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DE 10. TRATE CO TROL OF OLID ROCKET MOTORS. 
nU lS L Lockh d PI'opulsion Company have announced the 

achi v m 'n l of nlroll d . LincLion of a burning solid-propellant rocket 
mo\.Or. Thl h d n d n four tim s at the time of the announcement. 

For many y ar be n ommonly believed by all but a few rocket 
exp rlS th t lid prop lIanl motor, onc ign i ted, would continue to 
burn and to con um all th prop 11 an I. This belief has limited the 
vlstaa of olld fu I adh r nts because it has been taken for granted 
th t ollds cannOl s\.Opp d , r start d, or thrust-modulated. But a 
team of ASA, military, and Indus try sp c ialists have continued their 
attempts olv th problem. 
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The rocket firm hu compll'l cl ,I n Ir h 1" I m t1 'mOll trallllK th' practicality of stopping tJl' burning 0(;' olhl I' ,I \11 I I nn (nl11l1l'l1fl, both 'ls 'n I v I and 
at high alltrud, In tJw mo I.,,· nl fflln • tI", • C' (,11 /1 mon Ira d 
p l'Inancnt, Imm'dl,III' Un"'lon I m.1 I( t1 \tI1 .. I, o( It, 0 0 m (1 0,000 (I) 
of two 270-kg (GOO-I b) tJ,,-U I mul I d I th 11 - n. r f> Iy rOOl 'ne 
propellant ontulntng ,I hi ·11 , ' nl r lumtnum. 
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area. Apollo is designed to land on ground or water, using three giant para­
chutes for soft landing. 

Numerous Apollo drop tests are scheduled for the pendulum. Some are for the 
study of how water Impact affects the spacecraft' s dynamic stability, crew 
system response, and how well crew couches absorb impact. Information 
obtained from instruments contained within the spacecraft is relayed and 
recorded on oscillograpbs and magnetic tapes for SCientific evaluation. The 
information is being used to confirm and define the design for the crew couches 
and to determine how other spacecraft equipment will withstand the shock 
imposed in landing. (Source: Data supplied by North American Aviation, Inc. ) 

CHARGE DRAG STUDIED ON ORBITING DIPOL£ Six dipoles, fabricated from 
430-Il-diam tin wire, were placed in an Earth orbit from a parent satellite in 
1962 to determine what effect charge drag would have on the over-all drag of 
such objects in space. The 34-cm (13-in. ) long dipoles, with 3 diam of 
0.043 cm (0.017 in. ), w re injected in a near-polar, near-circular orbit that 
averaged 3100 km (1900 mi) in height. 

Observations by radar at the Moorestown, N. J., RCA facility over a two­
month period indicated that the dipoles, which were continuously in sunlight, 
ell."perienced a decrease in mean altitude of less than O. 3 km (0. 19 mi) per 
year because of charge drag. As no systematic change in mean altitude is 
distinct from experimental results, the actual drag resulting from the satel­
lite's net electrical charge interacting with its plasma environmnent may be 
far less than the xp riment shows . 

By using an approximate sl:aling law, scientists found that the corresponding 
upper bound on the altitude decrease of the dipoles is about 90 km/ yr (56 mi/yr). 
Additional assumptions concerning the plasma led to the establiehment of a 
0.6-v upper Hmi t for the average electrostatical potential of the dipoles during 
the experiment. This O. 6-v charge would lead to the 0. 3 km/yr (0.19 mi/yr) 
decrease observed above . (Source: Journal of Geophysical Research, 

April 1, 1963) 

NEW SOLAR TELESCOPE PLANNED. A new solar vacuum telescope to be built 
at the Air Fore Cambridge R search Laboratory. Sacramento Peak Solar 
Observatory site In Sunspot, New Mexico, is planned by the Laboratories . 
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Design concepts for UlO tol seop w re 'stabUshed by AFCRL SCientist, Dr. Richard DWl1l. The wliqu tel scope wiil hav a total v rtical length of LOO m (328 ft), of whieh 61 m (200 ft) will be beneath growld level. This basic configuration suggested by Dr. DWUl Is subje t modlfi alion on the baSis of the detailed engin ering and design study to be ondu tod by Charles W. Jones Engineering of Los Ang les. The above-ground s 'gm 'nt will ris 39 m (128 it) above the highest hi Ut pat AF HL's existing' . ram 'nto P ak Observatory , which is situated at an 3.1 ti tud ' of 2 00 m (9200 ft) In th' acramen to Mountalns in New Mexico. WiUl Ule compl Lion of ti1 ' n ." lel ' cop' th acramento Peak Observatory, already a maj r solar rCIl 'IU' h c 'n 1', "Ill come one of the most complete faeiliti s in th world for tile lud of 80lar ph nornena. 
Plans call for th ompl tion of th n w 'I '[or th· n 'xl period of maximum SW1spot (\ tivity. Follo\\ln~ I norm I 11- 'ar ycl • sunspot activity. presenUy low, will gin lo In r In I ,and wtll r ach maximum intensity by 1970. 

The new facility is clos Iy link 'd lO th 0.: li concern are high n 1'10' prolon how r 
These showers provide a gr al I nl! I h electroniC equipment. Th 'lud' o[ eha 
the Sun giving ris to th . ohow r will r studies, AFCRL cl nU to h lo' lA. nd th dict the onset of proton r '. 1 r 1\ I1 n with considerabl ae ura y ov r a flv -da' 

n' Jl' pr grams. Of prime 
I xl Ith un pOl activities. 

rd m n In pae and degrade 
rl lie r lur on th surface of 
I • rnpha I. From these 

\. r hleh the) can pre-
I th< 'nl Lirn can be made 

r • 

The expos d, abov - 'round l>Orll n 01 th lite III con Lt of a truncated cone-shap d low r and (\ oclat xl In r I lJ bulldl • \lop th lOw r w11l be a rotating turr 1 for Iracklng th un in nd Irnuth. Light from the Sun will pass through (\ quo rlZ \\IIIt! h 1\ I 17 rn (30-ln . ) onto flalmirrors mounlCd In th IUrl' I. 1'11, mlrr r "'Ill dlr Cl th IIghl down a long 9 In (320-fl) lube to phI rl( I rnl rror I th bolt rn \\here It will be redirected upw rd lO nny on of 1\\ 1'\ lion porU! In the a soclated ground facilities. 

Two design fealur s should glv thl It! Il~ < pllon. I fl~ blllty and reso­lution. The first Is in th m Wllinlt of th opt! I I ) I m. Th l'ntire optical system, including the m (320-fl) Inwrlor lu uld I I d in trumentstion, will rotate as th Wl Is tra ked. ThlK 'I'm will \\ I.:h ppro.lm tely 150 to 200 tons. 
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Tbe secolld featur is that the optical system and assoc iated ins truments will 
be pIa d in a vacuum. Tbe purpose of the vacuum is to e liminate air turbu-
lence. Turbul n can greatly affect the resolution of the telescope. An 
added advantag of th vacuum is tb e limination of dust from optical s urfaces 
tha t would degrade r solution and sens itivity. 

In addition to l' S a rc h 1 acting to th more precise prediction of dangerous 
proton sbo\\ l' , th n w telcscop will be us ed for researcb Oil a range of 
solar pb'lIom ua. olar a tivlti s have a profound effect Oil the Earth's 
weath 1', and n mmwllcati n ruld d t c tion systems . AFCRL scientists 
hop to obtain a cl a1' l' p lc tur of so la r- terre strial relationships . (Source : 
OAR R' - ar h R vi \, fa 6, 1963) 

IlSE C MPACT I mGH-SPEED MEMORY DEVICE. 
A n v. m:lgn 11 m m ry d vlc thal l' semble s a miniature waffle iron in 
appea1'anc h n d v lop d a l Bell T lephone Laboratories (Fi g. 3) . It 
ba on (If th -hor l tora pathfl fo r :l s ingle bit of any magnetic ~emory 
devic ; th lruclUr I . l1' m ly compac t, and can operate at bigh speed on 

lov. input pov. 1'. 

Tb n'v. m mOt) v. UI particula r ly us ful fo r la rge-capacity, economical 
tor OIl I r ad-v. 1'1 cl of 1 ss than a 11 sec . It looks promising 

for compu\A.c l' aJld v. I hlng sy ms tha t now use fe rrite cores and thin films. 

Th basic "\\ "d Ic consists of a base plate made of a high 
perm 'ablll!) ( rrltc in \\hl h a grid of loto is cut, leaving a regular array of 
rectrulgul . Thl g1\' th u r ( c th appearance of a miniature waffle 

iron . 

P reprUlIA"d " ring p t rn, l fo r th l' ad-write and a set for the digit-
pi cd In th lots . An ov rlay o( square-loop magnetiC seru; ,,11' 

m TlI 
, 

uch s t" f per m Hoy) 18 la id across the tops of the posts. 

W ormBtion I 101' d In th OV 1'1 Y m l rlal the posts in the direction 
of m go l 1 11 n f th m go lIc flu.x. Th width of a slot is the effective 
length of th m 19o 1I path In th stor age material . The high permeability 
has Md th squar -loop ma 1'1 I conn cting a pall' of posts form a closed 
m go li flu.x P th. Iyp of wa rn -Iron m mory has posts 100 mils long 
Md 30 mils v. d si I ,,1dth of 30 mlls (1 mil = 0.0254 mm or 0.001 in. ). 
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Both d tl'U liv wld nond Btru liv waffle-Iron me mories have been built. 
D stru llv' m'm t'l s us an ov day of a singl magnetic material ; non­
destru Uv m morl UB' an v 'day of two magne Uc materials __ one for 
s tora~ w,d U,' o U, I' for Ile ll s lng. Wh n an nd s truclive memory is read, 
only th n Ing rna rla\ III Bwltoh d ; UlUS the m mory can be Interrogated 
uldefinl tol with ut aff ling U, tor d Information. 

Moth r f rm of waffl '-I t' n III m ry , call d th cubic , has been developed in 
th comp:ln ' la ra rl . Th uble tru ture allows both the selec tion 
and wit' f 11 tl'algh l path Ins tead of weaving around the pos ts as 
in th oth r wrun -I r n m m . AI 0, be nUB these wi r es cross each other 
at ri bl an \ ,a pul traY 'ling d WJl on wi I' will not Induce appreciable 
curl' nlln th rd r, thu Impr vin th s ignal-to-noise ralio. The cubic waffle 
I r n m h f t r ad-wrl cyel; It can be made very s mall and 
can Impl . 

rim ntal m m maul of L'l ublc typ has a capacity of 128 words, 
allov.in :10 I r rd. Il ha a I' 'ad-write cycl lime as fast as 200 
n:lOO c. Th hi I 11 h (rrl c pia us d In thi s design is slotted 
\.0 lorm Md (5-mll I , h 10 mlla d p, and each spaced 15 mils 
apart. Thl m M h t r d'n Hy o( 11 00 bits/6. 45 cm2 (1100 bila/ 
In ) . 5-mll It", dth. mbln ",1th an ov rlay material that has a 
hlgb \lltchin Lhr hid. (lawl hlng with modest cu rrents. (Source: 
Dull • r 11 T I . h n I bor 1'1 ) 
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1963 ) I' 

alrlram • ba I 
r igiclll: _ 
of probl m In 
nlgbl conlrol r 
rOOue rln 
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I IAIUZED. The evolution from the first 
un ucc full}' fir d Junell, 1957, to the Atlas 

h d d \ lopm nt In all phases of the missile 
r m. I' ·\"1 v. I In Avlallon Week (February 25, 

Al r. num' r a th Important advances: (1) O. 032-in. 
1\ 1nl l<; I balloon I' lying on gos pressure for • 

mlD.nl onlr I In liquid 0.' n y tems; (3 ) early exploration 
n ,; lImln • h rdv. I' e l ran ,shlIting center of gravity, 

d. p blll : cl ( 4 ) handling of liquid oxygen to 
b) u In I I-mum nl lug-filling \.0 load the tanks. Of 87 
I nl All \' hie I • 10 \\ I' cl ssllled as failures and 

• 

Tb (0110\\ n 
tlluslr U, 

h 1'1. om 11 Cl' m Information in Mr. Alexander'S article, 

.in h 1'1 d th lopment of the Atlas system. 
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Inilial Mod-I G~:-Burl'ouI!h8 l:\Iitbn~~c syslem WIIS l('sled. The radio guHbnce :;ystem 
consi"h'd 01 puls"-lyJX' lrnddng ",Ibr. roll1 Il11nsmillCr and four rote receivers 
In IIn X-shllpt,d ~·onllgurnlion. 'fh(, .\100-2 f~'lIIur,,'d some minor impro\'ements, 
Thl' 6)'61l'm WllB flown plll'l1I.lly clo5l'd-loop (did not El'ncrate :;lcerinf! commands 
but o!herwlsl' OJ)Clllll,d no.'mallr In !il"qul'nCIIIg englnc opt'rations, flight controls, 
l'IC,) on !ht' fil'sl IWO S,. and compll'tcly closl'd-loop (sy:;lem controlled flight 
compktcly) on !ht. rcsl 01 !hl' B", 

The lopping method was ullcd, 
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SVCCESSLS 

PARTIAL SUCCESSES 

FAILURES 

ACHlEVEMENTS 

BOOSTER 
ENGINE 

ACCURACY & 
GUlDA NCE 
SYSTEM 

LIQmo OXYGEN 

HANDLING 

I 

11-0, Jul 
1-1-0, Aug. 
17-0, l;(.p. 1 &, 1 !lS!J 

1 &-0, CX:1. 
22-0, CX:1. 

-0, CX:1. 2!1, 1 !lS!I 

-0, ;':g\', .. I, IUS 

15-0, ;':g\" 24, 1 

31-0, Dec. 10, 1 

7-0, ~llIr 1 b, 1 

3-~, Apr. 14, 195 

ATLAS 0 SERIES 

40-0, Dec. 18, 1 !l5!1 60-0, Jul. 2, 1960 

13-0, Jan. 6, 1 !l60 32-0, Aug. 9, 1960 

-11-0, Jan. 26, 1 !l60 66-0, Aug. 12, 1960 

19-0, Feb. 11, 1960 76-0, Sep. 16, 1960 

42-0, Mar. ~, 1960 7!1-0, Sep. 19, 1960 

-0, May 20, 1960 71-0, Oct. 13, 1960 

-0, Jun. 11, 1960 55-0, Oct. 22, 1960 

-0, Jun. 22, 1960 83-0, Nov. 15, 1960 

7-0, Jun. 27, 1960 90-0, Jan. 23, 1961 

-0, Jun. 6, 1959 

-1-0, Mar. 10, 1960 

-Ill-D, Apr. 7, 1960 

The ,,,,'aoon WllS declart'd opernllonal after the successful launching and 4500-naut-mi 

nlRhl Inlo the PaCific of 12-D, conducted by a SAC crew. 

Welghl of the alrfrnme and of all airborne systems was reduced beyond the original 

design when thc A, B, and C scrles J'evealed that these improvements could be 

madc safcly. This o\'cJ'-all improvement, plus improvements in the Rocketdyne 

nglnes, was lrnnslaled into greater J'ange and heavier warheads. 

Strnteglc All' Command crews have launched 29 Atlases in training exercises with 20 

successes, 5 partial successes, and 4 failures. 

The MA-2 eng ine, producing 155,000 lb of thrust was used. The booster shared a 

common pump and lines . 

Seven Atlas Os (42-0, 28-D, 54-D, 60-D, 66-D, 76-0, & 71-0) flew the Ar ma all ~ 

ine rtial guidance system for evaluation purposes preparatory to E - series testing, 

The radio gUidance system conducted the first flight open- and the last six 

closed-loop; D missiles struck within 1 naut mi of targets with a frequency 

above 80% , 

The topping method was used, 
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SUCCESSES 

PARTIAL 
SUCCESSES 

FAlLURES 

ACIDEVEMENTS 

BOOSTER 
ENGINE 

ACCURACY & 

GUIDANCE 
SYSTEM 

LIQUID OXYGEN 
HANDLING 

ATLAS E SERIES 

9- E, Feb. 24, 1961 25- E, Oct . 2, 1961 
12-E , May 12 , 1961 30-E, Oct. 5, 1961 
18-E , May 26, 1961 35- E, Dec. 1, 1961 
22-E, Jut. 6, 1961 36- E, Dec. 19, 1961 
21-E, Jul. 31, 1961 40-E, Feb.13, 1962 

3-E, Oct. 11 , 1960 13-E, Mar. 13, 1961 
4-E, Nov. 29, 1960 16-E, Mar. 24, 1961 
8- E, Jan. 24, 1961 26-E, Sep. 8 , 1961 

17-E, Jun: 22, 1961 32- E, Nov. 10, 1961 

E-series was the first Atlas to carry the square autopilot instead of the round units 
flown until then. So-called because of the external configuration of their enclosing 
canisters, the square unit was miniaturized and mostly solid state; the round 
autopilot included a number of vacuum tubes . 

Because the hydraulic fluid was leaking from the poppet (rise-off valve l during the 
booster operation, leaving no hydraulic fluid to drive the sustainer around its 
gimbal block when BECO occurred, a unidirectional - flow valve was placed 
upstream of the poppet, and additional insulation was wrapped around hydraulic 
lines. 

First Atlas series powered by Rocketdyne MA-3 propulsion system, producing 165,000 
lb of thrust and contained separate and independent turbopump and propellant-feed 
lines and were designed for greater accessibility and maintainability. The series 
had no rough combustion cutoff (RCCl device as was used on research and 
development vehicles. 

Guided by American Bosch Arma Corp. all inertial system, the series landed within 
1. 5 naut mi of Atlantic Missile Range targets about 80 % of the time. 

Slug -filling method was used: rapid transfe r of liquid oxygen from storage tanks into 
the missile by helium under high pressure. waiting until the l ast practical moment 
in the countdown. Chill-down times a nd boil-off are r e duced considerably, and 
geysering is reduced. 
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SUCCESSES 

PARTIAL SUCCESSES 

FAILURES 

ACHIEVEMENTS 

BOOSTER 
ENGINE 

ACCURACY 6< 

GUIDA NCE 
SYSTEM 

LIQUID OXYGE N 
HANDLING 

ATLAS F SERIES 

2-.1", Aug. 11, 1961 8- F, Sep. 19, 1962 

4-F, Nov. 22, 1961 14-F, Oct. 19, 1962 

7-F, Aug. 13, 1962 16-F, Nov. 7, 1962 

21-F, Dec. 5, 1962 

5-F, Dec. 8, 1961 6-F, Dec. 20, 1961 

II-F, Apr. 9, 1962 

This series was emplaced in a concrete silo and raised to the surface by elevator for 

launching, which was the only djfference between it and the E-series. 

The MA-3, producing 165,000 lb of thrust, was used. Each engine had separa te and 

independent turbopumps and propellant-feed lines . 

The all-inertial system, landing within 1. 5 naut mi of Atlantic Miss ile Range ta rgets 

about 80% of time, controll ed the fligh t. 

Slug-filling method was used. 
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IIISTORV OF ATLAS TES'n NO DY SE RIES 

B C D £ SE RIES A 
p 1 27 .ueec.aca 

. 
3.ueec •• ca 

1 0 8UCCC88CS 6 successes 4 successes 
2 partial 2 partial 6 partial 7 SUCCeI8ea 4 failures 2 partial 

2 ""nlaJ RESUL TS successes . uccc.sc. successes .ueccBses 
2 failures I failure 3 failure. 2 failures 8UCCe11ltt 

I failure 
Over-all Test pcrfor- DcmonslMlUOn 

performance & mance of 3- of both GE 
engine propul- guJdancc ay.tern ' . compatlbUlty • of th e booster slon system 6 accuracy 60 rt,'lIa- • engines, aulO- boosLcr8; blllty. &. the • 

pUOl system Eo Evaluate notlc IIccuracy of ran(t" 

ail'framc, in- cone scpa r.l- .. CCly proot'Uurc: 

OBJECTIVES eluding the LIon mechanism, & equipment . 
pneuma lie. hy- Detennine 
drauJlc. 6 performance or 
electrical radio command 
syslems_ guJd:lncc; 

EvaJualC exper-
imental mono-
propellant 
acceS80ry poo.cr 
supply pachCc. 

600 nauL 6 prograrned 3KOO-43oo a"U1l,f! 
RANGE rn! 2400-3100 nout rn! procramed 

RaU' rn! 6500 naul ml 

2 programcd 
5500 naut rn! 

Pressurlza- Development Pf'O'II'ed Atla. W ICblOf Flnl AU .. Series IaiJ tion in the of in-night ...wd be a,rlrtun. , to carry equare f tom CQJcIUt oil I"Cser- tank preaeuM- nOWDd~ to a.lrborD(, autopIJOl, silos. voir; z.allon Iyalem. populaU!d • U-m Solved problem 
Aerodynamic a rea. .. Ilh r(d.. d. in bydraullc 
heating eafet). Is.. nOon filpt control 

ACHIEVEMENTS problem AntJ-slo.b OK- Anna aJl- s,ltem; 
solved; barn • In 'norm! Flrat AUas 
Proved alr- proptllan~ IUldlnc powered by 
frame could ta.nks . .) _h. m. Rock tdyne MA-3 
withstand more LIJhlt-r- P11' V.ad to tn.1a propulalon .y.tern. 
dyruunlc for-cc. .Irl .... mt akin, SAC e~., 
than speclfted. R .... dJu.lml·nt W pon d. I • ....t 

or III oxldllt'r- Clp(' ra 1I OM I. 
fuel PI'('9Qr1.loNl • 

• • 
Testing of System as Complete Entity, Including Cround-buect F.1t'mt'nUl, 

• 
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TECHNICAL RE P ORTS AVAILABLE. The following listed technical reports 
can be r equested through the NASA library, M-MS-IPL, Bldg. 4481. 

NOTE: Those reports wi th an AD numbe r may be on file in the local DDC 
br3l1Ch in Bldg. 4484. Reade r s can save time by calling 876-6088 3l1d inquiring 
if such reports are available befo r e ordering them through NASA. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

• 

9. 

10. 

11. 

A STUDY OF HUMAN PILOTS' ABILITY TO DETECT ANGULAR MOTION 
WITH APPLICATION TO CONTROL OF SP ACE RENDEZVOUS, R. F. 
Brissenden. ASA - 63 10626 
HUMAN E GINEERING CRITERIA FOR MANNED SPACE FLIGHT: 
MINIMUM MANUAL SYSTEMS , D. K. Baue r schmidt 3l1d R. O. Besco. 
AD 2 513 
THE I FLUE CE OF PRECESSION OF EARTH RENDEZVOUS ORBITS 
o LUNAR MIS ION REQUIREMENTS, W. R. Wells. NASA N-63 10329 
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