmmications. ............. 
Autoras1;i.c telemetry read-out 

equipwnt ................... 

replacement ................... $ 

AM/FI?s . -~~ radar e q u i p n t  ..... 
Telemetry decommutation 

Data terminal equipment for  

Data and computer terminal 

eqi~ipment at command sites. . 
Be:nmida station., ............ 
e q ~ . i ] ? ~ ~ n t s  for the computer 
center. ..................... 

Compixttter reprogramming ........ 
PCM (3round s ta t ion equip=& 

receivers, recorders, dis -  
cr.Winators, demodulators. . 

S-band ground-to-capsule data 
and .Toice communications 
systt- ' 1 1 1 8 * . . . . . . e . * * . * . . . . . e . .  

Modi:Cication of telemetry and 
acqu:lsition a id  systems.. ... 

Cont.ro:L center equipment.. .... 
K a n g i q  and positioning equip- 

me:3t f o r  terminal t ra jectory 
in,st:mnentation. ............ 

FM/E~ telemetry equipment. .... 

-e- 

--- 

--- 

-e- 

--- 
e-- 

1,494,000 --- 
2,716,000 - - -. 
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Deep Space Network: -- 
Maintenance, spares, and 

Expansion of network capability: 
Masers,.I...........o......o. 
Recordjng and data processing 

inst~-unientation. a ., o . .  e . 
Modif I.c:at;ions t o  DSIF 

anterlnrte................... 
Mul t i -  channel receivers and 

autornai;ic detection and 
I'reqiiezicy acquisition, e e 

Automa1;ic: checkout and C a l i -  
bration equipmenteoee...... 

PreciEi:ion ranging. e e . , e 

rep1acc:ment .................. 

Ground Communications Network: - 

Total-, Equipment and Components 

1963 __. 
1961 1962 

$ 226,000 $ 546,000 19~65y000 
- 

$ 8,751,000 $26 , 417,000 I_ $74 ,t545,000 

Sa te l l i t e  Network 

This network has been i n  operation since the 1nternationa.l Geophy- 
s l e d  Year. 
been made .to existing s ta t ions through Construction of Fac i l i t i e s  :?rejects. 
Four new sta-tions became operational i n  la te  FY 1961. A new wide43and 
data acqui,si-tion f a c i l i t y  i n  Alaska w i l l  be operational i n  FY 1962, and 
a similiar :Zast Coast f a c i l i t y  i n  FY 1963. Only emergency maintenalice, 
spares and minimal replacement equipment were provided during FY 1362. 
The heavy -zo:rkload of the planned f l i g h t  program w i l l  require tha t  a 
blacklog OF replacements and improvements be m e t  in FY 1963. 

New stations have been added and major improvements have 

The sdx l l i t e  network must support not on ly  the smaller scientif:ic 
s a t e l l i t e s  such as those launched by Scout and Delta but a lso the 
larger  obslsl-valory satellites and the applications satellites i n  
communications and meteorology. Each new satell i te launched, regardless 
of i t s  size, contains more extensive and more accurate instrumentation. 
The sate1:lites are a l s o  becoming more reliable, 
eqWpment must not only keep pace i n  quhtlity of instrumentation, b u t  
must a l so  be expanded t o  handle the greated number of satellites which 
provide useful data fo r  longer periods of t i m e .  
developed and eqQipment provided t o  allow automsltic handling and 
processing of the data i f  program requirements and goals are t o  be m e t .  

The ground reception 

Techniques must be 

During the International Geophysical Y e a r  period and immediately 
following, t h e  simple radio signals from the satellites could be 
followed 'by hand-directed antennae of very simple construction. 
However, as the satellites have increasedin number, the bandwidth or 
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amount of :information transmitted permit of time has also increased, 
requiring Iiigher gain ground antennae .. 
yagi self-3i;ra,cking antennae for all stations, begun in fiscal 1961, 
will be cornp:Leted in fiscal 1963. 
acquisition requirements for small scientific satellites as well a€; 
receive s t a t u s  reporting telemetry of observatory and application 
satellites on the 136-megacycle band. In addition, mobile station€, 
of medium 1)andwidth capability, between the yagi type and the large, 
data aequirsii;ion facilities of the Alaska ty-pe, w i l l  be provided to 
give perigee coverage for Eccentric Geophysical Observatories and 
emergency support to Orbiting Astronomical Observatories, Polar 
Orbiting Ckophysical Observatories, and Nimbus satellites. 

The provision of 136-megacj~cles 

These antennae will meet the dai;a 

In or*cler to support the housekeeping telemetry requirements of' 
satellites such as Relay, Syncom, the Observatories, Nimbus and the 
folluw-on ~;mtliL1 scientif fc satellites which use the latest techniqL.es 
in data. encoding and transmission, the satellite network stations 
must be prclvided with new receiving, detection and signal conditior ing 
equipment, € U s e  code modulation systems including signal conditicning, 
synchronizing, and decomtation instmentation plus sufficient display 
equipment t o  al low the station cjperating personnel to assure proper 
receiving 6:onditions w i l l  be installed at ten stations. Coherent and 
pulse code mcjdulation detectors, and miscellaneous equipment to hardle 
special- pur~pc~se requirements of satellites that fail to obtain pro@Tammed 
orbital altAtudes and positions will a s 0  be installed, 
category in earlier years provided the basic 136-megacycle capability 
of the network. 

Funding ir this 

The sa.tellites which will be launched in Fiscal Years 1962, 1563, 
and 1964 mc.st have very sophisticated command systems to carry out 
their missions, 
cormnand instrumentation including antennae, transmitters and encoders 
was begun In FY 1962 and will be completed for ten stations in FY 1963. 
Special real time readout telemetry at selected sites will a lso  be 
installed t o  assist in command control of satellites such as Eccentric 
Geophysical Observatories and Orbiting Astronomical Observatories. 

The procurement and installation of the specialized 

Equipment must be installed at Goddard Space Flight Center to 
process and reduce the quantity of data obtained from the increasing 
number (of satellites producing progreesiwly larger amounts of infor- 
mation. The equipment includes digital recording, memory and translation 
equipment plus analog and digital computing units. 

Satellites such as Eccentric Geophysical Observatories and Syncom 
require tracking data more sophisticate8'than c.t;h&t obtained by the 
normal satelli%e network which provides tracking based on angular 
data. 
range-rate,tracking. 
at selected stations to meet such requirements. 

The additional tracking information will come from range and 
Equipment to provide these data will be installed 



Manned Flight Network 

Plxwrned augmentation of the Manned Flight Network i n  FY 1962 
provided f o r  the  instrumentation necessary t o  support the  manned one- 
day missions using modified Mercury capsules+ 
necessary t;o expand the  capabili ty of t he  tracking network t o  suylport 
Project Geniini, and Project Apolpo spacecraft missions. 

In  FY 1963, it i s  

Additional equipment i s  needed a t  the  Mercury sites and at cther 
existing sites t o  provide the necessary tracking, communication, control 
and teleKetry capabili ty f o r  the  Gemini spacecrart missions and o rb i t a l  
missions of the Apollo spacecraft. 
equipment w i l l  be determined when the exact o rb i t a l  parameters an2 air- 
borne instrumentaxion techniques have been determined. 
tech lques ,  the  location of the  approach and docking maneuvers, ald the 
accuracy requirements of the  ground tracking net fo r  the Gemini mlssions 
establish t:he required ground i n s t m e n t a t i o n  
planned l;w:.miques and presently instrumented areas fo r  tracking and 
data acquisition, l i t t l e  additional ground instrumentation should be 
required< 
consistem with the latest t ra jectory and spacecraft mission instiw- 
mentation p:Lans. 

The f i n a l  s i te  locations f o r  t h i s  

The dockiag 

By u t i l i z ing  presently 

!!?he planned equipment supports the minimum requirement:; 

The necessary augmentation is  described as follows: 

Pulse  code modulation (PCM) telemetry ground equipment i s  needed 
at  a l l  s ta t ions and real-time telemetry read-out equipment is neeLed 
a t  selected sites t o  handle the  increased accuracy and data volume re-  
quirements, of" the Apollo spacecraft. PCM i n  d i g i t a l  f o m t  provides a 
more e f f ic ien t  telemetry system and is  required t o  handle the increased 
data quantity desired from the Apollo spacecraft. 

Ini t ia l  ins ta l la t ion  of S-band ground-to-capsule communication, 
telemetry and tracking equipment is  required a t  selected sites t o  
provide the  capabili ty of monitoring R&D S-band equipment on the  
o rb i t a l  Apsllo flights preparatory t o  the use of S-band equipment 3n 
the luuar Apollo missions. It i s  intended t o  use S-band communica;ion 
equipmcmt on the Apollo lunar mission t o  insure compatibility with the 
exist irig Ikep Space Network i n s t m e n t a t  ion. 

Modification of the present telemetry, tracking, and acquisit:.on 
a id  system rind antennae is  required t o  make them compatible with the 
airborne PCM telemetry equipment indicated above. 

Augmentation of t he  present Mercury control center, including 
additional communication terminal equipment and data t ransfer  equipent ,  
i s  required. t o  accommodate the  increased communications and data trans- 
mitting workload associated with the more complex ApolEo missions. 
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I n i t i a l  implementat ion of ranging and positioning terminal equipment 
i s  requi.recl at selected existing sites t o  provide f o r  reentry and landing 
operations of the  o rb i t a l  Apollo spacecraft designed t o  land on land  rather. 
than at sea as i n  Mercury. 

StariQtrd frequency mod-ulat ion telemetry ground equipment i s  needed 
at th.e f e w  sites not so equipped t o  increase the  o rb i t a l  coverage of the 
early ApcdI.0 missions. 
standard. mFI/FM telemetry equipment, and because of the increased data 
transmitted. and coverage required, a l l  of the sites w i l l  be equixped w i t h .  
FM/FM receiving equipment a 

The earliest ApolPo missions w i l l  be equipped w i t h  

Deep Space Network 

Provision must be made f o r  maintenance, spares and replacements for  
equipment including support un i t s  such as generators, pumps, and hydraulic 
and e l ec t r i ca l  machinery a t  the  deep space stations.  
f u l l  three-station network was completed in  ear ly  FY 1962, when only 
minimal spares were available. The flight schedule during FY 1963 requires 
that ,station operations be increased t o  a f u l l  three-shift ,  seven-day week. 
This w i l l  r esu l t  i n  increased maintenance requirements aad heavy replace- 
ment of worn-out equipment. 

Construction of the 

Znpmvement of the deep space s ta t ions’  capabi l i t ies  w i l l  enable 
them t o  meet the data reception requirements of t he  Mariner and Snveyor 
spacecraft i3nd t o  improve the efficiency of the  stations,  allowin3 them 
t o  handle multiple missions. 

In  order t o  meet the additional data reception requirements, several 
impro~~emc?iit:; must be made t o  the stations.  
electronic equipment w i l l  be reduced by the ins ta l la t ion  of masers at; a l l  
s ta t ions a ?his will a l l o w  detection of signals from greater distimces 
and w i l l  trl:Low wider bandwidth data t o  be received. Additional &rta 
recording and handling equipment w i l l  be instal led t o  meet Marine:: and 
Surveyor i:equirement s . 

The noise leve l  of the  

Modifications w i l l  be made t o  the antennae t o  convert them f ~ o m  
prime-foc:us--feed t o  a Cassegrain feed system, fur ther  increasing the 
overall  systen sensi t ivi ty .  
one antearla at, Goldstone i n  an e f for t  t o  lower fur ther  the  system noise 
level.  ‘ I Y t i s  modification w i l l  not be made t o  other s i t e s  u n t i l  the  
antenna hs.s been thoroughly tested under operational conditions. 
Modificati.ons w i l l  a l so  be made t o  the  antenna servo systems a t  a1.l sites 
t o  increae’e the  operational r e l i a b i l i t y  and performance of the  po:.nting 
system i n  order t o  meet the  24-hours-per-day operating requirement* 

Additional modifications w i l l  be mad(? to 

The increase i n  probe tracking workload requires that the st€.t ions 
be capable of supporting more than one mission at a time. The flight 
schedule c a l l s  f o r  concurrent Mariner and Surveyor missions with the  
probability that more than one Surveyor w i l l  be act ive on the  noon at 
a given time, The deep space frequency band of 2290-2300 megacyc1.e~ 
has been (divided in to  three channels t o  allow non-interfering t r a r s -  
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missions from the spacecraft, 
band capab:Le of receiving transmissions from more than one spacecraft 
on the moon, and automatic detection and frequency acquisition electronics 
will be instal led at all stations, enabling them to shift quickly from 
support, of' one mission to another. 

Multi=channel receivers in the deep space 

The Goldstone station acts as the controlling station during the 
immediate poE:t-launch period of lunar and planetary missions. 
acquires the madority of the tracking data which is used to determine 
the mid.-coicrse correction of the spacecraft to guide it to the desired 
trajectory. The correction must be made as soon after injection as 
possible to conserve fuel. 
plish these maneuvers must be high,  since slight errors early in flight 
result in 1.arge errors at the destination. 
accurate trac!king, automatic checkout and calibration equipment will be 
installed ett Goldstone to reduce pre- flight and post- flight prepar&.tions 
and to provide maximum accuracy of tracking data as early in the flight 
as possible:. For similar reasons, secondary microwave standards ard 
special receiver and antenna checkout instrumentation will be insteLled 
at Goldstone 

Gold stone 

The accuracy of the tracking data to accom- 

To accomplish this very 

Precision time standards, angle encoding equipment and star 
tracking and pointing equipment will be installed at all sites to tp- 
grade the nettwork tracking accuracy to meet the mission requirements 
of Mariner axrd Surveyor, 

The precision ranging instrumentation required at the deep spece 
stationsfor tbe post- injection maneuver determination of the planetary 
probes will serve a second purpose which is vital to the planetary 
exploratior. progrdm. 
the solar system constants such as planetary distances, gravitatioral 
fields, and. rotational period, must be accurately determined, The 
precision ran.ging equipment at the deep space stations will be useC. 
to determire the solar system constants as well.as the position of 
the probes enroute to the target planets, 

In order to land probes successfully on a plenet, 

Ground Communications Network 

The Nimbus and Observakory class satellites and the Surveyor 
spacecraft all require large amounts of data to be transmitted 
between the stations and the control centers, Updated terminal equip- 
ment, videc monitoring facilities and test equipment, channelizaticm 
equipment and. circuit assurance and checkout equipment must be prol-ided 
to give reliable data transmission, 
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