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TI1E F1,EEI' RALI.lSTIC MISS1I.E SYSTI<M 

A p u b l i c  s latcment in Dcccmher.  1958. a n n o u n c i n ~  t t lc  ca i icc l la t io i i  of t l i c  
m u l t i - m i l l i o n  d o l l ~ t r  110g:.1i/ri.s 2 contracts i n  t l ~ e  I1.S.A. ; ~ c c c n t ~ l a t c d  t l ie  t~.cmen- 
dous  ac t iv i ty  in tire subrnarinc bombardment weapon f ield. due  t o  t l i c  \'cry 
g[-cat str:ltcgic impor tance  at tached t o  i t .  

H o t h  tlrc II.S.A. a n d  (J.S.S.R. have fo l l owed  t h r o u g h  the  early C icrman 
es lx t - imcnts  o t i  the submarine lat tnched guidecl \\,caj~oti. a r id  it1 this b r i e f  
sul-\.cy of t l ie  most  up- to-d i l tc  system s o ~ i l c  m e t i t i o ~ i  \v i l l  be made o f  t l ie  
missiles \\rl i icll l i a \ ~ c  gone before. I t  i s  impot-(ant  t o  rc;tli/e. ;tncl iI1c c a ~ i c c l l a l i o ~ i  
o f  l l l c  l < ~ : ; i r l l r . s  2 contr-acts demonstrntes th is admit-ably. 1Ii;tt p l - o t - c s \  i s  vcr-y 
rap id  i n  \veaj>oti systems a t  t l l is  t ime  and that  enol-mous sum.; oi' money. 
t -c l>rcxn i i t lg  a considerable p ~ - o l n ~ - t i o n  o f  the nation's p r o t l ~ ~ c t .  arc in\ .o lved 
i n  a prccal- ioi ls s:lmhlc. 

I t  i s  o n l y  necessary t o  glance at a m a p  t o  sec i l l a t  a inissilc \\,ill1 ilnder- 2.000 
nl i lcs range. l i l -cd from an 011'-sl~ol-c site. cal l  threaten a l ly  \ v o ~ ~ t l i \ r l ~ i l e  1 2 1 - ~ c t  
ill c v l o e  I I Asiitri c ~ ~ i t i r i e ~ i i .  i l l i d  tIi11s 10 :11)1?reei;~tc t l ie  l x t s i i  01' t l ie  
l i ioh i lc  h;ised in ter i i i cd ia tc  range \rcap:>n concept.  

T h e  t l c ~ r c e  o f  m o b i l i t y  o f  i l i e  basc a n t i  i ts \ , ~ ~ l n c r ; ~ b i l i t y  t o  :ittack at-c \ , i tal  
co l l i idcra t ions : a l~ i? ._h ly  m o h i l u  hasc w i l l >  l i t t l e  v u l n e r a b i l i ~ y  t o  attack e i~ab lcs  
tI:c yt-catcsi possih lc area t o  bc dot i i ina tcd \\it11 t l ie  ~ ~ i i l i i m u n i  n ~ ~ r i i h e ~ ~  ol' u l i i t i .  
1- l icrc is. t1ic1-chrc. in the dc \ 'e lopme~>(  of th is \vcapocr \y<tcni.  ;l Frc;ll dcpcn- 
cicnc'e i>~i that o f  t l l c  jx>ssi hlc lyj1cs 01 '  r i i ~ h i l c  b;tic. 

I t  i s  e i l ~ ; i l l y  pos\ ih le t o  threaten. 01. ( o  retal iate a:l:liri\t. n i iy  target \ ~ i t l i i i i  
thc con i i t i c l l l  of A i i a  \\,it11 I r i r i ~ i c  i ~ l t c l . - c o n t i ~ i c ~ l t i i l  ~ n i s i i l c i .  a l id i ~ l t l c c d .  
o t o  c ' c l t i c ~ i t  1 I ~ i i e  i i o ? i  I h:isc. t l l i h  : I ~ P C ; I I - C ~  10 
Ihc t l ic  c ~ n l y  s o l ~ ~ t i o n .  a n d  s t i l l  r c m a i ~ ~ \  one o f  i h c  ]>i)\,siblc s(i1~11io11r. t~Io\vcvcr.  
\ \ i t11 i111p1-o\cmcnl.,it i t i  t l ic  i i ioh i lc  h;tses allcl a rca l i /a t ion  that  \t;lric 1;1~1nclii lrs 
\ i i c \  w i l l  ; i lway\ hc  vulncl -ablc ( i t  hei t is  i ~ n d c r s t ! x ~ t l  [ ha t  i t  i i  ;~ l l nos t  imj?ossible 
t o  ' 1ia1-dcti ' :I site s ~ ~ f l i c i c t i t l y  Sot. i t  t o  remain  opel-at ional d~t r i l i ,g  t i le  i y p c  oI' 
11~1clca1- b o m h n r d m c n t  i t  i\ no\\) possible Cot- ari cncmy t o  I;I~ d o w ~ i )  the ~ i i r ~ b i l c  
hasc so lu i i on  becomes ;in ;tlier-tlaiivc. l)evclo1~rneti t  o f  stat ic si lc weapons. 
s ~ i c l i  :IS 1- l ior. . lupitcr, Atlas. ' l i t a n  r ind M inu te i l l on .  s t i l l  c o n t i ~ l r ~ e i  due  t o  i l i c  
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R c g ~ ~ l u s  2 l n cxccss of h1 2 n l  25,000 1 b 
1,000 milcs 60.000 F1 ( ; ~ p p r ~ ~ x . )  

cau t ion  wit11 w h i c h  i t  is ncccssary t o  asscss these weapon dcvclopmcnts,  L o  i h c  
I k c t  t h a t  some of t l ~ c s c  m a y  hccomc opet-at ional carl icr,  a n d  l inal ly .  bccailsc 
of t l i c  l im i ta t i ons  to the pay load  i n  the ncccssal.ily sm;~llcs, moh i le  based. 
missile. 'I'lle decis ion between t l ~ c s e  t w o  systems, s l l o i ~ l d  a c o ~ ~ n t s y  f i n d  i tsel f  
unab le  t o  pi-ocecd wit11 b o t l ~ ,  w i l l  i l ~ d c c d  he u di f f i cu l t  one. 

'The C;crtn:ins s l lowed the advantages of  tlrc m o b i l e  l aunch ing  site on  l ~ i n d  
ill the i r  use of thc  V2 missilc. h u t  wl iet i  i l  i s  I-eqilii-ed t o  take t l l c  m i w i l c  closer 
t o  (I lc cncn iy  coast i t  i s  ncccssal-y t o  considcl- the sea and the a i r  as the opera- 
t i o n a l  media  1'0s t l i c  mob i le  bases. IJ.S. Weapon  System 199B. a vel-sion o f  
w l i i c l i  i s  cal led ' B o l d  O r i o n  '. is t tcvcloj) ing t l lc  aisboslic base for such a missile. 
;ind t l l c  l:lect l3allistic Miss i le  System the seaborne h;~sc. M o r e  w i l l  he said 
of the  13old O r i o l i  p ro j cc l  l:itc~-. 

A susfz~ce sl i i l ,  launch ing base w o i ~ l d  ~-cc l i~ i l -c  t l lc  sul>post o f  large nr~mbel -s  
o f  vessels ca r ry ing  the deCcnsivc elements ncccssary aga i~ i s t  ail-. s ~ ~ r f i i c c  ~ 1 ~ 1 ~ 1  

~ ~ ~ i d e s \ v ; ~ t e ~ -  ; i t t i~cI<.  This \ v o ~ ~ l d  he ccononi ica l ly  psoh ih i t i ve  t o  pso \~ idc  1.01- :I 

n~111ibc1- o l '  dispel-sed missilc lal .~ncl i i l lg un i t \ .  \vou ld  he itiij,ossihlc t o  conceal 
to ta l l y  SI-orn the enemy. and  \ \ . o ~ ~ l d  advc~- t isc  the  prc icncc o f  t l ie  1;iilnclling 
sliij>. T h e  dcvclopi i icnt  o l ' t l i e  n ~ l c l e ~ i r  s i l hma~- inc  w i t h  I o n s  endurance and  h igh  
\peed when  ~ [ i h ~ n e s s c d  has p ] - o \ i d e d  t l ie  a ln iost  ideal  scahosnc lnrinchin_c h a w .  

( ;c rn la~~ Dc lc lopn le l~ ts  
Ear l y  ell'oi-ts i l l t l i c  s i~bma l - i nc  h:isccl g i l ided wcapnn l i c l d  were made b y  t l le  

Germans  to\vat-d\ t l ic  c11d o f  the 1939 1035 war.  T h e  missiles \vc~-c t l lc  satlicr 
p s i m i t i \ c  \)I at id  V2 1ypcs. b i l l  eve11 t l~csc.  11ad t l l c  IILICIC~II- \vitrl lciid hccl i  
a\'ailablc. \ v o i ~ l d  h a \ c  con\ t i tu tcd  a \ c r y  deadly thl-eat. 

711e \'I co i l ld  bc l a i ~ ~ i c l i c d  fl-on1 a sirn~3le catapul t  type stri lclul-i. o n  t i le  
ca.;ing o f  t l ie  co~ l \ . c~ i t i c ina I  suhmar i i i c  o f t h a t  d;iy. a n d  I-cpscsentcd n o  IIIOI-c t l la t i  
;I m i t i o r  cli;illcngc i n  the c o n \ t r ~ ~ c t i o n  01' s~ l i t ; ih lc \vatcstight c ~ i c l o s i ~ l - c s  hl- the 
missiles. ancl in the di-i l l5 I-ccluiscd t o  ~LII-I';ICC. assemble allcl l a ~ l n c l i  the mishilc. 
I'sncticc h y  t l ic  [J.S.N. ;\l'lcl- the \var \ l io\vcd t l ~ a t  n s i ~ n i l ; ~ r  m i \ \ i l c  co i i l d  hc  
I ; ~ i ~ ~ i c I i c d  a n d  [ l ie  sahinai- inc I-csuhmcrscd in  under  l i \ 'c m i n i ~ t c s .  

1-hc \'3 missile. \\it11 t l i c  licliiid oxy2c.n a n d  alcoho l  m o t o r .  was satlicr ~ n o r c  
oI';i technical  c1iallcii:c. A so lu t ion  \vas ill sight :it t l i c  c t id  of the \v;~s. Iio\vcvcs. 
Tliis c o n \ i \ t c d  o l ' a  containcl- c l ic losi l ig  t l ic  missi lc a n d  I'ilel tanks. u p  t o  ihscc 
f l i i c i  c o ~ i : i i ~ i c r s  ~ I L I  l t o  l I i I : r i i c  I I i i i  I l lc  l a i ~ l l c l l i ~ l y  
01' t l ic  mis\ i lc  \\:;is 111-ccedcd 1hy the sr~i-S;~cing 0 1 '  one cv l l ta iner .  the 111-el?:uatii111 
ancl I ' ~ i e l l i l i ~  ol' l l i c  i i i issilc 11)' ;I crc\\ '  I'r,)ili l l l c  \ ~ i h ~ i i : i i . i ~ i c .  ancl t l ic  l i t - i i ly  1'1-om 
t l i c  adi ;~ccnt  suhma l - i~ i c  \vhcn a l l  \+.:is I-cad!. l l i c  prohlctn5 \ \ere n i imcso i i \  
hiit ps i t i c i l ~n l l y  conce~- l ied t l i c  ~ i i c  o f  i l i c  lii111id c I n lco l io l  I~I~~CII-.  

Nubscclocnt l \ ~ ~ ~ c r i r a ~ ~  I ) cvc lo l )mr~~ ts  
7-lie l i . S . A . .  \chu bcncl i t tccl \vi t l i  the 0 .S .S .R .  f ~ - o t i i  t i le  C;errii:rn espel-icncc. 

l i r s t  c o n c c ~ i t r a t c d  0 1 1  t l lc  c n ~ i c r  p l -ohlcm oi' the 1x1-Section of' the V I  1ypc 111' 

missi lc i l l this submarine ro le.  T h e  L o o n  missilc. w i t h  hc t t c r  I-;ingc at i t l  I -c l i~ i -  
h i l i l y .  was l i l -cd l ' rom si~bm;l~- incs cluitc casly i n  l l i c  past-wal- 1x1-iod. hu t  soon 
ga\c  way  lo  1110 ~ i i o r c  ~-c l i l ied  R ~ ~ L I I u \  p r o y ~ - ; ~ ~ i i ~ i i e .  A gi-c:it lillip t o  1111s [p~-o.jccl 
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came when it was possible for the missiles to carry nuclear warheads, and this 
really marked tllc beginnings of the eRective submarine launcl~ed weapon. 

Tllc cnj?ahililies of the Reg~llus ~iiissilcs arc summarized in TAULI :  I .  Both 
are air supported missiles with air brcatl~ing turbojet engincs ; in &let, pilotlcss 
bombcrs carrying iluclear bombs. 

R e g ~ ~ l u s  1 has hccn operational for solnc years now ; Keg~llus 2 was first 
flown in May, 1956, and launched Srolii a submarine in Scptctnber. 1958. 

A contract foi. $26 M was awarded to Cllance Vougl~t Aircraft in February, 
1958, 1'01- tlie continued cv:~l~~at ion  and production of Iiegulus 2. 7111-ee U.S.N. 
s~~bmal-ines \vcrc earmarked for the fitting of the Kcgulus 2 wcapon system : 
the nuclc:lr po\vwmd U.S.S. f l r r l ih!r / ,  and tllc corlventio~>nlly po\vercd C1.S.S. 
' , ' i .~g.l~i ic~/< nnci [J.S.S. (Ji.011.1cr. 

The cancellation of tllc liegr~lus 2 contract in  Llecembcr, 1958. 21s a rcsult 
of tlsc progl-css wliicli had hccn made in the Polaris project, leaves tlie [J.S.N. 
~ ' i t l l  some R c s ~ ~ l u s  I missilcs wllicll will he used by tlxc I1.S.S. Trr, i i~j. anti 
[J.S.S. Nt11.11c.i.o wl~icll liavc been eql~ippcd with tlie missile for s o ~ n c  years. 
arid tlic U.S.S. ( ; i -o~~. lc i .  ;lnd U.S.S. G'i.crj.htrc/i which \vcrc plallncd originally 
t o  llandle botll Rcgul~i\ 1 anti 2. 

l-lie U.S.S. I l t r l i l ~ i r ~  wlliclr w;rs to ha\,c carried Rcg~llus 2 will he coml?lelctl 
;l2 a Rcgulus l suhmcrr-inc. and all otllcr tulclc;~r subn1:rrincs 01-iginally plannecl 
S I i c ~ l ~ l u s  c;lrricrs will be complctcd as con\'entional nuclear sl~hlllarines. 
'lllc only s~l r f l~cc  s l~ ip  wliicli was planned to cat-I-y R e g ~ l u s  2. tlic ~ luclc :~r  
~>o\vc~-cd c l - ~ ~ i ~ e r  C1.S.S. L.orig Llc~rc~lr. will be co~nplctcd will1 only Tcl-ricr 21tlcl 
7alos sitrklcc to air guidcd wcapon systclns. 

Some $100 M will he savcd hy tl~csc mcnsu~-cs for rc-application to otller 
~?ro.jccls. 
Sul)sequent Russian Develop~~~cnls 

I-.ram the satne starting point similar progress has hcen made. 
*l'l~c ' S ' series of ~nissilcs bascd o n  the V1 (air-supported and air-hrcatl~ing 

type) linalired with a iiiissilc capable oS about 600 ruiles r a n g  a t  M - 1 .4. 



But it seems that the greater priority was given to the ballistic type missile 
and in June, 1958, considerable production ol'tllc solid rocket motored C o ~ n c t  2 
(Cl-l 18) was reported. 'fllis is a stop cap  missile pending the development of 
the U.S.S.R. ecl~~ivalent of Polaris. This is designated Comet 3 and  will llave 
about  1,800 milcs range. 

It is intcrestitlg to consider the importance of a I-cport wl~ich maintains that 
tllc Comet 2 has bee11 waterproofed, so that it may be towed behind the 
suhm;~rinc ( W W  I I type). This makes t l ~ c  deployment of the missile casicr 
by Srccing the submarine TI-orn the operational dillicultics of llaving to tow u 
c;~nistcr l a ~ ~ n c h c r  for c;lcll missilc. wliilc still ~-c t i~ i~i ing  ~ I I C  German idea of being 
able to ~ ~ t i l i z e  cxisting dcsigtis of suh~norincs. 

There is some r i ~ ~ i i o u r  of deep la!!nching expel-imcnts from 050 St wit11 an 
cxlier;~iiental ~iiissilc Ciolem 3. which, i f  i t  can hc done operationally, is ol' the 
greatest sigllilicance. 

l l '  l 1 1 S l '  l S S I  S l ' l  AN11 POL,AI<IS 

The earliest cltbrts to obtain a ballistic niissilc for LISC from 3 sj2ecially designed 
n ~ ~ c l c a r  suhrnarinc launching platform were dirccted towards the dcvclopmcnt 
of n missile jointly with tllc IJ.S. Ar~ny .  This missilc, now known as Jupiter, 
llas the following characteristics : 

U'cr/.llc,cirl A.loloi. I . ~ I I , ~ I / I  />in/~ic,rc,r ,411 UIJ Ft'c~igI~t 
Nuclear ILiq~~id (lxygcn 5X f t  9 ft 100.000 I b 
(1 Megaton) Kerosene 

It is not difficult to  ~~nder-stand wlly tllc [J.S.N. withdrew from this project 
. ~ L I S ~  11s so011 as the following items apl7earctl to be technically feasible : 

( I ) A lightwcigl~t nuclear warhead 

(2 )  A solid propcll:~rlt motor capnblc of giving the lnissilc containing this 
warllc;~d :I s ~ ~ i t a b l e  rilligc. 

A new missile kno~vn as Pol;tris was SI;II-tcd in dcvelopmcnt 21s part of the 
Fleet Ballistic Missile System. This c a ~ ~ s c d  and continues to cause great argu- 
ment through C;ovcrnment and Service circles. Whilc adniitting the psycho- 
logical and  dcterl-ent value of the system. tllc U.S.A.F. holds tllnt the whole 
ol' the nation's c;~pahility must not be sunk in this one system. which. missilc 
for missile. Ilas not tile punch oll'crcd by citlicr the land-hased missiles or  the 
Strategic Air Co~iui i :~nd bo11ibc1-S. 

Ho\ve\.er.. Polaris has \\~c:tthcrcd tliis criticism \o 1;1r and promises. in return 
for  a I'airly 1a1-ge linancir~l in~cs tmen t  i ~ f s o m c  $700 M in 1:cbr~lal-y. l959 (making 
n tot:tl to date o f ~ 1 . 3 0 0  M )  an ol>crational i'olaris with a rangc of 1.200 miles 
in 1960. and all impro\cmcnt to 1.500 miles in  tllc lin:~l version. 

Suitable n ~ ~ c l e ; ~ i -  po\vcrcd suhni:~rines. each to carry 16 Pol;~ris missiles. ; ~ r c  
building at the rate ol 'about SOLII- per year. 

l 0 1 1 S  0 I l l  1 l . 0 1  l I-HI.: I?.H.\I.S. 

These 111;1y hc di\;itlcd i ~ ~ i d c r  the I'ollo\\ing headings : 
( I  ) T l ~ c  s u b ~ n : ~ ~ - i ~ i e  
( 2 )  'The launchi11:r 1,llnse 
( 3 )  Tlic p r o p ~ ~ l s i o ~ i  and s t r ~ ~ c t r ~ r a l  prohlcms 
( 4 )  1 . 1 1 ~  guidance of the suhmztrine and missile 
( 5 )  T l ~ c  control of the tnissilc 
(6) Tlie !-c-entry of the warhead i~ i to  tile atmoslilicrc. 

The Suh~narinc 
It will be realized from the above lisl tl1;tt tlic submarine is only o ~ l c  part of 
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t c o ~ ~ i ~ l i c x  s>lsleni. and i t  has hecn accepted ;IS a p rccedc l i l  t l ia t  i t  i s  t'ol- ;ill 
p ~ u p o s c s  s i thserv ic~ i t  10 I l i c  \ys tcm the I' lcct Ra l l i \ t i c  M i \ s : l c  System. l l ~ c  
\uhmal - ine  i s  dc \ iy i i :~ ted  a l l  S .S .B .N .  T h e  o the r  0 . S . N .  de l inc i l  comp. incn t \  
of  i h i \  \y>tctn arc  l l i c  mi \s i l c  1'ol;tris. the l i re cn1111-01. n;t \ igat iot i .  ancl la l lnc l i ing  
e c ~ u i p ~ i i c ~ i t s .  

I - I -om such i n f o r m n t i o n  as can  hi. I 'oilnd i n  [ l i e  p i l h l i c  111-c;\. the r l~ iss i l c \  \ \ i l l  
he o v c  c r i c l y  i n  the s t t 1 1 i r i 1 1 c  II~III. v i c i  ~ i c c e \ \ i t ~ ~ t c \  :I c i i ; ~ ~ i i c t c ~ -  CII' 
a b o u t  30  k c l  i n  i l i c  approlwi; t tc le t ig t l i  o l ' t l ~ c  l i l i l l .  :lntl the o \ c r o l l  I c l i y t l ~  o f  i l i c  
~ ~ ~ l > l i i a l . i n c  \\.ill p ~ - o h n b l y  be  a h c ~ i ~ i  310 t o  400 I t e t .  \ v i t l i  a d i s p l a c c t ~ i c n ~  01 
appr(>xi i t i : t Ic i)  5.000 1011s. I\ VCI-> rcec11t repo r t  (S;~~ILI;II~~. le)59) s t ~ ~ i e s  tli:lt 
d i \ p i ; l ~~ i . rnc~ i t  \ \ i l l  be 5.600 tot is  : I ~ c a \ i c l -  t l ia l i  car i l c r  i i iodc lh  01' t i le t i i tc lc;~l- 
\ ~ ~ b t i ~ a i - i ~ i i . .  

I n  I I ~  li15X. cotitt-acts I'or t i i r cc  I . I . I .  suhtii:rrinc\ I ~ n t l  hcct l  : t \ ~ : t ~ - d c i l .  
I\\,(> arc he ins  hu i l t  at Cicncl-al O y t i a m i c i  Elcct l - ic  I l oa t  [ ) i \ ' i \ i c ~ ~ i .  (;l.o[oli 
Siiij>!.at-d. \ \ l i c r c  ;1l\11 I \  h c i n y  h u i l t  i l i c  I;tl-gc\l s ~ t l > ~ i i ; ~ ~ ~ i t i c .  5.800 t o ~ i \ .  \v l i ic l i  
; i lscl i \  n l l c lcar  ~>o\vcrcd .  1 ' ~ l r l h c r  I ' i tnil\ 1'111- s i \  n i o r c  \2.c1-c a \hcd  l'or i l l s i ~ p p l c -  
n l c n i a l  c i t i i i ~ a i c i  a n d  coti l l -acts 1.01- ihi-cc o f  t l i c \c  l i a \ ~ c  \ i l l cc  h c c ~ i  a\\ ; trdct l .  

I t  ~ ~ i i ~ l i t  1101 he appt-cci;~lcd t h a i  i l ichc \ u h m a r i ~ i c s  \\cl-e among 17 n ~ ~ c l c a l -  
o t l  ~ l t i i r i ~ i c s  1 1 i 1 c  r I c t i s t ~ ~ ~ c i i ~  i t  L I ~ .  1958. 

l . '<~r \ \ l i ; ~ t  i t  ~~J;I)J lbe wo i - t l i  it1 cs l i i i i : t t i ~ i g  t l ie  po \s i l> i l i l y  01' 01Iie1- ~ ~ I I I I I ~ I - ~ ~ \  

i o i ~ ~ i l i g  ili t i i is  1ype 01' n r t i i a ~ i i e ~ i l  dcvc lopmcn t .  I l i c  cs t ima lc t l  cost ol' t l i c  fir\( 
t l i i ic  nuc1c;tl- submar i t lcs l'or ilsc w i l l1  F.13. M.S.  i s  $812 M. 



'l'he Launching Phase 
I ' l i i s  dcvc lopmcn t  requil-cs cxicrisive coastal facil it ies where sui tablc cxpcr i -  

men ta l  l i r ings w i t h  colnpletc i n s t r i ~ m c n t a t i o ~ i  can he ca r r i ed  out. T h e  under-  
water l aunch ing  site at San Clc lncntc  Island, o n  the Pacif ic Coast, w i l l  p r o v i d e  
the 1;runcliing test facilities. Missi les are l i r ed  f r o m  t l ie A t l a n t i c  Miss i le  Range 
and fur-t l icr w o r k  w i l l  he cal-I-icd o i ~ t  fr-om the tr ials s h i p  U.S.S. Oh.~ci.rct/ioil 
I , s / t r i i c / ,  and  f inal ly  frorn an operat iona l  insta l lat ion in a s ~ ~ b m a r i n e  sclxcdulcd 
fo r  l i r i t igs i n  1900. 

A n y o n e  w h o  lias t r ied  amateur  ~rndcr-water photography,  seen the films o f  
t4;uis l iass, or t l i c  colour- lilm ' I%luc Cont inent  '. w i l l  rea l i re  tha t  technical  
photogt-:il>hy. w l ~ i c h  is o n l y  ot ic  of the many  nove l  prob lems associated w i t h  
th is w o r k .  i s  d i f l ic i r l t  1111dcr the best C~~CLIII~S~:LIICCS. T l l e  ex]>ests ill ~ ~ n d e r w a t c r  
phoiogi.al3liy a n d  iclc\, ision w i l l  need ~ i o  emphasis on tlii'; p roh lcm,  h u t  perhaps 
\+ill revel in t l ie  iricrc;iscd l'rinds \ \~I i ic l i  m i ~ s t  be matlc :rvailablc t o  t l rcm if the 
~111cicr-water l a i ~ r i c h i n g  o f  i l i c  niissile i s  t o  be acl i icvcd. 

'The l a ~ r n c h  frorn i l i c  stowage pos i l ion  kill he made by ;,is prcssurc (1s the 
m a i n  p r - o p t ~ l s i o ~ i  i i ic)tor \$sill n o t  be st;trtcd hefore t l ie  ri i issilc breaks the sut-facc 
a t id  some intct-cst ing ~-r l iotogr:~pl is  o f  i'olaris i y p e  niis';iles b reak ing  sur-facc 
lia\,c been publ is l icd.  I t  w i l l  be undcl-stood t l iat tlxc change 01' media  alone i s  
a c l in l lcngc t o  the missile engineer. 

'l'he 1'rol)ulsion a11t1 St ruc tura l  I'rohlcms 

I'or ~ 1 s t  w i t l i i l i  t i c  c ~ i c l s c l  spiicc l r t h i i : r r i ~ i c  or s ~ ~ r l i ~ c e  \/CSSCI in:iiiy 
l ic luid rocket  propell:\nts l-cpre\cnc a grxvc l iarar t1 anti a n  except ional ly  
d i l l i c u l i  1i;indling prohlcr i i .  N i t r i c  acid ;itid l i q u i d  oxygen arc t w o  euariiples 
t l i c  d i \ad\ .at~tagcs o f  \vl i ich arc easily ;ipprccinted. 

I-lcrice t l ic  clc\.clopnicnt o l ' a  l i ig l i  pc~ - l ' ~~ r -m;~ncc  rnotor' clsing solicl p r - o p e l l a r ~ t  
of  l l i c  cot-dite o r  plastic tkpc \ \ L \ \  acclaimed arid in imedia te ly  appl ied t o  Scruicc 
v c i o i .  1-his i s  not  t o  \nq that  a pcr'fc>t-riiancc cc l~ la l  t o  that  possible w i t h  
l icluid ~roche i  n io tors  has j e t  hceri ac l i i c \cd .  1101- t l ia t  l i q u i d  rockcts \<,ill iievcr- 
I>c i ~ s c d  again ill s ~ l c l i  pr-ojccts Stir thc i-rsc],ack:!ging \v i t l i in  the ~n iss i l c  o f l i c l u i d  
jxo l>c l lan th  \ \ i l l 1  l u n g  stosagc c i \  hc i l ig  actively ~>LI I .>LIC~.  hu t  t l ie  so l id  
I .  i i o .  i t  i t s  cornpa l - ;~ t i \c  c:15c o f  I iand l i l l f  crnd immcdi;rte readiness 
for- tt\c. i h  t l ic  ol-r\ , io~r\ cl ioicc l'or- :I \ t r I - r ~ ~ i a ~ . i ~ i c  l:~tiricIiccl ~ i i i ss i l c  ~ O I -  i t i s t ~ t ~ i t  01. 
controlled tlclihcr:itc ~ -c ta l i ; l t o r~  11s~. 

- r l i c  d c \ e l o p r i ~ c ~ i t  o f  t l ic  m o t o r  comprihcs t l ic  dc \ ,c lopment  ol' t l i c  fo l lo\v i r ig 
i t .  intcr l-clatct l  bu t  nc \c~ - t l i e l c \ \  t l i \ l inc t  : 

l l c l r o c l r i t  i t  tire 111-oductio~i o f  lat-:c masqcs of url i l i )r-m 
I1ig11 c r i c r g ~ '  c o r i t c r ~ i  i i i ; i t r~- i ;~I  \\,it11 s;~tihf:ictory 5tor;rgc : i i i c I  l ?~~~- r i i t i s  
char-actc~-istics be ing qu i te  d i l l i cu l t  

( 2 )  r l i c  motel- cnyc. \ \ l i i ch .  i i l t l i o i ~ s h  cshential t o  c o ~ i t a i r i  t l ~ c  prcs\~rr-c o f  
con ih i rs t io r~ .  i b  i l i i i c t  ;L dca i l  \ \ c i ~ h t w I i i c l i  rnLt\t he 1-ctlucccl t o  a ~ i i i i i i n i u m  

( 3 )  l'hc \cn t t i l - i  o r  ~ i o ~ / l i . .  \ \ l i i ch  a y i n  m u \ t  be ;is l igh t  ;I\ possihle conhisteiit 
i t  r i ~ : i i r i t i i ~ i i r i g  i t  S c l i e i c y  t l i ~ ~ l ~ o ~ r t  c l i r r i i ~ ~  i i ~ i i c  
o l ' t l i i ~  m o t o r .  

I l i c \ c  131-ohlctii\ n iny  he cc>~ii l>l icalei l  hy  prc l l ig l i l  tempcratr l rc c ~ i \ i ~ - o i ~ m c t i c .  
I l ig l i t  \tr-csscs and t l ic  rc i l l i i i -cmcnt t o  c o n t r o l  l i e  I i c c t i i  o f  i i i ~ - c ~ s t .  a l i t i  17). 

I I t i t  i t  l1:is hccn f o t ~ n d  : i l~ i ioht  impossible to 5c;llc i ~ p  01- d o ~ v n  111 ; t ~ i y  
o i l  I-oclict n i o t o r  tiesign \ v i t l i o i l l  ;I lo t i f  1?r0yr';r1ii1iic tr ials. 

'I~Iii\. t1icrcf01-c. i s  t l i c  l i c l d  o l ' t l cvc lo l> : i i c~ i t  li)~- the rnot(,~- arid in i h c  caxe of 
I'olar-is i h c  o l i ~ t i o n  consi\ts o f  t l i c  dc \ i sn  and p roduc t ion  o f  : 

( I  ) A propc l la l i l .  consist ing o f  a l-r;isic 1>l:istic prope l lant  p rohah ly  loaded 



with aluminium powder t o  increase the energy rclcase per unit mass. 
The  combustion pressure would bc between 500 and 1.000 lhlsq i l l .  The  
size of propellant ' grains ' or  charges requircd rcpl-csentc a moderate 
cl ial lcn~c in  jxoduction hut this has been Inet atid surpassed. 

(2) A motor casc klbl-icatcd from air q~1cncl1ed steel shecl giving presently 
184.000 lhisq in .  tensile strength, which is salislhctury f o r  the 1.200 rnilc 
missile, hut wl~ich figure must he raisecl to 220,000 lb/scl in .  to cnablc 
the f u l l  of 1,500 miles to he achieved. 

The fabrication of the sllcet illto n motor casc ;11ld the nttacllment of end 
fittings is a l-rroductio~i mctallurgicnl problc~ii of the highcst tlrdcr. I'licre is a 
s~~ggcs t ion  that a spil-al wrap mctliod of construction is hcing c~nploycd 
probably to avoid putting welds into direct hool? stress. 

(3 )  V c n t ~ ~ r i s  (for a multil~lc vcnt~lri system is ~lscd as will be dcscribcd in 
the control section) wllicli will witlrctand tl1c ratllel- high gas t c rnpcra t~~~-e  
Ihr the durnti~in o f  burning wliicll Inay he of the ordcr of frolii 1 to 2 
minrltes. 

Tlic motor case forms the outside skin of tl1c missile and carries the flight 
loads of the missile in rnost efficient missile dcsisns and certainly Polaris would 
he no cuccption. 1:ortunately. from this consideration the higllcst loads will he 
mainly longitudinal duri~ig boost and the internal pressure of tlie motor will 
s tabi l i~c  the 1 ~ l L - r ~  in hending during this period. 

The Guidance of (he Missile and S~~br~~arine 
A great dcal Iias been said in the press recently about inertial guic1;rncc and 

navigation systems. These systems, ~vhich in their theory date from Newton's 
time, dcpcnd on the relationship hct\veen mass and its accelerating forces. I t  
was neccss:lry for a very great dcal of technical dcvclol-rment to take place 
bclhrc the components became suitnblc, hut gi\:cn : 

( c l )  A st;lblc platform 11iaint;rining a rigid orientation in spacc witli cxtrcriiely 
lo\v drift (of tlic (31-der of l ,  50th t l e g r e c ~ h o ~ ~ r )  

( h )  Suitably sensitive acccleromctc~-s (wllich can tictcct 0.003 kel 'secZ) 
((,) Suiliciclitly st;~ble eleclronic circuits \vith low drift over their operative 

tinic : the donhlc integl-;ition of Nc\vton'h law of motion : 

f m . s into 

S I .  /. 1. dl. 
I l l  - - 

thc mcasul-cmcnt of distance. map  tllus be accomplislicd along cnch 01'  
any chosen reference axcs. 

The n'cr1rli1r1.s sal>-jx~lar ~in\ , i fat io~i  exploit is one ~-1~11-rIisl1c~L cxi~~iij-rle of lllc 
practical n p j ~ l i c ; ~ t i o ~ ~  of this principle. ;\\id t l ~ c  Sliip 1ncrti;ll Navigxtion Systeni 
(S. I .  N.S.) used \\as dc\clopcd by the Spcl-ry Gyroscope Co. Although uscf~ll 
1 1  c l  i l c r - c  s i ~ r t i ~ i s  c S IISC of tile systc~ii is in the precise dctc~-- 
min;ltion ; ~ t  all times of' tlic position of thc suhmarinc \\,liich is. ol' C C I L I ~ ~ C .  

ahsolutcly csscnti;ll for the ilndcr- vatc cl- la~~ncl i ing  of tlic I1.I3.M. I'olal-is. 
Anotlicr aid to na\,isation in the form of an auto-tracking star tclcscopc i.; 

also available. hy mealis ol'wliicll very I-apid ' glance ' s t ;~ r  sights will be possible 
by day o r  by night t l i ro~~gli  ;I st~it:~blc r)criscopc tl10~1gllt t o  be dcsignatctl 
Type I I .  This v' i l l  check the accurticy of the S.I.N.S. o\jcr Iolig periods of time 
ancl will pe1-111it the co r rec t io~~  of SIICII I O W  errors ;LS rc~naiii in the conipo~rcnts. 
A radio scutant liltc ;r ininiatlrre Jodrcll I3nnk radio tclcscopc Sol- use in  overcast 
cc>nditiotis will also be fitted to the S.S.B.N.s. 



The ncccssary computations to link the sextants with the S.I.N.S. will bc 
perrormcd by a Sperry developed computcr known as NAVIIAC. 

The 1xjsitio11 of launcl~  being known, the missile must also carry a complctc 
stable platform incrtial navigation system silitably adapted to its special 
reqitirements, to determine its position relative 10 the target. The problc~ns are 
great and tlic production costs of thcsc systems may never bc low, but such 
systems, rncasuri~lg displaccmcnts in angle and distance, to a satisli~ctory 
accuracy, arc now in  production and capable of mc:lsuring i~nder  the violent 
vibration conditions of motored flight. Onc such systcm with transistorised 
electronics is rcpol-tcd to weigh about 300 lb. 

The p ~ ~ r c  inertial guidance system is. of course, prool'against cncmy countcr- 
rncasurcs and I-cprcsents an  ideal for whicl~ it is very wcll worth paying. 

The Conlrol of tlie Missile 
The I'olaris missile Ilas no w i n p  or fins itrid consists of a long parallel cylindcr 

wit11 some slight coning and red~lction of diameter in way of the warlrcad at 
tl1c IIOSC. 

'1.0 cause this to remain stable and to fly in the rcquircd trajectory it is 
ncccss;lr-y t o  c o ~ ~ t r o l  t l ~ c  direction of the t l l r ~ ~ s t  \~cctor of tllc ~i iotor .  l'llis is 
donc by two-axis Jctavntors operative on cacll of the four nozzlcs giving control 
in pitch, roll and y;iw. 

When the missilc has I-cached certain conditions of velocity and position 
it is necessary to remove the tllr~tst completely, and the missilc continues 011 

a purchbitllistic tritjcctory to its tarset. 

The Re-Entry I'hase 
-l'lle average spccd of  Polaris is of thc ordcr of 6.000 m.p.h. and al t lzo~~gh 

this will vary o\.cr tllc tra~cctory it means that t l ~ c  linal approacll oftllc warhcatl 
(whiclr sepal-atcs from tlic main rriissile S ~ ~ L I C ~ L I ~ C )  to  the target will be of tllc 
snmc ordcr. Tlic tcmpcrnturc at the staznation point of a I f t  diameter spllcrc 
is of  tllc order of 3.000--4.000 dcjirces F. with Itcat translcr- rates as higli as 
70 CI1II'ft' sec and  some means must hc found to prevent this i'rom penetr;~ting 
lo the \r.arlicad or ft-orii dc\troying tile 511-i~cturc until \\,arlicad detonation is 
rccl~tircd. 

\/cry coniidcrnhlc rcsc;irch (two 1958 contracts being for a total of $170 M , )  
Ilas bee11 carried o ~ t t  i n  t l ~ c  U.S.A. on this fhr all Sel-vice projccis, but illc 
most success has bccn claimcd for the Supitcr programme. I'rom whicll t\vo 
~ I I C C C S S J ' I I I  recovcrics II:IVC hccrl n i ~ ~ d c  of the re-entry body (in Opcratio~i 
' (;;tsliylr~ ' )  and i t  is reported that this type of constritction will be ;~pplictl to 
I'olaris as \vcll a \  to 1I1c otllcr bi~llistic missilcs. 

It cons is l~  hasically of a metal slicll to \vl~ich is bonded layers ol' pla\tic 
Ii~niinatc ancl aggregate. Ihc tllickncss of  these layers bcins s ~ ~ c h  that Ircat 
cot id~ict io~l  into the rnctal shell is lrcld to a lo\\s ligi~rc while ilic outer sut-l'acc 
of tlic plastic ' ahl:~tcs ' 1tndc1- Iiigll vclocitp and l~if lr  tempcl-aturc con~iitiotl\. 
carrying a\vny the 11c;tt with i t .  Tlie Supiter nosc conc was about 3 i n .  thick 
but app;~t-cntly this c o ~ ~ l d  be reduced fol- tllc I'olaris dcsign. 

7-hcrc ii also the possibility of trnnspir:~tion cooling. in  wllicli a liq~titl ii 
punipcd to t11c outer sul-facc of the nosc cone and carries away tllc heat hy 
cba1x)ration. or o f  a ' heat sink ' ticsign. in  wllicll a ncccssarily heavy metal 
t~osc cone is pcrrnittcd to llcat up  but is so designed t l ~ a t  i t  c:rn contain tllc 
total hcatiny \~tll'crcd by tlic re-entering body. Botll t11csc types llavc hccn 
sul,jcctcd to tl-ials. but i l l  g c ~ ~ c r a l  they 11;tvc bee11 f o ~ t ~ i d  1 0  he I lea~icr  11li11i tllc 
ablation design prcvio~tsly mentioned. 
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Sl10l.c 
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r c l x c s c n l i l i s  on (11.). l and  i l i c  l .  p i tc l i  and l i c a \ c  co~~>j , : lncnr \  o l ' r l i i p  
1 i io l io11 1.01. m i \ i i l c  c1iccl;-oul arit l I i~- i l igh.  ;111cl 51;ilic l i t - i ~ i s  h i ~ c s  

( 2 )  .S(//i ' l ( 3 i i ~ c ~ ~ l c ,  I Y / ~ ~ ! I ~ I  L l ~ i c i c ~ . - \ \ i ~ t c r  IFil-i~ls Site 
(3) I I Y ~  A '  1 1 i 1 i I  A ' r c v c ~ - \ c  r l iny-<h01 ' fol. u \c  ill the 

' S k y  t loolc ' 131-c?jcct 10 ch l c l i  l't)l;!~.is e o ~ i c ~ - c t c  c l ~ ~ r ~ i ~ i ~ i c i  at l l i c  t o p  O S  
t l l c i r  l a ~ ~ ~ i c l r i n g  11-;~jcclol-y 



( 4 )  I ~ o c l ~ l ~ r c t l  Uirclc,r- M ' t r l o .  Mi.v.\.ilc Tc~.v/ F c ~ c i l i ~ . ,  consisting or a tank, 24 ft 
dccp, wit11 u traversing cradle for representati\,e modcl launcliing, w i th  
i~nderwatcr- pl iotograpl~ic equipment i n  addit ion to wi~ve-rn:~ki~ig 
devices. 

Sliips 

( I ) I1.S.S. Oh.srr1'nfio17 I ,~ l r r i ~ ; l  rcl>:>rlcd to llavc Polaris f ir ing facilities and 
wl i ic l l  is riow i l l  scr\~icc 

(2) C1.S.S. ( ' ~ I J ~ / ~ ~ I . s , s  Islrr!~(l i s  t l ~ c  (J.S.N. navigation trials ship and is l'ully 
CCILI~~J'C~I to carry 0111 triitls 011 t l ~ c  ~ c ~ l l o w i ~ i g  gear of in i l~or tancc to tllc 
I:.B.M.S. : 
((I) S.1.N.S.--Sliip Inc r t i i ~ l  Navigation System, o f  which rncnt io~ i  has 

already been made 
( h )  Firrrrrirtl S/crr 7i~r~c./<o.--Which i s  an automatic day,'nighi star 

telescope. wll ich would enable vcl-y rapid verification o f  p o s i t i o ~ ~  
to  bc madc 

(3)  A n  operational installation i n  a submarine Tor lirings in 1960. 

OI'ERA'I'IONAL SUBMAItlNI<S FOR 12.B.M.S. 

The lint Polaris sql~adron in the U.S.N. wi l l  be sq~ ladron 14 whiclr w i l l  
consist o f  two divisions and total X to 12 boats. 

T l ~ c  first six : -the U.S.S.  Georgc, W ( l s h i ~ r ~ / o f ~ ,  
U.S.S. Prrrricl< I l e ~ r r ~ , .  
U.S.S. T/lc,otk)re Roo.vevclt. 
U.S.S. Xohc,rt 1:. 1.0c,, 
U.S.S. A / I I . ~ I / I ( I ~ ~ I  I - i ~ r ~ ~ o l i ~ ,  
~ J . s . s .  ~ : ~ I I ( I I I  .411~,1~. 

liavc been commcncctl. The I 1  .S.S. (;c,o/.~c, I . l "(~.~/r i~rgto/~ was launclied in tl lc 
spring o f  1059. a n d  wi l l  h e  tllc l i r s t  to  complete. 

A I 'L I~~I~cI-  ~ I i r c c  mol-c Polaris c i l ~~ ip l>cd  submar-ines wcr-e air t l~o~-izccl i n  Augi~st .  
1958. m:iking a total ol'nirre. I -he vote for the l i t i t  I'our- w;is reported as $038 M. 

Some talk is also heard about the fitting of Polar-is to al l  types of SLII-I 'LI~~ 
i s  I I l i i \  lias I-;~iscd the possibility o f  bringing some i-eser\'e ships out 
01' mothballs it1 tlic ncitr- I'utut-e for t ~ - i ; ~ l \  install:rtio~is. 

S I ' I ' C I '  0 S 1 4 1 0 N  O S  I'HC I~'.B.RI.S. 

Ihcre I \eve[-al rccent tlc\~clopmcrits i relevant liclds \vl~iclr  :i\'c cause 
fc)r ~ i rnch  gcncral ihought on the F.U.M.S. and  nll ied or  opp~>si i ig pro,jccts. 
a11d \oli ic 01' ~ I i e \e  i ~ r - c  o i ~ t l i ~ i c d  belo\v : 

Secotttl (;meration Polaris 
A l t h t > i ~ ~ l i  i t  at l i n t  appc;~rs that Polaris i n  tlic propo\ed F.H.M.S. \ vo~ l ld  be 

alrno5t tile iclc;~l \<,cal>oli \?\tern. 11ic1-c is a l ~ - c i ~ d ~ .  talk o l ' t l ic  s~~cccssor. but i io 
y ~ ~ i d c  can yet he g i ~ c n  :I\ to tlic di l -cc~ion in whicl l  cliarigc is t l~ouy l i t  to l>c 
neccs~:r r~.  apart l'rom an  increase in rarrFc. 

I( i \  r c l w ~ . ~ c d  tliat l l ic S S .  lias set UJ> hallistic missile ha\cs on I'ran/. 
.loscl'l.;~rid. \i;liicll 171-i~igs 11ic Strategic Ail- C'oriirn;~~id hasc at TIILII~. (;I-cc~rla~id. 
\ \ . i t l~ in  ranye. Somc 21 l i ~ - i~ i f i \  Ii:i\c heell m;rdc dur ing the 1.Ci.Y. and 1.R.M.M.i 
ancl I.('.I3.M.\ repel-tcdly cclilippccl ~ v i t l i  n i~c lcar  ~ ~ a r l i e a d s  hn\,c hccn fired in 
the c111-relit AI-ctic atomic tcsts. I ' l i i s  information i s  1101 at al l  improhahlc and  
st~cl i  tlcvclopmcnts ;tl.c to he cupcctcd ; tlic position of  al l  S.A.C. hi~scs i s  bound  
to  he coni]>~-[~miscd in tlris ~ ' i ~ y  i l l  tllc next few' yciirs. the only dilf iculty being 



to lind o ~ ~ t  \vliicli and  whcn. It is not likely that they will be withdrawn into 
continental America as such concentration of military objectives among 
industrial complexes is not advisable. 

Two very recent press releases confirm this devclopmcnt. Tlie first : in 
convcrsation witli a n  American Senator. Mr. Kruschev spoke of Russian 
I.C.R.M.s witli 8,000 miles range, and of cornpact iliern~o-nuclcar warheads 
o f  5 Mcgaton effcct, and of sucli plenitude of nuclear wcapolis that dismantling 
o f  the earlier ones for r c - L I ~ C  of tllc colnponenls is taking placc. 

l ' l ~ c  second : tllc Rand Corporation has rcportcci to the 0.S.  press t l ~ a t  t l ~ c  
U.S.S.R. will have 300 operational 1.C.U.M.s within the next 18 months, at 
least 50 per cent of which will be able to land within three milcs of their targets. 
This opens LIP tlie possibility of tlie elimination ol' the main Western detcrrcnt. 
tllc Strategic Air Comniand, in one blow. 

Mcnt io~i  lras alrcady bee11 made of tlie [J.S.A.F. pro.jcct Bold Orion, in which 
the carriage of 1,000 mile range nuclear missiles in aircraft is being pnrsucd. 
Tlie missile is said to bc a two-st;~gc solid propc1l;int b;illistic ticvicc dcsigncd 
for air to surface use from existing and future S.A.C. honibcrs. The maximum 
ransc will be 1.000 milcs, and it may he one of the first ballistic missiles which 
will he controlled during and after re-entry. with the ohjcci of permitting the 
clioicc ol' alternative (pr~niary o r  secondary) targets. It will be tlie successor 
t , )  ' I~lound Dog ' which is a ' stand of"  bomb lirnitcd t o  about 500 miles range 
a t  50.000 f t  altitude. The Hound Dog ( C A M  77). the missile portion of W.S. 
131 W. is in protiuction ($19 M. was allocated for this in Deccmhcr, 19%) and 
will be used first with the B 53 G bomber. '1-llc rnissilc is powcrcd by a J 52 
turbo,jct engine a ~ l d  carries an  incl-tial p i d a n c e  system. 

Tllcre is intense rivalry hetwccn 1hc U.S.N. and the U.S.A.F. to provide 
thc strategic dcfcncc of their country : almost bitter since tlie U.S.N. wants 
Siratesic Air Comniand fur~ds pasied over (or i ~ s c  o n  the F.1I.M.S.. since it is 
maintained that the ~~sefulncss of illis Command is now wanins. 
Anti-Ballistic klissilc Weapon System 

An cs~ential for the protection of not only tlic outlying bases hut also of tllc 
very ind~~st r ia l  corc of the iiatiorl is the anti-ballistic lnissilc ivcapon system. 
wllicll. i l '  perfcctcd. nliglli pro\~idc the counter nr:~rnicnt to the U.S.N. case 
Ibr tllc F.13.M.S. 

'1~1ie dilticultics arc immcnsc and conimcncc. as in anti-submnriilc \\~ork. 
wiill tllc detection of tlie target. Ne\v tcchniq~ics as wcll :l.; vast improvement 
in existins radar dctcction tccliniqucs must he studied a ~ i d  in l>cccmbcr, 1958. 
i t  \\,as anno~inccd that $100 M. basic research was heing ~1:1rtctl into anti- 
hnlli.;tic rnissilc work hy trackins U.S. mis\ilcs at Capc Cnna\,cl-al and of this 
sum o\;cr $60 M. \vorth of contracts had all-eady bcen let. 

'l.his anno~~nccnicnt  of' a husic rcsc;~rcll llrogranlnie camc after u report in 
I--ch~.c~a~-y. 1958. that tllc Mi.;.;ilc Ilctcction Syslc~n wo~i ld  cost $721 M,. to 
1px)~idc 5iti.s and \,cry iiigl~ lm\vci.cd t~-iinsniitters I;)r detection i-angcs up tn 
3.000 milcs. One rcpol-t i l l  Aj>ril. 1958, \\,rote of a 21 Mcgn\vatt radar-like 
tran.;mittcr e ~ i ~ a y x i  o r  I.C.13.M. dc~cction. and tllnt this is ob \ ' i o r~~ ly  only ;I 

\1;11-t i \  clcar whcii thc p~.ohlcrn is btuclicd. 
[ : . I < .  \\,ark in this licld lias hccn mcntioncd in thc press. i t  particular 

rcl'crence to rhc LISC of infr;~-red detection ;IL  Ions ransci. The 1iigIl thrusi 
motor- durin: boost a n d  the :~crodyn;unicaIly licatcd str~rcturc dui-ing re-entry 
hotli \\ , i l l  sivc iritcnse radiation, hy the detec~ion or \\~hicIi inlilrrnation may be 
g;~iticd. 

A srcat dcal lnorc must also he found out about the rc-cntry ncrodynaniics 
ancl the circct of nuclcai- \va~.llcads or1 nuclcar w;~rlieads, both liclds promising 



t o  be expe~~s ive  and intractable. 
Some tl~inking is apparcntly being done in U.S.A. under [J.S.A.F. contract 

011 tllc use of ~naf ined spacc vchiclcs as launching platrorms for anti-missile 
missiles. Evcn in this rapidly advancing field this trme rnay yet he far ofl: but 
would pcrlxtuatc the pilot for  a fur-tlicr space of tirnc and Ircncc it is in tlre 
U.S.A.F.'s itlterests to back it ! 

Underwater Detection allcl Commuoication 
1-he present strength of thc argutnwit in hvour  of the F.13.M.S. lies to a 

grcat extent in  tllc agrccd diilic~ilty of dctcction of s~tcli a submarine running 
q~tietly and deep. 

Tllc U.S.N.  i s  slrowing consider:tble activity in the ' Herald ' scibmarinc 
warning project, but tio signili~unt details o r  detection ranges have bceri 
released. 

It is realized that so little is known in tlre field that itndei-seas cxl>loration 
of :tII kinds is being sponsored in  the U.S.A. ; particularly so as it is voiced 
quietly ilrot the U.S.S.R. is prob:chly ahcacl in this field. 

I n  Scl3tcriibcr. 1958, a release stressed that, even in tllc event of war, there 
\vo~tld be 110 w i~y  of communicating with srrbmal-ines doing under-ice patrols 
as did the Ntrl1li1lr.s ancl S/ctr/c~, wllich neccssitntcs yet anotl~er- research closely 
allied to the lir-st. This alleged \veakncss in  co~n~n~rnicnt ions  gives tlre anti- 
l : .B.M.S. argltn:etlt some strcngtl~, for wllat is the ~ t s c  of submarines carrying 
Polrtris widely dispersed (>\:et- the world and separated from all friendly surface 
\~esscls ir the siynal li)r retaliation cannot he passed '! 

Underwater Pursuit ancl Destruetio~i 
r h c  1.I.S.N. ha\ lolly been i~~tcrcstcd in tlris vital pi-ohlcm and Troni an  eirrly 

s ~ n g c  dc\~cloped t l ~ c  ' Rat '. u ' l~ ic l~  was a n  acotrstic lroming torpedo wllich 
could be tlown by misi lc  to a p:>int over a target and dropped ro cornplctc 
its mission undcr\vatcr. 

L~~\~cIopnlei i ts  01' tliis 11;1ticre Ir:~ve cor1ti1iir~d and recently tlrc Kai prqect  
\\!as rep:>rtcd cat~cellcil in Yavour of tIlc ASIIOC and S U U K O C  projects. 

Nothin? 15 p~rhlisircd of these yet. hut th:lt SIIUKOC i.; to  bc ~tscd f-I-om 
convcntion:il suhnr:~t-inch torjiedo t i~bcs and  i s  reputcd to bc able to bre;~k 
s r t r f~~cc  clriti fly for. \oriic miles ant1 tl~crl r.c-cntcr ~rrld again opcr-ate ~rtlder-\vater 
a i  a lronii~is torpcdo. I t  \ \ , i l l  be equipped wilii a ni~clcar Irend and tlrc idea 
promises \\fell i f  5upportcd by suitn\dc dctcctio~i means. 

T o  cope \vith the lhiglr nr~cicr\vatcr spcecls of \vhich the t~itclcar- ~~rhmar i t i c  
is c:~pahlc the anti-sirhmarinc 101-pcdo I - C C ~ L I ~ ~ C S  \,cry c~~isicier:ihle specd. 
A ~ ? ~ ~ h l i s h c d  lig~trc of 155 knot\ \\,;IS si\'cri in  J~ tnc .  1957. for an Aerojct c\pct.i- 
tnental ~rritlcruatcr- engillc. As tlic potvtr 01' t11e I I I I C I C ~ L ~  st~btni;cr-itie is r e ~ ~ i ~ t ~ t e ~ l  
srcatcr tl~arr 30.000 1r.p. and \v i t l i  impro\~c~i icr~t i  in  lrull shape :IS tile result 01' 
i~iLcri~,ivc rc>c:~r-cll it ciin be ~ t r l < i c r s ~ ~ ( ~ c I  t l 1 2 r t  sitI3tii:lr-;tics s ~ l c e ~ i i  01. 00 k11t)ts or 
mat-c nixy hc achicvcd. ;cntl w i l l  t l r~rs  rcclltirc tor-pcdo \pecds of tile ortier of 
I50 knots. 

A contract \vort11 some $1') M .  1 2 ~ 5  awardet1 to Acrc),jcl in  latc 1958 t'or ail 
an t i - s i rb t~~~r inc  torpedo and i L  was received as one of the mo\t irnportn~it 
131-ojcc~s cvcr to he given to tlris or~;iniz;ltion. 

Rlill)pinji allcl Rccot~~laissar~cr 
<;ivcn sullicicr~t accuracy in 01c \llip's incr-tin1 rna\.is;ttion arid in tllc rliissilc 

glridancc systcnis t11c proper p in-~~oint ing  01' tllc tat-get hccoli~es a critical itern. 
L.nrgc crrors exist in tlic intcrn~ctioni~l survcys of the \vor-Id and conctrrlit 

refinement of existing surveys to take account of rcccnt review\ ol' tile cartli's 



sllap,: i s  necessary. A considerable a m o u n t  o f  w o r k  has been done  p h o t o -  
graph ica l ly  f r o m  ail-cl-an d u r i n g  a n d  since the  last war  b u t  even in al-cas wl lc rc  
LICCCSS i s  j?ossiblc some f i ~ r t h c r  er rors  have been discovered and. I-ecl i l icd as a 
I-CSLII~ nf man-made satell ite observations. 

O n e  p ~ ~ b l i s h c d  example of t h i s  is t l ie  c l a i m  b y  lJ.S. A r m y  M a p  SCI-vice t o  
have I-educed errors i n  the Pacific arca f r o m  : o r  a i i i i le  t o  300 feet ;IS a 1-esu1t 
o f  t l i c  Exp lo re r  satellites observat ions al ready made. a n d  a hope f o r  a l l  i ~ l t i m a t c  
reduction t o  30 k c t  t l ~ r o u g l l o u t  the  w o r l d  b y  s imi la r  mcans.  

1'0s deep s ~ t r v c y  o f  pc)tcnti:~l enemy terr i to l -y t l l c  1111-manned satell ite has 
bccn proposed for many  years and, of  course. w o ~ ~ l d  be ~rca l i rah lc  n o w  b y  
hot11 [J.S.A. a n d  U.S.S.R. Po l i t i ca l ly  it is d:rngcrous t o  advcl-tisc ;I s;~tcllite 
as hein? f i ) ~ -  reconn:~issancc p ~ ~ r p o s e s .  but. on the ot l lc l -  h a n d  there i s  at p r c s c ~ i t  
110 means o f  detecting w l ~ e l l l c r  3 satell ite is f01- war l i ke  I-econn:~issa~icc o r  
pe;~ccf t~ I  ~CSCLII-CII once i t  has been launcl led, unless t l le  c o t n n i i ~ n i c a ~ i o n  code 
can he broken.  

' l ' l ic  [).S. ' Sentry ' j>roject w h i c l l  has been cal led a I-cconnaiss:~ncc s;~tel l i tc 
project  i s  ~ rcpor ted t o  he ready t o  fire the f irst s l lot  using an At las  booster from 
Cape  Cnnavel-al. T h e  satell ite i s  t o  be abou t  250 l b  i n  weigl l t ,  2 n d  i s  the p ro to type  
of' a lat-gcr (1.000 t o  1,500 l h )  version. T h e  d i rec t ion  o f  1a~lncl1 w i l l  be N.E.  
(as for  t l lc  ' Ex]?lorers ' )  in order  t o  sweep a r n a x i r n ~ ~ m  arca o l ' t l le  eal-tli's surf:lce. 

Tli11s i t  m:ly be that  this f o r m  ofreconnaissance m a y  be near and wit11 improve-  
ments  m a y  give the ' open  sky ' cond i t ions w l l i c h  are not l?ossihlc l o d n y  w i t h  
m a n n e d  ai l-craf i .  bu t  entails t remendous advance i n  tecl lniqucs. 
Training 

I n  kcep iny  w i t h  t l lc  general U .S .N .  pract ice o n  n e w  weapons. t l ~ c  ILocklleed 
Mishi le Systclny I l i v i s i o n  is ~ ~ n d c r  cont rac t  t o  the U.S.N. Hut-call o f  Navztl 
I'crsonliel f o r  the t ra in ing  o f  specialist p c r s o ~ i n e l  r c q ~ ~ i r c d  I t i e  17.B.M.S. 

I l i i s  11-ninins i s  t o  be conductcci at Lockheed's Sunny\ 'ale. I'alo A l t o  a n d  
Santa C~IIZ M ~ ~ ~ ~ i t i ~ i r i s  facil it ies. also 111 Acl-o jct  Gener:il C o ~ - p , > r a l i o ~ i .  Cicncral 
Flcc l r ics (I ' ittslield) and  W c s t i n g l i o ~ ~ s e ' s  Sunl lyvale I'lant. 

I--01-~iial c l a \ \ ~ - o o m  i n \ l ~ - i ~ c t i o n  ancl j o h  11-aini l iy sul,l?lcmcntcd by cla\sr.oom 
I i I I I I I C  I niol-e than  1.000 students a]-c eupcctcd fo r  t i le  lii-st n ine 
1-.I%.M.S. s~lbt i iar incs.  i n  a n  c l l i> r t  t o  p l -ovidc 11-:lined c ~ - c \ \ \  s imul taneously 
\\ 1111 t l ie  o1,crational sithmal-ines. 

T l l c  r s i i  01' . ;pccial i~cd ins t l - i ~c l i on  personnel  and  ecj~l i l> l i lcnl  (.or f;~ht 

d e \ c i o p i n g  l imi ted p roduc t ion  and  eupcnsi\'c projects o t l i e r  t l ian  a [  i l i c  con -  
t ~ c t o r s '  L lctor ics appears t o  have been discoi lnted.   lid 0111. o\vt i  ~ Y P C I - ~ C I ~ C C  

i n  d i \ t r i h a l i n y  such l i c ~  cq~t i j2mont  as can he spared a m o i l y  t l i c  \ a r i o u \  
 raining e \ t a l > l i \ l ~ m c ~ ~ t s  indicates tl i;~t t h i s  m:\? he tile ii101-c s c ~ i ~ i l ~ l c  ;I~>~?I-o;IcII. 

S1 Jbl\I,\l<Y 

Soinc a l lc rnpt  ha.; bccn m ; ~ d c  t o  sl io\v the \sit comj3ais o f  t l i i \  i ~ i i p ; ) r t : ~ r i ~  
\IC;II> "1 \?\tern ancl t o  y i \ 'c  \ome idea o f  t l i c  p rohah lc  ytatc o f  d c \ c I ~ i j > r n e ~ i i  
;incl nc;lt- I'~1tu1.c con\cqitcn,:c\ 01. the r e a l i ~ n l i o t i  o f  the t l c s i y i .  

I 1i;lt ~IIC I I .S .S. I I .  rcco:a~ i /cs  t l ie  inip"rta11cc o l ' l l i i s  \ \c :~ ]x> l i  i \  most 1il.ohahlc 
;III~. ~ o ~ i i t i i c t ~ ~ i t i ~  fro111 tile \ a ~ i i c  .;tarli l ly p o i n t  ;I\ t l ie I I .S . .4 . .  jp;~l-allcl ;IC~\;IIICCS 

I i t  l i l c l .  TIi;rt t i le  I I .S .S . l l .  ~rccogni /c\  the s ~ t h m a ~ - i n c  as al l  ini1,ol-[i11it 
\\c;ip1111 i n  il, co l i \ c l i t i on :~ I  I-olc i \  o h v i o ~ ~ s  fl-om the s i ~ e  111'1hcir t-lcct. at id i l  
\4,,~ktIcl \>c ~ ~ l i ! ~ c ; ~ I i h l i c  t o  i!ii:lyilic l l i i ~ l  [ ! i cy  l x ~ i ' c  11 )l p ~ l t  t11c very l~igli(:\t p ~ - i o r i t ?  
0 1 1  t l i c  ~I~IPI-OVCI~~CIII o l ' t l i i s  1?:)\verl'i1l \vc;II?:?I~ i l l t l i c  II~~II~~ICI- dc.;crilicd. 

11  i s  I r )  he I ~ o p e d  t11:1t c \ cn ts  \\'ill na t  I - c i l ~ ~ i r c  i l i c  usc o f  t l l ih  rypc ol' \\8cali:)n 
:lnd c\,en t l lat.  one day, an ~ 1 1 1 t l c r s t ; l n d i n ~  m a y  he I-eac11i.d 1 . 1 1  \\.ill e l ~ a b l c  
~ h c  I I - I  \c icn l i l i c  resource.; t ied u p  i n  t l l is  type o l  cicvclol>mcnt I he 
rclc;~sctl  i'or t l ic m o r e  :tpj?arcllt betielit 01' man.  
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