


On 6 September 1944, the  first t a c t i c d .  V-2, Hitler's celebrated 

vengeance weapon, was launched by German forces f r o m  t h e . 0 u t ~ k i r - b ~  of 

The Naguo, ?Jetherlands. A% 6:43 P.M., less than s ix  minutes aftor 

had been f i red ,  the  forty-six foot long rocket bearing i t s  2200 pounds of 
5 

explosives detonated w&th a devastating e f f ec t  at Chisr.rick-on-Tbm~es, 
w 

very near Lond.on, 

Thus came t h o  past dramatic application of M l i t a r y  rockets known 

t o  the  worLd. In the  nexb ton days twenty-six V-2's were showered 

on London, Approaching i t s  Large* a% speeds graaker t h m  sound, %ha 

V-2 gave m. ad.va,nce warning, For seven months, mtl.1 '27 March 19115, 
8 

this bombardment continued. All t o l d ,  about L ~ Q U  VV-21s crossed ths  

Ckannol, 1115 dropping S.n England, I ~ n d o n  sscoi lod under thls L~~p;r-,ct 

of 5x8 of "cfiem, Nsarly 3090 c iv i l i an s  >iere k i l l o d j  thousands mom wem 

i q u r o d ,  Pmperty damage was tremendous. Tho effects  on English morale 

and pres t igoi  Irrtansible as those things are, were serious,  

RccognbzJ.nz t h o  p o t e n l i d  of  the  9-2, no less a military 1 e i c l . o ~  than 

General M g h t  D, Eisenhower has wrl.tten: "It seemed l ike ly  that ,  af t h ~  

Geman had succeeded in porfeeting and using Lhesa new weapons s j x  rmirhkh~ 

ear l ier  than ha did, ova: invasion o f  Europs would have proved exce~dinzLy 

diff i c ~ l t ,  perhaps impossible ,If 

The rockets of World WaP I% represented the modernization of rs vary 

old weapon, As early as 1232 A.D, defenders of the Great, :lWd2 of Cb&a 

launched rocltets zga ins t  the  invaclirig h o ~ d e s  of Mongolia, The news spread 

around the  world, and d u r I v ~  t he  fourteenth c e n k v q  rockcts were :~.sed .Zw 

Europe as an inccncliaq- and terror-provoking weapon. A.ftre~* 1509 A,D,  



~ 5 t h  t he  development of camon, tilo mi l i t a ry  l o s t  i n t e r e s t  in mcke t s  

until l a t e  i n  tho  18th  Century when the  Maharaja Nysose used then 

effective3.y against  tho Br i t i sh  i n  India,  

There i s  no quicker way t o  st imulate i n t e r e s t i n  a new weapon 

than t o  discover it i n  use by t h e  enemy, It was not surprising that 

the Br i t i sh  then t r i e d  t o  pmduce rockets of $heir  o-m; but it took 
/ 

u n t i l  1805 before SFr I i i l l jam Congreve developed rockets considered 

s a t i s f ac to ry  f o r  mill taqy use -- j u s t  i n  ti& f o r  tho Napoleonla Wars. 

During the  F!ar of 1812, Americans leained t h e  effecl iveness  of 

Congrevcf~  e~rat5 .c  ~ ~ c k e t s ,  when with flnd&iizl: rocket firs Lhs B r i t i s h  

demoraUzed tho raw mil i t ianen dofending Washington md vore able to 

en t e r  &nd burn ow Tk t iond  cap i to l ,  The expression Itand the  mckc.P;1s 

red glare t t  jnimortalized i n  o w  National Anthon was not rr f i m e n t  of a 

poe'cfs bnaginstian -- i% was t h e  r e a l  thing,  

The U, S, A m y  organ5zed i t s  f i rs t  roclret br,t-tery i n  1046, A t  

t h i s  t h e  h e r i c a  mads i t s  flFjst con t~ ibubion  to-jmproved m c k e t  design, 

W i l l i a m  Halo first produced a spin-stabil5.zed rocket  by s u b s t i t u t i l ~  

canted fins fop a s t ab i l i z i ng  s t i ck ,  These f o r e m m e s s  of t h e  modern 

rocke-ts were used by the  thousands i n  t h e  Mexican +Jar; but  i n  spi te  of 

a prolesing s ta r t ,  they could not conipete with the accuracy of r i f l e d  

cannon introduced i n  1860, and once again rockets f e l l  jn dzLsuse. . 

The Unlted S ta tes  krillyts i n t e r e s t  i n  rockets reappeared briefly 

2n World War I when D r ,  Robert H, Gocldard. o f  Clark UxL-zersity, t h e  

f a t h e r  of modern rocketry, undertook the development of mi l i t a ry  rockets, 

Dr, Goddarc? developed a nurnbel- of t e s t  models and demonstrated then at 

t h e  Aberdeen Provdng Ground, I.Iaryland on I0 November 1918 before repse- 

sen ta t ivcs  of t h s  Ordnance Corps, Signal. Corps, A b  Service and othcrs ,  



The demonstrations were considered quite successful, and in tores t 'was  

expressed i n  the  c o n t i n ~ a t i o n  of t he  m r k ,  O n  tho f o l l o ~ s i r q  day, 

however, tho was announced, and o f f i c f  al i n t e r e s t  i n  mi l i t a ry  

rockets lagged f o r  thm 20 years. 

Working under a (;1.1,000 grant given t o  hirn by t h e  Snlithso15.an 

In s t i t y t i on ,  Dr. Goddard i s  credited with developing irmy of the basic 

concepts i n  rocket and. je t  propulsion engincerirg. B y  1920 he had 

obtained a Daniel Guggenhsim grant, aumen-Led, by funds from the,Camegfe 

Foundation, and proved his theor ies  by succ?ssfully f i r i n g  his Liquid 

oxygen and gasoEne propelled mcket  t o  a, height of 7,500 fee% with n 

maximum veloci.~y of 550 n.p.h, Goddard patented a nwbes  of f u n d m e n t d  

pr inc ip les  . 'GJMC~ have subsequen-bly been developed fo r '  use on p ~ e s e n t  day 

guided ~n i s s i l o s ,  Among these were the  use of fuel, t o  cool rocket  noloss, 

jet va.nss and gy~oscopic  control. folr rnaint~trdng s t a b i l i t y ,  and a. plan f o ~  

multi-stage rockets, 

Thus the United States,  contrary to popdai- be l ie f ,  was the flrst 'co 

c l e a r l y  o ~ t l i n c  t h e  basic p r inc ip les  t h 2 t  were l a t e r  appliecl t o  guided 

missile development, Gemanyf s experiments with l iquid  plmpell& sockets 

in the  early 19301s wore generally unsuccessful., but imnicallXy, the Qesnaa~s 

deveLoped t he  f i r s t l o n g .  range t a c t i c a l  missile and used. it against the 

Americans and t h e i r  aUrtes, 

Ihil-e Goddard was working on h i s  rockets i n  191-7 t hc  e a r l i e s t  secordzd 

guZded r i s s i l e  project was astablished,  Ulzder t h e  d i r ec t i on  of ChwIes F, 

Kettesing of General Motors, t h e  k n y  AS: Sepvlice e x ~ e r h e n t e d  lCrritb. a re- 

motely control led pl-1otle::s aj.rcsru"l type of lffPfin: boxb". By 1924 a 

n W e r  of  successful f l i g h t s  h.zd bnen achieved. and hits scored as 2a.r as 

ninet:,y n i x e s  amy, 



The secre t  of t he  f1ytn.g bomb was almost revealed when o m  crashed, 

Local flamers were f i r s t  on the  stem and were mystified when they searched 

t h e  wreckage and found no p i l o t .  . Upon the  arr ival  of an A x T ~ ~  flier, wewing 

keep the  Army secre t  ho had 

ou t  back yondor,tf The famws did not knora t h a t  t he  AMny kb Sen&ce. a t  

t h a t  time had no parachutesf 

L i t t l e  was nccomplished i n  the  l72O's but  in t he  1930's European nations 

ca r r i ed  on secre t  devel.opment of solid.  propellant  rockets i n  answer i t s  

t a c t i c a l  needs, I n  the  United S ta tes  o n l y  Cap tdn  Leslie A. Slcimer of  t h e  

Axmy Ordraancs C o ~ p s  (r?ox Colonel, ~ e t f m d )  held  such a f i r m  belief i n  mili- 

tary rockets t h a t  on h i s  o m  i n i t i a t i v e  he ca r r ied  on experiments .in the - 
basenerst of h i s  quar ters  a t  Aberdeen P r a d n g  Ground, The Comnandi.m~g O~nerxl,  

fearful t h a t  Skinner wolrld wreck the  quarbers, provided shop space and a few 

hundred dol lars .  This ef2oz-t paved tha  way f o r  the  t~bazooka," a weapon uhich 

f o r  the f irst  t L i o  enabled an infan"r,p.;ara -b combat a tank sfn.glehanc!ecily, 

Every major par t i c ipan t  i n  World F J a r  XI used rockets, The Russinns 

pioneered i n  massed rocket barrages and the  f i r i n g  of air-to-ground rockets, 

The B d t S s h  first used rockets f o r  air defense. The Japanese used them as 

. a r t i l l e r y .  The United ' s t a tes ,  too, deveJ-oped and h t m d u c e d  rocket  weapons, 

Not a sexvico rocket was avai lable  a t  t h e  t h e  of t he  a t t ack  on Pear l  Harbor, 

y e t  by Q-9 Day rnillions of rockets had been produced and f i r e d  by om so ld ie r s ,  

s a i l o r s ,  a imcn and marines, Tha development job was ddf f icu l t  and &ine eon- 

sumjng bepause each pro jec t  required development of fundamentd knotrledge 

which a continuing peace-time resea.rch p r o g r m ~ r o u l d  have p rodded  i n  advanco, 

It i s  a t r i b u t e  t o  t he  determination of o w  nat ion 's  Ortlnance-Scl.encc-IndusL~%;q 

team tha t ,  s t a r t i n g  with such a hcmdj-cap) they were able t o  produce tz varj.ety 

of frec f l i g h t  rockets which smk  su.bmarines, defeated tanks, spca-rhuaded the 
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air suppolrt; f o r  the  Normandy b r e d d b ~ h ,  and effected a deadly sof ten i rg  

up barrage ahead of our forces invading Africa, Sic i ly ,  I t s l y ,  N~rmandy 

and Southern France. Rocltets trese a lso  used i n  v i r t u a l l y  every Pac i f ic  

action from hawe t o  Ok-l~lc-i~\~a, 

I n  August 1943 a radio controlled g l ide  bomb launched fson a German 

ai rplane struck a B r i t i s h  sh ip  i n  ' the  Bay of ~isba~. This nwked the  

beginning of guidance f o r  rni.ssiLes i n  warfare, Guidance when combined 

with j e t  pxop~alsion l ed  to modern guLded mi.ssi2es. 

The Germans were first to ck, t h i s ,  boinbarding Br i t i sh  citj.es ~Ti;th 

the V-3. buzz bomb s t a r t i n g  i n  June 19& and with the  V-2 miss i le  i n  

September o? t h a t  year, The r e l a t ~ v e l ~  slow V-I-, a 400 m.p.h. pulse j e t  

u t i l i z i n g  pre-set guidance, nzs effect ivk eno-dgh- t o  cause emp lopmt  of. 

heavy Allied air  &fense against  A t ,  Ox the  o ther  hand, the re  vas no 

countermeaswe against the  3,500 m,p.h. pre-set V-2 once it had l e f t  

I t s  launching s i t e .  Gerrmny had dem~nstra ted thg V-2 was an all weather, 

day o r  night weapon effect ive  with3u-b having air super ior i ty ,  

By the  spring of 1945, f i f t e e n  thousand V - l  buzz bombs and over 

2,500 V-2 rocke"c had been f i r e d  I n  combat. An appreciable amount of 

Al l ied resources had t o  be diverted toward counteracting this tnrea'c. \Then 

the  war ended the  Germarrs were developing surface-to-ajr guided miss i l es  
F- 

t h a t  l a t e r  n ight  have sexiously hmpercd Al l ied bomber operatloris. They 

were a l so  busi-ly engaged 95th hprovcd  versions of t h e  V-2, 

-The Cfemans were years ahead i n  thc  development of modern guided 

missiles, Howcvor, by the  tim", thn V-2 and V-2 appeared on tho scene, 

h r i c a  a l ready had recognized the  great  prospcc'i.~ f0.r Ltlcse trea.pons of  

t he  fu ture  arid had. a goocl s t a r t  i_;~ research an? developn19~i; on guided 
d 

weapons 
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Oue phase of thi.s activlity wes concerned with the  devclop;r,eri6 of 

a s e r i e s  of guidcd bonbs, The i2~ned Services, the  Kat iond Defense 

Research Cormittee and various industrial.  contractors colla.borated i n  

t h i s  work which included corr~~imd type guidance systems incorporating 

heat, l i g h t ,  o r  radar seekers. There was one appl icat ion of t e l ev i s ion  

equipment before TV becar22 cor;mercia.lly avail.ab1e. 

Best knom of these weapons was th2 Army A i r  ITorces AZOIJ and REL70N 

and t h e  Navy BAT. The AZr3r'J. was a 1,000 3-b, general purpose bom~ vhich 

the  bord~ardier could control  t o  the  r i gh t  o r  l e f t  by radio. It go% i t s  

name from the  f a c t  it tras controlled i n  azimuth only. This guided 

treapon was used f o r  specia lJ  missions against  l o n ~  narrow t a rge t s  in 

~ u r o ~ e '  such a s  t h s  loclcs of , the  Danube, viaducts nearBrenner pass, and 

br idges  over tho Seine. Good r e su l t s  were a l so  obtained i n  disrupt ing 

commun_i.cations i n  3urnla, The RAZON, which was designed to be control led 

i n  both range and az.imuth, .;ras not perfected in t h i z  for. ope ra t i i na l  use 

i n  ldorld War 3:1. The BAT, tho rrorldfs f i r s t .  targe-t sec::ing miss i le  rsas 

pushed t o  completion acd successfully employed against  J a p l i ~ s e  shipping 

before the  cessation of h o s t i l i t i e s .  This weapon was a winged gl-id6 bonb 

u t i l i z i ~ , g  radar Lechniqucs *to homo on i t s  t a rge t .  

A s  e a r l y  as  1941 there  had been ag i ta t ion  to develop a V-1 type of 

missi le,  but  it was not u n t i l  the  buzz bo~:~b at-tacks on Enzland t h a t  t he  

War Depar.tr$cnt; i n i t i a t e d  t h i s  project ,  Knom as t he  J13-2, o r  If lON, t h i s  

450 m.p.h. pulse j c i  was sjmi.lnr t o  the  Gem.m V-1, Hea3y operatIon~2. 

use had been p1annr.d and la rge  scalc  prod~zction tras wel l  m ~ k n a a y  trhen 

V-E day l e d  t o  cancellatiorl of a 1arze port ion of t he  p rocu rc~en t  ord.er, 

Thc  availabl-e J3-2's rrere then nuscd f o r  e:cpcri.r;l.nnto~ aork a.nd f o r  'crainri.ng 

p q o s e s  by the  three  serviccr;, 
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The Annyts rocket activ3t.y assumed a nera s t a t u s  i n  Septembel; 1943 

when the  Technical Division of the  Oi'fice, Chief of Ordnance es tab l i shed  

t h e  Rocket Branch, Ordnance had collaborated i n  some of t h e  various 

wartime ndss i l e  developmc~li;~ bu t  the  a c t i v i t i e s  had been- broken down and 

assigned to tho most appropriate of t he  exis t ing Ordnance agencies. 

reorganization indicated t h a t  rockets and guided rxissi les were now considered 

new members i n  tho A r i ~ f s  family of weapons which would be c e n t r a l l y  nanazed 

in t h e  same manner a s  smiLl .  arms, a r t i l l e r y  m u n i t i o n  and tanks, 

A t  t h e  same t h e ,  Ordnance requested Je t  Propulsion Laboratories ( JPK) 

operated by C d i f o m i a  Insti-tuto of Technology tn inves t iga te  t h s  f e a s i b i l i 3 y  

of developing long range surface-to-surface guided miss i les ;  Also i n  Septenlber 

X9b3# act ing on a request  of t h e  Chief of Qsdmnce t he  BaJ3isti.c: Research Lab- 

orator-y (BRL) a t  Aberdeen Proving Ground prepared a f e a s i b i l i t y  s tudy o r  long 

range rockets,  Both the  JPL and BRL repor ts  were favorable,  Inpressed, 
. , 

Ordnance i n  May l9& placed a, $3,300,003 contract ,  knorm as t h s  OI?DrJIT project,  

with JPL f o r  general  research on guided missiles, v i t h  emphasis oa socket p ~ o -  

pulsion and supersonic aerodynamics, 

I n  l e s s  than a year, e a r l y  experimental work a t  JPL confirmed t he  f e a s i -  

b i l i t y  of guided miss i les  and two more contracts  were negotlatcd, The f isst 

of these  es tabl ished t he  ,HERI4ES p ro jec t  with t he  General Electrj-c C O I Q ~ ~ T I ~ ,  

I ts scope was broad, encompassing research and development leading t o  long 

range, surface-to-surface, and to high a l t i t u d e  a n t i - a i r c r ~ f t  ~d . s s i l e s ,  

These original.  objectives were changed from time t o  time as t h e  overa2.1. 

guided miss i l e  program developed. The o the r  contract  with Bell. Te leph~ne  

Laboratories of the  Xestem Elec?;ric Comp,my i n  Pebrualry 1945, i n i t i a t e d  tha  

MIKE p ro jec t  f o r  research, development and eng ineer iw >rork r e q ~ d r e d  t3 pro- 

duce a su i t ab le  anti-d.rcra.ft. miss i le  system. 



elulncmce Corps was well. qual*lfied to conduct t he  A m y  guided 

,,,s.i~c program. It had years of aerodynamic work associated with 

development of p ro j ec t i l e s  i n  t h e  BRL a t  Abcrdeen Proving Ground, as 

weU as long experience with cornidex f i r e  c a n t m l  systems. Ordnance 

personnel recognized, howsver, t h a t  they would be pioneering i n  a 

considerably broader f i e l d  than ever before, and t h a t  new development 

.and t e s t  f a c i l i t i e s  were e s sen t i a l  before much pmgress  could be made. 

There was no supersonic wind tunnel cf useful  size i n  t h e  United 

S ta tes ,  Professor Theodore von Kannan, a member of the  Sc ien t j f i c  

Advisory C o d t . t e o  of BILL, had f o r  some .time urged the construction 

of such a f a c i l i t y I  A study by a specia l  National Academy of Sciences 

committoe, headed by Dr. Frederick W, Durand, supported t he  reasoning 

advanced by von Kamnara: t h a t  such a t~u in9 l  was neceuswy f o r  use in 

reseazrch i n  supersonic aemdynmLcs and the design of inproved and - 
rare e f f i c i e n t  b a l l i s t i c  shapes. In 1943 Ordnmce obtained funds f o r  

i t s  construct;ion, Put, i n t o  operation l a t e  in l.9bb3 t he  B?& ~ d n d  tunnel  

proved i t s e l f  an essential.  elemcnt i n  t he  solut ion of supersonLc flow 

problems an8des ign  of guided missiles f o r  the  Army,  N ~ I &  and Air Force. 

For some time it, was the  only supersonic r&d tunnel i n  t h e  United Sta,tes 

avai lable  f o r  t M s  work, Fow years l a t e r  a second &my Or&c?;nce %rind 

tunnel  was placed i n  operation a t  tlie JPL. PIeam~rhile t h e  Navy and th9 

A i r  Forco had a lso  b u i l t  ner? supersonic wind tunnels,  

r"rom.tl.le ou t se t  t he  Arrqy w a s  thinking i n  terms of guided miss i l es  

which would extend the  range of a r t i l l m y  t o  500 miles; i n  fact,  o w  

i n i t i a l  program included preliminary trork on thc  500-mils IIERT4XS C-1, 

It was evident  a much 1-onzcr t e s t  range than  any conceived t o  date had 

t o  be Znan~$.ateIy establj.slicd, I n  order t o  0bt)a.i.n a l l  possible inf oxma$ion 

and technLca3. data pertaining ta f l i g h t  tc:;-ts o f  these unmxnnzd supersonic 
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missiles,  it trou3.d be necessary Lo der i se  and i n s t a l l  a conlplex system - ,  

of range instrumen.i;ation. Recovery of spent miss i les  f o r  study d u r i x  

t he  development phases was a lso  considered essen t ia l ,  An overland range, 

therefore,  .was decided upon, After an extensive survey i n  19113, I M t e  

Sands Proving Ground (~JSPG) was established the  fo1los;ring year i n  %ha New 

Mexico deser t  28 miles isom Las Cruces and adJaccnt to t h e  For t  Bliss 

mi l i t a ry  re$ervation. The range extended north approximately 125 mflies 

and tias 45 miles wido, 

Specia l  f a c U i t i e s  required by tho contractors a t  t h e i r  p lan t s  f o r  

component devolopsn t  and t e s t i ng  were a l so  pro-dded frorn A r m y  funds. 

Tho Army Gromld Forces were quick ' to appreciate t h e  l e ad  time required 

t o  develop and ovolve doctrine f ol: the  t a c t i c a l  erqjloyment of  guided missi.les. 

I n  order  t o  be ready t o  @ace guj-ded miss i les  i n  oparational  use as so02 8s 

they becama n v ~ l a b l e ,  t he  f irst  guided missile ba ta l l ion  was ac t iva ted  Im 

October 1945 a% I'osit Blis,s, Persom~el, of t h i s  organina%ion e s s l s t e d  i n  t he  

miss i le  launchings a t  WSPG, and gained valuable experS.onco long before the  

f irst  miss i l e  system was delivered t,o them. Concwrently the  school a t  W r t  

Bliss developed guided missi le courses and conduc.l;ed in te2 s ive  t r d n 5 - w  cf 

Gmmd Forces personnel to prepare them f o r  what was to come, 

Haviw established pro jec t s  with highly q'aczlifj-od c o n t ~ a c t o r s ,  ancl 
i I 

C ' 
, provided them the nzcessary l%ools of  th3 trzde," and a proving growd, - .- is', I-, , 'T 

1 Yne Army was riow re'S2.y i n  the  guided. miss i le  business, 
L.. , 

The Am@ recognized the achievements of t he  Geman s c i e n t i s t s  and 

eng.in5ers and the  f a c t  t h a t  they were tho most experienced groups i n  t h e  

world. After  t h e i r  surrender to the  united S ta tes  forces,  Ordnance Technical 

In te l l igence personnel recornended t r ans f e r  of t l ~ c  creai- of t he  crop t o  thc  

United States,  i n  older  t h a t  the  Ame.ecan program could bcrae1i-t by K h e b  
c 
L. 

knor~ledge and car ry  on where the  Cennczns had. l e f t  off ' ,  Ordnaqce ob.ta:in%ci 



approval i n  June of 191.6, a d  under the "Paperclip Program" an in tegra ted  

team of 130 ou-tstanding key spec i a l i s t s  \.rere voluntar i ly  brought t o  t h e  

United S ta tes ,  The group was established a t  an Ordnance 3nb-Office at 

Forb Bliss and organized t o  conduct E % u ~ ~ € ! s  and recommendations on t h e  

davelopnen-bof long range surface-to-surface guided miss i les  for t h e  

Army, I n  addit ion they rendered valuable service i n  indexing and trans- 

h.ting la rge  quanties of captured documents, ident i fying rocket materiel ,  

and a s s i s t i ng  with t h e  assembly and f i r i n g  of V-2's at, White Sands. They 

-were most cooperative i n  every way and provided' excellen* intermga.tiion 

service,  not o n l y  t o  t h e  personnel and contractors buL to t b s e  in 

t h e  Navy and Air Force engaged i n  the  American program, They rmra l a t e r  

t r a n s f e ~ r e d  t o  Redstone Arsenal a f t e r  it became the  Ordnance center  f o r  

roclcets and missi les.  Their work has been ,outst;?31$iwg and they 

are now highly respected c i t i z ens  of  t h e i r  comnunZty and of: -tM United S%sgZ;es, 

A t  t he  bcgi.nning of the A m y  Orcha.nce nli-ssile program it was r e d i z o d  

t'nat Ire would b e  pioneering i n  a f i e l d  e n t i r e l y  nzw t o  U, S, technobogy, 

: I Brand new contributions representing r e d .  advances i n  several  f i e l d s  02 

science were required t o  solve t h e  many problems associated t&th our  preserrb 

day guided miss i les ,  The f r o n t i e r s  of science would have to be advanced -- 
' and were -- a t  an unprecedented ra te .  
\ 

Consider what a guided missi le i s  kequired t o  do -- f l y  a t  Lhous~?d.s of 

mil33 an hour speed, thmugh the  atmosphere and in to  t h e  vac~~um, PA-&gala 

i t se l f  long distances with practicaLly pinpoint accwacy, and stand ~p mdor 

tremendous extremes of acceleration,  vibration,  temperalwa and sudden forces  

of external  d is turbmces .  

110 o ther  sri.rgle dcvzl.opn1en-b t o  date has been a s  conplex o r  a s  diff j -cul t  

as a guided missi le system, It is not a one man job, OutsLandin~ experl;~ 

i n  e l e c t ~ o i 6 . c ~ ~  aerodynamics, physics, chemistry, meteorology, rna.thcmatics 
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and m~my o ther  f i e l d s  of science a r c  required to collaborate a s  a t'eam 

i n  the  development of a guided missi le s y s t e ! ~ ~  

A care fu l ly  p.Lanned lor)< range research 'and development program 

was i n i t i a t e d ,  ~ d t h  emphasis on research, i n  order t o  obta in  t h e  kno~,rledge 

and,e;rperience h-hich would insure successful  cievclopnent of guided missile 

weapons t o  mset the requiremncnts -of rmilitary service. We can r e f e r  t o  t h i s  

period as one dwirg which >re Itcast o w  bread upon the waters,'f and received 

many  fo ld  re turns  th~.ough this research. We knew prac t i ca l l y  n o t h h g  about 

'supersonic aerodynamics, the  sound ba r r i e r ,  0.1- thermal b a r r i e r s  when we 

s t a r t ed ,  There were no t e x t  boolcs on these subjects  -- no courses i n  our  

educational i n s t i t u t i ons ,  

DurTng t he  period A r a y  was learnjng to walk before 3t ran, great tech- 

nological  progress was being made, Basic in fomat ion  of impor-Lanca fis 

missi le  designers was being clevelopedat t he  various Arsny pro jec t s  sad 

proving grounds, and made, avai lable  t o  a l l  i,n the  nati.onsll progrs~n, 

By t h e  f a l l  of 1945, JPL f i r e d  t h e l r  f irst  FTAC CORPORAL a t  FJSPG 210 

an a l t i t u d s  of L.3 miles, E'romthis l i q u i d  propelled research mcke"tvo3=ved 

several  imporbani; applications,  The Navy-!s AXFQBEE upper-air sou&ng rocket 

was a scal.ed up version, Pr inciples  deveLopcd on t he  WAC COWORAL vcre 

applied t o  %he C O R P O W , ,  But tho most h-istoric achievemcnS; of t he  \IAC 

C O ~ O W  was t h e  p a r t  it played i n  ~ e b r u a r ~  1949 as the  business end of 

t h e  BU1.117,YH miss i le ,  which s e t  a l t i t u d e  and ve loc i ty  records which, a t  t h i s  

writ ing,  s t i l l  stand, 

Tho BUI6KR cam2 a'ooxt from the  need t o  check theor ies  on multi-stage 

rocket f l i g h t .  Tho pr5~nary object?.ves of thLs experiment were to obta in  

information on; (I) the  scparatxon m d  igi-iition of the second s tage rocket, 

i n  highly r a r i f i e d  a i r ,  ( 2 )  the  s t a b i l i t y  of a, second s tage nlissile launched 



a t  extremely h igh 've loc i t i es  and a l t i tudes ,  ( 3 )  the  aerodynatic e f f e c t s  a$ 

higher Mach nunbers obtainxble i n  no other  rmy a t  tht time. Although it 

was recognized t h a t  tile multi-stage pr inciple  offered t h e  most e f fec t ive  

means of obtaining grea t  distance o r  a l t i tudes ,  it had never been success- 

f u l l y  accomplished, There were skeptics,  The BUIPZR missi le,  consist ing 

of a V-2 with i t s  nose modified t o  accommoda-be a WA COPmRAL, was the  . 

r e s u l t  of the  combi.ned e f f o r t s  of Ordnance, JPL, b u g l a s  Aircraft and 

General E7,ectric, The f irst  full-powered f l i g h t  a t  WSPG was  e n t i r e l y  

successfuk, The WAC CORPORAL t raveled upward a t  a sg. .: of 5,000 m.p,h. 

t o  a heighk of 250 miles. Amy was credi ted with being tho f i r s t  Lo send 

a mac-made obiect  outs ide  t he  ea r th ' s  atmosphere, The f l ight ,  l a s t e d  1 2  

minukes during which time t he  ea r th  was rotat ing;  t h i s  necess i ta ted a 

d i r ec t i ona l  correc%ion amounting t o  several  miles, 

The V-2 ppogrm conducted a t  WSPG contributed much. Lo sapid postwax 

pmgsess  i n  th3-s eoa~-Lry, Starti-ng in May, 1946 a t o t a b  of a,pproAra"coly 

80 were f i red ,  ::I.: biere assembled from captured components with shortages 

Tied bv the  supp- w 4,5--: I., project ,  The V-2, wM.& s t m d s  a s  a milestono in . 

m - 9 s  teckr,ologic& progress, w7t:; t,horou.ghly researched; i n  the  process it 

added t o  o w  baclcgmund of sc ient i f ic ,  knowledge and expedited OILY expexqJ.ence 

i n  handling and. f i r i n g  l a rge  missile:; of thLs type. I ts  use as a vehicle 

fox- f l i g h t  t e s t i ng  various conponents being developed f o r  our budding missiles, 

and, f o r  checkire 011% the  compiex range instrumentation b e i ~ g  developed f o r  tk. 

proving ground, represented a grea t  saving of time and mney, An app~ec i ab l e  

nw-ber were f5red i n  col labarat ion with s c i e n t i f i c  i n s t i t u t i o n s  f o r  research 

of the  a"tossphcrc. These V-2.7, carrying heavy loads of instruments t o  a l t i -  

tudes e x c e e d j . ~  liK> xiles, Zave sc5 w:tists  f o r  the  f i r s t  t i m  the  means t o  

study t he  p r ~ p c ~ i e s  of t h e  upper ntmosphcre and t h e  e f f e c t s  of cosmic 



radiat ion.  In f a c t  %hfs phase became so important t h a t  the  Navy xias 

authori.zed to develop t h e i r  V I K I E  missi le ta continue t he  work a f t e r  

. t h e  supply of V - 2 s  was exhausted, 

I n  an in te res t ing  the  Am~y cooperated with the 

Navy i n  f i r i n g  a V-2 from the  deck of the  'u. S. S, Midway, The missi le ,  

which had not been designed t o  counteract 8 ship's m6Son at  X a ~ ~ s h i s - g ~  

Cook off i n  =an e r r a t i c  manner and created considerable excitement arid 

anxiety f o r  a J L  concerned, Hoxiever, it djd  prove t h a t  l a rge  b a l l i s t i c  

miss i les  could be successfuZly launched from ships  a t  sea,  
C 

Ono V-2, in i t s  ro le  of a f ly ing  laboratoxy, a l so  created a sef ious  

3. nternat ional  i.ncicien.t. The experiment was a checlc on " c h s  ef f  ecJ~iveness  

of t h e  d,esign of a ramjet clriffuso? under actual  f ly ing  .condit~ons.. The 

V-2, r d t h  t he  ramjet componen"counted on its mse,  w a s  progrmied foy a 

relative1.y shor t  f l i g h t  at, low a l t i t ude ,  The miss i le  tcolc o f f ,  r i s i n g  

rra j e s t i c a l l y  and properly incl ined i n b  i t s  t r a jec tory ,  but tk?~ clireclion 

was south ins tead of north, Means had been provided t o  'cemni:~"., i t s  

f l i g h t  i n  case of kou.ble, but  the  man a t  the  safety- co11troI.s knew too much, 

He reasoned someor-e simp3.y reversed t h e  leads  -- t he  pmgranmed ralge i s  

only half way t o  For t  Bl i s s ,  He l e t  it f ly .  Bu-t It wasn't crossed leads,  

and t he  miss i le  did noLrespond t o  i t s  prese t  f l ight  path, Radars l o s t  

crossing the  Medcan border1 It passed over E l  Paso w~d oves. Juarez ~ t n e ~ e  

a f i e s t a  was i n  progress, It fo - rb~mte ly  limpacted on a barren hil.1, c a u s i w  

no damage o r  inj-cries except those resul t ing from t r a f f i c  accidents i n  the 

rush to ,the scene. Enterprising 14exicans mped off t h e  c ra te r ,  charged ad- 

rdssion, and so ld  S i t s  of the V-2 f o r  souven5.r~;. I M t e  Sands opcrations 

were suspcndcd, by order, until. Lhc Chief of Ordnrince was assurc ,  t h2 t  

miss i l es  1io~il.d never again c ross  thc bounclarics of t h e  proving ground, A E  
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a resu l t  of this experience a mniplex a>d effective safety s y s t m  rias 

devised, This consisted c s s e n t i d l y  of  a combination of radavl tracking 

, with .  a.utoralic plotting boards, precise and, cu nttnuous aloctmn5.c hpac.P, 

prediction, backed up by.?~Lsual. observatiori through a sky' screen on tfich. 

safety lirmtts were indLcated, Operations resumed, witnessed by & large 

group of Mexican o f f i c i a l s ,  
C - 

The new safety equipment paid off  well. M a l f u n c t i o ~ g  mlssi3.e~ 

could-now be permitted t o  f l y  the naximutn distance before being cax'c down 

within the  bound.aries of the range. This prchdded more data on technical 

troubles encountered i n  flight, Jndghest was s t i l l  required on tiha pax'% 

of the  safety off icer ,  however, FOP example, on3 day a COFEOrdlL took off 

n o d l y ,  then hooked ' to the rvest . If out Qm vihen the trouble dcvelopsd - 

the rdss i l e  ~ r o ~ i l d  h8.w endangered tho post of \.kite Sands; beyond th5s was 

'a panch hoxnesteaci, then traf'f i c  tbough the momta.in pass, mothor smcla, 

axd at greater &stance %ha totm of Las Cmces, T h i s  was the worst possible 

l i n e  on the map. Thz aaEety of f ices  knew at ELI-5, t i m s  where tho missile was 

and. where it would -impact Jf the fltgh'b we,= temiaated,  l!e wisely let the 

missile f l y  over the inhabited area, over the boundary, t e d n a t i r g  i ts 

f l i g h t  safely i n  the  desert  between the las-L ranch a ~ d  the c i ty ,  

Very ear ly  in the g m e  Amy Ordnance established a policy of contracting 

with the most capable c iv i l i an  sc i en t i f i c  and indus t r ia l  organizations avG1- 

able, so th2.t the best  t2len-b i n  the country should be engaged I n  Chis trork, 

Further, the developrncnt of an ent i re  weapon system should be, whenever pos- 

s ible ,  placed tri.th a single firm, A guided missile system ii~volves a peat 

many items i n  addition t o  the missile i t s e l f .  There are launchers, radars, 

f lying panels, test  equipment, semicine; veh ic3 .e~~  protect5.vc cl.othirsg, co1.d 

. . weather k i t s ,  drawings, specificat:ions, instru.ction manuals and. so for.l;h, 
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Normally a prim3 contractor i s  selected, one not o& will ing and able t o  

develop the system, but also capable of i n i t i a l  productionr He i s  given 

the necessary responsibil i ty and authority to  go ahead within the l imi t s  

prescribed and under the supervision of the military. T h i s  prime con- 

t r ac to r  is of course f r e e  t o  sub-contract as  much as he determines necessary, 

but Ordnance has one man t h a t  can be held responsible -- one man t o  praise  o r  
t . 

blame, For' complicated systems l i k e  th is ,  a large number of sub-contractors 

are  u t i l i z e d ' . ~ x m . s e  no single industry today includes a l l  the  f i e lds  required 

'to produce a guided missile system. 

A good example of the application of this philosophy was the development 

and pmduction of the NIKE system. Western Electric Company was the prime 

contractor with Bell  Telephone Laljoratories t h e i r  development agency. They 

were experts i n  electronics and experienced 2n complex weapon f i r e  control 
. . 

systems, but knew l i t t l e  about ae rodyndcs  and airframes, They wisely sub- 

contracted the missile with i t s  problen~s to Gouglas A i r c r d t  Company rather  

than recru i t  t h e i r  own aerodynamic group i n  competition with the a i r  industry. 

The relatlonsh5.p between Bell  Telephone Laboratories and t h e i r  sub-conbractor, 

Douglas, was a close partnership i n  the overal l  enterprise., 1% had t o  be thus 

because the various components of the guidance system and the missile a re  so 

inter-related tha t  t he i r  design had t o  be f u l l y  integrated; a change i n  one 

component affected another. There was some concern tha t  the 3,000 miles 

between Bel l  i n  New Jersey and Douglas i n  California would be a hmdicap, 

but it i s  interest ing t o  note t h a t  the reqdired coordination was readi ly 

accomplished through the princj-pal comoercijl products of the two corapanies;. 

ncmely, the telephone and the airplane. 

I n  a nomid progranl, the resemch and development people givo a new 

piece of equipment extensive test ing and ai'ter a l l  riSugstl have been worked 

out, tu rn  it over to  the using service f o r  field t e s t s  s~hich usu,ally r e s * d t  

i n  subsequent r;.lodifica,tion t e s t s ,  M t e r  al.1 th is ,  the production people - 1s - 



take over and negot,iate production contracts,  The pmducLion items are 

then turned over t o  a t h i r d  gmup who s to re  and i s sue  t h e  items t o  troops 

as needed, and prnvj.de fox9 the necessary rn,zintenance seprj.ce. .Finally,  

s p e c i a  schools t r a j n  t h ~  technicdl  personnel who w i l l  se rv i ce  t h e  equip- 

ment, 

B u t i n  the  case of missi les,  once t he  new sys t em s t a r t e d  looking 

good on the  proving ground there was great  demand t o  get  them I n k  e a r l y  

proc?uction, and f o r  good reasons. I n  the  surface-to-surface categolay, 

'need f o r  new day md night, all weather vreapons was c l e a r l y  es tabl ished 

dmhg Lhe Battle of t h e  I3ulgo i n  Europa9 the ac~li6r-i a t  tho Y d u  Rives 

' i n  Korea, a d  o ther  engagements, I n  tho an t i -x ix ra t ' t  field more effeckive 

weapons were ' also required because j e t  engined a i r c r a f t  s+rere d r e a d y  out- 

stx%ppTng OW be s t  an t i - a i r c r a f t  a r t i l l e r y ,  

A s  a resul t ,  the  most urgently requ5red of o w  miss i le  systems wera 

flcrash$d,f1 This simply meant t he  successive s teps  or" the normal. progym, 

out l lned above, tiere telescoped, i ,e , ,  the  s teps  rrldch were n o r f i d . 1 ~  dona 

in series were now to be done concurrently as quickly a s  pousible, 

T h i s  of course presented new pmblens, but  it was a challenge accepted 

by our Ordnance-Science-Industry- team and t h e  mw weapons are nmr i n  ope.- 
I- 

a t i on  co nsiderably. ahead of the  o r ig ina l  schedules, 

J u s t  a f t e r  the  war guided miss i les  rase t o  popular i ty  o-srernigllt, The 

public's imagination had become f i r e d  by sensational. s t o r i e s  Zn t he  press  

about pushhutton war, s a t e l l i t e  s ta t ions ,  and space travel, hTith a sane 

approach the armed services concluded thstt guided mjssi-les would become 

e s sen t i a l  weapons of the  future ,  and f o r  thei31 om good they had b e t t e r  

ge t  fixmly es tabl ished i n  t h e  business, Army Ord~zmcc h ~ d  pointed thp, w a y  

t h r o ~ h  dynamic invest igat ions  and i n i t i n t i o n  of programs in t h e  fiel-d, It. 

was a natural  the!;, thzt there devclopeci Jurj-sdict ionjl  cotitrovcrsy f o r  the  
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control  of these  new andF.acnsatkond, weagons,~ The gx'owd folrces were 

primarily i n t e r e s t ed  i k A t h &  t y p L  of;gldded mii ;3 i1&s~th8f j~f j~rqy~ was best 

qua7,iftad,itonppdrice --. nan~ely, the  supersonic rocltet' and b j l l i s t j - c  types. 

The gxu~md forces considered that; guided miss i les  which rst i t s  

requiremenCYs were a n  extension of a r t i l l e r y ,  But the dual nature of 
(. 

these  new wea2ons semcd. a s  a basis f o r  the Army A i r  Force (AAF) con- 

t en t ion  t h a t  guided rnis s ixes  supplemented a i r c r a f t  and theref  ore  should 

come within  t h e i r  f i e l d  of responsibil i ty.  

A s e r i e s  of opinions and d i rec t ives  supported the  Army ground 

force views, The first dal5neation of Ordnance and AAF responsibi l i . t ies  

was made by t he  New Developmsnts Division of the General S t d f  in 

September 1944, By t h i s  decision the  Ordnance corps was assigned the  

t.4ngless bal l isLic  typs  miss.ilos and the  AAF t h e  winged pi lo ' t less  a i r c r a f t  
. , 

types. These respons ib i l i t i e s  were fom&.l.zed t he  following month by 

the MCN~.XYL~Y (DC/S) direc ..ve assigning t o  t he  A q y  Service: Forces 

research and d~velopmsni; of g ~ d e d  o r  homing miss i los  launched - f r o m  the 

ground and wKkh depend f o r  sustenmcc primarily or+ m~~i;. ,~untm, and to 

t he  AAF those missj-les depending p 2 i m r i l y  on t he  l i f t  of aemdynmdc 

I n  191i6 t he  A@' reopened t,he subject, claj-ricing Ordnance was 

i n f r i ~ z i n g  on t h e i r  responsibl.Lities because the  Army. n i s s i l e s  'under 

development were supersonic p i l o t l e s s  a i r c r a f t  not sustain.ed h f l i g h t  

primarily by mol?lentwn of the  missi le.  

The Guided Missile Conrmittee of the  Jo in t  Comdttee on ?Jew Wecpons 

which had been servinz to coordinate %he various s e m l c e  .p ro jec t s  SIW- 

-veyed t h e  siiunt;ion. In  i t s  "llcrsey Report" khz- Com6ttee s ta ted th.at  

t h e  cognizance exj.sting bett~eer, the a i r  and 61. i.3rc?nance agencies of 



both the  A r n w  Navy mere not logic,il, but  t h a t  research and develop- 

ment i n  t he  f i e l d  of guided miss i les  rnust inevi tably  involve some corn- 

pe t i t ion ,  and t h a t  a cer ta in   mount of cluplication was valuable. The 

repor t  suggested a systen! of mutual agreement ~ ~ o u l d  be b e t t e r  than 

s e t t i n g  in f lex ib le  boundaries, 

M a n y  s tudies  and proposals f o r  an integrated program were then 

mjde, culm2mtS.ng in a War Departmexrt decision i n  October 1946 that  

wi thin  the  Arrny t he  AAF be given ove ra l l  cognizance f o r  a l l  gucided 

miss i l e  development, bu", s t i p u l a t i q  Ordnance Corps p ro jec t s  were to 

.continue under t he  sponsorship of the agencies doing the  work, L i t t l e  

was acconrplished i n  complying 56th  t h i s  directive because shor t ly  there- 

a f t e r  the  AAF was granted equal s t k tu s  with the Axmy and Naqr, and 
I 

relinquished i t s  respons ib i l i ty  f o r  the  Army program. Army then assigned 
- - i. 

primary cognizance of Its program ttr t h e  Ordnance Corps and requested 

t h a t  t h e  skii l ls  i n  aJ.1. developnent agencies wlLhi.11 the  Am.y be u t i l i z e d  

t o  e f f e c t  maximuii contribution t o  the national  guided miss i l e  program, 

1 n . t h i s  connection the  Signal  Corps f e l t  it shoLild be granted cognizance 

over tho e lec t ron ic  ~ o r t i o n s  of mjssiLe systems, bu t  t h i s  b i d  was re jec ted  

because t he  close in ter- re la t ionship  between the various elements of a 

miss i l e  system preclude a ciivlsion of responsLbil i t ies.  This s e t t l ed ,  

t h e  Signal  Corps, as  wel l  as  t he  Corps of Lngi.neers and Chemical Corps, 

continued t o  render valuable technical. ass is tance t o  the  O r d m c e  Corps, 

Coordination of Army, Navy and Air  Force programs w a s  s t a r t e d  by the 

Dewey Committee, taken over by the  Jo in t  Research and Development Board, 

and 'continued by i t s  successor, t h e  Research and Development Board ( I U l 3 ) ,  

By 19h0 the  question of ju.r.isc?ict,icl:. s t i l l  had not  h e n  s e t t l e d  t o  every- 
$ 

one's  sa t i s fac t ion .  RU13 proposed t ha t  projects  should be assf-gned. ori 

individual  basis with considcr:ition of such f ac to r s  a s  intended use, technicaX. 



conpetence, aqd a v a i l a b i l i t y  of manpower and f a c i l i t i e s ,  The followj-ng 

year Amy's Secretary Gordon Gray, recommended simyj2y t h a t  each serarice 

develop tho miss i les  ' it would use opera"conally, i , em,  ground-launched 

t o  A m y ,  ship-launched t o  Navy, and air-launched to the  A i r  Force. 

Shor t ly  t h e ~ e a f t e r  General Omar Bradley, Chairman of the  Jo in t  Chiefs 

of Staff ,  l a i d  down the  policy that gulideh rnissiles would be employed 

by each armed service i n  a manner and t o  the extent  required t o  accomplish 

i t s  assigned missions. He wisely made no clecision on t he  dividing l i n e  

between shor t  and 10% range missiles. Had the  Join-L Chiefs of S ta f f  been 

r e q d r e d  t o  s e t t l e  t h e  argunent a t  t h a t  time, Army might have been limited 

t o  a mixh~um of 100 miles f o r  i t s  miss i les  because of strong representa t ion 

t h a t  miss i les  of g rea te r  range -were an extension of a i r c r a f t  r a the r  than  an-. 

extension of aP-l;illexy, For' technical  reasons assj.gnmed~ of f ixed  range 

l imi ta t ions  would be un%rj.se, A hundred mile missile,  f o r  exampla, can be 

modified f o r  effect ive  use a t  much grea te r  ranges by extending i t s  length  

t o  accommodate more propellant  and by subs t i tu t ing  a l i g h t e r  warhead. More 

important, hotacver, i s  t h e  f a c t  t h a t  experience gained by a deve1opmcn-L team 

i n  pl-oducing ,. , e l iab le  miss i le  system, and t h e i r  appl icat ion of pmved pr in-  

c ip l e s  and components t o  a new longer range miss i le  of similar type, insures  

a much b e t t e r  chance of success and a t  a g r ea t  saving of t h e  and Koney, 

Today Axmy continu-es to press  f o r  longer ranges based on t he  ne.cessity 

of a f i e l d  comlmder having d i r ec t  control  of the  weapons used i n  su;por% of 

h i s  operations i n  f i e l d  army areas 600 nliles i n  depth and airborne operations 

t o  g rea te r  distances.  

No h i s to ry  of the U. S. guidcd missi lc e f fo r t  would be  complete without 

mention of thz  p a r t  I(. T. ICelLer played between 1950 and 1953, while serving 

a s  Director of Guided PLissJ.11-s l o r  the Sacretary of llefense. The Secretary 

of Defense, M r ,  Johneon, was c~?c~?rncrl  t h a t  unnecessaq- cl?~pkication ex i s ted  

- xg - 



i n  tho program and established the Special Inter-depcurtmental. Guided 

M-issiles Board, consist ing of t he  A m y ,  Navy aid A i r  Force s ec r e t a r i e s  

and tho  Chairma7 of WB, t o  study t he  problem and mke  recommendations. 

The Board found the  National program was i n  no -wise as  bad as had b,een 

a l leged and drew up-a recommendation f o r  e i t h e r  the  continuance o r  

el imination of each project ,  There was service  agreemen* on a good 

many of Cvhese findings, but  disagreema3t on others,  Mr, Johnson then  

requested Mr, KeLler to u-~dedake monitorship of the program, bu% was 

succeeded by General. Marshal while N.r, Kel1e.r was exploring the  nature 

of t h e  j3be KelLer accepted and, d e e r  ca re fu l  study, se lacted the, most 

p r o d s i n g  Army, Navy and Air Force Systems f o r  pmduc-tion Long befoss 
J 

development had been completed, He recognized. the need fo r  fa grea t e r  

quan t i t i e s  of miss i les  f o r  dcve2opmznk a d  engineering t e s t s ,  and hs 

rea l ized  industry  would require savesi l  years "t devslop th9 d o ~ d y  

s a t i s f  ac%ony production of these complex items, The courage anc! lezder-  

ship  of I*. Kel ler  i n  a,cceleratirg t h e  nost  promising pro jec t s  resu l ted  

i n  the ava i1ab iU . t~  of operational  guided mi.ssU-es far  soonzr than  the 

normCal procedures would have permitted, . 

From P94!4. on, the  Army program progressed a r jz ing ly  consrtdesj.ng 

t h a t  through f i s c a l  y e w  1950 Ordnance l pd  available only  15 percent of 

t he  t o t a l  f u n d s  expended on t he  Army, Navy, and Air Force e;uided miss i l e  

e f f o r t ,  E.Jevertheless the  ORD-CIT project  a t  JPL and the  1ER;PES pro jec t  

at  Generd  E l ec t r i c  es tabl ished a grepPt aziount of fundamental t echn ica l  

informa-tion on which a11 ncs s i l e  designers could draw, The CQRE3iAL 

folloy. ':.he \rlr14G CORPORAL and PRIVATE s e r i e s  a s  a research t e s t  vokicln. y. 
General Electr3.c was f i r i n g  i t s  115 mlle HICRIES A - l  in ter im swface-to- 

s u r f  ace missike, moving along with i t s  75 die HERIDS A-2, and working 

hard on tho longer range, high performance and exlremuly accurate E3RbES A-3 
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WCIDSSE, i n i t i a t e d  a t  Cornell AeronauticaJ. Laboratories by the  Navy f o r  use 

by the  I4arines against  strong points, was t ransferred t o  t h e  Arrw by  dint 

Chiefs of Staff ac t ion and progressed ou t  of i t s  study phase i n t o  experi- 

mental design. 

As time went on reor lenta t ion of the  program was necessary, The pr inc ipa l  

reasons for t h i s  ware t he  rap5.d succession of the  new atomic warheads a ~ d  t h e  

l imita$ion on f t n d s  avai lable  to the  Army, a s  welZ a s  tho unset t led  in te r ra t i s r rd .  

silua;l;ion tlnd tho urgency of obta.ining.opera-i;ionaZ miss i les ,  P m j e c t  IB@ES was 

affected tho most, The HERPZS A-3. was cancelled a s  a weapon, WRIES A-2 sus- 

pended d t h  v i e w  t o  redesign a s  a so l id  propellant  "work liorselt miss i le  a t t a r  a 

l a rge  s o l i d  propellant  rocket motop had been developed, leaving only the  A-3 2s 

rt major efforb at Genera3 Elec t r i c ,  ' ~ e s ~ o n s i b i l i t y  f o r  t he  500-mile HE&%S C-% 

study was trmsf erred Lo Redstono Arsenal and became -tihe REDSTOlE pro jec t  ( i n  

the in ter im it was ca l led  MAJOR). Tho requirerent  f o r  a surface-to-surface mis- 

s i l o  became so wgen"cwing t h s  Kor1ear3 actbsn that the  COXRX?.AJ., rrsseweh vehlcla 

vas crashed as an inkexh .  weapon system on t h o  basis i-i; could be l i ~ ~ d a  opsrationzd 

cons3.derabl.y sooner t h a n t  ko more ref ined I-EmS, 

The Armyts susi'ace-to-surface requiremnts  were by $9511 d e t e m d  b be met 

by a f d E y  of guided miss i les  consist ing of ~woRAL,  HEF@IES A-3, and a pmposed 

RED3TONE, These were t o  be t h e  c a r r i e r s  of  th ree  di f ferent  s i z e s  o f  warheadsj 

bu t  again atomic warhead &volopments ovel-&ook Lhs missi les  and l a t e r  when the3 

tFJo warheads gat ls f iod t he  Aslny sequiremn-i;~, and funds became extremoLy shor t ,  

t he  ?ER.NES program was r eg re t fd . l y  terminated, 

Postwar developments of nEw and g rea t l y  i rpmved so l i d  pmpel.1an-t~ f o r  

socket engines a t  JPL asid Redstona Arsenal g r a d u d l y  placed them I n  a competitivs 

pos i t ion  with l i qu id  propellants f o r  guided miss i le  use, bokh a s  t o  ppe~fomance 

and t o  s ize ,  First f l i g h t  t e s t s  o f  aFla.rge so l i d  pmpel1m-b motor was made 

mads i n  the. hTWGS 2V-A-1-8 t e s t  vehicle,  



This achievement paved the way for the SEEKAN' project, which w i 1 $  giVs 

the Army a l e s s  complex, highly reliable,  tiwork ho~selt missile a f t e r  the  

CDRPOflAL becomes obsolete, b o t h e r  soEd  pmpellant guided missi le  i s  

the highly accurate anti-tank BART, recentl-y announced i n  production, 

The 762*m HOIEST JOHN, dsveloped* in a 1itt;le over t ~ m  years by 

Douglas Aircraft Company and fiedstor~ Arsenal. was a new concept in 

mcket  weapons, It was sirnply an w u i d e d  sol id  p r o p e ~ a n t '  rocket8 

aimed and f i r e d  f roan i t s  mobile launcher l ike  a r t i l l e ry ,  4 capable 

of carrying both a'clodc and conventional warheads, Before the tes-b 

firing of t h e  first  762m rocket, thare was contmversy I n  t h s  Pkntagon 

as t o  i t s  worth, I n  fact ,  there was serious consideration i n  the General 

Staff of cancellation on the gmmds tha t  such a large -idad rocket could 

not possibly have the  accuracy Lo jus t i fy  f ~ u t h e r  expenditure of funds, A% 

thts tine a Texan was overheard making statements hard to believe, \%en his 

veraci ty  was qu6sti,oned9 he exclairiled, "Why around these parts Lem e d t e d  

'Honest John!" % Feeling somewhat like a Texan a t  t h e  time, the writer feL% 
/" 

HONEST JOHN would be an appropriate nickname, 

I n  %he ant i -aircraf t  f i e l d  N I X 3  took forn9 and from the  beginning 

looked so prormising tha t  GI.: was relieved of any surface-to-air responsibil i tg,  

Although Axmy never l o s t  confidence i n  the successful conclttsion of NIKE: 1, 

Navy t h e  s c d e s  indicated theixl TERRIER would be operational, some time before 

NIKE. Based on urgency A m y  decided t o  use TERRIER as an interim weapon, and 

Ordnance was directed to develop a suitable ground control system for t h i a  

ship-launched missile. Before the ground systen had been completed Navy 

schedules had sll - : ~ d  to t h o  point N6KE hnu3.d becone available f o r  operaPlio~?1 

use first, and A n n y g s  T3KRIER ground eqaprnen-b was transferred +A the I.laTba 

Corps, 



Advances i n  the arb, garticularl-y i n  the field of electronics,, 

resulted i n  the present Army family of surface-to-air projects consisting 

of 'the NIKE B, N I K E  II, and HAWK guided missile systems, 

By 1949 the Asmy Ordramce program had gmm b the  point %ha.% it was 

necessary t o  decen-t;rdize the managemen% of the  research md development, 

pmcwement, and fie]-d service ac t iv i t i e s  from Yne Pantagon t o  a f i e l d  
I 

ins ta l la t ion ,  Accordingly two adjacent wartime ammwtion manufactwing 

ins t a l l a t ions  hear Huntsville, Alabama, were reactivated a s  Redstone 

Arsenal and designated a s  the permanent Ordnance Corps comodity arsenal 

f o r  rockets and guided missiles, I n  addition to planning, &Lrec%i~g, and 

supervising the natidrwi.de Ordnance missile ac t iv i t ies ,  the m e e d  was 

charged with operating f a c i l i t i e s  f o r  research and developmen% work ikz 

solid pmpelkants, f re8 f l i g h t  sockets, and guided ndssU.es, Two hEgUy 

competent contractors, tha Rohm and Haas Company. and tihe Thiokol Chemical 

Corporation, agreed t o  opkrate the arsenal" so l id  propellant ba.boratorI.es@ 

Experienced O r d m c e  rocket personnel were moved i n  fmm other  installfations 

t o  s t a f f  the Rocket DeveZoprnerrL Laboratoqy and the tes t ing  fac i l i t i e s ,  The 

G e m  team was transferred t o  the a r s e n d  and becare the nucleus of the 

Guided Ifissile Development W.trision of the Ordnance Missile Labora-borieso 

The Ordnance Guided Missile School was also established a t  Redstone to L19aA.n 

o i v i l i a i  and militaay personnel i n  the handling and maintenance of these new 

weapons. Both individual and unit  t ra ining is  conducted t o  provide proper 

Ordnance support f o r  the using troops, Thus Redstone Arsenal b d l t  up fnighly 

qual i f ied and experienced teams which can carry a rocket o r  guided missile 

project through from preliminary design, component dsuelopmenl, fabrication, 

and f i n a l  t e s t  i n  spec id ized  and integrated f a c i l i t i e s ;  then manage the  

procurement and the s,torage, issue, and maintenance of  these weapon systems 



as well as  conduct the necessary training* 

  he Ordnance Corps' foresighi; i n  the integration and u t i l i za t ion  

'tif the  former Gernan scien.t ists i n t o  i t s  organization gave the Amy w 

unique guided missile team having the r~osL advance developmen't and 

operational experience i n  the world. 

The arsenal b Guided ~ i s s i l e  Developme& Divzision, under Lha 

direct ion of Dr, von Braun, gained national recogni-bijon f o r  i t s  com- 

petence in developiw the RZDSTONE l l iss i le ,  In. February 1956 the 

personnel and f a c i l i t i e s  of t h i s  c3iv3.sion became the backbone of tho 

new Army BdlJjstic 14issLl.e Agency, established f o r  tho expedited 

prosecution of a program to place Clr the intermediate range b a l l i s t i c  y 
missileo JUPITER, and the shorter range RXDSTONE missile i n  opera%iond 

a',-. . 
s ta tus  as rapicily as possible, 

I n  sp i t e  of jurisdictional and limited f wick, tho hrmj. 

program maintained a of technical leadership in i t s  f ie lds  of. 

i n t e re s t  and contributed muci~ 'rue tho National program, 
I 

A t  the  &orking levels  of a11 three services, there was excellent 

l i d s o n  between the various projects -.t no !%orking behind the barnll 

so t o  speak, Cooperation and a full f r e e  exchange of technical. infoz- 

mation was the  ru le  rather  than the exception, Examples of this 

cooperation have already been meiitioned i n  this a r t i c l e ,  Xn addition, 

Army developed and de3ive~ed rocket motors - 3ed on the Ail" Forcat3 

air-to-air  missile, FALC9N, and i n  turn utilized an ' l l i r  Force p o w r  

plant  f o r  its REDSTONE missile. A Navy so l id  propollant was used i n  

t h e  IIO~\IXSI' JOHN rocket, Many inore cases could be, c i ted  a 
, 

Among its contribu.t;ions to the National e f for t  was Army" pioneering 

work in establishing the f eas ib i l i t y  of an earth sa te l l i te  progrsm, 



Ordnance personnel a t  Hedstone Arsenal made extensive studies in to  the 

problems involved and was largely responsible f o r  clearing the way f o r  

the current U. S; s a t e l l i t e  pr$ject established under the c o g h a n c e  of 

the Navy. 

We can -all. be proud of' the technical achievements of the Ordnance- . 

Science-Industryteam which pioneered i n  the a r t  of rocketry and produced 

' t h i s  countryss first super3onj.c guided missile weapons i n  a r e l a t ive ly  

short  period of time, An equally progressive cievel.opment e f f o r t  i s  con- 

tinuing on a famFly of new guided missiles which w i l l  be t t e r  meet the  

various reqwiremnts of o w  modern Army, 

Science is forging ahead -- there is no time to r e s t  on our I awe l s .  

The present s t a t e  of theguided missile a r t  indicates t h a t  any place on 

the surf ace of the earth my be reached with a reasonable degree of  

r e l i a b i l i t y  and accuracy by these vehicles in the neap future,  OLW 

research and development people are dedicated to  maint.dning the peace 

by staying ahead of any potential. enemy, 


