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TIE GENERAL BO!-&D 
UNITED STliTES FOF(CES, EUROPEAN THEATER 

V-2 RMXET ATTACKS Khp)DWhMSE 

PART ONE 

INTRCDUCTION 

1. Backgroud 

a. Ikrld ..ar I1 has witnessed t h e  development and eolployment 
of of fens ive  weapons of t h e  rocket type xhich hove become a ma t to r  f o r  
s e r ious  concern, if n o t  well-founded apprehension, by a l l  i nd iv idua l s  
who bear any por t ion  of t h e  burden  of bheir count ry ' s  defense.  The 
101% range, accura te  c o n t r o l  , and d e v a s t a t i q  e f f e c t  ac tua l ly  a t t a i n e d  
by present rockct-typa waepons seem f an ta s t i c .  However, sobcr r e f l e c -  
t i o n  gives s t i l l  greater apprehension f o r  t h e  fu ture .  The p e r f e c t i o n  
of techniqucs e l ready  n e w  complztion, Including the  odditlon of .  atomic 
power, makes it d i f f  i c u l t  t o  ove r -c s t imte  thc  po ten t i a l  o f  the rocltet  
o r  guided m i s s i l o  a s  -? m i l i t a r y  weapon, or t o  exaligcrotc the  eppo l l ing  
consoquonces of f a i l u r e  t o  cope with t h i s  incnsce. 

b. I n  193 Germany embarked upon a program t o  deva lop  long-
rangc rocke ts  f o r  m i l i t a r y  u s ~ .  .. s o r i c s  of 10 rockets,  known a s  t h o  
"8" se r i e s ,  r c su l tod ;  t he  b e s t  known was t h e  "k-4", vhich was gcna ro l ly  
ca l led  IVongenncc ..ccpon Numbar Twoll, or simply thz  V-Ptl. Tho V-2 w a s  
tho only one of t h o  scrics t h a t  vias oporn t ione l ly  succossfu l . l  It is of 
i n t o r a s t  t o  no ta  t h e t  t h o  W~ngc;eance 3 a p o n  Number O n c ' l ,  also v a r i o u s l y  
known o s  t h c  t1V-1112, t h c  " P i l o t l c s s  Aircraft",  o r  ltPAC1t was not n roclcct 
and was not  i n  t h e  "kl' so r ios  p ro joc t .  The V-2 was e suporsonic-velo-

B o u t  47 f e c t  long.c i t y ,  cigar-shnpcd rockct,  
cbout 3,400 milcs pcr hour, 

:! rcachcdIt v e l o c i t y  of 
a rsnge of cbcut 200 milos and 6 mximum 

ordins te  of ovcr 50 mFlcs. T k  main propulsion f u o l  cons is ted  of f i v o  
tons  of l i q u i d  oxj'gcn a d  four tons  of alcohol. Thase l i q u i d s  w r o  
forccd s h u l t e n c o u s l y  i n t o  tho  j e t  motor by o 460 horsepowor turb ine-  
opcrated pump, which usod 375 pounda of hydrogen pcroxido a d  25 pounds 
of sodium pirmangannto t o  gcncra tc  staam f o r  i ts  power, The t o t o 1  
wcight of t h e  r o c k c t ,  i n d u d i n &  e one-ton werhcod, w s  a b m t  14 tons .  

2. The h r p o s c  of This  Study is to invitte o t t cn t ion  t o  t h c  trc-
mcndcus h p o r t n n c s  srd d i f f i c u l t  nc turc  of t h o  probluns involvod i n  
offansivc and dc fcna ive  use of long-range rockots  a d  guided inissilcs, 
and t o  mkks s p e c i f i c  rocommcnd::tions f o r  dariting with t h e s e  probcLas. 

~ ~~ 

1 P 23 a ib l iogrnphy I i j f  15. 

2 P 23 Bibliography Ircf 23. 
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THE CENERAL BCARD 

UNITED STATES FCLCES, EUhOFhAN TtEATLR 


V-2 PCCKLT ATTACKS hNE WENSE 

3. $s&&tz-hnRe Rocket Aoeran of tbe  Germans included B huge 
r e sea rch  p r o j e c t  d e s i p  d t o  develop severa l  types of rocke t s  under t h e  
t i t l e  of t h e  ‘IAtt S e r i e sB. There were 10 t y  s in the series, from A - 1  
through A-10. In the  e n t i r e  s e r i e s ,  the  A$, be t t e r  kncwn as t h e  V-2, 
was t h e  only m e  t o  be used opera t iona l ly ,  This study, t he re fo re ,  is 
concerned mainly with the  V-2, 

4. ~ D O S & .  The purpose of  the  rocket project was t o  develop and 
produce long  range weapns .  Tremendous s t r i d e s  in rocket development 
were made in t h e  pro5am and it is n o t  bard  t o  v i sua l i ze  what could 
have been in s t o r e  f o r  the Allies had t h e  Germans been given time t o  
complete t h e  development. 

5 .  His ta ry  of DeveloDment of t h e  “All Serieg.  The Germans s t a r t e d  
various development work QI l a g - r a n g e  rockets in 1925, but due t o  lack 
of government subsidy, the program graduallg died out. Hon.ever, in 1932 
t h e  German arw placed General H. C .  Dornberger in charge of a @Cup o f  
s c i e n t i s t s  t o  continue development in t h e  rccket f i e l d ,  Professor V o n  
Braun was given c o n t r o l  of t he  developrpsnt of t he  l1Al1 Series of lmg-
range rocke t s ,  and it was he  who added much inpetus t o  t h o  program. The 
d e v e l o p ”  continued and finally, in 1938, r c c b t s  of t he  A-3 end A-5 
t y p e  were first f i r e d .  Thay were apFr imcnta1  models which preceded t h e  
development of t h e  A-4. Tho A-4 wa8 first f i r e d  successfully in Cctober 
1942. 

6. Most of t h e  Exwrlmcntal  Work was wried out a t  B tremandoub
labora to ry  at  Peencmunde, Germany, (I.F9532)3. AodUct im was started 
near t h e  end of 19Q, with a planned output of 900 rocke ts  per “ thr  
T h i s  cxperimental  s t a t im  was bcmlmd the  hoyel A i r  Farce ( B r i t i s h )  
in August of 1443, and so hoavily damagad that development and p o d u c t i o n  
wora se r ious ly  ro ta rded .  It is  e s t imb t td  tha t  VoductiCII was d e l a u d  a t  
least six months. Eowovur, t h e  A-4 nas produced a t  various p lacas  t h -  
roughout Gormany by f ac to ry  d ispcrs ion .  An mdergromd p lan t  was b u i l t  

-I---

1. 	 The A-Series did n o t  includc varioUs r m k t - Q p  p o j e c t i k s  U s G d  by 
German art i l lery.

2. 	 In t h i s  r e p o r t  tbe  German Long-Range kockot h-4 w i l l  be r e f s r r e d  t o  
by t h e  commonly known term, V-2. 

3.  	 All map coord ina te s  l i s t e d  in this study refer t o  t h e  G-5.G-5 .  Ser-
ies ( B r i t i s h )  Nard de Guerre Zone. 
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e t  Nordhausen, G - W ,  (RD 12271, which reechsd e p o d w t i m  rete  of 
250 r o c k e t s  per month. Tke t o t e l  production for e l l  plmts repched 700 
Fer month bs FebUmY 1945. By t h e  and of the wpr, t he  &lo, e guided
missile designed t o  bomb?rd New York, was ready for cons t ruc t ion .  

7. M l s  of Series k-1 t o  8-10, 
P .  &&.This rocke t  wes pobebly s t c t u d  i n  1931.l Van 

Brsun d a h s  i t  Rs 1933, swing t h a t  it HPS never launched, due t o  many
d i f f i c u l t i e s .  It was d i rec t ly  s t e b i l i z e d  by me large gyro in t b e  nose. 
T h i s  W i P m e n t  Wighod approximately 8s pounds. Nitrogen expulsion was 
t o  b e  used. It WPS intended t o  be launched ve r t i ca l ly  fr-om RL ndjus t -
e b l e  p le t fa rm,  usually ra for red  t o  as A launching tPble.  

b. The A-2 W R ~  ery s imi l a r  t o  the  A - 1  wcep t  t h a t  t h e  gyro 
WRS placed in t h e  center.' In 1934 t h e  A-2 wes successfullg 1r.unched 
v e r t i c a l l y  f'rom ?I leunching t ~ b l f i ,  end attained e belpht of two miles. 

C. The A-3 wps designed primarily for propulsion r e semch .  It 
wes launched v o r t i c a l l y  from e t e b l e ,  and.was steered autometically by 
rudde r s  in  the sxhaust stream, It d id  n o t  recch supetscnic spoeds. It 
d i d  repch m c l t i t u d e  of ebout 1,300 YRrdS. It was P cigcr-shaped m i s -
s i le ,  r epor t ed  t o  heve bsen pbout four feet-six inches long and pbout 
12 inches in diemeter. 

d. The A-4, commonly h o r n  es the V-2, is t h e  sub jec t  of t h i s  
It HCS dewlopad end t e s t ed  e t  Peenemunde, k " n y ,  (-532) 

m d  hed its f i r s t  successfu l  f l i g h t  in October 1942. U p e r i e n c s  g a h 6 d  
wi th  t h o  A-3 and t h e  A-5 contributed t o  tho development of thG V-2. The 
c o s t  of production of t he  V-2 W F S  ratimeted t o  be Ppp-oximately $60,000 
eech. This  f i g u r e  i s  probpbly inpccurato s h c c  a gree t  d e e l  of slpve 
l ebo r  was usod i n  its menufacture. 

a. The A4b3  is an A-4 w i t h  small wings t o  increase t h e  r ange  
from about l e 0  m i h s  t o  about 270 miles by g1idIng.l It WPS d c s i p e d  
t o  covar t h i s  d l s tnnce  in ebout 19 minutes. It wcs x l tendtd  t o  use t h e  
A-4b (which could bo s r s i l y  m de f r o m  en A-4) u n t i l  t h e  6-9 wes devel-
oped end put i n t o  p o d u c t i o n j  

f .  Thc (1-5 we8 primarily us& for resecrch in c c n t r o l  mechen- 
isms.6 This  W F B  t h e  first m c d e l  t o  use &Pe#ite blades fox' t h e  jet-
s t r e sm rudders .  It e t tn ined  a meximum horieontel  rengs of @bout 11 
miles  vrhm lsunched o t  w engle, pnd p. maim ordina te  Of seven 
mi los  whm h u n c h e d  v e r t i c e l l y ,  The miss i le  RES rerovered bs PPsachute 
for re-use, It d i d  n o t  reach supor smic  speeds. Tho A-5 we6 r e p o r t e d  
t o  be a b m t  20 f e e t  long w i t h  m le-inch d i m e t e r  and t o  be powered by 
o hydroFen pcroxid.de-potPssium permenganote motor. 

The &.e wcs designed t o  obtain SuperSU?iC speed bu t  Wesg. 
never c m s t r i s - T h e  motor used Se lbe i  ( n i t r i c  ccid) and vis01 (e 
hydrocFrbm n - i x t u r e )  but had too lcv. a epec i f ic  impulse for t h e  Wpse.  

1. P 23 Bibl iogre lhy  €.of 20. 
2. P 23 Bib l iopaFhy  f.of 15 end 21. 
3 .  P 22 Bibliogrpphy Lof 11,.P23 Bibliomaphy Ref 21. 
4 .  P 22 Bibliography kef 13,
5. P 22 Bibliogrc.phy Fmf 11. 
6 .  P 23 Bjbliogrephy hfif 21. 
7. E 23 Biblioge.phy €:of 22. 
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,-7h. resembles an k-5 with small wings.l It was 
launchod hor iaonte l ly  from an Airplane t o  obtaln exporimentcl d e t a  on 
g l id ing .  

i. The A-8 wes plonned but never built.* Use of a l i q u i d
a l c o h o l  motor we8 cmtemplatod, 

j. B.3The A-9 wns similar in epwerance and r e s u l t s  t o  
t h e  8-84, but  wos of d i f f e r e n t  i n t e r n a l  constructicn. It wes proposed
t o  develop m d  manufectwe the  A-9 in place of the  A-4. However, t h e  
convt rs ion  would hove been diff icul t ,  and the A-4b, which could be 
produced much more quickly,  w a s  belng developed as a temporary s u b s t i -  
t u t e .  The plan waa t o  shoot t h e  miss i le  ver t ica l ly  into t h c  a i r  and then 
incline it towerd t h e  t e r g e t ,  Its design included wings t o  ensble  it 
t o  g l i d e  u n t i l  over the  ttwget, whore it would go into a v o r t i c a l  dive.  
It was expected t o  ernvel  about 375 miles ( i t s  mcurimum rrnge) in 17 
minutes. A proposal we8 made t o  l a m c h  it from a ca tapul t  t o  lncreaae 
its range. It WFS a l s o  proposed t o  i n s t s l l  a pressurized csbin ,  and t o  
uge e human p i l o t .  The p i l o t  would drop the rarhend on the t a r g e t ,  and 
then  r a t u r n  t o  his bsse. A r e t r a c t e b l e  lending gem would ba used in 
t h e  landing. Lending speede ns low as 100 miles per hour were s n t i c -
i p a t  ad. 

k. The A - 1  was never b u i l t ,  but plans for its production 
were c o m p l e t e n Q w s s  t o  be used 8s a take-off motor for t h e  A-9, 
supplying e 200-tan t h r u s t  for t h i s  purpose. Wen t h e  A-9 a t t a i n e d  
c v e l o c i t y  of appoximstely 1,500 miles per hour, I t s  OPCI motor would 
begin t o  f u n c t i m ,  and t h e  A-10 would be jettisoned. It was expected 
t h a t  t h e  A 9  would then a t t a i n  e geloci ty  of about 3,360 nilles p a  hour 
and a rmee of about 3,500 m i l e s .  It was a l s o  Poposed t o  use a 
human p i l o t  in t h i s  combinotim. 

-
1. E 23 Bibliography fiQf 22. 
2. P 23 Eibliopapt;); F.ef 22. 
3. P 23 Bibliogra$y Fmf 23. 
L. P 22 bibl iography Ref 13. 
5 .  k 23 bibl iogrephy Kef 11. 
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SECTION 1 

G E I W d L  DESCaIPTION 

8 .  Phys ica l  Chorac tor i s t ics .  The V-2 rockct1 is a cigzr-shaped, 
s t reaml ined ,  y i d c d  m i s s a c ,  46 feet-10 inchcs long, with a maximum 
diameter of f i v e  fea t - f ive  inchos. It cons is t s  of D ahcrp, c o n i c a l  war- 
head, a c y l i n d r i c a l  ccntcr scction, zrd ? tapered rftorbody c s r r y i n g  four 
cx to rna l  f i n s .  Thc takc-off m i g h t  i s  1 4  tons, of  which one t o n  is ex-
p lop ivc  end ninc t o n s  a r c  f u c l .  This f uc l  is all consumed in t hc  first 
60 socurrh af f l k h t .  

9 .  POWCr SuDD1.V. Th; f u d  pump of t b  v-2 is nn a w i l i o r y  stocm 
t u r b i m  pump, oporztcd by 375 pouods of hydrogen pcroxids id 25 pounds 
of sodium pormnngannto. It devclops L60 horsepwer i n  ont sccond, ond 
f o r c e s  t h e  t a t i r c  no in  f u c l  supply, c o n s i s t k g  o f  n ine  tons  of c l c o h o l  
and l i q u i d  oxygan, i n t o  t h c  m a h  combustion ch:.mbcr i n  OAS minute.  The 
i g n i t i o n  o f  the Plcohol-oxygen mixtun; produces a 28-ton t h r u s t  from t h e  
l a r g e  v c n t u r i  a t  t h c  m w n t  of tekc-of f ,  which g ivcs  thc V-2 2n initial 
a c c e l e r a t i o n  of 32.2 f c c t  pe r  second p i r  sdcond. 

10. Cont ro l  of t hc  V-2 i s  by mazns d f fns ,  both i n  t h c  tzil su r focc  
and in tho j e t  stream. l’h‘hoso f i n s  ;:rc posit ioned by hydrzulic ssrva 
mechanisms oporated by 3n extremely d c b o r r t c  in tc l l igonco  or c o n t r o l  
system. The c o i l t r d  cont ro l  system consists of t h e  following: Two 
gyros t o  providc s t a b i l i t y  nbout t h e  t h r e e  a c s  of t h r  a i s s i l a ;  c r a d i o  
t o  provide  azimuth control;  2n intogrzthng accoliromcter t o  t u r n  o f f  t h a  
pow= when a spocific ve loc i ty  f o r  rangc  control i s  reeched; 2nd 2 t h e  
swi t ch  c o n t r o l  which C ~ S G S thc  m i s s i l o  t o  t i p  on 3 47 dcgrce s l a n t  to-
werd t h e  t a r g e t  Efts i t  hcs bccn launched v c r t i c - U y .  

2

11. The V-2 is  Com~osedof t h o  Followim M2in Components: 

a. Tho wnrhccd. 
b. The con t ro l  cunp:rtmint.  
C. Tho ccn tc r  sec t ion  (conto ins  min f u d  tanks) .  
d. The a w i l h r y  power u n i t  (turbino f o r  f orcad f u e l  s u p p l y ) ,  
e. Main powcr uni t  ( cwbus t ion  chmbcr End venturi) .  
f .  T a i l  un i t  2nd t h r u s t  ring. 

12. The : i rhec  is  a vcry pointLd con< sFX foot-five inchcs long and 
con to ins  1,62; poun& of high cxplosivc (c : s t  omttol). Rhcn locdod 5t 
weighs 2, 190 pounds. It c m t a i n s  three fuzcs: Two i n s r t i z  fuzes  2nd 

1 P 23 Bibliography kef 15. 
2 P 23 Bibliography kcf 16. 
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dnc e1octric:J. nose fuze. The werhasd i s  su i tab lc  f o r  cT.rrying atomic 
bombs; t h c r c  is l i t t l e  dcubt Chct it was intsnded fo r  t k t  purpose. 

13. Tho Cont ro l  Comwrtnent is s ix  fuct-four inchos long and con-
t e i n s  a l l  of tho  var ious  cont ro l  equipment. Thc compsrtmcnt normally 
cont a ins  : 

U& Function 

V e r t i k s n t  Gyrosc opo Controls t he  r ockst i n  r o l l  and yaw. 
"Herizontll Gyrosc ope Controls t h e  r ockct i n  p i t ch .
Control h p l i f i s r  Trmsmits control s igna ls  t o  con t ro l  

s u r f x c s  c t  tiil snd of rocket.  
In togrc t in l j  Hccdc r  omctcr Shuts  o f f  f u c l  supply 3 t  predetcrirtincd 

velocity.  
Hedio Tronsmittcr- Shuts off fuc l  supply, ( a l t c m 2 t o  f o r  

Rocciver t hc In togr::tu Acc o lcr  omotsr )
b d i o  Cont ro l  Iicccivzr Controls tho rcckot i n  l i n c .  
T h e  Switch Ovcr-riding control t o  shut  o f f  f u c l  

SUPPlY-
l lS t i rg l l  Unit larhcild zrming u n i t ,  
Thrcc S to rcgc  B a t t c r i a s  Powcr Supply. 
idnin E l c c t r i c e l  Distri- Powcr D istr ibution . 

but ion  P r n e l  
Thrcc hiotor A l t c m a t o r s  Control of powcr supply. 
Thrc; CortFrcssod ~ i r  To pressurize ?lcohol tank a f t c r  rock-

or  Nitrogen B o t t l c s  e t  rooches ra rcf icd  etmosphcre. 

14. The Ccntor Soction conta ins  t h c  din nlcohol :.MI liquid-oxygan
fuel tanks .  It is 20 f c c t  long  snd is conplctcly i w u l c t o d  with spun 
glc.ss t o  provcnt t h c  sxtrm hcnt gonorstod by sk in  f r i c t i o n  dur ing  
f l i g h t  f ro ivcxploding  t h c  fuel. Thc forward tank  h:.s n copocity of 1,000 
gellons of r l coho l .  Thu r ca r  tank ,  of oqunl c n p x i t y ,  contn ins  t h c  li-
quid oxygen. Thc f u c l  lina, from thc  alcohol tenk, pcssos through t h e  
oxygcn tank ,  end i s  insu l r . t id  t o  pravant thc olcohol f r w i  freezing. 

' 15. Ttic kuxi1k.r.y Povrcr Unit is  wi th in  t h c  t a i l  sec t ion  b e t w e n  
tht: xdn co;tihustion ch: &or t h i  oxygen t m k .  

a. It c o n s i s t s  o f :  

(1) fiydrogw pi roxidc  tnnk .  
( 2 )  Sodium permnng:inn.tc tank. 
(3) Combustion c h a b a .  
(4) Turbo-pump rnc! a a i n  f u d  pumps.
(5) Hsct mchsngcr. 

b ,  Thc hydroeon p i roxidc  mcl potassium pirmang-.nate e n t c r  thn  
mll cmbust ion  chcunbcr .:nd &,cncrctc high prcssurc s tozx  which, in tu rn ,  
opcrotcs t h c  f u c l  puntp turb inc .  Ths f u e l  is pumpcd out s o  r - p i d l y  thi!t 
moans must b c  Likzn t o  svoid  tho f o r m t i o n  of c vtcuum with t h s  rcsult-
an t  collepac of t h e  f u s l  tznks. I n  t h c  casc of t h e  nlcohol tonk, t h i s  
purpose i s  scrvcd  by an sir-vont x t d  ? i r b o t t l c s .  I n  t h e  casc  of t h c  ox-
ygcn tank, t h o  h a r t  achcngc r  usod cxheust s t c m  t c  wnrs e l h i t t d  amount 
of oxygon, which thcn  r e tu rns  t o  t h G  oxygsn fuel tank in g r x t l y  oxpmdcd 
form, .:nd e s t r b l i s h a s  t l i c  nccess 'xy intorn21 prossurc. 

c. The roar  o f  the t h r u s t  f r m e ,  which is  in t h c  c c n t m  sec t ion ,  
c n r r i c s  four univirsc:l j o i n t s  t o  Hhich t h i  f o rwrd  cnd o f  t h e  m i n  com-
bus t ion  ch.mbw .aid vci i tur i  ..sscmbly is f-stcncd by s t i z l  rods .  It i s  
t h i s  fr..nz th:.t : c tuz l ly  rcccivea t h c  forwRrd t h r u s t  of thL v e n t u r i  tubc .  

16. The hloin Powcr Unit  i s  the p lccs  of production of t he  t c r r i f i c  
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jct strcrm which p r o p d s  tho  rocke t .  Thc u n i t  consiats of the combus- 
t i o n  chunbcr ?ncl t h e  ven tu r i  tube which i s  welded to, :txl i n  prolong::-
t i o n  of, t h c  chcmbor. !dcohol nnc! l i q u i d  oxygcn, pumpcd scp r r - t c ly  b u t  
concurrently i n t o  the  c -&cr through ,18cups 1cc::td :t i t s  heod, a ro  
ignited i n  the  chamber.P."Tho ventur i  tube is  of 3 doublc-wcll ccnstruc-
t i o n  and is coo led  by t h e  flow of alcohol between the innor  and outcr 
walls on its wey t o  th s  ccmbustion chrmbcr. In  oddition, t h a r j  i s  a 
swim of sfiull vonts nround.thr: inside of t h e  venturi  tube which, in 
p z n i t t i n g  a small mount  d r l coho l  t o  entcr t h e  venturi  tubi- d i r o c t l y ,  
influence t h t :  propulsion process. 

17. Thc Ta i l  Unit ..nd T h r u s t  him xssemblr c m s i s t s  o f  c welded 
and r ive t ed  s t o e l  Shell, supporting four l ? r g e  s t r b i l i z i n g  f i n s  mounted 
r ad ie l ly  a d  :t r i g h t  zngks  t o  each other. lit t h i  ou tcr  end of ecch 
f i n  is l ocs t ed  a s t zb i l i a ing  t ?b .  Thcso tijbs ?.re tho pr inc iphl  insans 
of d i r e c t i o n d  cont ro l  f o r  t ha  r o c h t  w h l c  it is bclow the  str: . tosphcre.  
The ovLrol l  1 ~ n g t hof t h c  t c i l  unit i s  14 feet-six inches. This in-
cludes the  lG-inch ovcrhcng or̂  t he  four  f i n s .  Fsstcncd t o  the end o f  
tix t:!il un i t  ;nC: t h i  v cn tu r i  t ube  i s  n t h rus t  r i n g .  Four czrbon t?bs, 
o r  in tc rna l  con t ro l  vcncs, crii mountcd on th; t h r u s t  r i n g  2nd 1oc:ted 
in t h i  pcth of t h z  j e t  stream. Thasc vmss c s s i s t  the e x t c r r r l  i n  
d i r e c t i o m l  con t ro l  while t h e  rcckct is  balow tho strztosphoro, 2nd pcr-
f o r c  t h i s  e n t i r e  function uncissistcd whilc t h c  rocket i s  & tha  s t re to-  
spharc. 

18. Tho Dimcnsions end Vi'cirht > r e  as follows: 

a .  
b. 
c .  

Overall  length, 46 feet-10 inches. 
Largest d i ane te r  of body, f ive  fcet-fivo inches. 
Yoxi" width ocross f i n s ,  11foot-10 inches. 

d. Thc c n t i r c  un i t ,  whcn empty, weighs i3,8OC pounds. With 
its warhood nnd fuel l oed  i t s  weight i s  epproxhctely 1L tons .  

SXTION 3 

DESChIPTION OF FLIGHT 

19. The F l i g h t  af the Hoclict cmbincs  thL ac t ion  of o c o n t r o l l d  
miss i le  2nd o free aro.lcctUa.L I n  f o u r  soconds it rczchas en a l t i -  
~ 

tudo of z p p r o x k t e i y  5,oOO f c c t ,  w h c n  tho time switch sctuctca t h e  
d i rec t ionol  con t ro l  system which, in turn, d i r e c t s  t he  rocke t  d o n g  A 

curved path u n t i l  it rcschcs UY ?!glt: of 47 dcgrecs wi th  t h e  hDriZCn- 
t a l .  It t h e n  continues i n  str:iight flight along this oourse u n t i l  
it has ronchad tho pre-caiputcd ve loc i ty  required f o r  it to h i t  t he  
t a rge t .  Apprcximately &Isccorrls a f t e r  launching, it has reeched t h i s  
velocity, end t h o  in togrc t ing  scccleromctcr switohcs off t h e  powcr 
unit. Thc ve loc i ty ,  r t  t h i s  t i n a ,  i s c b o u t  3,400 milcs por hour. A f -
ter tho powsr u n i t  hes been cut of f ,  the  V-2 follows tho  t r a j sc to ry  
of i frsc body i n  spcca, reedhirig a mximum ordinatc of more than  50 
miles before returning t o  t h e  surf::cc of t h e  cc r th .  ',:hen t h e  rockot 
re turns  t o  the  otnosphcre, it is slowed down t o  ebout 1,80L;.niles por 
hour. Air f r i c t i o n  causas tho rocke t  surface t o  rsach n t m p o r a t u r c  
of about 300 dogreeS csntigrcdo, j u s t  boforc it stcikcs tho ear th .  
Dcvolopents wcro Gclcycd bec?usc t h i s  axtreme hcr t  ceuscd a m 8  pro-
mnturt: ;.ir b u r s t s .  This malfunction w3s l a rge ly  overccine by insulo-
t ion.  ?he rangc ?t which t h e  V-2 c m  operztc most e f fcc t ive ly  is R 
l i t t l e  less then  200 p i l e s .  As .w+$ .@ention@ b.eforo, the rocket was 
used beyond i t s  most e f fec t ivo  operational range against  London. 

.., 

1 Sco paragraph 22k, below. 
2 P 23 Bibliography hef 15  and a. 
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ORGRdIZATIO?4 kdD OPERATIOaE REOUIRED 

FOR LAUiJCHIlC lHE V-; 

SECTIDN 1 


TACTICAL ORGANIZATIO~ 

20. prnmi izn t ion .  

e .  The i n i t , i e l  Cem;.ii f i e l d  orgonieetion for t h e  t a c t i c a l  
operntion of the V-2 vos D d i v i s i o n  under the  commmd of Gencrpl Kemmler. 
This d i v i s i o n  l p t e r  become p r t  of t h e  Repriscl Corps (formed dur ing  
Februt-ry end Perch 1945). Geuertl KeMnlor Tics desipncted t o  c o m m d  
the  corp8, vhich operated both t h e  V-L's cnd the  Hi lo t less  P i r c m f t  (V-1).
The rocket  o r g e n i z r t i o n  PES c r l l e d  the Reprisrl Division. 

b. The RQpriSCl Division consisted of th ree  firing regiments  
end specj.81 techniw.1  u n i t s .  Tho reg imwte  consis ted of CI rbgimcnt r l  
h e e d m r r t e r s ,  t h r o e  f i r i n g  b e t t c r i e s  2nd one s e c u r i t y  b t t t c r y .  kich of 
the  three  f i r i n g  b e t t e r i s s  consis ted of three jlctoons.  The f i r s t  pla-
toon wao t h c  leunchiiig or f i r i n g  plr toon.  The second W A S  t h e  t c c h n i c o l  
plotoon, end wcs respons ib le  r'or t e s t i n g  m d  repairing damwe8 -
rockets .  "ne t h i r d ,  c e l l e d  th6 fuel cnd rockot plr toon,  wc8 r e s p o n s i b l e  
f o r  t r o n s p o r t r t i o n  of the rocke ts  from t h ~rcilhoad t o  the  technics1  
p l r toon  cnd the t renspor te t ion  pnd looding o f  f u e l s .  b c h  ltrunchhg 
plptoon POS capnble of  leunching slx V-2's per day. 

2ECTION 2 

EVENTS PRECEDING L!iU!UWUiING 

%1.Fst tb l i sh i i iK t h e  Firina S i t a s .  

8 .  Tnc d i v i s i o n  commpndcr dL-termiued the l o c e l i t i e s  i n  which 
regiments were t o  conduct opere tions. The regimnntcl cotmender thkn 
Esaigned r.n o r e n  t o  erch of h i s  t h r c e  f i r i n g  b e t t c r i e s .  E:ch b c t t o r y  
conmcndor then s e l e c t e d  three f i r i n g  s i t e s  (normrlly ;,bout one tliousnnd 
yards  e y o r t )  wi th in  h i s  orec,  mginccrs,  from the s r u c i c l  tuchnicul  
units of t h c  d i v i s i o n ,  whcn necesH:ry, b u i l t  or inproved the roed n c t ,  
nnd ncconplishcd t h e  surveys slid cslcfllotioiis f o r  or iont i - t ion ond f i r i n g .  
The f i r i n g  F le toon  preprred the thrce f i r i n g  s i t e s  of  the b r t t c r y .  

b. "no roquireiocnts for .r V-2 f i r i n g - a i t o w a e  simple. It VFS 
nccossrry t o  hcvc n f'w foundo.tion of  u:ood, concrt te ,  or m t d  shcet ing,  
for the f i r i n g  toblc , i  nnd p. s u i t n b l c  j h c c  to pos i t ion  rnd d i g  in t h c  
verious ccccssory  vehic lcs ,L  RU& LOS the  control v d l i c l c ,  gcncr r tor - tco t  
vchiclc  End nir-prcssuru vehicln.  h d i o s  wrc, ~ l s osct UF vhcn "red io-
notor  cut- off"  c o n t r o l  w e  used incrtcrd of the i n t e g r a t i n g  F c c d n r o n c t e r .  
When o l l  vehidef! were in and t h c  clcctricrl c ~ b l eend commnicrtioa 1 ~ y -
out  YIPS conpleted,  the sitte w s  rf!hdy f o r  oporction. 

1P 23 Bibliogrnphy Ref 19. 
2 P 23 Bibliogrephy R c f  18. 
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22. P r t p c r c t i o n s  fo r  Fir ing.  

8 .  Thc tochnicnl  troop czccted r spccinl  l i f t i n g  c r m c  fit tho 
re i lheod,  for UYC by t h o  f u e l  m d  rocket  plr toon,  t o  t r t n s f b r  r o c k e t s  , 
from f r e i g h t  c z r s  + ithc Vidrlwgon (rocket  t r r i i spor t  vehic le ) .  The 
rocket  r r s  then tekcn t o  t h e  technic81 b r t t e r y t s  shop8 for cn overf i l l  
f u n c t i o n d  t e e t  i n  t h e  horizontrsl posi t ion.  Thls E'OS the second of  
th ree  t c s t s  performcd on ~ ~ roc!tct.c h Tficf i r s t  w e  0.t  the p l c n t ,  in 
the v e r t i c e l  pos i t ion ,  cnd the t h i r d  wes r t  the f i r i i i g  sits, in t h ~vcr-
t i c l e  p o s i t i o n .  The second t e a t  v i s  required hecsuss the r o c k c t s  ivere not  
wepther-proofed m d ,  i f  exFoaed t o  the olencnts  for  t fcir woks o f t o r  
mimfocture ,  they usut . l ly  needed e1cctr icr : l  td justments  2nd soxet inca  
nechmici i l  r c y l z  cemm ts. 

b. The t e c h n i c a l  u n i t  ncde r l l  t e a t s ,  rd jus tncnts ,  cnd neces- 
e ~ r yr e p h i ,  then mounted end fEzed thc onrherd. Tnc rocket  w.8 then  
recdy f o r  trmsfsr from the t e c h n i c i l  k , t t c r y  t o  the l r m c h i ~ g  b c t t e r g .  
The l cunchi ig  b c t t e r y  plr-ced thc rocket  on thc le i l lervvpod ( 0  VcihlQlb 
for moving the rocitct t o  Ltc f i r i n g  u i t e  m d  ercc t ing  it f o r  f i r i n g ) .  

c .  Tvro or t h r c e  hours bcforc: the time Pchcdulcd for f i r i n g ,  
the  rocket  v x s  racc ivcd  froin t h e  t echnicr l  Flrtoon rerdy t o  f i r e ,  ox-
ccpt  f o r  t h e  operc t ions  described belov,. 

d. The Weillerwcgon rcs driven up t o  tho l runching e i t e ,  i:here 
the rockct  w s  r r c c t e d  i n  i t o  c rndlc  rnd the firing tcblc w06 ro iocd  
under i t  u n t i l  it took the w i g h t  af thc rocket. Tbc hioillorwgon wrs 
t h e n  pullcd tibout r ycrd ovrcy, chnrc i t s  scroffolding wrs ustd i n  t e s t i n g  
m d  fuol ing  t h o  rocke t .  

I:. Thc rockot  WOB thcn l cvoled  so t h c t  i ts longitudin:*l cxis  
v m 5  v e r t i c r l .  

f .  Thc hztchss wcre oponcd rnd the c x t t r n s l  c l e c t r i c r l  con- 
trol cpblcs i n s c r t o d  i n  snr]~-swc:y rcctptoclc:!, cnr b l ing  quick rc lca 36 

of the crb leo  e t  t rke-off .  

g. The cerbon c o n t r i l  v:.nes were then nttxclied. These were 
l e f t  off  u n t i l  thc  rocke t  ut's ercc tcd ,  bince they v w e  q u i t e  e r b i l y  
broken. 

h. Next, thrj mrin v o r t i c c l  tetlts aere cooducted. Tneoe con-
sisted of running t h e  gyros Fnd checking "he vri-16 c o n t r d  systems, pres-  
surey i n  fiir b o t t l e s ,  functioniiig of r:dio cont ro l  tyuipnent, riid elac-
t r i c r : l  switches End v i r i n g .  

i. Vhen ~11t e s t s  were successfu l ly  completed, tho  rocka t  wi's 
reported ror$y f o r  fue l ing .  The f o u r  types of fuel needed were loodad 
separ r te ly  i n  this order: Alcohol, l i q u i d  oxygen, hydrogon peroxide, 
rad sodium F e m n e o n c  te.  

j .  Upon conplot ion of fue l ing ,  the rocket  w a  checked f o r  
nzimuth. One F e i r  of v c n w  had fs bc e x t c t l y  i n  l i n e  w i t h  the t a r g e t ,  
or direct int i  of fire.  The f i n d  t e s t i n g  of  the s teer ing  mechmim vrs 
performed u t  the  s m o  time. 

k .  The s i t e  W F ~then c l m r e d  2nd the order f o r  1tTunching given.  
Tnrae engineers  i n  the cont ro l  vehic le  were required t o  ccr ry  o u t  tho 
eequence of oFer?ticms t o  k u n c h  the rocket. The fuel urs allowad t o  f l o r  
i n t o  the  combustion chemher, where i t  wi.6 ign i ted .  Ab: boon :'s t h c  f low 
vnti even rnd the cnginocre were s ~ t i s f i e d  t h r t  everything wos funct ion-
ing properly, the  c i r c u i t  x'ps closed.  l h i s  i n i t i c t e d  the mixing of the 
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sodium perr3rngcnr.te cnd h e  hydrogen peroxide, xhich in t u r n  developed 
at.r.cn :io r r p i d l y  t h o t  the f u e l  p re s su r ing  t u r b i n e  w s  b r m g h t  t.o 460 
horseyo?er in  one cecrmd. As soon i.s the f u e l  started e n t e r i n g  the can-
bur:t,ion chrmbcr e t  f t d l  Freseure ,  the tremen OUB thrust v r s  develqxd. 
Tilie t h r u s t  l i f t e d  the r o c k e t  off t h e  ground? rnd r r twted it on F r r p i d  
r c;celwi:tion which f i n r l l y  re: ched e i g h t  times the n c c e l w . t i r i n  due t o  
grr vit y . 

1. The t:T.ctic! 1 mobi l i t y  of t V - 2  lcunchiiig u n i t  v:rs c o m p r r ~ b l e  
t o  Lkrt of o medium r r t i l l e r y  bettcry. The t h e  from when the r o c k e t  
t::s brpought t o  tho lrunching site until r-11signs of C c t i v i t y  hcd bcen 
removed P f t o r  f i r i n g  vrns bal ioved  t o  be two t o  three hours.  

1 P 3 Bibliogmy.hy Ref 17. 



EXTENT AND W E T  OF V-2 ATTACKS 

UTWT OF EFF(MT 

23. Bcainning and Llumtim. The V-2 nttacks s t a r t ed  on England 
end the  Ccnt inent  at EboUt t h e  same time. Ch 8 Soptember 1944 a V-2 
landed on P a r i s ,  and a few hours l e t e r ,  Lcndcn had i t s  f i r s t  bomb. 
Th i s  heralded a lcng  sustained rccket campsip  cn Continental  t a r g e t s  
and Lcndcn. The o t tack  lostod u n t i l  the f i r i n g  units in Holland and 
Germany hnd been over-run during t h o  l a s t  days of the w a r  in Europe, 

24. Attack cn L m .  QI 8 September 194.4 the  f i r s t  V-2 hocket 
in the  a s s a u l t  on Lcndon exploded at  Chiswick, Fngland ( a  suburb of Lon-
don). Th i s  wns the  baginning of a long md  b i t t e r  campaigo which l a s t e d  
u n t i l  March 1945. A grea t  dea l  of property dame@ in London was caused 
by t h i s  continuous a t t ack ,  but t h e  Allied war e f fo r t  was never seriausly 
affected.  A t  no time d id  the a t t e c k  nssume such importance t h a t  a major 
divers icn  of a i r  fo rce  bombing mis s ims  t o  combat it bucame necessary.  
The a s s a u l t  on Lcndcn ended 01 28 March 1945 nhen the Allies overran the 
launching sites. During the  e n t i r e  Rssault 1,116 rockets  f e l l  on Eng-
land. d l a r g e  p r c e n t e g e  of these f e l l  within the bui l t -up  a r e a  of 
Londcn. Inasmuch as London was ac tua l ly  beyond the intended opera t iona l  
range of t h e  V-2, many of the  rocke ts  f e l l  shor t .  

25. Attack on Cont inenta l  Targets. During the V-2 campaign a num-
ber of t a r g e t s  ca~t he  Continent were attacked w i t h  varying in t ene i ty .  
The f i r s t  and l o e s t  importent was Paris. This was followed by a t t acks  
on Antwerp, Brussels, end Liege in BElgium, and Maastricht (VK 5552) in 
Holland. There was 01ly one recorded t a c t i c a l  use of t he  V-2, which was 
on 17 March 1945, when 11 rockets  were d b e c t e d  against the Ludendorf 
Bridge at  Bamagen, Germany (Y 6422). Some officers are of t he  opinion 
t h a t  t h i s  a t t a c k  w m  p a r t l y  respcns ib le  for tho f i n a l  co l lapse  of t h a t  
important h M g e  acrose t h e  Rhine. The s t r a t e g i c d  use of the  weapm 
w i l l  be covered h the following paragraphs. The a t tacks  on Antwerp end 
Liege were t h e  most extensive and n i l 1  be discussed in d e t a i l .  

26. Attacks cn dntnerp and Lieae. 

a. After t h e  s ing le  rocket f e l l  on Par i s  on 8 Soptcmber 1944, 
n o  more were f i r e d  aga ins t  t e rgo t s  cm t h s  Cmtinent  until 13 September 
1944, when a rocke t  f e l l  neor Brussels. The n6Xt day four mare rocke t s  
fell i n  t h e  Brussels area. Thst day (14 Septeqber 1 9 4 )  can be regmded 
es  t he  r e a l  beginning of t he  long  range rocket campi@. 

b. During t h i s  ear ly  period, no good ln te l l igenco  or r e p o r t h g  
system had been developed; consoquently, the f igures  QI t he  numbr  of 
rocket i n c l d e n t s  are no t  re l iRble .  The bes t  ava i lab le  figures show t h a t  
dur ing  the  period 4 September 154.4 t o  12 October 194.4 an average of four 
and mu-half  V-2's per day were di rec ted  o t  Liege (an undetermined few 
possibly intended for Maastricht) ,  and R very fe r  directod a t  L i l l e  
(W 79&6), Brussels end G h a t  ( V J  1980). Liege bare the  brunt of t h i s  
nttnck. 
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C. The a t t a c k  s h i f t e d  from Uoge t o  ~intr7srp on 13 October 1944, 
and from then  u n t i l  the war's end (except f o r  t h e  previously nenticmed oner 
day a t tack  on t h e  Remagen br idge)  w a s  concentrated on that o i t y .  From 

' 

that d a t e  un t i l  13 December 1944, averGe of nine plus V-21~pr day
landed i n  t he  v i c i n i t y  of Pntverp. Near t h e  end of October 1944 and t h e  
beginning of  November the number of rocket  incidents1 vias over 100 p e r
week and t h e  biggest  d a y  recorded as 2 November 1944, d t h  24. inc idents .  

d.  A more r e l i a b l e  Al l ied  i n t e l l i g e n c e  system vias s t a r t e d  on 
14. December 194.4, and narked t h e  beginning of oyeratlon of t h e  Continen- , 

t a l  &ossbov2 Forward Unit  of Supreme Headquarteru, Al l ied  F q e d i t i o n a r y  
Force. f ioa  the d a t e  of i t s  becaning operat ional  u n t i l  t h e  end of t h e  
campaign, the  Crossbow u n i t  recorded not only rocket  inc idents  but a l s o  
launchings. F igures  subsequent to  t h i s  d a t e  can be considered q u i t e  
r e l i a b l e .  During t h e  f i r s t  three  Weeks of t h i s  per iod,  the  l a m c h i n g s  
continued a t  a r a t e  of more than 100 s e r  week. This vas t h e  most i n -  
tease period of the entire cmpaign. From 1January 1945, the  a t t a c k  
f e l l  off s t e a d i l y  u n t i l  the  c l o s e  of operations on 28 March 394.5. There 
was an except ion dur ing  t h e  t h i r d  veek i n  February, when t h s  launchings 
for the week reached 91, but  t h i s  w a s  a short-lived spur t  and the dorm-
ward trend continued. 

27. Summary of t h e  Effor t .  
. . , . . . .  

a. From 8 5 e p t m b e r  1944 t o  1800 hours 14 December 1944, 888 
v-2 ground i n c i d e n t s  were recorded on the  Continent. Prox 1800 hours 14 
Deceaber 194.4 to  084.5 hours 28 March 1945 (nhen rocket a t t a c k s  ceased)  
914.rockets  ?-[eresucceasfu l ly  launched. The t o t a l  number of  r scarded  V-2 
inc idents  naa 1,802, This  f i g u r e  cannot be oowidered b e t t e r  than  B g o d  
est imate  because, during t h e  e a r l y  per iod,  t h e r e  nas not  eJi adequate col-
l e c t i n g  and c o l l a t i n g  system of V-2 in te l l igence ,  and during t h e  e n t i r e  
per iod  t h e r e  vim no 57ay of accounting for those roclcets t h a t  never cl imbed 
high enough t o  b e  observed v i s u a l l y  Qrby radar. 

b. By s c i e n t i f i c  s tudy  of ground incidents ,  p r i soner  of I" 
in te r roga t ions ,  and o t h e r  means a f i n a l  estimate Vas made t h a t  1,950 V d ' S  
were f i r e d  dur ing  t h e  r o c k e t  campaigs, of r;hich approximately 1,780 %ere 
aimed at B n t w a ,  and t h e  remaining 170 a t  other  Continental targets, in-
cluding Liege,  Paris ,  L i l l e  and poss ib ly  Maastr icht ,  Brussels and Qhent. 
It appears from a s tudy  o f  t h e  fa l l  of shot betveen Uege and Maast r ich t ,  
along t h e  bfeuse River ,  that t h e  Germam experimented n i t h  t h e  f e a s i b i l i t y  
of a t tack ing  r i v e r  c ross ings  with V-2'8, a3 they did age ins t  t h e  Rema&@ 
bridge. 

SECTION3 

E?l"ICIENc!t X@FECTI"ES 
. . . . , . . . . . , , 

28. Eff ic iency.  
. . . , . . . .  

e. The r o c k e t s  may be c l a s s i f i e d  i n  three general  groupings as 
regards  t h e i r  e f f i c i e n c y 8  

. .. . . . . . . . . . . . . 
1 Incident  - t h e  o f f i c i a l  term adopted t o  ind ico te  the  fa l l  ana explos ion  

of 'a missile. 
2 "CRQ41SBOWn vias t h e  code ~ ; o n iadoptcd t o  i n d i m t o  dafeLISD a g a i n s t  long:,.: 

range missiles. 
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(1) Fa i lu re s  - Rockets which d id  not rise high enough t o  
be pioked up by the radar surveil lance sets .  

(2) Wild roundg ..Those rockets which ~ i m edetected but  
did not  fall v i t h i n  an 18 mile c i r c l e  around the oenter  
of t he  target1. 

(3) 	 Success% - Those rockets which d id  f a l l  within en 18 
mile a i r o l e  around the center of  t h e  target. 

b. The number of f e i l u r e s  has been determined by questioning 
prisoners of nar, and f rm d i a r i e s  kept by loca l  i n h a b i t a n t s  near c e r t a i n  
launching s i t e s .  Although the information is ra the r  m e e g e r ,  it is  used 
8s  e mean6 i n  computing parcentagea on various subd iv i s ions  of failures, 
mild rounds and successes. ?he sub-division of f a i l u r e s  is as f o l l o w :  

(1) CanceLled launchinas - These riere usually due t o  meoh- 
an ica l  f a l u r e s  o i tk in  the rocket mechanism. If t h e  
delay m a  grea te r  than  100 minutes after oxygen fue l ing  
t h e  l m c M n g  had t o  be cPncelled because t h e  liquid 
oxygen froze other  elements and the  rocket had to be 
thavied out. 

(2) Btandinu Duds - These rounds were igni ted  but f a i l e d  
t o  leave  the ground due t o  sane mechanical breakdom 
rri  t h in  the rocket. 

(3) 	Riainrr k d q  - These rounda l e f t  t he  ground but nema 
rose  high.enough for radar detection and usually fell 
t o  ea r th  i n  t h e  v i c in i ty  of  the launching s i t e .  

C. B b u l a t i o n  of EPficienoY. After careful  evaluation of all 
da ta ,  the follo\:ing percentages f o r  V-2 efficiency were computed: 

FailureS---------------------------.---~~.~% 
Canoelled launclbngs--------- 12.M 
S t d i n g  duds-------..-------- 5.0% 
Rising duds-------------- 7.5% 

Nild rounds----------------------------------lO.5X 

SuCcesses----------------------------65.0% 


Within six mile circle---------39.0% 
(Xltside s ix  mile c i r c l e ,  but 
within 18 mile circle---------26.0% 

100. 	x 
Ban t he  above tabula t ion ,  it m e y  readi ly  be 88831 t ha t  65 percent of a l l  
attempts t o  launch rocket@ resu l t ed  i n  hits v i t h l a  t h e  18-Ui le  c i r c l e  
around the center  of t h e  target  which included 39 percent within e a ix-
m i l e  c i rc le .  S i n c e  cancelled launchiirgs involved the expenditure of effor t  
at least equal t o  tha t  required f o r  successful launchings, they are in-
cluded i n  t h e  above t abula t ions  t o  shon the e f f ic iency  of the launching 
operations. A recomputation excluding cancelled launchings oould ahov 
t h e  percentage of laugched rockets  f a l l i n g  within the 1 8 4 l e  c i r c l e  t o  
be 74 percent, inc luding  percent Iznthin t h e  s ix-mile  A r c h  

. . .  . . 

1 	A circla ,  18 mi3es i n  diometer. vas a r b l t a r i l y  seleated 88 roughly 

covaring t h e  area of Greater Iondon. 
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29. Effeotiveeess,  

a. The Gerroans hoped, by t h e i r  Continental V-2 campaign, t o  
destroy o r  c r ipp le  the Al l i ed  supply l i n e  throb& Antc-erp and Liege. 
Bntnerp bore the  brunt of t h e  a t t ack ,  due t o  i t s  grea te r  impnrtance as 
a major port. Liege rece ived  about 10 percent of t he  attalcks. It vas 
of considerable imgortance as a conmunications center and ra i lhead ,  and 
vas located on a main supply route. me e f fec t  on the  flour of suppl ies  
through both of these t a rge t s  vas p rac t i ca l ly  negligible.  Therefore, t h e  
TJ-2 a t tack  f a i l e d  i n  i t s  primary objective.  

bc Although t h e  V-2's did  not achieve success i n  t h e i r  primary 
mission against  Continental t a rge t s ,  they nere eminently successfu l  i n  
d ive r t ing  ma@over end equipment frcon important mi l i t a ry  functions t o  
render c i v i l  defense serv ices .  The e n t i r e  passive a i r  defense systems 
of Bntnerp and Liege had t o  be  overhauled. This nas necessary i n  order 
t o  keep dock -rrorlcers, railroad men, and a t h w  es sen t i a l  c i v i l i a n s ,  from 
leaving the areas. 

C. Casualt ies and mater ie l  damage r e su l t i ng  f rm ,V-2 a t t acks  
were severe. I n  Antwerp, Liege, and v i c in i ty ,  s m e  5,4.00 persons were 
N l l e d ,  22,000 riounded, and 9O,OOO houses vrere destroyed. These Losses 
were not determining m i l i t a r y  f ac to r s ,  but they d id  adversely a f f e c t  mor- 
a l e ,  and made i t  d i f f i c u l t  t o  maintain an adequate supply of c i v i l i a n  
labor. 




CHI\PTEF( 5 

30. General.  3. Several considerations r e l e t ive  t o  t h e  s e t t i n g  
up of any defens ive  measures e g a h s t  V-2 were apparcnt when tho  subjoc t  
w:!s f i r s t  s tud ied  by Supreme headquarters.  The f i r s t  r aqu i rmsn t  wzs 
t o  organize a u n i t  t o  c o l l e c t  srrl sva lua te  all oveilr.ble informztion on 
t hc  rocka ts .  Hat, soi.iioni! hed t o  bc m d o  responsiblc f o r  enolyzing 
t h c  opcrotional U 8 C  of tho wczpon by the  i.nsn\y. Finc:lly, somonc hed 
t o  be  chcrgcd with t h e  pl tnning  of dcf insss  against  t h t  rockc t  a t t zcks ,  

b. The Suprxm Ccllyncnder, o f t c r  c z c f u l  a n a l y s i s  of the prob- 
lem, chargcd the ~ s s i s t c n t  C h i d  o f  Ste f f ,  C;-2, with co l l ec t ing  a l l  
ava i lcb le  i n t c l l i g c n c a  i n f o r m t i o n  on t h c  V-2 rockct p ro jcc t .  He charg-
ed t h e  A i r  Dofcnsc Division with t h e  rcspons ib i l i ty  of  gz thr r ing  md 
ovalusting a l l  inforin:.tion on fell of shot and other m t t c r s  po r t inen t  
t o  rockcts. I n  o thc r  words, t h e  G-2 w t s  chcrged w i t h  i n to l l i genco  p r io r  
t o  lzunchiry ;nd t h c  A i r  Dcfcnso Division wzs chmgzd with co l l ec t ing  in-
f o r m t i o n  on t h e  r o c k c t s  o f t c r  t hcy  h. d bccn leunchad. In addi t ion ,  t h e  
A i r  Defonse Div is ion  we8 ch.rgcd w i t h  prspcretions f o r  dofcnsc cgc ins t  
V-Z's 2nd n i t h  ;? s t c d y  of t h r  f o s s i b i l i t y  of th6 us3 of c s imi l a r  weapon 
by tho Al l i e s ,  The G-2 delogztod t h e  ov?luetion of the  in t c l l i gcncc  
d a h  t o  t h e  k s s i s t o n t  Chief of S t a f f ,  h-2, who rttiichecl t h e  necess:.ry 
o f f i c e r s  t o  t h o  iiir Dafense Division t o  c s s i s t  i n  cvnluating in t e l l i gence ,  
and t o  z c t  L S  A& Force adv i se r s  t o  t h j  Chief of tho nFr Defcnso Division. 

c. Af t e r  much t h o u a t ,  t w o  methods of i n to l l i gance  co l l ec t in& 
wcrc devised erd Ft iotc prac t ic3 ,  togc thsr  with thc  countcr m:*.sures 
t o  be i n s t i t u t a d ,  which cons is ted  p r inc ipz l ly  of' ..ir c t tocks  :!gainst V-2 
f c c i l i t i o s .  Thsso ccuntor moLsupos w i l l  bo covcrcd in dotBil  in t h i s  
c h n p t z .  

31. I n t e l l b s n c u .  8. Lntc l l igsncc  i s  considor;d a s  c: ddftnso , 

method i n  this s tudy  bGceuse L t  hcd aucb 5n import:nt b c x i n g  on t h c  
bctivo dafensive .mathods used i n  the opcr!:.tion. Supronc Hcadqu; rtdrs 
s o t  up severa l  d i f f e r a n t  un i t s ,  : i l l  under t h c  A i r  Defonsc Division, f o r  
co l l ac t ing  inforrimtion on t he  hunching ,  f l i y h t  rnci f > l l  of v-2'~. The 
means of ga ther ing  t h i s  i n f o r m t i o n v i e r e  :# sound renging un i t ,  2 r c d s r  
d a t x t i o n  u n i t ,  :rrl E fsll of shot o r g a n i s t i o n .  In addi t ion  t o  t h c  
abovo units, f i e l d  force  un i t s ,  s l sqrenc i i red  pcriodic r cpor t s  covcring 
f a l l  of shot a d  l eumhings .  

b. I n f o m i t i o n  on thc f l i l l  of shots  w:s rcportod by t h e  my 
groups, &rmics,Hocdqumtcrs Comunic:*tions Zone 2nd t p a  f a l l  of sho t  
organization set up erould t h e  t t z g c t s .  Thc l n t t c r  un i t  was c o l l d .  o 
Counter Bottory and F i e l d  Obswvstion Unit. It roportcd through tho 
Continentcl Crossbow Forizt-d Unit) ond Advanco Heidqu?rturs of tho kir 
Defense Div is ion ,  Supreme Hatdquortcrs. 

c .  In t c l l i gcnco  o s  t o  t he  loc:.tion of rockct f i r i n g  areas W D S  

1 	The her-dqucrtcrs comprisirlp tho s t z f f s  necdcd t o  suporvisc t h e  oper-
s t i o n  of t h e  Koyol hir Forcc ( B r i t i s h )  and U.S. 2 n d  B r i t i s h  ? r y
rockct d e t e c t i o n  resources.  

- 15 -



obtcincd from r a d 2  burvs i l lancc  u n i t s  a frm visua l  obsirvFtion of 
condmsation t rn i l s  of ascending rockcts? This in forns t ion  vies rc-
portcd. t o  a s p i c i 2 1  sec t ion  within t h i  ni r  Defcnsc Division a t Suprama 
Hczdqurrters, c c U 4  t h e  Col la t ing  Soction. 

d. CollxLion of  Lnformation. Thc Coll-lt* Section of t h c  
t.ir Dcfsnsc D i v i s h n  e t  Suprcmc Hcdquzrtcrs,  c f t a r  riviewwing e l l  a v a i l -
Rblc inform:.tion, w o U . x l  i t  togcthr:r i n t o  e coherent story and d i s t r i -  
butcd. its dn i ly  r c p c r t s  and wwkly summcriis t o  011conccrned. Thcrc 
was s considcrnblc t h o  1:~i n  conf imcd accuratc r ipor t s .  Inasiimch Os 
th:. Co l l . t i ng  Sec t ion  had t o  scrve two purposc~ ,  th..t of d i s sun in - t ion  
of t a c t i c a l  inform-tion a d  t h e  co l l cc t ion  of Fnforimtion f o r  s c i e n t i f i c  
reswrch ,  it rcndcrccl th rcc  typcs of repor t s :  F i r s t ,  .: Flosh k c p o r t  on 
e l l  unconfirmed i n f o r a t i o n  f o r  poss ib lc  mcrgency t a c t i c : l  usc; secondly ,  
8 morc cccurotc i5:il.y t o t z l s  r epor t  without much tietoil ;  end t h i r d l y ,  a 
completi de tc i leC repor t  f o r  USE ir  rcscorch and fu turo  planning. The 
deta i led  r cpor t  h:id e n  evcrsbc tLnc  l:g cf a p p r a x h t d y  32 hours.  

e. Informrtion rcgcrding rockct lcunching cd: ficld. storsgc
a i t c s ,  routcs, AX! means of cunvey-nco WBS obtninod by the I n t e l l i g c n c c  
Scction from grcund sgants ,  p r i soners  of wr,  photographs MC? t h c  Col-
l a t i n g  Soction. Based on t h i s  i n f o r a t i o n ,  rwomnendations f o r  a c t i v e  
defense wcrc p r c p w d  f o r  t h c  Chief, Lir Defcnsc. Division. (For t h e  
l e t t c r ' s  3c t ion  see psra&r:ph 34 bclow.) 

32. Pcssiva Defense Heasures. I n  2l.l of t h e  t c rgc t  a rcas  c i v i l i a n  
dcfensc organizations hx l  t o  b c  ca re fu l ly  rcor&.nizcrl by t h o  m i l i t a r y  
commanders i n  ordcr  thrrt . s  much a s s i s t m c c  n s  poss ib lc  could b e  g i v c n  
t o  thc loc.il populeticn.  This w:.s vary importmt beciusc 1-.rgc numbers 
of c i v i l i m s  w o r c  necdad i n  handling sh ip  c.=-rgcca ?nd t r enspor t a t ion  
i n  the various t t r y c t  a r eas .  A m2s5 evccustion of hntwcrp or Liege 
would havc h.?d. s a r i o u s  c f fGcts  on t h c  l c g i s t i c s l  support of thc ficlcl 
Irmics. Thorcforc, it w::s nccesscry to d ive r t  much i f f o r t  t o  mcking 
t h c  pnssiva ..ir dcfenso orgmiza t ion  i n  thz ilffGCtcd c i t i c s  t18 a f f i -
c i en t  z s  poss ib lc .  

33. 	 Active Defense &ensures. 

a. Goncral. The C h i d ,  r.ir Defenss Division, Suprunc Head-
q w r t i r s ,  w2.s ch:.rgird wi th  coordination of :.ll countsr-mo-sur-a ,w h e t h a  
a c t i v c  o r  p2ssivc,  r c k .Ling t o  V-2's. Thcrsforc, hc, reccivcd rocommond- 
otions from t h c  In t c l l i gencc  Section on ac t ivo  ncfcnsc. S p c c i f i c e l l y ,  
t h e  In tc l l igcncc  Sec t ion  (known i n  f u l l  :8 t h o  Crossbow I n t d l i g o n c e ,  
Intorprchetion, 2nd Opcrstionl heconncndcticns Soction) wcs r c s p o n s i b l c,
under t h c  d i r z c t i o n  o f  t h c  l i s s i s t sn t  Chief of Str ,ff ,  1 ~ - 2Division, t o  
thc  C h i d ,  Dof cnsc Division f o r  : 

(1 )  	 hccommcnding a m z s  f o r  armoci roconnaissoxc  and t a r -
g e t s  f o r  n t tock ,  :.ftcr cvnlucting inform.tion frsm 
tho  Co l l s t i ng  Section, ogtxts '  rcports,  ond photo-
graphic  rec onnoissmc s. 

(2) Requesting: photo&r<?phic rcconrmissancc thrwgh A-2 
chcnnels. 

(3) 	 kcquesting tn rgc t  m z t c r h l  through i.-2 chnnc l s .  

( 4 )  	Furnishing apprcci-t ions on long-range rocket m o t t c r s  
as  rcquircd. 

Using t h o  inform-.tion c t  hifi disposa l ,  thc Chief, t.ir Defcnsc Div i s ion ,  

1 P 23 Bibliography hcf 25. 
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Supreme Headquarters, n w i e  suggestians t q  the  section 
(mostly ;A.r S t a f f )  t hc t  c e r t s h  de fws ive  pctiong bo hplanccntc.. 

be r.ir Defensive Ycosuraa. The 9.b action, ;?geinst t a r g e t s  
and a rea  oasoc is tcd  directly or ind i rec t ly  with tbz firingof rockets 
o g s h s t  C O n t h e n t d  te fge ts ,  wss tskon by Secnf  Tsc t ics l  ,& Force 
(British) pursuant  to i n s t ruc t ims  i s s u d  by i.ir Staff Heodquartsrs on 
1 6  Novmbw 1944. These i n s t m c t h n s  ststoc! tk-t  t h e  defcnsc of the  
P o r t  of l a twerp  was Vitel ,  m c ! .  orclcrdbt h d t  appropriate a i r  - c t ion  shoul:! 
havc E. f l e x i b l c  p r io r i ty  vwying from " jus t  below spec ia l  projects11 t o  
Ifabove r o u t i m  niesions.lI T ~ Brmticipztcd f igure  r:f 48 rockets lsunchcc! 
cvcry 24 hours w3s n e m  rcachcd grri  it w:.s mvcr  ncccss:!ry t o  E s s i g n  
a i r  counter-meesures against  rocket a t tacks  a higher priority than that 
a ta t ed  above. 

C. Thsrc were f x w  types d sttack on rockit  a c t i v i t i c s :  q i r  

(1) 	Proerrcngcci a t t acks  on spec i f ic  tcrgcts.  

(2) ..rnai rcconnc.iss:incc so r t i e s  ovcr erezs i n  which s t a t i c  
tnrwts wcre s u s p e c t d  o r  f l e o t h g  t a rgc t s  n k h t  prc- 
sunt t hmsdves .  

(3) 	 h a i l  i r i tw i i c t ion  m i s s i o m  t o  chcck t rmspor t s t ion  of 
supplies to f i r i n g  aroes q r f i c l :  storcgc s i t e s .  

(4) 	iiii;ht intrw.cr m i s i o n s  into V-2 supply arccs.  

Tho pre-solcctcci t a rbe t s  werc a h o s t  inwr iab ly  v i t a l  points i n  the  
aupply system. Lnunchin&x storcge sitcs could r?Jt be l ccn tcd  f rcn: 
aoriol  rcconnniasence, si )  werc n0)t subject t o  prcarrangcd e t t ecks .  The 
8rLr?d rcconnalssoncc missions worc nonually routine missions cnti picked 
up h a t e v e r  rocket informntion thoy c;xlld. The roil i n t e r t i c t i o n  n is -  
aims wow tho most effective o f  a l l  types of missions egr.inst t h e  V-2. 
Tho railway r a t a s  t n  tho lounchhk '.re's weri kept ur&er almost ccn- 
s t a n t  a i r  i n t e rd i c t ion ,  and a n  anLlysis d t h e  in tc rd ic t ion  Pttacka 
aga ins t  these  rou te s  shmec! dcf in i to  rcsu l t s .  Thhc night Fntrudar inis-
sions were valueble bccausc it was known t h c t  p rac t i c r l l y  a l l  a c t i v i t i e s  
concerning V-21~wore e a r r i d  out un&r covcr of darknass. Soverr.1 
rookct r a i lhceds  were boinbcd by thesc night intruc?crs. 

i,lthough the w s c t  i?egrec of effectiveness of z i r  CCuntcrd. 
measures token c ~ m tcccuratcly bo detcrmincd, i n fo rmt ion  sva i l cb le  
p o i n t s  to  t h e  wnclus ion  th;:t, Cemr=lly spezkking, t h c  -ir ef for t  
aga in& rocket i n s t 2 l u t i o n s  2nd t h e i r  traflSpOrt2tion 2nd Supply f e c i l -  
i t i c s  Was cf foc t ivo  -- t he  rocket e f fo r t  i n v x h b l y  w a i t  down 3s tho  a i r  
e f f o r t  wont up, vice verw. 

SLCTION 2 

34. Mcnsums Trkan t o  C&.:t V-Zfz,c f t c r  t h q  hxl been launched, 
were ineffectual. minimizing u f  dmnoke and casuc l t ies  w.?s accom-
pl i shed  by pass ive  defense meins, bu t  M mcthob WTS devieed t o  cambtt 
t h e  V-2 i n  f l i g h t .  ,:ir bomb r h n t  ,?gcinst l cbore tor ias ,  f ec to r i ca ,  in-
s t a l l a t i o n s  2nd supply f e c i l i t i c s  of V-2 dic! achicve considcreblo ~ U C C G S S, 
aril was a mzjor f ac to r  i n  giving the  ,.Uias t h c  t o  complete t h c i r  It is poin t&ground o f f ensivc, and actually occupy Gwmn t e r r i t o r y .  
mat ond emphasizod t ha t  t h i  only proven mcans of dcfinit- stopping V-2 
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a t t a c k s  is t o  0 V e I " I - I  2nd phyebe occupy a l l  t e r r i t o r y  from wNch 
t h e s e  missiles Could bo launched. P r io r  t o  such occupation t h c  only ' 

mccns of combatting thc v-2 Was t o  a t tack ,  through the  ~ i r ,t h c  f s c to r -
ies,  suppU f a c F l i t i c s ,  l W s  of coinmunicetion, t renspor tz t icn  f F c i l i -
t i es  and, whcrc posf%lc ,  thz  leunching s i t e s .  Our m3rgin of t h a  w n s  
n o t  grea t ,  and it i s  cer ta in  thEt more extensivc n t tccks  vicrc d;?n&cr-
msly ncnr. Pcport number 237-45 of the Unitcd S ta t c s  N.3v.l T c c h n b e l  
Miss ior  on guid.cd miSSf lCS ,  re8d.s es follows:l Vhzrc i s  l i t t l o  cf hu- 
morous w t u r e  in t h e  statanent so oftcn hc:.rd t h . t  the  Germ& intcndcd 
t o  bomb-rd New York f r ~ ilaunching s i t e s  i n  Europc, i's tw.3 missiles, t h o  
A-9 -SIC! I ~ O ?wero under dcValap.wnt f o r  use egainst  the  U.S. i n  t h a  
c i . r l y  munths of 1946. This csntomplnted use w8s s c i a n t i f i c a u y  poss ib l e  
and unrloubtcdly Wuuld have bacn reo l ized  h-c! t ime pcrmittcd." It is 
d c a r  t h i t  t h o  Unitcd Statcs.must usteblish :t oncc, :vithin the  struc- 
t u r c  of the  nn t iond  Ccfcnse, c m j w  organizatisn f u r  t h c  & v c l ~ p m n t  
m d  prorlucticn of lon&-rcngt. r ccke t s  r,nc! guicled miss i les  s u i t a b l e  f c r  
c f f ens ive  and defensive action. Unitscnust'be estoblishcd, equipper!, 
and t,' ined i n  thc use t h r s a  weipons s3 t h i t  t h iy  aay be b r w g h t  in-8 ) f  

t z  x t ; i on  iiiicdi:ntaly upm i! t h rc : . t  t o  QW nations1 secur i ty .  Tha ,;r-
genize t ion  inclicctod above eh:wld include d c m n t s  sf f x c c s  which h w e  
prh,Riry intcrsest in l cng- reqe  mis s i l c s  nnrl which hzvo praigrosscC fa r -  
thcst i n  t h c  dcvc lopcnt  of t h e  nccessi.ry equiprncnt, technique of  em-
ployment cnC: x C ; x i z a t i o m l  s t ruc tu res  rcquirct! f cr offcnsivc u s ~of 
t h i s  weapon id f 113: dzfcnse :.&:.instit. Tha uneerlying p r inc ip l c s  
governing t h o  smploymnt :nc! spplic..t i o n  of s t r t c g i c  ds s t ruc t ive  power 
remain thc s:mc rc&?-nilass of the c r r r i c r  which t r snspor t s  t h e  dcstruc- 
t i v c  :gent t o  t h c  torbet.  P l n n n h g  for thc offonsiv3 uso af long-
ram0 missilcs must tskc cdvant?kc of axpcriencfi slrocdy g-ehcd in tha 
oppl ic : . t ion  of s t rn tcg ic  ?ir pmor .  

35, ProDoscd Passivc Defonse Measurcs must b o  considcreil which will 
i nc lude  a l l  pr.-.cticcblu steps t9 :vcicl minhuza t h o  c f f a c t s  of yi2led-8 . v  

m i s s i l e  e t t acks  upon thc United S te t c s .  Thsstz mceswcs will inc luse :  
Pormnent., fodOrally-eponsorod r e l i e f  , rescue cnc! r chab i l i t o t ion  organ- 
i z a t i o n s ;  d i spc r so l  oi s t r e t eg ic  indus t r izs  m c !  importmt defense f x i l -
i t i cs ;  and t h c  USC of uni,ergr,Jund a d  dverhced protection. 

36. k x " d  Active Counter Ueaaureo, subdividod i n t c  tmw typcs:
offensive snd dcf cnsivo, ore d iscussed  b e h "  

a .  Offensive Counter idep.sur;s m e  thoso s taps  taken t o  con- 
trsl or c r i p p l e  en eneny's a b i l i t y  trr produce, assemble, -ne leunch 
r o c k e t  pro jec t i lGs .  Two courses of sc t ion  prcscnt themselvos: First, 
t o  a t tack  the  enemy fro23 4 d i s t m c e  by long-rpngc bnmb.?rdmmt; see-
enclly, by invading arr! phys iczuy  occupying his t e r r i t o ry .  The first 
cour se  d ic t :  t c s  t h e  dgvdopnant by us ?f supersonic-velocity miss i lcs ,  
incorpora t ing  the most xivvantagcsus mi l i ta ry  c h i r a c t e r i s t i c s  of long  
range, accura tc  control, cnd deep pcnc t r s t im .  The sscond course of 
i lct ion,  t h c t  of invi.sion, is beyond the scopo cf t h i s  study. 

b. Dcfonsivc Counter Moasurez e re  those s tcps  taken t o  c d c t  
memy rockets a f t e r  they h v e  been 13unched against us. These mcasuros 
coma within t h e  scope of 9n th i r c r r : f t  . :r t i l lery,  md hdiCctC d r n s t i c  
changes in,equipment 2nd i n  our prcscnt c:nccipti.cn of dcfans ive  methods. 
Develoynont i n  t h e  following f i e l d s  is envision&: 

(1) C r e t l y  improved rcder,  infra-red, o r  0thL.r beam con-
t r o l .  

1 P 22 Bibliography kef 1. 

2 Thc h-9 .?nd ,%-lowere d o s i g p d  t o  be used together 2s one uni t .  
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(2) H*ming Zcviccs ( t x b c t  sceking) . 
( 3 )  Television. 

(4) Proximity fuzes  (for cmntc r  rocke ts ) .  

( 5 )  , , tonic cxplosivc. 

( 6 )  Rcinotcly-controlled eatonAtion. 

c ,  To date, t h c L e  i s  no proven mthod of successfu l ly  com-
bi. t t ing sup- rsonic-volx i ty  p r o j c c t i l e s  i n  f l i g h t .  The B r i t i s h  ckviseci 
7, p l - n  f o r  3n x t i c i r c r c . f t  r . r t i l l e r y  definse of London i n  liorlc! id:.r 11. 
Tho Il .-n a : ~ s ~ : I S L Gupon two prcmiscs: F i r s t ,  t h - t  .? w:;rning could be  
reccivid upon which ? predic t ion  could bc  m:de of t h e  one-mile square 
within which il V-2 w u l d  f311; i:nd sccmi ly ,  that a gun defense could 
p l x e  -,nm b r c l l n  of s h e l l  fraencnt s r:f su f f i c i en t  m3gnitutlc cnd in ten-  
s i t y  abovc t h c  threctoricd mx th.t thc V-2 would bo  des t r~~yer l .Thc 
p lcn  VI:'^ ncvcr put t!, :i t e s t .  It is believer! t o  bc; im.practicoblc on 
account of t h e  p roh ib i t i vc  numbcr !~fanti:ircri.ft u n i t s  rcquired.  Thcre 
is IID cxparicnce upon which t o  b;se P conclusion i s  to the probc?blc cf-
f c c t  of s h e l l  f r rgmnts  on V-2's. 
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37. Conclusions and Recommendations, 

a. Conclusions: I n  view of t h e  f a c t s  developed i n  t h e  fore-
going study, it is concluded t h a t  : 

The V-2 rocket  i s  so new t o  warfare, i t s  charac ta r i s -
t i c s  SO novel and of such magnitude as t o  d i s t a n c e  and 
speed t h a t  i t s  offensive p o s s i b i l i t i e s  have, t o  d a t e ,  
far outs t r ipped  defensive measuree. 

The German use of V-2 was not a decis ive f a c t o r  i n  
l'iorld Guar 11, a8 it did  not de l iver  a cr ippl ing  blow 
t o  t h e  All ied w a r  e f f o r t .  It did, however, i n f l i c t  
enormous c a s u a l t i e s  and suf fer ing  on All ied c ivi l  
populat ion,  and wks a ser ious morale problem and 
m i l i t a r y  t h r e a t .  

Rockets and guided miss i les  a r e  on the  threshold of 
a t t a i n i n g  a d d i t i o n a l  development of such s e n s a t i o n a l  
c h a r a c t e r i s t i c s  of range, cont ro l  and des t ruc t ive  
power t h a t  t h e y  c e r t a i n l y  w i l l  become a decis ive  
military f e c t o r .  

Passive defense measures involve a cnqrehens ive  d i s -  
pers ion of v l t a 1  industry,  and t h e  development o f  
underground f a c u l t i e s ,  

Active deiense measures necess i ta te  t h e  :b i l i t y  t o  
c o n t r o l  or c r i o o l s  an enenlyls a b i l i t y  t o  ?reduce, a s -
semble and launch rocket pro jec t i les .  

To d a t a  t h e r e  i s  nn woven ixethnd of succassfu l ly  
combctting V-Z's in f l i g h t .  

b. Recommendation?: I n  view of t h e  sunmory of !mown f a c t s  
about V-2 weapons s e t  f o r t h  i n  t h e  preceding conclusions, it i s  ob-
vious t h a t  t o  i n s u r e  a cont inuat ion of our nationcil axis tence wd must 
t a k e  prompt and vigorous counter r!ic.tisures against  t h e  p o s s i b i l i t y  of 
a t t a c k s  upon ourse lves  by any o o t o n t i a l  u n a y .  It i s  t h s r a f o r e  recomm- 
ended t h a t :  

(1) A major organizat ion bo estzbl ishcd within the 
n a t i o n a l  defense structure, t o  be charged with rcspon-
s i b i l i t y  for :  

Dcvolopwnt  and pr d u c tion. of guided missiles 
Suititble for defense aga ins t  long-rengc guided 
m i s s i l e  and rocket  a t tack .  

Gevcloment and production of suaersonic-veloci ty  
guided missilcs and rocketa su i tab le  f o r  offen- 
s i v e  ac t ion  e t  long range. 

Drgenizetion and t re in ing  of a c o r x  of u n i t s ,  
es tab l i shed  and equippsd, f o r  offensive end dc- 
fcns ive  o ia ra t ionv  with guidcd m i s s i l e s  end 
r o c k t t s  of both super end subsonic speeds. 
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(2) 	 There be e s t ab l i shed  permanent federclly-controlled 
passive defense organizations t o  be charged with 
r e s p o n s i b i l i t y  f o r  measures t o  mininuze t h e  off e c t s  
of rocket and guided missile Lttncks uuon t h e  United 
S tz t e s .  These measures t o  include: 

( a )  	 Organization and t r a i n i n g  of  r e l i e f ,  rescue and 
r e h a b i l i t n t i w  organizations,  

(b) 	 A study of t h e  necess i ty  for ,  and ways and incans 
of ,  dispGrsa1 of s t r a t e e j c  indus t r i e s  'and impor- 
t a n t  dcfense facilities. 

A study of tho  noccss i ty  f o r ,  ?ad ways and means 
of, dupl ica t ion  of comunication (2nd tr:insport-
e t ion  f a c i l i t i e s .  

(c) 

(d) 	 Dovclopmiint of  overhcnd and underground pro- 
t e c t i o n .  
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1. 	 Vohic1e.f and Trailers 

a. 	 Fire Control Car 

b. 	 Fi r ing  Platform 

C. 	 Transport ond 

E w c t i o n  'PrPiler 


6. 	 Tmilcr  f o r  

l iquid ozyg-n 


e .  	 Trailor f o r  

l i q u i d  alcohol 


f .  	 Eyckogen Psroxido 

t n n h r  


g. 

h. 


I. L-itstrahl and Bronsohlue: 
vchiclcs mci tr;til.-rs 

&I.Cr.sn!:e 

2. 	 3quipinent and Acczs?.ories 
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b. 	 Oxygen a m p  

c. 	 .!lcohol pump 

d. 	 Iiydrog,;n peroxide PUmp 

e .  	 Oxygen hasas 
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f l i gh t  pf the rockFt 
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rockit is launch.6 
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et f i r i n g  s i t e  
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&?ling on s i t e  
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cont ro l  cer, e t c  

Ground control i n  
hzimth nnC renee 
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rai l  CRIS 
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Transfer of fusl 
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rockct 
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3 

3 

3-5 

3-5 

2 
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9 
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g.  

h. 

i. 


j. 

k. 


1. 


m. 

n. 


0 .  

P. 
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r.' 
0 .  

t. 

Eydrogen ?eroxide hoses 

Couplings f o r  fueling 

Valve containers 

Quintiple coupling and ci..blc 

Cables 

A i r  comprs2-.= o m  

$quipmint t o  produce hot 8ir 

Specie.1 plugs with cnblcs 

Box containing reley m e e h i s m  
and t rmsformcr  s i t e s  

I g n i t e r s  

TCst Equipncnt 

Lnddcr 

Pht fo rms  v i t h  f rames for 
p d j u s t i q  rockct components 

Transf-r  of fuel 
from t r a i l e r  t o  
rocket 

Tmnsfer o f  fue l  
from t r a i l e r  t o  
rockzt 

TrAnsf.-r of fu.1 
from treil?r t o  
rocket 
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t o  roc!:ct 

All e lec t r i cn l  con-
nections for grouna 
equipmsnt 

FLZlini; 


Drop whcn rocket 
lc.*ves plrtform 

Igni te  F u r l  Rt 
launch 


For trstir.g rocket 
when i n  lp.unch
pos i t ion  

Fit tPd t o  rocket 
when i n  1P.unch 
pasit i on  

4 

2 

1-3 

3-5 
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1 


2 each 


1-2 
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