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MEMORANDUM FOI< I)R. J. R . IHLUAN, JR.. 

From: ·rhe B allistic Missiles Panel 

Subject: Yrrlithe.r B;:a.Uistic Missile S)•St.ems? 

Thi.s ~e1mo pre£eots a. technical analysin o f the future of 
ballistic misoUe syat.e.rns as a component of our retaliator y 
c::a.pabllity and is a sequel to the t;arlier rncn1o of this Panel 
on b:t:;ic nt\tlou.al decision s r eQuired. in the field oi ballistic 
missiles. · 

BASIC ASSUMPTIONS 

1. 'fhe t' e tention. of a retali.ato:('y capability after a n 
!JU.tia l S o Yicc. a ttack 'With thermonucl e ar weapons 
0:1. the United States i s a. national r eq ~retnen~. 

Z. 83!li:,;tic mis$ilcs must b ecome ao indispenGable 
p.'l.rt of such a capability in the futuro , b e cause of tl\c 
inc r eo si;ngfy.~erability-of rn<tnned bombers .. 
~~ ··""fY. •. . 

3. An ever increasing n umber and a c C\ll'ttCy o ! offensive 
Sovi et w({apons in the t;hape of both rn.anned bombers 
and ba.l1i&t.i:c missile:; must be anticiJ)atcd. 

4. : The ·USSlt.w U! oeck· to d evelop an active def ense .ag.Unst · 
b~H!utic J'Oissiles !\swell :u bomber$ and tlterc forc our 

I~TIONS ott:RTED Jnis siJ e s must be }>l' ovl dcd witJ1 a n inc r co.sit•g d (!gr c c 
1:.0 llt.l2 Stt. 5 18) ~) f · · · ( ) 
l'~ . . 6~~');:jfj!/fz.f?::/: sophl Gto c• t>on countc:-coonte r -mea sur co • 
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PH.BSEN 'J.' W J!:APONS 

5. 'llle :lh,.. s t genc: r~t.ion o ( baUi:Hic missil es {T ho-r , Jopite:- . 
/..tl;t l , T ;ta.n, PolaTiG (a s (~ F BM) ) will JH·o ·vidQ initially 
:-ctali~tory we:l!pon s o f t isn i ted c Uective ness b ecause: 

~ . (l) T J, c p1• c sent ti CJ:tlj d - propc l lant e nninc ::; in TlH)r , 
Jus) it er , Atl3$ &Dd 'T itao wi ll n o t b e very l' c )iabl c 
lor so me time to come ; they m::U<e q\l.ick r~toponse 
•l ii fic ult ; U)e c omplc::xiL)' o f tJ•er;e fou r m.isi:Ucs 
iJ~: such Ill ;\( s u'bstanti31 dcgra datioo of p e rfo rmance 
in Of~ratiooal us c: m ay be expect ed: 

(ii} E arly b ase inst.all3tion s will b e no:U and ofie'r 
t o USSR a sm3.ll number of tArgets to neu t r a.lit.e 
lb.e mis:Jiles; -
(iii ) Op-eration3.1 cost w ill b e high. 

b . 'I'hc hicl1 cost o! the P oltn·is wea.poo. ays~ctl\ (whic h 
we cstil'na tc as $20 t o $ 30 mi. capi ta l inv e.sbncnt 
per tnissBc O•'l ~: tatiO.:.\ U thr ee. subm~rine c m u s t 
be b uUt. Lo m:dntn.io_ one on station) l'n al(.es a L."-~gc 
build-up o! thi s for<;. e v e ry paiafuJ f or th e taxpay er . 
l'h e othe r l imitn.tions o f &.i s weapo n sys fem a re . .. ' . . .. 
of tem1)or n.ry Lcch nicaln.ahu·c: 

(i ) The complexity o! the n3vigarion:..l-g u.i.d.ance 
ays tem ! o r th e submadn.e - haacd Pola ris m o.y'rc suJt 
~ l ow accur~cy a.t the s ta:rt. o! !OC; 

-------·· - ... 

(iii} Pol.a.ri.s H w ith a l$00 n'li. r:\nge . p !" c d ic ted 
for 1963, m a y not b ecome ope ration~' I oo !\llln..oed 
dJ.ttc b ec:\usc ()! teclu~i eal di f!ic ulties; th e rc.ac tjon 
Lime of f>olariil may b e in.iti., lly l onttcr tJuu1 d esb·c<i 
bec:at:se. of commun.icatiou p ::-oblc:ms witl1 subr."la rine s 
<m s tation . I t r.hovld be en,pha:; i.z ed , howt=ve;: , O~o t 

-· 
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even grllnting these: diHicvJtie:~. the PolariR 
still o(leJ·r; ut> a. 'l:etalin tory \Jo:uapon s y st.cm o f 
s uJ)ei ior reliability, which 'ha r. :"1. high J)r obttbil.Hy 
s\1-:-...-iving a .su'rp~i ~e a ttack. 

FUTUit£ TECHNICAL 1.M PltOV.E:MENTS 

Techn ol ot;ic:U p roereS$ to da le tndicatco u,e fea oihility of 
grcaUy improved wcapoo system to from a $ f' C.ond 8Ctl<::ralion of 
ballistic miGsilcs .. 

1. PropuliJion.. V-.'i tJ,t n the laot few yea'r " 1.hc progrC~ in solid 
rocket prOpellants h as r each ed :\ po;;nt whe re tJ1e constr\lc tiou 
of large loon .. r a.nge eoai.oes ha $ become lea tibl e . In eomparison 
with the pYc:sent liquid pt-opellant engines ~he solid propella.nt-

--. 

engt!le s are s till o1 T:tt.h cr low perior(l:)Ance oud therefore: it is 
n eces sary to add a n cxtTa :otage (::.. total. o! Z, (or ;:;..n lJU~M like P obds, 
3 for an JCBM) to a ccomJ>li s h .es5C.tlt-lilly tlH! s.a me mi:~oion. The 
n_taxinnun ·aUowahlc wCight of a tni ssilc stage. is more llmifed with 
solid than v.rttb liquid e.ngincsJ bec ause in the former tllc propel-
lant i s anintcgr a l _pa,-t o f the englncJ w i\ich i:; al::;o essentially 
tllc uir -!l·amc o! tJte ITU::; uile ~;mgc: and rnu st b e tr a-nspor ted a s a 

loaded unit. Tl.~e~up~c:r li.J;rl~~ f?r. ro::t~ t.-r~., ?~t:t4.bi!.i.ty ;J pp;?_,a r a. to, 
be 40 - 50,000 pounds: A liqui.P. prOtJella.nt anissUe i s tra.ns.,eorted 
tropty and oo missile sta.g~ s weinbing 't~ded Ove~ 'iOo, 000 Jbs : · · 
are still tra.nspOt· table {although not occess{Lrily "mobilc 11

). Tlae 
fp·eat a.d.v:,n.tagc::. .o! s olid prope J13.n t. e1:agi.n<: s a re theil." iruiota~t. 
rcadinesa ll.nd high rcll:ibilit.y· , a\t:hou.gh the latter may uot b.e . 
!ully r e o"l liz..c:d .in ea.rly Versions of $Olid propell~nt ballis tic 
missiles bccMtse o! the i..nnoductjon of novel engine c o mpo:lenu, 
i.e . th.ru :; t vector conLrol and lbr:ust ter n·~ll"l:\tion. 

In CO•H r:lst to litplid propcli ~Llts whi cl' e ven i_n :tdva ncod p ro
pulsio•l system:.>. ;;.re compar:ttivcly $inlple c hc•'Jt..icals , a..dvaaced 
solid propcllanlS c.:aU lor 1.r.axim\UTl exerciu~. o( che.mica.l skill 
:t.i.nc~ compl~x J\ew cO•u pounds rnvilt be dcvc.;Jopcd w h i c h combine 
proper tieD ,'\.kJn to those of synOlo l.-ic 1·ubbur w ith s ev~l"'nl other 
prope.~ ti c.& , tJ1e. most bnportanl of -w¥ch ir. tJ1c rclea.r;e o( maxiJnurn 
h e ;lt on d e fla.gralio.o . Research ()D such propellants hA l ce.ceived 
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U,:;,_dfici cnt auppor l. It would not be wro•'g co say that. :'1 large 
cltemi~al corporation invcst-r. more. chenlic31 Ye:>earcb talco! . 
i.n the development of. :l new type o! plastic:; than. we as a. N3tlon 
have Uwesl ed in :rese:nch on soli.d r o ck e t propellants . A s tate 
o f the art l1as now been aU.3incd which i a .not fax fr om iu.U 

......--... 
·' ' ~ -

'Utilization of various co mbino.tion s o f !ai.rly common ing redients . 
Propellant& now available lor c.nei.n.c development have specific 
thrust ol 230 -Z40 oec . which rcp.-esc.nts a gain of some 50 - 60 s ec. 
since 1945. So1ne fur iJ,er gai.ns will rcoult f)· om dcve.lop m<'Jlt 
e.Uorl on the present l evel bul the results will still be inferior to 
liquid cngineo . ·ro ~chrnnce !n.$ ter tmd beyond thi 1S point, i t is 
nccessar) .. to r aise sub GI:.'!ntiaUy lll6 leve l o£ Teseareh cfJor t :\'lld not 
only obtain 1he m ax.ixfl.u.m. e.CCect !rom. the. more:: c ommon material s 
but alto reach into the che~::try o! exotic c::on1pou.l:d c (sucl'~ au meta.\ 
hyd:ddc.s ~ boraines. n itr-ogen-lluorinc compov.nds). Funds involved 
ar e cornpa r&tively to:m3ll (of the o rder of $10 lni/an.num.1 but sldlled pe:rsor 
ncl and good direction are essenti . .a.l. 'l'hc probabl e resUlt o! this 
pr-ogram. afte.a: two years wiU be propellar:.ts with a speci!ie impulse. 
great.er by &ome 20-30 cec. ln the case of an lC:SM this would m ean 
a gain ln payla:il3nd shuctural.wdght substant:i.ally g)':eater o,a n 
LO% Ol.' a correspondingly l arge :re(luction iu t&.ke .. off wei.ght~ 

~rhe una t:tracU.ve :Cea.ture ~ of present LOX-JP liquid engines- h3vc 
a heady been meJ,tioned. These disadv;)ntaues ca.n be ellm.it:l:\tcd in 
the !ut\ue by further devcl.opm cnt e!fort. .For iost.a.nce., a :;!or :.lble 
oystem o! liquid propellants (MON - U.D.ETA) has .. been·!ound by · ··
Aerojot-Gcneral Coi'P· w-bicb perniits the u .se of-the same rnissile ~nks, 
Sa.Jne guid3nec syl'itcm, same. tu:rbloe - pum.p assembJY. £or the engi ne 
and gi.vc::; the same peT!or.manc e to the m.is silc a.s !..OX-'iDP, a!t.er son'le 
relatively rood:est changes in the reG1: of the cngii'te and the cl.i.rnina-tion 
of a l al.'ge lJUJnb er of cotnpo n <:nts. The la.t t c t' is realizable b~cause 
the se storable propellants ignite on contact and so ' el.irninate the need 
for ::tn clectdca.l ienit.ion syctem and for many other cO:\trols- . Also, 
the ge:ne .. ation of comp ressed gases ! or t!he· turbine driving th e pwilps 
becomes much simpler. T hese propellantS can be Shipped in d.rw-ns 
and be s tQred inde(tnit cl}· i.n tl1e n ti.$sil c. 

It. Gu.idanct.: . The dO\I'bt about the fea sit>Uity of <' 1l-inertia.J 
guidance of long ra.uge ballistic 1'J"'issiles. which ex.i~ ted in 19 ~ 4, 
h a s b een elim.in.ated .by Gl.lbsequent development-s . WHhio 

-. 
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a few y c;;n· s all-inertial (that is GelJ .. contained in th e nUs,.i)e) 
g\lid;tnce will almo s t sut< cly be: good enough to i.J,sur e !\ 

CEP o ! tlle o rclar o f 1 D, m. <iue to goid..."u'lc O alone , whicl• would 
Tesult in a total CEP ' :l t 1Cl3)..{ J'an g e. At 
l:l~c same t i.n-1e, the weir,ht of tl•e gnid•'\l')ce p~ckage will be r educed. 
T h e n6dition of a slngle r~dio link to t.hc g~ound 1nomi$es tlH! 

reductiou o! C£P {due to guJ.d:H\Ce nlon c ) to ~ few t en tb:; ol a m i,l e. 

ll.L Nose-cone . L ack of scienti.!ic dal.-'\ .about tl1c r ccotry of tll e 
JIOSc cone il)to tl•c i'ltrnosphea- e led to the selc ct.too of the heat 
sink type o! nose: cone for AUa s , 'f'it.an ~1 nd Thor . It h n ow 
rather prol)nbl e that so - c alle d abla tion type n o se c one£ will be 
:;3ti&!a ctol'y, even a t I C.BM r ang e, although D'IUc-h r c Se.ar c h 
and d c:v elopmet~t i~ still to b e done. S\lch nose con es (ii suc
c.esdul) C<-'n be incorporo:tted into pt-e sent missiles ana will oUer 
two ,najor advantages: (a) nea,.ly twice as .:muel\ Wl\)"hcad • 
weicht !or the G~e tota l weight of u , e .tl.ose c one and (b) !o\stc:
t erzninal velocity and tlterc!ore less dispersi on d ue to w itJds :\nd 
les s titnc .(or enctny cou.ntet' .me asur c n. 

N. Warheads. Th e: h opes cxpl•csscd in 1?54 that yiel<ls approach -
iug 1w:\U b e achieved in a w;t.rhead o { 1600 lbs. w e ight 
have alr e ady been ex.cc~~ed. A warhc.a. d o! this w e ight ID3.y 

have a yield of 'lbout ~ ·by-1959 o.nd a s J"nuch a s -- - ··fmay be 
~ntic:ipatcd !or wa.rhcacri'"OC do\lblc" the We)ght. :A.n e\(Cn niti'YC. .. 
stri.k.i.og proarcss l1u.s b e en a chi e v ed w i th lig!ite; Wnrheidl'l .- The
warhead pla1\ned {or :PoL'l.Yia is antieinate:d to have a yield of 

about~ ·- ··~ aor a wei ght o! ·=-=--: ( A w cn:h oad o f ·--·~-=~~ li::: 
J))'?P2..s.()d for the Minutoman:.-!J2~~~c:~ectcd to)'.'!:'!!.. a yield 
of 

!OW.t'e£Cner(l.lly 01e 1ig.hter w~rheau::: are more cosuy J>~r 
u.n.H y.i.eLc(bec?.u ae proportionately moTe: fil:>)ona.blc m{' ~~rl~ 

m\!S( be \lSCd. 

1-'UTUR.E PROCRJ\.M FOR JCBM 

.Ea r ly .Mis-siles. Two dlUerent JCBM 1s are :-tOW nnde1" Ceve.loJ)m ent - 
AtlAs and ·rit:.".\n. The dcve)opn'lcnt of tJ)e J\ll £L s is !.3-r more advanced 
fLJ)d jt i s ·the only lCB:M W)lich o!fers l~· au~ possibility o f having 
:.ome OJ>erl\t.ion:U cttpabUity in 1960 . So mvch ::; till remain$ to be. 
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d one on Uu: Tit-'.&:l project that co:np1e1 ion on uchcdW.~ in 
1961 is not ~ssu.r~d. f rom th e t <:chnical :.nd e ventua lly the 
opcrationRl point of view , however , Titan w)U be distincUy 
s\lpcr ior. TJtc A tl~ s is a vtagc.; -.:u:~od-n.-ha U n'li s s llc , the 1na jox 
J)ar t ()( the enci..ne (without fuel tanks) being j e tti soned alter 
most of the propeU~nts have been coo9umed. Th e CI"'C,ine 

SC:}"laration h."lu J~ot bee n t ried O\lt in flight and tn.t.y p rove: to be 
a dilileult problem to solve . The desig1l o.( this m.i.ssi.le is S\ICh 
tha t i 1. c_.u:, fly a S.SOG mile range o •)ly i f gr e a L c are is t.a..ke n to 
reduce sttuctur~l weight. The boos(er cngioc of AOas was 
<>ri&i.n.ally designed for lower thr u s t :1 nd wa.$ subseq uen tly 
upuraded to 300 , 000 lbs . . :ther-e iG probabl)~ little: m.a rgi.n lor 
further upg,radi.ng . A.tlas h a s r a:dio- ineYt:i.al t:U-ida~c e , complex, 
c ostly a11d d.il:fic....UL opera tionally. The desi g n of the Atla6 
docs not a.Uow the ca.rr)-i.ng of mol"c tl\ao ca. 9 300 lbs payload 
instead of the n o se c one: .tmd thel"e!ore Atlo s io not especitt.lly 
suitable for 3dvanced :.pace missions . 

Titan is a tr ue two -stage mbu:ile and , ::t.lthough i ts air 
(rame design is mor e rugged O-..a o is thAt of Atlas, it :,;h ould 

.-
' 

ea$ily )tave Ulc 5500 mile range. I t ha s already been Oe.;non s-tra tcd 
th.ot the: :rnted thru::a of Ole Tjtan booster engine. 3 00 ,000 lbs, ca.u 
be increase'd 3.J)prox.imtttely 30o/e~. It is a more .tnodel·n engSnc , 
the d e s i gn o£ whi ch b.e~E;f~.ted !rom SC?!t'e _o! .the, experience with 
the Atlas engine.. '.titan sho_uld h ave. th.e capabil~tY,_ o! li.itil)-g lal'&C 
w cigbh instead of the nose c one , beca use o f i ts aU:- l r axoe 
construction. Its a11-iDertial guidance maken it c uit...'\ble for 
undert;rou.nd h n-rd<:ned base :;. Its l east ce.rr.ain and still .. t.o-bc 
p roven dc uign.fe%tu.re is the :ignition o! the :;econd stage c.llgiue io 
near vacuum: upon scp:\ration itt flight. 

lm_prove:nents. 1'ita.O. cao be improved in scvoYal w a )' s . Th~ 

substitution(){ sell .. ignitiJ\8 stOritblc pl'oJ)ellants fo-:- LOX - .TP 
sholtld gain in 'oper3tional si.t:nplid.ty. reHabi.lHy and qu.ick 
response li me. Due to the :">el.f .. igniti.ng p r operty o! t.he proposed 
propeJJanU , the sta.~ting o{ tJ,c second sta.ee cogine in flig ht will 
bec ome snore r diabl e. The upgrd.di.ng of the cnu inc to high er 
per!O'l'l1Jance will J>cr mit , U d e sir e d , the enlo.r e c;me.nt of tanks 
~nd thec-e.lor.e eit.~c: gYc3ter pa rload or l o nger r a nge. ·~·he 

substi1\ltion or :m nb i:ati.og no~e C()nc will lllso aJJo~ .. either l ouge.r 



' \ 
: 

--; , .... , ~ ... ..... ~----· -

r. • • / v. . . . . ... . . 

-7-

.• 
r a nge witl, tl1e :.~ me w.\.1·h cad o r :\ h e;:lvier w a r he a d t..~an thc .. l600 l: · .. 
lbr. now s pcci.iJtd . T!IC j_>l&ro1ed t~ll-incrllaJ cu..idane c iG su:;ccptibl ~.. ::) 
to ift\provemcnl L'"l acc:uracy wi.U\ no aigttJ.i:icant changer. in the Ye;~t ~ 
o,( the m.issUe. 

A brief descr iJ>tion o { the A Uas n_iven ;:tbov c irl.di~n.Les lhat 
Ol"al)• aome o! th ese a.dv :'lntAees wi.U b e gair,ed !rom an equival e nt 
p r ogram of ~mprovement on that mistoile. · 

The Minutema_n ; ' 'l'hc Air f'"o.tc c: i ra s i:'Ulde a. p roposal oi the 
Minutema.v. uo!id'propellant ICBM with 1963 as 01e Wi.tia l ope:n~o
tional da.t.e. It is lO be a ut:~aU three sta ge. n J.is s ile o! eorn.pata
tiv·cly low c o st. in stalle d i n inexpi:osive but dispersed and 
J1ardc ned launchers. Simp le in OJ>el'll.tion, it will x eq\li r e tiJ.YlnU 
n w nb ers of opu·n.tiona,l pe:~: s<m.ncl. L1 a U the se respects the 
Jvfinutcmil.n app~ars to be a v e ry' good adva.nt.ed ver~ion of CUI 
lCBM 3nd should provide us :for many y ea:r s wilh i\n eUective 
l·ev ..li;:..tox y capabili ty. 

The propo sed opeYatiOr'J:)l date, llowtwe r , whic h c a Us for 
a nother c rtt s h J) 'l'ogt"am , j s l'at.bel' questioDAble. 

T he p ropo sed rnissile-.is bas e d on p rQp ellants t o be availa.bl o 
!or engin e developm.enl either now or ve-ry sborUy ;\.nd the C' 
colnparatively low thrust lHt.s made it neccs s~u:.y t o ~cccp.t roarginil 
d e sign. 'in other r espects: (a} the. e ngi ne e a si,ng a muS·t-be. ~a. de.--- .._ 
v ery lig ht a nd hence i.."'ltroduce p roblems of r elia.bility; {b) the 
_V!c~g1\t i s jus t at the limit of r oad transporrnbi lity. n~~ yet only 
. •. p.b ~ warhead caQ b e car r ied to 5500 mile r ang e , even upon 

a ssurni'l'IS that the -weight o! ·the a U-inertial guidan c e will l)e ·- - _ 
drastica lly reduc ed aal\in:H pr e s ent pract.ic c; the pay}?~~ ?~ J 
lbr; :;bould "Provide b v J96J a v i.dtl o! p erhaps o n ly- . 

'{c ) t h .e:- .\..sswne d light w ei.ghl 
gu.idan~ e might :'ldd to t.lJtr~liabili.ty a.nd CEP; t h e Minute.r.na--a 
wou.ld h<!.rd!y be a poillt - target missile. The ouh .. ~nt.<:Jge <>l thio 
propot;al 3ppe~YS to be that tht: introduction o f th e Min\.l t cman 
into Opcr,'\tiOn:U U.SC by 19&3 w o uld e)i m.i..Jil!.te the J""lCed {or 
subs~ntii\l imp rovement programs on Atla s and 'f i tan. 

,~~
..-::::--.~: ' - . 

·'"l'h etoc rlala a:-e tco-ke r: from the t>eccmbe:r) ()57 j")!'~$en ta~io:n l>y 
1hc U . S. /dr Fo:!"'ce . 
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.;\lte::1ativc Plans. The desir'ability of eill1cr iTnplern c:ntinc or 
repl3CL"lg our IGDM force with solid prop~U:\nt mi.ssilcs can..;ot be 
doubted. Th4!re at< e , howe .. •er J nlternatives to the Air F"or-ce ~;. J 
propor.at.: 

One alternative pla..o u•oulrl he: I<> {ocus the irnnled. a te e ffort 
on tv.·o objectives; (a) I.m1)r()vemcnts in O.e Titan (particu)a)'ly 
t.he storabl e propell11nu and "the :\blating nose: cone} wh.ich should 
.l.'esult_, nbou t 18 monlh:.: ~ftcT tllc Jir r.t operut\onal avAilability 
of the Tit.'\n, in a t'ni:~uilc of improved reliability a.nd l)ifnplicity, a 
rnJs sile o! eS:Se:lt:i:Uly \IA.li.rni t ed range and a payload which v.rill. 
ollow u se of warhead s with up \.0 _ :yield or of el.•'\boratc: count.e:-
couoter ·measuYes. (b} Development. of high pcr !o)"l'nance solid 
propellantn _, pending wli.ich the l1:l.rdwa:re development o.( 
tl1e Minuteman would be post:p~1)ed for 12~2.~ months. 

"t'l-..is pla.u should cive improved Tita.ns1>y 19&3. The total 
'.fitan !orcc should grow at least thtough 1965, o.nd conc urrently 
a gr ~d\) • .._1 Ycplaccment of ca dy THa ns by th e a d v anced rn.odd s ltOHld 
be p L;umcd. During th.i$ periocl, the AUa!l s hould b e J)hascd 
out as soon as practicable. Starting. in 1965, a }1/J.i.nt)teman based 
on advanced p~opellants could become operational ~ which could 
have a heAvier and thurefor c poosSbly more reli.al)le c,u.icla.ncc 
oystem, a heavi er p :lyload <:~.Mt tlH~l· cfore rno)'c yield l or lower c oot 
OX' a c on:lidcrabl y l"educcd t..ake-o!!"weigllt. 'J'bc total operational 
force would eventually consist oi Titans; with pro vi :ii o.n lor 
complex cou.ntcr-cOWlter- mea:ni_l'eS and o£ 1·nore numerous 
Minutem en. This mixed !orce may of..fc r coosidcrabl6 opcr::l.tionnl 
adv3.llt-<lgc.u . USSR mift1lt be Iorced to d e v i.r.e i t s active m issile 
defense a $" i( :dl ou)' weapons had cowtter-mca:oure c&pabiliti.es 
of the Titan nos"e cones. At the same time, it .might ha.vc to provide 
(or the.' large number s o( owr weapO,i.S. which Oae low coG1. o f 
Minvt.emen would pc rrnJt us ~o deploy-. 

A second alte:rna.Live pl~ •) woul d b e ) l)iH li.Uy to :Je1. :t.. JnO're 
modest r ang,e of a bout '000 nUJec Cor Lhe /~ir f'"orce1 s Minlltemao. 
The basc:J lOA UliS Mi.Dulern:ln couJd be p)l\J'\ned as la-r North on the. 
North J"u.ne J· ican contiuent a s pos:oihle . which w¢ ul.C p crrn..it 
eovcrZ~-ge of m any targets . M eanwhile a vicor ous d ev<:lopment 
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of solid propellou~ts sboW.d be unOert:a.kc.n, wiOl an objective of 
changing Ute propellants in the engine o! 1hc Mi.rmt.f"',.rnr .. n b)' 
about l<Jf>S and so extending the range 10 the 5500 miles in the 
subseque nt m.issiles.' These c<:>uld be then deployed tl1r0\1ghout 
USA. Th;c }')rogr;).'tn foJ: tl)e Mi.note.ma.n ch ould GtiJJ be accompanied 
by <'ll l.mprovemcn t program for the TitAn, but pc:rhap s with 
lowe.Y procuremenL of opcn·at:ional 1:nissi1eu . The:: end reS\Ilt 
would b e a .nixed force ~ consisting of MinutOl'I'IC:n o{ r,l,o'rt and 
1ong ra nee and of a smaller nwrl>cr of Tita.ntL W1tctJH~r the 
.Minutca:n~o ::;hould be io d.isp er::;c<l l1ardcned 1.)n.sc s o.r b e a 
mobjl () :r:tU-l)asc d iorce is a m.<\tter that ol.&ould b~ r.rudied 
by :u'l org:t_nization l ike WSEG , b~fo,·e t~ d eci s ion ic m.ade , 

. because this pX'obl e m is oi such great importance . 

Rccotn.l.l'lendation. Eitlle):" o! these J ::ltt~r p'l"OI'rl'l.ms is preferable 
to thnt. p'roposed by ·the Air Force . The pt:ograr::n which proposes 

to po$tpone the all- out hardv.-arc development work on. the 
Minuteman !or one to 'two years ~ while maxi.n\wn c!lort is devoted 
to the: i.tnprove:ment. of solid p:-ope:Ua.nts as well as to other basic 
components, :t.ppears to ofle..: real adva.ntagos . 

The c ut•rently a uthoriz ed ptogt'<H'IlS :\.l'C JOC ' c o( ·rhor, Jupiter 
o..nd Polaris. A hnld based. vet"sion o f Polaria , to l> e opera tiOnal w itb 
"- ra.nge of 1000-1200 n. m. in 1961 a.nd an ID.BM made up of t.~c 
lwo up1>er stages of the Minutc.man'with ::u\ expected ra.ng c of !SOO n. ro . ~ 
to bu o.ru;,rationallat:cr, ar~ beil~g p~:oposed. 

LG:C. 'fhe s imultaneous IOC o( Jupiter and T ho-r lead:> 1..0 operational 
~cchnieal complexities as w ell a~ additionru c>..-pcnse . The n:Us::iles 
are ou!fi.eier1Uy si.r:\ilar that: no advautoge accrue:; f r o rn their 
:;lfnultAt'Cous usc . The m issile s h;:~o..,.e so b:r p~rfonned in t ests 
roughly "equally , w·ith Thor showing to some: a dvarH:, gc . Tho;. is 
much closer to quantity production and opcr;\tional re3diness. 
We rc:c onu:ne.V\d that t:'"'e land based mnM JOC be n1ade up only of 

Thor missiles . 
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Futu:-e ProgT~m. Th e. r ctol o! the tltBM procr~m is j .'\r less 

4 tnenab)e lO le cl-..nieal 3n:t.lysi::J because of complex J>Oii tical, 
o pc1·atiorul n.nd ii:t:wcial J~_ct.orc . 'J'hcse s l1o uld be studied 
C:A.refuUy by competent IJrou:p$ 1 composed of tJ).e pe-rsoruH:l of 
the Departme nt of Sta t e , B u reau o! the audgel 0nd \".'SEC and thei r re
ports made \Ue o{ in policy nn.ki.ng dccisiont'l, T hus O•e extent 
to which foreign governments and poptl};ltiont are witt inc to 
:t.ccepl tfli sailc base:.~ O:tt l·heir soU a1fects the optimwn boL.~occ 
b e twce1\ lllnd based. iRBM ' s and the F leet Ballistic lvfi GOiJ.(',s. 
Anotncr facto:r whicll :odJec ts tile $:\me baltlnec 'i:> the r P.l &tive 
costs of thes e missile systems. The thi-rd is Oie ability o i 
t.hc two n tiut;iJe systems to :>\lrvivc a su~pri oc attack. Dy improving 
T hm·, i t could b e deployed furtllcr nway f rorn USSR borders. Me 
t e rritories a vailabl e Lor s u ch a deployment? At a.b O\lt t:hc :.;amc time 
that an ir'op~ovc:d Thor could be made. avai1.3b1 c: , ~ solid p ro-
pellant m.issUc oCshol"tc:r range could also be a va.ilable . lt could 
'be used either in h a.r d b~ses ox- as a mobile .. systexn . \Vhic:.b is 
preferable, or is the deployment o.( lnissilc o c ompar<:lthcly ne<.~.r 
to USSR border s a ltOf!(jthcr ~ot a.dvant.ag eolt$ :!or politi cnl t\lld 
military re.a liOns? Thc:.:e are .only som.e of the pJ:oblema which 
profoundly ;'\(feet the planning of the future: IRBM retali...."'ltory-
!orce. 

l:~ut-ure o! ''l'hor . 'l'he pl'cScnt pl :ln !or 1 squ a dn:mG comprioing 
sixty Tllors a t fi.xed soft b ases ln the UK p~ovides a marginal 
retal iatory ~pability, because tlteGe missileG can be neutralized by a 
much smaller number o f Sovie t D.'l.bsiles. The ,rcqui.rarncnl J.o~ .a 
15 Jni.nutes \'cactiotl' tim c of:Thor's ic it.l;;o-deq"!a ce .i.l'l the l0ce of a. 
"Well t.:.:l'ecutcd sur]>dcc attack. ·rl'u: u!.ie o( ·rhor in sorne otl1cr 
type o{ n".issUe !l:ystem a ppears to be essentjal to insure 
re~i.atory c.ap.'tbility. Should it be O:ae hard dispersed \>a&c 
:,ys tem o r <'\ mobile syc ten1? The );t tter, in view of the s ize a nd 
compl e>:.i.ty of u Thor (en ;_Jupiter ) docs not acc..:ro fe :ulible , 
hut tJ1e pl·ol>lo•n ile~~~vc:s :o; tvd}". 

A progra m of impr ovements on Thor sho uld includ e the con
vet-s ion o( iu e ngine lO :.t.orable ::;elf-igniting p r opell:ki'\U- a.:-•d the 
provisjon o( a.JI ~blath)g nose cone.. The l c.tccr c h~ngc , wl·~ .co~lp!ccl 

with tlH! inlTQ(\l.lC1:ion of a lighter W"el1·hea.d th.nn the prcr.H;snt _ Could 
"re Sul t in llHi erlention o f range to more than ZOOO n.. t.n. a.n d h e nce 
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pc.:-mit the deplo)7nc:nt o! Thor on bases les s ttubjecl \o attack 
by Soviet m.issileP.. T h i 1 prosra•Yl , i f vig()rou s Ly pur :;ue d , cmdd 
r esult i n ope r~ Oona,l miuoil e s ys t e ms by-1960 - 61.. WU J ter ritori es 
be available f or lhc sc bn 11 As ? 

Land J3;o.sed Polaris. VU :Jo i n 1960- 61 n l ;o.nd brucd Polar ~G 

rnis.sile :::y sl.em could l>ecom e ope :rational. Polaria w cjg h 6 less 
tl1a.n 30 , 000 lbs.; beea\Jt~:C o! its solid pr op ellan t cngi rJe it is 
more adaptable l.o quick rcs,J>On$e ~nd l"equires srn.aUer 
operation al pe':rsonnel. Ju init ial r a nge of only 1000- 12.00 n . m.. 
require s its dcployt':'lent nearer to Soviet borders . Polaris cool<5 
be far J))Or e :r eadily adapted lO l.O.e mobile concept th~u• T hor, but 
wiU the result be super.ior to fixed hardened b;) tJ66? ls .the 
c ost of dc,reloping the b.nd b a sed Pol3rj !'l commensurate wi th the 
tadvant.."lge$ of its deployment c ompat'ativdy nca r to Soviet 
hol' ders? 

Minuteman OU)M.. Sorncwla~t late:t:' thanPolariu (1963- 65) a sti.U 
Ugb lcr solid propeUa.nt Ot.BM, obtai..,ed by usi ng 01e two upper 
stages o{ tlle J..Hnutcm11-n , could be made operational. It nlight 
h.ave a l"ange of about 1500 n . m . lt docs not seem Lba.t a dditional 
costs justify the development of both, the l and based Polazi s a nci this lR BM 
Vlhich should be chosco.? The decision dcpc:nds la r ,gcly on the require d 
l'ang e as it relates to li•C: planned sy s tc:Jll of baseu :md on the timing 
required for the 'formAtion. of this Iorc~ . 

F l eet Ballistic MissU~h The :.FBM can add g l'eatly after 1960- 61 
to ou:.r lRBM retaliato1'Y cap~biJ ity.: .But , as nol od eo.rlier ~ the 
cost o f this missile :lyotom i$ l ligh and there n ltl..y b e !1omc Utitial 
technical diiCiculties . J.{ l a nd based m .BM ' c i n qUAntity a rc 
politica.Jly .;~ccept.'tble A decision tnl.l st b e m i\de about the optimwn 
balance between the numbcr6 o( t.~ese and oi ll1c FBM . The f actors 
involved include Ou; relative costs of the two &.)'TICS o! rnissile systems ""!"\d 
their relative abili ty to aurvivc surprise .:.tt.;.ck. · ";Jlu:: forme._l" probt\.bly 
l3vors la::ad !).-;. sed mh•Uc.s, lhe latter the submarine :;ystem. 

li P<?liHcal opposttio n :·nakcs the grow t h of 11\nd based rni ssile fo\"ce 
a p;:(I.Ctic;;tl impo!'lr, il)IUty ,: the Fleet b:l.l1i stic .Mhuile b econ'lc s t he 
only n 1 ea.ns fm· p~<wi<ling ffi.BM retaliatory captJ bility . ln th.i c c:~ se 
:\.tid as an inteiUn wl e:ttHwc o! otlly t e mporary value, U)e p r opo:;al 
o r l'I10Unting J:,ohn•is l:J.WlCherS on the fantails o J l..h c c,x-i ~tin& c ar r i cr G 
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s ho\lld be evdlua.tc<! bcc~use o{ possible larec reduction of cost& . J ' 
and rapid build-up o( ope!"ational Joree. At. ,. long lcr:n rlet~rre:lt \ ·. . · 

...... Co. 

force . uubma rL"\e b"!>ed Polari$ h as probably no e<J'•als if costs 
"'r e c!is.-egarded . 

P l :\nning of Devc:Jopmcr.t. L., conclusio n a J~Cner:\l ,.c:mark: the 
p reced ing discussion should have ;reve aled a t e ndency of the 
Services lo p l unge into :rig idly fi.x cd h ou ·dw.o re d c vclopme-:--•t JY:: og'!'a..ms, 
will,out due a llowtmce of ti.me for adv-<Lnced <.lcvel opment.. Ou..
p rer.cn t )>nllisLic :n'D ssil e s su1!e1· hom OUu policy) :.11.hough the 
ut·ccnC)" o.( On~ odginat progr am:; i:. a. juutiJic nHon fo'r the decisions ' 
taken. rwe tol~, h owever. make $urc lh t\ t lbfJ r.econd generation 
b3lli6ti C rn.i:H1ilCS a re eood nOt Only by t)u:: t:t.\-'nd"'-r d s o{ tOday • 
but 3.lso by the standards ~pplicable to their opeYat:ional date$. 
Th.i~; CtlH be insured only by vigorous development nol restricted 
by n.&l'row operational YequiYemcnU o! plangcd missile system:;. 
This develo pme nt should b e ciirccled at the e ntire missile system 
as well as the va.rious missile compoocnt:c:. The: result will be 
weapons which will serve us eifcctiv<::ly !or lonc,er periods of 
time:, and so cOn$c:rve our national resources .. 

R . F . i)achcr 

L. E. Hyland 

J. W. M acRCLc 

H . York " 

G . B. K.i :;tiaJ<.ow o h:y , C h:-d'rmrtn 
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