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Tl1.C Ballistic Missile 
A" lnstrrtm~rlt 0/ Naiiorla/ Po/icy 

l~L"fr.RAL TUOMAS D. \\'lIl'n: 

Ctuu 01' ,SI',u' F, USAF 

I N LITTL1·: more,' 111:'111 ~. cit:('atil: lhe lI;)lU("C of illt~'rTI(1liollal 
n'l :nio lls h;IS 1,\::clI radit:ally alu: red by LIllo concllf'-rent dewillp
lII!.'nt of thCl'lIlOnlll'kar IW;ll'0IlS ;LIHI intc l'c<JrHil)(~ lllal bomb

l:rs ;Illd ]l\is~ik~. The: allllllic age i:-;" danp;cru\ls one, and \VC in tilt: 

ClIill'li StoH.l·S han: all ohlig,,,tioll 1.0 do en'f),thine; in our power {(j 

l·Jr€\'('1l'l war. 
P;\l'"duiXically, lInc of du: thillgs wc must do in set'king pcflt:C 

is 10 rnailltain rowerl'lll milit:lry ron: l':~ ilL :t state of t:onstaut. rea(li
IIt:SS. A~ loo~ , IS the SQvil'r~ r(' cog-uizl' that by sn-ikin~ tht: United 
St;) tes they Ibcrl1sdv0S will be dt..~stro)'nl. it is nm likely rh;n they 
w.ill c.m~id<~r war pmfirahle. Sillec t.he prim\;' purpuse 01 o ur mili· 
tary forces is to prcvt:tn war, tli('Y wi,1l be;' most effc(~t i"e if we never 
h~r\'e to use thell1

The idea (If a deterrent lu 'w;u is, of CO llrs~, nothing neW, In 
earlier flayS we JcJied. on rescrw and mohllization pl'ltcutial, 'and 
the prl"Jteaion of lhe occallfl. But thi~ has ch;1I1gcd. Today lhe 
(ktan.'l1( is measured by the po te ncy and llt:xibilil:y of :} powcl'flll 
rctali,ltol'Y force rt:';~dy for :lct.iofl 011 ~\ DlOlnt:IU's notke- The po~
lUI't: o~ this force is also shaped by [he n ::4,uircmef lt lhf\[ if the [~)fce 

Cl.lInot di~(QlII'age wDuld-be ,aggl'csson, [hcll i~ mlut be i;!bh~ to 
ddea l them. 

A$ o[ nl)\\!, we bave ~IJI dIecriTc (it:lCfI'Cilt. Ollf power, .Imw
evcr. will be sulilcicJll as a det:cnent mll~ :s() lOllS' as jl HlJlvinn:!I 
p()tcllti~d t'llcJll ic~ riJar 3g!;Tes!ljou ,I,~a li nlil. uS and 0.1.1'1' .Inic~ i$ profit
less. ,\Ve Inll~t n :c·()3J.lize lhar llu:n' ii~ all en :.' r-tliallgillg ft>lati(J)JlshiJ~ 
bN,,'ccn :Ju;lcker :md dd'cmdcT, SuiTicierlC'Y or sueull;lb is impoT
tam for today, bm it is ju!I'L 3.~ i1l1ptJl'l':Jm to hra'v'C pl\\\ls and pitl' 

g'rams to CflSUl'l: su.Ricic.m:y LOfnnrruw imd for 'thr 1'00'CsccaJ)lt 
hllurC. ~1ainl<linillg this su ~rlCicn(y j~ the IICIOSt lim port, Jlll respon
sibility of (\11;" Aif F(lr<:~ . 

III planning for lbe h llurc, one; of d)~ m1)~l ~i~njrrc :3.11t steps 
taken by t he Air Force flil,1 ',ing thcp',;ut c\c:cari(, Wllii tbe .uecj~j()n to 
acce\erau~ the development of the .l,m g'r \'ang r baljjstic missile_ T. ) 
kc(;'p the por.cncy and f!c li:i bihty o~ om detcl'l'Cnt force ,at the l1C
<]lIired kvel, it was decLckd 'to (KHllpJ.eJJH:·O~ ulLr manncd bom ble:Ts 
with ballisli <.: missiles. We arc pI'cssing their aevd()pnlt'IU Willi 
tbe hif!;/H:st sense of llrgcnc¥ ;mtl h~we t: \1cry l'eilsofl 1.0 l)f.]k~·.e [he 
S.(JVlcIS are doing the :iamc. 
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\Vhil i;> the ballistic luissile ic\eH is le~s flexible: Ih;trl [he 
manned bomber when comparing ,..'c:apon with weapon. its addi
tiOIl will definitely add a considerable Illt';mrre of fkxil)ility to our 
forces as :\ whole. lls reaction {ime and sp~ed of f\i~lH :m~ wry 
valuable characteristic.s in a silll:ltion requiring illll!l c,c1iate l'e
spouse to an 3uack. The h:lllislic missiJc will aho pnrllit greater 
ve r~alili[y (or our forces by n:Lie;:ving the manned hombe.r of thos~ 
heavily ddended [;lrgets wllcl'e the cmt O[ anJcking- with bomher,s 
would be wo hi~h and where precise accuucy i5 not mandatory. 
In (;Qn~id"' riJlg the ch:l1'aclI:risrics of lhe bllrllber and the baltistic 
missile. it appears rllat for many yeal'S to come an opti mum force 
will make besl lise of both ~re'lpons. 

Tbc c:n:atiol'l of the ballistic missile has been a lremendous. 
IJ1luerrakillg ..~\,1rpassing c-ven tbe. Manh:man Proj €ct in scope amI 
goals. In the not to~l distant tu[ur~ th~ hallistic missile will cnler 
our forces as :m operational weapon. We mu~t be n:ady to refCive 
it and usc it elfccti vely. h is sufficiently d ifft:ren t in almost eVery 
pha,~ .;:: or Air }<'orce exper.ience to (Tol'at(' many proulems. Some of 
the problems which we are rar:ing and 'will face in ~ht' [llIu!'e are 
discu %etl in this issue of the Quarterly Rt'vi(,;IJ so [hat Air f'on:c 
memherJi may see [hem in context aud b(~in thinkinA' about them. 

Wid) each passing ye,lI' the hallistic m lsJi.i le will bccome more 
irnpun:mt as an irutrmncnl of national polley, As the missil0s 
la~(' [heir pla('€ alongside manned bombers. we in the Air Force 
must bend ourselves to the [.15k of crea ting tor OUI coulltry the 
best possiblt· <lir power we can produce. Our problem i5 to exert 
a ste;:Hly, Ilnn:mii:ting prc,>ssure aga.inst \\I;lr over the years ahead . 
\Vt' mmt hold ready, night ,lIld day. for every day of every year. a 
CO.lllHcrs(roke 'so powt'rhll. so swier, and so deadly that Iltl aggressor 
could rcscwt co war against us and expect to ~urvive. 

Headquarters United Stales Ai" Force 

The USAF  
Ballistic Missile Program  

MAJOR GENERAL BF.lI.Nt\I\P A . SCHIUEVER 

T HE,' USAF balljsti,C missile p.rogram is the !aJ'!?l.'S[ fr~ilira~' y 
development program ever uodertaken by tlll.~ nutlOn m 
pcaccf.inw. Compared to prc,viol\s pro~raDls, it involv es 

many simuJtaneolls technical advances in the state of the Illis.~ilc 

art. Among (ht'se are deve1oprnt'lll of equipmenl to producc 
h 'igh tl1gi ne thrusts. g real accuracy o[ gu id:l.l1ce, and c<j ui plllcnr 
to resisl higJl speeds and lemperalures. It .. 150 rCtlllir~s grealer 
exp;lll~ioli of production ;j lld teSt f:l(;i1i(i~s th:tn has b('ell trlle of 
any other Air force program. It is a single. inleh'Tatcd program. 
hased upon years of l\ ,if force missiJe and ain;'-;Ift exrJeJ' ie.!1((:~. 
From it operational weapon syHems will l:merg.c for the inter
cOnlillent[1i missioll and the j'nr.eJ'IlH"C\iate-rangc rnj.s:;~ion. Tbe Air 
Force wi~h its firm bel icf ill utilizing all elcr;lcms of scienc.e and 
irJdusll'Y has assembled ~hc strongt's( licienlific.-induiitrial-miJilary 
development team thal it COlloid to perform the complex and vital 
development-opera[ional t 'J~;k for tll ese missiles. 

Prog ram origitlJ 

The Air Force has been actively intere~ted in ballistic mis
siles sinli~ th(· closing <!;jYs of World War II, beginning wi th ollr 
knowledge of the German V-2 program. The V-2. remarkable 
developmem t11<11 il was in vic\\' of the time allotted [or develop
ment and operations, had lIotabl~ shortcomings. lu payload was j 

small and ir s accuracy quesrionable. EconomkalLy, as a military ; I 
weapon, it was costly. Irs range Was far l6S than that of aircraft. 
which couJd deliver more payload with greater accuracy. It was 
only resorted to when the Allied air fmel's drove lhe Gel'rnalis 
from the skies. 

These facts were well kllo,,,n 10 us. CmlSl.'ql.u~ntly Air Force 
ballistic missile tk-vl'lopment work following WOTld \\' ar II con
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Cl: n tr<lt~'d 011 firs( t~Xll'l1dil1g the state or th e: lIlissi 'lc an. p:l nicllbdy 
in propilision .mel s " idancc . 

.In I~Hft lhe Air Fo rt e I) cgan an o r<Ci C'Tly anti ~YHf:tTlalic miss ile 
de...·dopmcnt prog ram. Contran~ wer e nq;otl.J:l c:d with North 
Allu: ric;I[I Avjation rl"tr rocket proplilsion .m rl lon~-nUlgc missile 
(Na vaho) dev(;,k'pmenc, :md wi th C0 l1so1idatcd·Vultce Aircraft 
(11<,1''1 lbe C)l1v;lir Division of COlt.nj Dynamics Corporation) for 
study anu il1v~.Hig.Hion ot rn iscs ile glrlidann:' :l/Id control. rod,c t 
cng'ilw ~wivf' linr; , and lig-htwt·igili. miss ik strucrurcs. 

O ur Ill Llst advan('(:d rocket pl-lwcr plallt tou.\y, i .~ a oi feet re sull 
of .tl) is Norell A n llTiCal1 UlTItract. Similarly I)ur current ballistic 
mi.\sile prn:-;T:II11 proht ed beavily frolll Cunso lidJtcd ·Vull cc dcsign 
and [eslin:.; under Pruj ec t MX-774. 

The Air Force:: b;J ll j ~ri( missil e pro~ra rn oW l' fited durin g (h .;> 
p'Jst war ye,ll's lrom 01 her Air Force Inn?;-ran):;c guided mis, ill' pru
gTams sn ch as :'.lata.dor, SI1;,rk, and N av:l.ho . and frum air (]denw 
I1J i.'>Si Ie de\'dopllll'nt~. All ronlribll ted to the ~nl utinn o(~ ballili l ic 
rlli~sil\;' ,p r-o p!lbio ll , ~ llidall~~ :\110 {,OIltrol, and sl.n KI.ur:t1 prohlclIls. 
AI)O :lil:(r.lI:t and cngint: programs umrribuLt:d ad va nces .il.l wrbo
P'lIlJ p.s, he;lt-rd istal1t mat-el'ia ls, co rn bll~1 ion t heory, au(Opllot~. 
r4(E\; .. in,~·nial ,mel a ll-in t nial guida.nce, a nd :;;o forth. Sildl prog-rcs:s 
w,as nrrn u lariw alld did lllllch [0 so lve olltstanding Icc:hnical prob· 
lems, 01 IOll g · r,ln~l~ lIlissiks. 

The Air fo ret' baJlistic mi!l:iil e developmcnt prog ram "Cas 
kept at a rdati vc ly low k ve l until 1950, ocC,lIht' more ( o nven
tiOlul guided llIi~siles appl.:.m::d 10 oJfer rh e 'best and e~l ~ ieH ,~olu· 

(inn 10 the -range /p;lylo:td /acclIT.1CY probkm which fac('d long
range $tr:ltct:;ic l11'i ssj le c\t-:;igner:;. Economic facton relarcd to th~ 

ell;;jo, ";"lIoor,,1 0"1·.11....1 A. S'ehrie..•.., TexlIJ A.&.M: M.S. SlIw(ord Univer"i,,., I,. 
(;""'1111:\ ..-.1.·,. n " IH!'lic Mi."" i1... Ohi.;ofl, Ifq Ai, Dh.......... lind D"."Ic""Il~t11 Cona
11"",,1. 11.·" ..i,·II1& II r e-se """ •·..mmi."lon in Ih,' Fid,1 Artillery uJ.on ,l"ildUGlioJl 
(r.. 1II ~..II,<••~ . b.., em}II.I",...1 lI,. in" Irltinjllll i .. 1'>:S3. 10 1937 he r.· ....r •.,.{ (0 m' 
ild",· ·~H1lnii lind 1""''' "11' a loilm foe N!lrlb......1 AirJill"•• R-c·'·....erill.1I Ih{J Air Cor'!" 
""illl ;, r"f!i-nlnr cumtr.;,..i .... ill 1938, }", 10" ,,,,",,,, \I 1" ,,1 IIUol II I l\.' rillhl "'idol in 
l ~H'). 110:--1'" h•., .. I~.. ''''''Iuli'd lh" Air Co,." Ellei ...'rI·i.1l11' S..h....I.. III 19·'2 I,,· ....em 
I.. Ih" S"ullrwn l 1'"" UI ... ",'ilh 11... l'!)I", n " mb GrOlr,., ",h,·ro:. hr tl". 63 cumb..1 
",i..• i ...... . h, 19·~6 I..· b""'Hr", ell.i,'C, Sd"lIliii(, U nbolt S.,r li.III, D~,IUIY Chi..l of 
Sw lf , IH8..~ri... J.. ,\lIt . jlr,}fIUfilinl lnon, 111-;;, f'illl'iOllnl ~'lIr (~on"JJi' bl 1949 I... 
".,r,-cd 8~ ,\·,.-~ i l!'l;;f'l for F. ~illu\l liclII. Ojli"r of Ih.- U " IIIlI.' Chid of Su,O', O"" '"lu(J' 
",,,TIl. 16 Mil" 19$0' hI! 10""',,111,, '\".iollll" to Ih~ C."UUIlBllcicr. A.HUe ...II" ill 
'\{tgll.!!1 "C Ihnl ~ " ' ;~ i' he i'nl"-r!'d on his I'r....enl II1''';llIm''III. A" Conom.r,d". (I( DMD, 
wj t\, hi" h.....hlu.. t ...,·'" ill 1.,••1., ...·0..-.1. CiiHCornifi. (;" 1)..",,1 ~d.ri"".·.r h.... imhl."Ii.le 
(~ on l,... l Illul .... I"'... I.ion ''''",all n~'ji i.'~" (If 1.1.... AI, ."!r,,'· balli",i" n.,iull.' i.rollrlull. 
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cost of development also played " pan in rh is si lU3riull . In par
ticular,. two inhibiting bclOT5 \~ere the lack of an attractive pay
load in lerms of weig hr \'e.rsu~ yl<:ld. and concern over .ho\\! [0 

protect this payload on re-entry. T be re-emry problem W(\5 con
si.uctcd to be a particularly knotty one. 

By 1950. Air Force dt've Inpmcnt agendc:s kit lha,l enou~h 
pl'ogl'ess had !wen made in rhesc areas 1.0 warra n[ study all,1 
limited des ign of an intercolll.in elllal ball isti<.: missJle. A cOllt('i.lCl 
W;IS awarded to Corlvair· in early 1951 Lo r r/1(: develo prn cnt ot an 
Icn~r. This was rhe orig inal Atlas program. o n whi ch conserva
tive (kvElopmellt policies were followed bec.ause of the technical 
problcm~ still to be ~o lyed. By l%~ impending' solution of must 
of these problems allowed design and initial construction of Atlas 
vehicle~. 

The "tllamolludwT bn~(J1dlr.r'Oll{;h" 

This W;"L~ rhe ~ratl.ls of Lhe progl~'lm wh en several new b1(:w rs 
altered rhe development piClure. T he fir~ t was th~ "thermonu
clear I:m:akthrollgh" of L952-53, \\Ihcn Atol11lc: Enc'rg), Comm ission 
advances in nudear weapon (echnology p ointed (he Way 10 the 
dC5.igu and PWduclio n o[ small , high-yield warh eads. 

Tu thi.s fauor. tremendo lls in its implications as it was, mUSl 

be 3.Ud(:u ;) ~ c.<:ond . In 1953 the Department of Defense conducted 
a v'iRorolU examinatio n of all lung-rangl:' OlislO'il le' progr:llns. In its 
report dIe Department of Defense guided m issiles slUdy h'TOUP <if 
the Armed Forces Policy Co uncil rccomm ended (\hlt 5lra tegic mi!l
siJe proflTams could best be evaluated by a ~pcci3! group of the 
nation's leading sci-ellLisIS. To perform this c\la lu.ujon. Mr. Trc:vor 
Gardner, then Air Force Special Assistant for R est'<ITch and De
velopme.nt. estab.lis.bed lhe Air Force ~tl" il('p;if Missiles Eva! union 
COllllflirrcc. also known as the "Tt~:lpor " Comminec. It was <:mH
posed o f olltsr)lllding scientiSts .md engineers and eh(l.ired by Lhe 
btt: ProfesSor John VOn l\ieUlnann," thCll o f th e Prim':l' toll Ill· 
uituce for Adv;lIln:d Study ao.d later an AEC Commissioner. 

Thoroughly aware of the implications uf the Lhe-rm(lfl.udear 
breakthrough, andsupponed by independent studies of org'aniza
tions sllcha.s the RAND Cor poratio ll, Mr. G arUller ,lilt! his gnHlp 
made positive rccommendat.ions that ;a n ::llirecled, expanded, and 
'accelerated Atlas progr;-nn be eS~i\b\is l'wd. I'll irs r e po rt the Com

.. Con 'fair h3d Clinied on sludiC'~) o'f ill own in leliM lre :l:"~ afi ifr 1.,oml1IclJon or iu or'ginll 
ball i:!i1ic nlh:rilc contr'.tU in 1~18. 

• ' O ther me-.-nbtn or lbe Co mm illcc lII crc Pl il ((ol.sor CI ~lrk. U. MilHk:.. n, Cl 1i(orn la iln'litut('
of ~rI'dInOrf,g'y; I'rof..,or Ch.arl... C. L~u 'i \r<J1 , C.lifornia I..., itut~ of Tc~haoI01lY ; nr. Loui. G. 
nono. c .riforni> h",i1ulc o( Ttd,nolOllv; 0 .. lIm drik W. Dod<. n cll Tc lcphon~ ubor;It.oJlc,; 
Dr. Allen L I'u(hu. HU8 hn Ai rc rah CoIl ' I" " ) : nr. {~cn'ltC II . Ki!l i.ko,",kr . lIa,,'u d U" il'C" 
. ily; £, ,,,1..,,,, J. B. WinneI' . M"<uch~"I1~ l ml ilUl< of T rthnololl.Y; ~" . L~wrcn", 1\ . III·hnd . 
Ben d ir A\ talion Corporation; Dr. Simon Ramo, lb.mo·\Vooldridac: COrpol'). lioll ~ and Dr. D(.an
Wooldridce. Ibmo·Woold,idge CorVo,"l;"n. 

http:contr'.tU
http:velopme.nt
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mittel' con cl uded that if the pnlgram was given illCl't:;tsed priorit), 
and fundinl>, and if direclinn of tlJe program was placed under 
llll' cUl1twl of a strong dcvclopmcnHn:Ul.lg'(·m(;nl organization, an 
opt'r3tiQI1.d IClllVI could bt! ",hieved years sooner dIan mi9;I'u 
oth erwise ue pussible. 

The Air Force approved thc "Te;)pot" Commiuee's recom
m endal ions i n May I!J5·1. Dirt~Clivl~.'i were issl1ed .migning dJC 
program the higlwst priol' ity in the Air Force. The Air Rescan'h 
and Developmellt Comm an d was dl.re(:l:f.d w establish a fielel 
or~raniz~tioll with a ~'eneral officer in command to exercise com
plete author ity and contro l over all a:,~ptns of tilt' pl'Ogram. Direc· 
tives were i.\sued (hat [he prograni was LO be rcorie-Ilteu and 
accelerated to tlll' maximum extent thaI rcchnolot;')' would permit. 

In August 1954 the \Vcsrcm Deve l o plI}~nt Division (now the 
Air Force Ballistic Mi~sile Divisiol1 o f H(!Jd'l,uarters ARDC) was 
cstabJj 5bed in Iug; lcw'(joli. Cal ifo rnia, to perform tbese tasks. At 
the ~all1e tilllC, to (J(!rform procnrem ent aUlI contrJCling fUllClions 
for the new pn>gr3f1l. the Aj r r-.hterid C,,,mmand estab lished lhe 
Special Aircrah Project Office (now the 13alli~Hic Mi~~ iles OffIce. 
DireClor:uc: of Procurement and IPr oduc:tion. H eadquilrte rs Al\,1C). 
at the Inp;lewood location . This organilation. un (1\er Br igadier 
Genel ;\1 Ben 1. F' ii1 I:, pe r forms the normal r:mge of AMC fum.:
rions on an cxpcdiwd b:lSis. 

In t'-arly studies o f wh:n type of o rgan iLa tion should be SCI 

up to mannp;c and direct the pr o):!,Tam, ,dl adv iSI ~ I's were insistent 
that CCIltl;liilcd ll1anagement control uf lhe project W3$ ncc,essary. 
The wsk of [cdulical direc t!Vn and s-ystem s ('nginc~riOA was C01l

sidered more complex than dlat encolllltered on the orig:inal aLOm 
bomb project. Aher ~tlIdy. the d ecision was made lIJ:a.t dIe Air 
Forc:~ wmdd retaill uver-all w"rcm responsibility ilnd conrracc for 
a t~dllliral and sc ientific staff. Obvjomly :l strong leam of scientists 
and enp,i ncers was required to p~rforn1 these .funct.ions. .A fte r 
tliotongh C'Ollsider:H.inn o f this nced, d Ie Ramo-\V\Jol(lridgc Cor
poration wa's selected to provide [he irllpon;uH sysrcms en~illrer· 
illg and technical dirn:tiQD of t.he associate COlllractors who mad.e 
llJ:l the deve)opllIclll wam . They providt' the sdenli~ts and en~i
nee rs n eed ed to perlorm the complex technical and scientific 
a nalysis anti Sy~ t~1 11S tllgiIH'I' ring. Togelhel' with their COlHlter
pans of the A ir Force fiaLli sric Mi.ss.ill:: Division. the R-W technical 
and 5cicIll ifIC pcr~onnel were inregrated inm :l deve lopmcnt-!llJ.n
llgelllclH (~'<lIl1, wit.b <Ill the elcllll'ms workjng Oil a $ide-hy-side. 
counterpan basis. This org-a l1.ll 'lliQr"lnl integ-ratioll permitted close 
working- re lationships and .saved time in getlin g on with the jo b. 
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The program delJelopm ent-managemr.711 cancel)/ 
Wilb th is brid historical backgTQlllld in mind, it is time to . 

turn to consider ation of the dev·elopm.ent-m.anagement concept 
and policies llsed iu th~ program. Contrary to SOI!1t' itnpre""sion ~ . 
these arc nOl new. They are derived from cxpericnc:t:s S'aincd in 
carrying om other com plex. resca.rch and developm~nt pr0!l.T3JUs 
anti frorn our weapon system COllcep[. As indiea l..fQ . there are 
pnrall('l~ in rhc Manhanan Eng·tllec]·ing Disrricr project. 

Development concepls and po licies used in the past h aVe 
changed considerably from one wcapon system LO the next as 
system~ hav(: hc(.:om~ mOH' complex anI) c:ostly. For the pas[ few 
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ye;lrs we have tended to' rely 1I1Ofc <!l1d liic:)rc on the "prime COI1

tractor" apprDach to weapDn system development in order to' speed 
5YSt{'1ll devdopm€nt 3ncl integration . Studies of lhe c\lssic devdop
mem cycle (brDadly, the ti[J1e;: ie tall'S CO translate an idea into an 
oper;}tional weJjl()rJ system), in whi(:h study, dcvelopmefH, tC5t, 
production, ,md introduction into tbe miJitary force take plan: 
more O'r kss discrewly and in se.rie)i, illdicate Li131 this process 
3veragt's "hout seven y(,;lrs. This is a long t ime, c~pccjaJl~' in vi!.'w 
of limited in-s("I'\'ic(~ life and rapid tecimological auv:1Il(;CS wh ich 
today quickly ouullocle many weapon systl'llIs. One pc:>s~ihlc ,solu
tion to this situation is to shDnen the ctC"velopmcnt cycle by taking' 
CDllcurrent development, pTfJdlt(:[ion, Ilnd operational acti.oll:;. 
Obviously rhis can be done only when a weapDn system has such 
promise of slIccess and hrre~t potl'lltial that i[ is wonh I.~tking ris""li. 
Long-range ballistic IDiulles are such weapons. Viewed hDm this 
light, the balli!ltir. missile prog-,ram is el1g'ap;ed in shortening the 
normal weapon system dcvelopment-to-operatiouill cycle. 

It should be c\t';lrly IIJ)(\erslOod dut no criticism is' implic~1 

AF Development-Operational Cycle 

Norm!>1 ProductionRosearch and Oevelopment
Cycle Operational Capability 

10C /~". l>"ild"p 

' -u;1\i..... 11'''0';.... 

Operational Capability iC!M-
IRIM Re.ea"h "CInd Oevolopmlnt _ .......loock  
Cyde Production 

IOC uoc 

Co",puriWIJ of til e 'Ionnal Uf]IHmn! of rescoTcil ond deudopmo1j and oturTa/io7l1].1 
(""poiJllil), wilh tll(, seq lll: lICf' of th e accelerated blillistic mijji/e /lJ'OgrrJJJl. In u'n 
ain'wlt program the o/)ulIti () llll/ ('(IPabi/ily is IIot achieuell tartil "L'setu'ell /1m2 
tlevc lo!)I/uII I halle bu n uirtltall), colllp/cl~d. 111 the ballistic rni.ui/r prOK.'n.rn llli~.[e 
ClJ~ "1J hOli If) I,e r:on.lidCTfI/,ly Ilt,el'lfl!)pcd, primarily to ,'/IlIC time. tJ/.ff) tile cllar-
acteriSl ics of th/: W,' IIP0r! "~qlri red thlll d~11I from c.~t)erit:fl (c !IIilh the initial Opl!T4' 
firmlll mfM /,ility (IOC) /11' {ul/mph ;'110 tI. l' f/t'vrlnpmf'''t l"I'rh (I.f ,'00" II.' fw.uiblf'. 
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of our normal dcveJopmeot p(i)lici~s. They have been carefully 
e"olvcd and appc'ar .to suit normal df(:llm:'lto.nc<e~ . Uk~wi !Se it 
should .not be implied that 'the mcve!opmenl-manag.clI1ent ;IP
proa<: lJ followed .in tbe b;lI liost ic;: rni~slJe prDgr';)1ll can h~ 1I?I)lied '1.0 

jUll a,n7' pro,gTarn. Thi~ liystclD apperus to be bc~t applied Oldy 10 
larlge-scaJe, especially impurtall't programs v.,jlere h olfers .) me:ms 
of developing and pruducirlg cOJTIjllex Systl'lllS, where rhing!S IDllst 

be done on a large scaJe, where ]J1,my industrial (liOnCf~ rns, m:III'Y 
Gm'el'mnt:n'[ a,s/m~,:ies. ne'\\' 1I1lel expellsive Jacilil.ies. alld large 
funds arc inlloJlJed. 

Ba.~i{:.,ll1y, then, the developmeTlt-m.ll.nag~elnen'l "pprl'lach ~or 
the projecl is geared t'O <l strD,n,~' manaHcmeJJt teamcompffiit"d of 
the A.ir Force ilaUiMic Mi.'isile DiVIsion, the DalliSlic Mi~siks Omce 
of AMC, and the Gu~ded Missiles Rcse:uch Dl\'jsjon of the Ramo
WooJrhjdgt C(~·rpor;ltioII. Th,is team 'I.Qok Q'Yer the job of (en
traljleu I'lirccriOD anlt' procccrl~rlto rl('vi~(' and manage a reorient{·d 
aTiu :tc!)dera'tCju pm.l\l~Ul. This pl'ocess was ~ll,rlofulJ'Y sc:heduJ~d in 
plh15.eS .in or,tkr to meet projected time scales; 

Pha.se 1 Prog-r.am 5tu~ly and .rElori(:'n r..a'tion 
Phase Ii COJ1tr~R:tor ~c1ection 

l)hasc III Hardware fabricaliDn and test 
Phase IV Missik 'test 

Ph;)~ V Operational cilpabjli\'y 

Tht ~rudV phm;e enlbracl;;'o (.aJ'cflll pro.gr;n!) ~n,liysis ani} plan
.njn~. Scientific :lnd engineerlnA" analysc5 'were mad(; of all aspects 
of the progTam. Fnlln lhest-udy, an;il1j5c;s, ami pJannin,g. cenruD 
(!om:lu:sicHls lUJd .Jecommcndatio~15 emerged. The devc!0plllent
m.aml'gCfjl('nl nnlcturc Jor IIle pros-ram was cbrinr(). Steps were 
lak.~u to .reorient rhe progJ"am by !ic;lling duwn mi~s'ilc size aDd 
IgTOSS weight, (hus simplifying' many ledllliClI 'and devclol,ment 
prohlclTI~ . A (l(!1~1rivc c.:o'lldusion W:3S n'achcd that lin on:ier 'to 
3C<leleraLC the 'pro;;ram. to provide (urnpe::tirion, and ~o ensure 
$UCCC!lS, a rrn~ I.t_lfJlc app.roach 5Jwultl b~ nsed in the development 
of subsy~cems. Sclet(ive industrial compet,itio.ns wOIllJd be used 
~o pkk the aSlIQ6ate cont nl{:tOTS. .A ~ hiJd rt'~u It of the ~nKl)' 
analysis and planning was :an in'legt:ated devclopmcnt-test-racility 
plan. 

The !Selection of tontractors marked an .important phase ·oJ 
the halUstic Inilfsiie progTam. Ccmtr,ano[1s wen~ cardully dlosen, 
through.a highly sdccriOJc, [ornpetlliMe method that identified the 
corrtractCllrs with dr{' higl1i!st capability. In this ptoces~. the Oivj
sian 1Il~11",gt!me.nt ream prepared:. ,s,tatelllem of Ithe job require

http:1Il~11",gt!me.nt
http:compet,itio.ns
http:Prog-r.am
http:plh15.eS
http:prOK.'n.rn
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T}'~ ,.fir Fmu' 'Jlll/islic milSi/(' fmlf{rarll is /ful)' 71l1l iollfiJ id... Tltt dark circla 
dOlo/ e the maj01' ..on/Tactors, ,he white ri ..cll'S 'he maj or su bcontractors, and th~ 
Iriangln the din:ctly pa rticipating Air Force installatjo lls. The ueru/orJ (rlol 
shown) who su.pply the subcontractors are loc(Jiul in eveT)' slate 01 tbe Url;Oll. 

mcnts. Aher stlldy of thes(' requirements. an A Mel ARDe team 
pn,::pareu a r(;mtnm(~n(kd list of the best qualified contr;tctors. 
Then th ese contr;)Clors Weft: gjven a prl!proposal briefing. after 
wh ich Lhey prf!paH!d th ~ ir t~('hniC:II pTCl posals. GoneurTCntly with 
tile contractor 'preparation of tcchnical prop()s;tls. a joint ev~t1u3i
tion board with meJllll(~ r:; fr(lm ARDC. AMC. and independcnt 
a~cncics ""a.s es tablish ilcl . 'I'his evaluation board p..ep~lH~d suitably 
w{;ighct:d proposa l evaluation criteria. All COIllrJ.cwr propns;\\s 
were ulen reviewed :md evaluat(:d by boaJ"d JUembers and spe
cialists. Fullowing this review and evahll'tion. the board recom· 
JlIeflded ,Iwinner. This recoTllr'lIendation was fOTw.arded rn ARDC, 
A:'v(C, and USAF' for ,IPl3rovaL By mC' lm of this sdeClivc com
peti tion I1lcrh~)d, (he llasic SuDsYSCl."m C011lractoDl for the progra.m 
were chosen. 

Tlw ollLSlanding feature of this method was the speed with 
wh ich the selectio.n o( contractors was accompLished. III most casts 
the e:Ol.il"(~ process from the statement of job req,uirements rhroug-h 
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to notification of COil tractor selt:ction took plJ.ce within ninety 
d"ys. Immediately on notification of st:knion, C(JIltr:lctors wen: 
PUt 10 wurk r"rough tIll: use of ktter ('ollCr:lns . The !cuer con
traCl~ were ust:d in order tliJ.c no time be lost in definitil:ltion of 
COJ1[ran~ bdorc ~cttinri the progrant under way. 

Contractor ~ekni()T1 by thi" prnce.~s was ~()lIIpIcu.:d Ly the 
end of 1%!i. The (:umr.1CtOfs thcmsdvt!!! were g'rouped in to te,lIns 
for indiviou.11lllissik developlllt:llt. This was possihle tlll'ough the 
utili/.ation of. <.\U:lI·sotlrC'c subsystem development drofts (or e:tch 
individual suhsystt:lIl. Tht:.~e d ual·soun:t subsy~h~m dt:vdoplllents 
played an important role in the prog-ram: for example. the IRBM 
(kvdopment was introduccd illlo tht: Air Force b,llIi~ti(' mi.."ile 
progl'am late in 1955 through the simple process of rroricIltillg 
«:nain Ic.nl\·( cOlHranor~ and of addini-\' Doug-bs Aircralt COl" 
poration as the ::tir[r.lll1c (ontractar for the I RB M No. l. Much 
till'I;, elTon. <llId cos/. wert: s;:}\,cu through tlti .~ process. 

A bctor which has cOlltiitionnl the ballistic mi.lsi]c.:s prog'ralO 
from ..ht: vcr)' IW;l' illlJill~ has ht'c ~ n the elllphasi~ placed on tht· 
rlevelopmclH-tc.:st conct:pt. Un likc an .1i rnart ((:~t pl'Ogram. bal· 
listie Il li.'silcs, onct: lallnchcd. cmllot be re·u~ed. ;\>loreovcr. kst 
f.1c:iliti(:~ uf the .,izc alld sc:opc rt:fjuin:d for the ;1C«'k1atcd Illissile 
plugram were vi rtllally nonexistent ill I!J:j1. Consequently a 
brgt:·M:.lle h:s[ facility program had to be 1.li<l dowlI, ;J ,., wdl ii' one 
for prod uction facil iti~'~. 

lkforc the ,,'st plan and facility rC(luirenwnc.'i wen' prcp.lrcd, 
we reviewed and :tn;dyzed .. II previolls missile and aircraft pro
grams so thilt we could prepare a ratiollal test philosophy. This 
review was basc.:d on all pr('\'ious mi .,.~ik tc"lin:,; expniellce, as 
well as the requircllIents of the acc:cit:ral(cd p1'ogl'am. A It'st pro
gram W.IS planned with the aim of reducing' the numb..1' of costly 
"ol1e W;{y" mi~sile flight tesL~ and of g-(:tcin~ reqUired information 
J..\ cally as possible. Imobr as l)U~sibk, COll1POIICIIlS would be 
{h()Tough!y lc~tl'd Oil the ~ruund prior to flight tests. The method 
utilizcd provided a Step appro;tc:h, beginnillg with compOllcnt 
tt::m, then ;lssem hly tests, then capli VI: tc~ts of prupu lsion alld air
frallll.'. and ('apl i vt: h~.~(5 of COl)) pklC JJlissi ks prior ro High t tcst illg·. 
In this way reliability could be dlcckl:d at Ihe l()WC~l pm~ibk kwh 
;lIld ~y,\t('lIIs jllt':racr.ion tC.:srs could be pet'formed ,)S sulJsys/erns 
Wl'l'C matcd. This test philosophy was auoptcd and i~ in USt: ill the 
progralll tod:,y. 

This plan provide5 the 1Il;lximmu likdib,Jod that the more 
adv;:tll«:d ;md costly SYSCCIIlS tests will not fail bc<:ause of failure 
of <:omponents ur minor ;c,st:lI1blics ;.&Ild that informJ.tiol1 011 ave1', 

http:f""-4A.44
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aIL systems imer.1ction wHl bt: ~\VaiJablc before we clnbark on 
brg-e·-scale Right t.csts, Another important elemcJ1l of the test 
philosophy is [llat tht'\"(' lire no spt'cial-purpose tcst vehicles.- In 
olher words. no "deld eud'" W:lti!lg would c;ft.a:' plaa'. The ballistic 
mis:;ilcs thClllseivc]. will serve as data-conccling' [cst vchide$, Thus 
dcvclo p.mcut-tesc dfort is all applied to the missiles themselvcs. 
NeedJes.s to );1y. SUdl it plan Wd.S only possible becausc of our work 
with mi5~il(~s (lver lhe past t\C"cade. 

I-la9ing worked out a logical ~est philosophy, the next step 
WuS to apply it. This required careful test .Eac.ilily pl3nnill~ to 
cnsure tht' availa:bility of ~uch bcililics in the numbers "lid at tile 
time Lhey were Ilceded .. At the stan ot llw program practically no 
Ectcjlitje~ suitable for missile or compolH.mt testing Oil the scale rc~-

Ifx,<.:l'-' ((II" fh e rc·-cnlr~' '('II ,",,(" h[ ( 1(' lO laflin noloC' ((me i (· ~l·nLr)· tJ.u~. 
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quircd for the baHi~tic mis5 ile program existed, Many suc.h facili
ties 'were required as quickly as possiblc-mci.litiel; of considerable 
sizt:. complexity, ~md cost. :1"oT example. hnge rocket cngirws had 
to be developed and tl;:sred, rcquiri!lg new 3nd unique te.sting 
facilities; captivc tests of complete missiles n:quircd large (~~t 
,stands of great strength tOgether with compkx instrumentation 
and blockhouses. The c:omractor~ needed industri"l fa<:ilitie:s for 
fabrication testing of components. The problem was doubly ditIi
cult since unique lest bdllci€.~ of the type desired requh·,e a lon,~ 
lea.d-time LO design and blli.Id. A plan w:t~ evolved [hat would 
provide these £adlities al tbe ,tirn~~ needed. Unprecedented anion 
011 the part of the Air Forct' and the Army Corps of Engineers was 
required (0 accompljsh t.he !lecc.ssary anions and appw....als lwdcr 

http:compolH.mt
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expedired conditions. To complete the facilities which had been 
closely matched to the R .mel D schedllle. the construction wn
tractors in mafly C;l.s~S' workNl on multiple shifts seven days a week. 

Ry such means the necessary test arlo illlluSlfial faciliti(\l\ were 
provided. ~;.che fact thal the facilities were (ompleted in such a 
relatively '~hotL lime IS indicative of the speed, diligc(,lCe. and 
competence with which the Air Force installations personnel. the 
Army Corps of Enp;ineers, <mel the cumtrun.ion contraotors 
worked. As an indication of r.he size and importauce of the~e 
f71ci litk~,. to date nearly $500,000 ,000 of new devcloprnclilr., tcst. 
:mcl production facilirie~s have been completed or are programed 
Jor the Air Force baJI isti(: I'fissile prognrn. O[ this lOlal, appruxi
mardy .$400.000.000 has heen provided by the Goverlllllcnt tlnd 
$100,000,000 by the parucip:lling contJacrors. Tlr is program has 
pnwided the nation with a baSI: of rnissile·r€S"t and indum-i.al facili
ties ~llfJerlor in quantiry and C"Jillality to any in the world tOU;ty. 

One outstanding accomplishment of OU1' tcst lJI'offram is worth 
mentioning. This is the 3mWcr to one of our most dilncult proh· 
le1l1s,-lhat of Ire-enll"y. Th<: problem was to design a re-entry 

Higll il-S II four·sloTJI builll-
illJr, OJ/! Loc.1t}/{;cd X-J7 un 
"" '.uilr poi,,1l ~hywl'r<.1 rnu/'1 
for {l,'gltl at p"ir;dt ,1FIl . 
Fl-orilltJ. T11~ 51",·/011, I/lra:-
Wl.g~ rm:/t"l is Jnui"t{ lI1il
lio1l.l of 1I01l1lrs, its {light.! 
hdp .lorue prob lem.l COfl· 

m'cled with baWstit: rr"'.HikJ 
'hal otha wise might be an-
swaed only IIfler ma-"y lir· 
ings ol rhos~ '1iuch more ex· 
p~ n5jlJ"( l1Iil,ril'.~s Ihemu/'ulS..':." . 
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body (nose cone) tha£ would not burn up a.~ it 're·entered the 
eanh's arnlOspher<:: at meteoric ~pecds. To solve the problt:m. 
many extensions into th~ regions of hypersonic research wen: 
requin~d and empirical verification of [bis l'e~ea.fch wn.5 [H;efl er!. 
An inteme progTam was laid on: study contracts were let to con
ductshock-{ubf' WstS, materials resc'arch, hype.rsonlc Willd m~l'ilcl 
and baUistics rcsea,rch. nos-e-cone urop tests, and hypersonic Hight 
tests. 

For the lauer. the Division contracted with the Lockheed 
Aircraft Corporation to develop J. re-entry test vehide. c:tlled th~ 
X-17. Its job was [Q simulate re-entry conriil(on& at high 'heh 
numhers in order ro validate hypersonic theorJ.es_ It is a [hn.~e
stage missile. The first SGlg'e drives the missile to a Irig'll allill!Qe 
where it falb over and staTts in descent; then the ~~cond and lhird 
powered stages drive dIe noS(' ( one to higher anti hig-her hypersonic 
speeds JS it descends through the atlllosphere. Tde1lleten:d data 
derived from the fli~ht provide the needed de$ign inl'urmatioll. 
This re-entry tcst vehicle proved to be a quick and accurate w"'Y 
to Rain reliable data withou~ flying a full·scale mi~sile. It wa,~ 
successful in proving out the theories of he,.1t transfer and dc.siPin 
sl'ra[)c5 of nose CClnes and it rcass·q.red us that our theoretical caleu· 
lations on nose·cone d.esign were valid. 

The operuliol1t21 d(Jvelopmenl program 

Ai"Lcr th<: missile development progra rn was under way, the 
Divhinn received add itional dire(:(ives to undertake operation:!'l 
development progJams fur the missiles. Th<:sc din'(;lives f(J)lmd~d 
oue the halliHIc missile progr.l'm by making the Division n :5pon.
sible (01' all actions )1«;(e,ssary t.o achieve the i.nili;ll operational 
capability (IOC) with lbt>se weapon ~ystcms. With this assign
ment. the Air Force ba1)isr.ic mi,~~~ile program became an inlegral 
one. A single ag-ency was now re~spollSiblc for the emire we;Jpun 
system dcvc1oprncnt-opcr,niofl';.Il progr.lrn. Moreover, the tWO pro
grarrunc conCUTfe-nt r:;tether than in s~ries' . \Vhilc missile devdop
menl and lest are under way. so aho are 311 the anions t'llsuring 
(hOlt when development i~ cmnpic tcd an operational force will be 
trained to handl~ the mi~sile.s :lI1d that the fame will be rc.ady for 
the Strategic Air Comma.nd. This is all unprcced{'lued a.ssigllrnem 
for tbe Air Resea!rch and Development Command. It has ahsorbed 
a gn!;lt de;,} of effort, particularly Sill(C we arc dealing Wilh nc'w 
weapon systems with which Wi: have little e~pcricflcc. Our opera
tional c.xp~rience must be gathered out oE the development and 
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l\tM progr~lJll. A)4·;.in, through this combination of mi:)siQiU til(' 
dcvt:]opment-optrational cycle for the ~)'Slcrns should be sho.nem-d. 
sincc tJle a~t:DCY whidl i s an~umlilating thi_s experience will he 
",Lie to pllt it to uSe quickly. 

Imcg'·illiIJIl. o.f llJis rl'~prlnsiLiliIY was ajded by the face [hal 
hom rhe hl:!!;inllinl~ BMD had J. staff to .nucly .sySl.~m operatiunal 
pbllnillg. \Vilh ltw addition of rhe n~spo_mil)iliry for injtial opcr
atiOlul capability. the operational pl:inning staff h;ls el<I':Hl<ied 
considaahly i11 both silt~ :md mission. From it have come not only 
the opcutiom, pl~l'sonl1f'I, logistics, and ins-t:lllatiofl5 concepts 
wl.ieh fUTIlisl. the ~uiddines lor the organilarion and t:lIIplUYlllclll 
of the lOr: fo rce. bUl (he <Iewal detailed p.l.ms [h;1I (Ire at [he 
present tilne being- put into effeC[. 

Turning dwse concepts into practic.ll. m.ll lie plans and then 
implementing them have required detailed work and l:ollrdina· 
tiOll. Organizational structli rt' a.nd composition had [(1 be planned. 
Facility requirements for operations and trai!lin~ had to be idcnti
fi ed and anion had to be taken quickly to obtain these long-Iea.d· 
time item.~. A proc:eciure for locating and a-~siglling p-ermnnel wilh 
the abilities :md experience Ilccess:ll)' to man tJ1C units had to be 
worked OUl. Prog rams for training personnel had to be deter
mineu to the extcnr. of writing camsI.' lesson plans. desi?,ning 
rrai11ing- a.ids and equipment, and det(;nninin~ tnining-ev.aJIl'iljOIl 
pr()cedures. This lattct' process has already prodi\ced scveral 
cli;lllges ill the !11i~\.~ilc and its test aud h . .:ndliog f'-[Iuipment to 
adapt ie mOTC closely to the abilitil."S of the airman who will do the 
job. 

Logistics plans a.re being' worked out in detail in coordination 
with ti lt' ]ogisti(.s and mi1\silc.-: maime nam:c concepts. A~IC is 
instituting an ·c.mirdy new type of l()~is(ic: system. uaM~d ~lpun 
elec tronic dara processing! fOl me with the hallistic miss:iJe forces. 
An (:xpiana[iun ot thi5 system appe:H5 (~ lscwhere.in this isslle. 

BJ\fD could nut develop all thcse details ilself ;IT)d expect 
them to bt· rea lisric. Active panicip;nion of other Air Force com
lJ1and~ wa.\ mallld:uory, TIH~n~Jorc liai1ion oflice~ were establi.,lwd 
:It B~:lD by lhe Slratt'gic Air COll1 tll,md. [he Air Training Com
mand. ARDC's Air Force Personn.el and Tnlining Rescarc11 
Center. and /\ir l:nivcrsity. hl ad-dition CQonlin:uion was ;lCC:OIU

plished with HC'adquancTS USA'F. the. U .S. Army Corp~ ot" Engi· 
neers, Air }7orce '\Veap(m Sym:m Phasillg' GWHlpS,- and otbers. 
The ballisti~ mi.\sile progr~L1n is truly Air For(]c-wide. 

AClions in rhe IOC area have caken plae.e rapidly. Recentl), 
the field unit to command thc initial opt'laliona,l capability force, 
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the IS( B.lllistic M-issilc Dh:ision. was activated. Under it will 
come the willg~ and squadrons. some ot which are HoW being 
forlRed. ;u well as ballistic missile bOises w~thin tlle Unileo States. 
Cooke Air Force B'3f1c. Califurnia, is the first of these ba:scs, where 
lrairung will be performed . Facilities are LInder conslrunioll "lid 
the baSe is Leing m~mllcd_ 

Prognwi cont,-ol 
The ballistic missil e pro:.\"1"3nl lS n;u.iullwide in all aspects. 

The work of scventt'cn lIl:ljor system com['actors locau~d in ever.y 
pan ot the UlHtcd ,~tates has to be coordinated and kept in phase. 
The I'lLagnill\rl (~ of the program :is such th;n -if a, slippage;: on:llrred 
in ::my an:a, the whule pro:.p·am could ]Je delayed. To keep abreast 
of the emire prop,Tall1. [he efforts ot ;llL the members of the Ill:)])

age rncm-devc'10pl1Jel1t team are closely mon lLOred in a c('ntr~d 

pl ac~~ in BMD-Ihe Progr:un Control Room-. T ile joinc HMD
BMO-R-W Program Control Roorn is the nerve center for the 
pl'oject. A-'i a management tool it prnvide.s "m.ma?;(~ 11lcllt visi· 
bility" by displaying in£onn;rl'ion on rltC Sl.:lll.IS of every rlspeet DE 
the projen ill g;!apr. _i ~ fonTI. 

Tlri~ managcrnclll infornhlti l) lI i~ provided tiUOllgll fre:qll(;111. 
visits with (;ontr:lctors. lIS(; of the exten~ive communications Dec· 
Work bCl-i\itCn BMD and th.e contr"('tor~ ;Jud field ollin·);. wri rH'l1 
rt:pons, ::lna periodic meetings ot I3~ID, HMO. :md R-W per:o;oll
neL The information i!l 110r, displayed UJl(il it h.1S been do uhk· 
dlccked and coordinated by the oflices cO[lcerned wi th that phase 
of tbe prog-l';tlTI. Any probkms are -,po[tetl early and al:Lcd upon 
quickly. Those that may produce schedule slippages ;uc idemi· 
fin[ with a "l'ed Rag" :tnd carry U13t idc.-nti[l(;afion unti I they arc 
solved. The "'red flag" problems arc given immedi;lI: l~ Ln:atrnerll 
and lheir status i:s (Ollside \"(~d each time" review is made. 

The prngrdm pube is kit cominlJulisly. It is presented [(:inn· 
ally on(:c 11 mumh lO key mCIllI)c rs of the management tC-;IlI1. In 
lhese pnsentatioll~. the rule of "m;ulagelllenc by except.ion" is 
followed. There are hundreds of items that <:ould he cons'jd~Ted. 
It would t;lkc several days w t rfi;at (hcm aJJ. lIlHt'¥I. on ly progre:;~ 
and problem <!-reas are noted and discussed. 

Tocl~ty ~lC are in rhe fourth ph;:;~(! of tile pro:,\ I':lm. the fli~ht 
reS( phase. In all respen~_ this is the most oriticill phase. We 
llavc entered i[ wilh c(mrlCkncc rhat [he Ini:).~ile$ will imli,ace the 
results or tilc carefully sl-ruClu reci ttSl prog-um. R ealistically. we 
IlH)st f('(x>gnin' that rhjs i~ dlt' phas(' where: troubles ;lppear. \Ve 
think that our careflll planniflg will clIable us to IIlCC[ these 
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troulJks. We have laiu down careful procedure5 (or their correc
tion. Some setbacks aye to h'" ex pecH:d, since aft(' r all we ue in 
the "Modd T" agt' of missiles. Another way of pUlling it-we 
stand today with ballistic 1l"lissijes where aircraft were forty years 
3~0 . However. we have .a Jar super.ior scienLifil: knowledge of 
I.he~e {l1J1lpkx birds than the early 3\'laWn had of their aircraft. 
The application of modern technology to om tl1i~~ilc pmgr<lms 
wiH ensure 'Success. 

Through rigorom atlcntion to progT;lJlI needs, we have re· 
m~lined on schedule. The bugaboo of most missile prognms, 
slippap;e. has lJl'cn pretly well <:omai.ned. ,All major milestones 
for the Atlas, Titan. and Thor development prov;rams hav(: so 
far bc'en passed ,essenti;illy on s(;hetluie. In additi(1)f\ the IOe force 
i.~ being builr Olnd trained. \Vc ;lre confident tnul.he progTam will 
CQnlil1l1~ to me(~ t its schedule and (h,lt tile United States will 50011 

have ils lonti·ran~c ballistic missile opcrational capauility. 

Til.: futllre 
The Air Force ba\liHic missile program cl(J)'::x put LIS 011 the 

threshold t,f spact' naveJ. The long·ranA~ ballistic missile is in 
fact a space ,",chide. The .. irfJ·ame. propulsion. alld gulrlan(~ sub
systellls cleydopmenl~and the data whicb will become available as 
ballistic missile rest tlig-Jlls arc m;ltle will make possihlc a whole 
series or follow·on projects. 

T;lke:- for exampl!; (he propulsive unit. The ~all1e propllL~jve 
unit (hat boosts a heavy nose cone with its warhead lO 25.000 
h/scc could boost ;1 SOi)lewhat light~r body to the escape velocity 
of j5,000 fr /sec OT" (0 an orbital path a.round the t' ~lTth. The same 
guidance sysm/ll thatenahle-s the wnrhcad flf a baLli~tic missile to 
re:Kh its tMgct withiii a permissible accuracy wO'llld also be suE· 
fiflf~nlJy aCCllnlle to hit a r~tr~eL much. smaLler than the size of the 
moon, ev{'n at that increased range. Tlw.\c same propulsive and 
guidance components cOHld also be u~d for surf'ace·to-surface 
lr.11l5port v('hick~ of varions SOl"L~ experimentally to carry mail or 
sU'l(cp;ic military malerial to crillcal si(~s . Structural advanCl'8 
of Lht' ICBM haV(' brought LIS to n~w he-ights in the ratio of cotal 
weight to structural weight. Pedlaps 90 per cent of the u?lma1l1lCd 
fOll()W'-(~m projects thal olle could visualize f()r the future can be 
undertaken with propul~ivt', guid;:lI1ce. and structura.l tec.bnil..JlIes 
prt:sc7111y under dcut/oplll(ml in {he Air FOIce ballistic mi~silc 
program. 

' rherC' is one final qucsti,m-what will we have achieved when 
we reach our goal-\\,hell ICBMs and lRBMs have b"'come l'cli-
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able. operational weapon systems prouuced in qll3lHity? ,Para
doxically, t'he b~st we can hope for is that we wili nevcr have lO 

USc th'eJil" ""capons; that Ollr ballistic missile capability will be 
so high I} respected by all potential aggressors as to inoefinitel}' 
deter them from attacking us. 

Thi, should raot imply that th(' ICBM and IRBM aTC ' ''ulti· 
mate weapon.\''' a~ they ;1,1'(' frequently ca.lled. nor dun the bathstk 
missile will replace the manned intercontinental bomber. BUl it 
w-jll undoubtedly bccOlfie one t)f the mOSt potelll and ,convincing 
anns in our arsenal of Strategic weapon systcms. 

h is hard to bcli4!ve th:n anyone sillgle weapoll, no mattcr 
how powerful, can by itself enforce peace in this uneasy world. 
But we are confident rl'l;n we.apom like the ICBM and IRBM 'will 
help {he Air Force (0 enable the free world to maintain deterrent 
forces which no aggTcssor in his right mind dM~ challenge. 

Air Force B.allisl;l: Mi.1Jiie Divijion; Hq ARDe 
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Air Force Missile Experience 
COLO:-lEL Eow.-\){o N. H ,\LL 

I T IS probable that m()fe misinforma tion has been gCller~llcd 
01.1 L~lC slll~j~crs or ~.llidecl missik~• .I.oll!;.rallge ,!,i~ilcs, ~~l!islir 
ml~!>llcs. ,lUtermcdlate·range .mJSSI lc:3. and IIHGrCOIH,lllejllal 

mis,iks than on almos[ ;lIlY (Jthcr conceivable subject. \Vhat are 
these devir,~.s, how do they dif[t·,. horn each or.heJ·, why have they 
c()m€ in(.o be ing. what has been their POISl hislOT)'? Thl' ;lnsw('\'~ 
availablt' to the gc:ocr.d public h:t'i(' be'en fra~n)(:l1Iary ;) nd tre

. qtlclHly misleadillg', primarily heraus.: of t1wir inevltaIJle security 
re~LTictions. Th is hilS becm .1 highly jllstifiable poljqo in the past; 
bllt at (hi.) time the American public :.lJJ.d its hi~h-raHking ci vil 
adminis(l"i:ltors :'n: being ( (mtromcc.\ with l'rudal <\ec isi.ons mn-
o'rlling llnose weapons, tht:ir control, ~nd tbeir IlSt' and ;11"1; pos, 
sibly bl;"ing (',)rced to condllSiolls lJased UpOIl a p;:tlLry sm:lttel'ing 
of faclHal b:J.ck.~T()lInd. This .Hlide. is b~inp; written in an eHort 
to dispel SOllie of r1h~ misl's of obfUSGltlon cholt pervade this field. 

M i~sil c!i may be divided imo two categories: b;tlli~lic and 
:l i rfnil cOfllrolldl Both C:]H~gories bave been somewhat aflJi
tr.1ri.l y further divided imo A'I'lided ;md ung-liitled spec ies. The 
wo rd arhitrury is t'mployed hcr~ because it is hard to conct'ive of 
[my jllstifi<:arioll today f(lr a tmly lll'ig'IIJdccl lJ1iss ih~, one ddibcr
;ndy e1csigned to take olI (lnd capriCiously land, "1 knnw nOl 

whne." Gui,lt:d missiles foIlow trajecfOl' ir-s chat may be _lItered 
by sibrnals from somt' guidance device wdl after the momeUl oJ 
klll!1ch; unguideci missi les rue those jll which 311 guidance in
fluence <.:ea~e5 within an extremely short r.ilTle afteT l,mnch. 

Both baJli'stic ;uld airfoil-colli rolled vehicl~ have neen em
ployeel by mankind for a very long riIlle;. Itillistit:; weapons as 
rncks hand c:a.H hy primitivc man preceded their airfoil-comroUed 
cou)ins. arrows .iauIH:/Ie.d from buws and cO\HTol')ed by tai] f(~ ;nh

CI'S', by a sig-nific:lI1t period of lime. A ATt:.llcr amount of dfort 
Ihroll !,)h the' yc::ars has gone illlD UH! ba\li~(ir-contrul1ed vchicle., 
(h:-m intu the airfoil-controlled ones (e.g. , rock.$ thrown by hand 
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or catapult and gun-propelled slug~ and sh<:lh). Only recen tly 
has sedous c;onsideration beel! given LO [he d('vclopmcnt of rela
tively long.range airfoil-controlled wcapons. An essential ingrecli
cnt in the development of relativel,y 1ong-range ballistic devices 
was eh,e creation of a basic science of ballistics. Simi larly a sizable 
mass of U:H.' in the field of aerodynami(s was a n.ecessary precursor 
to the d~wlopmcnt of ,long-nll1A(~ airfoil -controlled vc:hidc~. 

Ballistic science i$ much the older of the two. ~temming back 
pretty directly to Keppler's Laws of Mmion. which h~lVC beell 
coll.n:lluly and repeatedly confirmed by such pheIlOm~ll,l of ce lcs
tial mechanics as the motions of the moon, plarwts, and (omets. 
Aerodynamics conld not support accelerated devc:lopmt'nt o( long
range devices until Late in the 19th centllr y. Exercising these (WO 

gC::licral sciences roan has developed a st!ries of missiles. 
In the coune of (his activity. cross-pollinization in the two 

fields has occurred to such an extent tha t the cou.rse of individual 
developments .has ill many cases become obscure. For many years 
ballistic nllssilt.-s. considered apan trom their launching devices, 
were simple. The shell hurled from a big gun. although differing 
in dt:f,'Tec of sophistication. had much in common with the rock 
I<mnchcd froUl lhe hand of primitive m,m. Aerodynamic effecls 
in bOlb case,~ were small. The traje('wric:s resulted largely from 
the interplay of gravi·ly. comervation of momentum. 1\nd, in the 
case of extreme rilllg(~S, ce.mriflls·al force. F.xtrcme.ly sirong., light
wdght Structures were not needed. 

Significantly the method of propulsion employed in the gun 
involved the use of very heavy laundliug devices of a rclatively 
dcclin.ing effectiveness as mU].zlc velocities in excess of about 1000 
feet per sec;ond were reac.hed. ProjectileS were guided by accur
ately aligning the gun in the directicm and elevation desired. No 

Colon.,1 Ed.ard N. H.II. CoUe... of the Chy of N_ York. M.S. CaUlornla Inllllulo 
of Technol."., I. DII'«IOI:, Wapon Syslem 31SA (Thor), AJr .·G""e Bam.tle MI.. 
Ille Din-lOll, IIq ARDC. He .0' hi, Ilan whh mil.n. .1 rhe eJJd of Ihe war ",hen 
h. led aD Air .'OftO Prupubloll Craup throu.h German roek..1 .18n.. aDd laler e.. 
,1.led In Ih. dlyiaioD 0'1. c:aptuft'd millslle eq.upmeD' bc:lween Ihe U,s. and C .. ea, 
Brllaln. In a ~nd lOur 0' Europe be ooYerecl furlhClr propuI.lon deyeloplnenll. 
Then b .. bee.lIle AMI."nl Chicl. Non·ltota"n, En.i.. c Draneb., Power Planl Labon
lO..", Wrlpl-Penenon AFD. wbere he helped In ,h. dewelopmenl of .01ld and ilquld 
rockel power plaDIa. In 1954 h. joined 'WOIlcm De,\'.. lopDaeol Dlyillon •• Chief, 
Propublon De".lopmeal, where lae we. re.pon,lbl. lor tho pro....m. le.dlu. 10 GO' 

.Ine. for llae AII.I, Titan. and Thor mi..Url. De enle""d the Air Corpl In 1939 and 
hi. warlIme IoerYlce w.. In En.lend In e ...lnee?n.....I,nmeDIl In IIn:nlt rep.ll'_ 
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g'ItidHnn: siguJ..l~ were tr:lIlsmill.ed to the projectil\~ aEte\' exil 
fro/ll t'he ~un Lan·d. Wlii \e mliJi Ii[y W;JS im paned by projectile 
sflin. l7veu ~Il this relarivdy early level of mjssile !lophistic:Hion a. 
certain degTcc of hybridization occul'n' ti; fin-stabilized gun
launched proje.cliles wert' developed. in which a ctrr. :~in aUlount 
o( acrodyrwmic s<:iencc was drawn IIpon. The serious develop
ment of IOllg-r~U1[.!;c, aerodynamic-controlkd mi~sile5 h:Jd ttl await 
the d(' vclopmcnt of th e airpi<lne. 

Quite t>.lrly in lhis saga <Iltempts we rc made [0 apply this 
n<:wel' ~ci(:nce (() long-ro'll1£e missile.s.. Even dur.ing 'World \V;Ir I 
e.rrorts werc madc to load Illilitar'Y airp);u1t~s with bnmbs and 
direct thclll without pilols La specHied t"rgels. Out of aerodynam
ic Kicnce ~rt'\v auto!J1:Itic COllcrol de'\iic:<,,~ such ;l'i autopilo[s, auto 
na\'is_nioll equipment of UOlh radio and jnt'rlial , 'arieti es, aulC)
l'I1a1.jc bombing- sy~l('TllS, amI I.he advent uf reliabl e. dflcielll pro 
PII'lsioll sy~rems. It became evident that 3i proper imq!,T3.tion ot 
these sophisticlti()fiS amId make practical an ullmanl\l~d. long
,ange. aerodYI1:unic'ally-comrollcu. missile_ During' \Vorld \V;lr II 
sever:,1 instan ces 01' the operalion of slicb devices [Ook pl 'K€. 

Up to this point a birly distinct dClllarkation cxi~lf'd bet\~ct'll 
ballistic ;lnd aerodY";llllic appro:\ches. Ballistic vchicle~ were 
dens\·. unsophisric'H.e.d strucTur{'s, most of lhem propell ed by 
~xp;mdin~~ g;L~l'~ g'ener:ltC::d by combustion 01 solid 1>!'opc.!lalHs in 
p;nn harrel!;. No proV'i~ions wen' made I'Dr iuterllal control. guid
ance, or p'ropulsion cqlJipm('m_ Aerodynamic Jlli.~1iilti:.s. on the 
otht:r hand. sprang llil'cnly from airplane experience. In these 
wcre automatjc control systelm, SUOIJp;. Iigl1lweig.lH airframes.. 
sophistiCllcti guidance sys[ems, and 3(h',lIlced prnpubion uniu. 

ll[oden! m;JIiil: iJt:{,rillrliUf{i 

Until l'Ill' 'War [he potcUlial performance of long-raqg;e inlS
silt's was larlJ,'dy mi Sllnderstoud. The barrier w be overcome W,15 

not of sound. or heal, but of rhe mind. whidl is really the only 
typt· lhat man i.~ ever Cl1Ilfronlcd with an)'way. A traditional ap
proach hy tbe at'l"odynamjc pt:ople to rhe probkm of ran~c versus 
spet:d had convinced thelll that an inverse relalionship exisled 
hetween thc3e two I)anmctcrs and [hat, conseqlJelllly. truly long
nng-(·. ;tirfoil-colltrolled ychide~ would have to travel at relatively 
slow speeds_ The hallisti(: advocates, abo limi(cd by Int:lltal blocks, 
tboughl in lerms of Lhollsands of Yilrds Talber than thousands o( 
milt'li. AhJ.long-h uw 1~Jl(er hrt-Oiif> had had lO(k<'l$ at its disposal 
for hundreds oC years, it had employed (hem in a mtlllnel' highly 
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analog-om to thl' gun. Thus aerodynaJllkists [alked abnut rela

tively slow devi<:es capable of ranges up to 10,000 miks or so, 
 " 

! 
!employ inK reciproc:lting' 01 compound engint's \\lith COl'lvcJ1ticmal 


prupdkn ;mrl hi~ll-a.spcct-r;ltio airfoil~. )'Vlilit:\ry ballistic pC:llplc 

were (h inld,ng in terms of rocket- and gun-propcl.led pnljc,Ctiles 

with unsophisticated strUctures and vcry limited guidance and 
 I 
control ~ystems capabl e Cif ranges of hUlldn:'c\s (If thom';mds or 

yards. 


Between these lwo pl.u:'id !JOo15 of special ized ill terest there ,\ 
were s<:veml small, uj.mll·bing· anOinalie~. Ill'_ Robert CodJard 
in the United Slal(~~ anu the W capoLl Developmcnt Gl'OUp o( the 
German Army were pursuing- prQKro1m~ t)f high-pei'f(Jrfllance 
rocket developmenl. Dr. Goddard was completely unsuccessful 
in his efforts to inten.:'st the Unitcd Slates anlled forc('s in bis work. 
and the German (~ fTorr. untiJ a time too hne LO be of nny influence 
in deciding the outcome of -VVor'ld 'War II. was similarly ignored. 
The dfortl! of both of these groups WC.T'e ainwd OIL the developmcllt 
of a d (;sirable hybrid in wbk .h the sophi.'niG'Hion of the aerody" 
namic approach would uc effeCtively applied to a hallistjc ve
hicle, The.~e CtToHs incorporaled du' S\I btle Stl'lIctl'lJ"al Gtkllts IIf 
the airframe industry and the highly ~ophiHicaLed guidance and 

, 	control median isms developed for imparting stability to, n<lvi
g-ating. and cOlllrol1in~ bomb release from modem ai1l)lafles-all 
this married LO a bigh-perforlIlance rocket-propulsion syHcm to 
produce an entirely new ~pcc it?s of vehicle. 

Except [or d1C pmpuJsion system all elements stemmed di

reedy from. the ahpliUll' dcvclopm(;.nt an. Amcl the rfJ(~ket pro.. 

pulsion liysterns employed on these devices. in the United St:ucs 

at :ll1y ral.e, hav(~ also STemmed from lhe pmpu IS.ioll devdopm('nt 

programs of tile United Slates Air Force. The prohlems of heat 

[r;msEct . turhine operation. combustioll, and pumping are inu'in

sically the same as those lbat plagued the developers uf fccipro

cJting' engines. turbojet en~ifles, ramjct engines. and Orhe1" aero

nautie:L111ower plams~ These rocket engin es have been deydop~d 

by the S:lme U.S, Air Fon;e Jnd arriliated ol'p;anizario!1s thal de

veloped the preceding' types of power plants !Ilcnr.ioned, using 

thl.! 1!>:lIIIC basic philosophies. The r~s"ll i~ chat large liquid-rocket 

power phon. arc available today iH re~Ls()nabl;y re,li;lo1e. prodLlcible  
items to p.rovide lhe extreme propulsion requirements of the long

mng~ guided Lalli1il ic missiles. The rapid advanee of the Air 

Force ballistiG missile program has been predicated upoh this rich 

backgT<llInd of faruili;u 'i[y ,.yith. and devdoprnent of, all the key 

elements required for success in its field_ 
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Tilo ruU of dr'twlo jJIII/c'J11 lnogrcJJ 
The ral(' of proglTsS achieved in LJallistic mi$!iilc' dewlopmclll 

ha5 been limited by twa categ-orie~ of [actors: the oper;.IIional and 
the technic;)\. T hat b,lJli~tic missile t1e\'elupmcnt can only be 
carricd out by the arllled services is an acce pted bCL Arnll~d H .'T\I· 

ices, however, mllst always sed;. to justify their development 
activities in lCnm o[ the eWHIllTlic: validity of tilt' gains to b(~ 
arhio'cd. No new we.lpon, howevt'r spectacular, can really be 
jusrified unl,·ss it promises to pcrf",rm rnilit;II'Y f'lS.kS at ;:t lower 
gTo~s C(lst than will any weapon sym:-m pnx:eding il. A rocket.pro
pdIt:J , [!;uidcd bailistic miMile of slJort r.lngc would he questlon
"hie from :in t.'('ollmllic standpoim if compared to the operating 
cost of LIlt' manned bomber. Even 1) rehuivdy lung-r;mst: missile of 
this val'ie!y wOlllll he questionable untilthc detonation mag'nitllde 
of its WJrhe~ld and lhl': accuracy with which it could be positioned 
nude it k~s conly pcI' unit of effectiveness than the piloted 
bomber, Questions would still arise about the methods of reco"
naiss:mn:: and homb-dal1l:~A'e 3sses~mellt t.hat cOllle1 be employed 
as a nt.'Ct.:s~ar)' adj lInCle r.o sud, J weapon system. 

A limiting- [actor in the missile devell) prnClll drh'e until very 
rcceruly '\v:lS the qu('srionable clfc(·ti ....eness oJ av"ilahle warheads 
and guidance systeTlls. Obviollsly the usc of a T NT willheao on a 
b:dlisLic missil~ with a r:mgc o[ more than a thousano miles would 
he exo'cmely costly. \Vjlh missiles dispersin~ sev(:l'al miles .in the 
mrger ;1 Teas, as tbey must with tod:ty's g-uidancc systems, scveml 
tholl~J.nd would hc' needed 101 dC'stmy a ~V,,:c:ili<: targ-et of Limited 
size. As the accw'acy of the g'ujeiance system improves and ;lS [he' 
d etonation cffcnivcflcss of the warln'ad lncT~ases. the numbers 
of missiles required to perform a.ny specific military tasl:.. drop~ 
as do cOlllp,uative CO'StS. 

The atomic bomh g-rcatly improvcd the de~lxuct:ivc pott~nti\ll 
ol tlli~ type of. mis!iik, but t;ven it, when coupled with J.vaj\ablc 
g'uio:mce accuracies, did not gu:mHlICl: ec.llflOo.lies heyond th e lIse ~ 
of mallued bombcl's. \Vith the: atomic warhc;ld slIch c(;,onomies 
could only be :l( hicvcd by the dcvcloprnclH of (fxtn:rfrely ~lCClU";Ite 
All idanee syslC:lTlS. It was the thermonuclear bom b I.hat altered 
this pi cture radically. This we;'1)(I fl promi~t:d \;con oIllical divi· 
dcltHls in the ckstrllction 01' military £:lr~cts by means of long-rang'c 
ballistic missiles. So it is lhar horn the op("r;Hional point, ot view 
the drive to devdop these mi ssiles was rOlllprollli,s~d by lack of 
dear-ru t evidCllce lhat their t~UJ ploymcnt was mil i tarj ly jllstilied 
until improvements in wa.rhead and guici;m(;e techniqlH.>S occurred. 


A much more basic limitation to the development of long' 
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r:mAt tlallisric m.i~sik5 existed up to 1950: adc(}lIate propulsion 
systems. The long·range ballistic missilc consists of gnidance, 
control. structure, w~ll'head. ;md pl oj=luhion. Each of these Ul mt 
be auc1luatc 1I there is to be a wonl)lI'hile mil 'ilary missile. The 
propulsion ilyswrn is in a som ewhat diffcrt'fll GIt(:P,DI'Y [rom the 
others. This is the one component without which the miss~lc 
could no t 11)' at all. 1n fact the I'ong-rrmge b;.lIistic missiles are 
so imim;udy tied up with rocket proplll5ion systcms Ihal. fre
quently the .erms m.issile aud roc.:.k.tt arc list:d intl'rdlang-cably. 

A fallacious concept. formerly widely cherished by ;lir power 
"cxpcrt~," that the rl'l ~ltionsbip oetween range and speeo was an 
inverse one has 31rcady been mcmionctl. Therf: was eviden(~e 
upon which to base this [31st! ccmduslon in tile form of ranges and 
5)Jecds of the aiHT.. ft clevdopeo prior to the I!)SO·s. Some of 
tllis evioence cenl ~rrd on tht: assumption tLl:t.t Iitt for th~!ie long
r;lI1ge vehicles would ine\Citahly be sllpplied aerodynamicaHy. 

As soon ;15 one accepts f.he facl that cemri.fu~1 fnrct: is C]uite 
as rel iable as ae rodynamit: lift-altested to by the clcgT,ec of 1l55ur
ance man 113S de\"eloptd [hat the moon will not bll ciown-rhe 
pictllre becomes g!~iltly (:\arilied. 'While the anainll1l'nl of Maeh 
'I speeds w-as alway:; accompanied by very limi(co ranges in lh;n 
era, lhi~ limitation was largely a pn;ldut:C of the (haractcristi(,~ of 
air-breathing cngill4ts, available conventional ~l!e1s, ann acl'ocly
nami«: drag. It was always evident that if one could get out of the 
atmosphere and :reach ol'l)itiIlg velocilies, tern'strial r:mgc \\,ol1lci 
become tllllifrlitcd. The problem lay in the dcvdopment of a 
po,wer plant :md structural system capable af amtining arbirinp; 
speeds outside the earth's atnlosphere . What structures a.nd. wh:lt 
power plan ts c.an he used? 

A survey oE I..'xisting' power·plant and structural co.nc('p(S 
reveals that the choice is a furrow nne. The reciprnc<Jtll1p; eng ine 
and propeller combination is only effective ;It relatively loW' (llti
tuc\('s and speeds. Prope.IJer dflCit.'f1cies orop very rapidly at 
great alljlUdc.:.'s unle~s the bkl(·h-' .~ are cxu'cmcl:y large ;1110 heavy. 
The r'!tio o[ thrust LO drag :ltt.ainable with this type of propUlsion 
sy~tem is very unfavorable for nigh·~peed flight. Tur bojet, and 
ramjet cDB'ines mlf.C::'r the same gt!Llernl deficiencies, although the 
turbojet engine i~ g:reatly ,Hlpcrior to its TeCipTOC;.lling brotJH~r in 
thmSI-fr ont-al arca and IhruS't-wei~h[ ratios _ But the 'value of the 
compressor c-\cme.nt of Lhe lUrboj c; , approaches zero as f(lrw:lrd 
speeds ris(.' above M<lch 3. This is sa bccau~e tht: inevitable rise in 
stagnation telllperacnre hrought about by the forward spct'd o~ 
the aircraft, when coupled with rhe further temperature risc 
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r.hrou).;b the turbojet compressor, h~J.ts the incoming air to the 
no·thrust point in this speerJ r:.ll1g~(~ . This limitation is iJlII,(,sed 
lJy ~Il'llclllral probk'ms stelllming- from limirations in tbe strcngths 
of available maleri:tls at hilJih temperatures. A.clv;lJlc~d cooling 
techlliques Jnd fmllier developmenl or hig-h-streng-lh, high-lemp
Cl'3Iure-rt:siManc m;Itt:Tial~ may Illrsh this limit lip bUL not tel any 
UScfllJ degree when compared ivitll the speed rC4uirements neces
sary for C1Tbitin!-\ the canh. Th~ C:lS€: for the ramj~l, similar to 
thal of th~ turhojet, is slightly more favorable. Here we do not 
have to worry about structural loads on cenlri~u~rally slressed 
turbine and ("ompres~or elelllenl~. The high nagJlation temper;;!
ture of I'he incoming' atulo~phtre reHlJills as a St~\'~re problem. 
Tho lwin necessities of furnishing a reasonable static pressure to 
support (\11l1bLlStion :md a very high forw:Hrl speed lO sustain 
flight c.:.!u.sc sl:lgn;nion temperatures in the comlm:ltion challd)er~ 
and discharge nozzles t(:) bermne liltliling at about Mach 5. This 
is still very far from earth-orbiting' vdocity. 

Only ill the non-air-breathillg rocket engine does none ot 
these illirin.~ic limitatiuns bar the WilY to e;lrth·Qrbil.ing velocity. 
Sillce the rocket lIses no air, high stagnation tcmperJ£llTc or ,sur
rounding attl1o .~phere is of no conSeqll('lilCe [0 the power plant. 
DeveJopil1~ thrust morc dlectivcly in vacllum than in the at
mospherc. rocket-propelled v~hieles may :tpplll:lch allli ex.ceed 01'

biling- velocities without the problems :lS5ociJ.lt~d wilh atlJ1l1sf,heric 
friction. Theoretically, tlll' rcfon.", the rocket power plant should 
be (apablc' 01' attaining earth-orbiting speeds alLd unllrni£ed tet· 
restrial ni~ht rangt~ atvt~ry high velocities. Development of 
rockets of suflicient specific impulsl::, structural Ugllt:ne'ss, and re
liabiliry for IOIlIi."-f~lngc bJlli')[ie application had co aWiJit the de
velopment of modern f111:tallllrgical tcchniq ue'S, uf propell.,nt 
rhemjstry, and of the lIwnnodyu;unics required to determine 
Wh;ll pcrforlll:lI1Ce \\1'35 llV;lilabLc (rOin the olaterials at hand, 

Roche/. cngifH: dl!vduIml [HIt !rrogram 
At the coudll~ion of World \VaT II the Air Materiel Com

mand of the Army Air Forces IX'came iluer('.stcd in the further 
deve.l0pllH'fll Clf tile Gt:1'11I:1I1 A·4 type Tockcl. As a result tIle T;llher 
battered components of three of these engines werr shipped from 
Germany to l"orth American Aviation. the contractor de~ignated 
hy the projeu office at Air IVlaterici CofrlfllJnd. At tliis time no 
.largc·s-cale liquid·rocket development faciJities exiSted in the 
United StarcS. Two lar!;c test st.lI1ds and as,socia~ed equipmelll 
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for Ihe development r(,Sling ()C thc~e t::ng-ines werc 10 be crecred 
;1.[ Edw(lnls Air F(ln:c Ba~e. Shonly after this, agrcemems were 
reached betwt'('n the Air MareTie! ComUl:\flcl and the Curtiss
Wrighl C()Jporalion fur I.he use of Dr. Roben Goddard's patents 
in the Army Air Forces' wckct (h~ ,,('L(JPJlWIH work. i\ (1(1 itiona I 
work to eslahlish the operational effectiwfless of nitric acid as a 
rocket oxid.mt was colitri.if(ed III ACTojel, Bell, and K(,)log~. 

It was the COIwictioll al lhis lime 0.£ the Army A.ir Fnrces, 
whkh became the lJnitc<i Stat(:s Air Force in 1947, that fhe rockt't 
dtvelopment pro~ram should be ham\led in a manner like that 
Qf olhcr engine developmcLlt progl'anH. TradilionaLly industry 
had always heen r(,·gardcd as a panner in cli ese ve;nturt;lj. It \va.s 
felt thal a .OCJ'I1tinl.larion of rhiN policy W'ould make availJbLe lhe 
most compctent organizations aDd best brains fur rapid cxpluira· 
lion of rocker art. The former Air eorps' engine dtvdopmcnr 
programs, dating ba..:k to the day:! of the Hispauo-SlIi7a :lnd Lib· 
en.y cngines «If World War), bad ;mempted (0 harn('~s availahle 
sources of industry to (IEvelopfrl~nt :md prrJUu(.:lion pro[;f<llllS. The 
Air Force feels today that this was a wise decision. The fact thai 
the on:ly sucn:sdlll large liquid-rocket eL1gine prognms in the 
Uiiitl.'d States bave been Air Force programs is in no small mca.~lIrc 
dlle to thi~ manner of opn;1tion. This policy b~s gr~'atly e;ucd 
tra.nsitiol1 from ;tppllcd re~earch 10 deveJoPJfJ\!nt 10 prOlhlt:tinn 
and has minimizcd scientific .~ragnaljoll. 

Sin(:e the inception of theSe! ror.::kel developll1ent prograrn~ 

th (7 Air Force has spcm large sums of money on the development 
of rocket cnginc.~. Thi§ expelldirun: was j lIslil'icd by th~' hel i.ef 
that only through the development of such pow~r plants could 
high-speed, long-orange guided ballhric: :lna aerodynamic f1iissll(?~ 
be created. The mcn eDtrusted with the development o( this de
vice ful' tile (J.~. Air Force wel'e experiennxl in developing' 8m:
cessful reciprocating and rurbojet engines. They had no delusions 
about the reialiOluhip betwct'n (krnonstnllion fif basic prim:iples 
and completed d.cvt:lopmeot of rocket ensines adeqll.lIc in relia
bility and Simplicity for indusion in the mjlitary ilwcmory. The 
Air Force und<:rstood thal preliminary dcsig~n and dCll1oflsl,ralilJll 
ot fea.sibiliry of basic prim:ipl('s amounted to less rh;m five per 
cent uf the COSIS of an engine-development prognl11. Each ro<:kd.· 
developmt'nt projec:t. in the Air Forte: view. would be faced wirh 
J lon~ period of (uln,poncnt tests. engine Sh;\Kedmllll. antl H' <;.k.,igl1. 
This reali:;tic :1l.1il.llCk has me:\m that the activilic5 have seemed 
unspectacular. and achic"enwIlls have seemed 10 be nltalodl at 
a reiat ,ivcly .dow pace. 
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Air force Experience in Missile Omillpmelit 
1~lgllil 0111 Sllnificut Birldl.' lit 01 hllll!i' Itluill PUIPII 

19~6 	 Lorg e . 1 19h l",oI9~1 Ih,,,,1 <h"mbe,.. much den,sn dolO 10' lo'a" 
Ilquid -o"Y9"n-a lcohol engines. 1'0"0-" inj"etor de,igrl technique',. 
much ine rti a l guidance design dOl !! , IlIu,'.,o,,,d ai,.I:.<:o riI\9 9y~i) 
I'mifalion.. and provided firsf fyo:cnlul Ameri can largo "quid 
t'o(.kel on£]ine. 

1946 	 Conl'ol techniques employing swiveling engine., liOhrwelghl 
shvdurc-) for lC3nk~~ and ,)epClrOlion l e--c.hniq\J el . 

1951 	 UII,o lightweight tonk " Iudu ro •• fea,ioilrty of " ;ry high ox panslon. 
, atio di,e harge nozLi.n. preci.ion g uidance Md conl,ol. develop
•,cn t of high .pecilic impul.e lrom con.cnlional proPQllanll. ap· 
p, eciotio n of propellani ul ili.otlon p roblem, and h>c:hnla,ues 01 
ol1oc\:[no tncm. 

1951 	 Loro.. hydroCQrbon liqu id o>cygen rockat o n"l nes. advo ncad hl!!h 
luction spO(ilic pum p •• ,ery lig hfwelgh, oim ball"9 .y.toml, Ilu<>
rine rocket , ...h"oI09Y. te chn iques I..odl n9 10 axte",lon of ,'obla 
combu. ' ion li mits of rocko, engine'). p rocli eu l method.. 01 i ,~n" tion 
and handli ng of .Io ,t ;ng " on,len". Ilmilotion. and m~.thod~ 01 
throtlling. ve ry laroo turbo p um p' a nd thru'l cnomb".... Thli 
p,oe rarn ~(,. provided the b" $I~ fer a ll the larg e ("j,.-~"n hydro· 
c,,",ban rocl<., t c no lno wo,~ in the United SI.Ilfe •. 

1951 	 E. ten.live prope llanf perfo,mooee and ignllio'n w~rl:, ,hort .o,,,t,,.. ,, 
li'6n. c:homben, r·o pld ionihon at loW' lompnature.lj- I ftf:l CJ'iou: 
po,i llve a_pu llion lonk •. 

1947 	 First clo.e ly cont,alled lerl e. proQuctlon of Pf""wl.cod hy-d<o. 
corben nitric add roc~et. 

1'147 Turbo-pump drive n. two Icv. lcd·lhru;' engln..,." "ulomotlc control 
lYl!1 Onl I. procti.;ol M id hydroce rbon g '" gOMJa'o.... 

1947 	 Hig h"otio. conl ln uou. ih,oltllna 01 liquld-<.lX~·!ICn-alcohol "l1i) in~', 
ea rly o•• ploymanl 01 common propel Ion,. for ,hru5' <110mb.. and 
!las {lano,ator. ta" k prn,uri1<lIlon by ·turbin.. di'll>oroe ~e.<it 
o.c~a nge,. dlf""t-<l rivon. high.speed propellon' p'ump•• op'or' pl"9 
I!] nitien, 

1949 M.c~on ico l Icdm ique, leadi ng to .., fe opo,((llion of nitrk acid 
hydro<orbon rockets. <lu te ma lic hi!lh-,,"ponse-roto conffol :sylreml, 
hl9h.p c rlornlOn co p,opellant pump. and spacio lizcd booring. and 
lubricotien ,y5Iem•. 

1951 	 Sofc. hig hly ,.lillbJo, hydrocarban aci d. Ilg~Iw"lg~f rocker .",,'om. 
effe<!i~c u'"" of rofra~ory «,g mie>, hiS~ Iy compoct component•. 

1951 	 HOI 90' p,o·"ur',alion Qoln. la 'oo eng lIie applicarion 01 ,efroc,. 
lOry moto,lo L,. dE 'i~n ta,hniqu.-' for Inle, ~ ctI Q n of slol.hl.'g <fnd 
conlrol•• low (0)1 pf1lcllc,,1 low Ignifion "",ergy "ropeBan,. and 
combultion 1cC'hni-que~)~ ,wi"f'e~~n9 c:n!1ln. i(t,')ntr~1 "Y'Irem. 

19S0 Q ualify control I~thnique. lor rubbe,...bo~ prop!lllanr,·, d~;9n 
data fo r co.e.botia~d 8 lain',. oging ,horoCleri'lt;,. of ,u bbt". 
bo.e propgllan". 

I?~3 l a rgo,,,,, 'e c_" lui fU tian 01 IOWo<O>t roc.k ~.t pOlenliq l 01 " ..... onium 

ni'ro'-'. 
19~? ?um pi n9, hondll no. and combu"i" n 91 liquid hydr09.. n (Jnd Ilqvld 

flUOrine. 

LO'BO. hiDh.man.r",lo. ,ali d rockel techniques. 

P(c'nUrizo4 . nirric,..g-cld rCldc:et j·echni.quci. 

1944 	 Inl'ioted jointly by O,dnan,,", and Ai I' Fa"e. JolIII ;;Iud'Y pl'O\Iroll'l 
I,d, Air Force· '0 d i51elopmen, 01 C'"pu an;:! B<>IlHjiC for Improwd 
prtrforI"110n"ce1i • 

• JPl p~!lfom' join·,I·y wp.. ,.vrlC'd by mililCl')' l~r. ice,. 
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fly 1949 the first largf' t:J1Ig i lJf'.~ b:ls0(l rm the TP' -:( )Vt:TCO V-2 
h;I~JlIrutS J)ad b-etlJ fin:u <IT thc n ew mckt:t [';-.I'c'ilitjcs of N(.lrlJl 
A'Ineri c,j'11I f~'Vi;lti'(nl. They developed lhn lsls :md [jll'lI,~(,wl"i i~h[ 

mu DS consirkrahl¥ in excess of the Germ.lll unit~ . But tlw i~ir 
'Foret ::md its COlHTaCiors. with a now n:spectable backgrouml 01' 
ro.clt lF}'c. It::.L1ize<1 that t,b{~ I:l;).~jc German <lpproach 10 tbe 1>O'\\'CoT 

planr 'W:iS Guhcr limited. Duri ng 19SO il was dt:cid€d ( h,N rhis 
injli,"lJ elJJ:!,im: dfllrt wfil ul<'l J\( ) InngcI' rHeel mon ' ''1 lTlhj lioIl5 ,Air 
f orce requiremenl.S; and the emlie pTog-ram 101' lar~e li'll'lid, 
T(1c.: K~ 1 'C!l.gjm~s w,a~ reorj.(',l'ltcd 't"I~'(ltd 1u ,o;ef , li~h t\~ r, h19lu;:q)wr. 
60nnance units. This en1arr;td pro;gnnJ produced rOl.:Kct fn.gil1c'S 
lI'5l' ful 1.101. only 10 'he Ai,! I'DIce buj to die /~,fm y as well. Wheu 
Ith.e US, j\n:ny Ordnance Cor ps. sponsoring- 'rhl' Red,~tonc Mi~~ile 

De.'c l(rprn.(; r1ll Pl'og'r"un. Imu\ Tlfl) n(ll'qual<: ellg,i ~le ., 'v.;ti]abl e within 
jl~ o:w.n taljl:itil::s,. l ilt" Air Force m~H!l l: its e ngine: "JI,I',a illlble fO Arm}' 
On1nMu:e. It kl'Ssill(,{: bCt"J.l sllcn:ssJ1'llly emplnyed a~ the pllwn 
pl~mt For !llt: R eQlnofil' mis:sile. 

Dl.IriTI~ [h il'l ~;~I 'rnC' period. vigorous pTli'~Til mS (0 dt'velop a 

f ;1J nil)' (I f n i tr ic acid-h ~ dn:rcaiboJl r ockc IS wen." bl;: i n:; '~I'J r) l1 s(l l ),(· ('1 
by the Air Force ;n variuus cuTHraClur pli.!n'b. One or 11I(,~f: (It:-
\· t:lopment progT';lOh. linumcj,pt.l fM airpl;m.~· :tpplir :ILiuD . iJJ~.{)lv(·d 
'S.uoscaJc u:ojt firinl{5 to est:! bJisb the hask dtaraCleri'5'rit.'!'i of III is 
Pl'C:11T.ellanr. p.ur , This :1\ ubsG~}e uuit weill lhrVl.!,l;h Illany lllct;'I-

morpho ses (If c}{-n>lopmcnI and finally pro~liQIClI the basic deviG;' 
~\rOlll'l.d 'wrnjdl tbe clIl'rem Nile eng'ine is built. 

DeveluJlIIlcl'yll J}~/ il (JS:(J jJ'IY 

Although [he bulk of A i r Force de~leJ opmt:m work. is Je ft fO 
indu'stri"l 1J(i) l1In:Lt tal'~, til!: mJ ~~ p)l :'~.t;d hy i\ ir Fort:,T ('n.~j!,Jcl'ns 
-shoulil D Ol be O'",crlookcd. Ai r Force dc\"clopm1eJJ l proredures 
11,,'\''C beell 'de~iJ.:'l1led lO re(:eh (: (b e mrr~t from indllStr~ for tilt ' 1;0\ 

p;'lyen" dollar-to de ....elop POWt,r pl::Jnts I hill .arc prani~\ll 'V(:llluTe~ 

y:el pr:e;s t be ClUTcm limits of the s.ratc n'f Ihc: an. A .key l'klll{~'1IT 

t n this clev",'Io pmen t i::; av:a ihbiblY of ~\ir Ftll'ce orrll.:eTl5 of ~lI lli c i .(· llI 

tcchnic;alcompl;' len rt lo reco;;:;nilt' r~al poten tials of scielu ihc 
oeweJopmcllt. to di.-';c..1rll p~'ielHJos(;i'cmljic hog-wash . am; 1-1) rrpJll'y. 
'11HQlIi~h good Tnamlg( :m{'JJ l tocbniqu{:s, lessons learn('d on previous 
cn,gi n'e pl'Q,~~nl:fns, There h 110 'way in which the rc..{; pol1si·bi tj,~' (or 
6CtrlUg- lip '\Ycapon-dc:vlC"lo[llmen't programs can he div(,)Tced From 
the m.i lj mT~ . 11' the Objttl i \l'~.;; o! .su ch " f:le vdopmcTI ( 'prop,T::lI11 an: 
IIlIJut'ill . {he tontrartm• . r"gardkss of his iriltrimiccnmpt'N::nce, will 
fail. If pmp~'r g'uid ;IIl EC' is n ut slIppli..ed by th.e fnili tar~ . tlle (: 011, 
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Lr~IC LOr ' ~ prug-ram will be So prolong-ed :IS to in vite exc<:cdillgly 
high U)~t~ :111(( pmdllc(' vcry littl< (.1' l~chnic~t1 merit. 

H(cCJ.\I~I" the Air Foret: \vas Icol1vinc:cd lhJl Inng- r:it1Ac rockel
prupclkd llIis~iks would h~cOJ1JC necc~sary wl'apon.~ and lhat rhe 
(k\'l'I n pfnclI! of .~lli[3hk rocke t CI1)!;ill(,~ \\O(1I1 1d hc thl: [xlr illg faC[()f 

for lh~,~( : llIi.\~i I•.:s, its I'ocl;..;:r programs ("OlH.inued (' VI.:II dHough the 
)"c;Irs (It k~llI approp riations pr ior to th e Koreall 'Var. ,f\.S J result 
wlwlI the hallistic missile d~~si.gnns· jolJ was suudtllly amI {tra
IWl1ically e;:lsCd by the advent o( practical. li~ht\\; t:igh t thermo
nlLck;u wadll: ::I ds, the Air fClrcc was rcady [() be:~i;l matchillg 
lhis d e\c lopIlH:lIt with a halli~tic missile ddivery vehicle, Rocket
pHlJldlant p:lirs had be('n se lencd as best for l it is job hC:-Glme of 
(·o trlomy. 'Iv~lilahility, pcrfurmanc~, and handlill~ charac:tcristin; 
eoginc wrl.lpontnts were in a n~a list ically atlv:liln;d state of t\t:
vc:lopmclIl, and the meallS of eli til1l:lting- f:lc ility, manpower. and 
dvll;:l l" n~qllirt'I1l I: II[S [(1 meet .In;l:'lI'r:lled prO!{T;ll1lS had b{'tn de· 
velopt·,\. 011 the firm found:llion of tbi~ contillllou.\, Yig-(Iro\l~ly 
proseculed Air Force l'Ockct developlIlcllt pl'ogram, all th t:: Inl1~
r:lllgl' alld i i1 ICl"lIlediate-rang-e lMI listie mi sii iies now in de.:\il: lop
1l1CIIt by the Unit~'d Sr;ltl."~ have bee n based. A~:lill at this stage 
of lhc dl'\cln!'llll'nt oL" rocket t:1lg'illes, Ihe Air }-'nrce ha~ m,Id,c 
;,,·:J ibJ.k il~ rock .. r l'n~i)) es to (he Army On.lllancc Corps for use 
in [ill' JlIpitl'f prQ~r:lIll. 

Sln/dlll'• .' IIlId um /roll 

All rh e CClrnp( lI1l'lIt~ uf IOllg-rangc balli'iri( ' and aerodynamic 
missi k:i , t;;Xc('pr lor the w('kc{-t'l1g-i\1C power plallt5, ar(o: direct 
d.t':SC~~Jld;)lll s o f klsic COin P()lICIltS ill modern III ili tary aircraft . The 
Air Force and irs (ol1{rannl"5 ~Pl'llt l\~' '; l1ly- livc years ckVl'l vping 
structural marcTials and m;JllllLLnllring lech.llilLlICS rhat offer hiAh 
Slr(~llglh alld IJ) \\' wei<l·llt . A hiAh pen::l'll l.'lge or the cost o [ (Iii' 
c\t'\'c\opll1l'1H oE lightweig-ht alluys and hi~h-tl'mperatllrt· alloys in 
IlIi:; CllllllLl' y ha~ beclI underwritten lJy the U.S. Air Furce in one 
form ur aIlIHIH"'r, 

I II b;d I iSlir If) i s~i les. l'anse is 01)1 (' specially sensilin' hlll('[ioll 
\If lilt· r.uiu 01' propell:llll w(:ighr to tfll al we ig-ht. Two i'll'ms (;'s
~r.: 111 inl to IClII~ h :d I iSl ir r:mges aTe hi;,;'h-pnfornuncc rocket power 
plal1l~ .lIld exO"cllldy' low we ights of s.trllcUlr;1i cle mei1l5. III r('Cu;!;
ni(ioll or this, ~ l.i or lJy aFter- 'Vorl(l '\Val' II the Army Air Forel:" 
~ L:U'tcd ,-I p.:,)~nlm wi r II Cml v,i ir lor intensive stlldi es of ~trllctu.rc , 
rontml, ,wei f.\"uid'n n((~ or lon~ -ral1~c' ballistic missik~ . This pro
gr~1l11 ('\TlltllJlly led [0 impress ive il(\vano~5 ill co ntJ"o l oE b;dli~(i" 
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missiles [hl'ough g imbaling of rocket (;Ilglnes, hener understand
ing of the reqll i rements of guid~tnrc mmponents. aJld a lip;ht 
weight sttuctllraJ concept now e.rnployed in th~ Air Force IC BM 
program. The basic st ructures of ,III the long-range ;J(lcl illler
mcc\ial.e..rang'e gll.id(~(l III i s~ i I p.~. ballistic aind aerodYllamic.:. of the 
USAF <Ire high Iy .mphisricated and employ Sli bt l..: I echn iqll~: s 
coupled wilh cueful!y chosen Jl1~llc.ri.lls W attain ~.'J"(" ngrll-we igh [ 
r;lIios of ... very high onler. Lu:h of till: Air force: L1)issik~ has de
vdnped a MTUdllfQ peculiarly suited co the specific purpose_ Thal 
these suuctur-aI app roaches have prod u(ccl slI(.Jtc-ri l"tr r(:.ud.IS is in
di.cated by lhe reccm anion of ~hc Army Ordnance Corp!!, After 
it examined the \),lj"ic $lnlcture of the Air Force Thor llli s.~ lIt", 
Army Ordna.nce decided to alter its basic strucl\ITal desiJ{1l of the 
Jupirer miss ile to permil employment of [he Jll~Ilt:rials and falJri
cation tcchniqut:s utilized 011 Thor. 

Tht extension ur ll1i s~ ilt c.ontrol sYS(('ms b eyond perffll"J JlanCe 
limits of pilnted aircraft has not proved as dif~clllt a~ extrapola
tions of otber ckllll.:nls. In the OPc[;UiOnOlI ernplc)ymctlt or mis
siles them~elv~'s many (,Lher c:onvcllcion:lL Air Force clemcnts rnll~t 
b e brought into play. 'rhu~ :l. lOIlf{-range or intermediaLe-ran.~e 
missi le wuuld be.: of limited \1St: without Air }'-met t,ug-et"syHcm 
informativn, reeOl1llai~",;m(.e , and cummunication n e t.s, all lme
gratN I under cella;}1 eontr"L Only with tlu:sc C<lil l11issik d e vices 
be eJficieruly meshed into the opcr;llioos of p re.\enr nUlnncd homb
(:rs so ll~ to destroy with :1 minill1uI1l dfort th t: DIose signi fi(:-;Hll 
ittms of potential "'Ilcmy n;~ istJrKo.:. 

The Air Force mi);sile prng-ra m encompasses both ballistic and 
a(~ rod)'l1arnic 1)'Ii)('-li of \'('hic ks tksigncd to ('over [nail), ap pli('aliom 
over both 10llg :lnJ interml~di ace ranges. This program has bee n 
based upon a cOIl,'iiHe\l( philcl~n phy s)'s!cm;}lica lly pm-sued over 
a long period of yeus. The Air Force mission i n this field has 
been well l.lIJdcrslOod. WJS rei trmlt'c\ i II lilt' K<:yWesl agr<~emenr 
reaffirmin g rules al}d mis~i()n!i of Ihe three scrvin'~, and i"unhr:r 
conlinned hy [lw Seu~[:1ry ()f Ddense in his fa.elll memorandum _ 
'fhis progralll has pToceedcd <lhmg ! ille~ (If developmen( dCHlOI1-
str;llt:d to he effective th i"ou~ h past extensivt: experience with larp;e 
alrborn~ ""hid c~ . This prngnm has DOL bt:en Spf~nacuLilr, bllt 
massive and sound. There is every rca~on (or confidenc.e thal it 
wi I! do tllc job wcl I and on schcdu Ie, 

Air Force Ba.l/oi.slic AfLf.l ilc Division, Hlj A RDC 
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Notes on Technical Aspects 


of Ballistic Missiles  
TITH"lt:;\ !. TR'\I~"I"" ""0 SCll'AlUII l.\.1.1.,\Tl(ll\S GRUCl' 

(;~IIDt:I) l\11;'SII.E Rb!:.ARCU DrVI.ION 

T ' IIE lL\.\tu·\\'OOLDlllOCl·; CI)IlPORAnO); 

TI-I E.'" I'. '"'l<:., ;11', · illlpl1l.",1 to provide .1 "rid iurrull'll 'lion W UW ll:dlllicol 
.I .~I" "·" "r dlt" 1I.'i ..\F halli' lir ",i'sik pro~r:t lll. P"nicu)ar ""'ph",i, IS 
,~,i\' ~'11 In 1"·.11111:11,, Lio;ll ;.11'< ' new ,'1' newl)' Crilic)!. Topi!:, an.: (.,,('((,(\ in 

:\1\ .,nkr ),,~:~,,' sto.:.1. 10)' Ihe Idali.IIII,hij" ... no n;;' lht'lil. 

Tho Sysrems Concept 

:\ 1);'\ L.1 h ·lle IlJi5.silc: Syslt.:11I oh\';o11:'\I)' ( ·Il n~i~ t:. uf ;'1 lfi' JlI (: lId (n l"5 1111lllhc]r uf cnn)· 
]I0JlCLIIS .lIltl ,kl.Jill'd pan. lhal 1I1",l Ill' de.,i!; lH:d, den:lopul. and "".,cmblcd 
inLo ;1 wtlrkill" S)'S I\.' 111. 1.<.~, tllidml,. ;P l'ril .•p', i~ till; f.Kt III.I! !IIe ,\')·.•/(.' mJ 

f' ngil1 t'IT;lIg dt'\,olcu l\) (it o! >Iluly and pl;"llIin~ ,If liIl' OWf-'.11I sptem is a 

,i~lliric1l11 .111.1 vied p"n .. f Liw pl'n:~r"lll. S)' ~Lcm. ('n~inc\: rin>-:" i. d inill' 
~~u;'h(· cI by ii' 1-'1'1111.,,.)' O:llIl~ h:;hi" nil III.: n ' l.lli ..n,loil" "I' 1.1,,· "Itinu~ ponions 
of :. ,pll'lll let onc :lnnlll,'T all<\ ICl III" ol·<:r·:\11 'pwm I',~rforlllallcc. 

111 :l SptCIllS I' f1;.;ill, ·er-int': appro.1dl " mi"i/O: i,; illili.dir pblln('d in 1mud 
outlille. ~scllli ;"ly ill lllo)ck di ..1;,;I':.1111 ['lITIl, :111<1 Ih ..· ilil,TaCliClI'l' "I the differ
ellL lurl> wilh 011,' anoll1n ~r'(' >ludir<l ill dCI.d! bct'nTC ;\lll' II .• nl,,;I)',' yeo 
,i :~n" arc COlllllli!lnl tll Ih" lIli ... ,i];·, l'\(· ('c~s.l ril }' Ihe pvh.:J lli:dilin ,,[ df'[a 'ikd 
hardw~m: 11'111, 1 pi;}), all .itll},Oi"l.llll pan in rhe . di:('lif.ll of p..:;siblc 'S) .'I('TII~ rm 
sludy alld ill Ihci..- CY-;JIIl:lli""I, but II ... t·llIph." is i, fllll.bll\('lIl.dly ,)\I "/,rify
illg Ih~( tilc-' S'pll'lII :J' .• " '1",11,' LIII he :I praclic-:t1. n;\j;Jllk. :IIHI slilTiri{:mly 
pn;,:i,c .'UI-LIli .. ll 10 Ihe lIIilil"r5' pl',)L,lem. 

1n :Ul :lI tcrll;)l':: :11111 k ss •.Hisf;u lc)ry initi ..! "PPI"I,u'h "al'ious ck, ig'm of 
l.'1It;in ...,. 1-:)'1',,,(0» 1.". :tirfr:lIne $ truCl\lrC~ , and ,' 01 0 11 lIlighl be sek(ll'l\ nn the 
ba,i, of thc;r ~ .Ili sl';'i'l{lrr j.l<·rforruann: in [He, iO\lS milit :IT)' (\evc lnpmetlls, 

)11o)(,lifie<l 10 tHec t Ihe more obv io11U ~p lCIll requircmcllt>. :mtl lJo"n COnn))iL' 

lnllO till: 11('11' llIi.,ili- . ,- \11 incre,lsillf,\' e ffort might Lhe n ],t' applied to working 

nlll further d,'I;til s 01' t11~ .)." t~'1l1. :-iudl ;\1) :Ippl-oa ch inC\·it.1h\)' "'ould le;,d 
lil .1 l'f'lIlilll !;cd ,rlll·ciulc. :llId Pl'I'kIP, CWII In ::1 11 illferinr mi..iJc. As lhe 
prOgT•• Bl m"",:d' un . I\la II)' dc'( ' i ~ iollS "'lluJ!l hh,~ I" lw ft'I'\"fwd or IIl I1!lfjlietl 
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I
, IbCCJUSC 01' ,),slcm requirement., (ha l were not un(\cl';,!nIli\' ;'l { lll.c beg-innint:. 

Sptcms cngilwaill!-l tvidclllly musl nOI be (i~lIlin ~d 10 llie iuili,II pl.m. 
ning bUl must pcrnlcllc the cmire rC5cardi ~1ll1 dn "l"pIlIl'JIt ph"""" fi ne! I even produClion. ,\llhou~il the inilia l reM'arches IilU\t he :" thllri; lIgh .15 
jJos~ibl t: , 01:111)' c1eci.ions nlll~1 be nu de hohlly 1)11 the k, si. fir ififomplclC · 1 

inf()rll'l:lli()lI. ]nH'~li gJLion IllUU ('()nti n 11(' ,\0 :IS In uel ermine wilClhn further 1 
(1.1 0.\ .'U/lPt)TI thc (l<-c i,~i [j ",. :\fly ill(liPI,ions of 1.1,, ; need j'nr dl.lnF',l" flll1 5l b~ 1 
clr<:fully wdA)INI. 

The ''Y'I{'m c:onnol be pbnn~d inilially in f()mpktc tle tai!. Wilhin the , I \ 

,"bsrstcIllS Ih (" illj1llt-OIlQ.!lIt l'e\;llinnsioil'S ,.nd :J;pnn';o I I nnfli{lI l"atioll "I wloic.:b 
havc been rcrllali\'Ciy en:lhlishcd, ilion: cft:t .• ikcf , ~sletllS (' n J.: illt: erill~ IIII».l 
be Cltt icd out. ,\s the de\'(' lopfll\JIIl pf()grc\s(' " it mliSl 1'('(I."i"I; (llminuetl 

Inonilori n!{ (mill an over·all S'j' ~ \ C III~ ~n:.:i nccr j lln point of ~lt; ",. Tilt- i ~ 

cspcci;llIy ilnp()rt:ull in rilll e, o( ;!rr:orcnt cri~i s ,urh ;" Iluy o((ur iJI :my mil
sile progra m. beQluse a prnplIs(' cl (h:t n;;c in propulsion. for ,:};', II 11 pJ (". Iili;.;hl 
require ncmmp:onying rarlical rb"nr;-(' ~ in r:'ll i.ianc(; or other ~lr~..I'. Jf the: 
inil;:!\ pl;l/llling w;u ~ound "' ilhin Iho: lilllimliolls 01 ;lva.l!;jhk ililoflllalloll 

and l'I.lIlpetcnl c:nsincerin:.: is ;." ·Jii'Ii.Jlt ;'1 hOlh s)'~ \(' nl :lml lIlore <I t: la il cd 
leve ls, '\ldl ~n lCPf' ~II'Cnl crb .i ~ ordinarily i. quickly n;,,,lvcd ill' Ll few m inor 
ehallgc., . 

Thu5 it is ~('rn 11);t1 s)·~[cms engi ll ecrill~ in a ballistic l1Ji\.)jJe or any 

~imil:ir prot;r:lnI n"luin.,. c:lllpICl)'Jl1cllt ()f \;trJ:;C numb,·r.; of 'p<:<:i:oli'I' alld 
aho oC an adl'fl"at{' number of COI1lI)('I<:11I adm inis trators who (.In C('IllClll 
lhem IOI;Clh<T illln a broad·visioned drcctivc team . Tli(~ o \'('T-;-il1 :r)·"'.lcln~ 

eOA'inccrillg cflon lor ,JIC present 1.:.'i.\ F program is carried OUl jlrim~rlly in 
the Guid ed i\fis! ile R cscarclJ Division of The n;Jm/l -Woolclrid~\ (" Ct)rprml
!jo n, in acwrtl;\ ncc wilh il., 1 '",~p(ll"ib 'ilitk's a s technical di rector nf I.he pro

,~r;"m :li1d tc-dmie:.1 :\d"i sor lO Ih<: ,\ir 1--orc" 1-kdli,licl\/i" ilc Di"i.inl\ 'IIf 
H(!:tdljll:lTlCrs Air Rc~ea rcll :lllll nt-vd"prrll;m (:nrnru:lI-"l. 1:5,\ F. Tilt' Ill"\'(' 
<kt:lilcd ~yMcms e ngin eering will,in Ih .., v;lI'il)U1 'lIb~l'~l('ms i~ p.lt!li :n ily ,!It' 
re~ pollsibi1ily uf the corn:spondinr; COil tractor,. ~ " 

AI lhc ri:'l.ue~1 of Ihe Edllora for .om.. ,n·ll.f.II••hly ",mtc,chni.c.1 ,'l;pl.nalicon cof Ibe 
Ilri.lIdpl'Mi ;!Ilci f''''':~·Iu. ufld",.!'I:o'iul' Ihe .10)\, ..10111"<:'111 of Ibe 1.00Il-"m." bam.lie 
mi••I1", DIIIUI" n.-.Il", (Pla.n., 11).)~ic_, C.lir..rll/o IniillttUCl or T",·hll..lo.,-) and 
hi• ...-afT ()i lh" Technl~.l Traioi"" and Sde:nI.Uie nchui..". Gr...... WNlli! the! DC

(:oml" .'-'~·inl "NOk~" for Ihe ..p~ci.1 BaUi"",;" MiIl.!!.i1.· ".Iill,," "I Ih" quarterly Rt!· 
"i('re, ..hC'l'~ Ibey c::o'nuiblllc male.rially 10 'ull.,r ultller,••ndiu. (If Ih" tJSAJo' llli~'@II" 
prO/l'J'IlIr1 de"leu:d in Ihe \'.riOU! IlMid.... AP,I.o~il.I~c1 ..jlh 1)1'. IlolI.·r in .....ili,,11 I"~ 
"Note:," were Charles T. Morro.. (l-'ll.O_. IIcnu!!lIc. !Jofl ''''11ll.lI1IlitaIIOtl8·. H~n'llrii 
llnh·el1lh~· ). n..rd I'. JJ~rry (M.S., ('nji"c"rinll, Uni.",.it>, of Oullf .... oi'l\ III 1..08 1\11. 
.('Ie'll ). I&n,1 J"h" W. H..rrick (D.S., 'It''i"on.uli''~1 B.S.• Ul<,..bJHllclll CJtl;il'C .. rllI•• 1'ri 
SI"le <':011..,.",). Th'l "No..,.." ofl,·, u Lri.-( hlu "·flu,r,klllal,. Indd tll:l.usiliun 01 11&(: 
bllsil: ('OII~~JII!I .,r nti.~il.. ",.flcm"" ...b.)·.t,·,,!" .....1 "u!I'Jlin&,,-n'i!. c:o:n'rol Alt,l Inld, 
••-...... , ,..U'\LII":I ·pn'i'h.... , rI"ClI.-elb1ula;, lh.-.ury· "' lrI&jC!ctol"i""l!, t~~ ll.a•••Iul inonh.,"'na. 
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SY5tems and Sub)y~tem5 of a long-Range BoIII)flc Mluile 

A lJAl.J.I~TJC rniss ile lI1:ty be considered as an :l~5emblaRe of a. llullIhn of 
intt:T"connc(.(cd :uul ill[(,r:tcling s)'~tcnu and subs}' ~tems that pcrlnrm di)linCI 
(lIl1niOII) ilJ Ihe acc:omplishrne m or the mi~sion of the missile . Ift:l milil3l)'d 
missik thc paylo:ul is a w"rhead- high ellplosive , atomic or th<'nl)onl!l~lea r 

ill n;,ture-!lMI i~ to be dcli\'(:TCd to and deloll;,tc(\ <\t 'J predetermined I'lr' 
~c t in e ne my ten:ilory, The w,nhl'ad, tnRClhcr Wilh ils auxiliary cqllipruClH, 
~uch as :l fUling ~l'$tCJ n , is illcorporJ tcd in thc IIOU con e (If the rni~~jlr, 

1)1.'1 i"el')' of the w;Il' hcad 10 :1 rreddcrlllill~d I:l f).;et require. indmiOIl i,n 
thc mi ssi k u( :, guil/,lItcr. ,rp ICIII , This sysl('m n -guLttes th e [>03ili'-'l1 "nd 
, 'cloeity uf Ihe cellter o( m:'lS$ of the "chicle during puwl'fcd fli gh t. with II.. : 
purposc o f c.ubli.hin~ a s:ltisf:'(lOl1' IrajeCtory prior to Ihrust CUtofL ,\ 
w/llml $),SI(, 1I1 is a b u ncc~~:'Ir)' ~o :\) to m~ifll:lin atlitude srab ilit'y of til(; 

llIi~li il€ duri n~ pow(' (cd fligh t, to) prevent uodcsil':Iule r~l'<m, ('s whl' n o~cr· 

riding ~lIidanc(' ,i!;,lIah ;'TC int roduced. :1ml to (',lITCn d,-lIcY lio ns calm,.l U)' 
winds, RUSh, :lnd 01111' 1' clisturba n('e,~ , 

Elenri.. )"10\\'('" is required (or the &'1.Iid:lncC :llId cont.rol S),stCllMi, THi> 
pOWCI'. ,) S ,,"e ll ,,_ ;IIIY \'c'quired h)'draulic nt' pn,:mn:lli f l}(Iwcr. is ('\J flJ.i.~h{'d 

by ~ ,,,h.'l"l.'m, the 11 (' /"('.>.> 0 1')' INIVer mppl)', 
l:"or Ih~ pW/lu/sioli l )'. t CIII, prese nl.day l(1I1 !~-r,)nge b:lllillif mi..ilt:s utilize 

roan powe r p Lllll S wi th liquid uxitii le r :I nd liquid fud ,'s thi' 111'°1'(, 11,1111. 
T he future ,"a)' ~t: <: Ihe dcvdllpmcIH of lon~-range mi",ilc, with 'Qiid-prolld· 
l.,lll 1'0 , kcl I:1I:.;ill~~ , The usc (If nuclear pOWI'! also i, a n ('-venlll:llhy. 

FI" j~hl ""milurill !; ef]l/ ipIIIUH. p..n n f which i .. c:Irri.-'c' hy the mi:s...ile, is 
nc... l.cd 10 prmidc wlliricnt dala fur each I('.t Oil!,lll til iU'lil)' the cxpen.e 
n ncl clT"n of the fil'in l;' , 

F ilially lhtTl' is the alTf l'{/lIl c , the supportillg Slruc tul'e [O{ evcr),!I}i,,!; e1sc 
ill Ilu: n,lis,ilt-. Each of rhe :I[orcmcntioneu ~)'~tem~ or )Ub'yHcms f.omprises 
.1 U\llIlUCr of funher ~lIb~ )"I (,Il!S, (ilI11pc'lr't'llt S, Jnd comp"clc llt P;I'HS, f 'c)r 

es;.lIl1l'''"' tlIe Ii'luid, propel!."'t prnpulsinn .)'~tCTII iud u!.lc, lInt 'lIll)' ~he rod:'."l 
engI ne, ancl propdl:\ll'l t;,nb but aho Ih(' lurlmpulOp' {or fon:in g pmpd, 
1,111/' bll.eJ rll" C"'l;i lt ("!I , the: propdl:'111 uliJi/,,'lion !)'Sll'n l for rrwniinrillg :md 
,:oJl[rollill;; lht: diSl'h :tl'!-\c r :l l('$ froUl the p{opcll:lm LJII\t,. til(! ig IIhitll , Cif'· 
milry r..,r stal'linti I Ill' engincs. :lnd 50 on , Howe ver it I1IU;( he.' t',.up!usiz('d 

th ;ll while "II rht'se mudi"isio ll" <':111 be 5!tlllied and dis("us.~ed indi\iclu"lI~ , 

Ibcir dcsigll ('r~ nlLL'1 gi\'e full (omide r:llioll t(l the' ilHeractiom llctW('l'n Illern 
if the mi..~jlc is LO opcrate ,\u(C e~"SfuJJ)', T hus the m issilc, at CHI')' HCp of 
,liS d e\'clopmCfl l, IJ'Ull be considt're<.l as :\ cnmplex (If dosely l'('lalcd :lnc1 
i UI,:I-:,ctint! JlIC:Ch'"li.llh, 

Powered Flight of .he Missile 

l'ml'l:R produceu uy rockel (, 1Ig-iu"s b ,'ppli('d Iu a n leW" ciT an JRB:\f ol.uy 
durin~; Ihe Irllti .•1 portfoll of ils Ilj gln, if61ll Ihe /llIlII,-J' ,/I/);nl to the tllrll,ll' 
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lJ/flf{ poim n (Fig, I). All nC('CS~iH" ~tu i<l:ln(c :Iml C"OI.llrnJ 01 Ihe mi" , He 
lI1u,t b.., :ic('(lIl1l'li,h('l\ during III{' pO,H'J'cd .llilll\l , for the llli",il'{' rnmion ('(In, 

not he i nflu,," ~.-; d wl\('1) pown is no IOIlA L" :I\':dbbk 
TIl{' ICB," Ilnd the IRIlM ;.1'(' blll'l('''~'d wrti(:a lly. Inr Ihis \;Jllplifin 

Ihe Ia.OI.f'iI<"T rl"luir'c.d ror rJl('~(' l.argc n-llicc. anl! abo .hOrl(' lh the lime 
th:'1 Iht)' ;,rl: dn~.c 1(I the gmllnd during l~kc-o(f, A[l<-T this illili,'] Hrliml 

climb th t vchicle und C' \'soc~ ~ pro~ralllt't1 LUrn loward Ihe 1;,r,<;l'I. 1)1II: in,:~ Ihil 
IlIrn the !{uicl:lIJce s)" tC'm he!; im (0 funo ion a n rl (Ol1tinll ('~ 10 do ," ullLil 
111l' .ksir('(\ ahiludc /', ~pecd V, a nd ~,n l'l'1c 'l' arl' allain cd (al JI . F ig, I), whe(c
'-'phn il gi~('s the ~igna l for cuto ff 01 Ihe pl'l1(llll si\'(' po,ver. /'crcepti~n :llld 
correc tion of vch icle ;t uitudc, Cltcrci,,(-d hy Ilu' conrrol ~ )') I e ll'l, 3r,(' COlldlltiO llS 

,luring Ihe powt'rcd fli :.;IIl , BOlh Ih(" ;Iuiul(k of Ihe \'chide :11ll1 Ihe, nlntirlll 

o f ils Ct:rucr of !;'l;nilY rcbti\·(; 10 the ll'qlJiJ'cd l ra jt:nory nl'l.: ;H'Ljll,'lt(i IJy 
JJ[e ring the direclion Oif the ,-hru~t of the rockel Cllp;i n e~ , for i'''t...IIIC l' , h), 
pUllin g jel ,'anes ill !lIe cxhau.t .tre~m Ilr II}' !jimb;,JinA" lhe .r;ndr.ct IhT"'1 
(h~llIhers, 

T here :Ire many .cl~ of yahl<'~ of 11](' ~J1( c'cf 1', ;:, n~k -I , and sp;,ti:,1 I'mi
lion of /) tha l will pili {h e nose (Of1<' on a Ir.J j<'nnry Icrnl in ;l\ ing' "l thc de· 
liI<:d l ~l1'Ac t ; bUI some )Cf~ ;Ul' m @fi'; f;l\ orablc Ih a ll olhers in I'r'pcn to 
amOllnl of prnpdl"n( (Qn~unll'iI hy the en l:'in (' s or n~,luir(: tI p rc ri,icm nf' a Lm .. 
It j. tl.,.. [UllfliOl-1 o f pc.-wl:l'ed lIig hl In impart W the Il",e mllC', ~I~ ac:clI_rall:ly 
as pm.~lb lc , ;, 1;IH, rahlc S{'I oJ Ihc~e p:lramctc..", 

The ('J)el':'<Y oqwJI(led in I' ropdl illH Ihe \'('hi.-lc durin!;' lhe: l)(Iwered 
fli~ IH inrr...-.m:s wilh IJJ e wdght IIi tilt' vehi, I.:, H'-'f ,'"'" hnth Ihl' kim:tif "n'\ 
lhe pOlenti," cncr;,;ic3 arc :lppI'OSim;lld)' l,ropmdon;,j I r, Ih(' welv;ln il l' th ~ 

Hhidc :lL Ihrll ~ t cutoff, it i" ,1csir;dllc Ihn thi\ wcif:'hl be : ... liuk a ~ pn", ilIle 
in l'~lt"\3 flf lhc wci~ IH of tl, e Jln$C C..- ,lh', Thh obj tclh'c i, a ided ver)' 'Il:ltcri-
;,Ily hy dividing Ihe wl.idc int.. t wo .lr mort pa f1 ~ . or J'llgr ,f , with ,';u:h !ol :l~:C 

containing'rI rm:kct propulsion ~ys lcln , L~u"c'hillg is :'IC:f.OO\pli~hc.l h)' stan, 

inl-f the cnr,inC3 'c;, l the finl ~I ;'g(' ancl . in m lllC dc:~ig ns, a l,o ..,( n lhcr ~ t;Il-:' '' ' 

AI some tillle durin)\" t.be p()wcr~U lJi ~"t the Ilut-slOIgc en,~ine5 arc ;.hut dOWI1, 
lJJJd Ihis .~ lJge b j(;ltboncd (rUll) 1.li<: I'cm:linlkr llf th!: vI:h idc.. The cili;'inl'l 
of Ihe ncxt st"!!(; arc II!I'D SIaTlcd, if fht' ~ [Ire nor. :IJrcacly opo-.nill l( , ':lllcl 

(ree iiighL 

" 
\ 

\ 

\ 

/' 

fig, J, Trajectory of 0'71 ICnM 



I 

I 
[ 

38 All{ l/,VlI'£1{.'ITY Ql;lAll Tl:. RLl' IV~VIEW 

they pl'op('l the whiclc on IOw:lrd B . A~ the mi~sile near. B, the cngin es on 

thc IH( st<l S-C arc slHlt dOWII, ~ll1d the (1Il~1l ;1IIj"'Hllll' fIl of the vclocity needed 
to keep the noo>e CC)IlC fill ;t lr~ jcoor~ Ih;1[ will r(;;}ch Ihe lar~c( is :lCI:om

pli shctl .... ith 1'0(\:<:1 cn f.\ iJl(~' 01 ,on'parnively .mall dlfun, ca lled IIfTlI':n 

n~illrs. Th"s Ilw li~Tlll '''nu/·I'll/IJ/! !,,,illt 11 rd(:r~, accur;,lcly spe a king'. to 
the point where the YCl'llicr e ngincs .lre , hut down D t ller thMl to . (he slim

dow n poim of the e ngines o f the final s tage. 
In lil;'. 2 i. ,huWIl a pOS5 ible con figurat io n of :\ t\~IJ-.ta gl' ICI3:\1. y.;!,!,! 

) t:lg C' inf()r pllr,.'ll' .~ on e or morc rocke l en~in(·s E :mcl a p<tir of prupdbm 

l'In)" T. ;lIld T, . Th(' c rlb'inc or i:,,&incs o f (':lch ~ t :t!:c :Ire slIpplilOll with 

\h~ o:\.illil~r ~lI1d fuel h,' llumps ('. an.d 1'" which (l rc driven by a IUr bifie T . 

General Aspects of Control and Guidance 

II\' A llIi,sile t he prinlar)' {unction o( the ('n ll/ ro l sy.fl l'm is to mnlrol the a t 

litude, whereas the prim:ll)' function of the /.:lI idance fp /em is to cswulish 
:\ s 'l!i ~(a(lor)' tra jeclory, While Ihest tWO funclions :lrc thu5 clearl)' <listin

I;ui>lublc and are the rapow;ihiJilil"lo o f di stinct rescarch ~ncl dc "c!opnwllt 
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~roups , f.he llm systems Ih(,fnscl,,~ illlCraC{ with each 

othe r in IHlln('rou~ "':1)"5. I\Jnreo\' c f II1l'Y h:we ccrl~in de
vi<;es in common, fo r in~ I,1I1(C, jCl ,,;we.1 or 6wi\'c1ing 

engines. 
A ballist ic rni ssile is d <'T"~ndcl1l ') 0 the (olllml 

syslem for ma intenance of ;J slabk \I llitu~k, espednlly 

ill the low·~pecd po rtioll of the lrajliC.lOi,' immediately 
;)ilcr take-of(. Th.: contml sy~t('m U:lo.>t p!'(,'w'll! Ihe de

ficuion of lhe missile during and a ftc r ;iny dislurba nce, 

mdl as ,1 gu S!, from becomi ng un:lcc('pt:,hl)' larRe nnd 
I.UU.t pre\,<!1lI ....nbblinl{ i n a ttitude "fter d guida nce 
(ommaJl(I. lkcausc it is climcult 10 Ill :l i!l(aiu s\lll,,;i('lIlly 

tj~ln ((ifII 1,.,1 Wilho lil lI",\';ill;!, Ih.! 1l,ll,llc l.Imt;,bk ~t 

fn:rfut llries for wbi,h 'it rt'.ldily \'ibl'al~'li, ;, ~igT'itiG,nt 

portion of die fOlllml sl",u'm ("n~in('erjllg IUlIll h" mil
«('m ed Wifl, (;lkc(S o f :.i11'1';'II1(' \·i.br;,t iom, prill'e ll :ml 
motion'. ~\I,d SO fon'l on Ihe (lll1lml system. Silh-inr; 
Ihe c011 tl'ul problcm is 'l1m:cwh;Jl like (rying [(I bal;lncc 

a tour-foOl len g-t II <'If ,)(.mic " .!Just' ,H I i lS l'n.!. 
.-\ltholl~h Ihe J1ilSs ibi.lity of in s t ;dJilil~ n,sultin:;: [R''''' 

illlcT;ICtiolH b"tw('el1 lilt: guicl:mce ;1I1d ",)Ullol .~)'.\t<:IIIS 

11(;('(15 ~olfle :Ht{·I1I.iC1 II , fIlmt o[ tilt effo rt or pLIiHlillf; 

till' jl'uid;llhX: in ;'\ b~ni'lic mi~,iJ ;: progrMIl got"! into in· 

\'eMig:ll io n s o f the dct .liJ. of th" powcl'l'll anc! h:1I1 i.,de 
tra jecto ries, (he cS labli,hl1ll~ 1II (.f nilt'riJ tel e,,~u\'e ' 11':lt 
fhe mi~i1c wi.! I proceed from (h.: l.brU~ I·c\llnll puint 
lO Ihe txrf\l'r, tile (ksi!:,n ,)( a ~)'M("III IOf 1II(' ~l,,~urin !\, po.i. 
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lion a nd ~c1ucity wit'b ~ulllci('m prCflSlon, :md Ihe devtlll)lllwnl of s;lIjsfac

lOry lOmpulcrs (or gcucr:Hin)l; precise corrective maneuvers. I
A cho ice or lr:l jeCh)ry ml.!St be made r.ba t will ease the prouiems of 

propulsion lind guidance ;'.1 ....uch as p()S.)i lJlc. 1f th (, ball i.sr.it tr~"ieClory is ' 
sufficiently under.slo od and if m e'ISU.rem.c.U(' :m<l (orreC!.i~·c rn:U1euver~ ~:m 

he ,l11 3l1e Wilh ~unicier! t predsioH durilJg lhe powrrcd flight. the B1b~il e will 
hi l i II target. 

Radio-Inerrlal Guidonee 

IN radio ·ina/i{ll, or rtlllllr-('urnm{md, guidance the lTle:nurcnienc 'of the pO!i

lin1l and velocity o f Ihe mi~silc is performed by one or more groulld-has<ld. 

radars, and oorrec tivl; m;uleuVcrs :Irc computed by a ground-ha sed computer 

and Iranslllilh:d to Ihe rnissi.lc as "'c<ll'llfllail<h." Inertia,\ dcm('nt~, 'Udl ..~ 
gyroscopes, may al50 he included In the; missiit, their purpows being 

to keep it approxiln~ «:ly on course during :lI1y 1(:Jllpor~!'y los> of ground 

!;lli<l:lncc ;HId 10 prc\'enl i.rupac[ Oil fricnllly lerr-ito!'Y ill c.tSI! o f complete 
loss of ground guidanctc. Ho,,·cv·cr preci~ion !;,l.:IiJ.anci.' is obt ~ined p r.imarily 
rrcHn the ground. 

A ~ in other ilppli(.ltiQn~ rhe radoll's thaI. lI1J.y he fllIIsidcred u rc primarily 

o( twO Iy.pes, puu c rlHl'lr rond DIJ/Jpler mdar. In the: pube radar, pulses of 
Inicrow;,,' c e nell~Y arc I';ldjatcd frou.1 a ground illation, ,l ud lho time lap,e-s 
for rClurn of signals from the mi,si lc an: mc;,-,-\lfr~d. Thi;s r.n(,~'SUfe:menl 1'1'0
vidc) direct dctcnninaliollS of lh.c Sl:llll rilll~C, or l.i.uc-of·~igh I disronCt', lQ 

tIn, mis~i l t' a t any inuam, willllJI lirnil;lli ';'lls imposed by rhr. precision of 

pr.lClical Ijme me~,.urcmenl Iwd -the preci. ion witb which the velocilY of 
microwa ves alo ng the heam is known, 
The insta flt:mcous vdut:ity of 1.1.., 
missile can Ihell lie CCJ!lIl'ur.ed in 
tCTm.1 of th e lill.l \O ·j'd{~ /if .:h:1I1;:(· of 

slll nt rn n J::c. In the D"ppkr f\ub.r. 
usc is m;rc.le of the fall that fbe ,f Cc 

lurn ~ignal is shifred in Glrri.c r he· 
quc.ncy by an :rrnoulll pl'o ponioll,,1 

to the velocity with whkh the mis
si.1c i3 moving a way {rorn tlu' ndar 

(Fi'g. ~), T hus meamrement o~ Ihis 

'Iruft g ives the \'c!mciIY directly,. Wilh- Fifj. 1. DUPTi'u lIfJtcl 
in limitalions ~ill1jlar t"" lbo,,, fo r tlw plllM: radar. lrlSla \llall~OUS s.L:.uJ.t r:.I"gc 

can be tomputeu Irom the ~'dociliC!l or by counting the bears uctween the 

Iransmi lted a nd I'tll.lrJl<,ej ~igllab. Eicher typc of r~ldJ 'r can also be de~ir;ned 
to meamre :lIIg lcs as wt ll ;" I'anRt.. Thu. Ct1lrlplc5te iII[orUlJtiun on (he in

SI;uuaneous posi tion of \he mis~ile may be obt;liTlcd wi'th one l'~laal' or lJy 
u-iauf,..l!;llioll with lhree or Ollm: r.n.lars, 

Re/rartioPi 0/ miC'rowllul:S in c/'oud.l. 'Vlle'n iI. l.mdr,ing racial' ~ u,led for 
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~uidalJ(~ n'C ;1)) lCllM (if lRBI\I, (If for ~\';llllation of the guidJ.n«~ \~SleOl, an 

tmu in app:lrCnL direetion of the Ulbsile run Lre pro!luced by l <'frac:t iOI) of 
the rnicfow:,VCS in cJoud~ (Fij;". 1). This problem is uncLcr I!xlt'l"rirnel'fl.;!1 and 
th{·or;cdc.... l ilwesligat iull. In oue of the most J)rombill~ and convenient Iypc~ 
of exp.:rirncnI. a ralla.r ;And ;I microwOIve rellc.nur :IT~ Ul.ed 10 send beaJlls out 
and Lad; b'~ L'.Ct·n u:uiQIU in a vallcy a nd OJ) a mount;un in a region wh.' rc 
intcl"\lcnifl[~ clouds are fre-qu.elil. TIl!; \'arii1tion~ ill the ;.pparcnt dircction 
of the rdlectcu beam as the douds drift by t:in be slLIdic\l ,md dC.\I.:T"ihc:d ill 
sl;!liuical le r nu. 

Fla me flUOIIUllion . AI high ahiuKles the: cx.llaUSt fhmc frulll Ihe rod.l"t 
(:nl.il1c~ ~J>r(-,\ds to a la rg'c ~ ngl(!. Wbcn .... di,) ( o mmufllc:Hiun bC[w("("1I the 
mis~il(" ;,nd Ihe ~round is neccssary, tbe ll·;lll.rni~sion path rna)' be Ihrough Ihe 
flame, ;Jnd the ionilalion of the !r-ls(,~ in the l1.~rnc may llL~JlI!;m' sigfia ls to 
sucb an ex,tent tkt reception wiU be dilli.wh (fig. ;'). This pwbleOJ ,is 
under Lhc@fetical ;,nd ('~rcrimt:Ill<i1 in\'t~~tjgation. 

Inertial Guldonce 

AN ill t:rfitll gtt.iriallct jyst~m i5 ~, 'pecial sort of dt';td ·reckoninK S)"lcm lhal, 

unlike radio f', uiJ"ni:c_ 0[,("r;III'.'5 ifldFpclIdc.Ully (1r infonuation rcccivt!d from 
ou()ide rJH! mj~~i1c. IT" compuu:.. ;111(1 sl:l.1.iug instrumt!.otS-:1 ~CL of u\\!\Il:llly 
pcrpcndi <;ular acce!emmcter> ruounted on a g)'ro~mLJjl'ilcd 1?!:ltform-fuTllish 
~ignrLls to (he cOI!Lrol S)·~I(-I1I. These 5ign~h arc LJa~(d on d:lta ]He3Cl into .-
Ihe guidance system. 

The sct of ;in:dc,mruclcn is used to me-asurc tile component!! of the ve

hicle acce lera Lion along three Jnutu:lJiy perp,:ndicubr axe. (Fig. 6). Veloci· 
tics arc compUlal.Jle /roOl the (lcc<:icnnions and pl)~itlon~ [rom the vclo(ilit., . 
CorrcCtive manf,l,lvers dIC then ca1cublr d by lhe lOillputct. TIIC orlent:uion 
of the SCI uf al:('ckronlt:ters mUSt be I,rceisely ·lc.llUWIl, fot o.lhl:'l'wisc I.he ;rc
cel i;r;llinll wmpnn€ms will nOt be illlerpTcu~d properly b¥ thc compuler_ 
FunhcrIuorc il IS necessary Ill, ll tbe clTeet of d,e c:ulh's A'ravit;Jtional force 
on the ;)(t:dcl'ol1lctcn bc sublT.lcl'cd OUI. Since tll i.s ciln be dQllc only on tbe 

ro,k., ~"m. :~'~ 
" .~~.~ 

l'Ig. S. Plaint Altmucrlion 

ba.sis IJ) f prior (':'Ilil1lat ~s flf the magiii
(ud~ and direuion of tlth force.. the 
platfonn all which rhe ac(eICrOlllclcr~ 

are moumed rmm be nabililhl. ,.:ith 
respect to a ,"-rll)"'T. frame of reference 

by a SCI of prc{isioll ~fyroSfOpCS and 
~uilable scrvomcchJ.ni·~nH. The rde-r. 
ence fmmel ,hat fll:ly be ll.scd ",WltC 
from tho$e fixed in intl'liaJ _I p;lce 
(JI'C below ·~.rhcu.ry of ballistix Lra· 
ie(!orie~ ") lO !hme filled rtlati-vc to 
Ihe earth, bUl (~ch jJlIsgible Tdcrcl1ce 
frame jmpmt:. d.iJfcreot ttqoin:mclII~ 
all Ule ~)'SII'JTI CODlpoocms. 

Inertial glljcl~ll.lC hu Ihe obvi
ously grca_1 ad\'~olali(' Ihat i·ntcrfercnce 
inslrume11l~ CiUl.utll be ;":;mlllpli~hcu by 
:.notlll: r. Uli.~.i.1c. 

Acce leromelers 

TH£RE are mally ~\I;(e1erolllcter dc~igns, but all tcdute ba~ic;Llly to ;In objetl 
of known rnJss that is su_hjctt {(J some pred~cly known festraint provitl.cd, 
for example, by a spring or a damper (Fig. 7). In rt'~pulne (0 au acc::clcr3

Acctluafio" ~[O~ 1-1,1 M43J . 
~ >l1,-i _~_ reU pl~UIIiO"....... ~ 


Fig. 7. DaNk Accd"omet.". 

tinn 10 the direction of the ~cnsitl~-c al!.'i~, Iht objl!l:t i~ dilil'Jaced willi Te

Spel:l to (he (aso of tll c in,(ruml-Ill. Thi~ 'relative di~place1n('nt is propor

tiona l either \0 tht ac.cc1crJtion or [0 the velodt} uf Ihe miss-ile ;. depeuding
011 the 'YJ)C of rClSlninl. 

One ex~rnplc df the velocity metSllril1g type i5 the gyroscopic inttJP'ali7l.~ 
,Iccdaomt'", (Fig. 8)_ This cUllsisn of a single-axis integrating b'Yro~{:(l pe 
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t2 11.m UNII'£.RSITf QUA/{TER1.Y REVIEW ~ with 'Ill Uljb:)b(l.( c lIla S$ 011 the g-irnb:ll and tOf3t:lble Ily a suit.,blc sc·n'omceh· 
anl~nl. AI} :I~c:elc ..;uion Jlong the inpul ~ xis producC$ 3. torque abflul tIl" 
output :L xi~. In response to this torque the scrvoml:(hani~Tfl rotatt"~ the ;11-

~O:Ullll)' about the inpul 'li';S so :a to gcn~ptc a tor(j'llJ of cqu:.] lIKlgnltudc 
and oppo~ite dirccl.ion. ItlllS preventing any (.kllc(,tioll of til t &imh::t1 ;lbnut the 

OUlput axjs, The angl~ of rolation about the iupUl :o"j. prouuced by the 
)..:n·omcdl ~\.ni :;111 i~ II !I!!:aSUl"C of the iIlSUIH;lI1COU~ ~· e lod[y. Tbe f('stPinl Ln 

thl<. df"silJ l1 is provided by the gyro)(opiL action, the output a,xis u:l1llping. 
and the ~Crl'olllcclrani,·m. 

Sled Te$ling 

Su:n tcsting i~ dl:~il';tble in the incrli;tl guidance d e\'clopmclH ProIST".m be· 
GlUse of the difficulties em:numcTtd In Irying to mal<.c laIJoratory' measure
ments of rhe ('rTor~ of ac:cclcrouu: tch ;jnd gY TO.copes under susl:lim"d acceler
arions. In;l ('cIJlril uge. wh,kh m;i), bt used (or such test~. the ac(.eIcr:uion i5 

alway~, (Hrcqcd IOwa.rtl the axb of l'(lIJ.rion, :lnd uLi~ (ontjrj U(lUS ch~,"ge in il! 

dircction rna}' illtrnduf.e disturbillg e !fcclS. In pr-ifl<:iplc: a sha.k.ef (Ml ;)ls() he 

\L\i:£l to pro'\'ide inllic:uions of the errors, but it UOC3 flot di rectl), .imubtc the 
!ustaiu_t:u d."cc il!r;ltions thai occur ,luring pflw'ert:(J flighL 

T he sled, which rides on tWO rails, i, "cccl~mted 10 :t higl1 veloci ty !Jy 
wellet COgjll~5 :lOtI lhe!) i., .lowed to a sliding .top by a ,",',uer brJl<.c Ihat picks 
up w;lter {rOJTl a ch;lllnrl bl'rWeell UlI! r:.jls; [his decclc.r.ll"ioll can be (Of!

trolled by presetti_lIg" the watC'f levels for \";uious btations ;dong the lr"L~. The 
succC5siv(' po~itilJjJs and ycloej t.ics of the skd 'arc JJ.ieouured pl'e<.isdy during 
~acb run and (,omp:lred with iu<lk"ti<1IH of ute illertial dem~llt~ . T he 
IllfIgt: r the t.ra tk. the more pre~i~ely can the errors o[ the dementS be 
inw.,til-::ltcd. 

T h", ~kd ma l' be ;:Keeler.Jled by:, li'luid"prul'dl;lf!t rncl(·t cJl,;im' or by II 

d\J'tc~.T of snlid.propdbul rocket cnginc$. The 1ioluid pWl'cllant wiU be 
!'norc. (~(;tll}(UlliC\) J th~o thot soEd if fl laTK~ lllllnl)er liE t e'St.., i~ phnn t"u. 

Gyro~copes in Ballistic Mi~lIe5 

.., 
CYJ.O$COPLS may contribute: to two basic funclions ill ;J missile: <:OfllIol and 
inerti.d guidance. The selection of gyl"oswpe;~ for eilbcr or (h(''I1.: purpmes 
mu~t tak.c account o( the differences in op"" ;1I100al (.hamcteri~tics yf the 
various :1~'ailabJc designs. 

A syroscope consists basically of " wheel, or co lo r.. having .\ ma~,i"l' Tim 
;md capahlc of rapid rotation about iu ~xi$, called the spin a .~ij . II t1l1i rotor 

is :l"upPo1"ced on it pa.ir of gimbah, MJ th:\£ it is '~,l.s() Cree to rot:ltc about the 
two :\xes pcrpcndicul;lf to the spin "xis, the instruIncm is caIled :I IWO·il);i.1 

di$placemclIl J:.ryroscop,- (To'ig. 9). In this wnligur.llion the spin ;lxis tends to 

maintai n il.!. original orientatiorl, rCS3n'lk~"lI ,)[ any l1Ianeu,"<:r~ of the mi~\ile. 

NOTES ON TECHNICAL I'ISPECn 13 

Positioll indi(,:I(on, such (U pOLcntiomctcTJ, can h(' allad,ed [0 th" ,~jlTlh31s 10 

me.uure the gimbal :lnl;-ks a.lid lllcl"do're the mis~i1e oric.at.nion with rerpect 

to the preld~ctcd, I1liit'd dircnion of Ih(' spi'n [I X is. 
In oiliu design.~ then: is only on.c g·i'mbal. TIlt JJ';l of rotalion is c.~lkd 

the 011.11)/1.1 axis. The ~upporr$ for its bearinf;s ;ttc r' i~idJ}' :llt:Jchcd (0 the 
mi:lllilc airlr.\mt (Fif:r. 10). TllIH th(, .Ipin axis is wl1~lf;jined to follow II1£' 

ai.dr.mll: when the i.IllCf rotOlt('S about a third axi:l ('"ailed the ill/)fLl ax;£. Thj~ 
motion nLoIJI tht: iliPut ,lxiI' is mt'asnrcrl fir :l pplyill~ co lbe ddlc'oing gimbal 
~ ptecisdy Iloo""n rem-.linr provided by a damper Ill" a }pr'in~. II a d.l fLLp cr. 
$U_d .l :u :, vhcous li()uid. is used as the rot;ttion:ll res.tra im, [he dellcc:tion 
abou t the UlltlJUl ;Ild., j'n:..vldcs a llI;;:a ~u.rc of tlt~_ Jn~UlaT di.'pbcemcTIl o( l.he 

airir:lOle :\hoot th·c inpul ;nds. This inst.mm('nt 'i.s called" .lillgle-IIJlli.! Jist,lace' 
fII t1U r;yTus,ope, (Jr :I single·rllo:is i,ltcg mting ,gyI"OJCOpc. rn (:venl thaI ~ spring 
provides the m:..jor rc:straint, as in Fig. I I. t.h(· ilJ~tl'ulllent mC!l,~ur;;:s the r;Ue of 

8  

,..,'or 

gi~b,,1 'b.Gf';"G 

F ig. 9. Two-Arb or 
fuo-DcQfCc·o/·Frudm/1 CI/10!CO(JC 

rOL:llion oC the airfulIle about the iJlput :iXis ;.nd is known as 3. 5i1lglc-1lxiJO 

Tal e &,}'rOJwpe, or simply a rate gyroscope. 
Control of" mbsilc Tcquire~ Jl)C;I~UI'(:mCIH of either Ilw luis. ile altilUd;;: or 

Lhe r.uc of change of ;lllitude. a nd the applicatioll of c:orrt ctive torque's. To 
achieve sllisfacwry nuitud;;: contro l, it is L'Ssernial th:Jt t.hc corn:ct.ing (Of'll,lC 
for reducing unwllnled o~cillat.ion in attitude ;lftCT a gun be ;lppl.icd "'hell 
tht: vchicle is actually ill rot:l lio n ruther than whell the 11I.'·)(t ('.JUTCmC attitude 
error o(cu~. Thus the grr~col'cs num he c;lpablc of r.qlid TClipOnsc lnd 

~bould provide som.: nntidp:ltion of any th:w ge in ~llitu•.Ie th;u i5 o((uTTi llll' 

Ratc gyroscopes find ~ood a pplicalion h e re. IC greater precision oyer u longcr 
period i~ desired. integrating J.:yroscopc$ may be u sed to 511pplcmcl1t r"le Il'~'ft>

soopcs OT, with modificat ion of the output signal. in plac~ of them. 
Vor inertial guidance oJ a mis~iIe the di~placemem gyroscopes lJl;IY fjl1d 

applicntilln. Rapid mcasurerO(;lIt or anticipation is not ·necessary. BUl b~

\ 
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H ..JlR UNH'I::. lU1TY QUARTERLY REVIEW 

, ;} u,e the .labilizl:d platrorm ()l' the gu.id:lIlCl: ~yslCm mUll be kept prcd~e1y 
fixed Wilh r tslh:Cl to 31:1 illcnial ~uidance J'r:lIne o( rderence (or a oom iderJ.ble 

lirne. the gyro~(() pes 1I10IlllL('(1 on the platform must be extll:mely p,,:cj~c lmd 
G\p~lble of m in imum unf! over :l long period of time. 

£mJrl in g;.'roscnt'(J. Because of lhe extreme ",rer ilion required in gyro· 
scnpes [or 50 111(' or the ball i ~tic missile applic Hion\, lhe pm sible errnrs of 
tlwsc instrume n ts a rc of ~xtrcmc import;!lIc'" Qlle of rhe first nc{~silics is 
thil t the m:llcriJJs u sed in Ihl' h)'ro~copc mUlt be!lahic. Likewise any wc.tr 

JO. Slngl.·Arb GvrtJscop 

.~riM ~
\/ 
~. 

n~ 
--'"~ --:: 

' . 2;'''-;''...._ 
~'i!i, J I /laic' Gyro. elllx· 

I
/91] f f 

tl1;\t oC"wrs in be:lrin!;s or 'Tllbbin~ surfQces mllSt h~ :m~h as !lot lU imToducc 

any plllY or 6ir,nific;lI1t m :f.:II unb:ilancc. 
TI.I.C gimb:11 ilss(:-.nhlie~ mU.lt be suffidemly st iff, Ene fl'orn excessi,,(> in· 

ertja. anu precis.-,\y babnced ~,bOUt th e gimb;ll axe~ M) tll"t no nppn:ciabJe 
IUr'lue will I:i{ ' produced on them by grav itational. incrti:ll, or [riceional 
rl'lrie~. The (\("v1(C fo.r p.iddrig' off sign..h mu~[ not e:..crt Si,gnifi t :u)1 IOI'(I\\C 
on any l-( imb;.J a\l(l mun be imt'n ~ itivc to stray fields in tlw vkiuity The 
mOWl' used to pmitiou tile girllhal Illll!>t nOI excn any ~iJ:!;lIifi(anr spuriau) 

torque. 
The rOl<1r nlllst be precisely hal:lI1,oo so lb~l irs \'ihr.llioli i, r educe,1 10 a 

'IninilTIIHn ;md w that no apprecir,hle drifr \~ill l'c3ult (rmn eXlern;,Uy ..pplied 
v'ibr:ltion th~t oil approximately in ,yndll'l)Jli~JH wilh Ihl~ rolo.r. 

15NOTES ON TJ:!.CHNICAL ,HPEcn 

The gyroscope mU5t be designed for negligihle wobbuliition ;md nmation 
drifts. or else it mUlt bc isolatcd .\() that Ihe~c drift, will mit O((·Uf. Wo'bbubt· 
lion drift occ-tm in a ~ingle·ads .!n'f(i)SWPC wlie-n it i.s wul>bll'd or ,' [h[~(~d ~ I<I 
th:1l its inplll axis describC$ a mlliol ~offac.e; lhis drHI. which OCCUT~ \);J~k;Jlly 

b"cause nOIl.p>lan ar anglc~ do I](I!. add ,"eclorially, Clin be in!luenccd only to 

~mlll extcnr b)' the design of the ~yros(ope. A wobbling two·.1Xi~ gll'O'ilW /l() 

will no t d.rilt so long :15 the spin axi.s doc.1 (JOI WIld 10 fonow the matiMI. 
However. thi~ may in itiate a simllJ.\' motioll of lhe spin a~lli.l. callcd lmllllinn,. 
lhat pCn iH) even after the orig inaJ cxcituioo el';iScS. Drift will lhen re'mlt 
eK(epl ",hell tl'le ,pin ;,,,·is i., precisely pdPC.I;II1iculm m the gimba.l axes. 

.. 
Applications oJ Compvter, 

TU l:: computers of inLcrt~r in lhe ballinic mi>&ile pr('Jgram1 arc prim:'Tily 

eh:ctrical and ;\I'C of (WO (ypn. 111Ialog and dig ilal. The ,malo!; CIJm p,dty 
rcce i"c~ iu informal.ion in !.he lOl m of voltage$ thal arc propol'liolnl 10 

cOl'Te~pondiDg varb ble:s o[ inLc,rc~t. such liS the ~ ngk, expressing the missile 
allitlldc·. a nd Ihe fo rces or lorlJUe., exctlcd h)' the iIUllQlphen:. These voltage) 
Jrc ~ppl\cd to a network of ckctrical cieme>ntl th~t arc 'tn~lorrou! 1'0 lhe 
m(:chan'ic:d 0'1' other elcmcnt~ of tllf' problem at band ar th.ll perform 

mall1cm:.lical operations Ihal arc ana logOl,ll co (be operations .pnfofllll~d hy 
tllCi><I clemen IS, The output signa!~ of the (omp'uu:t provide the solutio ns to 
thcpmblcllI . The digitl)1 rompu.lcr reccivl'S irs jufol'm;uion in ~he lorm or 
COllnt.\ Lh;1! arc rel.llcd 101 Ihe corresponding \ ·;tri1Ibkl o f intcl'cs t !lIld lire 
made. 'for cllampk by ~nalog-dill'ita l converten. The rJi!:il:l\ computer e~lrrh:a 
our ariillmClic upcr;i tinm on 1.lIC~C C(1)\JnU or IIllltlben. tX(~Pt that it orctinarily 
u sel :I binary r;uhcr Ih'H1 :\ dccim:ll ~)"te.m of l\\rrnhcl'S to simplify Ihe 
rcquin :mcnu on it. i![ ithmctic circult!;. T he ",n310g (nmpU,leI ordinarily hnd~ 
in applic"arjon wtll'l'~' I'aptd i:lpprOJljlll;'Lr.: (omputations an~ rcq\!ircd. The 
dilo:it:.J computer ordinarily is uled wher" more prcci~<: compul:uions rnun 
h(~ Irl:1tk. 

Cornputc{s hnd appii c;;;) lion in the systems engineering of Lil t' mis) ile ;1$ 

well as in actu:lI Iluidallt:c. Thc :ln~log compull'r finds more :lppli ca tion in 
the study and planni.IIK tl f ~hc conlrol ,'Ylitcm, and tlle di).lil<nl (.~)rupUle:r find. 
llIore in the study of the guidance systems, bllt there ill no ii!.l •• rp dividinR line. 
For extreme r(,;lli~lJ1 ,1<:lu:'11 rncchllllical demcJJ.t:; o( the control ~plcm. ~1I<:h a~ 
S(~VO v l i VC$ or gym~copet. maybe substitULcd ror r OTliollS of the ('(im pu Icr. 
CompuLers m~y abo be u.>cd in Ihc )tudy o[ the eftecu of \,;Irjou~ ph~llOmclI.J. 

011 the 11':ljC<-IIJry . 

In ttl(· [l'lIid:IIl CC (I f (he misliie tbe raw ..tltJ. yidded by ir,l measurinfl 
devin:s :ne nar necessarily ('l\pres~cd with re(e"rcn<:c 10 :'I convel'li(,nt l:Oor· 

dinat(· sy~tcm , and so it may Le ,,(\ ... il;\blc to h.·wc the computer perform 3. 

coordin;}!e transfOTlllalinn. 11, addition. the computer must either WlIlputC 
lhe impact poim of the missile or compare the> datll on the ilctwl ti'3.jccwry 
with that for a standard tr;lje(tory and decide on corrective maneuvcrs.. 



A~'Ce>!.ory Power Supply 

Tilt: ;":n>'j,~r~· T'1'1H\'CT xDpl'ly ( J\I'Sj of ~ l noc\ern b.ailis'ti:r mi~ih:: h ~ 5ynem 
lhal {urni~h~s dccnk Iq'u I':LlI lie, and pneumatic pOW<'f to other SySICJ.IJ~ o( 
lILt, vl'hide on whidl ic i~ installeli. Specifi ca lly, 011 J lon;,;·rangc b:tlli~tk 

tlu.~~ik, che [\CCe5S0ry po .....n supply furnishes e.l tc.tric power to the gui.t.lIcc 
and the (omral ~yStCm5 duri.ng powt.:n.:d f1ight a mI. ill ~omc Ca)C5, d\.lrin~ 

pl'cl~.UJ1Ching allo cOJ1cciva hly also ilher rhm'S( curolt, It may [tho furnish 
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Fi'.l. J2, Ae<:t"-"l'Y P/1Uit:r' SuPll'1I 

ullit h imlallnl in Ih<: final MaRC ill Ihe ca~e of a mulcistagcd "chicle. 
In a mulrist;lf.;ed missile it would nl') [ be praCtical lO usc )lower rmm (he 

power p la nlS of the va rio us stages 10 drive the APS geller.lton· and pumps 
because Ih is would requi re duplica(ion o( the generacing equipment on e;ldl 
S\;iIl'c, (hu~ incn:~lsillg [he ....eiglll, Furthermore sudl an arr;lnt;ement would 
furnish ac(:e~ory power onl), .... hile the tDKin~ are Opcr.lling. A sepa r.lle 
AI'S, o n the o ther h:l nd, can be d~igncd to furni"h accessory power for "fJ~ 
de~ired period. Sepa rate liquid or s"lid propcU"nc {or the ga~ gcncntol' 
mi~ht be included in che ..\PS. More ~ommonly, howevcr, Ihe APS wouJd 
draw propclbnt fro rn th (' m:Jin tanks. 

The well-known battery·invcrter type o f power'lI pply could be u~ed 10 
mpplcllIcm the !::u ' lurbin e typo.: and ~nllce iv.thly mi~ht Ill' dt'yc\o[lc<i sl\ffi. 
ci('lttly to rcpb«' it. Although improvemelH. in ballCl'it!.~ will Ill:!\;': ctwm 
mo re cOll1pe tili,·c · with g:tS turbin('~ as a prinJ ~ ry power M'lu rce, Lll t' d\oice 
b~tween the two types ~Ijll d('pend~ largely upon rhe amoulll of po wer to be 
gCIle:r.Hcd ~lI1d lhe duratio n of the opeI:l Ling <,ytJe. 

Problems A~,ociatecl with Engine Development 

TII£ .kvdopn1£'nt o( liquid-propdbnl roc.lc.et ell,.,in ..., [(IT long.range halli-lie 

missilt'l puses !Joth nleW prubil'ms :l nct l'mblenb )imiiar to ti losc cnwuntcrcd 
Oil o th er 'progfjj nl~ , but IlO.....· on " l;'~t;:cr ~Glk. Thoc pl'Ohlt'rn~ fI1"y 11<' 
divided illto (\,'0 ~'TOlJPs : tho".' ~!J. led primarily to ell!;int dC'ig'n and .. 

hydraulic afill pllCulllatit po...,cr to 

dle)t: J.nd ol.her s}'~(ems o! thc mi~,ik 
hg. I::! is ,\ simplified di:lgnnl of ~ 

[ypit'Jl APS a~~cn1lJly. 
TllC grca.t need for rninimiling 

weiGht in a long.range balli~t i c mis,ile 
indicat~ Ihe u ~c o( a light .....eight gal 
turbine: to m pply the min iJe ac(('Ssory 

pflw('r r l'(j"'re melll.l. The AI'S would 
then cOnSiM of 3 hOI ·gas s·c n~r:.lm, a 
IlIrhine with lIect'ssary uearing, ~ILCr· 

n.t.tinl) CUITent nml dil'c(l CUTrent gen. 

cmlon, and :lI1y required hYUr;) ulic 
and Il neumatic pum ps. Til;) power 

NOTF,S 0," TEC1-/'NICAL AS1'Er:T~i ~7 

Ol,er.Htill.ll :md lhIT,,, piimat~ l~ mluu .'HJed Wilh olher ~ySl(;nl~ on tllc , ·ellkh:. 
H;:; . 1':1 .ho"'-$ lhe m:.in componc\I(s o[ n typicaJ Jjquid.proptlJ '. l/H rfll:ke1 
cl)~·ilf) t". 
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Amon~ the fltn of Iht illlportJJll engine (k~iKn .)n<l nper"tinlhtl proh. 
lems to be ~olycd i, Ihe ~clcCJ.ioll of the prop('r propd!.lnl mmhinatioll (or 
thi.' p:lrliculaT a pplic:ltioTl. Thil prublem i .~ (hscussed in the foll owilli{ ~ce ti"~l1 , 

but is mentioncd here bcc:nuc the characteri$tiu (jr Ihc pmpdlaflls IHC 

[actors in determining en~ine design. jlut as ill the c~uc of "'lher rca(,lion 
powe.r plOllt. , A[tel' , e lection o( oxidin· r ,lnd ('ltd, m .. jar (ksi!,(f1 un,1 develop. 

mental problems likely to be c'ncolll1tcn:cl ,lire contiiliom of power·pt.nl 
opcrltion, for example chamber prnsllfC', nm7Jl' a.rea rillio, :lntI typt ·o ( 
injectio n: cooling s),slcrn for the thru'l Ch;H:llLJt'r ·j ~nd !fl~ g,'o.~ratQrs ; p,ru' 
vision of Ihe necC.tsa ry degree of tbrlilt concrol. induding shuuJow'n operatioll; 
51:1ning o f [J'e (ornpietc power pl:tlll, lor cX;l1J1p.k tJttll ~ t builllup scquellce 
artEI' ig'ni1ion, simuhancoll! ~ larcing of seyeral <11'lIl1bcn, ;:H1d altitude-slart; 
elimination or l1Iinimit:uion of combu.tinll imt:l,hililY: a nd m~(IJ;H1 ira l de· 

.~ign flf m~jnr cornpollcnu suc-h as tlte l\Jfbo'punl\' :lS\t'!11bly. 
Thnut control oj~ .re-quired in a. I~rgc roc" ~ t.prQrj(dled b~lIis lk rnis~il[~ so 

th3t th.e ulYun ma.y be k.ept \vidlin 'pl:ciflcd limits du....inh' tbe po... ered l1i ~jht 
anti a 130 1.i:tJ.lI imIlC·c1 to ;tchinc thc' pn:(ist.: thrusH UlolI \ldocily ,r,equircd to 
sttik.c Ihe dc)lf.::d t3rgct. Rt'du(tinn o[ (Omhu~tion ilUt<ll,)ilit)' prf.~eo/1l s ~ 

problem to the o.:figillC d('sig ll('r because su(.:h in.l lahilicy gi,'c;; rise 10 .nere 
\liu_ralioll~, over a wide frequ e n f.Y spectrum, lhl l o n dam:lf::e ntH. nnly tb~ 
e.n,;inc hUI 3l>u the airframe ;lI1d ocher components, resulting ill nHlifuncti.om 
,..n.d f.Jilllrc! o[equipmc nt. Las-dy. 'in mu.Jti.st:lh'e missiles, spf'~ ,:i ;J l l~llgint: 

ignition problems ('c'sult from the low ambiclll pres~urcs [\lid I Cll1 p(~r;llurc.!l 

cxbling at Ib.e extreme altiludes l~bcreslaging5 occur. 
lJ) dw .o.:(Olid ~(O\lp arc wosc problems of rocke t c11fti1\C d \:v(: ln.pll1cnI 


concerned with tEw entire power pbnt, with Ihru~lsl('('ring, a:nd with 
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operational ltHItl·u.lties ilHrouu(cd by Lht 1~~C of more lh;m one engine i'n a Selection of LIquid Propellants 
sifigle s-\~I ,ge. "lIl' prnblcll1! of engine io.t.111:I(;on .wrl ~Lee'fing are inti matd~ 

rel.lIed, lor if lhe vehicle is LO be ~lec~d by swi,,~l;n~ Lh.; rhru~t chambers. II\" :wt:: f.l toico of Ihe propcl la lll for it panicuJ:u dPplicil i inn, ~r(ounl must 

the mcthod o f Illouminr, the clI\;.ineli wHl be quitl.' lii.n'erl'nt from thaI u.ed be lolc'n not 01)1)' of the properties of the propC'llam mmpon~IH~, hilt il!m 

when the steering Is accompli.hro by other of Ihe purpose 01 thc vchicle to be propelled ~\ nd Ihl' n''1uircnh.,nt.\ on irs 
means such:l5 mo-v;,blc vanes in the jet exhausJ. power pl:mr.Fol" llallisd c rn issik." bipropdbnLS- liquid ox;dil.l' r :11\<1 liquid 

Thctltjrd Item, O)c.t'".I .timul difliculti eil, rders ' ue[-:'PPC:,f to be a«:cp t:iblc. Of the many a\'~il3 u1c li'lll id combina tions. 

ro ~uch JJlallq'S as tbe need for aHa.l lljn.~ full however. onl)' a few turn out LO be sa li,factory. and none is ide:.l in :til 
mkc-off thru:u berore the mi~, il«; i. bmlched rcsp{:c l~. 

Each propellant com bination h~s it! ulli'1u (: charaneristics. Tlu:.\c i'n 

flow to aU the engines of ea<h stage . 
nnd tbe proper apporrlonmclll of proIJt::llam 

dudt pCIformallce t h:l racl<:rislks, the ph)'~~ ic:l1 p mperti ('s uf Ihe {omponl'nt 
The advent of tlw ICUM d:u;~ of weapon liquids and lheir end producls, and SU(\1 (Qmidc:r~lion$ ~IS safe lY a nd to,ue 

s l"~{em5 has Riven tisr to severol new dcsign of handlinj\ a nd stor:'ge, availabiliiy', and lOS!. Of primary importanc(- an: 
conccpu. attended b¥ tht::ir speci:!.l problems. the performa nce charitc terhtirs: if tlley are inadequate. the propcll;mt cannOl 

The major conrelHil arc (i) the gea red tUIbo  be used, no malter how de~jrable it~ other ch:\I'a(teri~ti r:s may lie. Further
pump assembly (Vig. 111), which introduced more the char;.ucrisli cs tha l do not di rectly atfe('! performance can oft en be 

problems concerning gcar-Ihlin dc;;ign llnd " 1'19. I~ . Ocart d TUTbopurn)J compens:ucd fot or mod ified. for in$lanct:: if a liquid (Ompo llcnt ha~ a h.iJ{h 
1cparate lubrica tion system; (ii) thrmt-d,amher freeling temperatUre, thus conl pJjc.:lljn~ its usc in Jow-remperature: r e,:;io l1 ~, 
l1oz~les Wilh divergcnt $cc(i.,.f1. of unu.ual kngt.h (fi.g.. 1!J) an'd lIni((llc con it may be I'oss.ible to add )OIU(, substance thal will I(~wcr the freez ing point 
figuration, GlUsinlr a f:Jbric:niou problc'm or (on,i(\CI'dbk 'U;J.gniludc: :tnd yel nOI introduce Uf]W:l lltCc..I side cfft::l rs. Af;.dll. til" rorTO~ivc aClion of a 

(iii) prop;;:lIant.conrrol systcms Ih.H C05UI''' 'Olfe highly :\CI ivc: propella nt COlllp<.nem llIay he rendered nc:;li;iibk by resorrin:; 
Ihruu.I'I\lildul', :m clccllTmicx design problem: a.llo 10 tank. ancl pipelirll:s made of sp('ci~,l m~ !(: rj a l ~ . ' 

One p,'rfurmancc charac tcr;,t;,: of majo r in\crL"S1 is "prci(ic lit rrlSl, m ore 
turbnpump i~ more dJi'cicnl than til", older .ifl~k'" 

(iv) mul licngiflc power plants (Fig. 16). The gearc.J 
comrnonly c<.lIed "spe(;il-ic impUlse." It is defined a ~ the lhrust (in pounch)
~ 3.haft dC$ign and, in addition, pIm'ick, ('xu.. (lI'he produced per unit Limc-r:llc of.llow !"I r propellant (in pound~ per wcnnd) . 


shafts for accessor ies sudl as a small hyc'II':III!ic pump. One la n ,how Ihal the ,~p t:ci fic 1I1fIl~l may he incrcHed by rai.;illg the
rig . 15, II lgh · Ralio No:.I, 
T he need (or roeket power Ilbnls of vcry I.jll'gl' (:t tcmpcra llll"c of tl'l<' comhu,tion produc tS ill tllc d ta mbcr. by rcdu(irtl~ (hu 

p:,cit)'. [0 opera Ie at eltlrcrne a ltiwc..lcs, i$ the basi. for desi~lI t OJJCI:.P U (iil. WCighterl 3VCr:J.gC of Ih('il" molecular w.:i~lm, li nd. to .' ,ligl H cXltnt, hy 
(iii). ,1Ilei (iv). Uringing sc\'cr;1l complete rocket power p\;II1U together 10 reducing the Tali,) of their specific heats al C.11h1:l1ll pr<:.surc ;H1d at «)nSl~1I1l . 

outain the rr"lllired 101:11 Ihrust ~<l"enely affcCl's reliability, missile (ootrol. volume. A h igh S";lS I'Ctllpcr:ll.UI"C ca ll be obtained hy ming :l prnpdl:l l1t milt
(OSIS, :I ud redunion of ac:rodyn.amic dug. lurc thilt )" i!:ld~ a large quantity of hl J I per pound of miXIUfl' . The aver.lr,;c 

-.  

This listiflg' of ellsine dcvcloprnt:nml probh:ms i~ repr C'Se nrativl' rathc:r molecular we ight of the {ombu~tin tl (1rod llci~ is dcttrmined bOlh by tht' 

Lhall eomplnc: lhere :lrc m:my other problern5. bOlh nnjlJf tl nd minor. 11 ~llIJrc of lhe oxidizer and the (ud :l nd by the r:J. 1.io in whirh they ;. re mixed. 


The sp~cif,c Ihrust will also uClowered if Ih e wmbu_ni~n I(.ISCl dis~ociltc 

into ~ifuplcr mo lewle~ and a touJS. became the di~~oc:ia lion requires ener~y 


':'lfId thu.~ reduces the amoulIl a\::lila llle lor cOIl'Yusio n into the n;msl;lIiona} 

lintl;c cneT}l)' of the ex h:1U5t ~trcam. Where lCsts indica Ie lh:u c lTens of 
rij"SQ•.i.llion arc appreciable, ~ chanse can be madc cithcr 10 a prnpdlam~ ~ ~ ) 'Jr:wing mor~ ~Iablc r ea cl.ion pT()dIlCI~ or 10 a lower gas lemp..ralUfC, 

In ~dd i t iu/) to the'S"' b'hic reCJ uirell1("JJI~ the densilics of Ihe pmpdbnu 
shou\11 be high , fo r the I ~I nk structure (.all then be maue smaller and lihhtl"r 

~.';:J . 16. M ultiengine POICCT r"~'''' 
Q<.I the Iiquid5 will also be c:ni t r (0 pump, Other dcsimbk propellant 

HOWC,"Cl', pr0t-.'TCSS in this relalively new PTOl'"liiJon field. is rapid. lnd there properties indude r.t p id ami rel iable iJ:; nit ion of LII<: mixture, hi t;'h raIl" of 
:lrt reasons \0 (hi.nk. thai :;alhfauory soIUliol).~ 10 Lbe ,~.lriolll pl'nhkms re:u;tioJJ, low va por p ressurc. :tnd 10\\1 frec7j lll;" point. Among Ihe proptrti('s 
'involved will be: fonh('mnin,g. creating possible hJ.;Q rd~ arc chemi<-:al imlability, mrrosiviLY, fklmut:,bilily, 
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:;0 AIR V i\ ' l T' ERS/T)' QUARTERLY REI'Il':W 

:\Ild toxici ty, In vi..", of these ma ny rc ~trirlio[l s,. onc (all )CC will" tho ~c;:lr(h 
for sui rnb le l iq uid cornilinal!onj is ;\ lllajor problem of rocket re.lcarch. 

Sig'l1i fi ca nl ad\'anc o::~ with hi A" h-e n crgy prol"cll.JJ) U n1JY be forthcomi n g if 

.mlu Lio llS ,ca n b~ round (Dr t ile enginccdn~ pl10bkfll~ of II d ;). pt; i)!; 'lldl pI'o

r- coolt1n1 rllrn 

"'Olan' bulk 

in""'lln.'~ 
,'OOlon, (,1., 

mtJr'c..ot:ltin.IJ i 
r1[OlJle (CI~t 

LIJ(loI film-Il l ~ 1-
, 

,J I'- 'tnml>us Uon 

Tllta. ~OOO'F'I 
lm6! phc l'C 

~ ~ 
~- I 

r, ,~ ..j\Jt'li 
T" 1no .f')_L.t.~'::'" 
T ,(l oo 'P I__l__l ',,' \1 _ ": T,(300 F. 

~. :..:...... Td ( tl.S"'F) 
" ,' , ', T r OM -P) ~ 

' : I\,,,llll ' '' ''i ~ . j o "a f. rb'!~ til . h n l ! 1 r:h:rn,hl' r 

f',,,. 17, T"npaR/"¥~ Gradient. 

p'e llOfllS (0 rocke r applications Jnd 01 producing' them 011 a co mmercial D.l~ i ~, 

~ ( acceplable p riccs_ I'-or ICB.\1 pmpuLlion .ii\nilicam incre'.h e1 iJl p'er

form"nce and energy ","oulll n.~ult if reliable :lI1d p r.l c.tic'II rocket power 
pl;m n could b e developed for 1',\,(,11 the ,co llllllonly knowJJ .ll igh-Cll crg)' 

prupe llanu. ~uch ~.S liquid fluorine ,inti liquid h)'d ro!l;en. 
To recluce the ra ce of [:r:UI~fc:r of ht':!l through the cornbu~tion chambcT 

w;llh, which is an acute p roblem in m d .el c llRine d esign, 5cY~1'll1 ditIe rcrH 

nU:li>ods b:IYC been devised 11l1d ;Ire in me. One scheme, ~tilJ uf,dcr inveslig-;I

(ion. i~ (0 employ ~Jl i):Il. ici iLc r·fud c:ombiu:ll i (:U1 dLi t wi./l dcpo' it on th.C' 

imwr chamber wall fl n inert co~lting' rnpal) le o( pru \'id:i flg good IhcnT1J.I 

im 'u b rion a nd ;llso vI withstanding the scouTi ng 3,uiuil o( the hot gas Aow. 

! 
NOTES ON T ECNNI CAL ASPF.CTS 5L 

T h e !\TiiJil h in Fig. L7 illusl'r:I t('s lhe tCTIl'pt~ r" tul"{; !rLI<liellL~ to be e'xpencd in " 

n :gCI1&a.tlvd y cooled thnm chamber provided whh ~Udl ~n inert (,n:\t lng. 

Propellant Ulilizoiion 

I'aOI'EI.I,A"'T I!IUil~llion is a pro blem that iJ ecolllcs I~UpOf"lallt when a mis, lIe i~ 
be,ing fired (or maXimlJm range, T he probl em i;\ (i) ' to cnSUTe ~hal the ffiJ Jl.j. 

mum amOU'!} t of propell~nt a vailable [0 the rocket tngine.~ is (On~ lI rn e(\ by 
lhl'm aml (i l) to d es ign (he prv pelldnt feed ~)', tc.m.o ,[ h~1t ;L millioHlfn ;llIlfJllOl 

oJ propdlant is [ta pped ;!Od hence un3vailablc for comumrtio'n. for the 

bip~opdhnt 'Tocke t cngine-s of furrJ: 1H L.• lli"tir, mis'siks, til(' p roblem is aecen.. 
ruated, ~in("c the enginl"s, IH'Gluse of v.rrious §y~[em "nd lr;-Ijectnf)' l o lcunce~ , 

may consume one propella m compom-m ~{ fl rc\;lli\'cly f;':'I tl':f rate, T h us 
when thi! cmnponr nt is CClrnplcccly consumed, a ponion o( Ilw ().lher o ne 

remains unburnl'd. The ~ffec l S of 

residu,11 propellOlfH (an he dr;'Sl;c. Fm 
inst.a nce, a rough calculalion .Ihow! 

that if on e p'crcent o f the in i rial pro
lo • .,.,ing 
d~' '''I 't::e pcll:lIl t weight rcm :r. iJLI uncoll~ullrcd in 

a ve hic.l e des igned to hH'e 3 thfll~l, 


cutoff ~pced o f 25,000 It/sec, the r;tnfj( 

will be r~lutcJ by 'lobOlll (,OO n allli ",,;1 

mik~ . l\IOTCClVcr to oHl inl:.. ;n t h is cut· 


01( speed of 2!i,OOO Ct/sec: when one 

'tlnj'ing percent i. unconsumcd, Ih e,,"'cighl of 

delf'i(. 

prop<: llam neede,,1 ln1tLally would be 

a lmost dou ble d. 
f"igu re 18 Sh OW1 the maiu Ckmc.nB 

of a propella nt ut ilization 5)'''CII1, The 
..gvla'''l---4-J~1II mo~( difficult prohlelll i!i h,~w tn d,ctcr·.,.61. 1', 

mille the amounts of o)id dl ~ ('r a ' ltl Cuel 

in the t'anks :It ~u,(.(~$s ivc time. d llrin~ 

powered fli,::;ht, \\,beh lht veh ide i j 
dislu rbcd, i~ by a ,rUM or by rhe cOf)tI"ol 

(on'PlJt~ r 

., synem, tl,e r t>sult'ifll-( ~ cu~leTJlilJn. ptoto 
,rock~L dute i,I:! the pl'Opcll :m t liquid.1 slosh
ella ine ing that may be arprecbbk e....cn ...,lwl'\ 

the t~mks arc C(l~'ip.ptd Wilh bam..", OT 
F'ili. 1~. PropeluUl t Ullllt ulkm Sllolt1l1 

some olheT d"I (fIJ~in ): de. ~-in: , Ttlll,j the 
d elt:rn-ti'I);J tion of propcllaut kveh by 

conwntional m(',lns is dillicnlt, if not impo5S;ble" Mea§'Hem,cm~ d ependin.:

upon ditk (lr'ic proper t iel of ill ~ I.Hll contcnU appear to be i.lT1Pri,ct icau lc 
bt:()aU5C of the scverit}, o f the liqUid motions. Howevcx t.her e [lrc sCfl si1tg 
m.c.th()d~ that nlfc'r promi,e, and these a re receiving c"tcmivc ~tud¥ .Ifld te.II ~, 

Vortices may form in a liquid th:Lt i~ !lowing fTom a t;lnk., and lhi~ can.. 

1 
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,) 

\ 
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result in prern.,llIrc culo lT of the thl'u,l. Thm stucli ('s mU.~t ::Il so be made 10 
!;ain:\ bcllcr IIndentaJ)(lin!~ of \'oncx fonnOilion :lml hv'" it m:ty be controlled. 

The Airframo 

T HE cle.li;.;n o f :l ily :l irfr.JOlc involws a continual Slf\lJ;gle Oln(\ compromise in 
sa tisfy ing rC(l11iI'ClIlCIltS oE bOlh weig'hl and st rcngth. For' ~ long.rnnl>c b~JJi,

lic lIIi$.\ile. whi c.h I1IU,1 be power-:lccc: lcr.1 Icd ail the way LO thrlJu ('uroff. excess 
\\'~il;ht i ~ :I nilic.t1 l'rnbkm, lor it r es llirs in :l ,lr.lSI ic reduction ..f 1lI ~ )(imum 

:r:I ngc. VCI the :lirh';lIl1l' a l Iht' sall)l' rim e must have sllfhcit'n1 ~Ifength and 

r i::;h!i ly III ,uPI'Ol'l the other com pone llts :J ud the propellants without failin~ 
uncleI' n,)rnul .tatic and liil;ht loa<ls. Illdudcd ill these loads :trt· the stresses " 
c.tuscd by \·jbr:lIiClm of the ('ngin l:~. propeilult ,1(J,hing. m:t1leu\'~ r$ . and 
ae rutlYII:llllic heatinl:{. The lift (kvel"ped by thc I.. r;;e nti~ ~ilc lrody Iluring 
a pro~l~tl1le(1 turll i, ;In especia lly intcrl'.ting pr,:.blcllI. 

A ~ iS'ni(i( :lIlt 1',;dUClioll in rll" ma~~ {h:u must be arccl('r.l t~d th rough the 
entire diu:rncc to lhru,c CtI tll tf :\nd also in Ih(' propdl:.tnt wci"lu :tl t:lke·off 
i~ (,bl:lincd by ming :l ml.li li.{togf' .!,·.rig", in which nne or more engine SCI lions, 
with 01' wlthOUI .1'S!)(' i;.LCd pro pellant l :l n~S , acc j(!tlimntd during uw powered 
{lighl. "\lh' ~ IH'ed d~~ iA Il tcdllliqlll" al.o permil reduction in ~lirrr.lnlC wcij:j ht. 

"' he dc,{(ol',p'1ICIH of tH' W m;ltt!rinh m :ly on'cc opportuniti t:" f,)r wei~hl 
n::du(lioll. Thc J~.iyn('f Imm conside r lIot only till' physica l pmpcnil's of 
fhc m a t (, riab, such ~ s )frcn tvh·t!l·weig!u r!uio ami corro_,io n rcsi,t;lIlcc. bUI 

:1150 MlCh Ltef" .., .IS :\ \·J iL.luility .Lnd (O:l t or Ihe m;tlcl'i:l1s ao ,llllell' ;!(bp tahilit)· 
to St:l ll(\ar,1 f:ibril;.ltioll t(:dmi'lllcs. 

O ne clf,-n ncedinr, thorough in\' l.'S tig;llion i.1 Lhe shift ,)r thc' C~IIlCt o[ 

~r:tvil y "f the \Chide as the pro pell.1l1t j~ con~L1n l "d. Th l.1 ~hHt n,J;tthc [a 
the (Cnl.:!' of prt:Hu!'c is :\ d (' tcrmin ing LI.l:lnr in rni~5ilc sr;,hjjity. III the 
ICIi:"lJ (\ lId lRBi\! :lccnU!H 1lIU.~ ( ab o be wkcn of lht rapid "h"ng-c In the' 
rcl:t li n ! po.,i liom nf III(' centers of gr:wi t)· ;mct pl'('S'IH~ wlLell J ,t:I \-:t' ,.llh in 
rocket l.:n;.;il1o i~ jt:lfis()flCd. 

AorodynClmic:~ or a Bollistic Mi,silo 

-1, 
T ill: b~llI i'l ic mi,.!ik is ,ubject to :lerod} II:lntic fo rcc.., tlJrquc>..'1lld retlt('d 
e ff<:tl s durillg' uoth the initi;d and rhe tin:ll p,mioll> of ill Ui):hl. Fo.. the 
initi.,] )lilrtio n-rrom thc bnllch poirn to rhe I.hJ'U'(·fUIOrr poillt n ill Fi ~~. 1
lhe ae rlldYll;'Jmit' cd.nlialiulis :lfC cun\'(:n liollal. \Iorco\'cr thc choke @! 
:\('I'od)'n:.IInic ch.ITaclcri'l.i('s i., k~s cri t ica l for a b~llIistk mis~il(' th:1II far 
olll(: r t)'p l'~ . Ou lh l" mhe!' hand the$(' dl ~r;1.C tcrhli rs must 1,(: prcci.e ly I:.nowl1. 
lJnl<-~s the )' .m: tI(\,)u.lllcd for proljc rl)· in rhe de.i;; 11 of the ~onllol 5)"('01, 

the mi.\sik lila), exhibiL insta llil ilY durin1\' :l ponion of t he powered flight, 
On.; UlI ( .IIl\'cmi'In,t1 acrodYIl:trlli.; in"c~fiWIl;'1I1 a....odatcu ",ith multi

5l;I [;C CI\t; iIl C' i~ (onC("l'lled with Ille :1I1l0U1I1S ot' "hot .lrag" ~nd "mld dr.IS:· 

NOTES ON TECHNICAl. ASPECTS ~! 

that is, wilh the drags produced by th(' open cno of the m i,silc body when 
the rockct engines nrc firing and whi'JJ Lhcy arc: illoper:H ivc, f tllpeuivdy. 
Dif£crcn! arnngcmcnts of engi ne chmcn :lno \Jjll'et~ut firing sequen(c~ of 
the exposed lhrusl chambers yield difh:rent va lu e~ of hnl dr\l.l(. In 50me ca~~ 
lhe low Prl"lsurc in thc engine compartment fl'Sul t ing (rom the "jCl pump 
:lctiorl" of the supersonic exhaust st:re:ams m;IY creat(, :. sIT'UcLUr:1I problc:-m. 

D~ll' i ng rcpassabc throllgh the :llIDo$pherc-from C to (li t: targe t in FilJ. 
1-1h('rc ::tre similar prob\(-ms of &labili ty Ih:u have required involigation. and 
hea ling ellects occur that arc l10t treated in ordifl;,ry rtt rndynarnic theory. 

The Nose Cone 

THE nOJI: COliC will contain, ;lmong other thinss. an lHomi.: warhead and 
provisioll fo r arming and (uzing. 011 l'cturnirlg' til Ihe earth throll.gll the 
atmosphere rhe nose cont .,houM be dcu:lcrntcd to r(;dUf~ (he po.\libiJity 0.1' 
burning up from a.erodynamic heatin;::. It mu~t be contour~d (ur the pmp(r 
deceleration and (ormi nirnizing turbulen«(' (''o'er it, s\:Il'hcc. 

The rapid heating of the rc·entry body on rnurn (0 lhe canh throull'h 
Ihe :lllnmphcrc is under theore tical :lrid I:.xpcrimcnral invts tillation. Since 
the conditiom involved in the beating flH' beyond lho.~e rc,tdil y prod!.!(;i'd ill 
the l:l bor:ttory, thcory for such condit-ions mu~( be cxtr~polJted beyond :lny 
pTeviou~ experimCn L'lJ confirmations. Some insight iu.\o lhe problem il Pftol' 
,·ided by ~hock.·tube swdie!. An imtrulllentcd model pJ<n:l'd within the mb(: 
is mome.marily suUjcctCd to conditious approaching those of re·entry by 
mean~ o£ a '5hocl:. wave prop:1gatetl ;IIClIl!l' ~hc tube. Further imjJ;h( is being 
oblained through /light IC~LS in which models 3ft! a cccleratcli by m e..m of 
~ilIlplc multistage rot:ket~ LO wndilioll! apl'l'oi:!ching tho.e of rc·entry. 

10 these expct'iulc[H~ the importllnt p:Jcamclen an: the i1li11",~ph(' I'k 

pr~sure, tllc M.ach number, and the Rernold:o. number. The experimellls ;trc 
planned to yield cOll1bin;L't iuns of rhese p"r:LllIclcn sucb th:'I! lhe de"ir~~ 

lnfomla lion Gin bc' pl·tdincd j'rotn tht d:H~L. 

En(Ounler~ wilh Atmospheric DU~I ond Inlerplonetary Particles 

S£VEli.JIL imicpe.fH.\c[u liJ.l(:~ o[ evident." h-av( yiddcd ..ppro:..ii11!ife ,,;vocs for 
the probability of .1 collision bctwer n :In JCllM .tod ;( m~[co\'k p~lrtidc ;11111 
for t.he prob'lblt v~lue of the m~lcocit nla~~ ('nwunwrell. l'or a single Aight 
tncre appea u to be .tiJom :111 t:ven chance o( a collhlon with n panicle of 
d.i;utJetcr ~IS large as :Ibout O.()UO I indl. The mass of pat·l.ides of 0111 siJ.t) en· 
wlmu:red b)' the surfJ(c of the v<'tdde during 11 half-hour fli~h!. would be 
t<:HJf{hly 4 )(. 10.11 Ibj(t2. It the "ejli(le should cJ)coUIIlcr a rnN(:or ,h@wer, 
the~t: figures 01 course would be:: larger. though Hill so s.u.la.ll til:! I. the vdlic : I~'. 

coune :Uld raugc wtluld (rot be affcC!cd ;'ppr\;ci;tbly. The damage wClvl11 bit 
amlined to ~bf;.t)ioo and pitting' of uhf: ·yeh.ide'·s skin. Such d a mage can .uso 
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,'d Alit {lSIl'/·;JHITY QUAHTl{lH.Y REJ'iEW 

be p roduced by l'IJ(:<!) lIlllcr~ wilh ;w'WbplJct iL cllLH ."uri llg tll e 'initi;i l ;uHI fin;iI 

ponions o f th l: lIiJ;hl. I'ining of Ihc' skill w nec h'l oly could result in allllur
anal h ea li llg (ILHin~ pa~a~c thmuAh (he ;Hn\ospl]('r~. ;l.[Jcve:uLU3I'ity th:H 

:~\fIlWt be disrcgardc·t!. ~\ , for the (Cha nce of colli~joll with " iHNeor .uil.· 

(i (·otl ), ru ,, ~s i"e (0 produr.c a ca l;lSlropic effect . th is t'HO~ out to hC' ~o 

exceedingly ~mall dll t it can be ig llo red. JncidcJlta lly UH!TC '-Ire pr;IClic;jll~ 

n(, i llte rp lancl,....y paniC\(;.s of cliarnCICl'1I less tha n ;. bO llt 0.0001 il1(h, {or 
smaller pa rticle. a rc blown Ollt of Lh e ~o\;lr S)'S Lcm uy radi;ttion pre" UIe. 

The clensil}' of mC{eoric dust n ear the earth is ap pf... )o;ifll :!ldy ~ x IO· fjl 

Ib/f l:l . Thi~ d e nSity hJs bee n d etermined by mCJ surem ent~ of wlliacal i i'bht; 
the J>"ft dllc to sm tLer ing of sLlnli~lll by mcteoric dUSt is found 'by ~e p:IT;ll i'n~ 

frolll the measureme nts all other cITec t:;. such as ~ca llc.ring from the tOp of lhe 

mnl01phere. sca tt ering by £'\ cc trom in interplaneta ry space (ahout r, [)On per 
cuhie in~h). ~ nd the lumim'scellce of lht: ionosphert:. The den sity of llIeteoric 
\l1I, 1 ha~ ;d~o h C'('n wlllputcd 011 the LJ ~ 5 i s of the ra tc of accre tion Qf the (hm 
hy Ihe (,~ rth, ~OO Ihhf·C. This P H: of :Icc:retion i~ d etermined by Ihre'e d if

[('rent, in Li !.:I' ii.'luknt rnnh'"li\s: !, lll illg of recovcred rockets ami of "«IU~ tJi( 

c\-n ri()t:s ca rrinl (1) 11 them; fol ll;n in n of min o me woritcs a nd slU.dy o f' dc(:p's\;;\ 

llj ('~('1 dqin'lil:> : computadom in~olvinS' the determinalion oJ Ihe oplicaJ 

([emiLy o f :1I1111l' pherk <I us.! and Ihe ave rage diam eter of the du~t lr.u tidcs. 
TIl(' :i vn;' t;(' di :lIllctcr is lou.lul from t ime ·correla tio n sludi (:~ b (" IWCCil meteor 
~ho\\"cr~ and Ihe dcpn-s it of Jllatcrial o n collec ting p b lCS, :lI1d belwt'c:n meteur 
,hower, :111 (\ the sile o( tIl<:: c:anh'~ .harlow on the ilhl(111. 

TIl e v.dues of the <kmity uf met t"oric d lhl yidd('(1 by Iht :I{Merll (; nri9lH:d 

melh ...ds a rc "bllut 10,000 tirll ('S L'1)\e r Ih<1H tl l.1t delCTmincd by ]·dlcainp; r;r(iio 
t\'~;l\.I?' from me teor p:u h, ~ I!d ")\1T~l'0 ! nrif-lg 10 i[lC'1Il(\f: F,nides 'Which arc 

too smal 'l-ksli th:ln 0,0001 inch (1i:,me tet-IO produce refle·edon. 

Ex·terior Bo\listies of a Mis~ile 

Til E tmi;:cll't-y be),o n.! tb e tl ,Tn sr·ullo ff p,, 'int 11 nmy be (lidd ed inl.o tvm 

sq;T1 lcnLS: the {rce .m::hl portion. fwm {J to Lhe point C of re·en t ry intO 
rhe a l1n (l~phert : the t c·cn try portion. from C 10 the impa cr poillt T (ur. 
l,' ig-. I), Fo r J long·range rnhsile the free·fl ighr portiou ll e i.:; :l LJ u vc the 
~elUiblc .ltmOSphefc; hen<-c the mi 5S ilc ouring tbi. phase is a freely f:r lling 
body, Ihe o nly force acting o n it be inp; gT;1v·it.ll. iUO:i1 "ltL' Ct l<ln. Dlning rhe 
rt ·cnlry po rt ion C: T acrodyn~ mic fnrccs a lso come into play, ~ nd thC'se slow 
the mis~ilc :m d r.HlSC it to becollle hl~ l ed. 

The le ll!)lh :\11<'\ S\rOlpC of Ih(' rf(·~ .fli !: h{ tr:ljn I01)' arc d C' leffflin rc] b y the 
spce~l V of the fIIi s~ ik .tt thrust cutolT. the angle '"1 belwcen rhe loeJI ve rtiCIl 

:Il B J ncl thc di rect ion o f V. the ,dlilllde II of n. :I nti the V".\ ll l':\ o f the acce lem

tion due to gravit)' g a lo ll!\" l ht Ir"je clOI')'. 

Considering a g iven (l'om( /J aud a give n l~l"g('t "f, Oll ( ' fin(l~ tbat for 
c \' e ry li1ru.\ t-culOff sp('ed V bCtWC'(' 1l tbe lowe:S l and tll(' biSh",t va l~l~ need ed 
to reach I he t ar~.:t. tileI'.: arc two v;l lues of the angle -, th~( yic,11l trajec torie> 

S {) TF ~' 0 \ ' T J:C:I/;\ / C. tf , . /s/' [; I: T S 5.'i 

COlln ~, till ~ n ." ,,1 f. Oil" 01 th (: ,, ' 1..1 j ... " "· i ~,, i~ ' [ t1.; 1' , 01 h i:,\ h '-'pn~t.: ; ll ..:: 
orln:1" i> Jill ', (.f 10\,· :l. l. 'o/.;c (:. .\ S ">I', ~ (k " .... ...,<: , thc lhl'lf,I ·( u (0",11 'IKe,l ,." thc~c 

two p fJ:-.:·, iJJJe n.1 k<.. hU j(:s :t ppl',Jad t t.ldl l)lh(' J, d1\.' ~ l (' l' l H' l 1r :I.j;"\' lQry hc( oHlin~~ 

fI;lIkr, ~ lIfl Ih<: ifa" ~' r 1r. ,jnt0 1Y nlorr .II',Lt-.1. 111 il lL li,"; (, I .- /H' I, f" :Hlairh 
Ihe mi ll i"""" v.duc foo )" wl,ir " rlil.' h,i " ,;I, ' .:ill 1'(, ,:<11 I ilc I..,rg"f. Il l<" tw •., 

1I~lj " ( ' h , )"i, · ~ 1I'I l'r1\ ~ i. ,lO ~ SiIL!, i.- ' ," l .1.1 ; 11 <:0:01(\ . JI"::.;I .I (I.,~ . UI), 1Il't':.u,,· thi, 

,,, ,xli...,, u"' jc(!. lly rc" " ,rt·S rl,.: ' '' 'd ll o.:. l ' 1' ''' ·cI I·. :,n d d'(·n: f"r ,: ;"i n I1l\1I1ll 

~ , (.. , 

. -- . --- r . l .tI. I"i)",rn -_......... . __ .  
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lill ~ ll ~ t:1I ... 1; :), :h I H fl V~l dJl o !f Il I ') (l 1' , l iJl H HH \ , ill, 1" '~l h. 'f. [ It-' p rr ' p ('lLH'f 
Il:qll l\-{ I (I l: II t) . I L 1,"1 .d ." , JlLl ll O{' Lh '"r,:th lc in . ,tlU' f n :r.pu·t ... . h lY ,hi" ....,( cC' pc·r 
LI".IJu.t,l f} tIlt. I\ :-CII (rr ~ I J \...· ".' d i ~ JII :.; lll:' r. lin . .. IJI '-· ...\.· (11; Ii i-:' :. ,' UJ\ \. f' n Irll ,I. .1.!,; 
Ill. I.Llll i;' 1, I'" !,,k'rl l. r ill lilt.. Il.f t LL I' t .... .!" ( I U 'Y Ib \- r, ,:nny 1,.I : li tl lI " H.:I < h the 
,d,J " I' l" ll' H: l.b 11 '1 I i.~ L I', Ih nh \( : I'~ '\l\' \,' p .dHI " .... lwy (l. t1 Ir; q l ;t l l ,r i, ,;) l!,."( ltl i n ..· :l 

II}.., }"" l,rcl h \,.; j..:,Llid . lll i l: ')'. [ (.111, 

:I k e! {.f Eor lh', ~ I' ''' Qnd C \lr'ICll u r" 
or, T rOI(~ ..:to r y LcnOl/ .- A Q uu li tolivu A l-'o roClc h 

.\ ·nll-I I-. i ,i d tl .l' · lOr" f rU' ·IIl ._,1 1I '("i,'d " ":' ",ay hL ..bL, inLcI II) c" m i,lcr ill l4 
f l •.,. (li<: C.I " "I.,. , II" r." I '; <, .",, 1 ,; "" , " I Ilic:IH ., ' l: >0 ' , l\ 1..)1 ,h"L till' lIIi,,$ilc 
I , I r1 li\." .1~\ II "ll·d I t . f !( l l". , \" l· l il l / 1' \ '" \ .\ n~ l l ,dH.1 11 ) I' HI " Jlh ..... t' ;11 ll1, •• hcJ\"'.: , ," h i(h 
lI Il:: .I f "u ~ l:1.,\ih l l due Lo ! ~L I V H ~ .~ I •.•• I v ",: ,' \" ~ fll l lil [h . :\;,1 1I 1C ~ U 1 nl~' Mniuuh; ;--1n([ 

:1 1•..,\, lli " :.[,·. I,,," I) ... 1 ro tlk II .. l '\.11. .. .· ( / -'i.~ . ~'O). F, 'l" Ihi. fl,,t ·({I"f'i ll , i ll.l.lli"" 
Ti n,; h " . i /u Jl Ld " ; ~ lI g" [ )4 11n l IJ:u'\J. l l HoI 11- \ .) in1 1.;1\ t j .. t-:,I \"l: 11 ll , t 11<; (olr!. P )l :\:)~()n, 

:.: j ":., .~ l h "f' 

R .li' I:', · ~ .\" ·t-.:.\x - (l f I' ~, ,ill '; 1.111 :J) , (I) 

\ "L ~ n .~ .\ lJ Ill ....ld,IIlH l n~tI r. . n ~j l "'; . ~ Jll e(1 : •• \ .,~' ''''~ t llul l t ~U ' Jlr 1I(.LU 1" · ;ll I: 
iu.•'" II 1.1 f l , t I!h ' . ,1 . 11 ••(1 :, l I t ,, 11 . 1 ",L," : ..': dh .. I : : ~h,· hi' ~ ~\ U,l l' lll'-.' h4 irl/ On· 

L.d ., .. ,(1 I~I IJ :,t l'. I ••~ II \. It H \.' d l" ,'l' l l I.' ,n. I, lu II 'L" l, i •.1. L t.I . h 'p~h t, 

A" 111 ... l'I II .~l' ~ " i ll 1. l\ ' . ' Io.t.:d . lfll " .... u ..·, t!t "l11 ~ , : " .i.,t l;') U Il\,l l l l h J .lIl rl . 'o LHiun 
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:;6 AIR U~"Y£RSITY QUARTEULY REVIEW 

bCU)lIIt' mnre ;\IlJ morc i,"p"in~ nt. A rough picture of how the~e el1c("1~ aiL('r 
d J.t: len,!;lh o( the tr~tjeClnl)' TIuy be J::'ained by 5t,lrting wi th W I." shon. r:lnSc 
iL.IH:;mh lujcdory (Fig. 20) :Ind adding succl'!lsive (;{lrrl'(tjom; to it. Only 
the ~impkSl si tuatio n will be (.).nsilien:d: namely, th;1I of il mb.\ile mo\' in~ in 
the pl.JllC ot (he equ;uor. ~for-eo\'er, since Ule imt"fot h('re is in a qualitative 
piaut!!. the r.l l a thclu~tiC':lI expressiollS for mmt (lI [ the corn'niDns wili not be 
included . lIo....'Cn, r it is inrcre.sli ng (0 nott' rhal [or so shon a ran,!l<: ;.)\ that 
of a sl\otpul by an :lthlerc ar the equator, Ihe r.tng'C for CJ~tw;lTd projc.:tioll 
IUr n S Out to b" about a u iuch greater tll'an [or \\'el!tlV(l ni p ro jn:tion, ti ll dsc 
being' cqu;t1. For fi long·r;tuge mh~ile Ibe difference .is pm pordolldll)' ~till 
grcater. 

In Fig, 21 we a rc to imagine ourselves as bciug o u t in sp~' cc, off the 
eanh, ;1{ some point louth of the eanJJ 's equalor and Loo.k ill" in il northward 
<lirecrion, paranel to the ea.rth ' ~ ;lxis. lC we coukl .top Ih c1 ca.rth from TOtat

ing • .a mi~$ile leavi ng the thrust-cu tOlf p tJim .lJ Iyould ful lo w the sa rue path 
a$ in f ig. 20, c;,(cept th;lt OX is now to IJt rj!g3tucd a~ the ta ngent to the 
equatOr !I I O. l.et us sec how this patb is Ch:lIljjit(i h<'e;)i.ts-c the earth actually 
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NOTF..5 ON T'ECl-lNIC.1L A SPECTS ~7 

is rotating anti irs surface is no t Ha t. Ju Fig. 21 tlte coordin;,tc S·ysLCJJ.l XOY 
i& 10 be thought of a~ fixed ;/1 JP(U'I!, :u not p;lCticiI~a tinH iJi the c;l.nh'~ mo· 
LiOll5. This Illeans rhal [he origi n 0 doc~ n ot rnm'" 3JI<1 litat lh ~ m iss.ilc 

Itaves B at thc momem "'hen IJ is "cnic lll)' alJov!.' O. 
(i) The trajectory is extended from D to F bCClIIse the hOTi l omal com· 

pa nen! of the mh.ilc 's velocity :11 D is incre:lsccl from the loc:illy ilUp"ncd 
v<&luc I' ~in .., to I' $in .., + wll, wh('n' '" is the earth's angular ~p('ed of rOI:uinn 
and R is thc e:,nh's r ad ius. The circumlcrcnti,'] 'peed .,Ji, whi ch the mis~ilc 

ba.5 bc foT~ it is launched ilnd ret;.i ...) dl!r i n~ lTjg'lH, is ill)!)\l l 1600 ft/ sec ea~ t 

"'ard; thi~ is 3 sizabl e correcrion el'{'n lor mi~sik~ fO f which V ~ in .., mig ht 1)(: 
as much :.IS 20,000 It/ sec. Note Ih a'l for '''<'~lbO\lnd rni,sj l('$, th i~ effect of the 
earth's ro[ation would redur.e Ihe lellll[h of [he tP j"rlolT For motion a lon!-\, 
any pJr;\lkl o[ latitude >. other than the l'tl. !;!.tor, tht correnion would <If 
cour~e have the smaller valuc wR {el\ ,\ eaSl\qrd. 

(ii) Whi le lhe missile is t l'3ve)i n!: from n \0 F, rlic poillt on the t',mll:, 
:surface <.iircClly beneath n has a <.i\·a llcoo from 0 10 0'. Thi~ extend. the tl'OI
jecLOry 10 thc poim G because the imp;.cI ;lrea has b "" m ,1I'placcd downw:ud, 
[rom OF 10 O'C, durin" Ihe m issile flii;ht. Sud) a n c1'-tcnrinn would also n((IIT 

[ Ul' a westbound mi'silc. 
(iii) At 0' the appJl'en t horil.On is the line 0' H, wlJich nus rll(' Ira jccU>lry 

;.t H, and rhus the [r.l jC(fory is extended to H. Noti<t Ih~r this l'"nicular 
(,);tcmion re}uhs from a downw~lTd rO[:Hi(1Il fiT [ilting n/ [he a p r ,lre m impact 
:U'('3 ",ith rc.pCCt ru OX durin!;' Ili~hl. For;, westbound missik Ihe rotation 
of thl,; impact area. ~•.s ohser\'cd from 0', would lie upward , rL'l>u.1ting in a 

rt:(luction of tra jectory lcn~[h . 

(iv) The trajec tory is still f;ltther extcmlcd. from H to I , became of the 
ru-rva ture of the eanh, whkh giY(" the mis~il<: au<\ilion;11 lime to acq uire 
nnge. This extemion i. p.)si tivC, no matter in ",h;.t dircLl ion Ihe mi~~iie 

i3 trave ling, ~ n<.i would occur even if tbe eart h were not rotaling. The longer 
the range, !lle h'tca tct· will lle th is e"' t~ .uiuu, bcc.IU ~e the separation of the 
spherica l ~urfacc from [he pla ll(: Ox I!Jt~ III 'S ,If an inncasin,:: Tatc as the 
di~1.ance from 0 lncrea$C!, 

(v) The mi~~i1c wo uld TC;II:h poim , only it the grav ir :llional forcc on 'it 

we're at evel)' poim p;mllld 10 Ihc Y·;'Ixi$. !~ (lI.I;lll)' this fOrC'e is dircClcd 
toward lhe center of the enth ~t I:\'cry imlant ('II the Higlu , Consequenrly a 
backward compollcnt of gravi[,;lf iOJul fnru: Sel~ in as soo n a$ rhe m issile 
lca'ves the [hrust·cuto ff poinl 8 , rInd its magnillulc inc.re.. ~("5 slCadily with dlC 
t ime since the missilc left 11 . T he nN .-,ffcn 'is In shortell the tm j£nnry, S<.) 

tha t impa([ (Jccurs at some point ./, rathe r than il l I. AClIil fly ill..: ba~~\\'arJ 
(oll)po(ll~ nt of the gra.vitational force is ;ls.odilt('d wi th [WO dHlertnt £actor~ . 

One i ~ the di~pl:tn'n\l:nL oC rhe mi",ilc fmm the fixed poi ll[ 0 ~ s ;, ,result of 
its locally impa_L'lcd ve1oci t)' 1'. T hi5 pal'! of the \).lCkw.l rd com ponent lin· 
creases ....·ilh the duration of niJ~ h ~ , decrease:! ;11 the diuance of the mis, .le 
fro m lhe ct' rHt'r of the earth incrc~,ses, and would !"xis[ eye n if tilt I::;.rth wen: 
not rotating.' The other factor is the d!"partun: or the miss i.le from 0 because 
or il~ velocity ..R rnulting from the e:lnh'3 rotation . Thi! pan o[ the 
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:-)~ ,I/ l l UNI/·IiJ/.~/n' (~UtlnTEru_y }(U"IEII-" 

lo CI bac: l:w;lhl COfllpnn'; JIl i ~ alw.ly~ wcitwa r,i , lhus rcduci n~ ""aSI"' :\I d l-all.:-i(ji 

and (!)((('Ildin~ w~ lw:ud ral1l~s. 

,'Ithough our illlt ..(: ~t h~< b l'CIl mainl), 10 ~hn'" ill :1 '1ua lil"u\c W;'} how 
the 1'0(<1 (;011 a nd Cl.I J"va lll fl: ..1 lhe (-;"01' 111 :,IIcn the r .l n,,'l.', il ~h,)U I.t b ~ said 
tha t the 1I1e thod IJ sed hde , :lfl b e !:cnn .d il.cd to ( .1' l"I' lbe (.lse of a lIli ~~ i lo.; 

projected a t ""} \;l( i lllcic a"d in :l I rajeC!o r~ lilt: pl.. lll: " ,' whidl ;5 d irt ( l..d 
in ;i ny dcsir" d .lli"'lIth. h lf .IIIY (';1>,: , h",,," I: \:l: r, 111..: " 1'1 'lil).i m.dio n, iJl n,h'(;d 
in dc r;villR ,he 1)1at),CIn:ll ic.ll n :I' I"\:" i(, ns 1.11' (il l: \'•• l'i l,II., i l1< lqh: llde1.11 (""r· 

rec tion. or pcrt ll r lilll iUl I , t("flll ; :'1'1: ...." 1 o )' J,'n iol' lI ilk fnr In ;,s ilt: , h., vint; 
sm:t1 1 \"(:Ioci ti ,", II[ llll'UH ':11 1011 . 

Theory 'of 8(]1I; ~ lic Trajeclorie:s 

,\LTIIOUGII the f" r':~II in l4' " )1 l'ro:-..·}' i" ,, ~dn l for i llu ' IJ-.l! i, ~ I' L"·I"'''u,. ~'''' qJll ' 
( a tion ~ nf u-;lje c..:fu ril.' :"l .,f ,; n.~ ;'L 1~II ~ ll1 InltsL .I( t,:o ur".-.; l..Ie h.•'t .:d 11 11 N l.: ,,,[,tllidll 

dynan lica l a nd gr;" ' itation;d theory . One s t :trt~ with the a~,un ll ' ti rll1 th .• 1 lill: 
e:lI' th is :1 hOIlI ,,;.\,· IIOl h ' I'hcrc and (hcrd orc allr ,H'b .l Illi,~ iJ c :;s if :dJ lIa" 
c.uth ·, nt;\", ,\I ',,"1",: q""~lIu:tted :<l if, (cn ter ( Fi~. :!:!), W.: h.II' '' 111... 11 ., 

\ ; ,Y 
\ \ - ..../ - -...\

1ft ,.,.,. 

.{I/' /' 
(.0 r" I ... / '1/
;1 ,\1 . .........  
~u' \ ..... .........R 

\ ,, 

FI,/dT" 2Z 

II.....l nhlll F i f,.; .. :!:! ." L(J 1),( , tbHlI f.!, lH , d .I.':lo Illu~i"III, ·_ . ;') in j" , II 'l .... 

· (: f~.·,.(.''' n..'- .. t Ilf)rl r('H rlLin g ~CI o( .., 1 n.)l \ l i))~lI..~j ill :'l"lt:c dlo.ll , (,.11 .tIl j) l"t .·\. llt 

llurpo::-.c ..... , rl1.1 )" l it.: rl ,'~. ' l dt.J ..I., 11 . , iu,,,: il ~ ,. Ji ....:. J H r . "'( ~,, 1 \\o' id . h'·~' I ' '-~' ' f ' LIH "I 
ce n te r or tht..: .~~llL 1\. i...\\ l-.. n' 1"1 l ll :.1 I "n.'. "l 1I11,[ili t l l l.LI, '. J FJ ~ i ll fI: d ·.;. 111 1. 11)1 

fnrm, .11ld fl"OIII 11l~IH .OIl ~<JII;'Li.,,\ f,n' t hl' '.11''' '11, ;" , ..."-.JI , lc f;-.. lli.lit l! "' J '. ' 

to ri "" or a ll1 i""ik 111:1)' b ..: ,kl' ;vul. rl •. • ' :'l\l ~'I' U '1 lU l ll' .lI.L I " I,.; I ll..: ;" " " . .. i 
("qlla (ion o [ a ("ollk wu juli. !h [II wl1 cchn an y pa n iul1.lr l !".lj l'f ... T) , ,-ill h.: ., 
p :u:tbola (II' :In .:iii!,'" ;, f u lIllcI h " dc pl:nd " i I \";lkl h ~1" ll ,/: I..(h ' oil l h ~ 

miss ile's lo:.ill ~ li (" ('nn!;}' lu ih p"t~ nti .d "n('T;':)' "I li ll'l l> l nll"ll i, ": '1'_".11 l,', 

unil)' or i, l e,,~ Ihall unity, Kno\" in:::, lhis, olle C:lIl Ih.:n shu,," Ih.'l Lh" 'l,~ .;d 

1-' of lh(" TI1i ,~i lt: ~1l nlloll d"ll'rm ill l':> rIle Iy p l' 01 p.,t), " , 1<l1I .,\\'~ : 

(i) A para b"l.l if II = \12GXf7(R+ 'I). wli<Te G " lh.: Ne \, 1011 i,1 I1 (m",,", t 

tW'1 .p~ rlicl e prubk ll l. I"'" IIi .• ,"i"il.: (.r 
r.:b t;"." J) ,, ",,11 111.", II. ill fl c,; ll ilo; lll I., hk r 
the f!;r:H"i );.)io llll Hlr;odio n .. f ;illl>lh,r I)"'" 

[ide. the carlh. of el<,.<;cd inSI)' t" i;" I H .i ," M. 
Nulie,· that Ih[' \lilly r"k pl .. ycd hITe I. y 
th,' c.lnh'. surLlCc i, to provide l"u,",hill,; 
.01(1 ill1l':,(1 :.n·:, :1 ro r (he mi l )ile. 

T h,' (r;ljn lOri<-.I I .. he II" .! '" "hlf' 

dill . "iH~ Ih " prdi ," ill :" ), .-t",is '" il l I lL ~ "' .. ' 
j Uf .) HiJ ~ r .... t C' lI l ~ ,11 .1II }' p.lfti ( u l..h # l11"" - ( I) (il l...w 

~il l: .\I" ~ ( .dled ,('I.'" 1111 1 '~. Jj : " " Jlt; ,L Ii",.r d , j '), 
I'r,-I"Ioi II.,,), 1'11:,,,,: L11L" ( 1":1j"':IOl ic" \,; 11 1;,' 

.l'lllH Jl l1 t1 :. .[\.'Llll.th ·· if " 'Jll pUl,·,t \ Vitl l n .. ... l j"~ ..·L 

1u j, IIHII"uL~U i ll,..:' :'\pll ....:r i,·.d l'.l r th. 'l l" l b die 

.1 " i 'l i ' I'I.l .J' d' 
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of ~n \'itilt 'i " li, M ~ I...\l II '-ltc ll.lc 1I1;,I,S ami thl' radius nf ell(" ("af'! h, respect ive l)', 
Anrl Ii i ~ lhe altitude of Ih~ rhru,r-cutoIT p o int. JmlCning' in lhil ex pressio n 

th e: kno wlI v;.lues of G, M. :1TI0 R, "nd kllin3 Ii h e, (or cx;(mpic. JOn mil t:." 

we find th~(l V is a pl-'rox illl l lc.ly 0.9 rni/ sec. ]:"r Ihi s cUlo ff v<:l"ci ty :Jnd :lIIY 

va lue of lhe projeclilHl 'In/tlc ""I (Fig. 22). tl,<: JJl.b.~i l~ will ",c.lpe from the 
t ;lnh ;doll h' " parabolic path. 

(ii) 1\11 t: lIipst: wi th i l.~ m'"n :r focu~ at tbe: n 'Il'lt: I· uf Ihe earth (}·ig. 23) if 
\lC;r(717r.+7i) < V < \-':!,GAf7(1f"+7i); thJI I~ , if V II bClween about 5 :J n d 7 
mi/ ~ec. 

(iii) r\ eirel .· ~lIrroun o il, g- the c;mh if V = \" eM.I (J? +--iI) , "bout 5 mi/s(:c. 
and"( = YO". Fm O(l1l; r v;i luc~ of") the I"Hh ,.ill h~ cll ip tk. but nul d rc liJa r, 

0") ,\11 clli ps.: ,,"i, ~ , ir,! f"nh r r [.~, 11 .\ ;11 Ihe ClrliJ\ (cutu (l-'i ,~:-. ~'1) j f 
V .0;:: \,(.?ilT(ir:1--::-'rj, (hal (" 11".\:5 th:Oll ;d ro lll 5 mi iscc. 

:, l / 
Jf 

\0<0 10/ .Q,,~ ' ., _I III • 

/ ". IVi 
r.. ',.,~ -h; ' 

,1 , ,.iF,
\ /

J'. 

i~rr.Lrc 23 Fj!l"r~ Z~ 

II is C;,s~ (iv) thal i" Il[ interest in thl: b:dli5lic millik prngr.tm. For lhi~ 
(l.W (il('l , 1l iiW Ih;n to ol)[;lin m~... ii1lum r.mgc for ;; n'y g'i"cn tlJrust-(:uwfl 
speed I'. th" prnjeuiVIl .1J'lljk "I musl cJ(ceeo .I!j". TIl<: In:u,i11lUflI pos.\jblc 

T;lTIgl' is ha lf way :lfound the l';Hth, this being ob\aincd when " is 90~ (liuri, 
70111al pro jcClio ll ). f('gardles~ (If 1.111: a'itilude " of tlie thru ;; (· curo ll P"li ll !. Ho w· 
ever ranges exceeding a bQ\J.l [our·tc:nth.1 of the way arounJ bt.:comc inuca,· 
i [,-~: ly illlprncli L"J.1 bccaus.: uf the C_Xlr.:me sc miliv i\y ol the r.IIlRc to the .l 11 '::-1c 
" lllJ U speed 1'. T o I-\'et one tounJI ot lbe ".~y (H"Ulld tht c"nh wlwlI Ii i ~ 1011 
mi, Ih~ npt.imurn va luc_s J.rt ruughly 7U' for '1, 1 r.1 l/,cc (or fI, Qn<f \),5 hr for 
th(: (iI\;lu LinK 

/!;Ikct of Cil lt 1,'l m,;ti(}/Is. In ,«mp l){in;: :l fClITatC /Jig" t I(" t trnjccl ori<" I, 
aecoUlll mUSI of (ounc be t;)k~lI (Il the cflect~ of Ihe eanh's lIIoli"n~. This 
umOUIll~ to 1:",_J,il lg ho w ydocitics '.II1 i.l aced':i~lli c>n s mea ~lIfcd on the e:lT !h . 
.. nonincni,i1 frame uf rckrCi1CI:, can b(, tramfo rm ed into tialJ mil-able for 
11);(' in the ba,j ( ~cwloni~\n cquatiol\~. H r:re we will be able w cl:tr jry ~omc 
(fon<;e pt,- Ihc Cnrio li5 lJ,n ekr;J lio fl, the sl ,-,I ie 'ycnica l. a nd 50 on-tll:'1 wen, 
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I  li(l .-I/H UNlI',EHSITY Q(I ,IIlTElnl' REVIEW  

01 kss imponanc(' :I dc~-"tlc ur so :If>O whcn air ve hicle spced"1 werc ~m~lJer 

i ;\lul 1J1C accur;l ~ i c' of u:I\'lI4:1tiull;ti i ll~lrUllle l1'-' werc jusl " Ilolll c<juOll to the 
1l1J !:lIilUdcs oj S<.llll(~ 01 the cll\.:eu to be described, 

1J1}O· i~;. 2,), Ict X ,y,Z" repn:liCllt a ~CI of rigid (C)ut,linJlc axes fixed in 
in (tnial ~p:lCC an\! ",ilh iLS Ori.t;ill 0, located al lhe ~~nt.,'r of ttw, ll.!ll; ~nd let 

y,  

p  

x 

x,z. 

Fi9r.I1'~ 25 

x YZ be :I simil~lf set ot a:J\C'S rigidly a!l~f.ht~ri to Ihe rotating c.trth :Iud with 

Jl~ ori l6in 0 at Ihc carlll'1 u:lI!tr. If r' , Is the velocilY (Srl~(-d ant! ditnlion of 
JlI flli.on) of th., Illi~ , ill' 'OJ ,It :111)' ImJUlnU during its fr~ e {I;ghl~ "':I seen fruIII the: 
incnia l h '.me X,l',Z" th('1\ 

1', =V••• + ...R co- ~ (alW:IY' e".lward) + V •• , (along earth's orbit), (2) 

In words. the "truC \'clodly" ~t "n)' monl(!D( On be expressed as the vector 
tIIr'l of Ihrce (:UltI.pUIII'llb: (i) the 17do('il), 1' •• , o{ the Oli~s il e a~ mcasun:d hy 
an Ob~rl'\,(T till the c;l[lh: (ii) the "elo.-icy .. ,R cos ~ witb which;\ point on Ihe 
earth', ~ul'f;l [<: at 1;ltitude ), moves eaSl"'~IrU in a circle :,bout ell!' ca.rlh·s axis. 
whcn: '" i. II, .. e;lnh' s :Jll!;'ulnr ve locity allOtil itS :lxis. ri nd R i! tlie (;:Jrth's 
radius; (iii) th(' orbital "doe,ity I' ... o( the e"rth'~ cenlcr 0 aboul lhe ~u,o. of 
;\Vc raJ:\c Ill~gnil\ldc ;,UOUI HI mi/>e c: and ill l c1irc((ion in '1'.1(: t1l.. t \·.l.rj<,,~ 

with the time o( )' <,>n. -

Tbe: c,xpre::I.lioll for Ihe "lrU(~ a~r(·kr.j(jon" fI, of Ihc !lli"Uc rcl:ll lvc 10 the 

ineni:!l fr;tnlt' X,)' .Z.i' olll!'Jined by d,ith:n :nt.i:.tinl! E(l' (2) ""ilh I'es/lcet to thc 
time. The rcsull, omillin~ lInil1lpOl'laUI (cnm. is 

(I, "" a••• + ",~ R <os ~ + Or••,: (3) •. 
Ihal is. (I, is Ihe VCClOf SUUI of three components: (I) the ",cecier-nioo ad. of 

tlu: mi.silc as oh.crvecl tWill Ihe earth; (Ii) Ihl' (cfllI'ipel<1l accclcra tioPl .,~R 

(05 >-, which r~ aI\Y;L)'~ din:clI:d wW:Uu !'Jnd nOl'llldJ to the earth 's aX'i~" is 
pm~e~scd hy lllt: mi»ilc Wore l;lUl1(hil1g. Jnd is n'laincd by it during fl ight 

(Fig. 2li) ; (Iii) Ih", COl'io/is llui.'/,--mtion a,.... which will be dh'Cm sed in :I 

~ub,cqucnt s('Cli'~II . Ollliltcd from Eq, (3) arc two addItional (omponenrs of 

:l.cte l ~r;l\ion Ih:Jl ale Ilt:gligiuly IDI:lll: one i ~ lhe acccler"tlol.l 4)( the eanll',s 
(Clllt~r in il:\ orbit .,hOUI the 5UII ; Ihe other ,in\'ohcs the <l1l/illbJ' ;lccc lnJtion 
of Ihe earth r,uO\lt its ~)Iis. 

The ACI:elerallon 'g o'nd Ihe Slotic VerTical 

It- Ttll!: ednh di.J nOI rotale 00 iu axi;, there WQu'Id be a~.<)ci:ll('tl with cvery 

poiflt on and :tbove il! surface a pun: gravitational fielfj\ of intCn~jl)' (accelera, 
tiun) al. Its rn~g'nimdc at allY poinl di;sla,m T frOID the' cellln o( the earth 

would be GMJ'~, from NeWlon's bw oC ~r.lvil.3lion. and ita dirl'Ction wouId 

be towu'd 1.1lC c.'mer 0 of the eanh. But actually tbe eanh is roHlliut; aboul 

in axis wi~h anglllar vClotity "'. ;lIld any object ;tu:Jched to it i~ continllau,~ly 

undergoing:l centripetal accclcr.J.lion ...~ r (U~ ~ (FiR., 26). This me:ln~ t'/Ut thc 

carch's gTavit,uiol\al Corn: on the object mual be resolved j'nto two (om· 

N N 

p 
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P()TIC~Il!~: one of lhese praduc~ the cerllript:l:ll il(,(clcrd.l.io.n ~nd is therefore 
di're(leu p ...rpcndicular' hI 111c (':lrlh',! i1!1;\: Ihe n;-m;'lininA cClril).lO (lCllt producl'~ 

I.~IC acceler<)tiolllhJ.l wt t all. (lcctia/J/IOn ,lilt to ~I'twjli\ g. Thu~. as ~hown in 
fig. 27. g ~t :lny point is tbe t'alor tI;Jf~u"ce betwe'en the "true !;l':lVilalio(l;l1 
al:tt'icl';(tiOl'I" lInd Ihe ccntripel:ll :tcccler;uion III (hat poim. or 

g = G.1I1Jr2 (tnw:lrd (;:lfth'~ ('\1[('1') - "~r to!). (lowJrd e~rLh' s ;1 "i5). (4) I 
Thi~ vJ.ri"llioIJ of g with, :lnd " obviousl}' ..night bl: a nultlc,r o( mnside~i'i hle I 
irnpon:H1ce for a missile tr:tjcClory of great ku,glb .!.OJ Jleighl. 

The direction of g at an~' P@111l is c.a ikd lhe sill/ie lIer/lel1l ;I.l IhOlI poi Ill. 
The sU"rfac<' 01 still ¥Iater on t1w ('anh's surbce is pcrpcl1dkuJar to 1;. ,nol. 10 

GMJr''! : find the earth as ;. whole. at a lime when il w:u not d!jid. sillljiarLy 
t(:nJcd to 'adi"~t il\el£. l~l.ij}g appIOxim:lh~ll' the ,llape of an oblate ~lryhcl'oid 
r.l.lhcr 1han :l {plie-rc'. Onl)' ~L the el:luaLOr and the poles is g directed loward 
Ihe earlh's (cnter 0; "Inti ~ince mg j~ what wc 011 Ihe weight of any <Ibjee! o( 
m,a~5 m. it is only at Ihe~e p13ces fhat l.h"c w(d~ht i~ directed I.ow;rrc:! 0, 

Ad.vantages of llaving the WDccpt g bcc.ornl' c"jdenl when WC' ~llve Eq. 
(~) (or the .~a.Tlh,ol}5erVecl 3ccelcr;.Jt.loi] a••• and tlu~n i,n~,cn into it lllC v;J!lIC 
or g gi\'eo hy F.q. (4). The remit is 

(J.'.I = 8 - .Lc.,.. (5) 

III words. a••• at a.fiy point of :l missile's Cree,flighL Injectory b cqu;\1 iirnply 

to tbe v(,Clor diffcn:Jlcc be:twl:c'U g ;lfld Ihe Carioli, :lccdenLioJl al Ib;lt point; 
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6~ , IU' t; ,\ 'If'U i .)T'J"l' (~lI . j lU /·./ ;U ' Jll-T1 J.; 11I 

aull ~: .,,1 ,"ll Y I".illl 1.111 be lin, .., ,,ill, ''( ':"pnill' ''; II ,.dJr by m,·;.ns of either a 
p.::ndulufIl o r " t: l'Il1'illlda, lhc bller be illl; , ill principl c. all nhjo:n of (01'1-
5l,nll m ass sUPl'o w:f1 uy a ~prinA' ,),slem, 111(' ch:lng-I' in clong:lfinn of which 
n\;lY be rt';u l wilh jln·(' i,i,Jll. j\I o l'\'()\'C r, ,inrc Eg . C') dn.:~ n,'l l'''plicirly 

in\',."'c the po , il JOIl , 'CC I"r r. til, ' n J'i~ itl () ,',I' I hc rc fcre n,,· {r:unl: X )'Y. (Fig'. 

:.!~) m:I)' ,.,'.. fit "".1' 1''';111 "Ii t/" , /"," /1. LIther th:1I1 \.l lll~ ,11 th..: CII ,t h " center, 

Th", Coriolis Acceleralioll 

TIll': Cori .. li~ ,, ", ..:!t-r,lljoll fi Co ,. ,,'hi .. 1i , ;< . "Ih'-Hlill/'rti l fir,l ill Eo" (3), i ~ .,f 
m ;l!: nilulk :! f~ l · ,. ,. sin I~' ", I ... n ' t l i , Ih e '111 ).; k b('[,.-,'cn .. , II", (,Inh', J ll!;uhr 
\'cloci l), . and ! ' " . Ih.- ". In h -..h~"r\'\'ll ,·d" .. it }' of IIll' IlI i,,,i ic; :111,1 Ihe dircrl i!JTl 
o f 'I .· •• i, pCl'pe lid icliLll' It, 1111' 1'I.IIJ1': ,) f ,,' ,"If1 ",,', in Ih l' sen>(' .)1 :Hh' ,IIlCC ..I 

a ri~IIl,halllk,J S\T(',',' i".:I:;: I1 ,'" ltl I,,; ItI!;ll\;d fr.o m ,Ill: linl I" llil: second uf 

Ihe,;c Y<:('IOl', Illro ll~~ h Lll\; ,I"::'" .~ (Fi!~ . ::!II), Tn rnn;i(krin~ lh. , f.-.lIt1w illj:; 

1':/
"I CIV~: 

y 

I 

,\ \..... 

,-~v~~~__________________ __ 

-fl~ " , 
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(' " ample-s , rC' rlwn,I,cT IIt" i til(' \'f'c'I 0 r "' is alwaYl p~ r:illd I\J Ihe ,· :tr th', :n.;! 
~ Ild poin!< ill I"~ clirc('l ioll Imlll S,'Illlh 'P"I,' (0 [\'( \rLh Pole, 

(II) 1'1 ... Cori"li" ,ICU'k"'Hitll1 b J,C'TU :It :lIlY I'"irn on .1 fl'ajl'(torv al which 
Ihl' ",i"i ic ', H :I"liL), v ••. is par:dkl 1'1 Ihe ,';' Tlh's a :\ i~ , for lhere s in ;J = 0, 

(") \V/I(:II .1 Illi" ilc i ~ I:lllllchcd ycrt icaHr lIpw.ud fmm Ihc earth's surL,c( 

:,1 all)' p];u:c il\ Ihl: 110 rtl ..:1'11 he m is ph ere CXC~p l Ih(' pole. ( .... " i:I ('", tw:<rll, into 
lhe p;'I{e ill Fif,; . :!!). Therefore ·n,·.. , in Eq , (!l) is \\'(:stw~rd, 1'hu5 the mi"iic. 

as ,)b,,,,.'r\,\,d Irom th e carth. i~ dcfkcL.. " westward from th(' ,talie n ' r1ic"L 
(r ) Thc 1I1:1 1-(I\ill1d o.: of 11. ,,, , ouvillu,ly HCyer c)(n'clh 2...0 " , sill !1O <', (I I' aho ul 

o,ono/ :;v.", ,\ IIJissile fired horiw l1l .,ll), :\1 Ih £' Nonh ['0 1 •., wOlll,1 h.l\·e rhi s 

1II:'XiIllUIlI C"ri" li, :.rcekr;\do n, If Ihe ~pccd of the Ill iu ilc were :W,IJOO fl/see, 
'ltr . , w!)lIld ue ;dUi lJl :i fl/'(:I ' ~ \\,(' Slwa nl; :lIId if ib fli l\'hl time W<: f (, HlilO sec:, 

it wou ld he detluted "lJOll( ,I " WC'OlW:lTcl. KOliec th;].1 ~ o i ~ thc' :t n~1c throug h 

"'hidl Ihe c;J.rlh mt"\c. in /1.11)0 ~cc . ('hpically lhis result m('allS Ihat a mi. ,ik 

b lHi I':.JLI·d a llh,: :'IJ rU'th I',>k does IIn l panicip:l[£, in the c~ r!l~' s spin. and Ihere, 

NOTE/,) ON T ECH.\ 'l CA L ,'ISP'E CTS 63 

{mc il~ lr:lj"(lOI"Y in iIlcni;ti ~, p"Cl' is a m-:li?,hl line, the app:ll'Cnl WC~l W,lTC\ 


ddlcClinn being due: 1.0 IIl(' canh rol~\lillg ht' Jl{';'ltIJ it. 


Figure of the Earth; Gtovity AnoiT1olies 

1\ Slc.srl"l~M..,' 1':1.(((11' in the lillal ,ompuI.Hi"" of \'C'ry-Jong 'r:l lIgc Illi . silc Ira, 

jeclories ;lllrJ ~;j lellit e orbil~ i~ Ihe l ClU:l! fig'lll-C of Lhe (;~ l'Ih. 1\)' N: lIl'c of  
/111: eMlh is meant the surf",:e oblained by il1la.gillin~; thc sudace of the 


amoolh ~c:t to be eXl('n<i('c:l thro ug h all thc lanu 
,,' 
arc:1.S of tht worlu, 11 the c:, rLh wer£, n o t rOI:t tin r: . 
Ihi~ ~urfa(c \<0<)111<1 be "phC\'lClL Ho,,·cvcr. ;u :I 

<Tao 

\ 

' 
resu lt of Ihe mt:lI i()n , l11e Ii,gurc i s more IIcarly an 

fib/ut e SP11(f(}l ,l, til:u is. <Ji ll dl ip~oicl of mlaLion. j IJ~, :~~) ... lhe m inor :Ilci~ of wll.ich COi l'1(' ides wilh Ihe c;lfIh', 

1 \ 
a xis o f rota tion ,mel is I ~ _5 5 mi lc~ sllort£'r lh:11l 

)'~) . :I .. "" Ihe.: rna jor axis (Y:ig. 30), )\lIothcr appro)(im~tion 

10 Lht: Ilgurc of the carth. usd uJ rllr some m easure

mell ts, is ~ivcn by ;,11 cllip~o it! .... ith three UI1
Figure 30 

equa l ax C-'l , BeGUI le any fl f;ur<' mn rc pbu~ihle 

th:tn the oblate spheroid pr(!'~e llts COOLpli latio n a l di.lii c.ull i~' \. 111(' laILer is 
uSlla ll), {11 kCIl as a hasis for compu l;ttillll, 11.$ dcvi ;l.li<fn ('rom ;lllY morc ;le 

cur:ltc figure ha~ UCCIl ~h()wn by gf;tvimcuic measurement" to lie vcry sm:dL ] \ 
J\y ma killg Iht ;u hlitio l1a l assumption Lb:1l lhe (',II"th i~ cnl1lpn~etl of (on, 


«,lIlric c lli psoida.1 Slra ta, cath of which is hOlllof\eno\l~ ;!:\ rqpl'<ls d<"I~ily, IIIIC 

\can o t('lve ;I Ihcorelia l ex pre~ion for Ihe ;1;r-:IVila tion:11 fnrce at ~lny poi nt 


o n o r au,w\; the SUrf,lC(' of the oblau; &phcrnid, Thi, f'xpl'(;"ior1 has Ion" h Ct! 11 
 \ 
;l\,:ti lab lc for W IllPU IOl liollS "I lr,ljc(.[ori c~ , Ollly n ' ( f' llIly. ho.....ever . has lh(! I 
Iheol)' fo r ellip tical orb its rdaLi~ (' I n :ll) obbte. r()!iltinp; ",;nth h(,:cn worked 

\OUl, In the case uf s:lldlilC OI'bit:s lh~ theon' show" for t xaHlplc. Ih ,lt lh l' 

1)C1'io£l, or time rcqui~ed lor nne COillpl r w rCl-olmif)lI, nOI <1nly h; I,~ I.hi: 1I "1 lal 
 , 
dep"ncic-nn; 011 ~ltilUd..c bll! incrt';J,~t·s ...1 11'1 Ihe indill:u!Oll of' th" nrlj ir tC) till' 


cljua[Ii)'t, For n{',n,t"q\l ~'tol'i,.Jl o rhi(.~ Ihe Ilcrind is il-S.I Ih;ln for orbit, tO l Ih(~ 


5:111)£, ahilUdc abOll l " ~p ho.: r i c;d <,anl!. wlu:rca~ fM pnl:tr orbil' Ihe pcrinrl 


l! grc;ller, :\ ~ Cor !xt/lillie mi,!5 ile tr(ljenori cs. Ihe o/)\'jou~ cj ucsr ion o( im
 \jJOl'I;\IICe is the CX!C'fll !oJ "'hidl o blalclI"'s aflecu miss .lisl;I1la.>s, 

The :ls5umptiOIl Ih:u Ihe e:\\'(h is :\n OUbll' ~phc:roid permits the tleri";l' 


liOn III an improved fonnlll ;! Jor lOillplHin~ 'Ih l' magnilli(ic of 111(' aCc.clCfU tioll 


dll(:: (f) ;.: rav ilY I{ :It any poill! (I( laliluue X :mcl altiludc I" T his lormula of 


'. 

I i 
i 

COUrk yicJeIs more :lemr:! IC vr'/ucs or g than tll o.e g ive n hy Ell- (~), which \ 
was d ':ri\'ed on Ihe J~umpliol1 lhat Ihe carth is s phcri.~". HfII"c"cr cxpl'ri 


mcm:ll dClcImina ljon~ of p; al dl fkrcnt ' IHinn;~ of Ihe ~;lml' hl illlde on the 


c:mh's ,\Ur/:IC(' gencrall)· do not agr(;(: with one :mothe r o r 'with Ihe lli c(J)'clica l 


V,lIII C', J' hL'Se discorda nces o f co urse "risc UCca ll~C the earth (;. nOl a n exact 


c:llipsoio 01· revolution. a~ i~ :mun)('d in the Iheoretical fnrmula. J ill! ~Iso 


bc(;LU~C of loca l !Opog'r aphic and ,gt-n ]niJic conditi Cl n~-lh(' <;;"i , ~tnr:(' oj' moun
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t.!ins. v:lllc)'s . O( C:IIU, and abnormally high or low densilies of the materi~l$ 
ncaT the gI";1\ ill' ,I:ttions. Such departures from the expected \'a.1u e~ arc 
c;ll ied g rlllll l)' 11II0I1l (l /i(' .! . Although gr~\'ity anomalies axc snla ll in magni
tude, v:II'ying in dilfc rent loa llitie·s (rom about z('ro to abollt :!:O.07 p erccnt, 
(hey ma ke po,si hle rc ll Jl c<l d e te rmin a lions of important f{cod('sic 'qu3n1iliel: 
geodc~ic: lill C'S , dc fl c(;tiolls of rhe SIalic \'l'r(ical, and de";lIions of sea-lcvel 
poill u wirll resl',:cl to the surrar'! of the obl;lIe sphe roid m cd as :l n:fercutc 

figure. 

Tho Phases of Reseorch, Development, Clnd Production 

Al'\, mh.,iI" prog-I"am if sUCC~.flll, (l ntl in particula r :I t>allil!lic ,uissile pm. 

IlUnl, involves the threc clcfll1ite but (,vc1Iapping ..llIei bl~ndifJ,1\ phase. 01 f r, 

SC;\rcll. d""cI'}pmcnt. and pmdllCtion. There is morc blendillg bel ween re· 
scardl and dC\'cloPlll('lIt than between d evelopm e n l a nc! pro1dllfllon . Or~li. 

n:lfily the re is 110 :lbrup( transition between rc.carch a nd dcvelopment. }\I 

Ihe b(:~illllill:': of a prog-I-:lm the pro portio n of re~c ::n(h to devdo p"lI1ent ij 
high. Tnw.,fd till: eu,l oJ' the d n ciopmcmal phase, the rc,carch m;,y "'PCT 
off. Re. rartil ,"\(l dc,'c1opmellt arc dose toge ther oTganizouionally .:lDd re
quire freque lll ;lIHJ direct inteTchanges of inlormatio n. 

As in most lIlilhary contracrs. Ihe rcsea.rch Gl rrie!! out is apI,\.io::d l·csc;jrch. 
It~ primary lIlo tiy;uion i,~ th e f:t el Ihut at the bej:tinning of the pm~r;\m not 
~ \'t"r)'lhil1~ is kn O) wn tlt:tl ~houlcJ I;c known ro !-\,uaranl('c s Llcces~. The s'''pc 
of ihc « 'quired li.nowkcJgc i, nOI ele;IT unt.ij the objectives ;tnd pcrforma l1 (1: 
o[ tl lCl JJl.is~ ile arc lldill ...d. Thi> usuall)' im'olvcs sped fi r a cJV J llfCS beyoncl the 
\I;.tIC OJf the: :lrl. A SI~(On<l"ry mOliva tio n dcri\'e~ hom Ihe fan lh il t, ew; n in 
cxplored ..ll'~ , I S . Ihe; tcc:hnology on which missi le! arc dependent i) in cnmlani 
n eed oC irnprovclUcne For the~e TC;)~Ons a mis~il e program prolils by : 
" igorul!> ;lllti pr:t(ti(·.• l resea rch effort at the! beginning and a continucd, reo 

;cnrch ctl"rl to ,upport the dcvelo pmc nt:tI pha\". 
Al tho ug h it is wi.lt: 10 Stay clo;c to tho:: .l1lte of the :nt wherever pCh.\iI.Jk, 

:J)]r ru:w pmgl':llll thaI prornis('$ major adva nces in military capabililY intvi
t;.lbly hwoln:5 50111(' corrc~pol1dillg :"h'a nles in ~citntific knowledge ann rech
nvlc',,{y . TJ1 C IClli\1 and IRUl\l ha"e r<:<tuiI'CmelllS o ( p['<:ci,iull g u id:lIlce th:ll 
han' iWt p rc"inu,jy been re;cluced ( 0 pnclice in a co mpletc opcra ting ~y,." etn. 

Till' :dtituuc :ltt:I;II(:d is gr eater lhan Ihal of any othcr mililary mj,\ ilc. This 
!lOt o nly in\'oh'(:·, eXl cnsio ns uf Ihe current propulsiun Irchnology lnll raises 
ql'leSlions about 1II.l(lt'r Ihal m"y be encou ntered 011 the cdge of inter
pl:lIleta r y ~pa rc, Fllrthe r problems a rbe bc(";~lU'c of. the wide r;lIIgc$ of tempcJ
:,lUre a mi vilw;llio n throu/;'h which the vehidc m ust be dc.igned to openllc 
s.. ti.b ~torily J lld re liably. There is a problem of safe retul'll or tile warhead 
I.hrm,;}h the ~ tlll"~phcn' without o\'('rhcating. Althollgh :l compl'ehcmive 
di s(u~5ion of >11 (; 11 prublems is not po-.iblc here. it appears ~ak 10 :\.'\)' Ih:lt 
nOlbin~ h:n been found ro d:ltc th:lI ....ould prey"," Ihe ultim;l!c succCS$ ot the 

USAF' balli:uic mi"ile pTiI;r r.ufI . 

NOTES ON TECHNICAL ASPECTS 6" 
H it wcre feasible for rr"e~lT(:h m e n to foresee all problems and solve them 

btfure U1i~5ilcs were Hown and if de~ ignen could always d('sign correctly on 
fiflil ;lttempt, therc would be no n ced for a dcvclopmenw phase. In pnlcticc ' 
a missile neces.s;JJ"ily nlll5t be developcd 35 an cxte ndeo 5eri e.! of designs, re
design" leslS, anti mc;t.urcmenlS. Developmental hardware differs born re· 
st arch hardw:lT(~ not only in serving to prove nut :\ principle but in being cap· 
:iU\c of praCliGl1 m e in the m issile and adap table to production with redesign 
only for change'S in woling (lr Cor ca~icr ;I~scmbly by work<:T5 of minimum 5lc.ill. 

Th.. early pnrthm, of the resear ch ancl developmC'lllal phases ;1\'1.' centered 
on th<; ;!uaimncnl ot one or more sa tisfactory designs. EvclHually the em
pha~is shiflS towJrd the demonstration lbrough continued lests ami firings 
lhat 011(' or mOT\: dc~igns a rc S:l tisfaClnry. WIlen a d~igfl is sufficiently proved 
0111" (he productinn phase bcgim, but i:"valuation of the ~k~il:>"T1 continues' and 
:so.mt furlher improvements are made. 

The: prodLlclion organization t1lu ~ r rrrcp;1Tc [o r the c"eIlUl'!il fulJ-sca.lc 
proc.luction of rhe h3rdware by m J TluJ';.f-tllring it in f\'1-adually increasing 
quailliti € , while perfecting the procluct and ill Inelhod of manufaclure. The 
opcr:Hiou toust Ue relatively (\eo",illic 'at lint. to l'crrnit nc(,(~n~ ry enginceEill1-\ 
ch:lnl\c~ Ihal W{-rc L10( completcd Ldorc production beJ\;1n. But tht' empha,is 
socm sLlifr~ (0 IhJt of ;lcl:ip(iIlg the de~iH"n ~ 5 nccl'.'Ssary for produnifm tooling, 
(or manufacrurc i'nsullid'ent qUJ I,IUly with plants of fe;l~ iblc sile a'nd without 

t'Xccssivc dcm;rnds of sk.iUcd labur and for manufacture ;I t a lowcr COSl per 
ilem, conSiU!;In 'with (he olher il1lporta lll fcquifciuCfll, 011, the hardware. 

I  
Mlnile Reliability 

THE proh;)bilil~' of hininr, thc l:lrllCt is influcnc;cd in part by Ihe ciispersion 
oJ those fnh~il c) who!oe Ili{;hu have nM beef! inRuenced by major malfunc \ 
tions and 'ill p jft by tile numbe-r of mi$silCl ,h~t f:til beCJ IJ ~e of some internal 
m alfullction or sollie difficulLy in the ~round equipmcnt. AllhoLlf(h a relia I  
bility Il"TOllp i~ normally ce>rl t enll:t.! w~lh t.he monitoring o{ ;I~p ecu of d e\i.gr.1 
and manufll cture that (ontriliutc bO-lh lu dispersion and to los~, the rcl i.~.lIil
it)" of the weap()u iplem in stri"e];l seme is rebted 10 Ihe sc((mcl aspect. 

The " I" liability i5 deli nco :IS the 1';11.;0 of Ihe Ilumber of l uccenful firing.~ , 

wilh only normal di~p(rsion and no m:ljor m:llfUnClion, to lh~ 101'1.1 numher 
of firi n~ The l CB;\J and JRUM rITc n C"ither t1w mn.\! ff1mplic.n cd nor lhe 
sirnpleH of mi:QI ilcs undcr development. The, mGI'C complex Ihe weapon 

s)·~l em. the ,gTc~"ter, in g-c ncr:l.l. is Ih,' reliabililY ncccdC!d in rhe ":II;OU~ portions 
of die sys tcm. Thu; re li.ub ililY is onc of the impo.rlam oonsidcra tioll.S i n the \ 
development o( nny mi~~ilc . l~lle ab)ellce of a bunta,1I pilot suggcns tha. t the 

rcli ;,bility wbkh can be taleuted is somewhat sUJ.a llcr than. rJut fOT an. air· 
plane; hut to alL:lin this rd.i<l b.iHty jll <In unma n ned v('Jlitic is t(lof c dJJficu1t. 

A rcJi:Jhility p.rognm il IatgcLy ;J. m~\l(;.I· o( m.onitor iug to ~n~urc th;\! 
lhe dc~ign H~clmiqu('s applied and the cOlllp(Jncnl flaru ulllilec1 :Irc th.e be ll 
lhat a rc (l,v':Jilable. that the ellvirollOlcntal c:0l1Jitiuus (If the ilIi.~ik-tCfup\:J·a· 
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lure. :,11 iwdL; humidilY. ' @Jr(h./v(' air. vibralion. :u)(1 S() l'OI'lI1-ha vc been 

la !:.e n ~.utti(i" lILl)' i fi t<J ';' l <:OU n t in the desi);l l. lhal extensive (es ting i, carried 

OUl IU ,uPI'0rL IJJ~ d""c]0l'nlC!lt pmgr:,m. tkll evell more testi ng is illcorp')
f,,-I ecl into lhe nlanu Llcluring procc.\~ Ih~ln with hanlwarc for I)lhcr a pplica

tioll';. tlUI adnl,ull' ( .:) fllml o f (lll:llilY or wo rk m ;, m hip i5 maintained. and 

tklt .1 well ·bid.mced record of e nvironmtm;;J con(\i Lion~ and pcrformJ nce 
hi ~ l()fk\ i, o iJLlillCl! from the missile nigh ts. It will b e HOled how heavily 
<l e))': ll(kn( {h i:' ~llrn i f! Olt'r1l of s:lIisbnory re liability is (HI tcsting . bOlh to 

Cllsur,' lh!i{ the kln l"';.\ 1"\: is built a ~ it w,,~ dc s i,~·tl ed and a~ an ~i(l in pedect

inG the d~ .; il{ll, I-Inwe n :r . a, the design nm lllres . it is inlpOrf"J..lll l ll •.,l tbe 
need fo r {unh('f l e~tin~ be k.ept to a minimum. 

Ex t ~lI, i "e ll-,l ill l,l" o f h:lnlwMe will be carrlcd OUl in <'Iwironmenr:.d d l:HU' 

hers. Vibratio n i, nota bI). :tll :lwkward c lnironmcnt 10 aIMIy.L" :lJJ<..1 clc~jbn 

_to, blll the mO~ 1 ad \';ln c('d tcd lni'lu C?-> (ul"IT nt ly k.nown for d 'ICI rt:d uction 

lI n<l (1)1' ,imulJtion o f vi br:llion will be us~ d. Of Ivcc.i~l imp0 rlJ n cc is an 
dhd cnt proccs~ f O I" ~;llhcr inA" (bt:l on Idi .1 bilit)" p ro blt"lnl :lnd eos ll rin p; th", 
We; ( Li·:t~ II"~("'S an: used co improve th" dl'~ ign or Ihot: m:uIIJ(lI(lurc me thods 

.11 the c:u-l it: sl da te LO n ~i~t c lit Wi Lt. Iluillie nann: 0 1" ;111 "Hlerl)' schedule. 

The Approach 10 Te1ting 

A:-: y missile dCYdopnll!1lf is hr;JviJy d(' p~lId<::1II on r~.stillg-. The st.hcdule and 
the su("cc~~ (I f lhe dcn:JuplIlelll arc cdtically influ c.llcnl b)' ehe p lanning- (or 
the 1~ I.S _ or ~I,, · .-i.d illlpon.lll ce rlIe lll i: ordcr i IJ wl) id l the v;u iolls les ts are 

c;".rri cd 0111. Ill" n:lat,,,: elllph" si. pl"G:c\ un them. the compkliily of J n)' 

.\ lI ppo ning ciJlri p ll LC IH n n 'd ed for nM)\ ing ("aeh tcs t, :l11d thc c\(! "rju :!~ y of the 
tU I fa cililje-,. 

T he :'1.prfl;·..·h u_\cd ill thc U$.\F ballbtk m iMilt: p rogr:IlJl is on ll of -~ 

para lid "I' {I\c rioppillg l(:~n Wilh :·I f l 01',1;::1'1)- progres\ion frum .ifllpl.. tes t 

itcms til " .:mllplet" ' ptelll. Ex.tcmiyc 'f:.II.in;; of (/(o I!liI p:l rr... ~ubas~l'mbli rs . 

:lIld :" ,en,!JI i-e , i.., bcil)l~ Cl rrin l OUt in the l"b,n;llory. H owever . f1i .~lll lenjng 
is M:;hc·d ll.k d to b('g ill a t th.: ea rli es t p m sfl.Jlc lLltc be(.':t uSt! the opti uJ.lJ.1o w u 

ditiOlI~ Lor dll: I~horaeory IC'SU arc nevel known until a n umber 01 lIi,!:bu 
h:n:e LH. 1.: 11 pI J l ' ;. l cul)" flig hts ;Ire :!lso 11(:Ce:.S,II), «) "erily <h;u DO impnrtfl nt 
;,~peCt of 1/1<' prv likm has bt'c ll o \·e rloo kf'd in lhe in itLal phil II iUI-\ . 

Thc tC,1 ,-"lIidl'" begin with the ,i rn p lc-st veN id l) 01 the ult.iouu:: w~"ron 
t b ~1'L e ll! pm !it;Ii) ly he lIowlI ~Ind grac\u;dly pr''Arc~~ I I . " ( Oll lpl<'li:: 'Y.Ilcfn, 

with no ra d ica l rc(k,i" ns along the way. T he only vcJlicJcs prilll:nily UScfll l 
-01" r,,~'al-ch .Lre a rock.CI slcd for t~l i ng o f in('n i ~l g·uilLmce compD nCn\~ amI 

',,)111 (: ~ ill\pk vc hidcs 1' lT o btainillg- [unda mclIlal (bea on [he T("-entry p,ro I)ICIT', 

To <'Il,UfC lh ~ t the tes ts pr" f;"reS\ r:lpidly. ~pc(iJI drmls have been nl"lle 

I •.) pr'1\:id.: "deq u;,le f[u::illtics for (es lill A' in Ihe la b('lr;i!ory Jnd in fligh t, Of 
p :ln iClIl;lI: ,illlpon;,nu' .11-.: Ihe da bn LI(' L,cilitk li 'J nt! (;'I ui prncnl for SI.;Hle 

firin>:~ :111<1. Ilighl er:i lS thilt 1-1:1" 0 be,'n provided .I t \'arioll~ centers, espcci:dh 

at tlw Air IOOfC(" Mb;ilc Test CC.iHc r. ClpC CllnavnJ I. I'l ol'id~. 

Fl fght Monitoring Equipment 

J\S I, rrlle of mO.)1 other mi_"ilc s. the USAF balli.tic mi~sil es arc cx pen<.bble 

;nlll nonrcco\'('r :1I;I<,. SllItc the nominal taIl, e t (o r a teR lIig'ht i ~ in the open 

OeeH). prcti ~e 'Joq(iun o[ tll p im pact point is pos~ i blc o nly with specia l tech· 


nique,. (:on~qllentl) (,lIt"mi"c monitoring c'l"ipmcnI is n ('cc~~ary to pm

viLk suffleinll (bta {or <."";\eh fli ght to j US i ify (he Cltl'clm; ,Llld caorl of the: 


firing. , ,  
The f1 i.ghl rnonil.ori llg c qll.Ll'nlt:.nt 01")' be divided im,) twO , ·\:Is.'e! : Ihe 

mi s$il c-/)orll c scm ing :m t! radio le lcmcttring equipment, togeulcr wilh th(' 

nec~sary g-rou llcl-h~I5Cd re(;c i\"e rs [InJ rtcorders; and the groun<l ·b:,std Tll d;,r 

~l1d ()p ti ("~ 1 [" Iek ing dcvicell loca ted a lung t.he firin~- rang-c. T he ldernCLe rin!{ 

,~ystcms r('~pond to va.rious vo lt:l~es generated within the rni_"il c and lransmit 

~ co rresponding (Otle to !,.'Tound r('ct'j ~ e rs. The ,-olt~ges may be' ~ j~ nals of 
fu n ctional illll'o rtJJlU! in themsd ves or mily be generated by tramdlKcrs '" 
mca, lln :s 01 lemperatures. e n~inc I:t imbal " ngle~, vibrJ tio ns, a nd so (orth. A 
lraTlldu(,'r is a (kvice tlu[ is actua tcd by energy [rom one sYH<:IJl-in lhe 
prCICTlt case mechanic.a l or Ihcnl1:\ l-and lhat mpplics en cr);y in the !lame or 
dj tfcTt:nt form t o another system-here electrical. 

Un less specia l reeh ll ique5 a re u sed. lhe information obtained by r(~ h:mctry 
;; bol.ll the flln Clionin~ o f the "mious $Y'lCIll~ in the mis~ il c ij o nly .1('111 i
'lUJ milali\"c; il proyides clues for the di a{!, n osij of malfunc tiom bUl docs li n t 

neccs:sariiy perm it pre ri~e eVJlu;ltio n of pcr fo rfllaJlle. The upti, ;,1 IJ"J l kinA 
dcvic~ pnwit.1c dala on missi'k a ttitude :IS 1>.'("\1 a~ on po) itio ll alld veilKilY. 
but mo,t of lhe m op·crate only a t )hort ra ng e ill (Ontr~1.S1 1O the racl;-.rs_ .'iomc 

o f rhe ll'ack ing eqlJipmcnt will ha ve p rec ision comparable 10 or bellef lh.,n 

\h.;Jt I]f ~ h c ~~Ii(bn(e ~ptem~. or a l least have ('rrors o f .\oIrUrWh:;:1I diff'<Ten ( 

o ril'.ln. so th ~ [ ~ rllcck on the rr('ci.~ion of jp.Lid JlJce CJn bl;' mOIiIe-, 
As with m nst mi.s\il e~ . the raw da ta 11LU Vidcd hy the IGirI1lCll), find lhe 

lmelting- dcy icc> willllo t be in the m os t ~ llj LUJ)-JC fonn (or ,Iud·)·. Const"'lll C!nd}' 

an l··!iten ~iv" dllia r~duflioll /l roce.f$ is n(,'C)Sd ry ~ ft,:,r .:::'ch lIi~h{, 

(c s~. whirh comis l~ of lhe ("o n vcrs ion of the recoroJrd (b ta .ill Ii. 
fo rm, surb a~ (un'c~ or !ablc~. will be cJrried on panly J.t th~ 

and partly ill contractor~' la bofJtoril"1_ 

Some' Nonmilitary Adva-nces 

THb. efforl expended in dc\'elnpmli ol of thl' IeRl\-( ",dll haw b t:ud'H (;n fl 
wlwlI judAee! b)- p cacetime sta ntl:ncls. Si~ nifi La nt :"h-'ancC1 in ."i,·ncc '10<1 

~n1;illcedng will r(:~ul t. 
TlJc ~(h- :tn (".c~ in science [U'c prifrl;Jril), in thosc a reas that <Ire new liT 

h<lvc become ne wly U~ilicll. Fo r the moSt pan Ihey will rcm~ in of imtrc~t 
wl"m b a llistic rnb; il .:~ '11'~ n o 1 \J 1l~ ~ r l)~ clklJl for m ilita r y purpo\Cs. Til" .m p, 
porting r('scan::h amI the 11.: )1 tlight~ will (lmtribuit to )::eodi.'s'e mcthod.! 

a l.ld 10 mOle OlLLlnJtc geo d eSic d~la. ;\d\';-!l.l re~ in Ct:.k SliJi rn rd 'tanirs ha ve 

Thi·s p ro :j \ 
,u·e:l'Iir.\t: f,ul 
L.llfndl ~ lt .c, 1 
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been necessa ry. for imtJ.l1ce. in tbc theory of elli ptic t.r.t jeclOric> rda th'~ to 
a n o b l;lte ea rth . A lso in the general ca tegory of physics o'f the atlll(1)~phC:T>e 

a nd h ),pe ra t lllosphere :I rc problems associated wilh io n lay"n. properLif' 
o f cloud. (.uch as op tical or microwave refraction). fl ame a tten uation o( 
rJdio siRnals. and the cbarar.teri slic~ of :llmo~phcric and meteoric dus c. Ex· 
leJl~ivc inv(·>tig:lliom h:l\'c been D1.ldc in hyper~oni C1l-the phenomena associ· 
:Hed with motions a l speeds large by comparison with the 'pecd of sound
in radio wave propaga lion through a bou ndary ll yr:r gen..:raled by byper
sonic Ili i;"hl. and in the properties o f ma t('ria ls undcr exTr~fflC conditions of 
tcrnpl'r=tHIn! :lIld prcssu n:. Advances have been m .• d(~ ip nllid dyl"u\lk~. 

e:spccia JJy in w ll ncctio n with yonclC. form ation. and in conn('r~inn with (nlll' 
b USlio ll phcllornena and thermodynamics. especia lly C'OlIIhu, t;ol\ instability. 
dissocia tion <l nd re:tssoda tion, lJucleate boil ing. ;tnd hel t transfer . 

Of necessity ~d vances arc o~flJ rrinjl; in eng.inccl'ing areas also . especi:llly 
in con ncaion with rockc t power J)I :Ln l-~, stl'uctL\Je~ (::u in designs to redufi; 
wc i~hl a nd to redUCt! StTene~ OW'j o g 10 thcl"m.u I~)ads). guidance, contra\' (inll 
de~i~n of grollnd cqui jJmc:nl. 'Il.c ue"t1opmcnt of u Dn1anncd "chides fOT 
th.e pure ly sc il" lltific oplora tion of eXlr;Llcrre,su',i:; 1. cin;umiullar . a nd illll·r· 
plane tary regions will be a ided very matt~ri :tlJy b)' the worlc. done in ballistic 
mi~, i1c programs. For imtance. no lunscr i5 it :. mancr o( pure fonj ..:(;[urC 
tha I cvelllua lIy we may be able to 1.• i1l1 ih.~tr\UlU· nV! 011 ,he' ll!ff;l Ce of the 

1I\00n c.lp3ble o f tunsmitting physic:'!1 dat~ uack to the earth o\'el' a period 
of many days. 

S,"II1C progress is be ing made I ( IIJ 0\1 the problems of reli" bil;t)' and 
operational s:l CCt y, IWO ;). reas (hal an: of panicula r importa nc.e in r('blion lO 
allY future a ttempts :1\ space fligh t. Rdiahijity is :tn u !l"'icld)' l'n~i Tl ccr!; nl: 

problem when o ne is deal ing wil h d.d,,;\I1Ccd designs. However tbe d forh 
made on the ICBM to mak.e it a p r.JJ:'tical :tn<l economir:t\ wcapon ,,,ill do 
IlllllJJ to improvl' mlr nJip[O;J.chcs to l lk rd i'lbility prnbkrn in ge nerdi. 

L OJ ,'I "g"''''', C/lli/om·i .. 

ComIlland and Control r 
of Ballistic Missiles 

8RIGAOIE.R GEKERAL CHARLES M. MCCORKLE 

D U RIN G lhe: past year illlc!lSive effort has heen d cvo ted LO 
. pbnlling: .f,Ol" the .colllluand .:md control of ~ui(led mi.,silcs. 

I would h ke bnctly to POlTlt out ~(,) rne ot the problems 
involved with this planning ;mu to give a few pcrson:tl thoughts 
on the likely l:VOIUlioll of cOlUmand i\nd (ur1lml v f ballistil; mis· 
siles. By lIU means do I have all the answers. My prinlary purpose 
is to stimulate thinking all die 50hjecl. 

It is sigpificant that for the first timc we <I,re cn~ag;f'd in de
tail t:d oper;it.ional planning 1'C:lr a weapon system that has not yet 
emerged !rom the development nap;€. There is no Lime to wnil 
for Ithe inJorrmHion we usuaJly h:lvc when we pl<\n for rht. intro
duction of a weapon into the air inventury. With very preliminary 
data we mu.st bel{in to inr egl':lte ballistic missile:;; imo the cx <i:stin~ 
Aj .. Force w mman d alld control s t rll ( Llll'C, tal;. ill(':; in to acco \ll\ t 
tho:;e ullllsu<tl requirements stemming (ro m the nalurc of the 

weapon. 

Since command and comrol can mean different things to 


d iffeH~nt pc.op1c. perhaps it is necessary w e:;tabLish a (neaninp; 

Eor thc purpose of this djscl1s~ion. A~ the very least it must ind ude 

gencl';IL wilsider;l<tions of cOlll l1land chanllels. OFganilational 

structure, and the problems of openlliollJI Gontrol and coordina

tion. E. ffecLive control by the comm:lllncr is absolutely neceuary 

if the bal1istic tTli~ile is to fulfill it:) dual function as a deterrent 

to wa.r anel as a devastating weapon i f war ,comes. 


In pl annin~ for ef[cctive control by a conllIl.meIer we ("un 
subdivide OUI' tal}; along seve~II lines: delinfng objectives. pre
pariug pbns anu pro:;''TaUl s. developing a slIlwblc o rgani?.;lli on. 
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e5labl i.~ II.illg po li c ies [1 11(1 pmf: € dlll" :S. plac il1;:t ill! \.) cftt'n ,I S)"5CClll 

of repo ning-, a llo('a [ in~ pcrs,lI1nd. c.arefully tf.lining and orienti ng 
pennnnd, and :\(Jortillg strict LlHpeCl.j OI1 proced ure-s . Jr is cspe
Lially illlpm l:uH {.rr ba lii.,li!: lI1i~~iles th;n wt:: (:"st:l b li~h 0\ m eam of 
n"s!: rv ing to rhe COll1lllaTll.kr final d ecis ion in ~II major under
t;lk in ~.·" 

' Vc ilrt; makillS gond progyc:~s io (he~e tasks. bur we han: bV 
no srn'leh of (he inu gi ll ....l.i()Il so lvcd a ll the pl'vu lclIIS or f ully 
explored a ll the ramifK'l tiollS lhese weapons bring to any cOllSid· 
cr:Hioll of nnnnund and ClIrl£Tol. Bl'c.IlISc then: arc still lwany 
d f'ci.\iom to be made. we IlI11H c:ontinut' till:: same kvd of dfon 
lb:u we ate applying' to tile accderated develop ment pl'ngT:lrtls. 
T he lI eces~ ity l'or I.his approach wa's implkitly rew gni..zed when 
the rC!lpoll ..;ibility lo r attaini ng til e iniri:11 operatiollal ca'pability 
was ()s~ igl1etl to rlw Air R esea rch an<i Dev('lopm"'nt Comm:md 
alonA \"i eh its dn('\o pmcn t resPQlISibiliti t: s. 

DiIJI;rCI/Cc.1 /wd J;lIliiaJ'ilifs 

£ \'('11 wi thlJ llt a gr ea t deal ot srucly it becomes app:lrent thar 
we lallll{)l tre,l£ rhe IlJllllnand and control o f lullislic 1l11ssiks as 
thOll:,.;h we were s imply imegnlt illg .Iddiliona\ Lom bt:n into OUT 
lon:es, The special ch:lrac t eris tlc~' of lh e: lTIis.~ile~ bl'i.ng· about a 
IWW opcra tiOlna l e mi n ll1l11ellt ;md IIniqlle opcr:nional prolJlems. 
Thc di~pcrscd IOGHions of the early unirs will pose proLJlell)s of 
"01) t:ro \ [h~Lt el.) not Ihlm per rIll: ti ghr ly kn it nrJ\:r,Hiolls o f ;t COlll
parr ai r base. Bur I think that p erhaps th e mo~t dilfl<:tllt problems 
we han: Lo f;Ke:: are dial thc prim'H·Y job oE the:: balli-slic miss ile 
org:m it.:lt ion is to Jtt1y really year·in and y('ar·out and th.It instead 
o[ " Oying" 1I1O.'it n [ r.Iw worK will be:: ·'dq'·rl.lnniflg·. " 

J\'O[ cvq·ything is 11('\\1 , h UWloV('l'. Some u f rh e problems of 
in teg-r'lling the ballistic !ll ls;<i ik inro Ollr lol'l:':s will b~ qui !~ ~ il1lil a r 
to tlln ~l' ','I\(Tlllllle n,d ill ll:pLu:in g rhe 13·;J6 witb tht: B·5:!. V\:' ilh 
.he p:l .~~ing of any weapon ~ptcJlI ((:na,in skd l~ arc no long'er r e-

Brig,..I;.· ... (;.,.\(·..." 1 (;h .....I,~ . lIf. Md:orl..h:'. l'S M;\. iii A".",,,", Chid or Sldf (or 
G .. l,I, ·,1 Mi.bll,:'I;. 11" USAF. 11(· "r r .... -tI Be \I fi,lillc:r. pH". (II ... A, · ~"r..1 """"0, "om· 
lII ;, .. ,ling "I<' 541h Fi llht,"r (;rOl!i" III lh" A.1,·ulill n ~ '1I[,d lIu' ;U.I .' (,Iu.·r (.r\1'1,' ill 
1I:i1 1,· dur;IIB W..r.ld W .. r II. In 1,·t.J, I.., b.'e~Jan" (;hi..-( oJ sua oJ d,c F'in\ Filii"." 
CommMul ~,! Mild,d Held. L<'lc r a ~"'ilC r,jj"'l'-I~ we re in ib" B illilt T ..... Divi.i",\ III 
Wr'ijClu .Fi,·I.1 " .. .I II....' N,~wr"'"lUnil ll,1 Ih~,· ( ;Oll1nut11<i, G,m. ~lcCorkl .. i.. .. gr.dou r 
of Ilu: ;:\ r ..,,·,1 .....r~o Sl ;ifi' Co 11.,It" , Air W f" ("lleg.-, :uul :-llllion .. 1 W II.r ColI.,II'''' 

(:OIlfM,IND AND CONTROL OF MISSILES 

C\lI ircd :md new ones mlJSl he d~vckJpe(1. For ye..r~. 
or anorher. Wt have been wping with this problem. 

" .1 
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. \ I 
ill one way .j . I 
Nor ~ bould 11 . 

we h:tVf: too IlllWh trouble with many of the I1nrmal hO\l~ck ef: p ing 
fUflcriom . \fen or Lh~ h;tllistlC mi~~ile wjn~~ 'will CCTI :lillly e~lt 
and skcp much t.he same as th.: men in mh(']: o rg~nilalinll ~ . 

It h In the operational cOlllrol and log-istics an:;ls th:ll we \1'1 

find the nel'd fOT sllbsra nlial dqJ;trtllre~ [rom eSl abli.~h ('d praniccs. 

I I I 
SJlch (haraCleT i.Hi e~ as <]IJ iLk reaction time, the abili t y to ~lrikc 
an t'lW llly within minult'5 after lallnc.b. tbe rap:lc ity fo r a hi~h 
'I' a re of fir... , :mcl T('I :).I. ·iw invulnerability ollce ill the air l<:nd ;1 n (: w I 
signi /il call.ce Iu the ba llisti<: missile. 

Fi rSf let lis conside r tlle operal ional CUll Lrol probklll, The 
lJ;llun: of rhe wl~apon and i(~ pOlclllialOls an iu.srrUlllent or n;llional 
po lic y d ictate Ih rlt the f lHIIm:lnd and c:nnrrol ~ rrHnure be imm e 
diaLely and l:nrirely responsi ve to the hig-hesr nati.onal authorities . 
The initial usc o( ballistic: mi s~ ilt::~ will likely LJe dosl'l)' (,on troll e <.l 
by the President. both persona.lly and by means 01: i.D:itr uccions 
governillg actiOlls uuder vario us cOllditions. This <:ir( lllmLrHlc.c 
plac(:s o::l'tain n:sni<:tioos llnd l'cq uire-menlS on tilt' ( o I1lIll:lJld and 
conrrol of b:tllistj<: missiles that do no t Aen cTally llpply to ot he r 
weapon jytfelllS. \Vc mmt be;; VtTy :;uft.' lha t we il r~ I)£'ing' a ttac.ked 
before launching {h e re ta liatory b:t1lis tJi<; missiles, T he:: H1ar~in 
for erro rs in j,udgolllc:n t or information is ve ry narrow. h is wirl~ 
these .id<:;'1S in mimi th.1t rhe g~lIeral tramcwork for command and 
contr o l !ihould be cSt;}lJli ~hed. 

Although ballistic mis~il.e-s will bring new and powerful c::tpa· 
biliti c:,~ m the j:..ir Force. I think it is IIccellsary thal W(.~ rreal them \ ' 

:t)l part of the [amily of long-orange offensive weapons when con· 
s!(\erif1!!; the ir :~pplicalion to waJf;.tre. This is IH:~ Ct'.S ~ :lTy bCCa llse i\ 
l o r a l'nng time (C) (o:OIl1C i,t "ppe 'lI·.~ Ihat an optimum .){ratclri<.: 
('oTce will hJve bo th m aru u:d airc.raJt and long-ra n Re mi,siks. 

In order to g-ain 1II;lxiJllu/.ll bendlt from tl\(: scvc;r;1I 11l .ulll cd 
bombers and gnioec\ mis~i les the varioLlS c1~IlHml~ l11U~ t. be em· 
pl oyed Wilh careful reg-a rd to coord ination of atlJd; , Wllile t>adl 
weapon hdS il~ pl'CU Ii~1l' char3<:teri~rirs, rhac are i1l:1I1 y (actors 
which l.h c;;y luw in (:omnl ol\, T hey nil 11;1\'(; J.lI1 g ra nge: they h;....e 
heavy warllcads lor d.L'Suoy ing large or hard IJr(..',e L~ ; their desig-n 
i~ mdl thai they sllould Uf: IIsed ill strikes at the ht:3H of enemy 
st rength ralher than at his minor dden~es ; for best dlcet Lhey 
must bt~ empl())'ed in large n um bers; they requiJ'e n :nrr:ll f)la.n
ning-; .md rhe targ-et c)..a minalioo. evaluJtion. and as~ igTImenL 
process is olle t hat ilHlSI Iw cemrally nn<l c1()!i,'ly <:fll1tl'o l1ed. 

These features indj(.·:nc that. while b::lllistic In issil es should 

I 
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h:lVC dose attenlion by rhe highest national authorities. there is is a che3per method. it complicatl.'S rhe pmblcms of orgalliution. 
flmhin!j w/Jich should preclude fhe usc of Ihe existing command (;omnHlIlica.rjons. anu logislics . Initially we may dcpend upon 
;lIld control structure of the Strategic Air Command. The princi dispersion to afl'ord us ch(~ as'Suranc.e lh;H we ,..,ill have :t force-in
pk of ce!llr;1i conllo l or all stralegic system:; T{'lnains valid. I think being :tr all (~arly date, Hut lh{'re i~ no doubt that We must abo 
it is absolutl..'ly necessary tbat 01\1 uses of large nuclt:ar weapom. eventually JJarden our Lases. to some degTee. 
eX£e})[ ill till: lIlissiOlIS of ail' defense and close support of tbe sur The target complexes assigned to the c:uly b311islic missiles 
f,lce baule:. lJe coordinated by a centr.ll agency. TI1(~rcfon: J must be compatible with their C;'pilbiliry. IndustTial complexes 
belicve that the decisions which have been made as'signing Ihe or large mililary cOIl<.:entr;Hions :Ire represe ntative of (he lype o( 
ICI3M ;md lilt' land-based IRBI'\'I tv SAG are wise, targets that {:a.o h(~ III()st profimbLy attacked by our early 1l;!llistic 

"'capom. 
Anuther complex. probklll with which. we <u'c confronted isCom.plical;;) tl<S 

Ch3l We are unable to divert the ballist.ic mi!>SHe arter a vcry sl'lOrt 
It is. t.hen llt'(:e,~:S:lry !.O (:~amin.e lhestnicwre of ballistic mj~ rime in tile air: ancl of coune lh(~ rniSlli.lt. on(,c laundwd. ('(moot 

sil(~ command and control in light of two v~ry [undameIl(al iueas: be recalled . This means. then.. lhat we must have a vNy tip;ht 
first, dose comrol by the highC::"' t nati()n~l ;lUUlOrities .lIId. second. command structure that d()('~ not allow any mistakes. We are deal
incorpor!!tioll of lhe weapon into tlte existing ~.Ir:ltegic air powel' il'lg h ere with decisions to be made in minutes r;llher tllan hours 
command and control suucl\lre. After consideration of such fac or UJys. We must balance the need to react quickly witb the 

, 

[ 
\ 
I  

L\ 

'lOrs as the effect of spt'cific:: e!nploymcnt aspects. physiGl.l aspects. t'qually iIllport;lIlt need for a system of du·cks and balauc<.'s which . \ 
and ,'Ilpport charaCl:eri~tics. il sh.ould be pm~i hie to determine just will pr<'vent prcrnamre or ;lccidental lirin~ . Our command and 
how much lbt: existing 5tr~lteg!c comrn:md and contrOl must be control SlJ'uC[ure O!li~t be devised so as to make it iml1iune to 
mod ified, unaurhoriJ.ed lirings-such as might be accomplished by saboteun . 


As ,oppclscd to the general wIlsidenuions meud.oneu pre
 Several oth.er physical a,.,p€Cls of the missile arc irnpol'talH 
viously. it .is neces-sary to con~idcl' certain aspects in ~ome detail. to a consideration of command and control. Tl)c inahilicy of the 
For ex,l l1l p le. when would bamstk mis'siles be us<:d-on ly after an Jl1is~ile tQ tdl U~ whal it did after being launched presents a 
(lemal attack. or at some other unm istakablc sign of ag';';Tl'ssion? problem. Bascd upon launc.h reports. nulr track reports. ;H1d 
This i!i not 3 d crili ion \vhidl the military can or sho1lld make. It is atlY O[her infonnariol'l he caD lay 11<111<.\5 on. the b;lllistic missile 
a derision which shoul<l be m ade only at the highest leve] of go\' commander most decide whcthc:r enertlg-it mi~sill,;'5 11;lV€ been SC-llt 
ermnt:nt, Even though lhl;' nillil.ary i.\ nO[ directly responsible for aga,iust any particular larger. This points to the need for (Ollcur
tll t' answer to this qllt"!lLjon. I offer it as .food for thQ\l:glll because relit work. in rrconnaiss;mce system5 that will he lp 'tell us what. the 
we are direcr,ly c::oflcl!rnecl with the allSwer. In Ollr basic planning enemy is lip to and wbat our missiles and aircraft arc doing to him , 

fOI' command and coutruL We must build .in S'tlllicietH flexibility CO 
 Iufonn:Hion of this kind will permit us to make muc h beneT use 

be able to accept various Gruen, For example. l'ven if our first 
 of a mixed force . For example. we might want to send several 
wa.rnin3· is the observance of hypCI'S~llic blips on Dewlinl? radar ballistic missiles ag~I 'inst a larg·n. knowj.n~ th:l[ rh~ c::hances werc~ 
scopes. we must b e able immediately to lauJlch a counLerauack if against a good hit. But we might do it anyway in an effort to avoid 
flur onicl's so dictate. high risk8 to OUI hornlie;:rs, Y~t. wjtho ut ,~OUle kind of intcl\jge.n(C~ 

Sillce a very obvious ad\,,Jhl ~lgc o( LJllistic mis:\iles is their as to what happefh::d lO [he missiles we wuuld not be in a \il~ ry good 
C'JlLick I'e;u;tiOIl tillle . we flluSt takc eveTY precaution to protect our pas.ilion to make a decision as to whether to follow up with bomb· 
m is~i II.: sitt's from ct'tppliLl;:{ dalllJge ur d~\tructic~)n . l-~bere <Ire two ers against that particll] :-u' [;1I·g.\~l .. 
obvious courSes we em follow h c rc.~. The fi rSl possihll ity is to Closdy rel;md lO this prohlem is the d ilHculty of shitling I.h e 
hotnkn l he l)jre·~ so thal any nuclear bunl other than a direct hit mi5silc ;'Iiming' point to any of a la1ge number of t;ITgets, This 
would do r<: latively little damage, The cost of such a program creates lhe Deed for more detailed planning than. is required for 
l'lms imo very bjgh fi~N[·t::i, Tlw other appro;\cb is to provide the manned bomber. Sequencing arrang-ements must be worked 
protection by dispersal uf ollr si[d over wide arl:4S. Allhough this out well in advance to cover nomerous opc'rational situations. , 

I'" I 
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A moUn of Ivgis l. ics 
F.'lrli er 11lH' l1l iun.;d thal in the logistics m:e.l \'i ~ sh o uld 'exp('ct 

10 lind (he need for .~II bsLII\ti.11 dep.1flllrC from (' stabl ishrd p r.le, 
ti n ::s. Sincc::~ oldy a v'cry small p.lrt of the 'vorkJoad of ballistic 
111 i,~sl k orp;:m i;;:a I.ions will be " (j yillg" and til" i!!;reJ.tt:)t share wiJl be 
.k eeping rea dy, <;onlllund illld CQlllrol must rdlcn Illls Sitll;!tlon. 
I think if is app:m:nt tlp l iog-isrics wi.1I UC lIlorc important LO 
ballistic m hsilc[s than w lItanlll'(\ a iIf[;Irt. Tht' ;\ in:rat'r ,can llsually 
:J hso fb ;c large' number of malhmctions :md Slill compktc it.'! 
mission or ft'lllrn home, Not 5'0 with th e mi.ssiLc. \Ve must br~i ll 
t.o explu it a II the' newest tccilniq lies ;nlll lIlc thmls d e-velopcd in 
the hdtl of 1()g-i~li(,5. For ('xJ.mpk. the; us~ of elccHonic datil
p rocl's'sin ::r l'quip melHs ;m d IHe[hnc\s seems to havC' ,great pOtelHial 
for coplfl.g with the complex pruulelrl~ of sll 'p pl~'ing and rnain
r.t in i l lg' ha lli stic III i~si k s. Til i~ systelll S!l(. \t1<\ gi ve the comll1au(k r 
~t III ucll firlller con 11'01 oV(;r h is l il ~isli r s ~ h:l1I he has Iud in the p:tst . 

C0I1I1111 1niG1 tium rCCIuirr mCl1ts will be o( far grea ter impor
tance and I:nRcr mag-nilude than ~tIily syslelll WE: ha;"e today. The 
c()rn l1111l1i(".lri()n~ system mllst be capablc of handling 3. \'a~t flow 
)f in l'orm,JriclI1 in a ver'l short lime. It lIIUSt react inslantancOlLSly 

a nd tr~lIl>1nit orders from one sj([e or tlit' cou n try to ch t otber 
in a rn :Hl e l' of S(" COIld'S. In a \.l dition t.here TTJ Ust be a backup 
~ystcm dCl len<'iing upon anuthe r cmirc>ly differenl means (1)f' com
Tni'm i( :lti on. \ Ve III a y eve n netd a backup [or lh e bac~ tip. All 0.£ 

these ~y'i lC'rns must he COin plttely talll perproof to prevent un. 
::i ll t}lori zcd (jJ'!l (;1~ preciv itaLing a nucl ear war. \Vitho ut aSSllrance 

I: nil effective and rapId COlllll1l1nications sy~tem, any talk of a 
qllick-re~I('li(JI1 weapoll sys(em loses 3 !','l-cat d e.al of its me.anin g. 
A lld .~ till w e lllu~t I.Jl~ prepared tn ~IC( under preananp;t:d orders in 
[he CVL'nr communicatiolls .In: knocked out in spite of ;1.]1 our 
pr(;;cHl tions. In effect, we m u st have a completely foolproof COIn
Olllnjc:uiol1S syste m . 

T ill' ~l<) 1 Ial si tes d lljs"n rill' rhe ballist ic Illj5 ~ ile launc.h area.s 
will h.lve a s\~ rjous effec l o n IJII: command ;'l.nd (;(111[1"0 1 sLTuclttrc_ 
It: is r(':L~!In ;t b If' l.U aSSIIm c.: thilt St.rategic A,ir Command Hrike b;t~es 
would bc ;t prirn(' lar,g,C[ of Sovi('l att~ck. \Ve cannot afford to .~ite 
nllr u;-clliS'lic mis.,i\t-;, on ur 've ry fl(;:t[ thes\, pal't ,it:ular bJ.se:~. fi lll 
Iwea liS .. of cremendous log'istic:s problems we ca nnot afTol'd to place 
th f m in :i wi ldern ess. for Ib is reason ;lIId for economy con 5 i d<~ra. 
riuFls W e' must (:ompfomjst: m el ~it (' balliSlic missile, near en oug-h 
tu C:Xi.~li llg lIli,lita ry hasc·s SCI th.lt lo;-,rlst.ic suppOrt is <;,olnjl;1 ra tiveiy 
('as)" hlll slill l'ax cn(HI!o!;h away ~u that an at tack aimed at the Lase 
will Ilul deslro}' the mis.;; ile blliw h are;!. 

COMMAND AND CONTROL UF MISVLES 

1 have. mentioned ~ :l dil:T the prnhl~lI1 or mai l} t:J.ining an :i1crt 
St3tu~ l110nth .. her monlb, year after year. It 'Is worthy of special 
n()(c th:u th E b:lliislie lI1i:;sik COlllllrallt\.e r will C:.' ll cou n ter some 
birly difficult pCI'~onncl probJem~ as 3. 1'~ ~lIll (If lhis lype n(' opera
tion. Ketping ~killt'd men :J.n.d m ainraiu ing' mora le .in th<: face 
of borc<1om will n'9uin: exct:pliunally qualified wmmallckrs. Cap
turing and d eveloping the dnsjvc espril de corps will be one of 
tl1(::iI' must importunt jobs. 

CO/YI IIImui awl will rQ I .\1 W(:I u1'(, 

Now (hJ l r have toudw d on some of til<: major fac(()J'S rha t 
w'ill;}fIf'Ct the comm:lnd and control of ballistic miS~'liles, I tllillk it 
a ppropr ial t to conside r how o ur {"(I f11l11and and con tro l ~t:r ll nlHC 

cou ld he formulated. Tn g'Ct a clt:'HCf piollrc of what lhtc org-:J n 'i
:t"~ltio l) o f ou r balli.uie rni ss il(~ Sl:n .I(; U1rf' .'ih()u ld be, r W:UIt to make 
a few 1l l;.lceSsary' assum ptions: 

That \\iC call dt"ve lop and produce Ihe ll cces~ary com
muniC;ltions ne t [or the me oE Stt;ttc::;i.c Afr Com m and. 

That Iht: PresidcnL only will be authoriznl tto dirC('t an 
atllck, l'jthcr clin:nly or by .~till1clillP; ord er. 

Th';lt the rnis~ile siles will be widely disper5cd. 

That the personnel awJ I()g'i~tics probkHls can he solved. 

T l13t targe t... will be assigned_ 

51) b.r no thing has devel o ped which d" m;\Hch (Iue W~ tim)\\' 
Oll t the convcntional ol'gll1 l7.11 tional pl:m or :IiI' for(:e.~: air divi
si<lIls, \... ilJgs, grOll p.~. and .~ql la dl'on5 . Perhaps it wi 11 be necessary 
to make som e r ev isioll;; ill nOlll (: ncl.ltUre, lJUt in th e:: main I think 
the orS'anizatjonal theory will .~I.ill :lPI}ly. Initially] v isualize a 
ballistic mi ssile air divLsion co nsi sting' of winp.;s. each with sevt:ral 
squadron.l. As ildditional miss iles ar ;; ph:.I5':d into the inventory. 
additional wing!. cou ld b e;: ac ti va((:d. \Vl1cn Ihe q.ualHiri to!~ of ballis
tic missiles are sufiic.icm, [he entir e baliis Lic missile organization 
r:n ll k! be:' pl ~lcC:'d lI11c!!;; r the ~~ omHlal1eh,:r of a IHllllbt'rec\ air force 
whose sol(; mission would he the control or ballisti(: missiles. This 
COlJ Cepl diJJ<:: rs somc:: whar hOlT! [he concept that i L1t er contine.f1lal 
air-breathing missiles should he integrated under the same com
mand(; f who (0I11111 ;1I1~b 1I1.1I11led airu :)ft. 

There a rc propon('nt"~ o f lhi~ laner concept who wmlld t~.xtend 

jt 10 include ballisljc rnissiks. Undtr thi.~ pr nposaJ a r e rtail11lllm
ber of ball ist ic ltIjssiJ.es wou 1<1 be assig-ned to e.ach n 1I ( 1I bC:led air 
for ce of tht' Stratl'gic Air Co mrnand. The ir bdid is t h al in ll~gra-

• 
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lion M tht.·:w missiles will bring famili3ritv throughout the Air 
Fon:e wi~JI llit'so.:: new wca pons ,:mo Ille cr;tnsirion p<'Tiod will be 
covered more easily. My own view is [hat lhe b .dlistlc mis:lile is 
sO dilfert:m j:rom otlier 5l"~llegic syste mS in it~ opcr;nional char
a.:teri~tic:s th ~.r it must h41ve ~ptcial 'lreatmen t. This can be offered 
bC5t by a sep.lr:H<: tonn'(llling organi zation. 

One illlpOndJ1t asp~cc is that opcLHional ('nntrol of actual 
dircnioll.\ fur bUllchint;' 11111St IJIC plilred high ill the: r.hain of com
mand. 11' II'C an; to usc dftctivcly the: short r-caction. times bein).!; 
developed iJlto the system we cannol possibly depend upon i\ 

.syslem of rday~ng commands to numcrous poillts in the Qrganiza
tion;}l Slfllf:lllre. Tllis h,~(:nlT1es even more apparcnt when we 
cUflsid.:r the pmbkm of ('oonlinating- attack.s of other weilpofls_ 

One exce pt.ion to establishing ballistic missiles under st:pa.r:ue 
Air For{;c commallds ('QuId be dl(' IRBM. It (\(,es appear wason
able to pLlCc I.Ii ( ! ()vcrs('as dcm(mc~ of thi,s missile unckr tbe. com
ruand of the Incal Sn·;ttcg'ic Air C:on.mmnd nUlIltwrc:d air forc('. 

Ti1l1 ing 
Rodl (or th e ICBM :1.11(l the IR8M wc must rcr:ncmLcr that 

the manned systcm and die air-breathing- missile system kwe a 
longer tinJ<: or Il iglll to the tnl?,"l.'t area. \Ve IIlust as:lure Ollrsdvcs 
of close coordination beLwet~n a!.l"3.cks by thes" forces, with their 
various cha.racteristics. so that we avoid the pOSSibility of destroy· 
ing pan of (Jill" U\VJ} 3u;I(:ldng forceS. \Ve I1HN be (:,l)'eful to en· 
~ure coordination of iLllack so that our first vlavc o( ~lIpeISon.ic. 
intt:rcuuUuem.al cruise mis~iles is nm deslIoyed by tbe explosiolls 
of su b~l'q lien t l:tun<:hin~'s of illtCKominent"l b.lllistk mi.~siles. 
\Ve must be3'l' 'in mind that the pl' inciple of coordination 01' 3.l-
t;rck applies J1(:rwhe're more co mpletely than in air warfare illvolv
ing strategic wCill~on systems. \\'e will II ,lvJ: to develop means of 
concentra ting all-I" "nacks on the various target cOlllpLel'(e~' with 
millimum danger to the ensuing attacks.. I do not visuaJi'£c one 
sing;1e ~ut;kk but a ~eries of h:lIl1lucriiig att;}cks throllghQI.Il the 
first several hours of the war. 

A possibk solution to (he timl' sdlcduk for this problem is 
to l<£llllcll i.ntc:rc{)ntinemal ballisLic missilesagaimt tar~et.s deep 
in tllelUy territory. AJtcr:l few hours the · b;dllstie lllissiie J.n~l(:k 
:vuul<.l n:as..:, lr~:wing a ~hort period for the initial' wave of super· 
~onj(" crui'it' miii~ iles to make tlu:ir pClldr-::llinn LO their ;:rssibrncd 
targ-e ts. These missiks would be followed by supenonic manne-d 
ai rcraJt. /lining nrgets of sbortt;r range or flying tlwQugh corridors 
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ben-veen ;4tomic clouds. Following these supersoflic mamled :lir· 
cmh would be the remaining portic)J1 of our force : the subsonic 
manned aircraft and subsonic rrlissiJ."s.. 

AftCl· the last wave of subsonic aircraft has depaned for their 
bases tile baHist.ic mi~~ilc ;iU,ack would cummence allew, to be 
£o.llow~d hy the secoud wa\'c~ of supersolllc mis~iks anu so un untiJ 
our entire' weight of anack ha,s bt-en laid down. 

In summary. these aTe the elements, we must have in an effec· 
tive comrn;)lId a11(1 ('onrrol structure fm hallistic.: Ini.~silcs : 

. ' 	A urI'. dcpc.ndable, imd rapid cornnHlniGltiollS system. 

• 	 A limc·phasl.'d plan fur the use of ballistic missilell in con
j'u[IIctiull with Olhc-r weap()lIS. 

• 	 A light. we.ll-I.;.n.it (:ollln\anu ~lrUC[l!re runnin!{ from the 
highest national authoritie-s to the lallnch posililln. 

• 	 A well-trained, dedicated nucleus of pcrsonrlcl upon whma 
the ettectivent'5s of the 1;luncb opcr;nion wi.Jl depend, 

• 	 .A logistiCs ~ysle.rn which i.~ entirely rspnmive to the sInn· 
g(:nt dcmands of tht! weapon system. 

• 	 An effeccive nl('ans of maintaining esprit de corps in the 
mi~s 'ik organi.l:lri.ou.. 

Our pToblems are dillicul( but not insuunounta.ble. Many 
of the proult"llls we far<:d ;} year <\~tJ have been solved. No Uland' 
.bow they are lina,l'll' scnled. it is dear thal (he ballistic mi.s~ile is 
arriving- (ast. th;H i( i~ ;-\ pOl€nr weapoll, and chal it is hCl"c to stay. 
In the comrlland and control function it will demand of alIT 
It~ad~~I'S and plJ.l1IW.fS imag;in.!tinn. objectivity, and a freedom helm 
preconceived ideas that can only be compa.red wi(h the demands, 
lll<l(le upon military men whell they firsl became the possessors of 
our old fricllo th€ aiTplane. 

Headqllurlt:1"S United Stalcj Air Force 
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Ballistic Missile Units 

LIELTl':~A:-T COLO~EL \NILLlIlM L. r\NDt:R:.O~ 

ALL THE hl\ '.dilC judge$ wen: instructed by ~r('K~ 10 decide lhe sllla~1 
nl;\I t<"rS, sa \'lll~ only the hnt! c:lUSC~ fOT the prophet. In the 1;lw UlIS 

IjTcat OTIl'~ uinl;OIul principle survives 10 LJlis day. lk.'pilt' i t. du r:l

bilit)' lhi ,~ a nckn t pr.'otpt m ;IY be of lillie u se in b;dHsLic mi~ik (,I'I;;'lJJIU

lium, Rnlli!lic missik Ic:ldcnhip is charac terized by the (iemand [01' [,>I'Olllpt 

lh.:ci.sk lfl'"laking- .I t a ll It',' cls. T he comm a nder of _I mh,.rt" (ompl{' x with his 

IIIj,){lIty IT,'pomibil itic!' ur th(~ ~ntenn:. specialist i.n hi, nlrrow :ITC.. nlUS'l [ace 

lli b. dulh:f1!{l'. t' 11~h i,n his own Wily . T his wTl.du~'ion (:;11'\ ;,011 ollr b:.llillic 
rnbsih: oJ"l;aniJ:.lliun;d sLU,di e3 10 tlall~. It prOJllI"sn 10 h e .1 Jeii.lbl e rule lor Ih(' 
future . 

Wb(~1] r1w ,' i l' foro: [t.Lllhlic. Miss,ile Divi~i"o bega n flp.~r;Hioll ~ l plan· 
ninh lOlJ('un'("nrly with b.dJ bt ic.: rl~earch and dndopmcnt ~ , tivitie~ . "II Ult: 

usu;ll \,c(;a poll ')'~ \CII) builclilJg' ulocks were mi~~ing. T here was neithcT m m 

powct rJllf pcno oll(;1 infI'JI'IIl;Hiu n. Orlj.lniz;l cion,,1 cl;JL:) was nonexistent. 

l-Ien(C" ! lli s pmjcCl ""'IS fit once ;J ITI I of a nd a ~Iimulus to exis ting weapon 

~)'SleJlI procC"dures. As with 1I\:II1Y new weapons, th("\"(! wa~ J tendency to 

",· crt·mpltJ ,i.Je the fDfllplndl)' of tJI~C spLCm. to e "'~gr:lc r:ltc the diLliwlt)· of 
tr~l iniI\K , a"d to suspect the ad/:{luacy of Iht. p C'Nonn(·j iclcnrificaliOrl ~pLf lll . 

For (1)(' IIlmt P,U'[ Iht·,~ " clitfi{ulrics have nol malerb li7f~<1 , 1n I:"tel 1.he ~d,J.pta . 

bilit)" o f "".i .l li,,; manpnwer and penonncl st.. ll pro(;clluTe) h:b been;) ,rcOlI 

:;lSSCt. 

De,'c li'pilJ:;; op~rJti.,n:d uileri" whe n n wCdPon \., ~r, ill in thc nuliructlt;try 
researd l ;I nti tkvclopmcnt stages invo lvcs Ihe pl:mnl'T ill ;t ~tru,~;:1c to Ubr..lj,n 

hasi<: informatiun . 1n th is bt!a rdl we h:lve heen gr.:;ulr :lMi,lr cl by Ihe T~dl' 
1I i(-:l1 TT..Ij'lin~ ,,\ir "-or('/: of the Air T n ill ing Comn~;:Jncl. T1)" TI' AF IT'J in· 
ing. rcqui",nH·fH..!; sl'("<;iali~u h;I" c shown admir.J blc prok..,innllism in support· 

illg BJ\IU pi;lJlllill.,. In fUlure prnjCCl.l ('Ie thi~ type it will .ave lhe tf',POIl
.,ihle af:"rH Y wdl til tumult with th.· i\ir Tr"illiu~ C(lL1lmand al the o\ll, "t, 

Hole of Air Paree PerSOn/uland, TraitJi'Ug /tc.fi'ilreli 

,h ha~ bee n Ilwlllioned, ojJe r" l io n:d blljlllilll~ blocks have been the scaTCI' 
:,rti<..lc. The dillicuhr lwrc cannot be overestimat ed . The comLln ors rITe or 
UJUI'SC Ih ;:: $()ur( c~ o f such oilla a.l nuy be ava iLlble, But (on \'C15 io o and 
(: ,,;,l1u ;lIiol'l o j t <llllr:lllOl" in[onr.aliull rCljllirc time ;,nd experience, H ence 

eCllly ill Ihe pr0t;r;1fI1 we lurned for 3s~ i 5 lan(C 10 the I\ir FareI' Personnel a mi 

OUG.INlll ,\'G AND ;\( ;1;\':'JII\'(. ,MIS',)III': 1.'.\'1"1,\ i!1 

TpilliflK R escan:h GClllCT (c\J-'l"TRC). Thi ~ h;(~ prm'-Cll prnhl~t.k, By 
limely employment of quaJitaLiv( penonnd information (QPI) TCT'''rlln!~ 
pl'Oc:edl)res, \\T 11:,,'(' enjoyed Ih t: u,c l'l [ ""cdlcm d:u;1 rt' lI<:u.in rr jnh .llll'lnion., 

;Illd ~ pl1l:i(-)'ing IT:tinin~ d C'plh ;Jnd C(luipDl c nl. 

T" provide 'llJ" lil:llivc person ne l jllf"nnalio n tor nUT schedule.s, A FP
TRC has u !! iTt::u worl-i fl':: rclatioIJSilip wil.h Ih~ wral'llrJ SY,SCCi'l 1 comr:tCI' ,m, 

Initial Forecast of Job Functions fur Atlas Sytitem 
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Thh ~llIow. the freo( flow oC inCormation via ;\FPTRC to the Ballisric Mis
)ik Division, Prior to our rct:e ip! oC jo b (I)-nction and ~uKil1_Il'Y daw. con
\T )',i{ln and ,· ditll1g arc accomp lished by A,fI' T RC_ Tilt: QP] h~~ become a 
princ.ipal "1''''L<lio ... ;11 lHlilcling block, the loun::e for [ilUch ('Jrg"Hlu;nional :ond 
m;lIIpowcT plans. 

.''I.n cx;unplc 0 / the QPI :1pplic:nion is shown in the foregoing ch;\rt. 
This is .11\ early iJlu.uation of lhe Atlas (Sl\f-fjj) crew rcqlJiremellLs. No te: 
the n rl";& nRf'm ellt oC Cl'C1V memberl with re~pccl LO cquipmem and the re
SUltJIU organizational logic. The usc of this prcJjmillilry ifi fonnadon. wiLh 
0((;I,ioI131 revisions, h;IS fa<:ilil;&tcd opcl'alional i~JallninR of S'C10rl qualilY. Our 

cxperience a.lso ICJcilcs Iha t o perational pboning is u~u;.l1y upward-d,le 
smallef quest ions lend 10 answer the !;'I'gcr_ In ~Ijllrt we have f('J~nd AFl)THC 
QUI' bcs( ~()urcC for the pwvision of spcci::lIilcd SUppOfl in the pcnmmd field. 

During rhe ~e"er;11 )'c,ns of thi s projecr (J ch:H';)<tCIilltic paLLcrn for c.r~w 
m:lnpower requirelUents ha~ e\-o ll'ed from t.h~ QPI sCT i e~ . This pattullo 
shown in th(' Collowin,; chan, should be (If ih!crCl( to furnrc ·w(,:lpon. ~rs(c.m 
groups. The (oreC:t:H crew requirement continu<:s lORTOW durinK the first 
{WO )'ea rs of IJ1(, project. T his is duc to addilion;al i<.l C' JlliliC:lliou of syslem 

cornponenr5. Th is growth period may be regarded lS :l. time for matching 
\lien ''I;a inst m:lI:h inC5. For the futur c a ,~hrink:!.gc of rC(l'liremc nts i ~ forc
(,;,•.H a~ (he sys t('m engineers, ha.vin~ designed the basic pans, LUrn \0 im cgra
lillO J.ml au tmnatiol). 

11uma" Pnfor",mlCC F{,c/on 

T he (:omlJin;lLion o£ re;:(llljrcuLcfl.(S lor short re;ul1ness time :l1It1 high 
relbbilir)' emphasizes l dilllen~ion o.f hum.an pcr{nrmJnce in halliuic ~y>lenu. 
The,e two m e.lsu res h;l\'e oC (oune: ..dways existed wich mhcr weapons. fnr 

balli,tic mi~" iles tbey will IN indi\'isiblc!. It hu bee n ,s;lid Ihal reliabililY i,\ 
the Jc:uliug trait of Ihe gOfJU airm:lIl. Thc ballistic envirnnml.'nt pre$age~ an 
equality of Lirn(! and r(!liaIJiJ iIY. 1"h(' mi,~';.ile countdown is n'plete with li\O~~ ,I
pc'rform ::llu:c dem:lnus. Nalllr:,l!y tl'lc \'ariom crew members arc ilH(!rl le. 

pende nt. The knowledge of how lO do the job. lo~rdJ,er wiLh limely ~lld reo 
li3ble perform;.lncc, m:lr)r.s [he succc~~f\J1 crCWHlJ,tI. Tiu::I'c m:,y 'he litc.lc op-

I,I"UI.,,,••U (:uluuc\ William I.. _4-ndC-Ron, Vlr,illlG Pul,.,.,.,lmie: Inl,II.le, i. D"j'u,y 
DircelOr elf Pcr~olllwl; hi Mi••II., Dh' iaiOl" 11" .,,"!:d briefly 10 the Army b~/ore 
lI'rilduulhlJ (rum a,.11I8 Ichoul in ~9'&-' Gild .c:r..ed a )'nr In 'he Chlu...Durllu,-lndla 
lh~ale.r. ,,\fter Ihe ,"'ar be: ..a. abo•., Adjulant and opi!rotionll odic..r. I'fuch 01 hI. 
I,.t('l' dUl y III.. been iu " ......0""...1 work. In 1949·50 he .... Chid, Milit.'f)' Tr.ln
i,.I!' Di,·ioioll. J]q Air Trai"jjl, Command, re.,)on~ibl... lur _til" .u~nll.,n '" Ihe' 
bui.. miULory 'rllinin., ('t'''I..r~ and .he Officer CaIJdid.tc: S,-".ool. hi )951·53 he 
WlI" lin nJl.Alulll ex-r.l'Ulivc: officer 10 Ih ... Aui'elJl,U S<rc:rd.", "r Ihe A'ir F"re.... 
nrl~r "h'kh hI' wu.• ill Ih,- Directorllle u( Ma'lpo..c:r a"d Or•• "l~'iou, Hq (]SAF. 

~ u 
t 
@ 

c 
,.dod .r mUlChinG , rar-.-cO-,l .hrinKo'"ct Gut '0 ,:l u operator 10 eqvlpmen1 inl':Q,ati'on Gnd Qutorn,alfO" 

of ,h. ""-e:op91\ .y••om 

~ 
3 
% 

..Qlnnln, of QPRI S1.di •• (I9HI 
. . ,. ..a ",.",tro. " '. '" 

pOTtunil), to check individual pcrr~m!;!nc,c when thi' SCI".iOUl game i., ut' in" 

pbycd. 
The limed-pedonna nce d~m~nd is aucw:cl by ~ second maju j' iilllu( nre. 

This is standard ization. Not only ll1UM IlJllJt!ard crew OpCI'.HIOIUI procedure~ 
be e.~ tabli5hcd, bUI their ri~io.l impll'cm:nt;'lion is esscllIi;il. 'With ~ (1't'W 
f(!vcra l {im~ as la rge as the laIsc5t bmtlbiilJ:( ;:rcw, we ClI.nnOl hope to maio
ta in rOf:!1 (TCW integrity. The ~lbi,Jjty to rt'lll:i ('e a crew memuer un ~h()r1 til}" 

ti ce depends l:,rgc ly on ~tOlnd:trcliu(ion. T his condusion hilS ~Iso been re· 
poned as a principal npe l":lIiou,s rule from air·llTealhilll{ missile system-, 
There :uc olher forces of s\aI\lI;lnii,:uinll . TJH! bunch officer will Dlld h i~~-, 
~"e\'cise of in{;cn~jty 1<If~C~ renriClecl. T~~ target is pr~se leclcd. WeJ. tlwr 
I~ no 101l&rer a major facwruYll(:rc once rllllll;lry leaders Implemented b~tl Ie 
doctrine e...en :1I unall unit levI!! by ~'u)'inf{ their tcchuiqut's. lhere i~ lin re
quircrncnl lOT lhi~ in ballistic syneml. All th is will mean !.I loss o( the ell!
tOlf)jT), inc{' tftl\'('~. Th~ mi,s~il.cj)];HI wm be II 5rudeul fI{ !UI1'cl,;lrd methmJolop;y. 

The hi~hly iD.•liyidualiMic pcr.on:llity, '"p:l\)It' but unorthodux., lOSt' S hi1 
spec.i:ti value lu thi~ rigirl !.ilua tion. There b" new 11t,;1Ik.Ct for tb(i (omp;lLiblc: 

pem ltl , capable oC accepting the mnl t unil ol'ln heha",'ior paLt('r~/. 
MonOlony ~hould: flourish in lhis ;J,tJJlospJII:re. Indeed we eXl'en mo

notony to increLlst diff'Clly .... ith Ihe growlll oC !Lan(bruizJlion. Crc ..... mo

Fore.cast of At13s Crew Requiremen~ 
Derived from QPR Iliformition 

System Growth --- Foreea·~t --
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Typical Officer and Airman Job De5criptions 
in Ballistic Missile Unit 

launch Op(; rotions and Control 
Officcr-AFSC 326.5 

Gel'.Ot.:a r Fe(l tvri;!~: 

/,llhcug h Iho Impo,ionc. of II." <h...:k. 
ou l operal ionl r"quirad 10 hc. ld Ih" 
mlui lc -s at ,heir .ltot t ) o f rcadlnC'15 con-
r.ol 00 dO l1 i6d, Iho operotion, "'hith 
mv, l tal", ploc" at Iho I{\~nch .i to dur
i ng fl no l ccu nldo""n co n ~ judged 05 
more (:ri t' ir.~1 to h1in ion succeu thon 
11 10 36 which toke P lc1C\) ot o f her f i me:lo . 
Th e ~rit i c,, 1 nalu,e of tf", fln ol cou nl
down 0pcfot;ons " o~1ocio l Cd w;th ,h& 
fo lloW1no . (I I the prcuure of ti me o n 
all person. who havo funtliotl. to pe r. 
fo rm du riry Ihi s period. 12) til " lock0' opportunifY '0 rorrect mo lFunction! 
(nd Iho ()l~dof e,-j r<'qulrl..'"fnen' for 
..lec: isien$ (H. 10 wheth er 10 twc rrid c or 
obert Ih c mio. ion , 13) Ih" haza rd. 
90M rc. lcd !,y Iho ' ue ling ope, otio n. 
wh ;,h ta'" pi""" 01 thi s ti mo, 

Out.C3 ond Tr., • ., 
I. 	 PrCPCm ll for (t lovnching and 

"p~ (",'eS /J,o.'or Opera tion> Con,olo 
JY ring o n eel uClI or , imul(lI"d final 
cC(Jrlldown. 

I, I ~ oC.' i'C3 launchln in!I"uC'lon~ 

Ironl " hi:Jnor h ~q uarte ,.. 

1.2 	 Inslr uct , (luida n'" 'I.:rtiun of 
Io;u ",h rcquirol'nCll1 . 

1,3 	 CoorJin"",, o nso,,,!) ",oi nl t)
MC'I :1.(.O a nJ scrvicino c:(.thl'jtk~ 

wilh 	 lour,. h, ' equiroment. 

1.4 	 I"itia t~. a final <" u"l elown by 
; IHtruC1In£l blo-c.khou!oc JXlr~on· 

nol '0 per/otn. Ih e ch",b. 
1.5 	 Mon ilor. ond evo luot e . Ihe 

"Olu. o f <ubryatcnl checkout, 
lu~lin9 . and firi n!) sequence . 

Gu ida 11(;'13 System S peci~lli~ t 
(IGSJ -AF SC 31450 

CenCfa 1 f¢ O] ,u r"e-l = 

1h" Qu I,i onec sy,tem ,,,m ponc,, .. Clre 
, h<<,cd "",I 0' Iho lou nch .ite on a 

!JO no-oo bosh us,ng lhe coun,down 
con,,,,II . , oq uip"' . " I, 
He reeeivC'S tccn ("l i(QI o.nisla ot* and 
direction from ' he Gu idance SY"om 
Ano lys, in pe rfo, ,,,in!) hi . au h", d,'ring 
ehed.oul and QOun,down, Whon per. 
forming ",or~ 01 Ih" mi..ilo he Is 
a,.hted by Ihe Lcu"h Sile M1»i10 ond 
Lou ncner M.,chanlc. 

Dut ies and f",ks , 
I . 	 Pa, form. "Pe rellon. nete,scr, 10 

bring a new mi..ile 10 Ihe r"(J ~i. 
ne .. ",nd,liao. 

1.1 	 In.pctt. ' i.o oirborno com
ponont. k! siom 01 damon" 
a nd ,he, , . installotion of 
!qu Ipnler., in'he ffti)5i Ie. 

1.2 	 OPD""~S .ounldown confro lle r 
(on ~O rO TO accomJjI i" h th-o ne-c:· 
enory , Ie". to br lnll Ihe 
ovid"""e tystom 10 Ih u poin' 
of irreversibil ity. 

2. 	 ~crforr, ,, un schedu led ~ nd periodic 
moint cn"nce of Iho a rou nd e'luip
me nl ond airborno synam . 

Launch Siro Propellont Handling 
and Storage SpeciaJisr

AFSC 643.50 

Gonoral Feotorco : 
The fun Cl ion . of .hl. incumben ' or. 
principally I hose o f o"oraline ond 
maintainlr' 9 propellan' Iro nslcr equip
ment, 

Du'i.,., Cl nd T enll., 
I, Ope rat~ pr<>pellon' Ire",Ie r eq uip· 

menl du rina <;ouotdo..n or ,imu
loted <ov nl dewn, 

1.1 	 Defu el. noi"lIe at 'he d irt·c. 
, io n of 'h" opero lor o f 'ho 
Mmler Operolions Con,o l" "r 
'he lau nch Sito O ""rotion. 
a nd Co n'rol Of/icor, 

2. 	 Pe rform ~ moin1enOn(e a nd ~e r",1ci n9 

fu nclio". of propollanl " (",,'.. r 
equip me n'. 

't'j 
Oll(j,I,\llZI.'....C AND M ..1N,'\'lNG M1SMl.£ UNl T S 8! [ 

IlIuIUn)' is t<:" .trdcd _.5 ;\[1 ominou, threat 10 sy~ten) perf(.nna f1cc. To co untl'r 

Ihis, the <ommalldcl" will :;c·cI:. d l c,:ti\' c motivation. IIut how? Firsl by acw 
 i 
I!xcl'd~e., lIS'illg opt:r.ILioridl \:ql.lipWCIlL to,;c Lher witll .imu\.uion gc~.r. Tht: 
crew rnu\t be kepI bu~)". .Ii rt,llklll~ o( c\'ery descri ption lllll~t be red 1m!". tile . I 
s )'~ltm. Crew> (It r ;HlUOIl) 1"U~1 be UIlL XP(:Clcdly cl lled to bring II. mil~Ue 

from M) IlIC kS.t:f debTee 01 1'( J'djncs~ down 10 fi rill~ condition. In Sfll1l(: excl"' 11 
else. hold·J own fi ri"g. (,f shon durat ion .Il1ay b(' specified. These .Ik l'1> lIIu,.l 

I \ 
l i

bc (t.,lIed ;ol .111 hours. ~'cn duriug' C".TC:W cll:lIl.';('$. Surpri.\c i, a n c1.Scflti;ll 


ch.II ' ..ClcrbLi.: of thc mOl i\·.IU,)fI ellon. f\C1ual bundl 01 uO,;olcsLcnt ll1i .si lcs 

i'il .\J'pl"llpri:lle ciHlollutaf'i\.S wHI be [he o.:(;",joll.11 Oillllin.ll i(" 11 01 III()Iiv:I · 


tiUI. cx"rci~cs, 


A secol ..i lllo liv:J(i') II is 10 ere,l le :l spir it uf crew cxcdlcu(·~:. Th" tfe w I 
fUlI ' l be hl 'O I,!,;ht 10 , ·;;..di/c IhH il is a for" I11l1s1 el t:mc'H ..i lhe dden.c str uc· 

l li n . Ih.l l fil l fUII Cliouilln o ( Ihe crew i" of ~uph'me i1\11)01"[ <l 1)((' . Considering 


Ihe I)wl.ilblc L""d iLio" 'I of uew "en' ice .ond tI'e il'r('j.;ular limy hours. t.he 


':I'I:;a [iu n 01 (his ~piril i . :. harsh ch~\lIcl\"': lCJ k"ocl'.ltiV :\0 $[cnwr I Cst flj' 


cOlllllulllkrs i" fun:~ec ll. 


Th,· b.dli5lic ( ')uIIIl..I1I<iU'. unltk..: a COt1' ClltiOllat "'I "1"11' I .01TIIII •• " dc r. h;1> 

.". v 1.'1'•• I Ln:w. I"r c:l r lo ,,,i.,, ik U II"!,1,,:--. This is o ((.• ,i')Ht:d by .In ("~Il·li c.:r .'\ i r  
Swif d(;ri~io" t.. pn ·I>..: n·c ill b;.l1 iSLi , S}SILlI» lhe 1I0l"111 •.! I1 \ II.d ,n ,.f "'I l r\, !.tftur, 


I.cr d .• } . Tit., Ilun na lc y ltH' c.rt:\~ work·M.lIl:tiuh..,; proll lisI.:. to Itlrou ll II '''j'''' 

,,,,,,i"" \lon pl'ubJ.!llIs, It i.. 1<"!:'l1"d"ll :1$ a ~;n::\t iluprOn';I\"ut <I"d' Ih" ",:1) 

d.l Y. IIJl - JO d :'l·. o lt " .chclta;\ I'l"e"iously ,Ug-;.;d ICd ill ,Hl'Il(: lll":Il'ldc'. S;;m,,: 

h"I ": i, c"cn ltd;! thaI lit is l1 ortn.ll crew shiI« will illlprove th", llJe"L; VW'>I''''I. 
III IJ t:noltllci lU I ne.ver. it i. i'l!f.:tcHing «I) note th.\1 th..~c otlic:cn ""In Jikdy 
LU I l.c,·il'C crew :l~) i~IlI" C"L. h"vc 111.(' 11 rhl: k~llhI1 A' I'r"poIlCf!I ~ .. I' ;Oil ci!;hl

ho ur '" "' . •hi ft. 
,\ " d;;h l.ho ur da)' :,lId ~I )L m c: o f iml'I\lI"II~C uu 1I.l! an S WC'f ;.JI tire ,(}Ilo ' 

"".I Ilk l ', llcuis. H<' IlIUSI 10 .....: d ll ,lIlttlua lc l,ltysir.a l pla'll I" dn Ihe .full job 
"L II hJli\.Iti"lI . He lI ~cl.h t\uod ban ••d .• a",1 liOC1d ttuOlrte.rs. The I~vcl '01' ill· 

Idli,;.;ll l': n .·( I'.I 1fCil fur clfcdi,~ ....cw Itll:tlllh:rs j. ')11(: (h;., will ilhlillni,'dy 

""l""·[ '''/c'IIl.He li ., inli ..nnd i l iolls. 1\"lIiSlic missil c.~ .1fe /l,ll If'J he In(;t!cd 
witi ,ill LI. )' ,:oll\l\lu,illJ; di.n arh·c IJ f :. 1'Ie"~: 1I 1f dLy. 'saviul{ ddcllsc money 
LJ) 1lil h,ri nf,; Ih.· rCCJ "ir("IIIClJ I for I"/L'f" '/t ,ol at.l.l.ll lllhttla liflll> s imply will no t 
work ill this ("J,,~, If we do 111)1 "1'\'IId ,11" ... I< i nq fu r ' lu.JI,t(; rs ~II,d h:lfr.lcks. 

) " .. will ,pc II,} it a r:;.lill "n,1 a;; .• jll i ... )1";"0",,0:1 lur"')V":"-~1 (b.t IIr;H few 
til j , .IIC o:lIlc, I" i, .:. LUI, ·"t IUIl!{ en ol" ... ,. 

( i t"~ l ~"' ;"'. U""1i (oi ,;,ll,.,. rnj.11 (.'t,Jlnu lldH C'(l luJrh 

W Il ': II onc I" ok~ :II Ih t: plall ll( . .) 1,•.Ili .,II<. luj" ilo: ''' h ",li , .oIi, II. , .;;,, ' 1.,11 

, I.: ': ; \ t.)o:rillg of itl' C',;T;tl cdintcrt'lS'" Tn.. : 1I1!;.1Itj,.•l\ioll ;,1 unity lit .Il:tion i~ 

d,'IlI.rn(kd II)' the intCf"dependence t' cLwe"" jot. ,il.: n; nll'''~. 'J'" ....hi C','c Ihh 
Iwi t ), IIf c ltn!'t. it h~ ~ lI(I( hecli m:u'Ss..u) III d,Tive a new ty r." : ...r oI"J.\;snil,' 
Li'. I.L Th" I:llllILh CIJ1I1pkx is a p~rrt1rnr." ln:· h.ull"lio n;.11 l'1t"l1I(:1tl . alld ils corn· 

p:rlil.)llily with u, .• di 11011 "I ;\ir Forn: IHg:II.liMlio llal ("ntt'I)I" i, ~df·e\"i.lll:lI!. 

t . 
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S,l AIll U,\'ll'l:;n~rf'Y QUdRTEflL¥ RET'fEW 

Since the complcJC: is [uOCti,ol1:.lly ori,oflrccJ. considerable drott ha~ been dl!
\'owd LO the exclusion oC oOlloper.llinnal demenu, The pmjecccd org;lIIin.
lion is d,,~i~Ht'd to be (\ function;11 P;l(:);;'ge, WlI1.U)' ('I(cnative in ch:iF.-.ncr, 

No maHer ho\v silJgul;u the orr~:'nil;lIiOlul ohjcci iw' or bow funclialul 
the unit dcsi~l1 , (crtain practices may dilute and distort Itli.' imCluk'd pa ttern 
or group anh'i lics . \Vithin ton vcmioll3 I Air FOr(.e org:rniz:Hio/lS, dlerc is a 
marked l(·nden.:: )' toward long span of contl'ol. RC'lponsiblt ojl(: l1l ting officials 
arc ofren prc\'tlllcd from Jnakinn decisions on those mJlICrS :Iho\lt .which 

they h~vc the mO~ t direct knowledge. This is largely attributable to thc 
wowth ;lIld ,'ccu);lIu:lliol! of Half elcrn(:nrs. There is no denying that inle
~1':H(;d ClJlllrol 01' missiles rcquires lhat open.tional mmm:lIld lcv(,h be CIll. 

powl:n'c1 with l")C IlUal informa tion. t\li~~ilc Sl:HU~ ancl tar~etinr; orden arc 

foreOlost ex.nnple> of Ihe (bt~1 required hy Su«(c~si\'e k\'cJs of ('ommand. 
C<IIH'CTst:1y the bundl c:nnrplex , Ihe lo wesl entit)', must be freed from aU 

ulHlec~ary ~ ian: imc rrere nce, An examplc of Ihis is safet)'. B:tllistic missiles 

arc illherelltl)' ,0 cl'tllberOU ,~ thaI ~ :\ fe IY i. an int<".gr;1I elem ent of the o pera tion. 
The lI \ U ;r1 nct.i\' ity or ;1 b ase Sa fel)' o fficc)', endlessly visiting' and writing rcp()n~ 
10 some sa f.;' ly section in :\ <li st,tnt slaff, promisc~ lillie but intcrference 10 the 
1:lundl mmm:llldcr. Ad ~' i snry S,lfCI y M::rvices (rom II staff element may be 

helpflll. 1, 111 till: rrd "Iirnu\;)il' sht; lIkl be ~.implif,cd [11,,1 the' tcm,lcllty IOward 
stalI ~llpcr\'i.,ion \If' "1,er;lliolU eliminate(.!. 

It h;u btX'1l s"id lliax ir rt single a ir man Were a~$igned ((I sit on a mel<, in 
Lhe l'a c: ifi• . (he Iller;:; iJ pplication o f existing regulations "nd politi.es wnultl 
sooo end in ;. ",hok air base .pringi n!l' into exj~lc llce aroulld him. TLre 
vested inten~" t" (,r fl\:II1)' st,JJl' bcrvic;c agenci~ decree m :lIl1ling for th.is or 
lhat .servin:, "'hnlwr r"quircd or nOI. Th(' bunch c()mmancl<,r musl llc '1''1{\:d 
thi~ prc~>urc. The pleM:nl lJ,dli slic or;,:aniz:lliolJ is rclaliw:lr (kvoid of utI
(,53(' lIti,-oJ dl'IlICIlI$. " eepinr~ it cI('an wi ll rl:qui re :l r<'vhiem of I\lr forct 
donllnCJ II.S. In c,..cnce d[ectil'c mis~iJc operatiun mr.lm nr,pni1.~tion in 
which ,df·rdi~lOt men m'lY fred)' eJC:cn:isc compclence. TheH; i.1 IlCjtiTfT timc 
nor <:Il'lll.lustJ rrce fnr ;In appell ;lte re la tionship to a rcmo(e Hal£. Dcleg'ation 
i, tlte pl'ime TIl le fo r 5UttCSS. 

;-\ 11 tile IjJ\ (~ s lr(,lchin~ (rom one 0PCl';ItQr 10 anOtli~r in lhe linl C!r.lf! 

would pITh;!p" seem quir e a lont{ )lMIl of conlrul, but these lines arc for the 
mou P ;I\'t Olerely indiC'J lil'c of tbe mmml.lnicuiom pl u ern . In thi~ com. 

munir~llkms "rowth we see a nOl'lhJe characteristic I'll J11i",ile Clr,g-:mizalion. 
The hiding fUllcctjuH rna)' h" virn.•ally ;Hl indepC£:lld('1ll "per:uion with Jiltl.: 
nr .no 5"pcrv i~illn . \'Cl .he val••{il.\: nalure 01 fuels "lid tht: impun;IIl( f' or 

r;.pid fudillt; m:.lkc il Il<:GC'~;lry fot Ihe laun( h Cfl/' lm:lIl<1cr to know at any 
POlll! ill lllne lire ",,;ret >l~t\l.:! o( this CU.noion. R .. pid cornmu.nlcatinn answers 
,uch dellla.ntlS .. Thi~ exarnple i~ pnfcctl)' CDllIP:lliblc wilh the prim:ipk of 
d e-I(~!l,atiO Il !lI f f\ H1c tin n ;11\<1 hIJldif'JI.laJi7.:nion itscH. Futurc organil:!(i"' n:!l 
cflitiency lIJ.:1Y be ~cn'\:u by t<'b'TOupin ~ :!nd the<reby shoncnillf: (!omlllun ic3 ' 
liom "'Jl.h iJJ ~I [(lmpk~, In any event conmmnkalion is anti will conli l}llC to 
1)(' a lct\'an t or runn ion. 

lJ 

()R(',,·INIIZU"l(; AND r.U1 ~VNUI.'G M/,\SlLE 01\'lTS sr, 

The growth of communica tiollS ill the lo(~-;( l comma nd. ot llli~~ile~ h ac· 
companieu by a k~sening of illfonnal n:latiomhips. By COIH t;I.l , ,\Uccessful 
corporate eftorts, su ch as lIu Pont'" have lon t; pruspc:.reu fJ[\ informal rela· 
tiomhi,p5 md on de-emphasis o f the flill Clianal chan. A!tbougl1 org;m ized 
under functinnal charI.!!, military units in het np~I'at( Wilh unplllJli5hed 

rd;\tinn, hills I.n some C'lI.I,C-nt. The Ill(:thnd of opera lion is b-ound up in a web 
of informal rcl:llinll! b;ls~d upon pCl"5Onalitil" ,lOd accc5~ibilily of p{:f1 plc. In 

a 1J:llllstll: or~'1\ !li :r.a li()n tllC infnnnali ly is doollled by the ph)'siol layO\lt ~nd 
the l)eTSnnal ,epar;lliom. The flilw patlc.nr and ~OlIJ:CC::S of iil(OHl1;lI.ln n ill tht' 
launch complex: arc born ,1n (he drawill~ bo;nd. Hardware design ell-Ier· 

mine~ spe,lllillJ:t Pdrtles. l\1is.sHe nrgan i~ation prollJiU:1 to bl' of unpara lk'lcd 
fo rmality and characlcriKd by intensity of communic;a tion. 

I f(,W£ :lttl' mptcd to forcc:m a few of the lla.llistic ol'~nilatiollal considcr.l · 
(iom fur Ihe [Utlll'C, It rn:ly be :t.rgl!ed tI'l:! t some of thcsc OU5e rY;Hio1lS :'1'(' 

nOt or,;.:~nil4lion m:ln('l'~ :it ~IL Jmlccd this m 3y he true. ft i.! exceedingly 
fJjj )iCUIt 10 separ.lte per~oDncl rnl il;ic~and oper;ujollJI lOm\ 'iti"ns from or· 
I;';lfliz':;llian. In the iIHCre~ ! nl pri)\'ol<.in>; till' reader's tbollghl, 1 nIl! li,tinr,
a few more prcli m in :lfy <.ollciusions for him 10 pomler. Only time ;)rill ex

jJ<:ricl\c:e 'w111 I t .t thc:;;c C;:.Qnclu.5'lons; 

" Th([c will be no n'quiremcnl for a tradition:tl r('serve s·ysLern. 

• Ail'mc.n to be aS5igJled. [0 lIli~,ilc Ullib will ha , 'e careers cxcJus.indy 

in such uni ts, 

• The.re wi.!J lie UUUbUJlJ)' high pcr~')IlIl "- 1 t(!lnO\'~I' in mi.ssiLt! unil~, 

• lriuh'jdua l re5pofi)il)ili(), will b(; A"r('a.ly inc:rca,ed, hut opcr;Jlill.~' 

pr;Inic~ will lJe Ii i!;hly Sta IlU;u'(\ iled. 

• COIl 1J';ietuI' p~l'Licip ;Hion will hCgH';lIly cnJar~'ed in .IoKi-Lic, :md 
U1,liJlleU;Uu;c, 

• DifT.cul[)' I"ill be ('nl'l)urHere(\ in lhe: illlq~rati()n of mbsilc units 
illlo curWnUiOllJI wC-'l'on cOillflland! hcc:l !l~~ or diUc:rnlecs uf h"l'd\,rar~ , 

log'i5Ii(;d methods, and (orce deployrllent. 

Air FC1Tce Ballistic Missj/~ Division, Hq ARDC 
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logistics for 
t'l~e Ballistic Missile 

t\lIt';'\J'1I3 l C".;-;Uu,1. JiLl, .t l,' Lr,,, 

1_--'f I-I .~s 1.",;; 1)\:e .1 ~·'->lh,c.,I •.d 1)-1"( " Jlll'l "_'L Uli ih '''.L. I I ... ],(0' ~'I , J ",-,Ii ilfl
lIu"JI .ol,'ly 1<:"1" 111 . 1\" 111;; "'(1(, .u ppvn .1 Ihe y ;.I''' 10 Ulllllll'I.JII )' LIl,.m. 

l.ljll il 'Clh,' II' j 1l.: ••1l. "J .(:' r ;, tiuIIJ I rt'~h.ljJU.; ~!'. '''] "11£: . I,rh.~f"" ,I" 0 f Jllj~ il cs I • • ,1....: 
"l.J\.+f .,.iHIl.d 1I1 \" .... lllUl·y rllrllh: 1 I JjU; II S ilic~ dl ~ IH.. ul l(" :c,U~~,I .. .JIJ.tl: lut;,i) li ,-S ;' ( 

l.i,lI .". Th" 1",11"" ..: II" i,u i 1.-. , l j!!1 iI., r~ ' ILJij( ' lJl"" [ 1"'1" l.,unLJ.ing in :, ~, .: cy :;I".I"C 
Li."" ',[":1' ti,e ,jll ll .d i" ~, i \'\'lI . i. :.t r."C ill poiltl_ 

\v l"' ,, II ... Cl " lT·:dl :\ ir T-'OI"(C loghti.. pillllr" i. eX{ull ln ~·d ill '('/"HS ClE 

LI .., ..e( I' _l i " ' ''h ''''~ "I' Ill, ICIIMJlR li .\-1 "'-<:;\J'<ln ,),tC11I" ;Ill iIlL,Jlllp.,liJ.il i IY 
1" " " i ,h'I'I, "J'il\ ' .....\,1" j'ltl."" IL Il: \.·JlIIJIIIL. ~t1I1P ( 1I1 ,1 plU~I ...IIIlI_d ( Hkll4.: d ,I. a~ llj .! v•• 

•• ' ,, -,1 f ,-, , 1t . jl! ' ~. 1\ '1 1,'\ 1 t: . ;.~1 !1. 1' \ ~i ~~ ,)ll. 1I1 "illl)" 1111,' IU: .'[ h: t) yc .II :-;. -fllt'l l. •• (', ' 

•11.1 11)" Ill ..IJll fl"L U iou... vi du..... ll,~. t i ... i •• lit &.: u'~'I~I "lIr(.u.j.,n fu ..!i,l, I ). .l 11I. I J l h 

~"~ p l hW.lfd _aLLl i l, j l' ~'; .1 PI "!J('l 1" J;i-,dl ...ddlll p".~'ur.:. Air l\LI [l.:l h,:l (~'JH " 
JI"Io.\ lI 11 \, 40"hu.. (.") M.T " It,\.: l l' ~r ~ ill rll .uly .I,"Ill ~\ b 01 k'b i.)~ i( '), jMfI h,:nI.JI'I) jll \..'l... v 

1, ..lIi ,; !I:Il;, ph ,,,,,,,,,"1,,, Ib" ,- suppl)' " 1l111!.;I)",u iJl!; ;t "l cdl.lIli/.lLi".. 1,1''').;\",<]11. 

II . IL Ib n" 1. , 11:'; ' 1'.1111-:" 1,,;;i'Lh s W).,h.•_.dl ed "'J"[-.II{I; I"'f; i, 1"','. '.11111,,1 I" . ." . .,  
I ,Jill ...1 ill Lh .. IIL'."- ("II'UI,· 1,,1' tIl(; , '1111 (10 .\ir 1-".....:e . T Ia(' ,i,,, .'II.L ill .:rli:. .. ( 

lHC' p rC"!'ll' ll l , 'UIIII)(\'''' 1.,g i." li,~.'.1 ~)'j ".:l H ,) JIIIJII), \.ill n(JL 1H..: nuil H ...\ ,"lU.; 'lllIlill ~(1 


(";;; 'li. ,. ~)">l t' 1I1 "I' rh i, , iJ_e IIIUs t he ,.dlil'h'l\ Ly CI,)lutioll, by ,I ".-.IUII.,1 ill

J.... tI.. " ..r Itew a ",1 ...h'd ll{·':U t<;thlli'llICS ;IOd pJ'o...::edu}{:s. 


.-\ .:I!",-r .1I1.d)'xi. "f ti ll: I'robklll \ '\.\"' .ds c/tat if we /10 11,,1 "lIl'Il'J>t I.. 
, life' ;-.11 lll e .\il h ll' ';(' I, ,;:;i ,tio ;,i1llltll" wiLh OIl(: cJo, c. Ih.., S:IlJlC .)hjcclivl'> 

, '. , 11 ".: 1'.:"li,,·\1 i I , a f(: i;ILiH'l r . 11,,1'[ LI'-,ll' , 'W e (.tlL d ... llil5 by {OJ.:,,,in!:; "Lt.: fl

·, i .. .l 1/ 11 ;q;'"': llh .,. II,,; "PC):JtiOI I.oI {"H'C . t itus ("n{II,inll th" phll, je w to ,I 

,1I;\lI;, !;" .. hk ~ i/C, ' fho:o IJ:d Ji ." ic IIli " ik, n' l'fU~lI t 'o.Id. " fll.m~~"a"l" ''';jlllCllf. 
, L ""' Y ...-dl I)t th.11 ill "":,Iutlill i lll{ 1(.ol; i,\I\ ,,\ >l ll'port (.If IhL' l-"ilhstl( 1IIi"il l"> 

\\', ' w ill filiI! 1t.:11 we h:,,",, n ",,<;d th ~ Ihl'<.':\ II.. ld iru o :t Il C\Oi e r;, ...C "1'< •.:l.el " 'l\e 
J ~ ' i";' l.) l i ~ :.... 

·J '1.1 :IILliIIIIlCIIC (,f ;In e;.-dy "I,n"lillll.d h.dl"li ~ Ilti,~ik ( " I"oI,i1 i ly i, 
"1, 1' ;,,,,,1) " l1I;on ..:.r "I' 1" c ' \ '1II i lll'llI 1I,lei l,lI.1i i.III'"I"I .1 11( An ('XII,'me a lll Ce ll 

" .•1i,.1) ClI l", hui,.11 .J l.d In,llla ){~lrh,: II( :lt tt~ li litUl l ...s :",;c.: n in"f eS LCd ill (li b pru

~ . ,,'d, n , ,-' ll lllI J/ ~- 1, 1 :1 1IJ.;u -l l:d fUIJI P l't~ .;. ,,\ j': llJ o f t h.._: h.) l'I JI ~d 1'111 (" 'ur l)1 iui;iug 
'. I1L \\' '.-, ;. ';q-,dll ill l"" ...1Il:' t)pcl';lrioIJ;d ill\, '~ III ' ~ I, . .\i h"'.~· I 1I'l' ,\ i .. h 'I'U: I'. d '-.'di t,\l 

li l ~ "I'I'"l"1 II IIi ')' "I' pn' l'arin.: 1,,1' Ll,,' 1"..; I. ,io " 1l' 1,,11"l I.,,\k :ll i" k i,;III' ,-. ' 1I :1I1)' 

"l Ill e pr"'(' lll lII t' tlio(ls of d(l illg Ihi,,!), IIIU>! hc ,-" itit.d )} ~~;lI nilll.-' I , l-unher 
\\',. <"- 111110' "fiord the luxuc)' uf enol's iu 1"<:».1.Hmin r-:'. It h unlltce>.,.. ry tu 
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go 'into :1 leng-thy dis(ourM: nil phnuiug dcf,cic llcks ~,f pa.l prol-:ram!. One 

c-)(:lmplc is tlut Air force padr.~Kin;; IcdIlUqU('. in til,' PJ.sl h ave not bc(~n 
Cully ill co nson;lncc wllh W-':;IPIJIl i.lcsil;n. An-d how ,n:; ny' I imcs ha vt' oper;!

lion;i1 units bee n deplored wllell dlcy " '(' I'U not full 'l' t;lIUipp~d, thus de .. 

.q-radinr-: their (Jp~lbiliI'YI 
II a]lpc;Irs al linc g lanrc lh:1l tl-'crc il rc in$urrnQunl ahlc (Onxlra.illts to it 

pmper approach 10 the ballistic mi~,lle 10.gi~li<x pTobkrn... lJpUlI dusel" ex· 
;nniu;niol'l, hi)we~"I:r, tllCle app:lrcntl), hun.lcn'.,omc co nditiom .h;)ngc ch:tr· 

aett'r. It ma.y Lt' llu .l ;) critica l clC.aminrltivn of SOfUt of the C'UTrcm p rocedurt'ii 

and wa)'s of (juin". thiLlJ;S, ( a meil in thi& (.,Ie hy nf'1:C"ssity, i~ 0. bleSS ing in 

di~gubo.:. The rCJlil.£I l.ion tb;, t tittl'c is 11 ~) 1 en(II.lgh linle to do II", thiJllo\"~ lha! 
fUlIst h I.: d o n e wi.ll C lll,e :JuO:llli'JU to 1)(' (,-,nc:t' I1lI'"tcd on lJlJid< ~f ,,,".1 moTe 

cffici cn t ilICI.blllls. Thc rcalil-llion th;II :1 pi:.lnnina cn:or uf lhl' orde r of some 
wlllllljcle.d ill lilc I','-~L ,,'Quid be t1isaSTrD,r, in a pro~rOlI'l.l oj' this nalUrr. 15 :Ill· 
other big ~tCp. The very ('~ taLlishlll l' nt of the n:lUi~li c Mis,ilc (;)i"i~i,m 

(ARJJC), lhlli,tic Milsilc Ollie" (.'\IIfC), lmd Gui,Jed Missile Rcu',mh Divi

~i()il of R!imo~Wooldl"id!;t' Corpr)r:uion :1$ :J. m~,";j;.:cti.rCf't lcan> 5 igll[fte-~ Ihe 

aW;lI"en('~'I of Ihe need 10 yen the lIuthority and rcspon,ibiliq' for p r osecuting 

::I hi_gh-pr iorily "'t'~lr>fJn tyiltcm dc \'"lopmem program in an oq::anilJtinlJ o{ 
unllsual I,o rupHcnre. This 5a lllC phiJnsophy must be ~p[>licd in, "U of the 

oomplemclllin~ ~UrpOrL IlrC:t~ ~uch ;I~ IOA' i_,tic. and rraining. 

The pmbkm of IUYing to SllPl' l)/'l nprr;) liona l weapons of quick l"!:;t( 

lion ca pability h a s been bricfl)' lOueheu UpOII. HalliMic m issile. arc wi:ap.m:ol 

whic,h e m wruk de \' asta tio n on thdr ~)~igntu Laq:;cL. thl.lUMnd~ o£ mil"'j 
a way within :I very ,hun tjOl(O" h('1" they ;Ile bunched. l\Jo;o,t "~'\ln;,lIy the)' 

ca ll1lot be allow.:d [0 To!n in i'n a SI:JtC of d isrt:p~,i_r Cor :IIlY :!ppl"ffi;Jblc 
leng lh uf time. Lack o( proper suppOl"lilll:' SP;o f("$ and m:lilll"nano: (:Ipa
bllily ""(ltd.! IJf~ shel'-r wane o[ Ihc inherent c;\pabiliIY whil'h the W(·JP.)lI~ 

pmse.ss. Tlw tremendnus cO,S\ of these wc;orons !Jl;tk(,s (omp.lctcly UU;l.(:'· 

((:plal~k owrprul-,'r.Hllinli of addirional "'C;l pon~, supp(jninl~ cquiplllem, or 
~ P"rt'S e,') rmr'-pcmalc for those OUt of ((JlIlillissiun . 

In our Il);lnned aircra ft, components In~y he, founcl to be ddecti~c af[,,1" 
Lake·oft "n~1 still lIot 1;,lUSC a missio-n ;lImn. Skill(:d cn'w IIlflJlUCrS 011 Il[lcn 

Ori«adlc-r (; .......-"'1 H..n I. ,Flink. {:'niv(:.n:il,· IIf ....II."r, '\Ir Forc~ l'Il.litul" ..I Tc., h
Dolo,}',il (;hid, DilLlinit! l\U.-.II..·• Ollil·~. H'I ~ir I\(.tc'rid' C,,'" ''''..III, wi!h hi. of
fit!~ in In"lewu..d. California_ FI.~ 1'"....."I..I..d 8,1,," trainin" III 19:\6 IIlld re:e.-ill"..1 
.. rcltul.r CORlllli""I,," in 1938. Dllrill8 tI.... "' ,r he eomnu.t...J.,.1 Ih~ 3"olh 80mb 
Gr()llp ill Ih....·~r E:••I, M".·I. "f hi. ('llN'"r blli been ;;pclIl ill m""'rid .nd lo.'i~

lie... ill.-lndJ'_"1I .... Ijjn ..'~"t. u. "roj.'N o{lie.", uud du::.. chic" \Or Ih~ MaleY;.,) and 
F.'luillmcltl S,,(li'lIl (80mb) III llq .\rm:r Air F·ore..... i .. 1944, II!! .le1n(l'), dIad 01 
Ih.. A.i~r.fl Pr..cur"'....n' Divioion. Uq '\~IC. to 19S'1, .~ .....mm.noll'J' of the IISlh 
AIr D''',,(li ,",'inl ill Eqrl>p'!, 195-2-50\, and ., I"""edor (;'m.~ral II.-ul Cbjd of IJbn~ 
& 1""lIrallll!""." of A'1\1(: 10 i1956_ I'll oddiJiolJ 1(1 h.-illjt O"IIIU,. Dlr,:clnr for UIIII
liI,til' MiMII... l;t!n""111 fllnl.. I" .1... rI.·~irllilli!il O.m"ll" l\lh••iI':I M....""," for AM(;'. 
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t:,l:.e up .he ~1.arl, In 5() I1W Auidcd mi~il (·3 . such J S pilotlc$s J jrc)""fl. WC iTl n
nm I'd)' Oll d Ie hum,,'1 Canor but we still 11;\\,(: in the guidal1(e ~ystem a 
mC;1IJ5 fllr [eL,illin~:' ((,ntm l of th t lIlissjl t: for ~ comiclcmbk period of time 
"(l(:!' LlUnch. Such i,\ nnt tht r~t:'c, of coune, willl rhe ballistic missile, Lillie 

lilll(' Is .11Iownl for cnrrl'ainn of erro rs. The mi",il,: i~ ,,(lon beyond (I poilH 

where: W L' G ill exerl any mmrnl flve'r iL R i<fjahillty Ihe n b<',' OHlC' pln
mO\lnl. This ;'pplio 1101 emly to rdi;lhililY o ! rlw w,,;ll.'r.n a nd iu grou nd 

~\lppnrl e«uipill t nt UUl "" Iuall)' tn all CCintriuutillg ' clcmcllu of the w(.':I pon 
sys lem. 

The Logistics Concrol 
Jf aHCJHinn is narrow(,d .lper irl(::\ lly w bani.~lic OIi.silc logi~tics it will 

be nott:d til:lt m:lny cnntr.,CLOTS :lre invoh'e{\ in lIll' ckvc'lopmeHt of thcse 

rlli~silc$ . Under rh(' prese nt Air Materiel '''reiJ (J\l\!A) ~kpOl ~)'.\tUD llIan), 
,\\IC fidd :' h"en l:ics would :luLOrn:llic:,lly, b), I'-inuc of rh" conn"C(OT align· 
m.'Ilt, b·t: in\lll!\'cd j[l rhe di rect support of ba llistic missile oper.Hional uujts, 
\Vith ~1I (h di!pcn. ioll :1 I()~ist ics rcaction cap,i\>ililY ,~3tidying the require
mcntll or dw JCa:-'J/IRlIl\I would have to invokl' the utlliost in coopera· 
tio n , c,mnlill;IL(·a plaulIill". I'ill.! concentratcd clIoTI. T o p rcserve lh(' opera· 
tional dlertiYCIICSS of (he b"lIis lic miMiks, lhe Air Foret: would have to 

C:Xpl'Cl a dCh'n~e of 'fully wnrdin;ll/:d C'ni'ciency thal (:onttl not p ossibly be 
Illl.lined in 1111)' org.l niEI(ion this 1.11'r;e ;)n(L COITlIMlmJCfll'lti~.(;d without some 
form of centn'! l'ontrol. 

The direl d on eo br~ tall e!) is ck.ti'. [l ha~ been t\CCCS1:lry to delegate to 
one indi\ idu....1 "'ililin lh" j\;\[C n nl(;[U(C full responsibility to d evelop a 
log isti n. ~)' s relll !ully tuned 10 lbe requirements of these new weapon syslem,~, 

.'\ ( rhe ~.lInc tim l' we would be s<=riuu.ly rc mis5 if w (; did Jl(H , in designing 
such a ~)'; r cl1l. fully exploil lho~c log-i~ti ts procedures .md [(!I'hniques of an 
adv.Jnced n:llure whkh h;lVc been sf:rvi (e-te~ ted pit:ce by piece during the 
pa>t ,,·\·cr.1 1 )'tal's. \Vc h<l\'e a ll opportu nity to ,:;i\le bi rth to somc long-con
ceived lene., "1lI( to sl" tlll: clown in :In isolatcd. YCt not insulated. c\wirnn· 
mCIIl .1 lf~i>tin p..d~JAC b;l~ed upon eh(! weapon s),slem management «(,)nrepl. 

III recIlgnition of th e need to <.I cve lop ;\Jl :ldvanccd logistics )ystc m in 
dose h.,flllony wi rh Ihe (e:;ci\ rch and development effort a nd to emure 
Tc,l(iin(" s to operate 011 the date the fn'sl oper:ltion:t.l unit lIIU5r b e deployed. 
A !\IC publi.hnl Iq:-isr ics plans early in the life of ell(: balli~ric mi~si le pro
b'l':lIn. Distributed in November I!)5G. these documents have the approval 
of I'lle ,\ir Fnn:c Ballistic Missik Division. tbe Strategic Air Comma nd. the 
,\ [1' Tr;lIl1il1l{ C011l1ll;Hld. a oel Hcadqu"rtcl'~ USAF, They provide (or the 

:ll'PIJinlllJCllt of .. wea pol\ ~l'lCIJI,' m:tn~ger for b:t11blic nd~sile logisti el. 
d\JJ~l'd with the rcsponsibility of c3t;,blbbiug and ma irl la ining a stream
lim·d. lGll.\I / 111..11 '1\( logh tic-s sY'I(·m. The wea pon 'systems manager bas been 
l'slab!ish l,( l' as :1 separate orrrJ. !li/,~ninn ;,1 e1nnc m of H C3dqU;I.Ttcrs ,.\j\(C, re

,ponsible tl ireCl ly If.I Lhe COInrn~,nder. He h:ls been ass igned prime a nd 
executivc AJ\/ C rC>I)Onsibilitjc~ for b:lllinic mis.iIcs. 
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The l;I~lrb pH'K r iJ..,c :t l o~ i~Lics sys tem Ill'l l i11:J.k.E~ IIIaximum u.e of ek(;
trml ic clal:l \JrocL'~sing de\'icc~ to aid the ""l':lpon .~.tc.m~ m a nager in p er
fm'uull~; Ihe I"l{islics functiom cofllH'cled wilh mj,-;ion .supporc of lhe ha II is

lic miss iles, They arc ba~ed upon minirnllfl) St.KIl. In'eb, mini,Ulum pipeline 
Lime. direct support IrOIll SOUTce 10 user, minimum :u..llllinhtr.llion at Lhe 
oper.uion;d uniL level, and o-pti,mum usc oJ (OmrMwr mailltenance. 

The lo~i"Licl!I Sy.tem 
Lcr m ('''3min (: more ill detail flU' features of thi. pl'ln. All compnnems 

l e 'luircfi in .uppon ot the lCllMjIRBI\'( unit~ :ond not currently stocke'oj 
within the Air I'-orce depot ~r;L(,1ll os slandaTd Air FC'>f«(~ itt"', "'il1 bc .inili:llly 
,uPl'oncd for both lIo'upply and ma intenance by the contractor who is de
veloping lite particular subs)3Jcrn. As soon :11 ,"eh SllppOI't (:;1_0 IJ~ rendered 
I'!lny.; d[nti\,,;]y by ,HI ,\]lle "Reiley, respomihility wi ll ~hirt to the A?llA/ 

.tepot 5IrllClUfl·. To provide Ihe w(':\pon systems m;ul:Iger wilh a full mea~ure 
of (antrol, tho.lc items stocked within the currcnl Air Force sY~tcm required 
(01' direct IIIbsion ~UppOfl o f ICBl\IjlRUM s(ratc;::ic Ol,iss ile squadrons aTC 

:l lso under h is jurisdiction. This is not, il should be cmph:uized, a hUJ;~ 

amount of fII .l tcricl, but rather :l small ....·orling slock of b $L-moving itcms. 
I1.dlbtk missile operating- .Iqu atlrons will be ~atellited on hon b as('$ for 

h(,II.c kee ping suppor!. Thmc itcm$ required in the el>.'i<'nlinl d ay-to·day 

opn':Hioll s o f tll(: ~Lluadr('IU 10 maintain the m in a constant St:II(' of readin els 

will be provided oy the wea pon Sy5lclII~ manage r. on a clircct basis. There 
will be 110 relJllirement fo.r these items to b .. acco ull{ed (or by J base, level, 

n u mbered. sl("k·rewrd account as we now know it. Ac:<:oUlHability w ill be 

held (CI1t r:lIly by the weapon systems man:'~cr. NuturaJly oper.uj oll:l.l ~qllad. 
rOIl S will b e p rm' idC' c! with the small ~( ock of i"_:IIIS llll'y rC<j (,ilc to perform 

their mi"ion. Their rccord-kL'e pillll TCquin-mcrm will be held 10 an ab~o

lute minimum. They will not be required 10 .ubmit formal rcqlli •. itioru 
IhI'OIl(;h tlie I""g-f:m,ili.lr procedure.~ to nblain ,mpp!i':;I. On thc blSi! of 
periodi<. re port:l. uOlh c lllc· fj.;c ",y :lnd routim" thq wiH he autOmatic,,]ly 
.,upplied with Ihdr needs. They will be ;,uthorizl:d to pl'rfOl'm nlC:h m~lin· 
ICII:o ncc: :15 (';111 log i(_a lly be clkued with :ivail"blc ~k.iJJs , fa.ciLitil's" and 5pace, 
:IIHI tunsidcrillg' system (;oOlpkxity and rr'li;,uilit)' Icqllilcmcnt.'. An'Y itcm re· 

quirill[; Lll.tiIllCIl:AII{"C ul' )'ond Ihl: Clp:1Uility of the SlnHc~ie mi~'iilc ~(lua<lTOIi 

wil l Ill' 'e, a eu •• led direcll)' to tbe ; ..ppropri~ll ~ fOnml(1nr o r ,!\]\'IA/dcl'fll ror 
repair and nclurn Lu ~tod:.. 

:-'1 ~"d".I\Hn utili7,;uion will he made o( mnhi\;: l(,;lIllS 3S j);tCKUp main, 
I': " 01 rll c' , t l p po rt. A Stre~lTilli flc'd u IIs;'li~J;JCfOI)'-repnning S)'> t<:lll is beinl{ d e
viM: (1 II, en,Uf(' 'Il1i.<k rearr.ion to the dll!UJ:Jlldl of the s iluaLion. Within the 
Iin ice d Sl:OIl::.s LoRai'r \~ ill be lIs<;(1 In tI':.uupnrt (I')lJIponell1~ 10 iili" [rOUI 

lC/\l1f )\.lu;nlruIH :lIld th e dcpot-!C'v(!] ~UppOrl agc'ncic$. . Arnngcmcllts have 
I.,..<:n ma<k III eXIL'od ~imibr sL'rvic," to .IlU:\M unus ovene:l~. Air Fon:e ail'

liil cqMbii il}' will bc' list:.! It) tGII1'lwf( the wea.pon) them selves. 
J,\ fully imq.;raled declTOnic cbtJ pn)(es~jng S)'!Lcm. :dong with a com· 
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II\l.iukl.lli(Jll~ .~y~lclU, will link. the W(';j pnfl systems nun ;lr\cr , the o p erating 

squaurons, l 5Lor"!lc site fOl- common item, of Hlpply, alld the :l ppJicable 
(onlri],({Or. 1\11 :ictivitic~ in this system will be providn l Wilh Ih e i:l.t<'SI 

tomlllunic<J.tion~ tcunin:.1 equipmellt to e3)C Ih(' pwbkm <A t:o mmlJnic:J tillg 

between elemen (:! . The heart of tbe sY!>lem will be ;,n IOlcctl'lIn ic Jal;\ pro

o:\55ing cenler which will streamline logistics "cLiQln by Im:: d.:tcYrn ill ill~ and 
placing into a computer as many man3gelllcI\l a C: li.nus a;~ pm' ibl .... ,,-II tram
~ction infoml:ltion fOT the elllire ~)' stcm will l'u,nof'1 into Lhis localion for 

propcr recording :ln u necessary a CLion. 
Considerations of vulnerability 1I:I\'e not been o,'crloohd. J\;u:kup pro

~-i~ ions n ave been made in the event of ~IJI)' equipment (;.ilurc. Provi 'fion.~ 
kl"'" aho been made fo r the lL~ing c;omm;l,mJ to 1;,lnjfip;llC in ;I ll I('ve ls of the 
developme nt of lhis logistics system ;'Ind i ll ih opc:r;flion. Thi~ ",m ID:lk.e 
for imJDeui;;'Le re~pOluivcn (,sl to the pro[,rr;uIliIlU ;ind "pcr;lIinn ~ 1 n:qulrc

menu of the using as-cncy. 

TlLi'; s)'~lem just d escribed h ;15 no t been p l[ln n r ll on an "iL would 11'<': olce if" 
L<l~h. Tbe ~ysteOl i$ allainablc in the time period in question, il il is re
.ltietcd initi;·.Jly to the bJJli~tic missile Or'fr-'nintion. The abiliLY 10 n :lct 
imLantaneollsly to a rt'quin:rllelll, coupled with the do~c inventory contro l 
Illi~ syste m will p ermit, will save cQumlt:ss llIil1ion~ of doll ars usually ex

pended to stud. la rge,r quantities of sparC..'J. This i, not to say t ha t the estab
Ii~hmcn t of this S}'$lcrn will no t b e difficult. Highly lral ned penonnd ha ve 
been <lssign(;-.j to the cf:lorl beca u se there is little time for the Lraining 01 
!emics.killed personnel in rhe fields of e lec lronic data processing. suppl),. m a in· 

tcmnc:e , lind lran.lportation. Those personnel chosen fo r the dlon h~vc lU.d 
to lIndcr~o :J. hi~hly selective qmLiification review. Full usc will be made 

01 .Iu:rccwfore scp a rn tc a nd unintcgl'~lled eieccronic da ta pl'Oce~~ing resea rch 

programs r ecently oornplet~d. currently in pro(CSS, and nnw being planned 
within the Air F'orce and inulISlr y. The beM 1;!lCrlt in Lhe bll~in c~ has been 

nrarsh;lIcd to the t:tsk. Thc'Tc is lillie daubt that thc senricc·test ing ne this 
support wnccpl a nd of Ihe fully intt:gr:lled electronic d~ta proces~ing .plem 
it U-SCJ will provide a wealLh of da ta useful to all ed,clons o( man3gcmcnt 

within the Air Fone. It will doubtless become :I sis-npost 10 the futuTe 01 
the cntjre Ai r Forle logisLlc; structul'C. It should point the v,-ay for other 
weapons system. on Ihc dr3wing bO<lrd auu I,ll c<lrly ,t:lgc-s of d~'''d.')pl11cJ] l." 

BIJ/JiJclic Missllr.f 0fliu,llq A1HC 
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Impact of tlJ.e Ballistic  
Missile on Il1dustry  

l.lIOG.\llll:l\ Gr_NI.:lt '\L HEN I. fUNK 

Part I: From the Air Force's Vi(:wpoint 

THE J·t;') hllp;,tt "r the ('k" CJ, 'PJll t' iH-,PJ\1IJucrion 01 1(; »i\-fj lRJfM is 
~ found in 0111' t:lll"rCJI! I'0.,i~i,),,- "'l'e :LT<' pro~uc.ill~ III qU;,lllity !I. wc~ rnll 

\ j'31CIll that is ,[iU in dc\·cl()pnH_~Ilf. Ixcep' for Ihi-; ti1-n c WlUpre~S"i(iIl, 

Ihe problems in cnnH' lLi ng a dcvelopment (0 ; , prutJuuio ll prol,rr;lIn in 1.;,1· 
li ,ljc: mi.,ill- ~\'~tctnS ;llc ~imil:tr I/) lhusc cllcQuntcn:d ill the dc"elopment. 
IJl"oduninn ·"r a llY m~'j i-II' Air Vorce we.tpci n s),suo tn. 

This weapon sYMern, hOWl'\'cr. is the largest projcn in )loim 'If dollars 
and ulrim,llc )' ldd ill the :\ir Force.: progra m, The l'c:t!>o nilJl-:" lh,it clinatl'd 
the 1 in", ((lf1I pre;'5ion of '!cVdnpnlcn l-prodllcl ion gave! Ihe b~"i~ for ,,( I.c'fl rtling 
lit e halliHi.-: IlIil»il" the hj l-:he~ l ;\;r rOfCC prioTil), Ilnd ultim~ ldy Ihe Itilihcst 
nation.,] priorilY. The.: d('(-i,lnn 1'1)' III( PITliide.:nl lh.a t tlds pr-Or;Hdll WJ.S 

"'(:C(lIl.:l ttl none::" h;l5 itC-C 11 '\V-dl pllhlicii.ctl, 
The (Trig'illal aCllolI 10 n1"KC (hi! Pl'"\~r;]nt ';second to none" W:l' 10 g ive 

it tnp li s lill~~ ~,m"n!; ~I .111;111 lIumbn- of Ihe ll;nion', vilal projects, lVhile lhis 
""n'I;I_1 LO e.1 l3bH,u Ihe 1' t.')g-I";HlI :IS a vil,d pmJcn, the practical e!Teu wa~ 10 
Jll:,~C 'it "se.:conti (0 1l011,C" !Jut ~qu:.J 10 Slovera\' All projects in this group 
h ~,d equa l priority ,lnd tlt e d f{'\':l of 101' listing W;IS 1~J"ReI)' ps)"chnlogica l. In 
m,.n¥ illSt,Lll«'!> the balli,tic l11.iSlilc w;" compeling with t;c,"vcntional pm
,Rr;,,-us f\lr \.rit;cal ~,.o(h and ~<: n·icc$. £\'(:n though red tap.: w,u tut. va luable 
li llW '''':is I"'l ill jll stifyill !1; di,,-cni,," of nratcl'bl or c:rY(H'1 to Ib(: ballistic lIli_\· 

sile. T1I(' ('JII\T_mional industria l priori!)' r;lting of "DO" w;u simply not 

,,~':: llinl{ Ihe jIll> .Lone. 
;·-\ s Ih.: f lf ,1. ,'II:p in I1blaillill:';' JllOlfl! IClnp l'I;,_si, for the b;rllhri-{ TII! ;;,il.:: 

(Ihnl, IMrli( ubriy ill Ihe I(JW("- riCl'. o( sllbw ntraclOr. J ilt! supplie,n, a diSliitC

th·" h<dIi~lic. mi,,\ilc sla lll]> i'!1.!ic1l illg "uq;CrJry" W:J.\ d(:\'iscd :md its usc was 
;llIl'hori"'<1 h)' tb" De.:panmenl of Defcm c. :\lIhOllgh (;:J lTyinR' no priority in 

iwdf, its p,)'d"'I()!;' i(;~!' di'ect W;tS hiS-Illy beneficia l. COlllranon :1.I1d subcon

Ira r l.II·. prol))I',II ), .'pplinl il 10 ["<' ir ; UhCOlll r.lC!5 and purchase ordcrs. h 
11;1<\ til" '\'I'IY pl'.lLtical ellen of indicarill~' to a I n~ nllt:acturcr thal hi~ par
ticular prollllll ....:<!. dntill t d fuf a b;dli5lic mi.s5iJe::, But lk.~plll.: the I.lencfll 

Ohlai!1td [.-0111 W tl\·ClJlifJll:.! p'rioriry ratings a nil djsrim~lh'l' id('tHifio l ion o( 
(on lr.l(lon' or"'..'!"i, .omClhillH morc tin i te W~l S n-ceded. 

9jIMPrlCf C)1i' THE ,'o-I1SSlLE ON TNlJ'VsTUY 

This l3111C <";tJ ly in 1~J57 wlum the Office of Dcfc ns.:: Mobiliza tioll decided 

to ~ w-~l-d t1w highe~t indU.\I[i:JJ priorily r;llin;!,', the "DX" rating, to the Inllis
tic mis~il" program . llscll hcrct()(ore :,5 an ide o.tilic;lIion III direcl ive :In ion 
hy llll~ Busincss :tmi DefC:lr!." :sen'ices Adl1lilli~ l r;Jl ion (the agen cy charll,cn 

with ~l(lmini$tr;,tin~ industrial prioritje~) , thi~ rJ.(ing w:u Hr,\,; lU be ;Ipplictl to 
[Ill ballislie missile <"ynlrm:ls; subcontracts, and ptlTclu,\c on.lcrs.. The bJ lIisli,(. 

miM.ilc program is now in lI-uth "st:coJld to 1I0nt'," 
T his action hJ S in ilSeJf broughl ~n impact on the over·aU airrr.-Ifl [( 111.1 

IOiMi\C inr!I!,\IT)", ,",'hell [:Olllpclition for. applic :i l]on of dlOl"l or linn! nf 
llclivclj' C\iMiI, the man.uhcturc r musl now gi ,'c plw:c(knce to lt1," ballistic 
mi l,ile oruen I)Hr Inwl:!: llJioricy orders. Thi$ 111:1)' mean Ill;1I tl1l" ,uppliCI' 

muSl dCV.ll~ hi, <,Iron to sm;~ller or e"en h:s~ profitable onkn 10 hunor th" 
high prior i ty of the progT'~m , At Ibe same tillle hi s other (mt,Orrlcrs l11ust w,Jit 
ill lin(·. Tlwmpplier of crilic;lj Olateriab llIay e xperience delivery clJni:\i(t~ 
e,,~n with in lhe ballislic; missile pT~.p;r;\m. These a rc r('~()I\'erJ, wilhin Llw BYI\)· 

U~JO compl ex on tllt: ba~is of in-pcoJ:;raul urgenc)" 

Prinf'i/l<ll COJltro(-/'()rs 

\-Vh\,), Ill",;, m:Jke1\ up the irrdu1try lhal is tak.in3 the impact of lh<.: 

b;dliltil: Il)b~il e Jcvc\opment-prOltll triun tim<; Ctl lll \,f(",jnn, th.: lv-ca l con~ 


involved. and the pressures o ( il~ prirn;uy urg-e nc;y~ '1 here J{l' fi ftee n ca re


[u.lly ~ckctCII prime con.t.rac:to rs within tile va llisli;,; missik rmllpleJ(, three in 
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;llrfr. II'lC~. tlln'(; ill propuhiofl . ~ ix in gu illlnce. two ill nose cone. (or war. 
heads). alld \)Ile WJl tf:'IClor widl oyer· ,tl l l echlli c~d gu idance. Slcm ming from 
thc~e prill)('s ;m: .' pproll.ilU')lciy (wo hundred principal sUbconll~lctOrs in all 
pans of the l'O U/llry, 

The anch.) r 111;11) on the :\ll.ls m iss il" 1(':1 01 i} th e' e lmv:lir Di\ision of 
the (~\: II ("Ld O),n;]llIi n (;"rpOf~ltil)n as p roliucer o f the air(ram(,. COllvair. 
b uilder 01 m;IIl Y 1"1;.11 " , Iro nl 1I .:l'1'~ to B ·!i!l' ~. ('/"I a inl )" needs no irllroduc tion. 
All'''' I'fopul, ion is Ihe l'espon~ilJilily of North American ,\ViJf ion'~ Roc-k" t. 
clyne Divisio n. Nrmh J\ma ican is be.\l I:.nown U Ihe hOlllc of World W,lr 

r1'. T ·G. H·::!!., a lld " .[, I .lirn·;,Ct alld Ihe p ln twar Sabre series. Americ:1Il 
!\ 'I;u:h'll'· ~ Foundr)'. a 1I1;lIIufaCl ureT of tools :l nd inrriGite cquipment for 
indu!l,ry. is furni ~ hill!: Ihc aCc(·.\.,oq' powc r ~ uppl }': The !:(uid:lIIcc ~}"lCnt i 
rhe r",p() lI ~ ibilit)' of lhe Milisik .)ct:l ion (If General Elcnric '~ He:IVy !\:I i litary 
Eknroll i(; [((lIiPIIICnL Dep:lrrmCIIL. The ... , companying wmputc r is being 
1Il.lnuLln ured iJy Ihe Kllrmll~hs Corpor;nion. a ",e ll -kIJown lIame in bll$iness 
1Jt; I( hin (- ~ , :\:' IJu ilrk- r o( lh l;' no~c <:o ne or wa rhead . the "payload" oC the 
u;oll.htic: ll1i>.,ik. Genl:r .• 1 l::lct:l ric's :\,li ~~ilc alld \)rd lla llcc Systems lJep:OrLllI(' 111 
\\. ,,~ It' hx l<~ !.l. 

011 Ih.· Tita 1\ The .'Llnin Company, ;(n :l\'i ~ltion inc1uury pimH'e r. i~ 
producillg I he dirlrame. T he clI";'in e as wel l :.s the ;I cc~.nry power su p pl)" 
(·'JlI".' ~ frolll Ihc ncw li(lu id.rock tl plant uf .\ c rojc l,C e ner;) l. a l)jvisjon of 

(;,·ncr.d Tin' and Rubber (;OIllJlMl)·. well known as prod uce rs of ,o lid. 
pr"l'ell :lII[ as,isl lakc·olluuib for the .. rmc d scrvi(:c~ . Alte rna te l'adio.illcnia l 
;m.! .. lI ·in ertial ll uid ;" I<c I )" W III, are u<:inH pro"id ed by the \-VC.lCr/I Elecuic 
CUlnpall),. the (II III 1 11 11 11 i. ,nio n (·x (l(·ns. in co njunuio n with the liell Tt']e, 

.llillill{; ".,u1,i",·.r 1(,\/·.1 ill tilt: I/illltllftlC/lIl"f: of TIO.IC cOil e • • ·I t/co, EtJ{~rCl ( , Ill fUS. 

lMf'd CT OF THE. ,'!-IISS1LF. ON lNDUST RY !l!i 

filhon" l.abfJr:l UJries :I ml Americall Flo,d• .'\ mr:l. 'Tlw la tter hrm h:l l hIld 1( 111) 

r:lI pCI'ic nct hI building hiS'b ly precise cl k sd inj ection ~)"> lCrn5 a nd ilion: ,IC, 
ct ntlf in Ulpplying g un fi rc·ullll rol ~y,tc.rns to th&: >,\il' Forte. The cOIllIJuta 
on li ti s 1\'e;,lpon ~ystern is [ht' respol J:l ihilitl' nf R cmillj::(on Rand tlnivac. ;1 

k;tdcr ill Ih<· Cmnplllcr fi e ld. Th.: warhe~o.I on thc: Titan h bcin~ p roduced 
by t.he U'.:.eart /l a nd Advanced Dcn~lopll l('nl OiVISio ll of Ayco. 1\ yeo. a 

diversified manulaclllrer, pioneered th e. ~b"L ~ (111 )(1 c~ perime llls in conncni 'lJI 
Yo'illJ the pr' " b lcm (I f [c·C'ntry of the nose COliC illlu Ihe ;Itmo$phcrc. 

The Thor, as mar b e seen . h ;IS b<'lle(u(:d from expericn ce in othc,r 
i>;tllislic mis, i1cs. T he Ouu!;l;u Airnaft CompJ uy was ~c1eClcd as (he airfr~l1nc 

pTOlluccr, wilh N fJ rth Afiltri t~tIl' s Rockcldyne Division m~ lIuf:1(;(u r inp; Ihc 

engine . W CHNII .E1.!:cH ic is I' \'o \'id inl.( the !;uida ncc ~)·SICJll. ;lI1d Ihe acco m· 
p :lII)"ing WIHI'UtCl" ~ hy RelTlill~toll RamI Unh'.. t , An a ltl'T I1 ;llC guidancc 
s}'stem is ut illg dcye"lo pcu by the A C Spn rk rlu l{ DiYi~iol) u l G(~ llcntl ]VIotou. 
best known to (he Air Force a~ 1Il;1I<(,I'~ of fITe·('jl'lllrol ;\ nl! b<lmJ.·Il~Yign Li()n 

~ySI CUl LompmlC:: lm. The n ose toile is ueini\" produc.:c1 b~ GI.,"cral E lt'C'lr; 
in con jullclion W-ilh it$ Atlas clIm'l. 

rn ;uldil inn, o f (OU T!>C. :Ire ma ny re!ca n:h and stUll)' (o ntranur" indud· 
i l\~~ such well-kno wn o,"!:a n iJ::l t ions lIS Lockheed. M lS~ ;\Chusc [l.~ Imlitllte \)l 

T cclllwlogy. a nd lI n inn C~ ri>id c 8: C,arbo ll . 
]~inilily. w provide (echni C'l! dirc.:tion fo r the ('lIl ire p m"ra lli. tbe ]1;11110 -

VJoo ldriogc Cllrpor~ltio n b 011 cOllt rac I ;15 a nonitardw;lre'pm ducing p" rLUcr 
o f the Air Force. Ramo·\oVnoldridgc is Ol r(·LtlivCI)' 11{'W hut ex tremely well· 
Cjua lified enKincc ring Jlld ~dcnlific coneractor, w.hme Guided Mis,i h~s Re· 
warch Di\'isio n pruvido lhc intcgr;,tjon and cooniin;Hiol1 of Ihe "Cl iv ilic~ 

ue all sc pllra l~ contractors contri buliu~ to th e: pm~r~m. 
Subco ntraning range~ lrom bea ring m:\nu fa nuren to " I<:c:lri<: il1ll rumcnt 

cnmp;lll ic>. eW Ill valv~ pmdllce rs (0 fo undri (\\ from uni vcr.i ti es 10 llJ;tc'hine 
shop~ , The r esourccs of experts in evc ry nt:ce,~:uy skill h.I"(: been mpped lor 
lite cxa.u irr !l" .l'c~luirerne li u in point of lime :l nd acwracy. llcY{l lu'l these {WO 
hUTldn:d fJr~!-Ikr ,nbCmlII :lcton, and down Ihe ,ubc<l(l.tmct (:ha in. ;IrC Ih" 
myri"d ~uI' l'jjcrs Olnd \cndo.!"!l. pnllludn~ to tigln ~r heclulc~ ond i .. m~ ny 

im l.liHt'\ (, ndc;wurin,,· 10 rTl \' Cl Si UlUhllIlC(Ht:I' (lcm:lnth <)1' M!I"Cr:tI h .tlli stic 
rrlis5ik f"nl.nu:I ~l r8 [or ,ric",,,1 JI];.tcl'i~" Il l ' ,:quipfilCJ) t fr(im h ig-h l)' sJlcci:llil.cd 
but limil<''(( pruo.lucti,JI]. 

]"dU.rt.r;ld Ftltilitr'.:.r 

Tile ;ulnl1l of the balli,ric m is,ile /las pl;lCed :t new imp:,..:l on industrial 

facrll iti t:'s, LOlh (dlll.ranor -OWllt' (1 JUo.I G ovcl·nlllc nl"'OWJ1cd . T he wquirr-nn'lltli 
for Iho.: itig-h.'5t po!o.ib!.: d q p'ce uf rclu bBit), 1ll"C pa ram<HIIH a nd iuhcn :[l l to 

the C\' C1l1ll31 ~U(CeS5 o f the b~illi ~ ti c mi,~lilc as <In operatio nal weapun s)'Sl(·m. 

Thi~ d~III'llId .\ more cK. l c tin~ ....a nufacturing a nd I~ru fj) rtes l ing .,1 a t),pe ~ nd 

srule not enwunl.cr~1l in the prOlLuctioll o f lll"nn~d airn::'l ft. Add itio nJ.1 
q u::riHitit"S I"l' pRc i~illl:l flt:l,dlille mnJ£ had III 11c fII a nufa(lu n:J. a hURl' ;, mount 
,;r Dew lah"r:W'l)' JJ lti le,t !:\(uipmi:llt h;)d tu he cre;]. t('''!. ,md tIll enlire ly /lew 
fa m ily \If (oIHr.1(\OT .llIU Guvernment tesl ('1mplc-l!('1\ had to b~ uli'li/cd in 
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11.."> lin:; l'ntirc '~)'s(ems :lIlll ;ntl;\,;du:t! iUlIIP0 rJCIIIS. Mo:; ( of the m~,jor ('or. 

pu,a tiOlls panicipa l illg jll th e !);.tli,,(;.; "Ii.'c~'il " pIofrranl h,1 \'1: chosen 10 sflf . re 
!{:lll' their ballisti c m i~$ il c activilie. by c~l ;dJlilhing' Sep~,T;\H' , es'(~ lIlially aurnno. 
111,).115 ui\";sions, and have been (II' ;Wc ill th,~ proc('Ss of builuin;; new pblHs 
tel hou>c them. 

T h" 1lI.II{.Ililude of the imp.let oC th" b;dlisl ic: missile pro);nm on 
in du"try :w<l. (U 11 ;C1<!us rrbJ I';II:ililics ca n b(' be"l c,'{prcsscd st'l{isri(Jlly . From 
tile I%·liIJIO 19:ji' the AiT Force h:u pruddcd C()nlrano~ p;lrIidpaLing in 

lhl' ['l ogr.l lIl wilh illdu,(,..;tl f;11' ilitk~ amOlJfllin!-; l() .':>I[,,.j ,UIlO.OOO, This figure 
e.X( Illde~ i"\,\:~I('J1 e lll~ 'IL tC'I'l sitcs. By July l!i ,',7 Ihe indU,Hrial {;lciliIY inves t. 
IIU'I1I appl'oathcd ,'i:?on.ooo,OOO. COI1 II';lnor" h:lYe a),o marie ~uh!la nlial in. 

\',',tmt'm,_ ;wd Tt,J\'c Spl'lII. :dllllil i'i IOO,IlOO,oon oC their 0\.\'11 iU[J(js C"'r indu~trial 
bd!ilin <Juri,,/{ lhe,le (hr('(' r C:IT1i. I\lo,st of tli r rllnd, p(o\'id~d b)' the Air 

FMC:" 11;\\,,· llceu 'pellt for m:ocliin,· tools Hnc1 n.: iawd production equipment, 
fo r la!Juhlin,)' .JII II Ics·r t'tJllipIlI CIH, alld rlfr ICS I siands liiCHCd 'in the vid lJit~, 
o f COl1tr;ifll'll'S' r, l..lIll~. l,')(ludn] ill lh.~ ,'n ntr.lClon· inn'slm('nt ;He . evr ll lIew 
pbnl.' huill to ""ppon tiJL' l),JJJi,IU: I1li,'lik pro1~T;'f'II. 

In dut JI{frl' I'J 1Il, 1I1"lfe I. li::l 1J ill orltcr ddc'I1,f' 1'I"o:.;nlll•• (JW're h;, ~ l)(oe n fl 

demand rill' hii-\hl y '1",Clbli,,:([ l .... ilities I.hal would be of lin "alII" In a 
C'OI1II':U:: (or ror <'lher work . DdeJl.'(: COlllr;,IC'IIIrS Hllronal!" a re unwilling to 

ill \,(', I 1;11';.((' am(,Unb of Ihpir IJ\~II Cap il;,1 lIneler .\lIel, high.ri~k circumslances. 

I'iew of racket pr"/JIII. 
si,m cll/!,inc t ~JI ' '(If/d,. 
,lcro;cf·C eneHl I Co.-po/,n. 
tio", at A~Ul(/, C:"li/ol'll;(). 

IMPACT OF T PlI' M.ISS/U': ON INDUSTIl'l 97 

Many or them expect the GO~'t'rnmtn( III pmvidc a ll or " m:.jor POTlfOIl of 
UIC required :f;t(iliti~. Y~ l the Governmc:nt It.!! pr~n'idt::d 10 rhe llltal ot "II 
conlT:t(lors in. tIll" h~llIisti <: mi,;.-ilc progr;101 a .~ma llcr dollar :lInnulH 01 in· 
dusr.ria I Caci.litiu tlUIl WJ,S prt:('iously p rovided a ~inBlc Air Force wnU:l,u.rr 
fOI' faciliti es in ~I\ppo,rt vI' an "irc:raft. engine pro/-(Tam. C.-mlraCLar i nvc:nmenl, 
as previously ShOWlI, has be('O ~ub~wl1l i:ll, ill ~p ilc of [ile LIn dl:U the work. 
to dale has been p,rillcip';II1y' devc!opmental ;IlId lhal no wnn:ilC:(Or has 

compktc assu rance he will be i\i\'cn ;1 cOlllran 1'0,[ quanlilY )JrI)dUClioH. 

Program priorily retl.uccd ~dmini'l1';!I.i,yc lc•• d l!me ill II ", pro!.:('~'ing of (on· 
U:IClar flcililll;ll r eY Llell1l . 11 bas not reduced the {'C(juirenwll( (0 j"'lify 

Government-radlieie:. as~i~lant:t! . On the comrary, Ihe IblliMIc Missile Divi
sion-BaJlistic Mi~5,ile5 Ollicc- R;omo·Wnoldriflgc WlIlP"' '', ;lS the re,ult of 
progr.ulI prioriLy, J'C"ij,,"'-s \,I:.ry to:udlllly each requt's( for C(,vclnrncm as-
s i~tan(e aJlfl H,quic~, deta iled 'j lllt ii'l(aliun prinr til ~PntiJltl: :\'\1~h assisl~'nce . 

Comparison wi", Contlenl,jorud Aircraft 

We h;we eJcibli~hcd " .ubst:rntinl in,lm>tri;tI ('~ p;.obililY wh ich cart prodlllc 
the b,·~t enKi'llcCr('u wcapolU Ihat our lcclrnkians MId indum-i-al tompklt Gm 
provide. O f (f)UI~C lhe f{'quirl'wefll ill s-t:<;:ure lhe c;lrl icSl pos~ lhlc tMtiLal 
(';1)):1 hi lily ""$ L1iCI:ltt:d this "ppru;lch. \Vc h:wc a t.iJlle ,colUprcs~ion ,iW;!lion 
nor dupi iClt(·u in our pr\'f\'ious expI"'i<:ol:(' wilh rna.nned "i,rcmft. "Vieh lhl' 
rrmnned vl:.hide we hav<: the opporwnity of " massi ng :1 lUKe nUlIlu(' r of t~st 
flours ulld d;!l J. 'With thc b<lJJi~lic mi~ilc ani')' , I Cew minut(', a TC ,. ..... il,dJIQ I,,, 

s~~ u.re ICSt dma !iuee lh(: mjs~il c is d eSI.fO)·'l:d . Thus \YO! mU~1 commil to 
production $ub,t;lnti~1 qU~Olil ic~ 01 ma teriel bcfof{~ wnclusi,'~ W\l r~suilli 

art: a'Vl lbbk. 
/\5 sp(:(,d~ iIH::r(" I ~I:', m:w's natural lifll itatiofls force us to incrc;uing de I'llcndcnce on dcnronic (o.o(rob. TIle rommaftlie'r or ,I manned air<:,(;,Ct i,1 

btCOillillg more of ~I "Ghairm:11l of tliC Bo.. rd'," lhe Iio~rd being a ((Jntmj 

board full of ckc~ro nic dc"ifc5, W' ith the glLid ~d lIli~,ile lh~ man has been 
pullt::t1 Olll of (he pl:;rne :lIId !llS cockpit is on lhc gI'()I IlHI. :'\ !lew zenith 01 

the trend "Pl,c:l rs ;n the In/lhti'l; mi,sile" Here lIIan lind his conuol board 
aim the mis.il e al its ifllt;ndnl t:ng<'\. Vir! ually from Iha l paim on, J hit 
on the di~lant (arget depend! on clc·clronic n,~nurces within the wcapon. 
Man, a lthough haudiclpped by ;J narrow environmental lolerance. has il high 

reliability bnor rtnd lhe power 10 rcason. Duplicaling Ihi~ reliability and 
rcasolling, in lenm 01 re;u.:tion, in materials anu electronics j$ an :lWCSOIIIC 
a Mignmcnt. Quality a nd sysll~m~ reliability must b(' ~trc5scd . 

Obv.iou!ly with ,ueh high Iluals oC rd,i;ibilit~ .JJld qu,dity un:omp;\Oied 
by (he peculiar slr,lim and ~ lrcsse;, piaC('ti on Ihi,,\ type (If m;"i Ie, adv-::l,f1 CJ:d 

m.1nuCacturing tCO: lmiqucl f!IUH lJe cI ~vi~£t.l. Tlli:l j.npac(, Dill commun wilh 

co nventional :lircr:lh, is beln\{ meL by inuustry in design, a ppl i!;f1 tiOfl , metal· 
Jurg)', metal workin~;, ciRUirf )', 'and Willing. 

1\ program oC (,his magniludt:! ilnd Cl)UlJlI~lI.ilY will gcm:rall~ C'otnpeUl.lon 
(or materiah. pans, [I ud equipm.ellt. The grc;.t impJCt is Oil Iowa priority 
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ptogr;mls rnr:l/,f;lillg' (or lhe flt:llcri;.d left after Ihe higher priorilY need~ 
have b eet] ~:ltisrl r: d. This <"nu l,] k.lLl tu ~"Qna~cs in other ;'ir Forc e pwjC(:t). 
both ill )Jrt"lduc:tinn and, til'id ~u'ppurt. To pn:\'Cnt liti s, fOntr:l("lurs 011 IOi<,'er 

pri" rity prog rams lUll.Sl wIJll'li! r C'fjUCiHS for prioriliC$ :usista.lJcc to the 
~(,\'crnm~llt to providc dlc nct't1ed nlaL(-rial delivery. Ba lli\lic 1I1is.~ile con, 
tractol"t; ;'Irc a lso being )inlitcd in nC(llJiring Illalerials to :1 rninin.um r;\lC 
con~i.,("nr. with the ir delivery ScliNluJe. 

I\nOl/Jcr ll ;uiQJI;,f rt'SOlIfC(, ~lIbj t'(( to imp:lfl is manpmvcr. In .lui)' 1!) j 7 
appmxi,nutel)' '10.000 people wac employed in lhc prime coJJtr~luors' pl~ nb 
for Ih h progT;IJ'rl. This is :III ;U"eJ ft::$~ )CnSili\'c 10 pr.iw·.iql r;j.ling~ illI)d 
uirCllivco but more reacti ve 10 comp.lIIY policy and .kill ;, v:lilalJi.lit)/< Con. 
side ring the c.'rupl(~xiIY or a WC;lPOII o f rhi.~ kind. it is undtr st:l.n_d;jblc tha r :I 

proport iQna le ly J;rrge p.'rr of ~he manpower mUI( be devoted tQ t ng iuee-ri ng. 
The com petitio n Cor (,1I;.:inCt'·ring <lnu 5cie ntifl~ skill;, b lurther compounded 
by die .I[I('C(( Jl eel'S", r), ill fll:lnnillg lhe program. As dc"dol,me nl bn-al; . 
lhroug hs o,'CU", tht·y rnlt~t be quic:kly cllf,oineered illlo Ihe dc~ iJ;lI . ' \1 IIle 
oame tilll(' produnion jleople Illun illcorporate the chang\:s inlo lhe producl 
wilh the least possible dela )·. Again time is the c.rucial clemenl, 

Put [1: F.rom .,n Airframe Manufactl.lrer";J Vicwpojnt 

TJ,r :\1",·t,in Cum 1)11 II)' 

011 firlS t ,·xrtn:li,l.l...,lion h " l)I.l"ars th,.t\ tltc j."J'<i.;r ••t ih.. Ihaln~lie m.i~~i1" 
on Ihl1 "irframe 'indWllt)· wo u/ei "cee"",; t"t" IiII I.· ,"h !lnge in lUlln!"oWcl' or 
f,,""lilie'~" Hmo'cver rhe) cfii,,;cnt prv.lufliul' f,f Ihc bdJblic .Illj~"jJe rC'!llfiro 
nu~.bo·d~1 h-'f"..:hui'lU£-'8" "ud euglll~!l·rins CUIU·.~,·,.~ uol rlr{~~ iou.sl't l:nlll~O-.... nr..r t:d 
b,. Iii !) ltirfrnnlC) UlllnuJllclur",.. 1'hi~ inrpilcl hecoJllcs c~'icl"nl onI,. w/o Fn 111<: 
<"rlliro eOIlU~IU of Ihe Lolli.I l." lI\i$~ilc is eompa red to "h'~l of Iii" ....Hilled 
"inm.:(l. 

TI,,, mHilar, a.ir...r,,'" Ii.", c~ol .. ;:, ;J frcrlll .."!:i",,..r l n!!, "no.. lcd&,c • . nd "f.W 

(O""COp" til """l.nill(' .luring inlO 1\ ).ichl,. eom.pIO'", "",:llIOII $)'ale:m eOlllpolICd 
of '.lIceh•..,i.:aI, d,'clrOIli.,' , .~lru"llll';,f, IIml ""cdrUrtlcr'!'lalllt.nJ • .Ilb~Yiltcm:s a"d 
CI)IUI'O''')!II", II" .... ci:; ..' "Inpl)" ~n 11(. II. !.!Iu(·h ji~ fill,. per efnr off ih In~,.-t"lJ' 
welghl. ~11I.t of II... d"P1m.Jl_ ,hul l nilk", "l' Ihe ~y~le:m lire., dc·.igncc1 tu be 
dij'''·''.Ily 0l.c rlllccl o~ cOIII"olk" by ,"<:n-"I 1""31 Ih.c; ':rew of tI.." .ircrlll!' ..en 
ft"lJIlihl r IIlc. p"rl.,nlla"C'" of Ihe; ~-lll.o.,.·.ICIfJ" . Thil .miJilnry RlrenlCc i~ dhit;ne.d 
lor r"p·e"",.1 US", wilh ,.r,wl;,i., .. o fo r Ina inlf'.JI.::mcc a ..rI re11ll1!' hollwCi"tl mi.
"'(,n•. It i'. .. I~ o .....~iglll';.. for op"rflliun "'llb olher a.ircraf,I-lhy. Ihe lallUN! 
of one .ur~ r"fl ju .. fli!!rlll u,unU,. do('. 601 r'lIlTI)lclt!/)" .b"'t'l " &,i"('1> mb~IOIl. 

A " n lIi.llt: ".I" H., b 1.... 0 a h.i8111)' t:o-mp1cx w,,""PO!! !!Yalc'IIl eompoaed oJ 
lI,e "IInlo) !.a:;ie .·I.· ....e'-,i. rI , " m .•uulcd ,,'ire·fll(l. In loct, wiU..,ul Ill<' t!ogi u oC(,l'. 
Ina kllowledR" and DUUtuCIIClurinlJ ~'kilh dcveloped (or Ihll! produclioD of 
.DllllUl<:d IIir", ,,fl, ..... e. 'lYolu.liou 10 mi~sill~ wuljl.J ,u)l IH' l.o~"ihJe. BUI ih~ 
baWsri" r:lli..i1" I." ~i,,"Hicolllly difI'n:q ,1 II.! Aom", r(",p('(.I::o. Jtll " 'd,hl t!Rlply 
6....uld n ot cl: o:. ·",d 11m pt'r eC1l1 of ;~ "'~I:-Oft' wdglu (niller,. pcr ...:enl JnU~1 
be d"nncd 10 fucl). 1'he ,.ub..,5IeD..s of a b"lJi;ilic: mhiJlle ClIDIl.oI be dirt."t!lty 

Silt: of nt:w ballistic missilcJ pial/I, Th e M,lTlin Co.• DC,lVtr. Coloradn 

con,rolled or .no.nilo!:'"d by nU!Il. Tht' l.odlJslj" mi. :{i1e !" II one-ohot WC:UI'oO,

... "hb.(,r f"Dtlion. l'~.,perl)' or Ihe .uin'...n is .borle d ~r..1 .....,XI.CI/:.!V", vebide 
iA II lo"..1 I...... 'l'h..r"fo.-.: Ih., n_ct:d lur -exlreme reli. hilil, 1.o,,:cOIn(,.. Iii." key 
10 the ~Ut;c"'. of IIi., b"Ui ~ l;e mi06ile, 

Rt!liq blllly It M.." 

Th., d"m.nd '<If' ..... l.I·" ,rrJ,ly rdhlblc eompo:nenl~ and @ub!ly.-wntll ill Ihe 
"~ llIifli" ml.."ile h ilS 'il> .moH "b'~i'oU8 dr(~Cl e>ll tJIe p"rilOllll<" r,cqlur"Dlc"'l~ of 
Ihe air"r"n", OUID,-,ffl~I:U_fer. Thc:,., req llii'.,nl(ml~ . )w..· Ii chang,~ in Ihr"" .. 
r'~pee"s , TIle gencral kv..t of te "hnicnl ~nowledg'~ Ihro1l8,"oul ,h" Qrjfauiz•• 
lioD Dlu>.t be 01 Iile h:iCllc~l; the di..I:ril.oulion of Icchnir.• I1y .... i..c d J,co~,/e 
betwe_e" .mlli.Jl~ri ..g. tnM"ufuClUriJIg, ~nd Ii~iiling IUI'Ietlull8 tihowil • Juur.kcrd 
ch",n.,"l an.d IlJe 161...1 nymb~T of peo.plt. rc.q uk"d 10 p roduce", b.lIi.tlc: m ·j.·
61le ill "ll,:bJly Ie•• than IhDI rrq..ircd 10 j)roduet. a IDn.. fled air "farl, 

Tbe rt'li.biJity """Iuircmetllfi of Ihe b"IIMlt: rniJJ8ilc .lteel cvcry iL.: 1Il 
Ihal 11'01'.0 i llio Iht', jlnal' r)rOiln,,1 frum Ihr, sOIilUu'l boh 10 Ihe l'llOBt eoml,kll 
.uidnnc", "YAlem. Th" i:mlll ieutio". of limy "'Ilrillti,,;, from qualily ii.lll..dlln:l. 
mu., be ~e<ltI.. i.:o:..d by "Yr.,.,. lnd",idual 1" ,the or\tiluiz'J[jun--.t"..ilJl ,er , lI'Ia
dlinr~l, in:Sllcctvr. ii;;sclIJbler, and tell ",nlJinccr--a,nd re'lul-rc 1~.llle.: !ecillrl· 
eal skill 'find J. ••o ... ted{!:(, III ~Jlc:h irld-ivldulil. Thilt dunand for IIh:{JleF l-cchn'ir:i l 
qua/.ificblion, h n8 b.,,,n IIrodually .i.nc:rea;oiJlC AU U.l<l .,..'nplt'~jl" 01 airborno 
...chide,. Illu ill e-r.,.....d. The Ira ll.ili01' (r·om lIltlJullt!cf .i.rcraft 10' ballielie OIi..... 
~i1.;;jj il'lcre.al!t~ dIe dCJllan-d "Imo.t .. milch u U.l, Irll rJ8Jllo!l r..-om w.ood-and
fubric: to ml"ltll . in.lenel . 

The grea t .. :r I.cd\lli~,,1 ~kill iind k"owl.,d8t' of each Indl ..illu.• 1 hi Ihe 
ollglln'r.a lion IllllunlIy " ' lId 10 f"duce Ih., to .,,1 Ilumb,.rc 'Of 11"<11,.1,, ~quir"ll 
10 do I)io job. R ....." "gain .-eli.Lithy pl.y." a r.~,rl. B)' rcd,Ll:.i.I, Ule nu.mi.'.·.. 
of )"'9pl., ('o!)':"rncd .. itl~ '" v.. rticu.bn ilt'_OI. the chence!! or ji\1J.inl·i\ itli,na: '10 

relI"bility .~ ;''lCre:j~~ll Ihrou ghout Ihe produclion prOCC:S8. 
Th., third puinl of illlpAd 'Of n,j6~Ue :pro(ll1'".i.m I>n the lliI'Cr1I.m (l 01'

gn'!.iu·lioD'~ p:c ....onl .eI I~ in tlte di~li'ibuliO'r\' of peuf'." bel.ween NI,ineeJ'h,g 
.gdJ le~ linll fUDc liol!~ lind m""uf,,"'y ri ....1l' 0l't!NlljonM. TI\r" high,'r 1I[,e(,d., new 
r.b"lronn",ulll, ancl !:rea ter r c:lJll l.oi!ilY o~ Ihe balliSllc rot••He ,.in r r quir<' a 
hieher p..rcentllgc of .m,i.. "., ...illlJ <:Iror'••'1 l~a~1 unlil Ihe IIrl O'f p-,i ... il" ..~ 
dUC:I!.on be.,..mc:~ D-.' i.milillr to ue a. t.he producli.on of {llitUllt'd ain::nlh. 

, 
I ' 
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TIl<' imr,II<' L of 1);1: bill!'i" I;':-, mi~~iJe on oirfnonl" ini!.nu{liclllrlug {"dlill"" 
CD'" be 'illllalfilH,d IlilUty WRY ". T).c DIRch lnu h·,f'l. u..~.1 10 I. r...!qt ", n L" I!I_" ed 
_Ire .... fl fi re [l lso u~ed lor mi~b il C1j . However, ,.i ..co nin~lt p.,. C~!l t 01 the 
1>lO~li~lie nli.'.~ilc·" mlr.e-off ..'eighl )4 devQ I<·d to 'fod lifik~.g.,. lI.".o: Ie I!n 
inn'·"~ f· to l a dlil ie.s for weJded .h,,"t·ln(;mI e611SlrtlNiOll, 'rhe reliabililY of 
the IIwJc....ge i.1 II :iunctio,n of IJI(; <I""'gll, Ill(; qUIIlil,. of Ihe ln3l.crl_l. Ihe 
uU.mhc r. (I( j oinr~,IIDd Ihe finl.•h of th" Dlel" l. Thu~ Iho f'leililie& for h.,.l. 
Ir e:;) t ing. pin lin g. 111:,,1, o:.k.lning "arge "h('C!-lIIe1al onili hll"c Inerea",'d. Th.e 
n ...., d lor IIUhno.ti" IO'dd.iu lI Bud n'WJ.l c;;I.r.uCliv(l 1,"';;I.i.ng (,qulpmt'llt is .1;,0 

grellie r 1.0 'II mi'""i,lc l.rodllclio n J. lInH. DUI ha"kaJl y Ih .. h'AlliSli.c n.i~:.:i l e only 
,,·quire. closer tol "rI~IlCe 6 ~I"d 'nJOJ"<:! 1II10:.1) I.lOn 10 rdlaLlJily £aclo r. Ihroughoul 
the .......1111 (R"turi:ol,: proce~ ~. 

Te~ling 

III Ih.., iidd of I ..·• I i.,g, Ih.· v.IHc~tl(; mis~il", den.i!!Hh r. t iljli",~ n...t 
r e ,!:uir.-" by Iii., produ" li .." of I:i.illn 'f.i'i'l .i"'raft. Fo~ ""!J" nni"nc:e lei u, 
c,oll.sid~'r Ih.~(· (· ba.sic In"'" of ..·. liIlK,--I.horuh.ry. "" I-.Ii"". ail;d !I'ghl 1<:811"•• 

TIl... l o.bor;) IOr , 1". 1 fn e,ilili "'1! (01' ba lli.lie mi""il ..~ IIImil he equil'l",d 10 
s i.lJluJale "r"iro ll.nlCnb who~c chllr",cw,ri~l.c••..., ~Iill "","j.celn.... I. Miller i.• 1,&, 
COllll)onenL~, nnd roin<Y6lcm :.< !'Own be, ilULjeelcd LO e"u;~mc'~ of l.-mpe:r.uIIU'., 
J. r'·"~l1"'. 1U:c:d cr n lion ••·...dill iioll. ~nd' "h or k.. TI.e.'" coo d1I i.o..% a o d th.. re
l"fi l.i li ly r c.(uin:n l<,., ' " erICale " forlllida bl" (IUJ.lily e'"lIrol probi,m' fol' Ihe 
1_"borRlOri.c.. Com j)lcl'cly new (ii dlili~~ rn q,;1 V·c eon,.lruet,,·d,. 

The ('n l.li,,(' . or fiei dl. k:;! 'fa~ililin fOf b.m.,li·" mi~5i1~ , Ilr-e o t ~ou...o: 
~<:I.5 IJy di.ITe r""" f ronl lbo~e, require d for ,n i. !. . ..,(\ " jrrr Bfl, No . ir" lril 'J Br,' 
n e ed e d for UH..i I...... bill ('a plh'c '0'"' ,'IiIH,I . "af.li bl() of .irnul" lin,1I' an ltl u.; eh 
~'(",diti(Jn" IHul l.irnilcd Olgln eonditlo,u.lI UHI.sI b., 1I"" iln"'c. Thil in S'lnlm..,n lll 
lion rcqui ..~d 10 10"1 II b"Jli.• l i.£ mj l!.Silc ill tar ' ·r .......le·r Ih iln Ihll for II manned 
"ircrnl l. The n :> lure of II",: n1.i~lil u nd II, ' be.bnY'ior <lefy Ibe d.lred human 
1J,,~ ......,~ t'i,," whid . i ~ 00 'V<I IlI"bl.,. h. Ibe 't".lIlin. oi o'on.e.rllio.nll J ui N!J"uft , In 
f ,u': t lc:~ l I U:I"!UUIII.·t IIIUj l !lJ t".. p"r9 lc·(. Ic~d in concr(= h~ ~lruefur'C1j at so nic di5t1~ nCC 

(rom ...., ,,""I firIng. y,,1 lh~, tw,\i" bilily I'cquir",m"nlR o( I...., ".iull .., dernllnd 
dO"'r ",..uro l u( 1;:,,,1 ~'oit "ili,,":, nnd m'Jr'" d"l\! r eeoniin« Ihtlll Ihe gJ'Uund 
I('~iinl:" of mll,II••"d n irnii h. The, \:;.. Ili~ li<; Il! i.c~iI ", llb o l!I!.!hl,pl.k " I).., nC.iA.!)
~"J.pr("~ i·on problom" {> ll llud r .,df" ld.. T J1(' dc.,d••l....e " 1 of ciTe ,"I,"" noi,.." 
~uppr~~o..,. for Jet ellgiru,. i" p"(lItJ""~.,,l[lg I1Ip'ldly bUI il "'ill he, y"lIu bcfonl 
IIsul'l,rc••o r .. ill be ,h,vdoll('d {o r Ih" tr....n-e.odou~ hlast o f • b.Uh .tJc n:aJ nlle',s 
rl, eke l cnt; inc. 

11.erc pre fi e:'" r, r"'''kl)l ~ ill Ih.e In",ci1inl! of fuel! in, r.h e h~6.1 .J'e.~ We 
h3ve bC!en hnl .. lling g..~olill t fur ycnr.,. and Ihc~a{,,'y preenullon~ hnve 
b,-c:ollle rOlllin~ . The luu<l rd5 ill II " ".jli l'l l!: ru'i,"~iJ e fuel.. lind 0")'11"<'" oupplie& 
a r " ncw nn.1 «(lIil:lo <.I 1/1'" r (. 1.1 I ill I'IIlIlIy rc"I....,." '-" . N"..· flldl 'ili !:'~ fur Ihe, 1!.aC<:: 
SlOra /:, ~ il lld 1:u...ull ing IIC Int!l'c VOhifIlC& o( lit !;",,, n !!! l..,r i"l.. i1..a~1 be ~o!!~·I"""lcd . 

The PN)d ll <:lio ll ..f a b nlll . l.i.c Dli .,i"~ olJvill lC~ fh" it·" .. .. fo.r any manl!
·(·a c lu_r(·r··. Iligkt-I ~' I (ai:i Uli.~ ,.. 'rb.., Air Force Mi~"i'lc 'fe"1 Ccn l~r. w'ill-, h~ 

rnnge o~ .·r lh(; }\Ibll lie, i~ IJle ouly o~"ilnblc, flighl- l f.~1 ("d lil, lot" 10fl.g-riilrge 
Ini;;.stks. Thb b in COIlI .....~1 1'0 th.., dc~i ..ll blUlr o.f h svilllf .. O,;ghl- ..... (.<2 i.Jj ly 
",Ij l!t: c.... 10 tI' e " ICHlll f,ulurinj( ol'wril lio n Ifor n .B....."ed aircra fl. 

III ~('lIcrtd, 11",", it ell n b e . uid IhUI 1.11", hllp""1 of the b.. lli ...., mi",.lIe 
on Ihc n ir("mu, ind lM' lry C" ..orCKSf'~ il:sd( IJ.' Ih~ need for lnnre IIIghl)' .1<111"d 
~o.1 1'....·hlli ....,II,. I.." i",·d I'~""OD.od., tnon, € "Jl cl'ing COIIIF••1 of mflDuin t, loring 
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proe~s8e:~ , " ••d more eomr.k ", 1·,, "l.ing i l!dlil.iu. Thi. e ffect 15 cerl.l nl)' "nn' 
.;uenl .. ill. Ibe "fle.•:I;; of an ..,..,h.uk.1 a("'oIH:''''''' Ae we &llLi:n I}.i; kno.wlc·dg" 
10 COD<"..,j." (Ind i ,.~rI'll.u:d' Ilbilil, 1'0 eon~I'ru~l ) uro..., tcdmk~lly ~"11 '111Cll 
pr'OlJucl!!-, our nc'NI .fOI" n ...b ,.".ill, kuowkdge, Ilnd products i11ue"".... b,. 

g<C(ln-lclrl c pl"o:gr{'-~"}Ioi.on. 

Part nl, Ftom a ROCl.Ult En~ine Prool11c'cY'=> Viewpoint 

Ro.,kl' td )'11u DifJision, Nor'}' rlmt ,.icil li ;/\Ji~li071 Cumpll ll) 

The, de"dopmcut (i .... pro.,j lldion oJ high·.l ,.-u ' l IJfOl'ub.ion Ay" ll'm. l or 

b,.jl i.J! lic mi" .il..~ b.n,' ",relll~d I!." 'in.dustry II Olla " imiJ ii r 8I,d dis~imallr 10 

Ih .... ~'" p roducing eon.."lIlioll,,1 r.,,·.ir.roc.Jl linll l!lnd Iu.rboJ..: I "nginMl...r....<I ..cr.. 

of Fod!<:!1 cngio CII have bU.i11 Ih"ir i .nd'~lry ,,'ith ,"nginc'(! rin.g Ind lu.nir[OcIU .... 

InA" ",1O.u~ ,,,,,gentinn,. Ibe U nle al< ili"",, uS'cd in the pr odudion oC oth~r 

engi.ne'e. oUI the "n~JJlc il,;e Lf-th'" hi·j1:h.lh"·u ,,l. U<lyid-(,rol)..nU.1 roclu·.l~ 

hu.~ ereMeit. lllli@ e d (;velopOlcn l lll and le",l t lll,: lIr'Obl , : n1-~ and ha~' d ~lo... ...1e:d, 


ci) n~"nl rllJcd .,!I"rl to ndvf...c_., Ibe ~Il'''' of Ihe IIrl. 
Vf;Ib. ro<I<el ('Jll!iiu~s d)(' ..l:!:,vd'l lJn..:nl' ~nili1ice'r fioc~d I pru p"I_. ' on 

.:r~leln " II'I'I"),ing to 1I.(Uid r.1IIh .·,r I.hun .. g." <:·9U' o:ddl ~,,,,' f or ~·Ofl1bUSliofl. 
Mo re "'mpo j'tanl. hi. c"l,fi.o" ..... rI!(Jllii",·r1 10 p l'.,,)uce, 100 10. 1000 1'''''(-.;; til" 
IJ,ru~'~ of ( ",lIvenli.",.1 c-"Il i" ,"!,: o( comIIIlIn.bl(· . iLe IIlId "ei.!l'hl, Al Ihe ~"JU~ 
fi.lfle bi ~ " " ,ghl" ..... . ""(lIlir<';',j 10 OI,,,F.lUJ Ihrou!llh c"l'()rle:,,~ . PUIOm.-lic .c· 
qUoE:l.lee:o for brkf dor.lio·" •• Th,';"" f!a elOr~ nellte.d le.ling rc""ircmO:lI l!i I.hal 

dem.and,," neWcon e;; I' ''' .11 facilities ilnd " ...lhod8. 

".:ngi' l" R"lio #!ll.if,. 
Tlao de"cJ <Jr,m~ ~tl ~ugine.er ... rly CJu:oulIl"rcd rcli ii llililY (lroble m1l thol 

"lIri" d Suh8lrlR li ~n7 [ ro m tholSe encounlercd with conn"II".••• l en,gin es . B.I. 
li.'!lit: mh 8ilel d,,:!!. iiil<l.ed Ihlll ,II" rl1Jln~ slii rl, ..ithoul err".. 'Il n ..l oper.le 
aUlom_s t;"'IlIU". rlllh.. r Iba.. tha.I il. r \! n fo r 11,0ufliI nd& of huur _ ..ete.. il ~I.i!lrto;ol. 
Ah o it wlU l'l'J,"retl.l 11.. 1 lil" rc\.i " bilily l ...d 10 b" 'lI cb ie....,d Ipr~dy l"rQUIII 
I.,.. Ii III,: al !lac tm'.n.ur,, (.urer·~ p liilll rllther I'han (laroulfl••e ....i~e illIe o f Ihc 

~pll'ill" \)., of. r- rlllio llaJ " eh ide•• 
Wilh ~onvclltIO'I.l :recip f odl li:nl 1' ''«inc!!, for ""·,Unpl,, , cr"w~ can run 

jj p lin "·lIgin" on Iltr ilro.Wld !i" O£I<:!II IIi! nee">;!!,,,ry \0 iI" in Ilmr.. er opullij un. 
'.... lIure (.f Ihe ",lIgil lC 10 ..·.rt Ihe finl ••ccolld. o.r Ibird lime Ib!l .ra ..... r bullon 
li! pus!:!",d u. uaU, p.rod.u'Cc·~ no. mufl.: of II lruubl e .rep.;frt lh~ iI II ~"'.:lI r WQ!:d 

by I'h ll mechank . E a riy eoii"h~ ,un •• opUIIc", also j!; o unre puf led if I."e if:njine 
deHf' .nd dO..e10.pll .cuU' po"'e:r wilhin a (,."w ",inu]cll. 1\111.1_0.1' iidjll.~I .nclII" . sucb 
a . ))1..,1;' ",hollg:c'. 9.1~o f!lll in Ihe ,""te'gory of u:nr"p'0rltd i !.!cid"·PI5 IIn lc,,~" 1,1",,. 
d",'dop • 1.."I"~·m 01 f reque ncy. Sh.ould' Ih.c <:J,gine, hi'll du rJJlg mr•.up prior 
to IlIke.off. Ih..., l!lIo. "ill'l' la'lli 1!,l'l"k to th" Ril!;bl linc {or ~el',"ic~ . " 'l,i1c Ihil!l 
oould ...borl I mili", ..,. min ion, ~u£.b Q fa ilw;" 'i~ u 'a".l'r·orl or Jiilhon flylnK 

..., ..uh.s 'in ! ,.omiJlII" Ju:or~ ~i:r·i'Ou. thllJ' II dda yed ,131u,-<)iT. 
1"0" Ihe b ..Uhtie l1].i~sil" Ib:e h wkd engine ml.!"1 .,"rl Dnd OI' t:Hale 

.~",oolhl)" Ilnd dew ')(if. (uU Ibru~t will; ' n Jc;.'. th...n a " r;~.o.t1d .fl-e:r Ihe .[I\ rl 
Lli llon i8 I.u.h~d. I\n;' mn Unnclion d !!f'ing Ihc .Ia rl or l'Uil.:!u... of I.llnllt c(Ju.ld 
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1O:.! ill}( t ' -\ ' I/'I-;N~iTr (!'h iRTEllLl' RF.VfEIV 

d~"II,"'O)' L,lIh 1111' ~"lgiIlC " ...1 Ibe lIl i~il .._ FUrlhcrfl)or" II......nl)' l~rc lllgh t 
~I."'.'k,, Ililll pr"lud,ly ~a" he m lu l(' by Ihe ground- creW "ilj he ek'ClriCflI. 
hr.1 ..o","I'i." 111",1 (.nc'IIIII:Ili... checkouls made W"itll "lmulllica 1('" c'luipmenl.• 
II m;,~' ,,'dl L.. i, .,(If'lIc lica! 1o rnR Ih., "'!glll(' "lIh..ul lIyullI If,., "'.i"~ il ,, . 

J .. " Lulli.lic tnl .:(iI" Inl,~ .m nlflln "tio!! uf Ih" l,o,",cr I.)n.. l , which IIII1~t 
h.- ", ... ·.,.,I...... ly n lllOJnmic, Kin .. '" Ihen" is .... jlilol, "'.'ill t'!nnac a n aLurt m ..1 lo,,~ 
of 110" lIli ~,il c _ In n tulllti"ngi'H! nI'Mil" Ihe ",,,Ifunclion of ,.... )' ,)II(, 01 Ihe 
engille., " 'iII ~au"e Ih" los~ of 11.(· COllllllcie "'i,.~i1e . '\),,'1&,,1'(\ II ':oJ)~i!l.llo.n81 
en. inc Jnll,1 run Ill;,,,,, hou.... 0 .. R .. ill,.;l., tllghl a nd i. c"'I'J~"'cd 10 OJ><")'"I", 
over mIt! ""Cor " gu in (II' Ihousa nds of houn< bd..rc till' ,·i!l!ii.!C 'i', ov...rhuuJcd. 
11)(, engine for Iho 1",lIi:llie mi...U... rnu~ 1 OTJeMllo only in durlliions mC1l~urcd 
III ~(: ("(n .. J:s auri ..nod fl,. only nil"'". 

·I'h,,-.,,·. "ollll'llri~'IJ," pOilll oul 'h ..• dilT...·r Clle ... in 'he ro"I'irc 'J f Ihe ....Jil•• 
LiJlI~' 11I·...b ..-." f,,~ ,h., roek". cIl;:i ro" ""'"I"" r ed 10 tile: "oll"" ....ion.1 !!ir~rjlll 
' ·II-I:in·c . Si milar ,lijV..' rencc., ('~ i1<1 in 1('~Ii.hg.. 

Co.•H·.-niiollTll .~n!;inc~ nornlllily nrc r l,!!, lor II I:rrlJr nurnb~.r of hOIl"" ill 
re,<I c('I1" I.. ,1"""1,,,••ulJiti"'lI ""durance O:"I'~"lIit)' lor sa f" o·p .- rli liol1 ill .tin 
"irl,I"n.'·. ,\<I.li , i .. 1I.I11 "di"biUly i~ rlm·(·lor.ed during tiight tClI l.S. AJ B u .a
sOII"b/y "arl,- dalcin ,'h";r .1.,,·do·pm<:.OI, "ft::"iiw~ Dr.; ill~I"lIcrl i:n. ;nl.bSlillllilil 
n\Jlnb..~ t's u( ui~r;:lJl [0 clc'"clup nH'UY ....()(u·~ ot l'iie:ni-e '! opemtiO-I-1 whhill n 

l(Odl d p"o /ml.,·jOl/ /('-' 1 ., /,/II,l. l((ld:d 1'10/)/1. 1"10 11 Lflt.""'110I)'. Sail/a S IIJlllla M'JU'l, 

/IIill,- . /l orh(' /dYII. Db 'I"""I, No"''' rl'"'(T''''''' ..I (lill liof' , Canoga Park, Cillifornia 

1 

I -

I"'''ACT OF TIlE .l//.\S/1.£ () .\' iN/JUS'llll' )(13 

r(·lothd,. sl....I. 1I,·.i",1 of lime . This ,mfcly 6c nC:, a " "" """I' llt'"' menll.< "I' 
u.1I.,O""rill~ oI",.ig.. and mmlUfa clur in jJ "bUR"." A~ Ihe NI' . vicl! I... nl·" b,I'II,1 
"11, " He"oI,. ,11" - ;LtIl ol rcporh (I0"'A bn~k 10 II,.., Cllllin(' ftl Cl nll{nCIII~"t. In II,,' 
J'M I 'UlnJufil,· of ml\ ]rullclion~ til e cngine I~ ra~" ilablt: for an~ I:,..is 1.1)' I~l " 
115(.°r ;11.,1 Il•.., J)1;!)nUfll("Jur~r. Thi." inJonuDlion is •II"-U lila bJ..-: 10 lh-c cI!I;JnC". 

d""c]"I' ,,r in ~voh;illlJ Ihe r elia hilit,. d" sired in hig llroducl. 
"'ilh rocl..d eng ine:!, fecdbluJ.. fronl scrvlce u." i. eXlrcm.cl,. li,"il(:<I. 

WI"oH(, , ... ,), (Un), be ""bjccled 10 nUnt ..'rolU ,imlllal... d grouncl rl. cck" , ruc".e, 
",,"ii l l'. fh o nl,· one.... An,] .he "ngillc is o. llllo~ I '>e·,·cr n"nillli>l <l Cor III!"I,..b 
al"'r fiighl ,..Iwtl ... r il m alfunctioned 01' 1101. 

In " 'il'''' (If 'hese cun~idc.al.ioll' il ...n. (,"idenl Ihut thc rdinb'lli.IY of 
Ii.'!!l.i<i'pl'opclhlll ""Mine~ hltd 10 b" ,h-"eloped loy the nmnufllcl \!J'"r ,hrollch 
,;,x lc ll,I.,." h'~ l i u" Oil .ilCllie . la"u8. Wilb till' pU" Afire l.nIH,,,,,.! ~I.un tIl e bul. 
li'Hic miS&i1c J,rag.ram 10 n .~hicve OJ?era l'; .. "ii \ dula 'Il~ <:ad)' u. rlo~~i blc, iI 
"\~(1 bcc:um c nppa r en l Ihal Ihi8 lesl/nll had lu lI.e 1" .r.rk.1 0111 wilt. n ID.inillllLOl 

of dnl,sed tim". 
A~ " re~uh .ww ,..Ia ti,tiro l l;-dtlli'I!!"~ ...·ere d(~·.dop...d 10 .WI.i-fIIi"" Ih" 

it ..mber of l e~ ls re'luin:,t III :H:hi.""~" gil'" '' ~cUiJ.b:iljlr will.. " gh,.u cOII'id" ""c 
I..:,;d. By Y:.ryin,l; nl"")" pan m eier.' tol II .., 1'('.1 ~'in",ll",!eou"lr to ol1'·,lr·. iI;O' 
cOIl.d.llJuo 0lle..ulill« Iloinl.. f,li\ur" . ,,·c.re in(h,,:~d 1lI0re "a.(li'!b. The""" 
m",bod~ n.p,lrCi"illbly ~~du ..cd 'h" "umbe r of 1<,,,1. 1":11 _ c"" lIee'·'.""I',.. 

1.·., "(wi/We, 

On<: of II... , fint prob/,,",.• fa "cd by imj'l;> lr,· III ,J...~ d~·vdol,"lcn l. of 
l'rOJ,onl~i()Il 1I"il" -(,Tr b".lIi.tie mi~~il(\~ ",.;) & lin' d Eli ill'1l Dlld c""~Ir.uc:t ion II! 
i!'llimUl... I.·~, f"..ilili,·s. Th.: r C(lui ..,·tnCJfIS ru.. OIIC'l'3lillg lind \<:s ling Ih".c 
"n"illcs have rc.ulloe.d in Ihe eOIl~lr'(lelit'" (If con.[.l,,'cl)' "",,", 1.: . 1 fncllili e5 
diffe ring tIIdka lll" ill d,,~il!ll' cOile"(II ~!ld ,rOIJ~ (rom Iho"e for u ircntfl 
""gilll'" Tbe firsI citnrllClcrislic of thO' ""gine p/Tcelilll! Ihc l e>o l {Qcilhic~ i~ 
it• • ize . D(· ..elO'l'inl! l!trus1 In Ih e or-tI.· .. fif 100 10' lOOO timt' l'o Ihlll "c~c1op~u 
L,. ("ollvt"nihuiol f:n g inclt, rocket clliCiJ"'~3 rctluir,el lc·U ~rUClllr(Y:oI of n:u:u~6i"c 

JlrollOrl'iollS ,1Ild e reale fllRjOi' .. ivil :...d •. I",,':.lllr(1 \ c lI g i""" ring u csign 

llrob\~ !ll" 
Oi~'· of Ilw m.oot S':V..-i'll {i"9b\em~ 'in Ib., d dOi/rll of Ihesc Ie .. ' "lQn,h hu. 

b.·,:" ,he h-::IlIJlilll; of tLII~ /lllmc ..ll~ .. it l " uvcs the engi.. " 110;(,,,1... Mis~'ilc 

('",:i"".• Ilr(' 8f~rl'''' ~nd "'~,,,.I .In II v«:rli<'\l l posl lion. Exl",,,.t thlt""" lire 75 
10 100· fCCI lOllg. &oldy kU "'l1nd. ,...... " t!,,~illllCd In IlIIng ulgitl l'l! O'VCI' the 
;;ide of n ditT, l.ro.idiuiiI obolll 100 feN of ire", drop for Ihe hot II ".Cl<. 
Even "' 11)"••, dl.lum:es, h..,..c...·r, Ih" /h.me C'll .,U~ ground ,...d .:uner<;h' al 
the 1'101 .. O'f on hleh <II' mor.· I":r nm. 

·1...., ..,llItd,· Ihi.• , ,l,e Rilm(, ddlcclor ...a~ .. (, ..dop.. ,[ 10 Iltm Ih,' IfcunrJ 

~ 1'I'r.,,,iItlU ld:r 90" ,.111."" illnncdill lely " l- \d' il \dt Ihe !iQ:&:dc o( Ihe .0~k"l 
<]11.11 i •••,. Thll Ilmn(, ,Idl".:ior c"l'I ~ i~ l~ 01 " [;; rg.. ~ tcd ,·11.....· cookrl b,. hugc 
ITUOlll.iiic;; 6f wnl .. r. Thanfl'li to' il. Ic~t "I,tnds arc IIOJ'" buill 'IlH!.rh ~lJlDIL"r , 
! 'in'.(l]er, umi much \".~ {oxp c n!!.ivd,. ,hR'" b"'{o..... rmllJ..iilg il lrrOl(II,,;;1 10' bu.Ud 
~·lIffi.:'knt ",md)'l'l'" 'for <::"(u::n",,,",, 111'1'''' ril I' ie'l rdiabililr l o IIll!:. 

I .. ,I... I('"ti,,~ of C"ll.~('nli"n ..l, iiir.Lt'::'3 I1.ill' CIlSiIlC,-boll. pi.lon iHld 

1u.·1oojcl-7. n".jor po.tlion ot' l'n'. l"eiJi l.;'" i.· ·i",·...h·cd in Ih., "ppor;.IU!\ 10 
pro,·ld.: ,hc <{u'>lIlilic::. ot "ir ...·.luire,1 (0 ...... I)", '·ngill(·~. Thi~ equil)tlIl'nl 
o""om ..... '1"i .., l.'I'I·ge unci coml'l..,x j)" til t .\J!c ..I' thc enr;ine. i .. "rc-a!\".< Clnd ..~ 
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ILiI liN U.\·II · /~ /ISITY QU,J{IT£ Rry RfTlF.IV IMPACT OF n -Jf: ,W'sSlLli. 0 ..7\' 1l"Dl!:)fJH' 10:', 

il b"·(·4Ulh~;.;o Il(··. ·r~.~r)' 10 ~ in llltll{~ III\:, h -' inlu:ral .. r.~·Pi' fi ntl 4'cn_~ilic_S' c 'ncollllh;.r'cd 
Ql big-I. "lIill1<1,·,. 

1'1,"011,· of Ilwl Inn} uf .",uipn"""1 (, Ir~qlljr~d ill 1"0~kCI'(; lIl1in e Ic"ling, 
til"" It·.·1 .,ml"L.... ,,~ , I."",·i,t.; [,,,,I,,,g (; ~ ud :I ~,ocia ...d fecrl S)·"I"m:o for 1I0lh 
1;'III,di 0:.:illi".7,. alld Cu,·I. '1'1... now ...,It', o.f lIolb ,·,rl.lf,,' U:llU. o re 00 Jorge--

" ....' ..IIr<:;.1 ill .h,,"",ltuls of (:IIlIm•• r.... r minnlC-lboJ lIlt: ~uddcn ~1'''1'i1lt!' 'ai,,1 
.<ill1JPI,iug of lh(·~c 1....4·lu'·ndou.'" II..","IS c,rC:H(~ fluid d."TItU"ni( lr~n~h'nht ,hal citn 
"""~I'i " ll~' ~ rr(' <"1 ,1\" ""lI"rali"" "f Ihe e lll;ill". Th(. 1(>:<, R I'I'n .p'l!~ !nl!~1 .. p. 
plf,~ .'iilmlj· I Ill· cduJi::UF..... i v .. of til(- "Ii ~:oo il(~ in Ihe sizt! Bud II,,: JU~tiliou. of 
II.... ~r.. I,,·lbllt '"Ull Ii"",~ "lid IIf II... I'r"I><,II""1 f(·...I.•~·~h~m Ilipinj(. 

E"c'lI lhou~h 1114' c:!..u;;:i,u.~ Ult('l"uh' s f~'~r 1('.nJ,. fl {<' \II' ~ecuhd~ ,fill .II Ihne~ 
Iflr jl"(' "".lO c 1ti (·~ II f .1,1'''1',·11:1111. [Ire ..,1111"1"".,,,. ":~th 11' ,1 (·umil. I·h .. i!UppJ" 
lu.d hllllfili ll/l or (·"",,,·,,h,, <fiiflntilic~ or I,r""dlr",l>.. TJ.(· (Im,milr o( \.iiI ui.1 
f.)~)"!(~ ,, rt:'''.lIir.·•.I~ fot' hl ,"I;'lIn'{'~ ~(J:O" ,· x~I: .~d~ IInu ~,,· :.df:lbl,~ ( ,rOlf) cOlnnlltrc::..ir;:d 
."'n1.IJ·~'·C ·I!!i . FHt 11,i'~ r.··.It'I,HII pL., .. ,,, 10 l'ructl'.·l~ (..o ..!li.......·;ILle cru.r.ulljli~& of li(luid 

O~.' fl. '·ll ·"n,·.· 1I,·. ·u IHliil ill II,,· illlllledi;lI,' ,·Idllh.~ .. f t"O(·kCI.'~.hgino 1"~lillC: 
f~H·il.ilit"'.~ . 

" ~;", i ifl";Jic~ find ViDf·r(;,-,C.',' .• 

i\hhu..~h =--OIIH" IlniC('h' •• roth.,.I'..-11 1·.ro "I. ! II !-~ ha."(· IH'.'n r.IH~Ollnh~.rcd 
will. Ilh' r{..... k(· 1 '-"1I~i,u.·. l1hJ~ t •• a,1,' h ...·•· .. c'nl1""l1liHII ...t. ;\IHll)l uf lilt- (J a 1'"1S' (or 
lil u ru .... k'·l •·..gi.u· ~H·'· 4Jlli ...· "lin{-r"4~"1 Cr")fll (''{)In'(,,llIi(uUI' "'lIl!rtL'('~, but r,rodu~.. 
linn l'IWlhud"" o n,1 In,;_u·llilll."1"~· b'-I''''~ L,....·" clc'· 'III· luV.~d I.hrough ~on\"c.nrio'nnl 
in rlu:o-lI'ia I. ' · lIl-:i.H".·riug. 11n(1 ruul 1·1"~riUt·C'rilig ,.r'O'III~ 'il·I~~. In SOllie ('n~f: !s Ilu,~-"•• 
ImH' ·in\.. ,,"-.·.I Ihe 11M' <.If 'h'W "';).kr,••I. (11111 Ih.· ril"\'(: IOIHIU"" of ,,~w ,.,,' l<Iinll, 
f"\l',Jting, nn,' l.r,.(,(,,.,..il1lC h: (~ hl1 'i (Ju(·..."<i. (; ,,·n,·r.. 1Iy Ihco ,,'uri, tHh )""HI wilJ.ill 'he 
"".. ·u, ...· ul (· :\:i~tin" ...··(·'111010::.,· and nH1u •• fu("turiug ~kill-~. l~ul .. ·tdlU".Cl!i 11Iul 
(1IIali.I~· 1'C" IUil'('IlI(;Ub HII (' e rlain l' ,u"1!\ ha"41 11l" '~ JI .oq·'W ...~f4~ l.ue "JliJii' ,h I..' scul)C 
uf ;:',,,,nl air':""·t a lld 1~ "6ill'" 1..'a.'li(...~... 

P.'lillr::.rl[:v n ff("'c;liug I....ulu ..·'.on 0fh"."LI.rhua.., hn~ bel·.. (be uni(lO", r~" "Iui'r(:-
1I,."bl lila I Ih:·.'((I)·ul ~ n.·t~ ...... I·,J .ult.· ...·r:"l (I( "L\.~ 1·~lt~, k.~1 ,"ug:itlc be: h \.': ld 'jfilhin 'Tr~ 
n rt r'ro", 1I1.;),\Jun.lll and. 1I1111iu"nn tnl.-·I"'-;II:H· (·~, ~ (":oo,'e-utiOIlIII I t! nl'in("'~ !lnu:..t m eet 
ol',I~' n fI.iuiu''''-LlI r'tn·f'H·ol r.ln(-~:· rc.:.-(ni-r(~n.(' n ... "~i' ll. n (~{Jn",' cntio.n '4J1 .~lu:ill·C lh(; 

1"'1 11111 ".'.;.r.~ ; , ·ll /)/(111/ .. 1," "11'!· ( ;ol.,·."II C",p",."/ .j",, , /I I! I' ~ "" Cali.jorlli•.1 

"""r j. onl,. inl"f'··~IC" to ~."s " .t !Il!.l" him. elf Ih..1 ch" c~ginc ~'i11 dcvdop u 
"i .... " pO"'~'r ,.il!, " i'u",1 ~.}n~""llllioll Ic-,,~ Ilmll a spcd fi('fl .,...,UI" .. hil.· 
.... .·rl.lio olht:'r h.illiauum N;_lyjr,-na'.:nt..el 'U"C ",...1. ""c rturlnonc~ e xc(·(.·dhlll' Ih(":oi"~ 

rClluir"lI\"nl$., 1'''':1\ b)' .. h.fg.· umrgin, i, " bu..." " ..nd uS('r. 5c1doJll rom.,!" i". 
In R b~IU.Ii'~· mis.,H", h o\o'(:vlI'r ...".: e~" IJo..er ~..." cRUS(' Ihe mls.ilI: HI 

folio,,' n dille r"ol h"m,tI.. trajecto ry or olhe....·;.... r~ro..ucc ml.sil.· (>C.r 
fo·rrn"n.· ~ for " 'bieh 'h" g1lid"n,," .. lid cOlllrol oY8I'''''' CMUlOI corret l. 

A"ulh"r vt ry • .,vcrr prolllcm for the pro"u~lion orlllllli zllIio n in Ibe 
rock""cJ'kioH' licl.! "fl. 1I"" .0 ,1"" of pro.Juei".. Ihe lurg....n\OIl.ut.~ or exp" ,; 
m,,"Ii.llm.rd,," tc fQr the Ia~l.nl~,"ii.!;" " ""dOI.! I!..,,1 IJrogr"hI~. Such lanrd ..".c, 
d" .igncd for "1,,..1 (iurlllio l) in Ol'dc.r 10 m", 'iilli"" "· ~if!."L Rn{1 nr!!xlmb." pcr· 
funn:i.o,'c , i, ~ubj~cL I .. hi!;h "lIriliolJ. In /lcY ~ JoIHnr~Ulii l IC ' linf!. 'il i~ .")1 III 

1l1l urlU~[l,,1 1"0 WC'lr out comL''''I"uIS IhYl wo,I1d ",,;,.,r ,,'cnr Olll in .~rvlcc 
0.('. ~c..",!.lIy, nrnd, of ,hi; i1c~dol"n"f'l:d DnQ rdillllilil, '''''Iilll!' on the 
"rlllin~ h don.~ u.nd('.r ')I"·I':l.lifll!: eOllclilio,,~ lllln, r,;,,·" h".·lId..d 10 iudocc 
IU:l.l'funcljn". Willi Ihr 1r>·mcII<.loua J..,,.·I, uJi I,m"" .r ....c ing •.I.·"d"r'c{1 ill ouch 
!i,1I"1.1wdi!hl "'"III'ollcnh, Il"'ri' is !I hill" rlJ"ob"bi!ily of colI~j.l.,rabl., d !Ulll'l ll(: 
",}..ell (""ilur" ol.()CS o~...ir. Thirdly. ther... ·i. ~ hillh k,.c1 III ob~ul""<:CII"-" o{ 
p:.rlo dur'ing III(, d ...·dopmc nl phu~e. ",h"-,",, Ih" " cry I,url>-O,,, oJ ,..... 1" .1

c.·.. I"';,'c.rc,h·.,.i·I!".fl\t.ric[.Ic-IC~1 9c1c is 10 ... ~.-,he quit kl, Ih~ '1\· cC.~1lry de
6111n rh~lIIg"'h Urrgr (!uamities of eXI)crimrnlJli hMrll''''iirc p"'lI,,1 Le produced 
lri n mini"I"!1I of lime 10 $IIJ'110r1 Illi' d.;"c.lor>mcllwl IIDd rcl/ubilh,. h:~liIl3 

prollt"BI.. 
T"e l,robl"m of prodlll:lioD i" 11l1'Iher c.,,,,pli"'I.I£ d lIy lite n~'~ rlcr.li,d 

~c1u.dlllc of Il\.c blllli~lie mji" i]c prllgram. Produel;oll !IIu.. I b.. ellrri ,"ol 011 

concu~r",!'!.b w"ilh d.·,..· I"1'·lnCJl I. 'fhi. m £llll. lhal r.)<lr:lOl"dinary It;~hniq'oc' 

must 1_",· Itd-uilled by Ihe m"n~.l"'·.lllring organim lioD 10 hu.dl" II,c I"rlll) 
numh"r~ of Ifrodll!:li(m ..b ro.n",," Ih,,' r(-suIL (ron. cO.. t""rre nI d e vclopm<:i1l 
..nd J.ruduCI ;impro~c!l\e·n.'.• 

P ..rt IV: From the Eiectrvnic Indulilry's Viewpojnt 

Jill ~J(;I"Ifl.lIIic !f,.lIHlry Srm ;wJ"iltl)' 

11,,, hI4Ui,li.: JIIi!\~ij" prOl!rlln'.'.I~ erlmf,o~ed 011 lin alrt't.d1 r:1\.idl,.. r.x· 
l'lI.nr!JJlII tk"lroll'ie i·'IIdll~lr:,., ita." cr~:Jlcd lUI " ddc.l IJl'I.eIU~ 1'0 " ."-[,'!! I"i..,,, in 
sp i'~j fic f,,·I·d,. Th~ urgenc, or u.c prnj:F:am riicl l'1 led Ihe n,':C.I l.,r corn· 

~ I'fc!IlIilll! non.nal t"","rch Irnd ",,·..dopn..,"1 li.lIl ~ ~ycl('" 10 ,I.e 1II1r",.1 ",hLi• 
.D.lllJlI. Dc,,",I"pm'!!'l lime hi!.' "c~n I'e'''''''''d (..tllll yearl 10 mOfllh~ in lin 
IIr~~.~ 411 4~nllin(,"crinc 4!fforl. Crc!l( filrid(:'l'f ,,·e re r .. ~ (" uircd uJI1:IO~l ilulucdJal(" ly 
ill ,In, gllDte of the; iII.r1 ill i" IIJI(']/'" 10 ,..f:.ptlLLI"n ,IUd iml.r()yC"m.:nl t,f ""iOlill/f 

""Iu'ia.mc nl ,\lId Ih~ t1c:v.·I".I,fi' '-:1lI o( I..··'" Nlu'illnlr.nl ~nQ m lllcr.illi. '0 ",,;CI I!i" 
CIIVLrOnmell1a1 "o.utiiliQIi., hi llb rdii"lLllil,· • I" ..d.a r il$. nil" ",'<'ur"ey re'I!!;r". 
nl"nl~. "1,<: I..!cd for highl,. t:OInl,I,'" grOl!!)" "lid mi§sllc·borll" (:lluilllnel"LL 
10 .~n~llre Ihi' I.nurac, or Ihe lrulli>lic Ir.lJc<·hrl")' of Ihe mis,i';: hUi! CI'(,.""".d .a 
d'~" ..nj(1: ..·hie" j~ pl"e~ell")' l... i,.1;' m..-I h,. ,1.e d ..~u·onl~ in(luMlry. 

POllsibl" Ih" ,rcalc,,1 dwllcujtc 1'0 the. i.fldl!l'lry .. the IIeed for devd op. 
ing llnd n'lllnuiIlNurin« c:IeClronk (:q ...ir"nc III c ll llu hle of i:"ulilluou ~. IlCi: urll1c 
pcrfonl1 :u ..." o.,d,,·r Ihe .,xln·",d,. I".r~b cn.,·irlllllflenl,,1 .,oudil"i,,"~ in l>:l lli~tic 
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Juh=,ll. ~ 4)1,U"ruliuii sa A(·t"cl(~r.&li·o", OJlibUh~t I'p.c .....d. , '.br:,ti.,n. l ..;a l~ nnd .uLbe r 

'"n'Vir...".",,"t:..! rC'I"ir"iII""I~ lire ru (Ij" a lI,· cliffcn'nl III,," II",~.· ",· c h",·., 1\:".1 
10 <"I'" with ill ulhd mllha..,. flrogr.J1M. 

The." difliell it oIH7 r"J lh)fU'.J rC'luirrmelll!l mrd 11,,0 hieb M,ttn....J C)· !lnd rc

li"bili ly r Ctluireruo.... nllde:r whi..h Iii.· ", t~"i'" "'li~ 1 0l.en lc l'Iu·m. Ihool ..~ 
cX len, i\'c le1lt pr08rlUll lU\'~l t." c"l~l>Ii".I"~·fJ. 'fhl. hn~ b een dOlle ami 1" ~ ljl'l!i 
.. f " It'c l.....je "'IUil'o',cnl i" pro·,ell",. ,,<lillg "'". The le1<1 I,r(lgram IUl~ hut! a 
• lglIHicanl irnl.;.CI on Ihc nHllluf:.lell.r"r~ of le,n (,qui,.IIt""I. I\lulIY .11\:11.1 

c1)l nll~lIli c~ I"WfU'hu":i ug t(··I.·lIl.'··lctill~ i: ·~lta.il~.nH:n1', "iilr:H iou "'IUI,.rUt::...H, ~Hlri 

olhcr "ICUu'-;lrll runl !'rIorH~·':.~ll "~UII".olli(~nl ~ of {·I"'ir(\Unll·... lnJ lt~1 t..qu.ill'ln~ nl 
1"",(· ~lld.I'·III.'· ("11111\ I h.· ,\"mur..1 fu r b"yolltl 1I,,·.r .. biJi"I~· 10 l)rO"";~c . TI.,,)' 
h ",·" r"lIi.·o ""liuI.I\,·, lind (.rindpnU" ,brou,,;h Ihd r "",,'D dlorh! ,bc·ti" [.rob. 
/o'm" fIrc 11";11(; IIICI Dud Ihe I"oll.alll h ilS eonli.n1wd ",1,lIoul ddlly. 

"10,· (tccc·IC,."led n'l<cnrch ,111.1 dcvc1OI)m<"nl n'(l"ircd by Ih~ lIo llh'li.· 
miMile ,)rug)"1111 h ll\' c 10 n Iimilcd <\('grec Jleee~8jlr1ll'rJ .. c·w n"lIIufl1c... ~illK 
l.rOfe,..~ 1S ,,",I "1"(""1,,.) (len.HlIl.I • .for /lCW mnlcrial.. 1"11.<"-, hD ~ ~ G'l:'e lltl,. in
l.'r"4.;:tl'C l.: il llH' n ee,1 for Ili'nli' ~n("h JI-$ Iru n:oiisto~6 "tid fli.odf!!'I~ This i:lo (Ulrliw

In rI, · 11''''' in cmlll,ul('r ,-,.·,i.gll on" (.r"duclion. nC('~IU SC of II.., ""' Irem.cly 

ul.tknl ''''''"l'm'Y n"llIlrcII!\'I]!" Ihe reJ"cliol' I'D Ie.' for ~crlnjn 1.I'I.n Iho...e b"c:n 
""'-" 1.lgh, .0 111"1 prCldllclillll ril l".. 1.lln, .bilo.l , ... b(, in"re"~,, tI 10 "fuur" all 1'1(1,,
qll"'" )·;"Id. A\ Ihc,:,,"c lime wor.k h"os conllnucd lu ig.,,,u...,, 1".1: !,rodu~1 

a nd "I-.u lo"",,r Ih" c,,~t. 
To m c,el II..~ .h· .....J0I..U.C UI . ·d.cdule·" (01'" c11'·~lrllI.i<,,,.• It 10.." b(,<:~D lI ecc~~"r,. 

10 pro"ide c"rlaill (ucililj.•·'" The." fudlitks 11<:""-1"1.11" [ull i n "'..' I'o lclo.,. 
of lo nll-lea d-lin'" luol. nnd 1<"',' cquil'"'~111 Ihnl ur.~ irnnll~ di;IIc11 rrqu i-refl 10 
"1I1·','O.- t Ihe ('""i rUlIJ)lCn l"/ 1(·,1 prulir.:l ll.. II is conceivable Ihnl ,h" pro.:rnm 
mig hl hun' . llfT.,r"d "erim!>,ld",· 1....1 ...01 a grl':.1 lIumber ,.,C (",·ilili ..s iU·n.8 

tll'C"I r c:n tlil,. ""'fOiJuLI" irum GOH·rllm(· .. 1 io.".-.Iori"" ea rly 'ill II,,! program. 

,,"U Gre,." EjJ.,,,, 

T h" b"lIi~llc llIi •.~il c " " "/l'Fam n" . nol ,,~ r."1 b.~d :lI1y grea l e1T('C I 011 

Ibe uw-r·all IU,,,ll.ldiu.n. "-:'1'",,11,. of II", c1"etroIlJc i:ollu"-Iry. hi "'.m·, .-.f lb.· 
Ilal i,...:ll "'·C....,A.. . r""lD i",'nwnh u",·. ,II.nll. The nddirion,,1 lll'ooluet'ivc e lTorl 

O'I lIrHIflI"hl" 10 'h.b l.r"grA m i. ea,n,' .. b.or!J(·.1 by "xi~lillg i,.. I..."I"" ,\8 111.l.i
'1 "".",1 cn rli<'r, lI","r,: hOI'.• L.",... n "' ml.omry elI""1 011 II.., l,orlloll of d.e liu

,I",.r,. Iha. 1l... II .. C...·tnr"" Io' sl ;" Illi P"'''" I, Thi~ ",0" c<lIIs-e(j b"r Ihe necd r !l r 

~i~ lIifi-"',alll 'lha i1 liliC'"~ o{ 1-(rujflUIf'-nt duriutJ: II r)"· IIl'i¥c~l,. :tborl period of ~Ol"
111.,. If.! (] c -,'('lul'1l1 iI'llln.l 1 (!".~Ljng Dllel d ocs !It)' r. : llr-t~:t~nl II Cflnlinuin~ r~~llll rjrf'
flu'"nl ....·~r("JlI in t. ""17 ( Cow ~rrl"cHic n r efl!li. 

I". ""lJb of uillirniion of " ... il"ble m .tll"'ri,,b [l lld .,~b'i"l1 h·.our~".•• 
Ihf,r., j, "" ~Ig·"iti(";nll i",,,o~1 I." Ihe dt'clronje indu," ,,), .inlil:n 1.0 "hrat 1).1

\1 IriJ.,u lI.ble 10 dO"(' r .... 'I .. i ..•..!.,.\' fo.r huge 'lu[lIHilk. of li'J.u..!..1 ''''11:''". TJ'E!'e i!! 
n Ininur hnlt:lCI \II"ilh r('~ I' ~' I'1 10 rC(J(l i'r"'-I"n_\:l)'~ f(J:r mll,~·t ia l~ or eCUnl)OnCII·II~ 

~u('h n~ IIIJlHl llint :~ II.I ~1iu:C' I.~,.. 

In .I."l't Ihe 1J,,1Ii>li~ .ul" iie l:oro Kl'lI1f1 I,n~ h,"l lin ~i8'llifi".nl lml)" ~1 on 

., .hc (·/l(·("ln_uli.~ !judu:slry n~ n ",Iu-.I.·" 1... u·-..n.~ of g;reatly ij'u,:r"cn~""d r(~{luj""~IU(: nl:s.. , 
11 h,,~ Im.1 It ,ignili(,11111 e fT""1 ..n ".:rlnt•.• "'IW-:il;" lmi'iio/l.> of Ibe j'ndu:;-Ir,-, 
U ()BL"'I~• •h,· 111 r;llIu(rH'lllr{~ rl'1 o f l~h't'lro-nh' 1<:51 (""q uI.flnent. 

'fl", "n"" 1.',1 'In,,<.d .h:", been ill II~e tl r f;" of ~ nl!in('''rin:t n" 4 whole.. 
Th.· gr.: ,, 1 urg.·"'·Y "f Ibe f'I'0IlI':II" h lu, I'e~uh.-,d in r"l.id ~Iridc. in Ihe Bp· 
l'!i.·;rlj ....t "I .,"~ill"I"r'ill.g Il.cor)! 10 c"'i~linll' }INhlc:rns nnd Ihclr elnly 501u

., 

-. 

l 
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lion. Ii, go,id.ne" .~uiJ1U1"Jn Ihis application loa" .".'.11 'he " .e ,·"I·ovm"nl of 
''''1) ly(iC"iI of 5,., I(·m . , I.llft.... i.nc rli.. l llud rudio-ill,u,i.. l. bolh of ..hi.·h 'ilr~ I! /I(k,.
80ill il USI'n;:: Mild bol" ~f ..·Md. ·sh.o... e" cry r."id"ncc of m celill!! Ihl!! 1I1111O~1 
imp"..ib.Lc rf·qui.r c lIIcIII. f,J" ".;..-...r<l")· "-,,II reli".l!iliI1 ""I"bli.hc.1 for lI.d. u~<'. 

The d.·.·cl.. I>1..""1 of "'lUil'IlHnll >uch ,,~ ,his ill . uch a shorl p eriod of 
liille r,)"«(Uitc" ~ Ir,·m,·n(l!.l1!s <:lJllim''' 'rin 8' dIorl.. The c x p cndilu rc of ,hi. 
dT..-,. in ""I'l)orl ..£ Ihe J,,,lli,, lj ,, Ll1i"ioiJ" V.....;rum rc prc,,,,",- Ihe ",o~1 sig

lIili(",,1I1 imp:,cl of II.••' pr"g!""m (In lloe d eclroJlic iud..,.I1." • 

T HI'. U.:-i ..\11<. Fo iu :l:. h::t~ llrgcly cn;:ltc" the industrial ("a pabi lil)' 

to product· ballisti c lIl i~ , il e~. The material; have becn isol:ltcd. Ih e madlinc 

tool> arc ill l'hlcc nr on o rdcr. 11t~ llIallpowC" h,IS been hi red. We knnw Ih:ll 

we will cxpaicn<.;C' some fai\ures, bill we wi ll le:-oro from Ihrsc bilurc, . We' 
kn ow thaI we will h:I\'C (\i(ll, : uhi~s-s\l'il:.cs. lll;!tcri :tl , hor(;' l;es, or plmibly 
tcm poral" short:l!;e:\ o f (il e best lind o f lool in!). Titc~\~ ;lI'C ti ll' prohh,nn 
IJut the i\ir Force h;1' met ;\l\~\ selh'cd hdon:: . TIl" :\i... i\J..t l'l'it:l COlllllland 

h rcad)' for [lIc,<, rlifr.wltic5. 
Rcn>gnlLill g Ihe ur~cn,-y of Ihe rc-' llIiTCJlIl'1ll 011](1 lhe intp:11.'l of lillie 

((lmpTl'~sin n. ;\l\Ie :t \.~ ign cd hi;.:hl) (' xp('ril'n ~cd pcn,l)lIl1cl ill the mal('I"id 
licld r.o lite Ballhtic I\l i" ilcs o llil.<' ,0 thr.t (lUI' l1Iaxi"lII111 cx!"ericm;(' in pro· 
CU l'l'lIl(OlIl. pn)duniv ll. and lO?,isLics \\"0111<1 1',-( hro ugh t. co bC~II' (In th,· pro· 

"r~()I1 :111<1 il;'> problemc.. c\;'IIl: h:" l'"rl.irip:lI N·1 Wilh IIMD "ncl R·W in lhe 
selcnjml IIC I'ruolll! Lim. '.otUH~ to clI,ure lJu; hi ~.i.ll:S[ nn.lt:r of SclC(l i"il), alll) 

C1-lMbi'lit)•. In (dct .1I'r poLir:y is Ih:u "'~ ill 111\'10. in a ,"ppOlI;n!: ..nle. will 
be m,).,t ~\:II;-; ili\~~ J I\(I I'c>j)ollsiYC '0 c\C\c\oI'IIICIIl ~nrl joinlly wilh n~lo will 
prowic:lc lit" n ;l lioll wi th Lb o,: m ost dft. iclIt imLu-t rial l :'1>.d.iliIY I'()~,ibk to 

,COlI'e ~.n c.u·l y USA F "p!!r;ui'lllal b;llli slh. flli",jl e c 'pa,hiliLY· 

DuJlislir lIfi,I.II/ Ll Ulliec, 11,/ AMC 
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the e~hJlIst lraill are «c.ll!:(1 h)' .11It] 
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, ~fhe Ballistic Missile 
~ .Test ProgranlUSAF Missile Test Range. 

LT. O n .. EU\,IK i\ ,. SWA i':Kf. "",/ 

Lr. CUL. RICltMI.D K. JACOIlSO N 

S'a'ian~ ,<\ ir F'or"•• n[\~c. Florilria.. weird ~;IIII.ri"l 1',,,h 

1 ConQveral MFB fillKc r~ IowaI'd 11,," sky, wisps (if \'npor 'rulll LOX \:111)..' drift 
2 Jupil¢r AMB away, .1I1 U e~ha lJS l ll,dl, cri ~~CI'o}s ti l(' ,kyo l\J' )TC ,...d 1I10 l'C fn'<ju(!lItiy. 
3 Orand Bahama AAfB arc , }mbob o f lhc b.lIli.,li .. lIl i"ilt, I'T\" 
" , Elou"hcro AAFB Ihe sitl' il l all halliSlit, m issile f1 i],;'ht I<:SI .Iet,it' ilies 
oS San Salvador AAFB \ :md is:t P;ITt of 1/ ' (' ..\ i.r l'oa,c I\lissi\c T CM CeOler, It comlitlllO tli ... ~L\rt6 MClYC1gUQ,li.l AAm 
7 Grand TurI< AMB' \ .f the IOllg-r..'I1':''1!, pro\'l llg l! munU whi.:h streHh t:~ out "UOl) llIik, 'wn Ihe 
G Dominicoi n Rep. AAF8 f sOlllh :\Il:VIlI (. 
9 Moyogu.:::. AAFI:I In .ludilion to Ihe .1 <: li"II\(-3 at 11le Cell''' ;111,1 ;,1 l'\llri{" ..\ir For.:\' Ib"e, 

lOSt. Lu<:io AAf8 J.J mi lC3 ~l\,':IV, rjlcrc ;lTl' manv 011,,:1' IU:lililand .itl'> [<lr in~lrlln'r.:nlltilln ;tn,,1 
I It·11 'fern. de Noronha AAfB 

:t ~~Iin~ of in,II'UmCnl('d j,):IIl(L- LXIClldillA' III lillY i-h n 'lISioll (sland some :;0012 Ascelh ion AAFB 
mi les sout.h of Ihe (:' IU.1 lOr. TII\: h ; lll ~lic; lI1 i~,i lr. pl'll;{fJIll 11;1" .-h,lIlgcd Ih,' 

fJee of C, pc C<ln:l wr.d .1> new b eilili ..·,. h;lvc hen 1 idclltif,cd and pr')I; I ~'I1I (:tl 

rn slIppon rlii ~ efro n . Th('sc ....·ill C"tlhn (hall!;" 11.<: C"r'" u'ndl it ha~ the 
lIi l~IIl:~ I" ",mcl.'lIU·Hioli or lIli,., ik al'lit'it~ ill Ihe {'<lunuy. 

C ui <:k,1 lIIi ~,ile, Hl' Ill(' (\;lily b\l"in ~"Ss of the Ail' JiOl L)' i\,lis,i l{' T C's t 

C~ nter. Th('fe mi"i\c t('S till !:' j, a ( fiJ lll'H"IC reality, ;Iud more lli rlJ.l l('rl Ihuu· 

,and Ai,. ['or.:,:, Ci"il Sel'vice, and "OJllrarlolr pcrsonnel arc cllga!:<.:d ill il 

d"lil ~. '\I',pfllxinulCly "IIC th ipi of thcM' 1'<:°111... art din'Ctl)' >uppoTl ill,g llll' 
."\ir Furn ° b"llinic mi,s il<.: pfrl:';r.Il11 .'11<1 the III fill her will ill crea~c. 

Tht- .1(;tivity a t the ,\i.- ]:01'(,<: ~lissjlc Tc, 1 Cellter ,rc p tl':\elllS OIlly ;r 

P'lI·l . ~n d ;1 '111:).11 p;ut, of tire halli slk mi ssi le [l's t prO~r,llIl. It i" (1.11; "im;,11 
(;vi(kfl(;c of pfllJ.:'n's, ill Ihe pro,':-l\lIu 'lild ('e n ,li ul)' liI( ' lillal nrimill ;lliu lI o( 

:ifIY lc',t ,,/To rt. Fl ight Icstill).: in this rru~r,lI li I"" Lr"CIl UJlIIIl"T(;J Lv thl' 
vi.iblc pon'lflll (i f ,,1'1 i c::cber~, Thc IIi. linr po rtion "I' Ih,: ItSI d I"ft i) nll\' 

(Jutted at nUlllCrrlUS ,itcs Ihroul: hllUI 1111' lrllllllr.y. 
To Und(!I'Xl,lIln the m:l~ni[Ud l' "I' Ihe 1.!:lll;,ti. Illi \,ile I~,I p Wl-\r.lm , it i, 

necessa ry 1,1 undersL,lIId Ihe Int philosophy ", [ d Ie j!l'ugTallI . .'\l Ihe () UI ~ Cl 

st:veF.lI (Jel,)r.. were rc(')gnilcd :IS h~"i ll~ :111 illl pon'JIl I, rd:llirlllsliip 10 all)' 
philosophics spc.cifk;llly nrir:lll('d lIlw;lrd rod,et b;llli,tl,· \\'('.'1,,)1\.;. TheM,' 

facton inclu(kJ .:nnsi'.kr~lion of till: folto,,"ill ir 

\  
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.lfl{ U.\·f rElt\ITY Q u .lIlTl·:n Ll' 11 EI'lEIIi110 

-Tlw 11'.,[ phil"" ('{Ih)' r,,1' lIunn ('(1 "j(((.lfl , whi rll W,, \ \>'(:11 ~,n <l bl bh~d 

;;11,1 h; ,~ Il,·t ll rl cllln! lStr., tCd til be I' n,Ylil,{" s(:('mcd apl'li(.lhk Iii b~llIi ,ilk 

n,i."il" I(;.\l in::, '}'I,,> l,hil'I\fll,iJ), ill , lutl.:., {r,11lI'rdu:nsiH h'·.,(ill~ or in tlivi.IIU;li 

(:0"11' ( 111"111 ' ")' in :'lllll 1l"'ludiIlR ;- Ul1lp h' lt \\, c' IPO Il !y>lN"\. 

-Tile' CILi••, iSanllI'Y lh i'"rl S )<t t lll wldeh h,, ~ (,(In(tiIHlt{'t\ M) he,nil)' (0 

(hI' .,u.-c.I~ ,h'l de' yd"I'l\'~nt " ,-"I illl \, rO\,~' IllC IlL (Ii rn:,nllccI :Iircr:tfl i., 1I0l d·i· 
reI L11 "I'I,li"tld.. Il' tit" ,"i,.,i lt· ,~.-n' ;:.r a ,n, sinc{' liw ('o ll st.onl :luutiny "I \"I"ip-
\111 '1"11 hl' l'il"I', IT" W 1I1{·IHhn>. ;.1 11(1 m ai n1ellance 1":1"'11 011 ('1 is \lnal" .l iLohk . 

-"1'1,,: \',1." IIIllI lI k,. " I' Il" l r"dli(ies uni(IIIl:ly :I<L'plcd 10 nl;lIlil(;.1 :oir

ua'-t 1.:lIl ' " ,I I" ('II i1"l'l i,;ol l:d ill the ~: lIjd cd mi"'ile held .• lId \\,1.' ,irtl,,,lIy 
1'0111", i,11'1II 1,,1' Ill.\' \",,' k"I'pllw{'J'''~ 1 1l;t11 i'lie "" " 'I",n '}'l; tl'1l1., . 

-CII·j, r.-d llli."i k , wen' I." be hi~ hl y ""1111'1<-" " ':;len,, IOlllpri ~ill f> lII any 
",)lll plc , 'UI""I{· ll '." . ,\Ion' ,oj \1"t;1l.1 ill lll:llllll·.! .Iin..,-;,!'l, the fa ilure o f :,ny 
1"'1'( lOlLIld 111,' ,111 Ill" L,illlru (,I' lite elll;""- I"lIi",ik. ..-\11 Iile.,e .plern ~ :Lre in 
,,: ri c' as I·"~.III" t) \'-(· r,.dl n· li,,"iJil.)". 

- The :Ii .. , r ·.lrl· I. ' ·.'lill:~ 1,"'":li(,' oi. r.. l)' ill :'; l,ri I1l"TiI)' on Ui$-; lIt 1 t". l ill~ 

("(lItid IIlI t I,r.,.-id" lit ... 01:11;1 "II wll iri, III b:"e lII:nkd illlj",,,Ycn"' lll,, ill mis
.,il.; d(;·' i.~:II . :'>i'llllblj,," "I' 1'''(l:''li~ 1 <li.! i" Illli.·, ;II,d 1111' d~,,: h'p'II"llt of rc li· 

;dJtlil)' ",.add 11;1,'" 1(1 I,,: dUll,' "n I ll .. ,).;r"l"loi b,.((l l'!: !Ii !~ 1 1 1 ((·" li'I~ . 

Tlrt· T c->liJlg n,iI0.w/1T,y 

Tit.. ·, .. 1.II' lo n WlTo,; Sllll1l11:lrill:, d ill ;1 kUcr ', Till e n by Ihe Ctll1I liM IHkr . 
:\ ir R(",' ;, r-, 'It ;UJd Ik"o,;]"I'"Jelll (:001''';11 ,11 . 10 till': Chid "I Sta rr. H l'..ulqu;o rt lTS 
l· .'i ,\l-', in ... j,i. io It o,; n :n ,lIl1 ll1" JlI l'd ;t pioil, ",II I' il)' o[ tbl ill;'; I'vd .. l·1 h;< l1i .>I';'.; 
h ': 'IJ" lib. Tlti , l'it i l".;,,1'I.)' . I ,~ ,·" l .• hl i.lu'<! ;mel '-' p n;ol in:;: in thi s Jlro3r-~11l 

" ' l" hli sltn th r..e g" lln;ti prilll;ipks: 

U "Uh'II :IlI'l j :,)"md Ed"i.. )\. S.n", I,,· , I ........, S1 <Jlc (:..11")1:,'. i. Chid. 'T.' ~ I F:wililio·.• 

I)h.... iu II. Bir'··.....,.:. ..· IIf I"'lIIiI;)lioll ' , Air F..,,·c lI aUi~li (: i\'li. ~ilc Di,' i~i ..n, III) 
Alll) \.: . II.· hll~ 1..:·.,1'1 \".,)I';n ••,,1 ...·ilh .\r'III~' .....1 ;\ir I'·on., O: lIai" .'•.'rinc; "i.u(·" 19·\.0. 
I" I,j I h,' .. u., tI"" "!'I,u:i1 4.:I".·f, SI"'-"Illi .I'r"!i,,,,'. Orn'J"h, C"""lrll"li,," Di,t.i....., A.., 
,i-I;_,nl Cili{'f "f SllIlT. In~r,.lb1i .. n .•'. H'I l"S;\ I;'. 'I'hb lI11il 1..' rfor" ....1 cI..~i'a:n 1111" 

.·ull~.r .. (·.lun IU:1 I1i.i'h'IIU--,1l un IlIIII'I. i\ir Fur~..· in'~la lJo t.oll~ n~ :'Jl("C,l,i." ""c 'n l,U'Jn~ "Itll"

IA~"', 4~IIILfI~ '-'-')J t .b." .1in: r ·:.lfc f Ulllrul ,=.."l harl,i:o~ 1'!I,'l'!h' IU .. Tc-,';':,]:01 "uwl~r~ . r·......... j •.~"(': t S -;l(l:C ,
, I 
QII,I Iii." S"""ril, :-i,·r,-i.·,· ••..n.lrll..ll.... l,roJ.;N:"n" . JlI: I.. O llr'"lna.... o( ttl.; At·S"·" 

\1 ,\1'-1,"1.· r:",·r,:,:',· CourM', ,"ul IIf .1.,.. C' ,I1H",",,1 nll.1 SI,,,ff ~dlll""l. Li N'h!lu'1I1 C.)I.. ,.,c! 

( ....h ;"',,1 Ii . J,"'.... 1","" , rni y·.·r,i l.' IIf ,\);ol",,"~,. 1f.... '.r.1 Col.h~ II e" ·:\1 . ~. )I"",,-I,,:bu


' I "db I"... illll ... IIf T"~h,",I,,"" ' , ;, Chid. '1'" ,'1 Ulli.·.· . 1)"1,"1,· C<Jmm" ndc:r C.,. W('"p

(HI ~.h"· IIl " ,,\ir For,·,' U.. lli" li.· .'I~~il" ·I.)i"i', i",•• Uri " !l DC. tIc. cn ru ,'cI I,;, " 'inll'_

'1) 1912. ,\, i n,lrt'l""Io r " I Ih,~ Air T I,,·,i..,.1 S"hool in .1').1·8 h.; Icelnr" ,. 0'-' ,"i".;I-.,.,  
,,\ I 110,' :'" .... b I W,·'" I'''''> C"1i Ic r, '1\ irLI '"HI /\I; n. ill J ');)2 I", "' ... c..:hid, (;lIicl.,,1 ,\Ii ,..

,.il<:. Ilr,"h"h t,,"1 I:h'il·r, Ca r r;.-,· Uh bion. l),· ••· I"IIIIII'·JlI nirN lllrllle. 0 o," of hi" rr· 

'1IOII,iI.lilo'.,·... ' H " !n" IRII;II: "I U III i(' , 1,...... 10. fi ".1 ~n rh"';HI" i'l l.illIlr-d und I,ilo lj".""

.-li ,....."f.. IIi'.• lilT 110 ....., ;. "Ii ill ~·rl i ;.1 II:;", ;:;:;; li ' lII r..r li·gl, ....:r' h" ,. Le'('f, 1·luJ,Ii....f.dl. 
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Ballistic Weapon 
Test Philosophy 

Flight 

Captive 

Subsystem 

Component 

Part 

"Testing will be accompli~hed al the lowesl possible level" 

;JvoiiJ Dtu·d-cYl</ TnlirI1(. W ithin the b~J1inic mi~.ilc pTOi,'l'-l m no co.m· 
poncn!S are ,lcsigncd a!l f\ It"S I.CU unless they ;Irc IJJtillMlcly to be :\ p-aft o ( 
the ~ystero. AcC\mlingly the lint missile$ nrt in the flll~l conliguration, m iflll\ 

certa in corrlJJOn~III' . As 111(; pi'tlSrnm progrc~se.s a nd as our kll 0wl.:dgc' in· 

crc;n cs, Ihe ()lIllple~ ity oJ the test progr;un inc.n:a sc~. W hile th e firsl Scdf'~ e n

compasses tcst of 311 a ir/r"me. :lUlOpill1l. amI. propulsion system only, I.h€ 
minimllm {:lp"h'iilty for flight. (he~e . :nl1lpo-n~J1 U :u e dl'~ illn cd ;JS pOTlioll~ o( 
.he ultimate' npcm tional m is) i!('1. As the tc~ t prognu"I\ progressC5, (:lIid:mcc, 
;lulI.i1i;uy power. nose cone. warhead. :Iud other 'Ub~)'5 tcm! ;I re succ(lssively 

added. 
Rdy 0 11 Grollnd TtJts. PriDlai'Y dcp~nden(e on 11\);1)( t("ling for rodl.cl 

powcIH1 b~ lli ;ai G I,' capon dcvclopmen t is inadcllll:llC ;tnd extremCly clIpcn· 
~ivc , Consccluently a comprchcn~i \'c {,'1'ound ( e ~l prol(nm ii :t prcrcfl" isite 
to flighl !clllin g . It h:u bee n proved tha t (apti~e vchid e Il'S!il\g (i1O be d1'cc

(i'i' c :lI1d economical. Thus in the ICBM l' rogl"",lI11 the lint ",b..ik of "roy 
seri('S is 3S5ig1lCd 10 30 c3opti\'e test nand . f 'dcilities similar to lhe Ir,u llf:h w m· 
plcxl's ~J( P:lu id:. Gil.l be found a l Ed"''"3Jcb Rockel Bas.e. C"lifol'nia, and in 
Ihe "backp rd" o f Y"J.f. iml> ( Ilntr;I(lIHI. The numbcr n'£ thc~() g)·"tcons lest 
(a<ili lies tlC.cceds tnc n ll.mbCT o( the launch cOOlpl l'"xcs at J\.F '~:lTC. 1n Ihis 
Iype of l('.l i n~ IIle missile'!! rna)' be TUIl many tim es, p.rovidmg tfI;)SSe$ of 
~1;ltiSlical information U> ;lid in the dnelfl pmcnt uf a reli:!l,lc s)"lle.rn. Be

\ 

\ 
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came of till' h:uards invoind in ,ucb lesting. cadi p'Fog l\l ffi hlls in il a so· 
cdkd "lIaI.lJc"llip facility." Tj,i .~ st.IJJd has h eav)" I;lnl~ o( b,lllleship Slcd 
huilt ill Ih" n,:1l1 co nli,;ur;ltin n "Vf Ilw ;u:lllal mi", iic 1:lflls Cur u,c if} repea led 
tcsling-" [II addi lioll III the h;lltkshil' facilities the !;round tnc I'ff)g l';ml in· 
duu," hplrost;Hic It'St 'I,web 10 ,;hed;, the r (' ,lc lio n of tlu: nlb.,ill: ' \0 prcs,uri. 

I.:niun. T() lIl l:a~lIrc the reacti,nn "f dl\: missi le 10 fast 'I:rvking .md LO uCIc r· 
minc Ihc potellli;.t halard til any :,:i\"co m,issilc, a complct~ /;,cilit)' {or chcck.· 

"lit of L1st ·.cr,"irin~ profnllJlC> anti 1);)2ards has been dt:VI'jopcd a llhe ,\ir 
Fon;,: I-li~hl T es t C("mer, blw:lrd'l ;\ it" Force 1I:lse. C.lIilvrnj ~I, (IdFlceru to 
the Kill let lla~e . 

"rl'" 'h e .'i)'S I CfIl ~' /::(1)" /), . :-'/ •.) \['qill~ i. doni: ;Ie 'U1Y k\"l' l if it could be 

clrril:d OUt in ,I IO"'c r len·1. 'SyH~~JlI~ I(:stin!~ i! nncr desiR!lCU mculy to 
cu(' ck Ih~ npc.ra lio\l (If a " i\(;11 3IIb.s)·'tem hut to dClcIDlinc the rdali'onship 

hClw('cn .UU.l)"Slt:IIIS. For l·":1I11plc. c~lfly lIib ht tCHS dClllOl1stf;) tC the comfuri

IJility of air frame, clIf.;ine, ;uul ,Iuwpilot " ub~plcms. The o peration o f c;]ch 
~ lIbs)"Slcm Ita; li ce n tcs ted ill a,J,',mn:: on ils o"'n leS! bdlitics, Likcwi.e 11'.11

inl{ of clJ!;in'.'5 i., lIOt Jlro!,:'PIIl~d (() (e,1 co)lIIpone nrs of the S)·s lcm. TurlJO· 

I'UlI'I ;s , , ';11"".1, aud IIlhc.r WIlJ ('J(')[1c'II l!i .,f Ihe pT"plll~ion sync m arc checked 
Ollt indqKlldc'lIrly. S, hl'lJIali,~II)' Ihe \('St pmltr;I)H I()u~ lik." [l p yramid . Re
J;uill~; Ihc' d)",rtS III Ihe lI ,iglt!, IC.\I prngTa m, we lind th;1\ lIulllcrkally f1ig.ht 
l<-,.'I,ill~' rcpr" . (' IIIS flll ly ,I wl.1I1 p"rl \If the I(H.~I tNt "ITon. C;)pti\'c It'lts will 

nlllllb,T ,lll 01'111:1' or m :I/.\' lIilll,h· ~rn·.\\('r than Ihe progr;mwi'l llii(ht trSl,> . T(':lt~ 

or till" rod; 1"t en:.,int· will nUlllh"r III , II) .. rder of m:l~nilurl" ~r(';Hcr (kill the 
' J I~ ti\'\; In IS and ,0: , 'c'ra I or<krs ,,( lIIai{lIitud~ grc;,ter dUll Ihe t1i~ht tClIIS. 

C Olllpi'II(:nl It:.,\', "ill c"-",:,,d b)" ,\c\,\:r';j1 (Orders nf m3!,!lliludo;: Ih~ proRrame<i 

~lIl"'plt;fn t('SLin!;. TJJU, ;I(I~ lIi.1:\1I1 t~'t repr('~en15 tel:OS ot thau s"llus of I,~IS 

Oll C;'l'lil"<.' fac ilities, ~UIJ~Ptl'ru) I<.'U LI(;ilitic~, arlu mmponenrs Ic.sting Ltdli· 
Li('.)" 

Thi. philoso ph)' d c tcrrnin('", tbc' l"(:'1l1irCm cnl {cJr faeililics to .uppor! till' 
I(·:> t pnr;.;l'.llli. III rCCrJgnilillg' Ihi, I,hilo$(lphy ',llltl ill Ir,lfu laUon inw ~pccific 
1<;,( pl;ln~ alld p"{)!l"r:lm~, 011(: )llll .'l t'x;l m inc the in,lwlI:.tions and f:ldlities 

H'qlli,relll('nh tlt;lL it cliu;I((,'s. Th... Air I'c,n:" Mis;;i k TC::H Center, where mis· 
,ikll arc actllally Ilil;'hl tnlc'u, fI'-'''' OIl a hroad base o f support f;lI; ililies 

I Ihmu);'hllllL tile United .''r;Il C:1 r,:quit'eu rUT III" SiJU'C'~l (1',f its f1ig:hl-n:n mis
sinn, The le,t pia ns hHe nl:llolbhcd the SO)Pl', number, (ha.roner, -:And 10

I e'Hi, ',n III- OIlT I'~l faciliti.,~. 

SiUl" Ill<' Ioa!li~ti(' mi,;;iit: pr'J~r;Hrl w;n ;(u:<:\c- r;!lcd in 1"Ij,}. a.pproxirnucl)' 
~;:'OoJIO\},nUtl h.l~ \Jc\~n fila,l" ~w~libhle fur nc-w U:~I insl:all:Hiuns amI ({J,n

II aCInI' IJI;ml "1< l'all~ion,. A ~l.IhsHl I'll i;d pcrn:nrrlfi,'i:' Hf thix wlaL. o\'~r $100,.
\ (lon,oot}. j, priv~'lcly li lUIII "'\ h)' 1'0'111\ pt';r}U.' cnlHt"cl('fJi lInil subcontr:lclOn. 
i 

Till; ifHpac:l 01 'I 1(:" pr0i-\r,...1 01' thi~ nU/.tllilude :Il illSull' ltifl flS like P;-lI lTicl 

;llld Etl,,';onh .'\ir Func lIa~e~ .It, l~ Clll,ed lor :I (1Jlhidcrable ~;\pans.ion lIf Ihe 

tet'/ lIIi(JII. ;J(ilnilli,\l ra lil(:, :l1I~1 ~l.Ippflrt LH:.ilili{·'J 10 h;ll1dle Iht" 5igniflclnt in· 
Cl"caso: ill hili II '" rInf ..IIIU ,\ir for,,: ellUil'll,lcnt ;In<.! persn nll<:1. Slid.. a buildup 
ol tC'lill),( ,,!lor! ('., n olJ\'ioll\ly ouly lw mp)Jorlc=d hy ~uhl'ami;IJ expansion in 
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THE IMLLISTIC MJ.')SII.£ TEST PROGRAM lEi 

the lodus(l'i:11 facililio.:s 10 Sllpport the falrri";!liOIl <of les t h;tl'dw~ rc amI to 

pro"ide :l. dcvclopme.1I alld rllginccrill~ e"pabili.,y ~l ('('''llJ';)'(II)f,~ ' pla.uts, 
.-- ....~.; , Labora LOl'y tt:5t Cqu,ipUlt:llt, ~Hch rus cflvi.ro(illll·l1I;ll t r.l l cha.\IIbcr;\. mndom· 

• -Jl t:: 

...-
noise "l bra'iion t:quip.Dlcot, ;\nd lia ta-reduCl;(J1l cquil'm,~nl. h;h been iml"Jlc,d 

:) ( cOIllonors plant> fUI' the ClIltcnsivc dc,'c1opmcllllll and reli;dJility fe,sting 

reqUired to support tljis W.I j,OI· effort., 

Fliglrt TljlA.I•.-. ICBM Launch Campi... 

The sile "f tht· install :.tion fcquirtd to ~upport ;r ~u(ce~sful f1 i),!;h t·tcst 
Air Farce Missile Te$t Cantar program i~ re;)llil)' llpl'l'cda lCd in tire C"p', Can:.t\'cr;JJ l;\Undl arca of [he Air 

Force Mi~.\iJe T eH C()ntcr, Hc.rc oile can ~ec I1\m.emu~ ballisl ic missile 

i bundl ,H~IHJ.~ l:Iafilc.ccl by !i'uidallce col1lplcJ(,~. as~cmbl}' lind eher.koul area~. 

and the reialcCI It'l'Il!lkJI suppurt bc.ilities. An Alia.:> ICBM bunch complex
'~-lr" 

inc.lude~ blod.bou:.c, in~tromenta[ ion dULl!, ekvat&i FJmp. launch nand,-,-- LOX, I'lId, :.t lld gas ~Y3 tcms, and gantry servic(' lOWCr. Th" ~t.and is cle":l\cd 
~ to pnwide a w:lter..wolcu Ihuoe dC{h~(:mr lO llc rrClit pr<:fli{;ht .t;ltic te~ting 

~.,.... 
prior to the ac tua l launch. Rcpr~-:,cn tative of .annthu type lauJlch !tand i~ 

a Thor' {RBI\{ bunchcr. It Loo cncornpaSS{'3 the II1J jor fe':llUres of ;1 blocl~"...........-' 
 llOme, elevated launch stand. \l l ul ,upP()ftin:;: LOX. fuel, (lnd high-pn.~.~u rc 

ga; sysfems. Design uiteria and site layout I'or lhes~ unique f.rcilities a rc 
based on the sa fety conditiolls !,equired ;il th e launch area and the r:ln&~ 

Ground Guidance Unl. safety critcria of the Air Force Mi,\silc T c.lt Cenler. 
The /{round·b;ucd radio-incHial ~lIid;lncC 'ysl('m lu;iflf:; used on teslS of 

the Atlas -wca pon system is comp.l.i: X. It ennIJllp 'lsSC'S lhe m:.tjor elements Qf 
(cntr;,j Ruidancc opt:r.niom, Doppler r:uJ:-iu, and tile r'lle [r;l nsltl.iltcl's-willi 
lhe r:llC receivcrs ::tc(Ur:lIcly l)()s.ltioncd at thc end'S of four :'OOO·[OOt lcg-s 

of a cross. N(I opera tions could Mlfc('(xl wilhollt ::t vast M! l' pnn-ing- ;11'(':\ when: 

.he aS5cmbJ)' hangars, LOX p!;tJlh. ,shops, 5(nrage. dat~1 redlll:rjun. "lid L'fl.· 

ginl't'Tinj.\ 'pJCC arc lo ca t~d. T .l.l i, cYllin: tOlllplex is ticd togcthc.r by a net· 
work of roads. communications. ~lId w;!rer ;uu.l power di~tr lj-, utiot1, .111(( dOlled 
-Wilh ~ myri.l.d of range instrumentation device~ [0 ensure m~xiUlLllll cfl'cclh'c-

1l('SS of Ihe t(st program. 

J?ange. Included in this hl!A" im[;)lbtions ;rnd equjpmcllt buildup for 

tes ti ng- of Ihc cornpkte weapon ,sysLems are thousands of miles of ifhtru
mcntcd rang( whose ~copc and nlrnpkxil ie5 dW<lrf any prc"i (J m mi ~~il" £itorL. 
There i.~ nor sp:,ce here (0 (o\'e]' lhis \,:\s t prfljt'cl in dClail. 

1-
-, 

A typi.r;11 f,mgl' ~ la Lion is (J)1l Sail Sa.lv,\dor. h is m~Jifled rind npcrated
'[ 

h)· lhc h Inge conlr;.lClor Wall Amerie ," J\irwaJ'~ .. nd Rel-\) fo/' !I'tf! Air Force. 

CflllLifJ~ T ~Jt' , 01 ~igniflc;Jlll irT1port;lIln~ i~ th(' H;J()r tc;[illg' 01' the cnmplcl t w<:-a pon 

~ySl~m. wltid l (he tesc philt),"'pby ""'Iuiu" ill ~Upplll't "I" [1 "u(ce~~tlll Hight
.J' 

. " .... '-. t 'h[ s.ch<:duk l:ur exalllpk, ~I lJIC Edw.ud. RoclQl Helli! both 111C !\tl iU ,,-ml 
,~-. - . r-

I, ,t' -.." ./~ ~ ~ ThoI' \\'mp<lu~ .H'C Undf'l ,;;oi ll!-\' c<lpli"" ~ntjllg. U:'el)['('~cnlativt 01' lhi~ (<;"!t 
~ \ '. " .a ~,.." .:.' -.9' ~t.. •. ~ 
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effort is Tel>[ Sr;md 1- ,'\, whj(h was designed ~\S " (n!:c-millio n. pouud-t Pl ru,sl 
C'~l ~':\nd. Ir Ius been modified for usc by Conv~.ir ;n telting the Atlas Illis· 

sik. To cmure rcli~bilhy of propulsion s)'su'm plumbing, a [ l"\ I1)( made a( 

baule~hl p Meel ;JrHI havillt;" Ihe ~amc (OnfiguT>llion ;ls the m i~~ il (' l:tn\i:agc w;u 
l]lIt (," Test Stand 1 ~1. Tbi.~ type or battleship I,anl te.ting will permit a 
delamination of tho~c L:u;IOrs that rclall: to the marriage oC the J:lroplll~iutl 

,}·~ tern and thl' ;lirfr;,llll: without hil\'iilg to me an aCLu,aJ. mis~ik (or thi~ 

[(',ling. The stand ab" permil, lfl (':trl)" 10c;lIion ~t which s()m ~ t"~f-Cl'ew 

1mining ";111 b e accom plished. Abo a t Ihe .Euw:lTd~ R()cket \1;U(: olhn f:iCili
li (.'s arc in place to 'SUPPorL It~lin8 of ground-mppurt l'quipmt:nt anc1 other 
I('SIS whidl in Iht'mselv~"5 have a high r i.sl :lnd cannul be uone at olher 
locatio!,!s . 

Sinc(: ;lddiliollal captivc lC~lin" is dont: in Ihe conlunor's blcky~rd, 

ont: will S(!~ 5'1;oI;C teu stands at Ihe airframe COlllnnor's piaU.! for the Thor, 
Timn, a nd A ll rls WC;lp(m iiy~l ems. The proximilY of thi~ typt: o( I('~l stand 
to Ihe engineering :mu fllbriclljon f.lcilitics of th(: (,Onlractor mal..cs for 
npid fixc~ clurillij dcvc:loprncnt ~,lld lhe dTu.:it;m U-.n~ of 1lighly Uoliucd p er
>Qlllld n,.pon~jb lc ror th" "um\ucl 01 lhe~<: ,activitie•. 

SubJ')Islan T /!st"'g 

\Ij'c:,pon S)'H<!J1l u:sting (i1l1l101 , be succcMfLiI within the u:nns of I,!!«: 

le~t philosnph~' .... ilh(IUI a broad c11';)bility for slIb>ySl.trn testLng and hIdj· 
vidthtl coml'ollCllt [c~ljng, 

Ilit·frame. The Air Font 1);c1li~l.jc miss ile pro):,'t.Lm hn'Qlvcs tbe dcvdop
ment, (lIi.>ric:alinn, aud IOling of lhrtc ~irfr.lml:s: .n:lmely, Alias by Convair, 
Tiwn by IHanin, nnd Thor hy DougLu. Support of Ihis d~vclopl11cnt (:1101"( 
h~ (';ollnl foOl- a (:(jIHider.lblc ':lI.p~in~ioll o( engineering labcrr;l\firics, {:IUrjea
lion rc,(ililic'5, and tnvi.ronmenLal lC.1 {udlities. Rcprcsellc;l1ivc of this Iype 
of :Lcth'ilY i. the Conv:,ir Poinl Lama te~t area , where (OulpOI1Cnt.;; an.d cle· 
ments ~rc te~l(-d prior to i,,~~cl11bly o f the: miu ile :Iirlrame. 

.\5 in che case of olher cOntr:lC1or:~ II large ~Irea ;Idjacent to the engineccing 
(WO faul' i,n llion Lldliti, :. is lY,!uin-d in th.c iUI('rCSl of ~.lftl)"., ~(,c\lri[y, n .... ise 
s~'ppre,si.,n,;!Ild ...tltCI- pr\ll h\(,UI~ J.dsing io ballistic mi.\sile tenin~. ,:\hnin, 
Cor ':X:IO'Plc. 11.15 IIlm'(OU 10 lhe Dcn,'u region and esr;,cJ)li.hcd [\ new pl:llll 
with assori;Heti bdJitie., 

P,·op"!yi07l . In ~1.1 probability, the ruO~l irnprc-ssi\'c f:u:ility uuild,u P La 

supparc :I developmenl ~lrJ(l tesl progTaul W';\~ Ih:complishc~1 in lht: (?ropul
Si. ,fl ;ITca . TI\(: }{ock.eldynl: Divi'siun of l\'oTth American A'''i" cion, witb l \i.r 
Force ;, s~ islanfC, h.. ~ c,t,] hlishcd :1 Field l)roPI,lMfon LJH)ora wr~ in the hills 
nhove S;;n fCflUru!1J V;dky. At North Ameripn ;tTC ~II e ngineC'fins develop· 
m(:nt /'a<;ililY, a (:l)lcHI(Jw calibrdlion labor(ltO'fY, environmenlal 'l r sting fill.-
tuTeS. and ~ U;l\lc:ry o[ ciglltt:'Cll nJdr.,ct-cIJginc If:'SC ~tallds, Similarly, [I[ ..'ert)
j(-[-G e!l('r;cl in Saualllenlo, a ~iublt: fatil.ity builiillp cao bt: noted. These 
lWO H>llLnll'lOh arc obvioul>ly I "rl:': u~Ch of liquid ox'ygcn. The Air fon'c 

\ ,. 
1 

Aorol .. ". EngIne Te,,' Areo, Sa.romen.o 

GeM.ol Ele:cl.ic-, tion('1ck FI.ld 
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(.<m~iderc::d it economical to f){ovidC! oll·,ile LOX plant~ and ~uch f:tcilitic5 
h ';I\'(' b("!:l1 cUlIsHuu('d. 

Guida"ce. Perh:l p~ th.e be~1 I'XalUp)e of $"ubsystclD and compOJltlll l~t. 
illg c:m be seefl in thc guidanc,'-syncm teMing. There :lTe: approxim:udy 
cii(11t prime COlUraCLOT~ working in guiu:mcc_, and their \~I cap" bilit~ build. 
up ha.! been treme ndou'S. r\ tour through their faciliti(:'~ wo,uJd revE'l1 Cll

\' ironmcllral te~ l equipnwru, da t:a 'procchluK equipment, reliability lcn f3' 
cililies, au(\ back)'axd fidd I('!it)etup~. 

N oSt! COIU. The remai-ning SUb~P.I('1ll of the baJlh.lic mi~~ilc weapo'n 
~yslcl1l b the nose cone and it~ \Varhead. Here al>o a mU$lallli;1\ bllildup of 

bbor:llory, f:lbriL:uion, and tcst CttllIFUli::m and ( .. dliti t3 call be (Jb~t'rvc cli. 
This subs),stclIl requires a con,i(\crable ~ rn(j\lnt of "yStcm! an~lys.i! equipment 
to em ure, insof;u' :\) po~~ibh: before flight tC,t, the n"_le OJ.nc·s "bUlly to oper
ate salisheloril,. unde r actual Ilill"ht cm'ironment. 

lw TIJE SMALL ~p"cc of two years Ihi. lulf·hilliO[l -doll:u fad llty eXpami(ln 
pT<lgl'llll 1];1, bl:tll mort thHI 75 pt~r (em completed :tnd represent! to the 
Air [iolec. unct to Un! n"tion, a $ignificillll m ikMonc in the pror;re~s matle to
w ~Lrd the dc-vcIOptUc II( of d l:ecrh'e IJ-;; lli~tjc mi'Ssilc wt·aplln. 5)'~t('rn s. This 
effort (l lso r()rm~· IllI" ba.,-I<: building block fur further ;lud fUlure Air Force 
invc. tig:)(ioIl into (he probkm~ ::usociatcd wi_th man's ;Jltempl fO conqucr 
space. One t ;UI r(' al\ily appre[ia lC rh:u the ballistlc mi~~ilc flig l!c -t(·.\t pm
hrr.l Jn is in [at;( Uk\:: tin; \"i~ible portiun of a n iceberg, 'When tllt tOl:,1 Il~t :md 

facilities ~uPI-'0rt o[ (cst objectives is bad.pl! by so v;.~t u base of f;lcllilic3 
and (C)ting effort lhe "rdlitcuul'c (j{ which w:, s , haped by Ihe (eSI philosoplJy 
cstablished. 

Air Forcf jJl!llillic Mj•• ile Ditl,s;r"" Hq ARDe 

I 

i I 
I 

1 Impact of the Ballistic 
Missile on Warfare 

COLOJ\£L l'\U;."ANOf:Jl Si-fElO.IDAN 

i, THERE have becn irl lrflCIH(' ·ehangcs i~ lh~ ;\Tl of \v;:.r fJf·C' wi.thin tllo: paSt 
centnry. T he w e of m.ISS,. the :iUbSUllJ!lun of al'llllu.I,},., nile, alld rna· 
chine gull ' for ma~cd tro0l'~' the entrenchments of the Civil W~r :tnd 

WorLd \Var I, Ihe "willI{ hiJ(;k, to lTlo,;cme m with Iht: p:l nlCr tilru::.. r of euly 

W'or)d \·Var II lI,we each had profound effects. The adven l of the ~ir·d~liv. 
cred nude.!r weapon is!lO hill' and ~o diHerent th3r marly pIHIOI'n, still b(iund

1 by the tr;J.(Htioual thillking of (he la~ t WIlT, !'a·ve ret to fully >l P-PfCCl:ItC lhi. 
WC;IPOIJ S)'MCm. 

Now we ~rc on the thIe. hold of Ih<: baJli.uic missile. Th.is event ha l 

given Tin': tn a host of ,,'ritcrs a.nd publicists, ;l1u1 $Ol'fle military pl~ru-,cn. ·,..,·iJo 

might be culled "Cuturists." The e people Hhen cl'alu;ue future expected 
cap;lbilitie~1 of a new weapon systcm withi n th(' prc~cnt·da¥ fril lllcwor k, Wilh 
cycll'thing (·li.cept their new weapon ~ystCil1 l'l'rmiifJ'iflf; 'It tUd,ly'$ nate of de· 
vel()lJOlc m . These fut\!ri$ls :Ire so u('mused and enchanted by Ihe ultimate 
poS'~ilJiJitics of the hallistic Illi·~.. ile with fh e nuclear W'illll(,~.d lh;,t lltey ilre 
pronc to lull the United Strlle_s illio a f;llse sen se of rnilit:J r-y prowe,s. The 

futUrist i. jUIl ;u d:lngeTou~ to the security o[ Ihc Unitcd Slates ;,u the tradi· 
tiQl1 :11 ist. The Jaiter is ronted firmly in (he nH of the pau; the [ormn has 

hi. Ce~1 well 011 the ground. Hoaling olf ten y'::l1":I into LOmorrow. 

S O'lIll(] planning- [01' thi3 luture Jli~ster'wea pon SYSIUIl i~ iJllpcr:uivc, and 
~orJle good wcrrk i~ being d(')IJ!l. Fur the 010.'1 p~Jrt, Iwwcvcr, it h_us b<:en 
done only by a $m:lll /:JQtlP il1tim:l.lcly a~ci;tled "ith mi.l.lilc development. 
Pmper cvalu;ltin(! anu Cull utilil;uion of til{' b" lIistic miS)ilc, within the per· 
>pccu,·t! of the political clim~tC antidpau:d, r!re 1ll' \ S of tll~ b'T!; llf., t irn· 
port:lnce [or lJnited Stales leaden today. 

Initial ImpaoCt 

The 'iTliti,,\ (.'p;lhilr,y of Ihe fir}t b :i lli ~ t j(: mh,ikj will st: t- n ~Jtly irllo 
the U.S. phil.woplJ )' of modern wufare. Th" phi lolOphy of modern w~ r

f:\I'c c~'l)hed il\ the lJnircrJ Srates since \'\Torh1 War II ~ b.l\('d upon ti'l(l 
;lbiJilY to moum d n imrn~d'i ale a nd llecisi ve altaci:. "!o}limt enemy ror~011 and 
he<lnl:lIld. This I)hilosophy embraces the proposition th:n lhe _~ht:tr pOlen

..... 
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tiaJ cl ~' trucli\'C IWSS o f !uch a n fll lae\;. will d c ter e nemy :t!;"~rcssion. Since the 
~",'\\" cd polk)' o f Ihe Uniled Sta tes leaves the initiative in the hand~ ,)( the: 
ell!:IlJ)". our ;Ibilily (0 Lallnch quick ly a nd deci!ivcly a ("Q llnlerSlri~(' against 
rhe ClIClIlY requires :t. [orn;·in.bdnr,. Thi~ r e ldy force I lIllst be securc from 
CIICIJlr :lItaC.K and caplble of winui"g the decisive ph:lse o( tlu: war. ~hould 
iI, deterrent drc(l flil . Such a force will be an elTecti"e dClerrenl 10 an 

';n,'rny only if rhe enemy h.I' knowled~c of the force's ca pability Mid in~· ul· 

n~r .• bilitr JII(J. :It the same: r.illle. knows of the i[l{cnlinn It) e..:crri,.c this [.)rce. 
The prlmary de(~rrcm to enemy 3gf;n::~~ioJ) since \\'01'1<1 "Waf (1 IlJ~ 

b~en Ih•.; U .S. str~llt:g ic air forces cquipped with lIlann t tl bombers. The de· 
(('Trcnt e!l'I'Cl of IlIi~ force is being $lowly dimini~hc:c.1 by improved counler· 

bomber deCc n,C'lI. The eJ l"ly b:lllist ic miMiles. if handlt:1I pmpt:Ily. will h"" t' 
the charnc leris(i.s to a~~ ist in llie d(·tcn·ellt 1;lsk. The malLned bomber will 
he ;.n impor lant p :lrt fif (he (01:.1 deterrent force fnr a IU'll!\" tiw_e l<l come. 

al1d the li l'lol b~l!istic missil es will lupplcme nt Ihc bomber :11111 Irdp rt:~l"re 
the effcctivcncss of Ihe dettrTerll (nree. 

The rela ti()nship of the b:lllislic mi"S~ilc newcomer to thl) f'JJlliJy of 
5tralegic wcapous will he detcrmin ed by C<1p:lbilitics and limitation•. 11i(: 
I rc mclUlcl\I~ speed "I th~ weapon i~ possibly the cJu\"lncristk mOll iOlP(JrlOlnt 
to jl ~ ~tral(;~ic l"<11c. Thl' quid. rC:lC"l ioll to CII(:lIl)" Ihn'a t J lld the ilupron,l 
abilit), 10 pellclT,'lC enemy ddenscs t.re two ;.llrihules of 1/1<: rni.sile·" hr pcr, I 
son i.: .peed which ma\;e (he mis,ilc Llr ,upcrior 10 a iru;lft. The poss:ibility 
o( han!cning- ,m<l cmHlulla!fing Ilw Iaun(:hin!;, ,ile o[ the 'lIi_ssih:: wi)) make it 

k~s \"ulncT"blc 10 ,urpri~c 'Ilwd:. tlMII Ihe !ar;;c tunw:l)" COll1 pl.,>< of tbt" lir· 

cf,Jfl'S f; l"OlInd CIJ\·;ronmt·lll. 

Ce r ta in n,lIdiLion.\ rnmt he- nld to <:;tpitalizc (Ill rhe a<lv;.nlagc.\ "e f.Ht 

r~';"c lion li nd impmvcd abiJil)' to penctrau' Ilefc /Ucs. SI)fne dl:lll)(t! in 1 'lpC"~

lion, 01' tacti u will b(' Ill ;ltld~il(.ry . ;Ind :J.S ca pahilil i('s of IIIe mi"il(,. increase 
wilh the ;t.h.IJ1/·c 0(" rcrhJlolog-y. more profo und opcr.ltion:ll rh:ul;':1?S will he 
illdic;llcd. ;\,I\-;III(C pl :IJllliJlb ;,nJ d e tai lcc\ l:l rge ling informaLion. including 
pll,I.,hol n :w JlII;·)i.,;a Il (C'. will be a ne("cs~ iLy. ·Jlltt' ll igcn. c i tlfoflll .J liun. ot lwa)'s 

" pn:l'cc luisi l<': fOI' a slIcu 'ssfnl a il'cr.lft strike. w ill be mns t irnpoWlnt since 
the )l1 i.~~il ,,·s enIir" mi,., inn wilJ he pTt' tiic:ttcd on fhi~ inCorm~til)n. E·xu~ o· 

~ i\"l' I IJ~ i, ti(. ~1I[i1 :""''''' will b(' req llih:.J . The ullusual lJa IIIn: (.1' hlt'l~ usnl, the 
imriC':llC iIlSlTlIJlu'q(;nio ll ;\lld dn:tl"!JlJi l; fI",.'r will ;,ll ([cnun.1 uni(llIt' bcili· 

(-:..10)1,,1 AI"x(Hlclc' r :;Iwriclllll. llni ...,.,"I, "f nliii.. 'i~ "i'n~ lllli.TJ'1"-ily of MlolldJol.... is 
" l'r..j.· ..1 Offit.·' CUI Ih.> t;,·ulu-[lli.", 'S'aff c,f II... Air W"r <':0111"'" I iolil 19'~9 he 
..u~ () (' I'''I '~' <:hic·r IIf ",,,It rClr I'hlll" nul II",,, f..r 1\1 ....,.1<:1 ill Ihl" Ilt.{·Jfi<l Di~i.i()n, 
MiHI;,F·.", Air 'fril ft~l ""rl .~.:ni!·" i-" Ur,,,gH. '1\I'I~n hc' 11~ ~ .1II1) Dir~ewr of PI.8118, HOI 
MATS, unlit 195:\ "I..." hc' ull r n,I"c1 Ill.. Ai~ ~' ..J' <:nll{'I1'" ~!"ilt· on Ih... E,·.lulliion 
SI"tf .10.· 1,01. ,·ulII·_.-r"...1 l.i'II.J·1I" "jlU'-'''' ""c·lll.h·,·I,. ",-ilh 111'0111"01, ..,,,n,,,,,,I,,<I "ilk 
'he " '''(Onl He th" lIIi...il". U" ,,"~ II..· I,r"j':fl ulli".'r luI' ,to.....·".."lly "umpl"t~d, In
IC'''.-oni l ncnull UnIJlo,i.· l\li.•,.i1r furl'" .:s,utl)'-on (''Ol'Ullinllfiun ..I I_he: implicu
,io", ..r r.... ' (ni..-.il" r"ho'liu'n "hcl IIf fill".." mi.·.il" ~uJl)!!'lIlld IlrrRIII!ICIIU!nb. 
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lic~ ,HId hiJ.\hly ~l·ill ed p<'TsnnIlCJ. This fJ1 f1 tericl ;md fIIl'lnpO)\1(:f will klve 


II) b<: prcpmitiofitd :Hld nude sewn: tn cn Mrre pl'd;iunGiI ~urvi"abilit1·· 

Aside [rolll impo~ed nplir.lliona l rcquh-cmcIIts the early b;lllblic mi,silc~ 


halTc inherent ]jJllil:lti{l n~ th:1f llIun be considered for ~ fu.ll apprni.llion oJ 

Lhe mi.s-siJc·s initial empIG¥lIIcnl. One 5udl IiIIlil:\lion will bo :\n inability 

to 'HUC.\; flCClin!> largC tS an.d targcl~ on which uel;' ilC\I infoTlll'Hinn is lad

in1:·. Initia lly cv(;n in fixet!. l~ugCts will be hll'!~ e·:1Tea ODC'. beGI OS<: of ex

pectcd lilaC(UldCies in the;.:uid;ance systcn'l~, ~c1enivity oJ \\·arlwad SilC to  

fit tttC tJctical ,ituatiolJ wlll be re.llricleu. It would not be proliull>le 10 

ddivcr sm,dl.yidd warheads. h c(;;t uw tht: use "I' the low lly eXlwmbble mis· 

si.le ca n only he (,c:ononu(:llIy juslifu,d if tilt d:lmag-c di"eutd is in favorable 

~al.i" lO lhe ())St. invol ved . Too, lhcrc lire those who fed the lint mis5iles 
.. wit! he: limil(;.1 in effec tivcness by the rc~tricred ~i7.c of the wuhead th:ll ClUl 

he c:lJti('<i. Comidcring the accurley ,dlovra nce for~uiLl:ln(.e error in Ihe 
fLTH Inis~ih:~, the yield mal" not ue' I-\re:Ol. enough to dc~troy the taTb'"Ct. With 
it!\ollc.~hot [1t'rfonn;lnce the weapnn will be limited 10 priority targ('L~ c<Jm

I Ule....\U:llC with ils delivery yield nut! gllida nce :u:c.u1':1cy. Abo rcl i;.bi1ilY 

i 
m U5t nOl be ir;noH:(l. }\lil!I;\WS on Ihe reJb llility of the fi ~l ballistic missile 

force V:II)'. ~ nd it wW prouably lake consider;d)!c lC~li [-lg a nd pran k .. f,rillg 


I 

tn ".(.;abl'i.~h J t!t:l'~ll"d:lhili[y tha.t cuuld be ICTIll .eu "coml'~lt ready." 
Even the b~ Ui]itk mi55 ilc:'~ c)(lrcrm~ .Ipc;ed. the d'1:_\raClcrist ic th:u has theI 	 b'TeaKSr potelltial. is somewhat modified by limil~l~iom imposed . The flTSI 


In'i·ss.iks will bl: so limited ill tcrms of au:uracy ;arid yield Ih,\I it wil l be ilD

possible to Lall" ;ulv;:mla.ge of 511('"d to hit enemy force5 "nd thu~ elilJiin ;lli~ 

the enemy's capal)llity 10 ret:t1 ialC. The rc)uic:lion (J( the early J.Ilb~iks to 


laTge-l l'ca lll"get'l, COlltIo ,I (Cnler~. or indusITial a re.;.s mllll lromiscs the :Id· 
 \ 
,,:tnt;Jt:;C:S 01 ~ pccd. Thc~t large-area taq,f"(! ts ;arc ilupus,iblc to hide ;tild are 
completely imfl\obih:. W:anling time o r prcp:lr:J.tioJ) (or ClIpl'('lcd ~nacli. will 
bave lillIe clIect. Certain prcG,ution"ry I.l1C.\IlS Lan be t~l~en to ,<we life 
tbroul\'h p:15~ivc t!deme. shcltcn, and c-v:lc uatiou; ,my enemy i;tlve rnmCllt \'lnili ;ning hostilitiC1l presuma bly would ta.ke these ~t"PS bdor.. altacJc.ilJij . 
D,.,tfuclio n to the tarbc t nTt~a il.\eJ{ cannol bl! i:",~(kil. bUI speed of attack 'in 

this Iml~ncc would be of tittle (nn~'1ucn ,e. 

I 

i 
["to WiLh iu known limil;! t'ions thl' u;llli!t\( mi.s~.iJc I('n,.h itsdI ide:llly ,\ 

to some of tlw mis'i i_olu IlOW pf .-(onne.d hy the long-r;lIll~c manned bOlllhoe-r , 
\Vitl"iln Ihe ntxl two !.lct:a.dcs it :lppc:J.rs thaI Ihl' ballistic miMil'!:. ",.ill bccume 
the pl"ifl):) J"Y means of Ulnducling ofieusivi: ~ rr:Hcgic opcraliom a.gainsl an 
el:l~my. $~pC"rscding the conventional manr;l~d bOHlbcr a ircraft. In the in· 
(Him, substitlllion or the missil~ for the mo": conventionaL sysu::ms will be 
TJ);jdc ;IS r3pid~y ;:I~ tc.:dmic:1I progre~s pcrmin. The lpn~ition pcriou will 

.cc a gndu'll ch:mge. ",ilh the ballistic mi~"i11' ;\JJd the km~ - r:J:li.f;t manned 

bOiJIb{'r bi'ing used tountrrcmly. 
IniIi.llly the baUi~ti( OIi~sl1c muld heM :>uppIt:UII'nt Ih~ su-.n£1;ie "li rr rah 

(o.fCe by prov idll1J: a very fasl reaCtion to "ny encJlly W;Jr actiou. Th.Ie pS)'
cllologic~l effect of .:vcn the rdati"eJy lll:ttc.u-r.atc iOa.tly rnj" iles falling nn the 

enemy hC;:lTlbfld wilhin :I nutter of I1Jinlll.es of 111<: fiIS-t f)lllbrc.Jk of gl"neral 

http:f)lllbrc.Jk
http:I1Jinlll.es
http:lppc:J.rs
http:ulv;:mla.ge
http:ICTIll.eu
http:Ill;ltld~il(.ry


121 AIR UNIVE1UITY QUARTE,RJ.1' IlF.VIEW /J\IP.1C'f O,F THE MISSILE ON WdRFARE 125 

w;lr woult! tw considel'ahle . The shock generated by ~uch :m allack would 
fac.ilil'HC the application ot other forces. F:1St miui.le "riles in advan ce:: of 11'1(, 
~_i"cr:lft could ~id [he more accura te Illanne-d bOJllber attack by ca usillg I(('n
eral r!H1rll~jon, t.Ii\j·uption of ( :()nllnullic;Hinn~, and pos.iblc damage 110 enemy 

dcfcn.lc:~. p;lIIiwlarly !,oint defenses adjdtenl to 11I:e luge.area missile [;nget.s. 
Enemy d,-(cnscs aga.inn aircraft allack arc impl"Oving consider;lb ly. It is 

c,uJceiva\)k Ih:ll tline mi!-l"hl bl:: £Ollie importam, heavily defended largets 
th.. t "oult! b" almmt impouible to d"slroy with 11I<Jllncd bomiJl.'n Wilhoul 
unacn'ptable IO,llcs, In such a silu;:uion the b:illistic missilc Ol:ly be Ihe only 

pr;-,uic.lbl" ITIniiod of destroying Iht~e vital targcts. Salvo~ of tile c3rly baJ. 
listic nlLs,ile (QuId be u$ed tu compe nsa te fOf inaccuracies a. nd li!JIj((~d yields, 
JrninCUlalc rn l.~.ik rel';l1\;Hory $Il'ikes, usislancc 10 manncd-uornun penelTa
lion. (lIIU ;llt~I {'l; ~ on h£:tvBy J,rt.lardcd, large-area Ir"~g(:u will be the contri

bution, o[ the c:nly Illissilr:s 19 the bomb;lrdulclll force: in the: cxecudon of 
th(~ stralq:ic rnis~ion. 

Future hllpa_ct 

Th~ C\"lllu•. li ]ong-rJnj.\·c imp:,cl o f the balli"lic mi!lsi\.e ou w:lrbrc i:5 
diffiLUlt, ie nnl impos'iblc. 10 asccrtain, No ann~rnelH of " 'al"faie i~ e-vt'r 
Muic il] iI., Ul"\'iJoplJlcm or :Ipplic:tlion. The eterndl ~win]j of tlw p-clJcJulmn 

h\IOl o[fcn~iH W''''POIl to Counter dcfemi\·c meaSlltt: alune c;uuld (C.lIJcei,'abl'y 
render this seemiugly fJl:1,wr wea pon (if the fU11.!n! obsolete lJefn.re it i., evrr 
\l5ed ill w;(rfan'. In tlw presem ,SI:IJ,r(! of devl1JopmclH (ITIY ddt·tue ;lg3iml 
the ballislic missile ill il-\!{Ia. Wilb lIS i'XITcmely higb altiludes :lIld ~pcl'ds. 
appears 10 be a task of higantit pr()ponion~. Yet the .ycry "Jture of [I\e bal. 
li.tic trajectory, a path t!Jat i, um'ariable and e;"lIy ~n.d quidly (ompUtt'cl, 
nuy be il~ undoing, The polili.:;d r;u'uilicHIOIJ.S of Ihe u~c of nuclear.aTOIed 

ballistic miMilc$ nla y c!f'Cicle whetha thi.\ wc'ipon will iJ;Jvc ~lIy iilJpaCl ~ t 
all on aClh·c w~rL.Jtc OT :my in{)ut:ncc in pC:icecl.iml!. TJJc:n is e·vl(Jt:nce of 
btr(lwillg concern wilh Ihe ..orning of ";Homi. parily" :lnd th<: po~nbi.lity of 
acts tha t some Imn' [1';1111(:<1 uotdning 00 "mutIl~J suicick." Wode! political 

conuitio ns ch",n!:)c ;mel ~o d oe5 11,-e U,S. IlJt.innal Foli(), of which the milit:.lry 
is ;111 inStrllll]('lll. )\Ily prOj('(liull of w"Hilrc cmbra:c.ing the usc of II~W 
WC;lpon 'Y,lcms mUll ;dso laIn: i_nto !(aOU.llt lhe prob;lhlp. pulhi.<al-milit"r)' 
g rtlJ1d ~11-:1 (eln'. 

111 endt:,,·orins- to understand the future imp'!Ct of miMile\ it would 
),rou;,uJy he bnter 1101 to try to probe 100 far inro the [uII Il·l". The f:h"ng.(~ 
wrollf{iI[ by th6r introduction will be !{rc;)t. and the chan;::c5 in w~rf:irc 
a fter the 11<:'1 1\\' \: l1ly l' c;lrs. wh~n the mi~liilc1 wrJI h~I VC re;l(hcd the.ir ad, 
vancl'c1 (:apahil ity.....·ill ue rcvolutionary. For the purpo~e of di$Cussjem ilnd 

to cs t;tbli.~h '(l[ne tcrms (If rdcr<-;!1(C, the advanced capabililY of Ihe balli>!lic 

missik lIIay be cJc5crib('d os ClIilrcme aceu_racy. uTilimil('d rTlllg('. ;md the' 
~-;Inyin).; o( .. \';tri;IUIc warhead . 0111('( aS~lIrnpliom ahout the rH: rfcct~d h:"l

li!ftir; IIli.",ilc mllH induuc a high deSl'ce~ of d(·p·cotl.abiliIY, ;m ~<lequ3te Sluclc.. 
plk :111([ " (\In liJluinlj' rcconn;li.~.Hlcc sufflCitnt to ~upply jKCUJ;lle :lUd dt

lailed target infonnarioo. The future ballistic missile dc~uibcd hcre m;IY 
lle"o:r be n:Jlizeci; hUI If Ihe :l~h;~o(cd weapon approxim~'te~\ the G'p;tbilllies 
!i5.mrned on tlte lJasis of loday's tcchoologiCllI promis-e, it will be ;a fonnidalJlc 
wcapon iildec::d_ 

The p:iI;tIll(lunt Ch:lflIclt'rislic of Ihi~ future weapqn sll,tcm will be ill 

comprc~sion of firepower in lime and ~plCC. This comprcs~ion effect on 
Ihe long·rcI·CI'c,l prindpks of Wllr and on lhc more rccclII doctrinal decrees 
of the pre:\r nt·dJY servkc~ will be gTcal. Adjuslmelll.1S will be dlIflcult. The 
old. tested princi'pks and mucb oJ the modero.day uoclrint: will uiIJ be v;tiid 

{rom thc rllltj~t \'ic"·poinl., but tbe t.imc compression by tIlt wt:;tpOn will Kive 
them flew sig'llifiu.ncii: lind altcf(-d emph:uis. 

for iUSlance, economy of forcc and concem.r-04tioo of force will h:lve.. 
I tJl:W mea.ning. TI.., inl'v;mblc completiou of the balltMic miss ile Ulis!ion 

cQ.uplcd with the 1(ll1ge denru([hc power of lhe nuclear ....arhead will m;tkc 
pO&'ljble an orderly ncutrilliution or COIll!,kle t:II'{ICI S}f6lCmS pcrformed witb 
the utIlIO~l ecollomy !() friendJy fOf(~t~. The fret: dl~pox;J I or pla(~mcnt of 
fOfC:Ci, it principle of w:lr which can include mobility, Ikxibility, :tnd ~urpTi~c:, 

will '!lot chaub'C. tlHJu.gh t.he concept of Qpnlltiom will DC greatly m()djfi.~d. 

The new wc..pon, I'rqnn.hioned a~ ,11 mU~1 be. ~ivn new meaning to mobility 
a.nd Ae-li.ibilily. Became of the weapon's ~pced, r:mg-c .• and a(ClI.F.lcy ..ny 
t.af~t sY5lcm ,cl(~c:ted could be hit wilh ~fly degree I'lf 'illeflsilY cJE~irecJ. With 
muvc::ment of for(C5 ~t the ute of 16,000 mil(,:s pcr hour, the surprise to be 
dlcClcu will be :uhieved in a matter of minutes. Di:fposilion ot forces :lind 
security arc principks tl1:lt will 1~1)\'ern even n,,!iona\ wD·i'ViU in the com
pressed lime pb:uing of the new atomir.·b'llli~tic age. Force deployment 
and force-in-bein.g wiIJ lMve [0 be (m imm(di<lle, bauie-ready vigilante :at 

:I,ll timel. Till' SC(;Ufity uf tIte force will detel"mine iu potentilll de,llruc:th'e 
power :lncl in turn iu dCICrl'(;"-t dfcCI. fo.r tbill will. auo be the ~gc oJ (ounter

force operation. With c"eh combatant huMing qujek. life Of death oyer Ihe 
odll'r by vinu(, of ~llpe-r;!rmamelH, ~he S-Upl'I'd.nna nJCnt ilself LeWlllts Ihe 
prime tug'\!l. The deu:ruction of ~n enemy national Capilal is small gain 
when tfa<.led ~g-a illst Ihc annihilation .,f the fYi('-n<l\y n :ldon's own capilal. 
Thc new era will dem.lnd dispo~ition of forf:f~ in jrlst;tIH.r~dy position. 
relatively ~cure agil.iJl.)l cnemy tKliQn, and aimed al countering the enemy 

(lIft'tI15'ive po"'U, 
Tb(~ gr.md 5tr~uegy of lhe United SlaleS-the m!limt:nance of inclu-((ablc 

force with de,lruC[ive powe.r uniloceptable to an cne.Dl,y·-will not change with 

the (OffllOg Q( agc of the OIissile. The COml)fe5Sioll of lime, the nbility 10 re
:I(t v(~ry quickly to any act of ~ggTnsion, will bt'c.on)c incrca.si_ngly important 
.15 universal improvemcnts are made in. Ihe b~Hbtlc missile weapons. Until 
lin l'lIemy is ~ss(Jr('d lh:u Ihe Ull'itc(1 St~.I.C5' nudc:n:armed llalljnk .mi~lIi1t: 
capabililY (an be d('~lroycd, or until an enemy ueatcs an imptcgJl.tblc de
fl'IUO ag;liuSl the mi!~ile, Ihc_l"e seems little dJJlgCi' tb;1t :,!J·UU( war ,viII bc 
ddibcl'atc1y lniliatcd except as om act of irulion;-.JilY. Immed.l.;ltc balliHk 
tlussiJc retaliation N:duccs the initi:llioll of lInl 'imilcd war 10 shc(r Jdveilluj'
lism. CJlcu:t:llicm of fj~ks becomes 111II'cal; the CO~l of rnisc;lleul :uion bc[o.ucs 

""(' 
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Growth of Ballistic Missile Effectiveness 
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un;lfc<, pt:d,l c ill 10;)1: The ,,(r:J1\:g)' will slTf:n grhcn tu ~LJ dl :111 ('xrCnl lha t 

g en('l'J I all ·/)u( "~Ir. :01",,1)'-1 abhoTn:nt in lhe C) CS of rca.suu:tbk men, may 
bcconw a rhillg e. r the 1"'\1 , 

Ta~ti(5 wiU t:t."II~·C· (;o n\'cmi(]IIJlly the It'l'l11 "tank," applle!': to ac rions 
(a ke n ,lfIC'r the " I,ln of dl(~ ha lllc ill sllpP"lr! of the uv~ r·:t11 Glmpaign plan 

or stra(('!;")'. Here ~lf.:aill, ok! conn·pls luu ~t be bt'nt to [01:1:( new conditions. 
The comprl"Ss ioll uf lilUC by l he lIew weapon will mean preh(J~lilit)' planning 

nnd operJlional rC.adinc-.,,! W all e )( t~'nt h crc rofo rc unknown, Under ~'Uch 

cond.il iolls 01 C'lJlllplcI C w;u 'l ime r cael ine5s, the fo rce mu)[ be n :ad)' 10 !(rii<.c 

"ilal CIII: fII)' hC;lrtl.. o d I.;or!-; ':ls liu: t<tlly at a mome nt's nOlk e, Proper deploy· 

lIle nt, hath ill the ~OJlljJll'lH [d Unilcd Siatcs a nd in "tategica lly loc;\lcd and 
serlin: ,\i l,(', o"e ~ F,'('''S. wiJl h;I\ 'c If> be m ad e . Vast logj'!lical arrangcn](;1H~ and 

n c rwIIl'ls. Ihe li fchloml (If the C.,rcc. will have 10 be e~l llblished , COfllplcrc 

and ullC\jsrupl.ivl' ~,..mlJlulJicu.ion Tl e l S, the nc rvc &),>1('111 of the f.-.r«\ will 

h;)~e 10 bf-: ]ll fljnl:lillci.I. T rain ill!-\,. pl.:lceTllent, a nd m~trIJ.gcnWO[ o f skilkd 

pl'rsonllcl will 1.1(: rnluirctl: 'a nd ;111 thCl l(: lhi ng1 mu~t be runnionill !:! on a 
CUll w.lIliJ:flt~ h;1>is in :\Ily pC'Tiod or un eas,), peacc. 

Future Control 

CnJltroI Olf till' fone will hilve ((I be unc:quh'o l'dl <H,1l ;Ibsnlutc. In Ihis 
fi e lcl (1\ COlllWI, pnll. !p:) 1I1f.IC th.JIl in a mY' n th!' r" c!Hi nf\('~ wlll b e mos t dilfKUh . 
N&:w lc·rhllulo,-.;·y prllcllln::s ncw hanlwa rc, and new hardware n'~u i res new 

ojllT;llinnal l()(I~CIJl' , These . in turn, Tl'(luirc new )uppClrling 10<;i~t itS a nd 
tlew bk ill, and tl';,i lling- of personne l. T hese liJin!;$, Cor tht m051 part, a re 
r (.';.l ltily IW·".~riil,: J ;mel acteptec! wilhin the Ill.ili{ary. 

l.'llforlun;ucly rhi, is 11m ;dw:ly~ true with anyth ing a pproachin g or· 
~\·"'1.i £'niflll a l or (OnlllUnd a nd l;onU'o l arrang('me nts c1esi~ned ro fil n('W moeles 

of ",.'fLlrc. These SlllJj,·Cl~. fr:lught a s they are Wilh int(!rser'\'ice pre judices 
,llld wi,lh •.: rvi('c tf,lClitiOllS, rarely re(ci\'(' objective milil:,ry swd),. A purdy 

mililary SOllllioll 10 ul lllmanrl ll rr: lTl ~cm('nl j~ impo~sible, a nd, in the I~st 
Hllalpis. p('Th.lp.~ llli. is a ~oocl thin,; , I\ny arrang-t:ment affecting the vc:ry 
.,ul"\' i\';t! o f t1w llalio" ,huuld be t1, (~ ,:nnfern uf "LL 'lhe t!'nuhle is Iha t 100 

no.IIlY peaI'k I" lVl' hOllor;,-bll- imen :Ms :Inti indil,idu.aJ loy:t1ties th:u some· 
tin1('S ClmJlk\ wilh rhe h:u:d. ('kar,clIt dc(ision Ih:ll would ~i\' e rhe United 
5(;11('5 llliLit"ry (h" I..incl 'u1' (o!lITol it Iwteh if i{ is flOt 10 vitiate (he lime
fOllI11'I'I:·" .io .l1 dl;,r.'(:I('rj,ti.c t1o;H makes Ihe n.;w W('oIPOII ,f, pntent. The 

ch'lll!;"s to tlll.r milhary (olllnil ,SILuc:rurc will b <tve to be oC i:trge m agnilude. 

~ t <: 1I1nlillH' from th ~ (lIlT1lTl"rr<ier· IIl· c.hid a nd on down. The luxury of several 

agC llc. io pe.~rfornling' the >.1(1)(: t •. l"b. the /.: c ntlem:loly ag-rcemc olS of «()(Ipcra· 

tio.. " .. d II.nn inl r ing<'lHt·1ll 011 tr;>dilional pn:;m~;lri\''C5-rc~tl Or ftUlclc.:ci, the 
le bllr('\)' \alk .ulk c n(J i [J~ in Ih" innnl;uu us (Jmpromist:, will all bc ina d equate 

10 I:OP" wilh " "'''''' POll S)"HClll tJt;11 \":111 k.i11 :\ nUlinn in h"Jf an hour. 
Mil it:ll'¥ umllllancl ~tnl fl llr-c , h u ulcl Ue ;uT':lngt>c\ to flg la (bc n Cxt ,",' W', IJO-l 
{hc 1;I>l tllIe . l'erh;'ll~ n" otlit'r pn,hlNll i3 mUl"C dt~erv il1g of our b ii$l study 

I-
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and early rc~oltl\ion than t he n ne nf org:\Il i l.J tion and Cl)1l11n Mil I (011 Lrl ,ll 

nexC>~:ny to Ii~ht the adl':HJ(·ct.\ hallistic m issi le in LOlllllrrow's h;llol c, 
Thc COll Lroll illg I:le mCIll ll'~ns(:nds Ihe militar y. ,'\11)' v.c.ll'"n Ihat h"~ 

Iht: pottntial nf ,t:lrl in!!; and cndin~ J conAicl in n ne "Hion will h e the 
concern ot the hi~hc!t a u thority. ReCluse the politiGd :"1)(:1'1\ illl'ol\' e(\ will 
lIe gTC:ll and \;oSllng, :lny decision ICI unlc,uh th e fuIUl'C.' h-. IIII,rif missile force 
~all be m~c\t: by IlCl Ic.~~ than the Pre ,ideot with the CO Il ~cill of the C\) Il~rCS; , 
Since OllT national po lky is fmIlly de«iCHed to prcvelllin~' ...· ~\ r ami ollr 

milillry ~;lpabil ity gea red (0 rC;l ctill ~ againn ~AArcss i() n, t1wn: O1p pc;ors litrle 
likelihood lh,ll Congrc~s will bc confronted Wilh the t1eci,joll 10 d cclal' c wa r. 

Thus, any decision will undo ubtedly co rne Iro m the Prc~ielcrH J$ COlllm;lTldcr· 

in.Chief, in a situati~m clea rly rC'luiring ,mel rccc:h,ing pllhl ir ""dotsonI'm 
~nc.l Cc)!IS'Tcssion;11 approva l. 

The lise of o llell sive weapo ns of Ihe ca liber o f rhe nudC:l r ·:,rmed 

b:tlli~lic missi le aga insl cn e nty tcrritory, rcgar(ll c3~ of thl.' p nl.\,ol.nion. ;s an 
unmi~l akr,bk invila t ion to unlimited w;.r. i\UI.hor ity to l'luncb .u~h ,~c a(lom, 
el'cn when we ar t: confro ntcd with imminent a tl ;u:k, is n l1l n~ry lfI:.c ly to be 
dd('!:.ltcd by the President. Deci.,sion to \:.mnch ;111 attack. wiU proba bl y ";ovc 
10 depe nd upon SITHcgic ~yarning tha l an enemy a U :td, i, imminent and 
ine vitable. \Varninf.\' of thi ~ n ;t lll re iJ, diffi cult ro oblnin. lA.'h c n obta i.n ~ hlC' 
it could e.ls ily bt> Illbinlcrprc(cd. A country no long"l'r will ha ve the "fllml. 
L.1.ge of obSCJ'\ inp; the (:Q l1vemional intellige nc.e sinm: M()(:"l'ilin~, tWOp build· 
up, m,lneu\'Cl's- a ll lhe para phcrna lia of (ornu: r prepJ n'tillfl [or W;J\'. R.ll he r 

p re p3ratio lls will be madt: momlu and ye.ll', io J.dV;H"'", "'jth the r,nul 
p re par:lt ion nOlhing more than LO p pi ng off fud m1l1 'li,wr:s :lrId ftn.1I Lhoi<c 
from among prc-sc\('c{(c\ (Jr!-;cts. Lon~·r;lngc or a«v.Hlt" ilHclligcllc(, by ilS 

vcry [.l aueil)·, will not be relia ble cllouJ::h for dccisi<m.Shon·r.lI1!{,c inrelligcn(" 
r(' pons of J posit ive nature, c.~ ., missiles in flight, will he <l ":lil"hk for o nly 
(\. f.ew m.inuIC$ and be Pr:lCliC3 l1y worthless as •• me~ln~ 01 bll)' i n!,l' timc fell: 

ciecision . 
!\Jtl.loul:';h :Idmjnjsn':'llivc a nd technical procedllrCII h a ve becn ~la b l ish cfl 

t il ,keep Ihe President l'uHy informed, there is alwJ)'! the d :lII!;cr tha t n il 
cllemy ~OI'pri sc utt;Kk (l)uld d('stroy commu n ica rion bciljtic~ , Since thi s will 

be ~ ~ollllterrorcc a!lad.. eVCll the means o [ re ta liation lJJ.ly be (lcslroy~d be· 

fore ;1 Mci~ion could bt: relldercd . T hus n .ltionl1 survivaL un lle r the rClIIlI'itions 
n:f u )lrlp\('rc su rpri'se ;m,,( k will d epend upon pn'arr:lIl};e(1 ru\c.\ OIl' cnga!; &:· 

filCnt :IS well as upon lllilit:lry readint$s, Th('rc is II distilln requirement for 

the form ulatio n o f au toilla lic rules of cn~a~emCrtl appro,'" ,) by Ille P[esidenl 

and the COllgress a mi 111;,(\(, b~C1Wll (0 the ","orlt!. 
The initia l rap ;l bility of the b;l l Li.ltic nli" i1c will ass i" tlH.' United SI;oI C:'''; 

str:llc!;ic: ,lit f,}l'<t's io ptff..nnill~ the: de l.;nl>rtl mi s,ion , T he ;,,\\,:III{'<':l1 nu· 

c1ear.;,rlllC(1 ballisli ~ Illi,sik. wilh its (' j(ITI~[\I~ accut ;JIY [Illd r.lI.I~C , will nOI 

change U.S. b:t~ic pbil l'f"nphy n l' w.Jr but il will r(: vllluliollilC Op('I';oli"'Il,' as 

lite llJ i ~~ il c bccnmc~ the l'rit ..~ ipal i.u·,tl'll!l«: fIl of o lknsi\'1' 10n,C . Thc key 10 
the weJ pnl\'6 iml';Ic:L, in ei ther it.> \II ,d ,,1 or ultimate [ok. llpOJl W,lrr.on~ [1O-d 

\ 
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I' 

lhus upon rbc .1.I :lIiOI15 o f rh'f: wo rld is its IC.rrillc co mpfF.\> 'Ofl or ti fll~ a nd 
space . This CII' ~lb l1i lY in the h:111tl5 o f I n e nC: i11y na tio n belli 011 uominatio n 

m ay be tll<': HI'J' in(cnuv'c eM agg:rcss ion. Iu po~ses~ion by an t' uerny bt'comes 
C\'cn more lIa ngcn.u, jf it h;'ppcns 1,1 be in Ihe hand s of lhosc who would 
nOI mind t) .. , dl"lI'u ll iun o f a lIlillio n lives or a d02e n cities 10 oblain rheir 
obj(X:li\'c~ . In any c"';J lu;lrion of til(-, future of the ballislic mis,iic. oll e fli n 
b deal' : tlw Unjt(·cJ St;Jtt:s shrmld "(>('P a s fa r in adva ne.' as possible in dw 
develo p ment o f both Ihe bJ llisti, mi•• il e and Ihe defensivc nll':lSUrtS (Iga inM 
it. ,,~ II n lc'my h not likely to launch an atl l!d~ du [ hJ..\ ~lII a ll cha nce of ;1 

quid ~UC(c>s. l\I ea n~ of mi',si1\: dcfeme h"" r (U l'('ctly u o IJJe p l'Ob1em of 
dcterrcnce, 

THE ERA. of Ihe mis.lIe will m:,llc War mOlT un:lUr;l r:th'e Ih:l n e\'cr. 
TILe \' ''<ry grc: lt a nd irnmcdblc denme-tio n C'll'isaged nn be'lh \ J nqu bhoo fi nd 
\'i I:101-il. in del.'d Olle ~ idc could be c;ollt·(j a victor-mOlY b(' 'C) g reat a s (0 
spa r!:. SlIIlIe s:.,tCOl o f intcrnal i.olla\ Clllllr(i! ri nd ~(" ttlcUlCJ I( (lJ difrcrcncc, sho rl 

o f all-nUl wac Al 'l l'riGIIl llJu rali ry \u ,~ h(:~ n l'c;u::ld llt-l for ~uch a ~oa \ for 
.mrll: tillle . Thl' b.:nc,,'o!cnt if quixotic di",lfm~mcnt anCIIJPI~ of (I'll' pan 
art' )lJ'l)\If tit /food in !C'lI [i"n. It i.• fUIIJle !' ;1 Lou d iM Ihe U" itcu Swrc~ has 
no t LIS"d il.3 prcpor,d{,(,:Hln~ of CorLi: ill Ille 1'1.'(e nl p asf to gain any Ljnd o( 
d o Olin;, l1 et: OVt"f o tlter lutiom, even ill tllc fa ce of (')([feme provoGl\ion. This 
IOn ,,,:IS :11 a liOlt' when .\ nwril ·an Imwcl' w~ s ~u pn:mc and Cf1\11.1 he a pplied 
"'1'tJJOlH tho)ll~hl or d a ng er of re r:; li:orioll 1<) the Unj ICd Sm tc•. A,llhfluKh nOl 
indic:lI ed in rhe for<· ~ce:i.ble future. public ovi n.inn i ll ."'ppCln of ;} wnrld 
autho ri lY may lIring abnut a n ('ventu.:.1 IIndeI'Sl :ln tli.tllj a.n.d ;IC.t'l' pt:llI r e o f Ihe 
i rnplk,lIions o f the b::t lli~tic mis"ilc cro. , The 1.Inited ,srate" b)' <Ill 111(';105, 
,hould en<:ouragc a ll )' ovcnun:s in this d ireCtion. 

It i ~ p robably a~TC;~ed by ,,1.1 l hJ f om)' son of firm uniH'n,,1 li rn itation.• on 
Ihe! Inc 01 \\'~:apom multi he tc l'hic\'cd only undCI' ;t sUpra n:l( iolial g\lvc::.rnment 
tholt. in IUITl, woul d h;<,;e to be armed Wilh Ih<: btcs t. mon pow~ rflll Weapon 
-the flu c:k,'c]-'·w,.rI""'ld b" lI is li l: rni~s il e. There is no ind ila lion lh~l r ' (ll'creign 
SI.tles .... ill n :linqui, ,, ~ucIJ pow('r Ie') "' ,upran:llion::t \ RO\'crnmerH in the 
prescllI o r fOTt:5ee:ib k fU UI.H'. It seem.1 tl"lfl[. the b C!>.l tlre world can expect 
f!'m n che b ,llIistic m i,,, il,(s ilUp Jet 'on w';lrfa re ",ill be a pcriod of unt:;lsy. 
mUlu~1 dClcncnce , 

/:.'ua/Utlf'iOll SfllU, ,'!i,. Wor CoLl~~~ 

Inlpact of the Ballistic 
Missile on Defense 

COLONEL HARVI;Y \V. SIlELTC)~ 

FEW .are;1.$ of military and scient ific thOllg!lL :tre rlJJJI'C be se t with conjec
ture. ~s op'PoM!d to f:u;t-b:lS.cd lugic.. th;1O is th.u concCI-ning d e fense -

1 

agaiJUI the b~ul islk mis>i\e. Om: b('ars th~ cHelle thaI no ott~nsh'e anna
mClll in Ihe history of wa.rfare has 10IJ.g exi. ted without efknivc counters to 
it bcing d (;'· i~cd . But It is ,, \so true thaI no 'Compt!tent sdcnLl1ic or mi li ta.ry 
IIl1tl!ority will today con6dcmly prt:dlcl that any pa nin1lar ddc lI);ive sc.bcrnc 
;1g;linH the ICBM i. 1<::llIy prac\JI;J.u\c. Be' th;lt " 5 it may. tht:f': is an ab iding 
l!.rgency ahou t the thF~:al wh.ich dcrnrlnds that we not S'imp.ly ignore it ~nd 
hope th:lt it ",,-ill go ;l W';lY, 

.Bdorc we eX:l m inc some of the po~siD i1ili es in defense again51 ba lli~lic 

missil0i it might be well 10 l'cviFW ~omc of the principles of dcfense ug;lLnsl 
.. oy nl ililary dm;;.Il , it o.u ly 10 6", a. few tetUls th;H will be llS~d fruln lim.t to 

time i.n thii writing, 
A defense :lg:limt military thre~t rnu.t hc rool(:d in :1 recognition of the 

thrc:lI. including a knowledge of the enemy's strJ l cglc ilHe nl . LOAicaJly th(' 
~JtJ.ck cr· 5 &lra tc~ic illlenl is consi.~tt:.u r with the (;;I.pabihlics of his weapon 
~SICIll, so the ddc.fluc.r-~ rn1Cd will'l knowk d !l;c .of Ihat inu~nt-i~ equipped to -, make a ppropriatc SIr.lICg·!c prcp;u·;ttioru. TI.IJt i~, the defend(~r ca n now 
de vi$C the Ut:~l possible deft'mi ve 5YStcm and f<1r\TIu\:He concepls and. (0 ;; 

dCb"re(', pl;uu fu r ;(5 e rnploym.ent . T r ;ulilionaUy tilt' dcfcnfe {linnilm to this 
pu inl procced~ at ;. comp:lr.ll.ively le isurely P:OJ,;c :md draws more o n tcclin ic;tI 
and p ull tic,l , k'ills Lh;;m 011 classica l milit:,ry 5kjJl~. It has been common, ;fS 

well. [or the nc;sullant ddrn~ i ve cap a b ility to lag behind the offensive capa
bility. same cimel! by 'I preHy frig htcning margi n. ThL; i ~ the case with the 
lJaJi.h l k /lIi.si le.. 

Once the Jtta Ck. lsbunched the I'd a tive IMtC Qf th e: delensi,'c d foll 
iu ere;'l.s{'s f;r)'~~ t1y. ;t nd it i~ :Il this {imc that the c1as.~ic.1 military d;,ilh-
n utably r~<J i (.,a l jljdg illcnt-cOme in to play, Again speaking' historiQlly. 

superior (~ctkal ju_ugmcnt has o ften succeeded .inspilc 01 p oor sr.rart'gic 
pt cp:jra lion: faulty t:;h:tic;ll judgment h ;ls oftA:n di$~ i pdled :\'0 al~ parent n r;J.
t(:O'it: :;II.1v3nt;lge. l ' ''_(l.ic3 1 j udgmc llt o n the )lOI n ot: thc dd~ l\der involves ~u,h 
acLiom as ga thering necessary in.fonn:HiufI, waiting until the cssenti:l \ bits 
c~' it tw h ad ~lI\d nm wasting funh c,{ time oncc rht ¥ are :wailable, divining 
the all:lcker'! wctiw \ intene whj le there IS still time to Crustr.l.Ie iI, a nd 
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vigor,)u,ly prncccdill~ with Ihe i luJ k :l.l{'cl (OUOlerslroit.e. Dde l1sc h"s alw:I)'s 
p lali.:d OJ hiSh p n:: lI tiIJIJI n il ~ lIr,: l..lIow lcd~c or shrewd g uess. and h:u imposed 

:. 'C \"\'H: pl, " ;dlY on unccrt;liI\!Y. 

II Pi"ic(rti(I FJ 10 th.t M iJlil.t 

W i: s h:dl .~:('c 1l,;ll all Ihc~e cb~i ca l f mlct jolU a n tI pT'incipk.s mUH pi:.)' 

dJ c.ir l'"n ill Ih t' (icl\ 'II'sl" ag;lill.,t (he b:ll lislic rni~sile. (:luT prohl e m can he 

~-t:lll'd ;IS (i IlC of dcrl·..millilll~ how to ~hcr :lnd adapt them. Thi ~ cu rren t 

(o1I~ilkra ti !l Jl w ill CX:lilliJlC ~ome o ( Ihe ch:t ral:le-Ti~tic~ o{ t h.e ba llinic miss ile 

syncl1I It."H 111:11. 1II1Ist sha pe the defe nse ;JJ.:'~i05t i t. Thi, d Ton may limit (he 
arca of ou r i;;'llOr:lI1(:(; ,, 1 h" w to f" sh iC)JJ :111 effecti \'(: dde mi \'c droft. It 1ll:IY 
l"'~11 lie po,sihle tn p "ilJ! with mOle ((In fldence towa rd the ",venue& thaI fO ure 

\' xp lici t ,C-ie lllifl(' :llId rn i.li mr)' c."ploralinn m us t fo lluw. 

Llloki ll ~ fi rst 'II pefli lll'1l1 c:h a r:lc lcri stin of th (; 1>;lI li 'l i.; miss ile s)~ tenr 

i r>dl. 1 r ca lize [h:l t all thcse will h:l\'c been co\'ered n thcr e"ccnsi"cly else
",here in thi s i>SlIC, It seems useful. though , tn nOlc ll"' 1II l1ere ;md no w 10 

lhn( thl')' m a y Ul' bo l'!"l(' in mind in o ur fu rther (iC'II1sicknniom. 

F/ig '" Tim~. 0,,,, or the mo~ ( fri ,~hteninA 3'PC(!S fl f Ih e ba ll is ti c missile 
is il> ('-" tlre rlldy .lrlln lIi .:h l lime. E""n people wh() rO\lli nely deal in the an 
o f 'Ii I' b :lnk [ll a lhousand mi les per hou r or .0 tcnd to bbnche whell they 

thinl or dllill~ h;lItle ,,6 1h a vchicle whose ('ntire l:lClica l l ife spa n is o [ the 

<>!'<kr tl f :1 h :'" bmw or less. Cara inly the opportunit ies fOT bt'inging hUnI:m 
JLld f!; lll ~ lit :\11 d r:,u ie ,l , .. ill to hC.lr in such a duel a n:: 10 h e fan ta stic-" II)' lIIore 
l im ited th~ fI ....·c h:we eyer Cl1 m ul1ler"d b efore , ('\'c n in Ihe (;m -('vo lving a ir 

;I r~'-'- ~"'nl~"rh ; lt un the lIthl,r side (J[ the M in, howe\'c r. i~ the relath' e infle:<i· 

bi U!)' ,,/ Lite ll .r1li~li ( nll"ik ~l"tcm. For imHll1ce. it m a )' he (h;1\ a pl'cpa.red 

mi~,ik G'lIl1f,t ue ,hi f lcd from. ol1e ta rge l lO a no ther or amo ng :; large "ariety 
o f l:Jr~,(' h wi!h,,"1 ,O l l l\' l';\l!tIT timc-('o llsuming pn·parJfjo .... . ~Iore 10 the 
ptJ illl- UIIlC ,,\lIIIIllitl c·d . :, mi."iic i, (kstined for onl y o n e large t. a nd ils 

rr;'1c('!ory. wl lik shun-l i\'ed ;wti f;lI'·lIulIg, i~ :l Isa ri;:;id l)' ('o nslI-:l ined by laws 

o f n 'll\!H· . 

Trll ]i' t'/riT)'. A ll utucr:d "I'~.t(;d hody. such a~ Ihe b~llii\tic Iflissilc bCUJIllC5 

( :01".. .-1 IIIIM·''.' W. SIlI·hnn, ('SM" . i.. Chi"f, Win, fU, Comm_Qnd and Slaff SdJODI, 
Ai r C..mmond lIu,1 S m ft Ct,I1("IJ·e , Air Ufli"u.i'I,·. II., o;".-".,i,,01 n ail' luul "1'<'1'111'0"_ 
,w:~ iriollJ\ ill fi"hr' '-'~r "nil. ,Iur'inll Ih., \1I"Jlr', f" Ll'ow~_ol bY' • lern• .u Cl.i,.·f, Op.el'll-
fiun" "nd Tril iniulJ, S"c lion, '111 tlm J u iui nfll'dl-tlllj~red Su.t". Mil;-Ia r,. Coulllli.-; ion. 
PI'" m t 9-19 tn 1!)53' be ". ~.. Hl'1! ill ....d rJl 11«( lJSA. ' i~n ' .11" Air For~(l alOlllic 'ffi .,rjy 
jir"IU·II:Dl. Situ·" ~'Jll,ill l!l 10 AC&SC h'l, hllll ""'('n reli llonlilM,· for Ihe tl'f'JI ln''',1I of 
r,·.,·......h lind ,..-' ·...ollm""I. And erf WeJ.poD .y""·f"~ Il"d~r dt!"d~'I.men.~. in Ihl:l eur
ri"lll" of Ih~ \·lIri {! I!••,·ho..l. (If II", toile!!.... lie III"" h ... d;,d or I••r'idpa·,~d ill • 
nUIlI I,,~r of Slutli.·:; .111 "'01111",'11"'"' f.... ('\'oh'illll' "'e"I,,)n .;ril<''''', .Dolably 0.013. 
Ii,· ",i... ile ~,. i;I ..m._ C"lon'r l Shd'nn "'nl('l'''",, rlie, A'ir W.J' Coll.-a:" i o .Auau.,., 195'7_ 
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:m dl ipLical p;il.h \,h icb i ill~r:\CC' \ S the i 
nep,ltXt a lmosphn ic [fl< ti n n, the clli p~c 

r;ont;iining Ill ot: fli ghl p ath 10 ~J particular ta rile t is determined by tWO '£;' <: LOU: 
the veloci ty 01 £ thl' bouy and r:)l~ ( ile! tb:! t the n ethe r {O(U, of the e ll ipse is ~ l 
the cente r (i[ the eaTLh's I-\"rav i tatio ll~'l flcl<.l. i.e.. :11 tb~ ccnli:;r o f the ear th. 

The grea le the vdocilY, Ihe morc dOIJ ):at(,(\ will b (, the diip~c. whirh is 10r 
S,lY the hii;hr f Jho\'c lhe surb (l; of the ('a rth will be the .I po!;(!e o[ the tra
jeCtor),. For au)' gh'cn T<l n~ between lWO points UII Ihe <: ;Inh', surf;!"-,,, the re 

b [J lu iII i IIi III II apogee ulrrc~pn ndjllg (f; the minim um \'elocilY which will 
I'fflj.lcl ;; mli,ik lhat f:l r. T his min imum vClod l)' m:.y bl' s,l id to (\cflllc the 

O (ftimllflllli ~ lll lil' a ,i ecto(y. , inee I:"en sm a ll increases in veloci ty cxan rclati" c ly 
(1I01'l1KlII.\ 1" ' IIl.1 lic; in ~ hc int{'J'I'"b t cd f3 C{()['~ of th rllSl :lnd weiJ.:ht. /\ r; tu;dly. 

o f counf' . :1 b;l lli~tic m i.silc·, fli ght doc~ not 1.:I)r. C pb ce in " true a nd Lomtan[ 

,.au-III Ill . but lhe th J o l' lIl rl t;' ll1 u[ the c lliVti c.d lTa jCl:HWY from "tlll(J~plwric 
dh'cu is uc)lh m i llot· .Ind frred i<: !:,l-, iC. It Clll be sct' II , th'·'Il. Ih a l if :J(ol), t ",O 

pllinu 011 thl' ruisSilc'~ tT:ljcctory GIU UC detcrmi!J(u, ils de,lilu t itlll is aho 
known. a~ well :\ , C\'cr)' mlt",r I'o illl in ' pan- Ih rnu~h "'hid l it must 1',I ~s; it 
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[, Oat cv<:n nerc~s" r)' 10 "tr;\el;" th e mis, ilt in tlk o rdinary sen)!.: [0 tI, hOIll 

Il, pJ"I:ci,.: iHlellt. III n1;tk ing lhis ~ l;lI Cment Wf i.,lIQ1ro: the possi bili ty th:u ;, 

b'lllisric mh.,iIe could he rlesit;lIcd to ';)1'), from il., dIiptica\ {r:lj~clor}" in the 
la.l )Iage, of fli~;hl. One way mig ht be by illdudin::;- a hjghly discrimi ll .,tin 
tar~et s('('ka ("ollplC' cl wilh it CO IHTO\ S) 5H:m to ovrrritle the o:lJ.ur.J1 (01"0::$ 

Jdininl-: Ihe c1lipri(';,j p;uh. ,\ number of ralher oiJvlOIIS. c'")II~ideraUUII.!l make 
'it sc('nr like ly Ih;H allY sudl \";[I'ia r.ioll in a lunrr;dl)" pn:dk lJ vLc Hight palh 
would be rOlllpar.aivc ly SIII:,l) :wtl (Iuilt laiC in lhe night. 

So, if we h:r\"c bet n left wilh pr"tty sm.,, 11 incremcnl s oC time wir.wlI 

"'hidl tn cXi'r(i. r t;,nic,ll jUtll.;lH\:1I L. "c \.r;t"C :It the )a rnc time b("c lI Cre ed of 
mud , unccm:lillt), ell to II1(! ;ltl\,.,r"'"f~ (JeLic;,) imCn lil)ns. Comp".n:d 10 :I 

morc conventinn:.1 ~ i tuation ()lIr fl:qLJirclII<.:nt for illCli(;al judgment is v·a.ILy 
I'<:U II(('(1. J 

1"a"f,"'i. Ry it~ n ;.Illlre Ihe Ixdlislic missile is rt'lativeiy in:!(l:urJ('. 
i\f (';ulingful lill pr(lll'JhiJi LiJl.I ,,·i lh it a rc achieved only by the u~c of uth,·r 
hi~h'yi(")d w:u-hcads an<l I.· ... en [111.'11, perhaps • .,.itb ll1:my llIissilell bund,ed 
aga inst a .• ingk l.Irgl'(. This being .'10. Ihnt al"o: bmad d~5SC'S of targc I~ 

"gai n~l ... hieh the mi5si Jc is not an :ltl r.lCfivc we"l'uLI ~ynem. \Ve. 'is de· 
fenders, arc provided wilh some insight of the Str..tC;;i<: inl t'cnt 01 Ihe a ltad ,
in r. ~)'l'cm. \ Vc rna)' he :lblc In recognize l;tr/{l' t ;,r<.:a.s IJUI we ca n bt: 
n:;l~OI ' ;lbJy ccrt;rin will nOI he :lll;,d,(~d by balli,li, miS\J!<'"I because oC the 

prOhibitively "'r~e lIumbn of rnis~ilc~ rcquirNI LO prn\"ide the enemy wilh 

!j(cc..: ptab1e l ''' p eC"1;,Lio n of ~IIUCM. JUSt how mud, tilis fu fc"know\cdAt CUI 

VI: IlIrncd 10 (lur 3dv,'lIIa ~e is not altog'c lher c\c:,r, but 'we could corrleivably 
dc(iuc 1(1 t.Iclcnu ollly a number of "' isl:rnu!" oe cnmp:n;Hivt' ly modes t :lIe:. 

ratber th:1II such larg-c parl~ of 111(: coulllry :lS a broad c·~"t-WC,t baud &:xI ('nd

in!:, ;,(ros, the nQrthc!".. burul'r. 

Vrt/ 'l(ru/,ililjn. Fin.tll y, i.1l Ihis .llJlRTficLd lcool; al Ihe ..n ·i~sik\y5tl'm's 

c:h;' r.J.<"tcristin. let u.~ (on,;(\cr ~on'c of it~ other uniqu(' vlthH~T"bnitics. It 
I~Ccnu r!e:II' tkn ;, IJ;d 1i~1 i( n. iMiJc':; suppo rt iIIld I'Hiti c~.b h eil i lles nnur be 

CXlclli\"e, . cx p C.l",j\(' , c!";,hOr;Jlt'. ,""It.1 .illieril<: pend o: nliy imporld.nL to the .1Ie:. 

(:cssful );.unch. or the \,'c:"ll'on. lIce,,,",c Ihcn: will alw,,)'~ hc sbarp .. "mtr;·rlllt~, 

("c(JIlomi(" j{ 110 other, Olll thc' 1l1ll1lUU :LIJU variN), of ,"(~h flldliuc!; it 3 p "pCan 

t h.II: e\"nr h<:hi,)c\ au inm c: unain thdr .: )(i"sll."n(" and locd tion will nol 10nA 

n'main a 1lI}.lny. If Ol1e kncw ,..hen to ""( t, pre lly slraigh t[orward Icdv 
ni'lu e., should It,: hi~ l lly crfHti\"r ill (\Cslrn)·.i ll~ the nesl~ before the birds Ely. 
\\b/Jy will I.., quick to point out Ihat thi, Achille~' heel flf a b~IIi>lic lIli~silc 

~ )" ,aC IJI >l'cnl> wf"\1 IlqUIIU lhe rl'M-jl of ;, IUlio(L com mittcd Jg.rinsl a b!,<Tessil.1I1 , 

It is l<ltI (';rrl~' 1'0 d e(,d c to iR,ulrc this pntc"ti"a l vlIlner-tlli!'i!)" o( the Ixolj i:ltic 
l1Ii~,ik. 

'-\"\Ill\ill t-i iii"'; lh:lt ;atud, in~ H,is~i Ic5 will be in jli ,;~ ht ht"forc we c,m 
'ilbtillll(: ;.111 )' dekUlJ,, (, Wc.uU(c' S, how ca ll wc ge t at I.h(' mi"il r:: ilse\(? \\'!.t;Jl 

r.lo.:s it 1;.1<.(' to Lill il? 

The ("IfIIII.IIW,j-t If'dlJ, j] IU('~ (,f mi li l:t T)' dCSll'union, wllcthc r l ltl' 1.1I·;:;~. t 

be '"' 0 1:111, :1 fort. I>r an ;,iHJ"al,. h;, v(; h(,cn bb.H ;,ml phr.;.ical 'mpan. AI li,.,1 
A'1.1I1L'e til.(' inulIJlllIg i);dli,tic warh ead ""-n', .inr;ul:nly iu\" u lnera hl" to bOlh. 

Ballistic Mis~ilc Angle of Attack 

~~ 
~~ 

~~ 

......... , ...,  

"""'" .,.,.,,,,,
'\ng~e lorgel area 	 , 

T.lt~~ t!t Odell.c Cout"! "'."
~'tln'l, "!w1 11o ~. t.. ,;,M I~'"'J MI"'" 

·WHUtI'h 

.approJlirnotc. !;Jose line 
1"" 0,1 

of pO~$ible IOl.!nch.•.:;::;;.\~ ..~.. ,... 
~ " .." -" /Ii; -	 /I $(1 /;,:/11 rli/}'1'ou'c ;rr r/c/cnJC ClgaimlI the 	 blil/'.air: lIIiJ.ljJ ,. (min aSfljn.d I he 

l;. II·Hit ~t '" l.e:,.,.....-,-.~n'3 D~ '. ',J,r.I -O".Q 

a 'I Q !:) ' C"9:'. IIIml1l c.a bomber j.t lil t! rrlllljT,e/), ~m o ll 
IipJJrullcll comtl"r 10 lu rle[w d"rl for 

1:0£1, IIl ..~:e /. T IIC IHlIII /":"!" , "1111 Clllilr/l (nlm (111)' olirccl ion . ,1/1 Ih~ m;SJilc Imia /MIt'S 
111M (olllt/I.. , lilly /){J rliw/II1" (/I"/:"n·ln rgrt ill Ih G U.S. Jrom (m)' pot"'l/ ,II llrc U.S.S.H, 
wcill/,l rlnniil e (UI 1! 1I1.'''/ll pe /uohin:,: fll/II1'1" Ii II I! (j "wil lea fun"eI," .,/ r() ut;hl)' d · 
/it>I' ("1I 1 nu.\.! .,ut i,i/! mul j"C/i/ll"d IOI.:nl'(l Soviet nll .l.li(1 (It 1m dllgle 01 II b01l1 }OO 
(rill" tI,,: I lIrgt:i s lirface. A I !~' " i: fl':nSl J),s [I' m JllII/, mu/d I,,.;,)!; lir e "fumu:1" 1.n de, 
.wrvt: il/ana a11ft ,,,/ere':I" tI, ;· ,uissile rOlli,,,,: dOW Il Ihroup,I, jt IllOlII ..1 JII'ffi ce. 

Tl,e Ifcuh :fl(\mls ;!I:cc\c-mliufl .!"d (lI bEl' fo rce, nf iu nnnTl:l1 rcV;imo: ",,,uld 
rc,-!uin:: ;r desi!!;n lhal ,ho\lld he hi~hJy impel"" i ou~ t.) hla,t OV~Tpl"(~'~UJ'(' s
nl"t lCJ mcnlion the w;,rlw:ld ' , "~I !l kill<!tic energy "nrl lhe t(ln th;1l (tur ing 
mast (If ih lli.lI;ht it i~ i ll a rcninn wht"J"~ hlaH h3.~ lillie 0 1' hCl Hled i um in 
which to "I'(,I\'!':, It is hard IU im3~·illc " body more difrlCult II) lui\,:,,, ""ilh 
ano llier bo..ly rlun \Ili ~ w;j.rhEtn hurllintt IOW;lrd us .il t ....e lll)'·ood Ihousa nt.l 

(c'ct 	per second. 
The very speed o{ the '(""arhc;,u that make~ ils intrrc:.cpLilJn such • .1 pr"h. 

k 'll Ill:!)' {,lnlilin Ihe. seeds of solution. R c(cnL in"estigl linllS han, luggecslcd. 

'I \  
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tl'\;)l at va)' hi';'11 impan w]ocili('S ve ry small "pl'OjcClil~" have ;1 father 
CJI1phl~i\'e dl"•.! .-._.mpkwly 0111 of propOrliml to Ihe irnpaCl e ffect nonH;).!I,. 
I() be CllpCHCl1 (rom their kinetic ~n(:T\.(y. Ptrhaps it wOllld be po!>si.hle to 
usc hillions (j)f ,;ifldliko: particles .hat could be I:lid in r.ompar:llivl"ly dCfUiC 
dnlld~ '" er hl/lllh-cd, 01 e.lIbic mil(~ in the p;uh of the 3pproOtchin!~ "'3J'h'~ ;ld. 

.. \ llud(' ;IT l'~pl."inll releases I"rge amO\lIlt~ of e nergy in the form of 
nmlcar ;l!Id therlllal radiat ion. A b;lliislic missile w:n'head may be penl!i:;r]y 
\'ulncr:lhk LO eithcl' 01' llo th 01 Ih('~e phcIlolllcna. It is :1 well-known ph¥sk~11 
Illet. for ill,(;llle,', th:1l one o f the ttid:.i es t I €chniral problems in the dcsilrn of 
a bal\i~tir: lJ\is>il.-, is cflahl ing it to \ul'\'i,'c th e intense heat gcner:ncd by fTi(> 
liOll :.t:S il n .'·(' lIt"n the ,uOIosphcre at tre mendous speed. Granll-d dtat this 
pl'obkm eUl U(' soh'cd, oll]er dcsj~n n.itcria may dicta te Ihn the mhsile 
1't', clllr), Uutly op~TalC \'c:ry 11I';\r ir., Ihcnlla.! lolerance. 1f so, :my mcasuf~, 

I'hal would 11I :-1I(!l'jal1~ inc[<:a.\<" t!110 :Imbil:nt l(;mper.ltlll'e thl'ntlgh whicb Ihe 
missile had to P;lSS would hI: jun wh;n. it woultl t.:I"~' (I) make the missile 
Cl)n~ume il~eH in a I1lcl'eodikc blal~'. Suil;lblc pr(1))(.jmity of " nuclc;J1" fireball 
would turn Ihe trick. 11 is evcn ;:01,,"cinlhlc t1ut a l'Mfiation iidcl fr<lfll ~OIl1C: 

o Uler SOlUt e L()lIhl bl: " .. "Vi~cd with ('qual dl:cct. 01' il mil;lH be pos)iblc !O 

create oUt:k~r r:.dia'lion tid<f~ of ~uflkif'lII inte ll,il~' to c.fkl.fivdy (li.s:lrm Ihe 
nucit:ar war!II':;:1{\ of the ;'Ilt;I(' ''_i1-,~ IIli"il<: or 10 GIUSC Ihe I1J)'sllc tu dc~tFO)' 

itself. 

Pammcltrs of Drfe...I;: 

The t'orcg(J illJ; sug~cs t, .om( r:ltill':-r f'lnnitl~Ibk It' c.hniol p1lrSlIi{s. Just 

:, ~ largc. 1IOWC\'<: 1', loonls " lIumhcr (If IJrl.lulelilS 11111 ncccss.lri!y or I!.~d u$ivdy 
technic" . !\rO~l or Ihese 5pl'ing "roll1 par.tlll.:tcl's·of a b;dlistic 11ll1>'1ile rnt'<:e 
:tnc.l ('onscqllenl par;11l1ctcU of Il b~\Ii~tj c miosi\(: ('ollntcrfurf.(:. tel us now 
cilmidcl" sontc or tll("SC. 

R~ll(ti{)l/. ,\ ~iS'n :1l ch:H';:1ctcri$(ic o[ a ba lh\.ic mis5 i1c £ol"n.: b jl~ i_n!lercnl 
(.apa,-ity to 1rlllllell :1 truly m :lssi\'c altack with a \'fry high dq,rn'c of "intul· 
t.mc it)" II ;t.~('ms complelely (easible to calise II large fraClion of a veq' 1:J.r~~ 
:lU:lrking fo nc til rro~s :t ll<:fcnse nel or strike a wide vari«;ty of tar!;cl ,' ill 
con cert within one 01' two rninutC1l. Th~ lle £c-(l~i\' ll ~y"ICOI obviously mll:ll 
have hij:;h fl·si.I~ln(.c to ~:Jlur:llion and. $ince in I'c:lcti.-.n tirue is OIl'C or Ih" 
imp'II'I :H1t paraml'lcrs or a n)' defense force, it i" apparE:l1t that a miuilc ric· 
fellSe force requires a \'cry rap,icl reaction ca pa.bilil)· i"l~lecd_ 

It 1II;IY be lIsl'ful 	 II) coin two dl:/irriliom :.u Illi, poinl: "j'(Jn~ rr:'lc tioll 

timc," thc period fmm the t.ime t:o mpc ll·nt milil:'!")' authority unkrs com· 
mitmcnt o[ the r"rce lIntil :Icli\' (' defense mc,I~Itf'l'S ;Ire brought to he;ll"; a rlit! 

"tlatiollal rca<lion tilr'le:' the longer period from Ihe lime when J Ibreat i, 
first rCHlg ni.lcll or ~LLSpcclcd. including all nrcc>!>.u·l' "ar hcring oJ ioion-n;)I ion. 
making- o f dc<.isiom, anti pas$agc o( order~ and ending 1\J:':lifl WI,)t'II :tcliw' 
defensc nle.ISU I'l'S ;lrc umUll'ht to bear, 'Up to now tlu're ha, been liltl" 
f) c(::I~ion (t) IIt:1k" tile di$tinl:lion drawn by tile llbow' (\(·f1Jlitlo'ns. If the fm'a: 
reaction time is ;\1111 Cut afford to be ~e\'cl'lll hours. the Cau (hat ,wliollai 
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. . .) I' " ' I I 1 PIlill" 
JC.JCtIOU lime I';U\ ",ur:lf sO • l'~lg<'r IS not p;u'IIC~ aI', Y :\ :lr • ni.lin.di<)11 
tjU! 10/111 n;;lCllOlf tIme ifilar/flb/.v IS I.ll the order 0 1 ;1 h:"£ I1mH', t1l'! ~ r;.li'i,~l~

O
\;C(I.ID1d vastly mol''t: irflporlaJll for this re:l~Ofl : it prouahl} i~ (.,III!'£,I_l:r ylctiOIlea~y to reduce tOfU rc;lnion time; hut eY(~n 'if this i~ p:Il'<'(1 lfO rJe"1 rClC 
aFt Hill ill. di:ci~ lwub\e: if Ihe [)th(:r !acto!'S Inat make up 'l<lI 'i,,'I~' 
lime h;IVC 11 III I been tlrtlUk,lHy reduccd. 

Reaction Tiwe in lh(~ HaUi!\tic Mi!!iSile Age 

National Reaction rime 
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Today force and ,.QII/lIlal reaction tllnes can be concurrent ~I, "('c.1:;\ J 

._, 'I 	 I ' I '" 'l c'f'- .Il'~luer;"I.C Clltent. 	 • \tat lIIay not be ut: caSl.' In the b.:tl ~S\1C ml:5S1 t: 'irl1rl1i"~' . 

"I' 

~ing l'l~ l 


for (:xamph;, if tht: Pre'iicic(lt received IIl[orrl.l:l tiOIl 011 all a.PI,,·rentli 


:llt.lCk., he could ittuo.edio1lclV 'Of"','r ull Ue(c_~\;ary IJtt l'aratiQns. }'t.,°J'et.. H(.l."~ . 

:tt ~tlly lime ill the nCl(t sc-vt'.l'al hoUI'~ he could abort or reull lhe is\.(_ .\,l',r'~
~tri"e if further developn-.cnts pr:avcd hi~ ill'itia\ infonnati_on to be ~....,0\1\£1 \:),~. 

On Ilh" other hand a r(;t:1.liatory ha\li~tic InlMilt' WSlt lfl ideally ., q\J~J'lC1.
. . _ t " el'Y 
desrgue(1 ~o that its forc(~ "c<leti,')n tinll~ would, be. III . thl!_order. 0 1 i).dY1 • ..; rr :l 

hour, Ont.:t: lhill qU;HlCT tinilY' had bcgun 'w run Its (.oUl'~e, qUIlCjso( ) (ll:!o 10.ov 

liltle could b,- doue to rC!(:aU lht: commiUl1cnt. al "~:tst Wi\lIOlIt je £ ",..iIY cO :1\
1IJ1T~t: p~rt (:)\ Ihe foret:. TIle' illJpliotion is {hat the snpr(lIit: aUlb4:~. n. (jOJ'l 

not sLH.t 'the: IfOI'Cl'!d re;\(:tiOf\ tilll\: UJltil- the (Jlhl~r deml!nl~ c of t:.•. ,;1\C. •I t ..... }.",:-:J- J u:ut: ~ . 	 I 

TCacr.W I.Ill.1~ l:l procccd(~d til an JJrc\'o(;,blc <onc o-,.."n 0, <:OIUJ.r . . -,,") ..~. . . ' . •• . , • _ • ~ ..1<: •e ~t\<lL 
IlWIl.-rrH"~ ' Cmllpollflthng thc r ea(1I01l·III\'lC (htfu::ultl(:~ 01 a ball'• ...;) tr.l.l C.-ICC\.. 	 . " • 

11aul~Illac: ... IS the gh_11lI our.loo\i:. for ~l.ra teK ic w ;ITnl l1 g , 1l [,ro y I:>'. e:"i.~ 'I... e\ 'i w~ win ha,"e Slr:l(e)l;ic W,1.f lling ill lhc sense lhat WI:: w"ill "now <If l}"~ ,he Ji,l'- eLl-
01;\ Ihrc;llClliflg \I\i~silc :force before it is prepared H) ;1I1:lCk. but:. ..;allY' fir , ~. 
huod ,"" we will '''UW ,,,u,~ ",u,,,'~n ,h'" • "':' m'H"'''~ ,c ~ $',<,"" ..u 
!'s ratll<:.r rellJote. A n-la.unec\.bol1IUCr I,orc~ o{ M~I'lfit-;"'l sl:te r "'-/ 
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