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S3,'-:. =::.:~:o:-., ·.~·;.::;. ~:/-? 'ni:~io:: c..llocc.:eC ~o :he ea:-ly \~;c..::-ni::g z..::-:::c.. 

~=-; S:)ite o: tl-~ese large z..mou;::s ci r.:onev.-t:)e ~rosnect of 6evelo':)i.., ... . ~ . . ~ - --- c 
- -~---~-.- e-'{e-- ... ~ve -c-:-~ye c~e:e-·<e of c"- u-._- ........ o~.,)--:·o- -c::-~nc--c. • -C.--: -- .._ ... c. .... J. -·- -- .. vc:. • .;:; !"' ..... c. ... •. c. 0 c:. •• ~L c. 

:-:-.ass z::ac}~ i:-c~ the USSR is ~}eak: l:c..s· c..~v.~c.ys been so, c..:-.6 -..he:-e 
c.:-e ::c g:-ec.: g:-ot::nCs ior ho?e the.:: ~~e. si-c-..:.c.:io::1 wil} :r:"la:-}~eCJy ir:-,!.­

:):-o·,re ·- :he i·..::.:u:-e, :10 r:-:a:te:- no\~.1 ha:-C. v.:e ::r'\.'. 

:"ne b}ea·K o·w.tlook does not c.:rise ~ecc.use 1: is inpossible to 
Ces:.:roy c..::--4 IC:01\·J.. P.sses.s!T..e::-.:;: oi o·l.l! :e:r:-::.i:-~c.l Gefe::se systems 
(e. g.: l'l!(:t: ZEUS), in fact, gives u.s c. high cor-J')dence that low-rate­
oi-c_::-::-i\·a} ta:rg~ts can be eifectively destroyeC.. lt arises becc.use of 
:!-Je e:Jer:;.yls: ability: th:-ough the use of ?e:ne:ra:lo:: 2.ids (decoys, lov.• 
rc.Ge:.:- c::-oss-sectioYl v/arheacis, mul:ip}e warheads) to insure ou:r 
Ces:r::c:ior:: a~ 2. che.ape::- cos-: to ::..i~self the.::: it costs us to counte:-
h1s moYe by increased firepower. l..""! c.ddi-;;ion, in t:'1e absence of fall­
cut shel"i.e::-s, iL lies ... vithin the eneny's pov.,.er :c ann~hila:e ot::- ?O?t:­
la..:io::; Cy iallo-.1t even if "''E succeedeC in de·,.:eloping c_:: eifectiYe te:rmi::al 
de.ie!'::se system. 

"The use by :he e~emy pe~etrc_no:: a:cis ~-. co:;ve:!:iona.11.C3J\-l 1 s 

is ~--...:fiicie:-n1y effective from l:iE point ol view tho.t we do not need to 
take ve:ry seriously !Tio:re sophistica:eC. th::-eatsl such as ' 1bombs in 
o::-bit. !I 

I! L::e outlook is c.d:-:J.itteCly bleak: v.--h.y c.re '"'e spending so much 
mor;ev c..r::d eifo:rt on the ballistic missile Ceie::-.tse p:rog:ram? • 

T~~e p:ri;jcipal :reasons follo'\v: 

':'~e nu.c}ea::--e:.:rr:-.. eC IC:b1'-~ :!-.. ::-~c.Le!".;.S us \vith z.n:-.. ':ihilation; the 
~:c.~·.e:s ~::-e so hi.g!; ~r.a: v::e :7iU:::t ex::jo:re evE:::-y c..l~e:-:1e:.-::iYe of s-:rength-

ic.c: i:!-_e:.t :-;c c::.·-r::ce:>~,.c..":l.le cieiensive sysr.ern !las evtr 1 o= v..:il1 e~.·e:rl ?=o­
v~de a:-: ' 1u:m·ore1la 11 {i.e. ·lOOo/o eifective cieiense) should not.p:r·event 
t:.E i:ro!Tl Cevelori:;rg (c.nd p.erha?s de?loyi~g) ?ir:ially effec:ive systems 
(6:; .,,_·e !:c_·:e i:r; :he oaEt in the ::nan:!eC: bo~be:- era). Deiel":!se meaSLlres 
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2-::c..c:~. ~ :::e:-e !!:-: sc.;T..e c:;a:-.ce :he.:. c:-;;c.:-~g:~:: :.:-. :ec::-_:iclogy v:~:~ ~:-o\·:ce 
·..:.~ '.:::::.-: c. ::-:-.ez...::s c: Ce:"'e::se "-:-:::-.. ::~~ s:~c.~.lC. ·:::;,'= cs::-::':.:.:-.!eC v.--:::-. ::..-..:.:-- .:-iie::s:·~·e 

c2..::-~·::::.~:.:·_: ·~c :-::-.2-:.i:-:-.iz-e O\::- y-:-.. il~:c..ry e::i-:;c::\·e:-.. e~s. 

2. O·..:::r ciete:r:rent oostu:;e is- c1ea:-ly e!l:-.c::.ce2, speci.f:i cc..li y by 
~::e: e2.~ly ·~-..·c..:-:1i:1g p:!"o'\·iC.eC ~spa::-':. ci tr.e c..:-.:i-.P.JC31vi progr~. 

·::::c..~~i.st:c ~issile ciefe:1.se progrc;_"T.l exe::--~s o::. ot::- o~-r. o£ie;"!£ive c2.pa· 
·v:.E:ie-s, ~n6 hence o:-.~ our Oeter:r.e:n postt:.:re. ~ot: only dcr.: s :be 2..."1ti­

lC3:"~·~ eiio:-t ?:OoviCe 2. spur to 0".1:- c,;,·~ ?ene::rc:.tior.. aiCs- prog:-a:rn} b·w.t 
also ?:roviCes ::.-Je :1ecessary technological £u)d2.11Ce. 

~- Closely allied to the lest :-e?..SO!! is t~e fc.ct L.hc.t cur ballistic 
:--:-:tiss:le Ceiense ?:rcg:-c.._~ p:rovi6es us ~ri::h c. kr-;o~rleclge of enemy ca?a­
·oili:ies. K11o·v...·ing '\1.:!-:c:..t is possible a....""1ci iec:..sible, for exc.n:ple, enc:..blecl 
us to :-:1C.::.>:.e a :reaso!!c:..ble c.s~ess:-ner:.t of the USSR c.nti-ICBh1 progra..."":'l. 

-;, "'ec---~1e<s o' ·he e"ec..._:,.e-et::.t;: '""t ...... Q c"e'en<e our 'nter · ~ e c:.- '-- - .:. 1.. .:..o. I..L • .l -- ~...~ .. .. .:.: .... · .1. _.: - 1 . .t..:. • 

DC:.tic!1e:.l ?:res:ige :requi:res thc:..t we maintc.in 2. '-"'igcrous effo!"t corre­
spo~cl:::g to the USSR prog:rc.m. 

C. ?::-::c.l~y, t:-,e techno!ogical bc.se of knowledge, te::h::.igues c.nd 
eq--.:~?::-~e:-.t ·.:.·hie!:. ~:'1e c:..r..~i-ICEM progrc...'"'n is p:-oviC.i:1g may be e>:~rer:1el~~ 

:~:pc:r:c.<.t in c.--c.f".2..."'1ge6 v.-·o:-16 si:uc.:~ion. Tl:e e:iect-iveness of our de­
:e:-~se r:.c..:-~ ~e ~·.1ch i:igher in 2....:""1 c:..:r:r:-:.s cc::t:--::1 e:1vi::c:-.. men: o:- agai~st 

:-.:=.::icns \1.:ith a tech:1ologicc..l cape:.bility lo-~'t::- ti-.:an the USSR. 

'\\~e Tnc.y c.iso c.sk, \vilc.t vc..iue have v.•e received from the money 
cJrec:..ciy E?en.t ir: C..."'lti-ICBM prog:-a..TTIS? 

l. ?~::-s: =..."'16 :no.st irr .. ?o:::-ta.nt, we ho.ve a :nuch clearer unde:rstand­
c-·1 :l-Je- -c:-c-ble:-;.1s of ICBM defense. 

2. ·\:1~e 1-.c..ve :De 3EJli.:~ic Missile L.a:-}y \1.;.e..rning Syste:-r: (BM::S\'~rs) 
?C.:-t:~!ly O?e-~~:::.o!"!a~. Vn:ren il.l!~·;: opera.:ionc.L :~\;:ill CO:ltrib·Ll·tt::~ sig­
;-Ji:ica:i:ly to our ciete::-rer.t postu:··~ ~ga.ins~ r:::.ass ICBJ,1 raids. 

5. V{e ha.ve t!-Je r.:10st pro:-:-1ising a.cti"\·e 6eier:..se syste:r:; (!';H<E:­
Z.E:\...~S) we~l c::-.. :ts v:a.y to develo;nneni.. 

2 
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Tl-... is pc..pe:- ?resents; 

l. _t:_"f'"l asses srnent ci :he .... -alue c....,cl cli:rectior1 
of t~e VniteC Sta~es 2-:.""lt:-ICBM p:-cg:ra.."'n, 
c..nC 

2. _.;brief description c:f the individ.u2.l 2..:.'"1ti­

IC3M progrc..."T.s, c..long witn their scope 
E:1C. a..pp:roxir:'la.te !U-"lding~ 

Only deier..se oi fne co:1::inen:.2.l Uniied States is 
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=-; ::-.t er-e' c~ ?''.· 1°. o' i .' \,;;£... "'.:;· '.--··e e-e-- --. . . .--1 ' • _ _ _ • ,.; ___ • .~c.,- -:J -•l c.:-'?::-cx:::1c.:.:e:~y :::-.-:-
=~-;::~~- C~- ':;;;..~2:~::..: r:-~:s::2e Ce:"e::~e ;-::o~::c..:-::.5, ir...:]>.:C.ir;g Sl. ~ s:.:~io?.t 

c:·. <::c.::~·-: \:..·c.::-=-:~:-;g-; ::::-1e c..~;o·.:::~ c..:.::-::-e:::~~· ::-}<:.::r"cC. io::-_?"':' l962 :: c..·8 c-..:t 
C': '.:.. ·'"':·.-.;,....,_ ,-.~--... c· 'L ·o:·.·,;o- --~-iOC"'PC. ·o -··e e--·l,r ........ ; -_ _., _ .......... ...., .. , .-......... -.:.: _ .:. ___ --c... c:...~ ~ ·l• c..- ....... c:.. .. ::1.r:. 6 a::-ec.:.. 

l:-. S?iie c: ~nese large z..mour:t$ ci money:. t:-le ?respect oi 6evelopi!!g 
a ::-ec..~>:· e:iec:ive c:..c:iYe cieie:-~se oi o".::r u:rGc.:: ?op..:lc.~5o:r:. agc:..inst c:. 
:-:--.c.s~ c.::c.ck i~c:-:-. the USSR is ~1e2k: !:c.s· a2v.,ays been so, a.~ci :he::-e 
a::-e ::c g~ec.: g::-ou.nC.s ior ho?e :hG.t ~!-!c sir-..:G.:io:-J wil} r:J.ar}~eC.1y :.r.:-!­
:J::-D\'e :.:-. :;;:e· ~u:u::-e, :J.O ~c.:te:- ho\.:,: :-..G.::-C v..:e ::rv. 

~"ne b}e2·K o·J.:look does not c.r:se '='ecause it 1s iwpossible to 
6es:::-oy c.:-4 lCE1\·J.. P.ssessrr:.e:-.:: o:f ou; :e:r~i:r;.G.l cleie::se systems 
(e. g.: },:l.K.:C: ZELJS), in :fact, gives e.s a high coni)dence that low-:rate­
oi-a:-::-i\·a1 ta.::-g~ts can be effectively destroyed. lt arises bece:.use of 
:!-le ene;:;y 1 s ability: th:-::r:J.gh the use of pene:::-a:io!'l aids (decoys, lo\\' 
:-acic_::- c:-oss-section v_,arheacis, mu.l:ip}e wa:rhe2.ds) to insure ou:­
des:ruc:icn. at a che.ape::- cos: to :-.. ir::seli thc.n it costs us to counter 
his mo,·e by incre2seci firepower. !..~ .:.ddi=io!'.:, in ti1e absence of fall-
o·.n .shelte:-s, it lies v.'ithin the enemy's power to annihila:e ou:- ?Opt:­
la:io::1 Dy :fallo'Jt even ii \\'E succeedeC. in develop~ng c..~ effective te:-miwa} 
deie::se system. 

The use by :he e:1emy pe::.!e::rc.tio:-. a:cis ~-. conve:1:ionaJ IC3M 1 s 
is ::...:fiicie:1ily ef{ec~ive fro:n l:is poi~t ol view tho.t we clo not need to 
take ve:-y seriously rr.ao:re sophistica~eC. th:-eats, such as 11bcmbs in 
o::-bi t . .'I 

!! t::e o·utlook is a.d:-:~.itteC.ly bleak: v.~hy a:-e ""'€ spending so rnucn 
mo1:ev c.n6 eiiort on the ballistic missile C.eie:-lse p:rog:ram? 

• 
The pri:::cipal :rec:.sc!1s follo\.v: 

':'Z"!e r:uc}ea:--armed ICB:!'-~ t!-.~.:r~c.ter .. s us \vith c..n::-!lhilc..tion; the 

F:c.~·.EE: c..::-e so l::g:n ~Da: ,;.-e must ex~~c::-e evE::-y c..l:e:-:Jc;."tive o:f strength­
e:-~i:-~g o·..:::- ~-·;ilitar:.~ ?Ostu:-e. ht ?reser:t; our s-c::-alegy is to ::-ely com­
?letely cr-. c·..::- :-ei.aliato:ry ca?c..bili:y !or ciete::-:rence. Ho·..veve:-, the 
fac: :::at =-~·c c:.,::ce:· ... ,c;.·:"Jle cie:fensive sys:trn !-las ever, o:- ~:ill e·.·e:-, ?=a­
vide a:-:: 11um·o::-e]la 11 {i.e. : ·} 00% effective defense) shcu1d not ·p:-·event 

i.:..!"; i:rc:n C.e,~eiopi~g (and perha?S de?loyi~g) ?a::r:ially effective sysre:ns 
Defen5e mec..sure s 
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:o:-cc ::: e e:·:::>e:1C::c e oi 
c..~c 1:::-::.i: ~:~e 6c.....-:-:2..ge ~e cc.:. Cc. v.·i:}-" c. g~·-· e:-. leve~ oi 
sc-:r.e c:'"1~!::CE :he.:-. c~e:.:-";~.: ::-. :ec:.:Jvlogy ........ -~:: 'D:'O\·~ce 

O·.::r cieter:-ent :oostu~e is clec..:-2y en:-.2..:-.. ceC, speci.ficc.liy by 

·c'=..!;.is-c:c T!:is=ile cieie:1se :t=:rogr2.....'>'"!'l exe=-:.s o::: ot::- ov;·r. oi:fe::.s;ive C2..?a­

·c:..lit:ie£, 2..:nd hence o:-l our Geter:-.e:-Jt post1.::-e. ~ot only dcr.: s the a:r1ti­

lC3!'~-~ efio::-t ?'!'oviCe c.. S?ur too::::- c,.;:n ?ene:rc..tion c..iCs prog:-2.111.~ but 
c..lso ?ToviCes :be :-1ecessa.ry tec!J.nological £U)dance. 

4. Closely allied to the last :reason is t::e fact fnat ou~ ballistic 
!":l.iss:le Ceiense prcg::-a_T11 p:-ovi6es us ¥-'i~h c. k:t:O"-'ledge oi enemy ca?a­
·oili:ies. Kno·w·ing \V!-~at is possible ~-:tci ieasible, for ex2..1"r..ple, enabled 
us to :-:1Z..:.~e a :rea.sor..c..ble c..ssess:ne::t of the USSR 2.nti-IC3l\1 progra."":l. 

5. 
n~tic!".lc:..1 

?ec---c.'lecs o' •he e.t"rec"": ... -e-ec::;c::; --~ .. -.. ,:;. ,::,e~ence our in. r·er-• ~ c c:.. • ... .!. I. .I. _.;. l...l. ,. .J -- ............. .:. - ...:. J._ • .:. - J ... 

?Testige requires thc..t we rnaintc..in a vigcrous effo:-t CO!" re­
te the USSR p!" ogr-2.m. 

6. ?::nc:..l2y, t~e techno!ogicc..l bc.se of knowledge, te::h::.igues c.nd 
ec;'-.1.:?::-!ent ·.;:hict. ~~"1E a.r..:i-!CEM progra."'!: is p:-ovicii:1g may be e>:~re:r.:1el}~ 

:::-:;pc:r:c..:-:t in a--c.I-.z.."lged v . .:o:-16 situation. Tl:e e.fiect"iveness of our de­
'!.e:--!se r-:-.G.~.~ ·::,e ~-~ch l:i&:her in 2-.'1 c.r-r;:s cc::t:-ol e:-.~.vi:rc:..ment oz- agai:1st 
:--.c.::ions \\··ith a tech':'lologicc.l capc.bility lo-Y-'E:!' :r~c..!1 the USSR. 

\\~e :nay aiso ask, \Vilat value have v.·e received £ro!'!1 the money 
al:.-ec..6y 5";)ent ir: c...~ti-ICBM ~rog:-2...TTIS? 

l. ?~:-s: =-.;6 :no.s:t i:r:::_uo:::-tant, we }-Ja~.:e 2. :n12ch clearer unde::rstanC.­
::-:§: c·! :ne ~::-ob1e:T.ls of ICBM :j_efense. 

- --- - __ ,, .. M' '1 - - ,,- · c (-M-i,-S' L, \'1·e r.c.ve :he .!:::::>C-J. .• l~~::.c. lSSl e .!:.,C.::.-~y l•'<:..rnt~g ._.ysterr: .D 1.!:....' J 

?c:.:r::~lly O?E:.~c.::o!"!a!. Vt!ien ill~l;: operc.tionc.l, :~\:.:ill contribute sig­
;-Ji:icc.:--.~:ly tc our ciete:-:rer .. t postu:··:; 2-g.:.inst r::c..ss ICBl\1 rc.ids. 

3. v,re have t:Je !":10St pro:-:-lising acti'-·e Gefer ... se system (]'JT~E­
ZE:.\.JS) v.·e~l c:-. :t.s: v:c:.y t.o Gevelo?meni.. 
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=c..:~~s:~c :.~~==~~e :Je::e:--~se b'...:~ c:: :-:-... ~-::: c:~e:- :ec!::-;c~;o~~cc:..: c.:-ea.s) 2.7€ 

C:::-e::: o:..::r:-ov;:!::.s oi the p:-og::-c.....'"":'l. ... ,..,_ exc.....~::>le: 

c... ::ig:-~ po'\h'e:-ec :rada.:- t:rc.::s:r:::.:te:-s. The cha:~ge 1:1 :his 
::el6 ca.z ·oe ~ec..st:.::-eC: ·:~· .. ~:he ic.c: :l:a: a iev.: ye2.:-s c.go to 

The 
-_:,_·~_·,c· o 1 -·-c·-- -e-:- .... o-o-,· -...2.~ ··uee~ m-,:.~:. ?Oc.s·_:·o.;~- ·o\· 4-·""1!.. "~--;1'ob 

~ ... -~ c:.. .. c,._.,._ .. l ;..:..,., ••... ·- .. J.c:. ... ._ .... _,.,_ -"" e-

powe:-eC. ~=c.r.~.sr::.i~:e~s. 

b. RaC.a::--?haseci array tech."liques (elect::-onic sca.."lning) 
is nov; 2.lr:1os: at the point of appli::c.tion. 

c. The :nc.ss p:roduction o:f chean -:;recisioD elect:ro!'lic 
CO:LT!?Onents {diodes, resistors, etc.} has been irr.:.rnec.sur­
a.":>ly s::n.:.:::red by OU:' Z:SUS 6eve!O?~e:'lt, 

T!le fo~lov..ring tc..Du.lc..~io:-.. su±:1.r:':.c.::-izes (roughly) the ~-nount oi 
:-:10::-~ev ,;.·1-.:.:cb h2.s bee~ S?ent. 2..nd v..<riich is ~~c:..::1e6 :fo~ :E"'Y } 962, in each .. . . . 
o:f the pri:-;ci:ua! c..:-ec..s of ou:r balEstic :-:::s s:le Defense p:-ogra...TU. 
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.. . . ,., ~~::::-J:g 

'\ r--.. • .... 
J, ___ :.-... .:: 

-~- c::.. ... -e. :Jei ens e 
;-;:~.~- Z..=.l.:S RDT~:<:::: 

c-::~.e::-

}..~ec..s·~:-ements & Techniaues 
Measu.:-emen.ts. 
Tech:Uques 

;_I,-,~ 

s 8--~· .·' 
15 9 

25 
To~al c l 114 ~-' 

18.. 
Total 

L-
- I 

0 
/ 

Total 56 

224 
0) 
/-

Total 316 

52,417 

-:-v ·, c.:.'i-....... - ::c 

c :5 s ? -
~~ 

2.00 290 
-. C::-:::i~t:.i~g :> 

s 2S& 

276 L- "2 . 
• I-

Cc:::: :::.r,'-":.r.g 
2.ES 

.G.' .o Continuing 
28 Cor~:.inu.i:-J.g 

i4 

113 Contit:uing 
50 Con:indn-g 

163 

$ 780 

:0:..: Ope:rationa.l cost excluded. Ai~e:r completion, thls v.ill ~un about .$87 :nillion 
pe:- yea:-. 

Finally_. the orJ.y operation2.l system bei:::.g deployed in the entire anti­
ba.ll:s:~c a::-ea is 31v1.E1VS. Deplo:.~e::t of Z:SUS; a: least for the p:-esent, was 
de cicied i::1 the negative by not including p:-ocureme::t funds in the Ken...""ledy- defense 
hudge:~. I:l t~e r.:Jean.tirne, development of ZE1..TS is being pushed at the caximurn 
:-:;:.:e. No ac:ive defense system othe::- than z::::us is even close to the deployment 
stage. The ge:1e:ral measuremer ... t G..I:d techn.~ques e££ort (p:rima:rily ... ~l\..P .. 4... 1 s 
D::::?.tNDER) is being supported adequately. 

The :-e::::.c;.ir ... i~g po:-tions oi th..is s....::n:na:-y will consist oi ind.ivicit:al assess­
mer ... ts o: tCe follo....;i.:12: s'..lbdiv"""isic::s o:f. the e::..r..ti-ICEM er!ort: Early \Varning; 
i-:..s::ive Defense; Satellite S'..!.rveillanc ~ ~ and 1.1easu.rernents 
o.:::d Techr.iq·..1es. 
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...l, 

_ ::t ec..:-~~est poss::·:>le wc;.:-:-~;:g oi :ie ia:..:.::c!-~ng 
:;~ o·2·v:o~sly C..e:s:..:-e-ble. ':"he q'..les-:ic:-. oi ::.o·.:.· ::-~·..:c::. "\::e 

(/ 
• - l· 

;:.·.:-=.:-. ex:::-e:.. ::·..:.::-.:..e:- o: ::-~~·.1:es: o:- ~c c..:-:~7'. c.. g:-ea.:e:- geog::c;.?::-.:.:c;:.l ccve:-c..ge 

c: _?-:)~s:.·::·l-:: ~c_·~~:::-...:.~g loc~:io~.s~ :s C.e?e:1d.e::: o~ :.:-'"-: :::.:r:::1:>e.:- c:..nC :~'?eo: c-:fensive 

.... :..·e:-oc:-.:.s c. vC...:!.c.:=':e :c bo::: siC..es~ a...::::16 -:he co:-~ce?: c..s :o thei:- use. 

J-... s lo:1g as ou:- St:-ategic P.ir Cc:r:-.. !'na.:lC co::.sists p:-~r:1a:-ily c:f E52 :.o:-!g-
:-a..:-.:..G:e 'o·-:-:1·:>c-c:. o·:::>,:-:o·•c::i,- ec.-:v ~--- ..... ..:nc ~-s or +he o--e--i-es- ..;_"!""V""\_ ... _nce 7~~ - -·· • -. - ............ --~ c. ........... -c • - .... c- c:.. ... 1. -·-l.c..rv- .. c:.. • __ 

v:a::-:-.. :.::g ?::o-.:O::::cs t=..:":":lt fo:- so:-::e :rc..ctio::l c: c··0.:- Do::nbe:-s to be:co:-ne C..:..:rbo:-:'le 

c:..:-... C escc..?e ces::--...:c-:io::.; e!'!c-..:.&h, we ::-:.:s:., ~c co:!s-:i:-~t.e a:: e::iec-::.ve de:e:-::-e::-c 
::: ::-;e e:-... e.:-:1y. .3u.t.t £\.::.::-:.:-.:.e::-::lo!"e: t!J.e: wc..:-r;.i~g 6oes not. co~-::.i: us i:-::-evoc~ . .-~ly 

. . 
:o c. v.:f-r~ s:.:1ce the ;,o!':'l·~e:-s can be ::-ec2l.leC :.i :he ci:-cu!':ls~ances dic:.c.te. These 
CC:7u.?elling. :rec..sons leC to the im?le:nentc..tion of 3llr{EiA' S. 

Asst:.:-:-.ing ICBMs corr.pletely :replace ot:.:- bo!':'lbe:rs, the situation is 
ci:?-ngeC.. O..!:r !C3Ms cannot be la't!ncheC. c..nd then :recalleC:.. They must be 
?=otecteci by ha::-den.i!"!g, Cispersio:1, r:1oD.;i;:xy and =edundanc\~, D9ctrine :r-n:.st 
be developeC. as to how w em?loy ~he::-: i: we a:-e :attacked 

Hence, early war:ring 
loses so!::'le oi its value. It is still ve:-y desi::-a·~le :fro~the s~c.ndpoint of alerting· 
'o1.::r civi.lian leadership and milita:ry command. It may b....ave a small value for 
civ.:"'l defense. It is from this standpoint that fu";u.re develcpmer:ts in ea::ly wa:-ni!'lg 
shoulci be viewed. 

The Ezilis!ic M..issile Ea:rly Wa:niing Sys:em (3:1\E\\'S), alread~· partially 
ope::-ational, .:::~ m?ke c. signi£ica:1t co~t::-ibutior: to ou:-_p:-eser.:.t dete:-rent posture. 
I: \O.'ill cons is:., ,;;ben completed, of three la:-g e ~2.62.:- ins~allz.tions in the far 
na:-:h to detect enemy missiles launched across the North polar regions to\,;·ard the 
Ur.;.:.ted States. It has limitations: low angle fi!"ings can evade its bea:n and it 
can::o: war~ .. against subrr ... arine-launched o:- 11long-way-rocnC:" missiles. But it 
doe~ have the advantage of being technically feasible; the fi:rst station at Thul~ 
:s ::w-w ope:rational; and the complete th::-ee station system w'ill probably give 
:e~iable ""a::-ning o:£ the most likely mode of attack: mass ICBM raids across the 
No::-!h pola~ :regions. From 10 to 40 minutes wa:-cing will be p:rovideci, dependirg 
o:::. lc.cc.tion a:1d ti:ne of fright. 

The lJ'.:issile Defense Alarm System (JV.:.IDAS) cannot be cieployed before 
1964-65 at t!:e earliest and is therefo::-e subject ~o the considerations.p::-esentec.l 

abcve. 
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, ... _..:.._ cc:1sis:: oi c::-bi:i:-~.; ~~:.el:..i:eE ec·..::.:;::>-e.C .._~·:::-, .:.:-~:-c.:-e::: se::so:-E 

~:;::::~g::·-=.c. :.-:.· Ce:ec: "....";SS:;. ~iss:.le::: o:-.. lat:.::c:-.. ':"we ...se:-ic-..:s ?::-o'cle:-:;s ::-·rust, c:.nC 
;:c-oc..~Hy ca::, be ove:-co:::1e. ·vr-e l":"'~ust 6e::-:;onE::-c_:;.e :he z:::::.ility c: MIDAS to 
c..::.~::.:-.;;-·..:.iEh ::-t::.e :a..rgets ::-o::-::1 o:!:e:- :rc.d.ic-:i:-.:.g c::jec:.s s-...:c::-~ c.~ ::.louCs~ G.:lC 
f::: e::..: e::o:-: :::-:::s:: 'oe ex?enOeC o:::. ::-e:lic . .":J:::.:.:~:-- to c..ss·~:::·e e:-!CUf!-.. liiE: i:1 O!'bit io!' 
:~-~ c.r:.scci!:.::eC. cos:r:. to -~e s·.lp,?o=:c..ble. I: '\O.-'Oul6 hz..ve the c.G.va..ntage over 
;:: 'r:--1"5 r.r .:,. __ .; c:;..inc -~ ac·,.:l'+-ic--, ::. to 20 .........,.:._,, .• s .... - ... n'nr- -.;..--..e --a' o' be:T"o -· _,___. r ...:- _ ..... _ ---•- e c::;...J ~ - •• u:; .. .:. - --.:..t.~ ...... :.e -.vc._ .. .i..o !:- 1...-.:.o.J c....L .:. .:. .... 0 

ca?able: c..t leas~ i:1 p::-i:1cipi::e, of world-·wicie cove:-age, i~cluC.i...'"lg the oceanic 
c.=ec..s i:-o::-;. \;·:::c:: st:b:-:1~:-ines"ca..-: a:tack us. v,:he!.~e:- t!-le c.ci.Ci:;ionc..l warning 
::..~~~ i~ :~e: e:-c.. c£ i~s Ce:_oloy·:-:Jen:, justifies the lc..:-ge expendi~::-es '\Vhich 
;;:=ou.!C:: De :res·.;J.:-ed to !'"::1a.ke -:be syste:-:J ope:-a:t.io:-.. al ~noulC be give~ se:-ious 
cc::~icie::-.c..tio:::.. ?e:-i"' .. aps lvnn .. .;.s rn.igh: co::J.t::-ib·~,.rte to wo:rl6 stc;.";:,ility if its out­
pl::s were C?m~ur-.icated to all :12.:tions, and it :nay prove to be c. useful 
i:::ellige:1ce tool, pa::-tict:.larly in a situation involving arms controL 

P-""lother tect-;.:Uaue which is being worked o!l is 11over-the-horizon-rada:r, 11 

~Ij_ which rc.d.a::-s at c.·relc..tivelv low ireouencv bounce thei:r be~os o!f the 
' . ' 

ior.:.o sphere a..."'1d thus over come the li:1e-uf- sight lirr.itations of the radar horizon~ 
E!2e::T)y missiles voou.ld be detected over Russia :from rada::-s based in friendly 
co·~r:.:t::-ies, with ::-elatively simple equipment. Its disadvantage is that it would 
':>~ co:n?letely C.iS::-upted by natur2l ionospheric d.:.sfurbances. Resec..:rch and 
cie·\~elo?::-:Jer~t is continuing prirr..c:..!"ily bec2.u.se o"! the potential usefulness o£ the 
technique io:r intellige:1ce and as a complement to other t.ech..""liques for early 
v..:a::-ning. 

Tb..is p2.?e:r does not dec.l vdth the methods ·.-:.:hich must be devised to 
h?-ndle c.nc c.ct on the wc.rning p::-ovidec, except to point out thc.t the p::-oblem is 
£·.1-:;Carnen~al to t~e .question o:f 11wh y early ·..:..·arni!i.g? " Vl e must be p:repareC., 
~.-;~L::.ir-.:g 2.!1d. c..-::.le ~o ::-ec.ct to the \~c.:rning provided. 
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.~c::.-.·e 6Eiense (t>y \.;~hie!". is wee.:-.: t!:ose ~c..2.lis:ic }v~issiJ.e Defense 
s y.ste::;s .... ;·::-.ic!: c..:-e ciesig:-~e6 to :hoc!. ciov:::: c.:: e:::.er::.y rriiss~le o:- ~·c...:rhec..C. in 
::~ ::;.:.f!"::) cz:. ·:·e CY"iCeci ir::o th:-ee clc..sses: te:-::-_::lal Oeie':;.se (e. f.: Z:SLS), 
:-:·.:.::..:c·.:.::-se _.:._jc:=,J~-:, c..nC ·~oos: i~:e::-ce?: (:~!e. IC:=lv~ is cie._s::-oy~d i:-! its boos: 
7-:.c..::o:---e. g.: 3_.:.._)vSI). Tf!e £i:rs: of. :hese is by £2.::- the .. :r:1os: aC.Y2-."1.ced a..""'lci 
.:-=-- c::·....,··c c::,-s-e- ..... ...; ... "" ..-.-:-e"e~· t. c" 1 ~ • C ·' · S · .... -"""'-c'·s --~-·.:. .............. .:..:. ..... .:.L...; _u_ ..... ~ e .. -"10 o 6 ~. ons:.c.e:-1ng !":"".o.ass ov1e~ .c:..-~c. ·"" , 

:"'.:.:c c:e.:-~::-c..l 't~cQ:1icc..l p:-o"ole.:ns o: te:-I':"..ir:2 cieie!'!se systems a:re (1) the 
6es::-ee :c v:i--..ic[: ciecoys ca.:-1 be disc:-i::--.ir..a-:eC. ·and (2) ~.;.:hether or not ::heap 
c.:.-: e.:f:ec:ive k.:.l: nec!-.:.c..:-.:.::.sms can be develope6 w!-..ich will periT~...:it tne fi:re­
.?::··,;:er oi o·-:.:- b2.-=:te:-ies to be greatly increG..sed at compa::-able cost to the 
J::=-e-ser.: system, Both o£ these situations 2.:re C.iscouraging but not hopeless. 
t::s-= o:f 2.:::nosphe:-ic sorting, and p2.r:icularly the combin2..tion oi optical and 
~=..:.c.:- dc.::.c...} :-:12.y a!':."leliorate the problem of ciiscrir:Un.ation. lmp:rovernent in 

a::::'.:.:-acy c£ o'.:.:::- "'.issile may allow non-nuclear warheads (e. g., pellets). 

Ii :hese problens could be overco:ne, it is likely (although by no means 
ce:-tc::..ir~) t~c..t c. ZEUS-type syster:-1 could effectively defencl the pt.ysical plant 
oi citie:s c_nd key facilities. It should be emphasized that :fo:r protection of 

-=~-e u:-bc..n popcia~ion, 2 combination of active defense and fallout shelters are 
re-::1.:.:..::-eci, since the e:1emy can impact bursts beyond the range of the terminal 
C.e:·e::se. systew a..nci let the resultant fallout ·oe lethal to ~he population. 

Fo!' protection of our o~n missiles, studies show that such measures 
a.= ·.:2...::-de!"".il'!£,J ::-::1obility, and :::-edund.e-"'lcy are mo:-e economical tha.~ ZEUS 
ci E ·:lc :,rT:1 e:lt. 

lJeccys wol.:ld p::-obably be sigr.:.ifica:1tly less ser-ious for a te:-minal 
Ce:e,_: :; sys::e.~ t!:e:.t is hc:_r6eneC itself and des.igr-!ed to defend only ha:-ci targetss 
i.e. J O':"le ~1--~t cc..!"l tolerate a close:- a?p:ro2.ch by an e:-Iemy traget ·oefo:-e :making. 
a decis-io:1 to att2.ck. l\1.o:-e time is given fo:::- the atmospheric cliscrimi:1ation 
p:-oble:-:;., a.~d, the time o:f flight of Ol1!' missiles being much s.horter, the fire­
po-v;e.:: ;_i!T'.itatior. is much less severe. St:ch a system (know-n as "hc..rd.point 
Ce:e::.sc 11 i shows mo:re oro~se thc.n most. CLTld ~ght be ve:rv desirable for the . - . . 
p:c-tE c:~o:::. o: harder:eC. ccrnrrJ.a!'ld posts·. A-!ore :-:1ust be know~ conce:rnir-g the 
fee· .:i0:.li:y c,: 6eep·p€:1e~::a:ic:l decoyE be!ore ar.. iccu:-ate assess:nt:!:lt of ha:-d 

Deplo)rme:1t oi a ZEUS-type ~ystem rr..ig!:t be significantly :mo:re attractive • 
:o :1.:=. Soviets than to 7he U. S., sine~ presumably a pre-emptive stride is not 
:-uled c ·.:.!. ioz- them. Such a syste~ ;:-right be ve!'y ef:ective against the diso:rgan.i­
zeC. ::--e.r:~ncnt of ou:.- ICB) .. 1 :force. _4J.so, it rnigh: provide effective defer..se against 
o-c:~ :;::·QL.L,.r~!S =issiles. 
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C . . . . 
c::~ :~e:- :.:::g ~~~e p:-e se:::.: 

. . -. . . . ~. 

:::.:..:c::-:..::-~:..::.e:..::.c.::-. ~::c: ::.:repo"''e:- .. 
s~t-..:.c.:io:n ..... :i:~ :-esvec: :o 6ecoy 6e£ig:-.! 

ne:~e:- ZE:~S :-.o::- ~::y o::'1e:- EO£~:::- p::cposeC. 
6e:e::.:ive sys~e:-:-:: {or co:-r.:oinatio:: oi sys:e:-ns:· E~'"louiC. ·:)e ·o:::-oc.C..!.y cieployeci i!: 
.· .. ,. ·~c·.-...c.. ~·-::-· ;- ...... -o"·:c· ·"c.. e"'e--'ve "c- ··--e--o~""'--:;""- o' c~--- ··-·f""\-- '!"'\o,...,,-.·,- .. :o~-~--t •• •.-''- -•-• -• ..... -''- ,._J. ._... • • L.., •• '-'• .~;.._ •• ~,.; .............. _,c.,.~ ,:-' ....... c. .. .L •• 

c.~z.::-.~: c.. 6e:e:-:--:·.~:-.eC l:S.5.?. c..::2.ck. 3u: ~= v.•e :;.:.::-:: tc :=."":e ?Oss~:~:.li:ieE oi 
:~:·.:.c..-i.~.:-:-.s c~e::- ::.a:: ::'1e c..l1-::u:. r:-~c..ssi·\·e c..::.ac.-:. c:: :he u. 5. ·uy ~:ne USSR, 
:1-.e:--. c. :7'l\:G-; ·l:let:e:r cc..se car. be :-:-.c..6e ic::- 6eployr:-.~.e~: oi c. ZL:US-type system. 
S:;;ec:.::cc..lly: Cep1oyme:-.. t of Z:SUS r::ig!'l: p::-ovicie: 

.i. .J...::~ e£iective deiense c..ga~~st s'..!Drr.a:i.:-le-1aunc:"le6 ~issiles: 
a.t~c..~ks Dy lesser powe::s, or accicienta.l or limited attacks 
by major powers. 

2. P..:n L""l:ang ibl e but r ec..l contr ib"G..:ion ~o mo:rale ana prestige. 

3, Useful expe:-ience if it shou-ld late::: prove possible to develop 
6eiense systems t...~at are economicc:.lly competitive c..gainst 
major t:.~reats. 

4. Perhaps most importantly, ZEUS :night provide tile environment 
i..."'1 ,.vhich an arms co1:.trol agreement can become more acceptable, 
due to its capability aga.i.nst small r:l!...-nbe::-s oi clandestine w·eapons. 

ZEUS ca!l be deployed earlier (i.n about iou::: years) than any .other 
bc..l:istic ::-~issile defe::1se system, and muc!l earlier {by at least five years) than 
c.::y system not based on ter:ninal defense. 

T':.lr::L.J.g no-w· to systems other tha!:.. te:-minal cie.fense, they have L--nportant 
,· .. .=.c.-e-;c--1 -c>~--n--oes ( 11 ~..,_,e _ .... _c·~ ,·s <- ... .Lro- o,._.,. sho-e 11 11 th~ ICBM is then ..... _ - ~. .. c.. c. ~c. • .. c..: ...... ~ c. .. l.n. "' _c:. ... ).. ... ~ .__ - .. • -

::nos: v·..::.l:1e::-able 11
) but unfortunately are not feasi";:,le in our p:=-esent state oi 

teci-a:ology 6ue to simple tec!mica.l and financial co:rtsicierations. ln a boost 
Lnte::-cept•syste:n (:EL4...MBI), tens of thousands of our interceptors u'ould have to 
·:.e plc.ced ir~ orbit. P.-11 suggested systems \!Se i~irared homing; here the 
~ec}-..;-;ical problems are s~bstantially greater than those conirontL""lg .lvfiDAS . 
.D·eve1 op:nent oi ~ho:-t- bu=nir..g tL'7le ene::r:y :nis s i~e s might net:.trc..lize the syster.:. 
Tl-1e ~:1..-l·..:~l cost oi C?E::rc.ti.r..g t...."'..:!e system v:lo·l.ll6 r-.:r:& into billions a.:J.C. quite possibly 
:e:-.s ci ·::~1licr.s oi 6ollar s. The systern co1;l6 ·:>e s~~urated by la-..:L.~ch:ng la.rge 
nl.:.~'1·vers oi missiles from one area lonl·,· a relatively iew of ou!' i:r~tercepto:rs 
-.-..·o,.:1C ":>e ove:-he.ad at any orJ.e ti:ne). J: ... ll these co:J.side:rations make the v..·hole 

cc:;cept ex~= e:nely ciubious, 

:5 .. .6 .... }\131 is pres·~r.tly cor..fi:1ed to .a limited systems study and c. tech:-.. iques 
?=-cg::-::..:r~ p::-::~cipally designed to advance t!-le :rec;_ui::-ed i::fr.ared technology. 
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~. -~- -ec~,pc-:- tr. ---~,:;-co"-src. !..1C-=-l,.t. -,o c·-.e "'..:.s ''e~ c.··,..c-eo,ed ~-.-~ - -r- ~ .._ ......... ~..-. '- -- ---•.. -- .......... -'-.5: -· _,. _ _, 

~c~·.:.:~c::. :c ::..'"::e ?=-o-~}e:-:1 of O""·e:-cc~i=--.. ~ ·ve:-y s:::1:=-!e 1 iig~:"\veif1::, =-:o~c~~­
c::....-:-.~:-.c:~:e 6ecoy.s (e.g., bc.lloo::.~, "b!:-6 cages':). 

Sa:e~::~e.: cic· :10~ see:n to pose a:--; i....-:-'"::1eC.ia.te :n!.llta~y L. .. '"'!:-eat to the 
-:-;~:~e.-:. :::--· .... c. ~: ro- "'0 o-·~e- -ease .... ,.· .. ::~'"""" .. -... ~ ..... -...... IC-.:=:.'t. .!,.- ... :c.·""' c:- ,..·n - -........... - _.. .. c::. .. __ , ..... .r. .. .... ~...~.~ .. .. ... _,. ___ ........ c. .. ...:."e. .:..- .. \_ ,..._ _ _._.:. ___ e_ c::. .......,...ec...?e .. 

~r~C ~c:-e eii"ective wec.po:: to the e:le:-::ly & .. an Do:-::-.b-bea::L-:g sa:ellites. D·..1e 
to ::;e .;:.-.. -a~la'=il~:y of i:--.ic:-::-1ati:::} co:-.:.ce:-::-.. :...-:g ·c. S. i::s~c.llat:.o::.s 1 u.se ci 
:-ecc:-_:-.. a.issa.:-.. ce sateli.ites cioes no: seer:; p:-ofi:a."=:ile to the USS?... 1~eve:-tiieless: 

it is cc::siC.e:-eC: L-:1?0:-ta:nt that: 

1. \\:e knov;.· w·hat is going on, •'-''hicb. ;!nplies 2.:1 effect:ve surveillance 

Detection of objects L-1 space is cu:rrent1y bebg pe:do::-rned by the NORAD 
Space Detection and Tracking Syste= (S?A.DATS). The syste:':'l consists cf 
t~-o ::n~jo::- components. One, the P_ir .?o:rce S?ace T:rack System, is a facility 
fo:: ccmputir!g satellite ephemerides using data f:-orn a nw-nber of sensors 
locc.ted i:-~ variot~s pa.:rts of the wo:-ld. ·The oilier m~jo:r co:::nponen~ is the Na"-y 
SP.A.SUR system, _v.·hich consists of a nt:..."""nbe:- of l2.::-ge racia:-s in the scuthe:-n 
U::i~eci S:c.:es co::::..stitu.ting a 11ience. 11 It is :he pri.:.~e se~so:- :fc::- cietecti..'"'lg nev;r 
o·~jects in space. It leeds its ciata ir.to SPADATS. lt wi.ll s~ortly have a 
capa.8ility o:f detection t:p to 3000 nau.ticc..l r::1iles on s:nall satellites. 

Since S? .ASUR will be traffic -lL-nited when la:r ge nu..-nber s o£ satellites 
a:re in orbit, so::ne consideration is bebg given to building a large radar with 
a ".single-pas S 11 capa'bility of detecting and providing o:rbital cla.:a on each new 
satellite. 

T!:le ne~d ior a s-ca.ce su:rveili~nce ca:cab~li:v .... ~ta.s d.:ra.:-:1c..t~zeC bv the .. - , , 
ex c'-P-r-eT"-t V''\_l·ch p~ev- ~1ec.' a 'ew ......... o .... t";.,c: - oc ,.n ... :1 - nc.-T"-"""CP- 1 ~ satellite in ... L. ............ •.!'- ... - ~-- J. ... " ..... ___ c::.e ......:.L-.L-.:;. -L.-~·-c-

tbe sky w·as finc.lly idcr~tiiied as pa:-t o£ Discoverer V. 

0 
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MEASUREMENTS AND TECHNIQ~ES SUMMARY 

In addition to the la:-ge ha:-d""are programs and systems conce?t which 
have been described Ll the precedL~g sections of this paper, t.."t,.e:re is a 
variegated body of wo:-k going o::c. ir. the measurements and tec}.niques area 
which both ( 1) supports the hardwa:-e development programs such as ZEUS and 
MIDAS by p:-oviding new knowlecige on y;·hich to base system ciesig::c. (e.g., 
Project DAMP supports ZEUS; TP...3S:'ONE supports MIDAS), and (Z) looks to 
the ft:.tt.!::-1.! be;t'ond ~he existing hardwa:re developmer..ts and attempts tc provide 
t:"te technological knowledge on wllich :new syste:ns, ii they a::-e to cc:ne: l'r..ust 
be based. 

Most o:f t.."r,ese programs are centered in ARFA's Project DEFENDER, 
although the individual Services s:;:c:~so:- a few. 

I: is convenient to d.isti....~gl.!is:-. betw·een Measc.::-emer!ts a:1c Tec~r.iques. 
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~:.e ::-:.os: L.-:-.?o::-:ant T:""' .. ec.s-..::-e:-:::en:.s c.:-e: those :-:12.6e c.ga::-.st :::issiles 

::.~~ . .se.:·,:es c.s ::'1e:· :re-e~~e::-. ? ... aCe..:- a:::C. cp~~cc..l ?heno:-:-1e:-.c:. e:..re o·;)se:-veC c.::d 
~a:::- cc:-::-ela:eci ~-i~:h :heoreticc.l a.;-;6 lc.~c:-a:o::-y :-esea.:rcl:. 
~:c.:-.::. ::.::e ?!:ysical p:"le:::c:-:::.e:u~ .. 
o·~se::-·ve :~e 

:::-!oC:e.ls ~lso ca:-. ":>e '..!5 e6 to aCva.r ... t.age. 

!he :naJor p::-ogra:ns I:leas\:.:-i.ng re-e:nt::y p~enomena a::-e: 

l. Project DAMP (Do-w-n Ra.::1ge P~"J.ti-Missile Measurement 
P:rog:-a:r,) - UncontrolleC., full-scale re-entry e:>.."Pe:-irrlents 
u.s ing ta:- gets oi O??Ortl:....~ity in AlviR. 

2. Project ?.RESS (Pacific Ra::1ge :::lect:-omagnetic Signature 
Stucly) - Cor,t::-olleC fu.ll-scc.le ::-e-e!ltry and rnid-cou.rse 
experiments using ~1K.E-ZEUS target missiles in ?MR. 

3. Wallops Isla:c,d Re-ent:::-y Physics - Co:::-.:rolled model re~er.try 
experL."'":le::::ts at Wallops Island usbg Trailblazer missiles. 

4. Penetration Aids and MA .... "<.S (Mo'oile Atlar.tic Ra:::-.ge Station} 
?eneLrci.tion aiCs experhnents us i:1g R&D missiles in ..A~R. 

l.r'1 adci.itior. 1 the ZEUS p:-og:rc.m itself has c. grea~ deal of measu.:-ement 
wo=K on re-entry phenomena plar....~.'"led. both at ...A.}..{? .. a:ld Kwa..jalein . . 

With respect to launch phenomena,, here the prL"nary interest is the 
::1e.asureme1:t of the optical ar.d infra;reci radiation from the T.:'lissile, which 
is directly applicable to the WJ.lDAS a:::1d 3AM:SI p::-ograms. Project 
T~~...3STONE (Target anci Backg:ro~'"ld Sigr .. a.l-to-Noise Experiments) is one of 
~-.e ~ajc:- p::-og~ams in this iielC.. l...{issiles ~·ill ·oe obse::-ved i...'"! :beir lau.nc.L 
?!-.. as e. As. t..;e na:ne L-:nplies; rneasu.:.4 er.:1e:nts v:ill also be me:. de oi the back­
gz-o-..::1d raciic..tion from the earth and. clouds which makes the ta.:-get ¢.iificult 
to detect. 

There is also 2. conside:::-able effort in the !vi:IDAS prog:::-a= i:sel:f to 
. . 1' . 1 oc:.a.:..~ :r e laD e iz1.f:ra.=ed launch and ba.ckg::-ou_"'1d. data. 

§~wN 
1 l 
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TI::e a":>o,·e ~ee:.s·...:.:-e:-ner-~ts p:-og-:-a:n is s-..:::?c::-ted ':>y ~ :T!Ociest AR?i~. 

S?O::Fc:::- eC ?::-og-:-a:::. o:f theo:re:ical a!:!.G labo::-c.::::-y work. 

-:.c:::-.:.c;:ue::: 

Tl-le::-e :.sa g:-eat cieal of :-esec..::-ch 2.:-:.ci cievelopmer~t t:.at is relevant to 
ea:-ly ,l.·a:-:-.:.ir~t: c..:-:.6 J.._lCB}¥1: defense that is ":::>ei:-;g carrieC. fo:-v.~a:-d in cor~nec~ion 
,,_,i::r_ o:.""J e:- o':.j ec~ive s. This is pa :rti ct:.lar ly t:-·.:e, fox ex~:rr.;.ple, v.,;it.:'1 ::- e spe ct 
to :-aC.a:- tec:..::::oiogy. The discussion he:-e is la:-gely co:-Ji ... .-JeC to 'vork "vhich 
is st:p?o:-teC. ?=--incipal1y because of its applica.":Jili:y to L~e .PJCBM problem. 

V-tifr respect to ir1.frared and ot..~e:- op:ical :resea:-ch, iliere is a 
pressing need to cie.velop devices of greater sensitivity and techniques that 
will facilitate ::cesolu.tion of missiles hom spt:.:-ious sources. A considerable 
e:f:for~ i5 being S?Onsored: pri.r.:1arily by ARP.? .... Inirared is a promising 
co:-nplemen: to raci2.r, and :research and development in L~is are.::. needs 
vigorous Si.:p?ort. 

L"1 the radar area, there are special proble!'!ls posed Which are critical 
'io:r many AIC:DM systems and which will not be attacked b cor~'lection with 
other progra!:'ls. Radar has, of course, been more exploited than inirared, 
bu~ the:-e stnl see:ns to be ·possibilities fo::- significant improvements in 
capability. The phased a:-ray (elect:ronically scanned) radar seems to offer 
coDsicie:rable promise, both ior high power ana. hard_"1.ess: and is being 
adequately sc.pported. 

Research is urjder v..·ay with respect to several types of kEl mechC:!.nisms 
ior t:.se i:r.. AIC:DM ciefense, including nuclea:- effects, hypervelocity i."'lpact 
with small pa:r~icles, charged particle beams, and RF beams. Probably the 
hypervelo_fity impact work is the rnost promising area for work at this time. 
'!be:--e may be ve!'y real possibilities ior developing warheads based on this 
mechanisr:-: ba.t have significant advantages over nuclear v;rarheads. The 
c:-.~:: g~d ;:.a::tic1e a.Dd RF bea:ns \l.'Crk. must be ::-egarci.eci as very high risk, 
Gist.e:..:-.: payo:f~ types c:. research. 

T~e:-e is 2. :fairly substantial enor~ s-:::-eaci :_~roughot:..t the DOD on 
othe:: techr~iques t.!'.at rnight :,e applicable to P--ICB1v1 defe!1se. Exam?1es are 
R&D 0:1 LASERS, data processir~g, vehicle gu.ida:;ce anC propulsivr.! and fire 
co!" .. trol. 

It is believed that in general .A.ICBJ-~1 tec:-.~.-T'liqu.es v.'o:rk is g:oi:1g forward 
c t about tb e ::- igl"lt level cons icier ing the pro-ole:n s a.nd talents that exist. 

12 
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APPEJ\DIX 1 

EAH.L Y 'N ARJ'-'ING 



, I 
' 

:::;._:._:_:~T:C: ~,::£5:!.....::: ~ . .::-"'-:_·~· · .. ::.~3?'I:\G SYSTE:! ... 1 

{ =-· 1·~ . .:... •.• ::; j 

.:. ;:e 3c.l!:~tic ~\~issi1e :Sc.:-~y ·v,:c..:-~:.:lg Sys:e::-: {3~'~::::v.:s; co::sis.:s c: :::::-e~ 
~c..:-g.e :-c..6c..:- i:-;s~c.llc.t1oD.s :.:':! :~e ic..:- no:-:!.. Cesi&:Je~ :c C.erect IC3lv1s lc..-..:.=-che.:. 
::-c::-. ::~e ::SS?.. z.t :!-Je t.:S ove:- :!"le No:-::-. pol2.:- :-egio:-!S; 2.:16 to t:-ansr:lit C.:7. 

i:-::~eC..ic..:e ·.-:c..:-:-.i:-J.g to NO? ... ;._!) 2...n.:. SJ.. .. C. P. nc:::i:-.~.z.: !5 minutes v;.·c.:-!ling t:.:-:1e 
'-r::.~~ ·:,e :;::-c\-:6eC.: t:r:.e c.ctt:.c..l t:r:1es :-2.:;g::!g 

~::;6 :-i:-71c oi i"l"i·g::.:. 
c.":Jo-;,:,: 10 to 4-0 :-::inutes, 

\·--· ·-,.. , .. ·.· .. ;oc. ::-.. ·.o~ ... c:.. _,·:.. .. E •.: .... • -

v.:c:-k '=>egt;.r:. by ti::e P-i~ ?o:-ce: a!"lci its ?:-:r:1e con:ractor, ?..CP., irl'195·7. 
The ::"":.:-ee sites selected we:-e Thule; Greenl~Jd; C!ea:r, ..A ... laska; and 
P'ylingcic:.le£ 1 E:ngia.nci, The r~de:.rs are of two kinds: detectio!'! :radars cl tbe 
~:·oii!':>oc..:-C•• type: ve:-;t_ laree a..Tlcl powe:-iulJ capabie of cietec~ing ICB.M ~c.;:ka.ge 
-- ·'"-~u- hJ ---" -~-c'K'~c- -a-'·-c ,.,:-·~ p---hol'c -~•e-n·c ·-···'c" c=.~ c:. ..... v ~ c.....~-~ 1.- a. ~"'"o .o. uc:.-- v. "'- .. J.J • c:.. ... .::....... .:. ~ ...... 1. c:,._ v• •·• .~ 

a:-e CG.?e:.Cle oi iollov.~ing the !-::Liss:le in its iligb~. Tbe latte:: :radar ca."1 also be 
sca"ned in sue!> a "''ay as to p::-ovide. a detectior, capability oi abou-

?resent configurations pla!"! ..... ,ed for the three sites are: 

Thule: 

Clear: 

4 detectio" raC.a::-s covering a ~o~al oi 160 deg::-ees m 
c..zir:Ju.th, al:reaciy ope::·c.t"io;-.. c.l (in December 1960); .... 
and one t:-acking rada:-, ope:rc:.:ion.c.l Decern·O·e.r. ·l"96L 

- This site ~~ill cover lc:u...T"Iches i:-c:n ~he ce:n:-ai 

portion of t!;e USS?\, leav"ing ::-,e US exposed to launch­
lngs i::-orr. Siberian anci ~u::-opea:-1 a::-eas. 

3 detection raC.ars cove:ru~.g a ~otai o:f 120 deg:-ees in 
azir:J.uth, operational September 1961; one t::acking 
:-c.Cc.:- authorized by OSD but not iu...T'lded {cost, approx­
imately $20 million). It will still be possible to 
attack the entire eastern hali of the ·us undetected, 
with 23 cieg:-ee ::-e-entry angles: provided on~y that 
t:"'le r::issiles a:-e fiJ·ed fro:-n weste:-~ Russ:a. 

?yli:1gdales: 3 t:-acking raC.ars covering, for detection: approx­
imately 90 degrees, operational about July 1963. 
V{he :n this instailation is co::1pleted, all ?o:-tio:1s 

o:f the USSR w' 11 c2_vered 
jectories 



:=.e:c..:-·.::2..:-C CC:-:"''--r::..::::c2..:~c::s i::-o~ t!-!e t!l:-ee sites·/:;c_ck to K:o::...;._::, c..:-.C s.i; ... c 
::ec=.Cc·.:c..:--;.e:-s r..:-e ·oe:.n~ n:.-o·,,...~6eC. ::: -ci.:ne :o :na~c.:-. :!le c..bove C:.G..tes. de 
w;;;t41~4 - . Dis?lays 2..re ·oe:.:2g 

?:"C'"\-!6eC. a: t .. Je hec.d~~c:.:-te:-s. 

~=-:":)e::::..i:t:.:-es t~:-o"Jg!-. ?Y 1961 to:z..l 2??::--ox:.rr~ately S900 :::illio::;.: exc::;;6-
:.~g C?e:-c..-=~c:-~.::...: cos:s: c..!Hi ~1---=o·~g!-. ?'Y 1-96~~ the last co::;.s::.--.:..c:io:r: yea:-: ·v..·::~ 

tc:.al c.~~ost Sl ·oillior... .A.ite:r this ti:ne: tl;e D?e=a:ing cost, i!1cluci.::.r..g ::::.l::a..::-y 

.;oe::-so::-,::Jei, woll ::-t:..."l c.bout S87 miliio~ e vea-... ... - •.. p :.- " .... 

few 
T:he detection 

:h~-.dred r::iles). 
radars C2.....Tl :f~r..i Sb q!1.ly cruC.e impact prediction (·with:.n a 

Much mo:re eccura.te p::-eC.ictio:: c2.n b.e pbta.inecl fro::: the 
t:-c.cki:-.g =~C.ars (~~~:t:~i:l c. fev . .r r:1.iles) bt:.t be::-e the t:-2.£:fic l:c..ndlir..g 2.b:lity is 
severely limited. 

The tracking :-ada:- at Thu.le, v.·ben used in the detection mode, will give 
pa::-<:ial cove::-age of the IC3M app::-oaches lc.te::- to be cove::-ed by the UK site. 
I: c2.n be :made to furnish back-up to th~ detec-:ion :radc..::-s, can be used to 
i6e=.tify selected ta:-gets v.'ith mo:re corB:cience, a."'lcl thus reduces the false 
al~rm :-c..te .. A tr2.cking :radar at Clea.r v.'ot:ld also decrease false alarms 
C-'1d inc!'ease user cor.Jidence. 

B1v{EV~1 S cc..n be jammed, eithei- i:rom airc::-a.it, into a lo~ elevation 
C-'lgle siCelobe: O!" from satellites, or by puttiiig chaf:f"i.n orbit. None of these 
al!e:-:r .. a.t5ves is ::-eally easy tc clc, C;;.c to the T::"..lltipl:icity oi ·:>earr:s 0:1 dl:ie:-ing 
i:-equencies, a.:1d c.t d.ifierer..t sites. Ii the e!le:ny c!!ose a.=:: all-o1.:.: jar.::!:'ling 
ac:io:: to mask his a:ta.ck 1 t!:is in its eli ·wot:ld provide early "''arl).ing. If he 
c.hose to jam us periodically, he rDust t2..ke ir1to accou...J.t the increaSed inter­
na:ior,a!. tension whicl?- would result, as well as ?Ossible cou...'1termeasu!'eS on 
ou~ pc:rt. 



• .:_:. c..~:-:--;os: :r:vz.:-!a.'~!y o::ci.::--s ""'J~e:-. '- cc::-:::>iex. sys~e:-:1 ~s ::::o.cie O":Je:-z.­

·;·.~·:.c..-~. sc:-::c ~::-o;;.';)les ~c:.Ye occu:-red \:.•:::: ::-es?ec: to tne c.a:c.. i:-o~ the :-::.--=.lt 
~::e.l ?a.:-::.c-..:.la.:-:y \;·:::-J ::-egc.::-:: to ic..lse ale..:-::-. :-a:~ef. T[jere is :10 :-ea.s~:: :o 
·:)t-.::e·:e :::a: :!:ese t:-o"...!b!es v.·!l! :1o.: be_sa::.si"ac:o:-!ly cve:-cor:;e. 

3:v~:=:v~·s cc:. ?e:-:::~?s be: c·~·e::-ilo·v:::, c..r::. ce:-~z.:nly c.voideC: ccm?le:e~y ·::.y 
:!C:=..}·.-~s. i~::-ed O\·e:- t~e P....:'"1ta:-c:ic ::-egior: 1 bo:!--. oi v.•h:icb wo·<llC deg:r2.cle t::e 

ecc-..:.:-c.cy c: :De e~e;-:;y's a . .ttack: ::-ech:.ce: !"-.. ~s ~c..ylcaci, g:-ec..t!y inc:-ease !--~is ::.:-:1e 
c: :':~~f:-::::: C..:H: €.X?OSe fli:-:: !O•t!le 

• 
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.HISSILZ DZ? :s2-:s:;:: _.:_:__'2M SYS T Z~1 
(:!v:IDP.S) 

!\U.D.r.s, \;·:-::c~ is under cievelc?:-nent b:-- :he .A .. i:- Fo::-ce, is a system of 
o:-·::.:::~g s~~e~:::es, eac~ equipped '''it!:: a~ i:--d:-a!"eC. se~sc::-y C.ev~ce desig:1ed to 
C.c.r.ec:l b~t :-.o-;. :::-ack 1 enemy ICBMs in ~heir l.at::Jcb phas~, ti"a1s increasing the 
r-.. crr~·;:,e::- of ::;:i.!lu:es oi e2.:-ly v..'a::-ning available ::-o:n BMEV1iS (10-40 minutes) by 
a.:-~ c..C.d.::ic:-.2.1 5 to 20 minutes. Alti1ough studies Cave been macie of world-wicie 
coverage: ::Ct p~ese~t syste:n unci.er 6esig~ is i::-.. tenC.ed only to ci.etect launchir_gs 
i::-<o:":1 t:"1e USS?<... To accomplis!: this; eight l\~DJ....S satellites .in carefully con­
t:-olleci ci::-c-..::.la::- p~la::- o:-bits "''ill be TequireC., !ou.r in each of two orthogonal 
?la.....~es a: 2000 ~. :n, al~itucie. (Serious cor..siC.e:-ation is being given to 12 
rc..:-.. do:nly S?acet satellites, 6 in each of two o:-t!-:togonal pla....Jes since \;rithout 
:::c:.:~on-kee?ing t!-:te ir.d.ividual satellites cc..!'l be ~~de more reliable.) 

Sir.ce MIDAS will have some appreciable f<clse alarm rate, it is conceived 
to nave i:s ::nain vaiue against mass raids. In this respect it is similar to 
BM:SWS. 

Tnree ground readout stations will be necessary, now planned for installa­
tion in Alaska, Greenland, a..-od the United Kingdom. Tile design of the system 
is such :hat there is a very high probability tha: at least one satellite will always 
be .. .,.:it!-lin line cf sight 6f both the ·lau....-,.ch site in R:1s sia arid at least one readout 
station. 

Data f:-o:r:: the :readot:t stations will be instantaneou.sly sent by com!nunica­
tion lines (BMEWS circu.i:s will be utilized) to a central computing and display 
cer::er loca.teci in the United States. 

The ATLAS booster will be used, along wit!> an AG:SNA second stage. 
The AGENA co>::ains the electronic payload; hence the AGENA itself is the 
}v:UDAS satel-lite. 

Two test lau...t·1ches have been made; the first failed to 2.chieve orbit; the 
seco:-~d achie\·ed o!'bit _end some irJ'ra!'ed d2..ta 'vere secu:-ed before telemetry 
ic.~led en tile £i::th pass. The r.ext la=ching is sche2uled for May 1961. 

The t·v>•o most important problem~ fc.cing l\UDl>.S are reliability and 
idrc.red detection capability. 

\Vi;:h respec;: to reliability, the design goal is one year avera~;e life· 
per s<ctellite. The present estimate of the life of ti::e next few R&D MIDAS 
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sa-cellites :s c . ."~c-.:.·~ 500 fo 1000 ho-..::-s (whic~ see:::s o:p:i:-r::st:c); hence 
::-e~ic..bil:ry r:-n.lst be i:rn?:roved by at leG.st G. :fc.cto::-- o{ te:::: to ::-eac:~ the design 
2C·C:.~. ;._::::o~fh :-~o~ :r:1possible, t:~is V-'il! ·::;le c.::::c~lt to 2cnieve. 

T:-:e :::-::a::..n D::-o'::>ler:: ~~ith :respect to i:--.irared pe::-forr:;.ar:ce is whether 
or no: :ie ta::-get c2..:::: be ciistinguisb.eC. iro~ t~e heat radiaticn co:r .. ing from 
the ear-c~ 2..:16 clo~,;.C.s. Va:ridus·pla.usible C..isc:-ir:"lination circuits have been 
i~cc::-?o:-2.teC: ir:tc t:'1e desigr! oi the inira:-eci :rece:Yer, but u:1til~c:_:re fest 
C.a ... - --""" ____ .. ,_.r.1e ··t"':;S ~-o'"-le ........ ~,1 ·D .• _...,.. -~ d ' · · -c:. ~..:- c: l·c:..:. ... c:. ....... , fp_ ... _ ~ ............... w..... e """-"-- eso .. ~e . ..-.. co!':1.prer.:ens:ve 
::;east:reme::.ts program has been pl~"1ned to exte:1ci o~ k-11ov:ledge in this 
c.rea, Some recen~ a.nalysis of backgl"01.L"'ld a.""ld target radiation has been 
e::cou.":r aging. 

..:..nerny spoofing 
seem improbable. 

:c.ctics are po.ssible (e. g., rockets with doped fuels), 

Since ~-~ID_A_S v.'ill O!lly be useful against mass raids, 
Eimi;.lz;_tio:n o:f one targe.t v;ould be of no ?a::-ticula..r beneHt to the enemy. 
Simulation of a I!1as s attack would inv.:.:.te our mass retaliation. 

T!-le system might become Operational in 1964 or 1965. No go-ahead 
for an ope:-ationa.1· syster:1 has been granted. 

R&:D expenC.itures throug!1 FY 1961 will total abo·~t 5190 million; 
5200 million is being requested in FY 1962; a.-,d it is estimated that a."'l 
c..Gditio:::al $290 million \¥ill be required to co~plete the R&D program, ,for 
a total of almost $700 million. This will pay fo::- a total of 24 R&:Dlaunch­
ir,gs t::-.rough 'calenda.r 1963. 

To attain an operational system will require approximately $500 
millio:o :nore; an:ouo.l operating costs will ra.-'1ge from $100 million to $400 
millior:, deoenC.in2: on the reliabilitv attained (the lower figL:re assumes an . - . 
average satellite life of one year). 

If world-v.:ide coverage is de~iredJ :for early warning a.gainst other 
c..:•eas (e. g. f C!!ina) and against submarine lacr1.cbed r:1issiles,- stud.ies have 
been :nacie showing t!:at 12 or more satellites v.•ill be req'..lired, anci 9 
adC:itional readout stations (12 total) scattered arotmd the world. The 
addit·~o!'.:.~l ir:vestment "'1.'ill be about $500 m:llion; a:1d additional c..n..'1.ual 
ope::-atiz-,g cost v.:ill ra.nge from abo01t $i00 to $300 million depend.ing on 
::-eliability. It shouid ne r,oted that the detection problems will be even more 
d~ff1c_ult for the submarine launched missiles; due to their lo\~er radiation 
and sl:orter burning time, and therefore a redesig:-1 of the inii·ared :-eceiver 
ls rect:ired. It is not certain that this redes:gn CG.-'1 be made effective. 

• • :.::..,..:;5f·•-:i...i:.~i.:H,;:f~·',..~-;~~·• ...... "ti' 
.• -



.:.~ ~s ?::-o:,~·ole that }v:ED~.!._S ce:..rJ be Cevelo?ed to the oo::Yt tnc.t it v..•ill 
be e;:iE.c::ve c..gai::s~ .·-".:..TLAS-ty?e :Tjssiles; v.--:-~e::""le::- o:; :10t ~t cc..:-~ De mo.cie 
eii'ec':1 \"e a.g2.~::s: ?olc..!'i s O!" }~1i:ll.lter:-.. 2:.-ty?e w:s sile s is ':)::-o.:Jler:::a:~cal. 

• 



Ove:--:he-:-iorizor: R.ad~:-s de?e::s; io-: ::.--~e:.::- O?e=-atio:: on the CC:ldi­
:::c::~ o: t::e lnosphere. They v.•ili neve:r pro\."iCe c. seli- scificient "'"·a:-:1ing 
Ey.5:e:::-. -"=:·.:.: C-..:::-:~g t!-le ti:-:1€ ionosphe::?ic cc::1d::io:1s pe::-:-:-_i: t:~ey v.·~ll ccn:cribl!te 
·w.£c.;:':.:l i:lio:-r::c..tion o::. !c..u.nchings· in the USS:t. I:-~ c..dditio::. to its cor:-obo:::-ative 
va.lue 2.5 c.. ~·2.:-r .. ing syste:r:-.. , Ove:--the-Hcrizo1: ? ... ada:-s rr~ay maJ\.e irn?or!.ar.t 
co:--.. :ri'ot:tio!"ls for i.n:ellige.n.Ce)purposes. 

'51-.(::S'NS operates ~t c. wavelength of 0. 7 meters. Eiectro:mc..gnetic 
:-aciiation s:Uorter than 10 meters is inirequently :refiected by the ionosphere 
a:..cl therefo:-e the trc.jectory of the waves does not bend to follow the cu.!"'va­
ta:-e of :ne ea.::t:~. T}'.is limits BME\VS r-aC.ars to line oi sight O.etection. 

To extend the range on the earth to distances beyond the horizon 
c.5e hc..s to be :rr..ade of the refl"ections by the ionosphere .. Research ~.,a 
cievelo?ment has been conducted in Over-the-Horizon or Ionospheric R.adc.rs 
wr.ic:-: ope:rate in the HF ba.:1d (wavelength of the order o:f tens oi meters). 

A system cot.:.ld be developed out of three different tech..."1.ique s which 
have been tested for the iast t"\vo ye2.rs. All f:u·ee tecl--.... "liques involve multiple 
bou.:ocing of the radar signal between the earth a.11d the F layer of the 
ionospheo-e (about 250 KM altitude). Q:r,e of the tech...>iques consists of 
o-e:lecting the signal at the missile and trail a.>d the ionosphe:re is used 
or.:y to bot:...TJce the signal. In the othe:o two techniques (grou..-,d-iorwao-d 
a!"ld ground-backward scatter) the detection is :1ot effected on the missile .. 
i:!: eli but on the djsttl!"'bance produced bv the :r...is sile in the F laver ·.~hich 

•• 6 , 

pe::--si::::s for mi:1utes and alters the rad.c.r sig:--~.al. 

Such a system will provide accurate time iniorma.tion on lau.TJchings 
200 to 300 seconds after launch at distc-."1ces as large as 4, 000 KM or more. 
T:-.e :probc.b"ility_ of a false alarm has not been measured but it is expected 
to be low e1:ougi1 to be useful.· The system Vi'iil de~ect long-time burning 
m~ss:.le..s (.P ... TL.P ... S-type) c .. Ild some sho!'t time b'..l:'ning missiles (MINUTEM .. A....l\T­
:;-p~.) but \~ . ..-hetbe::- O!" not a syste:-n capable of Cetecti:1g POL·P.:_::~ ... I? missiles 
v:::.ll be developed de?ends on the outcome o: e>:?eriments to ·~e co.r:-ied out 
6~::-i?g r~e !'!eXt few months . 

.P-"1 important Emitation of all the p=eSe!"!t tec:r.:.niques is that ~hey 
rec;t:.ire knowledge of the ·lau....,ching site in 2dvance. P.n urger:.t proble= for 
!'esea::c~ ~s to find out means to su.rvey an extensive area for possible 
t:::k:r .. o·~~n lc-.:..~ching sites. 



T!-~e r-:1o:re serioils l:r::itatior..s oi c.!i :::e p:-ese!1~ Ove:--the-Horizon 
.'"\c..cc..:rs c..:-e Cue to the ve:-y :fact that makes pos£i':>le the lo:!g :-ar..ge. This 
~ s- :~e t:se o: :":1e ioDospbe!'e. I! is ciou.·!J~:~l :::a: :be rade:.:r ca.I1 be useci fo:-
.__,..., .... c. .. · ...... -- p"l'::"' ·c ooc-: o{t"he ,, e.: e-·~:--I"T - ... · ..... e ··,._ --",..,~ ·, to "'·"''-'•-.. ..... ..;:.. •• ,:)'-' IC· L. , tO - 1.L1T:l uep .... ...;.,;. __ & O.J ;...;,~ geqcrc:._..., .. ; C!.U€ 

:...c.t·.:::-o..} ior.os;::·l-'J.e:ric C.:.stt:rbances {such c.s :-:-._c..g:1e~ic sto:-:ns and cli.:rnal 
\-c.:-ic..:io~s oi the :ionosphere). 'Vlith the e::ds:ing equipment :for ionospheric 
ex?ic::-atio!"'.: i: is ?Cssible to m2.ke 2.!'2 .c.ccu::'a~te ~.~~~te of the :reEability 
oi the radar cic..tc.. simultaneously with t:'!e gatheri~g ~f the launching 
i:-J"o::-r:::c..tio:-.:.. T~is v..•orks both ·wc.ys a:lci it iSo ther-efore possible to schedule 
:he lat.1.!1chi!::.g.s·fcr the ti:!'ne whe~ the raG.a:!:"S c..re ou.t of operation. 

T:nere is a. possibility of developing ionospheric radars operating 
at :ne. very low frequency band (wavelength of the order o£ 15 KM). These 
rada!"S woulc'. use the D layer of the Ionosphe::-e (75 KM altitude) which is 
mere stable t~2-"1 t~'"le F layer a...~d this v.'ould :nake the 
times v.~hen theE' layer is not useful, and vice versa. 
:oeeded before a...'"ly p::-edicticns are possible. 

radar operative at 
More research is 

Before a complete operational Over-t..-;.,e -Horizon Rada::- system 
shculd be de?loyed a tactical evaluation of its usefulness must be made. 

The cu::-rem level of research and development by ARPA and 
t':>e Sen·ices is considered to be approp;,iate in light of the p::-esent" state 
ci tec!mology and the need for specific tactica.l evaluation cited above. 
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APPENDIX 2 

ACTIVE DEFEKSE 



}'\~~{_::: zz,-__;s, ~~Ce:- clevelo?::nen: by 3el:. '!ele?::c:J.e La.bo!"c..tories fo!" the 
'CS }-_:-:ny: :.s ::~e o:-:.~y c.c:i-\.•e defer~se a:r~t:.-':.c:..2.Es::c mis~ile £ystem ·..::.n6e:::- hc.rd­
·v:c.:- e Ge .... ·elop:Y.e:-.: :.:":! the Un:ted States c:::- c..ll.:e;:: co..:ntries. Ove:::- 5900 rnil­
lio:l has "oeer: o~cgeted on the program t!--.. ::-o·.J.g'!: ?"'! 1961, G.....Tld the total G.evelop­
:::en: cost v.·:.l! c..p?:-oxi::1c:~e Sl.7 billie:-: thro~g:: FY 1965. 

T~e sy£te::-:: is a te:r-minc..l cie:fense sys:e!":"'. i:: which the i.:Jco:?.:.ii:g ta-:-gets 
are CetecteC a~6 tracked ·oy !"acic..r; the Z~US ~iss~le is launcheG 2.nd, by 
co!n.::na.nci guidc...:.""1ce, steered to an intercept ?c:.n:; ~~d its nuclear v..•a.rhead is 
6e:o::c..~eC. by g::-ou:-:~d co:n:na. . ..T1d.. .P .. spec:c.l rad.c;.r ?rovid.es some capabil-ity of 
d.i scrimina.tion be~·-..lleen wc.rheads and decoys. Each battery has a maximum 
::-a.nge of a.bot:.t 75-100 nautical miles a .. gainst lo·~-a..rrival r2.te targets; in an 
al1-o~t wass attack. iri v..rhich the enemy is a.ssr:...-ned to use multi?le v.•arheads 

o:-_ ~ecoys~ t_his _!'a.r;ge i~ r.api~ly ~egrad_eC, Cue to the necessity of holding :fire 
un~::.! atmosp.he!'lC GlSCrln:1nat1on 1S e:f!ected. 

Testi:1g of parts of ~he system, i.ncluC.ing Emited-rang~ missile iiringS 1 

~nas begun c.t \~ri:ite Sands Missile Range. Ft:tt:.:-e tests are scheduled at 
.!,.scension Island, where a Target Track Ra.da:r will observe Atlantic Missile 
Rc;.!lge ICEl\1 re-entries; Pt. Mugu, where the ZEUS missile '-'-'ill be tested 
to ::.ts full range; a:1cl Kwajele~n Isla.nd in the Pacific. The latter location 
'\':~!1 have a cc!Tlplete ZEUS system, and c.ctt.:al i::1~ercepts v..rill be flo'\.\·n 
agz.inst !C3h-1s fired f:-cm Vc.ndenberg. These :firings 2.!'e scheduled to begin 
about januc,ry 1962. The~e are sor:>e :rece,-:: i::cdications ~hat this program 
r:;.ay slip c..bout. si~ r:r.onths. 

I: is beheved that the Kwajelein tests~ i:n c..dd.ition to influencing the 
6esigr; of t!-le ZEUS s_ystem itself: will also p!'ovide invaluable data for our 
O\:;.•n ?enet.ration aids .orogram. - .. ~ --

Ji 2. decision to deploy ZEUS is made, the fi::st batte:-ies can become opera­
tH.·i~:ai -:.:-~ c..Oot:.I fo:..::- yea:-s~ P~p?:rox.i:r:1ate tot2..l cvs:s of v2.rying levels of 
de?1oy:ner;.: a:re: ~batter-ies: 51.2 billio:-l; 12 bc;.~teries, _$2. 3 billion; 30 
·o~:te:des, s.;. 3 ::.illio::-~; 2.:1d 70 bc:~:e::-:esl $8 b:.:hc:-2. 

The r:1ost impo!'tC.nt Emitat!o;J. oi ZEUS is t=:at its fire po,ver will 
~=-obc.':.ly no: be.able ta hanC.le the ~l..!.~be:r of si!1Y..:lt2-11eO\..!S targetS'\A:hich ca.""1 
:reasonably be ex?ected b 2.::"1 all-out war witn f::e USSR. Such targets may 
b~ mult"iule wa:rbeads O!' ;;:. combination oi v.•a::-hea6s and souhisticated decoys. - . . 
(.t: ... s:-.c..:"Jdc.!"d tY;.-'o-bc.tte::-y con.figurc..tion ca..";. !:a..r.Gle six simultanecus targets 

~Pv~·o:.:::-:-:.ctely every 30 seconds, lL~til its rr..iss:.les are exb.austed.) Since the 
Z£1...75 :-a:::a::.-.s are relatively soft, one ene:ny wc..rhead exploded r!earby will 
des:rc.y the:-:1. 



.:.. ::e i~::- e'::'O\.:.'e :- lirr..i~~:io~ cc·ciC. be C.:-c.s:~ :.c ll y i~?:ro~,:eC if a c!lea;-, 
e.::-=-~:: ·.·e., :!o:-:- :::!.:: ea:: !":"'...: s £i~e co'.:!d be cievelope-C. Th~s wo"..llC pe:-r:-..i: 
:::c.:-:-\.eC :_~~:-cve:-::e::: i!1 the :-c.:io cf CCS!S :o ~!--.. e e:-.~.e~y c..nC. 'tO US for eact". 
I::~ I\·: ~e=:~o\"e:.. S-;~c.ies ir.. -:!-..is c.::-ec. c.:-e o~y :-:::o6e:ra-:ely enco....:::-c..ging. 

:>:.s ~=-~::li:-.a:io:-~ capability is be::-1g cies~g~ed i:-.. to ZEVS wl-'..ich :=-.. c.y "t>e 
e::::c::::.Ye a~C...:..:;.s~ lig:-:.:~v.;eig~.:~ Cecoys anC. "ta::· .. k i::agr:-.. e:1ts. 

,) 

J..:.~o::::e= i~?O:-ta::t co::.side::-atio:: c..pp~cc..:)le to any point cie:fense sys:er:1 
~:~~e z:=:::s :s :::a: c::y po?ul.a:ior:s ca::~.:1o-; ·ne ?::-c:eC:ed agc..:.:;.st mc..ss c.t:c.ck 
·..., .. ,..,.,..:... · ~, .... - ........... ·--~- ..... o··-- T"O--,·o- --o ... ---. o: : .. ·,~1 o··.• s·~e·, ... - ... - ,.,..,_l:,e ene~-- ;· .. •.\ ;::-..,.:.__~G.:::. ::::~co.-- v,·.o. .. :..~o .._~,. c:.. .-..-. .. c:.. .. ,;, }'• C-G---.. .;, ..,c...;.., _.,. ~• -l.-0.::-~. 1 --~ 

:-.=..~ :::e::-ely !.C eX?locie st:.~ia.ce b·1.1:-sts outsicie ':~£: rz.r;.ge oi tb.e ZEUS ·o2..t:e:-y 
a..::c. !:-.:e :-e.s-..:lta:n lallot.:.t \;:'ill be lethal against t:-.e population. 

z::::us can be expected to be quite eifec:ive against low rc.te-of-c.r::-ival 
:a.::-ge:s s1.:c!: as rr-...ight be lau.riched £rom enemy s~bma.:-ines, or from ener.1y 
c-::au::-::.es (e. g., Chi!la) having only ii:-st generation, unsop~sticateC ::-issiles. 
::!.: :r...igh.~ c.lso acicl ce::-:ain in!c:..:1gible b1.;.t real iac~ors to c:iv-:lian :r:-1orc.le: and 
t::"..J.s s:=engt!"len our international postu=e. 

O:le impo::-tant .... ;.-~yin which ZEUS migh!. help c~eate world stability 
is t:-..c.t, if c.::-ms li=itc.tion negotiations are su c c: s sful, ZEUS would be 
qui:e eiiective against a s:nall nu.mbe::- o:f clan.O.cs:.i...~e missiles. 

:han a~v co:n:>eting svstem, anci :':"lUCh , . , . 
ea.::-lie:- (at least five years) than 2.!1Y system not based on terminal defense. 

K~y p::-oblems c.s to ZEUS's e£::ectiveness .are the cieg::-ee to which its 
diE c:-ir.!"linatio:: .tecl-...r-iques 2gainst de cars ca!l be =r1ade ef!e cti ve:: and whether 
c:- not a:1 e:fective, cheap (non-z:uclea:-) ZEUS missile can be developed 
wb.ic~ will allow greatly inc:-eased fi-::-epower. 
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?:-oble:-:-::s of ta:::-ge: iC.e:-.. ::.:~ce:.~ic~ ~::a.: beset !\!KE- ZEUS. D..1ring 1960, 
:\A:el\.·e ?C.?e:=- iec.s:·::)ili:y s:uC.ie~ ~:ere co~dt!cteci 0::1 crit~ca.l elernen:s of the 
_L_? ... ?A'T co:1ce::.:. These stuciy :-est:..lts we::-e- sc.:£iciently p:rorr .. isin.g to warrar..t 
a :-:10~e ir::e::sive iec.s:ibility i::-.;es'!::iga~:ion cii..:::-:::g 'FY 1961" anci 1962. ....A..pproxi­
;:-~c..:~ cost o: t:-is prog::c:.:rn is SlO million thro'.:gh FY 1962. 

The ARPA'! concept is based o~, the assumption that moderately heavy 
decoys (20 ... 200 pot:nC.E} can be Duilt whic-~ ·will de:y discrimination, while 
ligh~ decoys (20 poc.r:.ds o= leE:) rnay not be disc::-irnir..able until they descend 
~o about 200, OOCI feet =-ltitude. To co".:n~e:- a tbea~ wit!:! mc:ny decoys, ARPAT 
wo-...1lci Qt;lay £i::al u;eapcr: com!T'..itrnent until ta:gets l-_ave ::-eached 150,000 -
200, 000 i'eet C.:.:i::.ode, and em?loy ir:te:rce,;:;:o:-s w!:-~ch ·.-;ot:.ld be su::iicien'::ly 
inexpe:-:.sive ~o jus::.:y c..ttacks en all u!1disc:-irr..i!1ated objects as a matte:r of 
do ct:-ine. 

To c:..cccn?lisr.. the la-:e ::r .. al co:-n..~tme::.:, c.lc.:rge nurnbe::- (50-500) oi 
sr.:-.all bte:rce?'::Ors wot:.ld be lof:ed to 100,000 feet altitude t:pon radar warning 
oi a:-. a-:tack upor.. the area defended. T!:lese s"-a!.l interceptors (50-75lbs.) 
w.o'.:J.d be assigned to undiscrirnir.;;ted targets by a specialized ground :rada:r, 
a:-.:d then p:-oceed. i:1depende~~1y by hcmi::g on iD.fre-red emitted by the aer_o­
C.ynarnically-heated re-e:-,t:::y bodies. Kill wot:ld be accoo?lished by hyper-

J:._RP .. 4...T, a termi-nal de£e~se s:y~ter.:1 Eke ZEUS; coc.lC not be used to 
Cei~!:d pop~~a:::c:1 against a £allcut 2.t~ack, and if deplo)red fo:- population defense, 
s.:-~ould be pa:-alleled ·by a :allout shelter program. 

Syste:-:1s embodying the ARPAT concept appear (on t!:le basis of the 
l~~::.ed· pc..pe:- :":·11dieE cc:-_d-....::.cted so :c.r) to be capable of defend.ir:.g localized 

Howevers 
i: T!:G.Y "t\ . .1::-r. ot:t :::s.t P_.-=i..?il.T wc·~ld be ir~~erer.:.tly ·v-;.:lr::erable to otne= types oi 
co·~~:~e:-:neasures. The FY 196!.-1962 p!'ogra::-. :--.. as been p1anne6 to Vt;ri:fy 
expe:-irnentc..lly t::e c::-::~ical new technology i::_v::;~vcd i:: the .A.J~.P .. l,_T concept as 
well as to estimate system cost, e£.fective~ess 1 a:-.d vul:1erability to enemy 
counre:-r::ec.sure s. 

· E t:-.:.s p!'og::-ar!: t"::.::-ns o·;;.t :2.vo::-abiy, a Cecisic.r~ rna.de !!1 1963 to cievelcp 
a.:-;d C.eplo:· _L_,r_{P • .;.T cc·.:ld be accom?lished by c.bot:: 1 ?70. Tie cost per city 
~t::e;~deC \'•:c~.llcl be c-:·:n-p=.rab!e to Z£US p~ojec:eC costs. It n:a.y also turn out 
:c- ~€ p_cs::ble to ir~teg:-cte .. A-P .. P.4..T a:-~d ZEUS c.:=.. cost :--Jo!. g:-e:s.:~ly exceeding, 
1:·-..:.: ·~·::h ei:ec::.veness l-_ighe:-, 



Deier:se o: :!:.e \}:::ted S:s.:es ::e:al.iato~:: f-:::ce {incl\.:C.:!:!g comman~ c..r1C 
c::>:-;.::-.::.1 ce~:e:-s; c.gc..i~st i.CDJ\1 at:ack can be c.ccc::-::?lisheci t:> some deg!"ee 
oy: co~cealme::.~, and active ciefe:1se. 

ii plat:sible case ca:::. be made to show ~!-.2.!. l:2.:-de:ll:1g pl1.:s active defense 
c:fe::s eco!J.o:r:-.tic c...nd ::eEabili~y c..C.·~-ar:.:c..ges eve::- :he other c.l::e:::-:1atives :fo:- some 
i~po:::-:a.r-.: e~e:n_en:s ci the UniteC States :-eta!..:a~c:::-y arse:-~al. This claim must 
De. :e~pe:redf ho'-'·eve:-, ~y ar_ c..pp:-eciatic=. c! !.ec:-:nological unce:rtainties wt-..iC:h 
p:-eve::: a posi:ive s:.a:eme::t a: this cia~e that c.c-;ive de£er.se o£ h2.rd points is 
:e-.chnicallv feasible at a level oi deployme::t V;,·:-.ic~ r:1.a.kes it econornica1ly 
a:-:.:.-active, 

r:a:-d poir:! defe:-.~e :s, beyc~d much q~eE'~io~, eas1er a~d less expensive 
tc accc:-:1;lis!--. thar: de:er:.ee o: soft areas:. Sit:.ce :he ta:-get i£ t_a:-d, ~he incoming 
:-:-.. i:s:.lc !T.ay Oe allcwed to come witb.i.:: about te:-~ :~c--..:.sand ieet o:f its ta:rget prior 
to i::te:- cep:ion. In ccr.sequer1;ce$ commitment a: the AICB M. weapon may be 
delayed until the ICBM is vv·ithin teri-to-twe:-.ty n-.iles of t!le target, rather than 

·the siX:r-to-o!'!.e hund:-ed miles minimum com=.:.-;:ne:J.t _:ra!lge for ZEUS, for 
e.>:2.mple. This resul::s in less expensive i:oterceJ=tc:-s and very likely reduces 
'!:he cost ci ott:e!' system eleoe:1ts as ·well. T~e ~ecoy p::--oblem is also 
ec..seC., as decoys to be e£fecti .. .re must be capable of su:rviv"ing the most rigorous 
:-e-en::-y p:-oblems v:_;ithout disclosing thei:- cha::-acte:-istics to observing !'adars, 
2.:-.d mu~t t2.ve been precisely deployed i:o ord~::- tc 2.ppear to impact within ten 
:!--.,cusa::C. :fee~ of t~e target. 

TC.e Ai:r Fo:-ce has :recently concluded eignt studies (six unfunded, two 
:u.nd·eC.., :fa:- a total c! $140, 000) of .the rnea~s of defendi::.g a h2.rdened ::-e~t:-icted 
a:-e2. agair.£t ballistic r.Ussile attack. The ~"lD Co::-poraticn and Bell 
T~lephone Labo!"E-to::-ies have also :recently cc::cluded simila:=- studies. These 
~:·;.C.ie~ ind:.cc..:e t::at :-easc::12..bly gcod defense o:£ s:na.ll sites hardened to about 
100 ;:.si can be bought at a ii-;..'"e-yea::- cost in t~e :range ct_te~-:.to-ii.tt.y l'":qillion 
'·,-·11 ·-c: ~"" ..... ~'i C, th ~:::;- '•pr ,,:..._·.._,,... ~-!-~~-"- --4"-~- -. -- .. c._. _c._ .... c ...... .!"'e .• c._n

0 
upo:1 e ... everL) ,_._ .... _e f>O .... ~..;. ... G.~ew. ~. .. _ ... ea ... 

\V~i.le it seer:-.s quite likely that a ha.:-d po:.::t defer...se system costing 
::.:.!t:.· m.:.llion per defe::deC si:e or sorne·v;rhat le$s col:.ld be bU.:.lt with the 
capa.~i~:O.ty cf ha-:1dli~g pe:-haps te~ decoy-s pe:- :r:ris si:e attack1 the Costs 
wc·:.lld rise almost l~:1ea:rly w-itt. increasii!g nu~be~s of re-er..t::-y decoys. 
As o! ::avo.· it is not k::.o"wn v;;hethe:- it is FOSS~ble to pe!"feC decoy·£ which weigh 
c ::~·A;te=-s o:f pou.~ds c:: less, 2.:4-d v;b..ich can s;,:=~~-:-,:e re-er:-::=y w·!:ile mc..tcl-ing 
~e~ur:1 or la!'ge wa:-heads i~ CEP z.z:C cl:c..ra..c:e:::-is:ics cbse:r\·able by radar. 
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::-.;.issi:e: w:-..icr.. seek ot:.t inco!':"ling rr..issile: ~ci c..re the:-efo!"e vt!l!lerable to 
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C.c....:-.. ge:-c·..::.~ o":>5ec:s ·..:..:o;.:ld have to !!y. Wa.rbead c..n6 ciecoy c.like would be 
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:-.. ~C. :-~o: c-cc·..!::-::-eC) a::1C tOe pellets oi t~e ba.:-:-c..ge sU..::icien::ly !le2.vy to ac=c:::?l:.s!: 
~~:.~. Co~side:-ing the u:1certair:ty oi ot:.:- ct:.:-:-ent k.nowlecige, the weigh: ci 
?~lle:s ::-eqU.:.::-ed. nay :-a:1ge i:ro:rn one rr.illion to o::e hu.nd:-ed rr~llion ?ou.:1ds per 
a::ack for each hard target defended. Systems o£ this kind have not yet been 
e):a~nec closely eno:.:.gh to determin:e their cost or susceptibility to spe.cific 
<:':'.:.~: e r:::le a sure s . 

. A . .:1ot::Oe:r significant unce::-tainty :relates to the feasibility of countering 
::>e e:'iec:s on defense sys<;;ems of la::ge, low-al-::itude, nuclear bursts; o:: 
c..l:e:-::.atively, the possibility o£ successfully c..ttacking with weapons which deny 
:::e possibility of the enemy's warheads detonating. 

The Penetration A...ids prog:-a:rn as well as the decoy discrimination 
resea::~h car::-ied on in Z:SUS a.."'ld D:SFZNDER will go a long way toward 
:-esclvi~g the unce:-tai::~ies in decoy C?-pa~ility. Resolving the questions rc..ised 
by possible nuclear detonations is not possible without testing; but theoretical 
"t·.:.dies based on -available data may furnish a useful degree o:f knowledge. 

The .. Air Force has estioated that would be required 
betwee:: the start o:f weapon s vstern developmen'!: Some research . -
::-~ !:.a:-d pCint defense technology is being conducted at present, and some of 
:::-,e sys:em Froblems are closely :related to those experienced in ZEUS and 
ARPAT. be::- easing the e:ffort on technology related to hard point defense 
(~specially wo:-k on high thrust, sho!-t-burr-J.ng time bterceptors) is desirable 
a: :;-..:. s ti=e. Some limited syste:r:1s wo:rk should be unde:rta.ken :o pin 6.ow'I: co,ts 
a:-.c prep<.re io:: possible wea?On srstern development. 



3ALL:STIC MISSILE: 3.005:- ::C:SRC:S?T 
(3Al\-L>o l) 

The 3AM3I ?:rcg::raTn iS cor..cerneci ..... :i:C ~;-.te:rcep: of ene:-!:.y ·oa.llist~c 
:1-~issiles during :he lau!Jcil or pre-burn oc..t ?C..:-: oi the tra.jec~c:-y or L; sor::J.e 
cases sho::-tly :he::-ea.fte:-. ~Lo_ca.tior. of E.A1v2I i::te!'cepto:rs on se:..tellites i:-1 
orbit seems :o be ~!!e only c..p?!"Oach o:fiering a~y promise of ::1akL~g possible 
inte:-cept dur~ng the s:~ort time period availc . ."::>le: 150-to-300 seconC:s Ot:.rning 
time :fo:r present IC31v~ desigr...s and eve!j less iC::r IRElvls ar;ci possible 
2.0\'2.nced ICBMs. Tl::.ose concepts conside::-ed so far differ in ciet2.il but all 
involve the placing a::td maintaining of large :lU..."'Tlbers (tens oi thousan.dsj of 
interceptors in orbi:, Those co~sidereG to date rely primarily on ir.:.fra!"ed 
radiation £rom the plur ... Je o~ the hostile missile for detection, tracking, and 
intercept and or. hypervelocity impact wio:h s:r.2.ll pellets fo:r kill oi the hostile 
missile. By ope:::-ati:ng in parts o£ the in£:ra:::-ed spectrmn where v.•ater anci/or 
carbon dioxide molecules are strongly abso:::bing these systems, like 
.lvliD.ASf use the ea:rth!s at::nosphe:re a.s· a. natu::-al filter so that there w·ill :lOt 

be a respo:1se to radiation e:inan<tti:1g from sot:rces on the earth 1 s surface. 
This also rr~eans J c£ cou~se, t!-!c.t the 3AJvGI systems ca!l cietect ballistic 
missiles on1y after th.ey have risen above tr·~e sensible atmosphere, c:; factor 
'\\'hicb cuts the total time available ior respc:--~se v.rell below the figures given 
above. 

One c:f the c.tt:::-actions of the B.ldv!3I-type concept is that it mC;.~f per­
rr.it attack v:hen- the ener~""l: ... · ;.~.r..issile is most V'..!l~erable: i.e., d·..1:rir..g tbe 
po·~ .. ~ere6 pa:r~ oi t:1c t:rajecr.ory. J. ... 1so, 6ecoy problems v..:il1 ';,e difie:--ent :.:.nd 
quite possibly easier to deal v..·i.th thar.. those w·it~ which terminal phase 
AIC:SM systens a::-e plagued . 

• 
3AM5I-type satellites 2.nd interce;:>tc:cs would be expected to burn up 

as thei:: o:-bit's decayed a:;.d.they re-en:ered :he earth!s dense atn'losphere. 
l\~ever!heleSS 1 the political accep~ability of sue~ systems V.'O\:ld. \!ncio:lbteci1y 
be c_:uestiO~ia.co1e. Pc..;ticulz.rly, an effecti".re 3·P.-M3I system v;;oulci intercept 
Soviet (c.n6 per}:c.ps c~her) space ~ligh: la-;.::-!c::.irlgs u...~1ess special pro-=.,-isions: 

inc1udir.~g prear.o..~""lO'~;ce:ment of Stlcb launc::.ings, were made to p:reclude inter­
cept. 

J\10reover, :he tec:tl!lical i'easibility oi the 5 .. .;.}vf3I-type CO!l;;eots l:..: 

deoendent on the soh.:-;:ic-n of a nu:-nbe:- oi criti~c..1 uroblems. The iniorn:a-;:ion - . 
0:2 i~£:r·a.red radiation fro:71 rr.:.issile plu.."":":!.es and :rom cloud to?s is very 
i!:adequate = but f:;er e e:-dsts the very real pes s !.~ility that dis crim!r.?_tio~ 
-~et·~ee!: :nis.si1es 2.::-:d clou6s) c..nd possibly c:he:r spurious ~ources such c..s 



decoys, !Clay be a proble:n requu:11og mt.!c:O. :-:10re sophisticated infrared 
2.:1ci data processing equi?ment than sor.~.e oi the preser...t concepts envisage .. 
It is clear that it will be very difficult to achie.ve reliability adequate to 
per::-ti: long term operation, and this. is absolutely essential. Even 'w'.'ith 
ope:-ating times of the order of a year, a:1.d even with a substantial reduction 
in costs of boosting rnass into orbit, a!'u1ual costs of maintaining a system 
that could exact a reasonable high attrition (say 75o/o-90'7o) against plausible 
enemy threats would ru.."1 into billions a::1d quite possibly tens of billions of 
dollars. Enemy countermeasures sueD. as pellet attack against the BAMBI 
system, development of ve:-y short burni::.g time enemy missiles, and 
really large scale synchronization of launch of ICBMs from a relatively 
small area may seriously degrade the system's effectiveness. 

To date, some. $3 million has been spent by ARPA on BAMBI con­
cepts. These concepts continue to be suiiiciently attractive so that they 
may merit further research. However, a development a:>d deployment 

?rogram would be grossly premature· at this time. 
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."'-n ICBM t:ravels fo::- l, 200 seconC.s o:r more in IT'.idcourse; i.e., 
between the end of boost anC. the begiD-ning of re-entry. This time may be 
compared to 200-300. s'econds sper:t". in ':Joost and 100 seconds or less between 
:re-entry and impact. 

The rnidcourse phase is particula:-iy attractive ir-om the point of view 
of de.fense ior a number of reasons, including: 

a. Time is not as critical as in boost or terminal phase 
systems~ 

b. Local saturation o£ the defense is avoided; 

c. The anti-missiles rn·ay be ground-based (as opposed to 
BAMBI systems); 

d. A second shot (via a te::-rr:inal system) is possible; 

e. P...ny nucle2.::- detonations woul.d occur outside of the 
ai:mosphe:-e. 

h:.._co-c.sequence very much. t!"!ought a::d hope has gone into midcour-se 
."...CBM systems. 

In midcourse) howeve:::-~ the decoy proble:n is m:..1cn more severe than 
in tl;e boost or terminal phases. Since missiles are in 11free fall" in mid­
cou!'se, the t:-ajectories of warl-:.eads a.TlC. warhead.-shaneci balloons o.re 

. . -
i:1disti:1guishable. Such" balloons (weighi~g about one pot!nd, and requiring 
only a few cubic i:1ches for sto\vage a:1d. ~au:1ch :necha:1ism) constitute a~ 
al::-1ost i::su:-mountable ?roblem fo:- r:-.:.idcocrse _AJ_C3M, as balloons can 
closeLy· rr..a-c~I:. :;he appearance oi war:":ea::s ~o raciar, visual, or the:::mally­
.se~s:.tive i.:-.st:-'-l::nt::nts. 

Consideration has been give:: ~o LO:tt::g large nuclec:.r we.a?ons to th~ 
·ric~nity of an incoming ta=get cloud to melt or deflect baEoons over- the lo:1g 
~ad·. !200 mile$ or r:1ore) that elerr..e::ts oi ;,::_ si:1gle IC3~-f ~awJ.ch r:1ay ea.sily 
::!!.. Th:s has Led to :he i~venti.on 0£ cti-.er ~i6ccu:-se decoys (io::- ex.:..::-:?le; 
1 'bird cages: 1

) which woulc! sc.r-...ri-...re a :--.uc~ea:- explosio:1. at a ra.r..ge of. ~en 
mi:.es or so; and would, to ra.ria:- at least, De indis::"'..r.:.gt:.ishable ::-or::t a ba~loo:"'... 



................ ~····~ 

}.·fany syste!Tl cor..figu::a.tio~s ha·;e been explored~ bt.!.t to date 3 sa.lie:1t 
features of all the systems ex;;.mined seem to be: 

2.. The systems are all sig~ificantly nore expensive than 
the enemy force t}!ey pur?ort to counterj 

b. The enemy---by an expense s.mall compared to the. cost Of 
his offensive force -- could add decoys and other features 
which would effectively counter the defense systems so 
far examined. 

c. The time it would take =enemy to accomplish these 
modifications is short compared to the time required 
to develop and deploy the defense system. 

For these reasons, midcou:-se • .oJCBM activities a:-e esse:1tially limited 
to ge:1e::al phenomenological research, with only a "keep alive" trickle of 
sys:er:1s- c:rienteci effort. 
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The:-e a:-e now a few :e~s oi 5a:ell:~es i:: ea!"th orbits. E a sig~ifi-· 

cant :1u:-nber of satellite programs a::;,ong t!:ose now being consicie:-ed is 

ca:-ried out, a. satellite populatioz'l o£ as !":!a:1y as 10, COO is possi.b~e, e;:::-:i -

:1-ot probable, in less tha..-1 ten years. F:-o:r:;. a milita:-y point of view; . 
r:12....:"1Y of the satellites placed in or"::lit by ~o:-eign powers :nay tl:=e:atel ou,.. 
security. Information about these satelE.:es ::1ust be made ava:la':;le to 
2..??=-o?:-iate wilitary co:nrna!'1Cs. I:1 c..dC.i::on, it is necessa:-y to kee:> 
::-ack of our ow:-.~. :-nilitary sateE:.tes. 

The space surv:eillance tnissio~ !S ::o-..v being performed by -c .. -:e 
NOR."'-D Space Detection and Tracking System. {SP .A..D.".TS). T!:lis system, 
U..'"lder operational control of CINCN03.P....;), co:-.sists oi two major com­
ponents. One, the Air Force Space Tra~k System, is a facility fo~ 
co:n:Juting satellite ephemerides· t:sir~:::- data £:-om a. nu...'"'!'lber of se:1so!"s 

... ... ::J 

' located in various ?arts of-the worlC.. T~e otner :najor cornpor..e::t of 
SP.A..DATS is the Navy SPASUR syste~. !tis ~he orir-ne sensor for 
detecting new objects in space. 

At present, SPADATS has ·,•ery li=iteC. ca;:>ability of its ow~ . 

• 
SP ASUR, a fixed beam CV/ S)'S~e~; is being upg:-aded so that the 

probability of 
The present sy stern 
trai:fic limited 
badly a radar 
st.:i£iciently accu.= 

1n :ts s1mples ... a:1d :no:=t ~ttract1ve rorm w11l become 
satellite incre.ases. SP."'-DATS needs 

ca?abi li t"f, a SP .A..SUP ... ty··pe sy ster.:-: ":>'"!co:=.e s r::o: e com?i-~x 2...."'ld alte =:1a-

tives to it rnus: be considered. 

In October 1960, the Air Force was requested by the Sec:::etary o! 
De£ ens e 11to submit a detailed cieve lopme:1: anci fc_"'lciing ?lan for i::1pr ove­
ment of t~e national space Surveillance syste:::. w!'lich ca=ries the. 
coordination of the Depa.rtl"!"lent of t:"'le A.r-::::1y 2-~d the Depart=e:lt of :~e 
' d .... · h ·" · • · · • .... T • c· · · · s· .. Navy: an Wu1C. \Vl_ ... sat1s1y t~e reqt.!::.:-e~e:l.ts o: t"'".e .;o:nt n!.ez.s ot ~.a:: 

az:d tllei:::· designated ope:-aticnal co .. ~~-:12-~cL" 7his pla-"1. is now i:! ?repa:-atic::. 
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It is felt to be desirabie ~hat a signiiica..."'lt increase in our space 
sur·.reill2.:1ce capabiEty be achieved, begi~nir..g immediately. It is 
estimated t:=:at a..> expe:tciiture of S30 r:-.C:Lon in FY 1962 is needed to make 
a v-igo=ous start toward im;Lroving SP-~..DJ. ... TS. The exact nature of the 
sensor has not yet been decided. A possibility being considered is a large 
electronically scanned radar. The use of such a radar would serve the 
dual purpose of providing a sensor for SPADATS and advancing the art 
for other applications (e. g., Ba!Estic Missile Defense). Alternatively, a 
more conventional radar may well serve the SPADATS purpose. It would 
take about five years and cost about $50 million to obtain an array radar. 
Additional expenses of SP.WATS could ma...'i<.e the five year total cost 
(including radar) approximately $80 million. A more conventional radar 
could be obtained in less than three years at a cost of about $20 million, 
for a five year total cost of approxi=ately $50 million. However, there 
will probably be no over-all saving to the D<:_partment of Defense since 
additional money in the latter case would undoubtedly be spent in another 
program (e. g., NIKE ZEUS) for an arrary radar. 

The cost of SPADATS and its predecessors through FY 1961 has 
been aoproximately $47 million. 



,) 
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ME.>\SUREMENTS & R~:D TECHJ\'IQUES 



DOWN -RAl'iGE A..c'{TI-MISSILZ MZ.-'-..SCREMENT PROGR.-'>.M 
(DAM?) 

DAMP is an ARPA sponso!"ed prog:rz.m wh:ch was started by the 
Army to make re-entry measurements on L."tBl\1's and ICBJ\1's in AMR. 
The principal measuring platform :s the ."'-.r:oerican Mariner, a Libe:::-ty­
type ship which has both radar and optical measuring devices on boa!"d. 
The DAMP prog!"am which includes the ship and supporting land facili­
ties has cost about $10 million duri...-1g FY 1'?61 and will cost about $8 
million in FY 1962, the difference oeir.g i...---nprovements to the technical 
equipment added during FY 1961. 

The DAMP ship has provided the only radar measurements we 
have on !"e-entering IRBM and ICB:!Yf nose cones. These data have been 
invaluable in verifying the theoretical and laboratory !"e-entry physics 
work. Although the DAMP ship does have limitations in both range of 
its rada:!:S and speed of the ship, its continued use is clearly indicated 
at least u..-,til in CY 1962 when the .!:vfARS ships are scheduled to become 
available. Data have not yet been obtained on !?uch wissiles as t~e 
MINUT El\LA.i'-1 nor on the decoys being developed U.."lder the Penetration 
Aids program. The NIKE-ZEUS target t:racking radar (TTR} on Ascen­
sion Island is now becorning available for re-entry :-:J.easurements !.n 
_.\JAR. This :-adar has greater capabilities than the !)_A...N1P ship :-ada:-, 
but is obvioasly not mobile and, therefo::-e, is rest::-icted to obse::-ving 
iirings ·wE.ich i...-::1pact in the Ascension a.:-ea. 

The continued use of the DAMP ship beyond CY l9o2 is doubtful 
in light of the expected availability of the two MA."-5 ships which will 
ha·ve sianiiicantlv 

0
areate:r caoability ar.d the initiation of the PR:SSS oro-" . . 

gram which will perm_it fullscale cont!"olleci re-entry experiments. 



?.ACI?IC Ct.Ac'JGZ ELECTRQ;,U,G:\ZTIC SIGNA:'GR.E STuDY 
(PR.o..SS) 

PRESS is an AR?."'- field e:<pe:-ime:-,tal program to investigate the_ 
physical effects ass6ciated with the flight oi ballistic missiles from mid­
cou:r-se through re-entry. The total cost of this prograr:-... over a four­
year ?e::iod, FY 1960 th=ough FY 1963, i~cluding equipment, i::stallation, 
and ope:: at ion is approxio-o-1ately S 100 million. The amour1t programmed in 
FY 1961 is $46 million and b FY 1962., 524 million. The facility is bei..:o.g 
located a~ Roi-Namur in the Kwajalei"- Atoll, and will be operational about 
june 1962. Some limited expe:: ime,.ts ar,d cbs e:-vations will be made 
seve:-al months prio::· to this date. 

The immediate objective of the research is to learn as much as 
possible about the physical interactior.s which take place in flight, expe­
ciaily during re-entry. The program has a lacer obje.::tive of determining 
whether ICBM bodies (re-entry vehicles. cecoys or other) intri.."'sically _ 
produce observable pl-:ysical effects from which their identity can be 
derived; hence, attempts will be made eventually to test specific discrhni­
:lation methods--in real thnet if possible. 

!he proxirnity of Roi-Namu:: to t~e NIKE-Z:2:US test inst_:a,llation on 
K"'ajalein Island will er-.able the ?:lESS experiments to use the 4'7 ATLAS 
taz-get m!:.:;si.les and co:nmunications p::c'--ided by the ZEUS:.·progr-:.6. These 
missiles ·will be r::on~:-olled by the :-;IKZ-ZEUS system calibration a~d. 
demonstrati(;n requi:-ements. T:1.ey will se::ve :T'!ar..y of the needs of the 
FRESS oroaram. but it is expected t:~at a iew ,-nissiles with special pavlcacs 

• .:;:J ' ~ 

for PRESS will be requ.ired. 

AA_t the prese!lt time, the r-aGa::- ins:rurnentation ?rog:-ammed for 
-oR~rs · h TR 'D"'X • ' ., .• ,~ · T "' ') ' b -"'".:. ..t....,:, 1st .e ... A ~..~. 1..WO-rrequ.en:..:y tU.r...:..t and. -.J-..oan.a raaar eL."""lg 
built by RCA. It is schedded for emplace,-nent on Roi-N?..mu::- b late 
, ,J ... , 
...:..,01. 

.Na~:.lr 

r::er....ts. 

Th:-ee ai=craft bas~d on .S::..i"".o.:-etok anci grour.ci. installations on ~o!.­
and Kwa.jalei:l will be u.sed to :-:--~ake optical and infrc.red rnea3u::-e-

Lincoln Laooratcry has See:::l selected to u::dertak_, the scie::~tific 
di::ection of ?R.ESS. Lincoln Labo::ato:ry also conducts the Viallops Island 
:nodel experi.r:"1e:1tS wh!.ch will pe!"cit .::lo::e co:-':'ela~lor: oi.t.=:e moCel2.:1C. 

£ulls cale ex?eriments. 



Project PRESS will be the only ?rogra;n of controlled fullscale 
research experiments cond.ucteci C.ov.~::ra:1ge with scie!ltiiic ?ersor....."'lel and 
cornputat~onal facilities with the measuring instruments. As such, it is 
the 'o:.eystone to there -entry physics and discrL-nination programs. The 
NI!<E-ZEUS equipment on Kwajalei.n will contribute to the research pro­
gram in a limited way, on a noninterference basis with the ZEUS prime 
objective, which is a system demonsaation. 



-~.-... 
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Lincol:1 Laboratory is conciucti..TJ.g a :re-entry physics progra::1. 
spo:-.sored by A.~PA with a major portior.. of its effort devoted to field 
experiments at Wallops Island using special re-entry vehicles, Trail­
blazer, C.esigned by :NASA. Labo::-atory and theoret:cal studies in 
support of the field measurements are carried on to establish a =odel 
for predicting the events to be observed i? the fi.eld and to analyze and 
interpret the results. The total cost oi the progra= through FY 1961 
has been $13 million and 54 milEon is projected for FY 1962. 

The Wallops Islar:d firbgs provice cont::-olled experL'"llents on 
special re-entry bodies of 5" and 15" diameter at ICBM re-entry 
velocities. The prhnary advantage and disadvantage of this program 
as compared to fullscale programs are similar to any model program, 
namely, inexpensive controlled experiments versus the difficulty oi 
scaling the model results. The program will provide valuable assistance 
in the design of the PR.ESS.experL"'"nents as well as permit additional 
model work to examL"le results obtained £:-om PRESS. 



T A..RGET A.:"iD BAC!'.:GROUND ScG:-\AL- TO-NOISE EX? ER IlvfE:\T S 
( 1' ~ "'S~O"'~) --·J.J l ~·.c... ., 

Project TABSTON:S is an ARPA program designed to prov1ae a 
detailed understanding of the opcical and IR phenome:1a associated with 
the launch phase and also the expected background conditions against 
which detection and t::-acking equipmeP..ts of launch type systems will 
have to operate. This program is just being started and is estimated 
to·cost $5.2 million the fi::-st year a:1C. $4 millioP.. the second year. The 
progra.m includes airborne and rocketborne measurements of targets 
and backg::-ounds and the necessary laboratory and theoretical research. 

Current system concepts such as BAMBI and weapon development 
progra.rns such as MIDAS are proceeding without a detailed t:..."'lderstanding 
of either the target or the background. Although the MIDAS system may 
work L."'l the narrow L'lfrared region for which it is designed, the program 
does not include investigation of alternatives. The BAMBI sytem conce_pts 
L"'lvolvi:1g kill du:-ing boost and not jus~ detection as i:1. MID ... A.S LT..pose much 
more stringent requirements orl data needed for the definition of targets 
and 'backgro~'"ld . 

.. .:\lthough T _-\3STONE will o21tc..i:.. L'1for::::ation vital to NHD.A,.S and 
:a .. .;.lviBI, its broad objective is to lea:-:1 about the launc~ phase oi r:1issiles. 
It is the first coordi...."lated prog!'am of r:1ea.su::-e~ents and analysis· in the 
lau.."'lch phase. It has been preceded ':;y the relatively u .. -,·-,coordi..."'la:ed Inter­
Service Radiation :Measurement Program (IRMP} which has been some­
thing oi a disappoU:tment. The cost of EUv1P 59-60 was approxirnately 
S•l 0 IT! illion . 
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PENETRATION AIDS 

AND MOBILE ATLANTIC RA . .c'\GE STATION (MARS) 

Although thisl program is part of our over -all development of 
offensive capability, it is covered he~e because it is so closely related 
to Ballistic Missile Defense. It is the existence of defense concepts 
and the substantial effort b A..ICBM t!J.at motivates and defines the 
Pene:ration Aids program. 

It is easy to duplicate a nose cone L"l all its observable cha::-ac­
teristics with a very light object as long as it is outside the atmosphere. 
It is also easy to duplicate the slow-down characteristics of a nose cone 
i.."l the atmosphere with a very light object to an uncornfo::-tably low (for 
the defense) altitude. It is not as easy to duplicate both slow-d0'-"'11 and 
signature characteristics. The Penetration Aids program is designed 
to produce from study and experiment the k."lowledge required to: 

1. Reduce the radar cross section of nose cones. This has 
the twofold effect of delaying detection of the nose cone 
by the de£ ens e, and maki..-:g easier the job of duplicatL"lg 
the signature of the nose cone. 

2. 

3. 

4. 

Produce lightweight decoys with re-entry characte::-istics 
indistinguishable from those of nose cones. 

Modify nose cones to contz-ol the observables in ways 
which confuse the defense. 

Produce i...~tegrated penet:-ation packages making use of 
decoys, electronic counte:-measures, multiple warheads, 
tank disposition, etc., v,:b.ere appropriate. 

Fiscal Year 1961 and p::-ior eiion on penetration <:.ids is $38 
~i.llion; ::-'! 1962 funding is 532 r::illic::. 

Closely associated with the Penet::-ation Aids program is the 
M_.;_qs program of mobile L'FJ.st:-u..-rnenta:ion. Two ships, eqUipped -....·1~:1. 

an a::-::-a y of sensors (r ada::-, L't, optical) will be pos iticne d so as to 
observe missiles equipped with va=iot:.s ?enetr2.tion aids. These obser­
vat ions will be used by tnose worki..-:.g on AICBM as well a·s fo:: pe:1e-
tr atio:1 aid development. ~V-.t:tS ships also s e:-ve to ?T oduce f!.r i:1g tables 
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for the missile designe!"s. The fu..T'l~ir.g fo~ the )...L.=._3_S s~ips is app:-.oxi­
ma:ely S50 million i:1 FY 1961 a:1d 530 :nillion in?':.' 1962. Al:::borne 
instru..-ne:1.tation \Vill also be provided: 

The Penetration Aids program :-,_as beer, slow starting. While it 
is the collective opinion of the scle:ltiiic commu.!1ity that the offense has 
a great potential advantage over the deiens e, complacency in the matter 
is not justified. A determined defe:1se would be highly effective against 
missiles employing no penetratio:1 aids. The }·_ir Force Penet:-ation 
Aids prog-ram must not be allowed to :~£e::: from budgetary restrictions. 



OBSERVATIONS OF SOVIET MISSILES 

All of the major programs discussed in dEetail in this section are 
ones b which we are oJ;>serving ou:- own and not Soviet missiles. From 
the longer te::-m researCh Viewpoint, this is not a serious handicap since 
we hope to 1.1.11.der stand the physical phenomena well enoug!l to predict 
e££ec:s for any type of re-entry vehicle. In ·fact, we must avoid the trap 
of designing a defense system which will normally take at least five years 
to develop and deploy, based on cbs ervations of Soviet missiles today. 

However, we have profited from the Soviet observations made in 
January and July 1960, both from intelligence and research aspects. 
These observations were !nade c.sing aircraft and inst:ru..--nentation diverted 
temporarily from observation programs in A.MR. A separate aircraft 
operated ':Jy the intelligence community U.""lder the Nar:cy Rae Program will 
be available after June 1961 f9r optical and infrared re-entry measure­
ments of Soviet missiles in the Kamchatka area. The potential value of 
these measurements is gr~at. In practice 1 we may get very little si:1ce 
the Soviets will have the capability of interfe:-ing with this aircraft operating 
about 100 miles from its territory. 

P~'lother prog::am to obtain radar re-emry measurements on Soviet 
missiles is being evaluafed at this time. 



:V!ISSILZ, SPACE AND UPP:::R AT.\mSPHZ:RIC PHYSICS RES:::ARCH 

In addition to the specific programs such as DAMP, PRESS, 
\Vallons Island ar:d TABSTONE, there are n=erous smaller nroorams . . " 
concerned with theoretical and laboratory work on missiles, space and 
atmospheric physics. Most of these programs are in the $300,000 to 
$600, 000 per year range. The total cost L"l FY 19 61 was approxL=ately 
S 10 million and the amount programm.ed for FY 1962 is approxi..=ately 
S 11 million. 

The primary purpose of these programs is to prov.ide a compre­
hensive theoretical imderstanding of the phenomena produced by r:'l.issiles 
and the envirorunent in which the missiles operate. There is some 
duplication among these prog:-ams and between these programs and the 
larger ones such as Wallops Island which also includes theoretical work. 
This duplication is justified at this tLrne L"l view of the present state of 
k.."lowlecige but should be expected to be reduced when the theoretical 
models of the phenotne!la become ::ceasonably well accepted by the scientists 
in the field. 

l~ .. s part o£ these p!"ograms, some scientiii~ tools are beir:g built 
whic!:. have application to basic resea:rch beyond 'ballistic missile defense 
resea::cch. One of these 1:ools is the 1000-ft. ··raciio telescope being con­
st:rUcted L·rl~Puerto Rico as the pri.~cipal instru..."Xler..t oi DODIRF (Depart­
r:le:lt of Defense Ionospheric Resear-ch E'acility). '!he cost of this 
facility through FY 1962 is estimated to be $6.8 million. 



R&D T :C:CE:'<IQv :O:S 

L-tira:-ed -Optical Research 

In addition to the effort prev~ously discussed to provide a better 
U..""lderstanding of the nature of the infra::-eC. and othe::: optical radiation 
from missiles, and the transmittance t::t::-ough the atmosphere, there are 
~erious problems, and great possibilities £Or improvement, in detection 
devices, and devices that will facili~ate C.isc::-imination of missiles from 
othe:- light sources such as su:1lit clov.C.s. 

The major possibilities for discriminating :,etween missiles and 
spurious sources probably are in the development of devices that: 

{a} can measure and compare t!te intensity of radiation 
from a source at two o·r mo:-e pa:-ts of the spectrum. 

{b) can make scan-to-scan correlation of i.nte:1sity and 
source positions. 

{c) have appropriate optics sci.t:C.at ,;ery- ~,.;,all fields of 
view can be· used. 

{d) have sufficient sensitivity. 

Work is being supported L"1 all t!:ese a.:J.d other areas 0:£ technolo~y. 
Devices v.·ith L.-nproved sensitivity at lor:ge= ~;..·avelength a=e important and 
are being ir:.vestiga.ted, particularly for detec:ion and t:-acking of aero­
dyna=~cally heated 'varheads {as distinc: £:-o:ot boos:e:-s}. For the :-e-ent:-y 
preble~, tech:1iques to deal .... vith multiple ~a:rgets are necessary and are 
being supported. The total suppo::t L.~ the TR-optical area for FY 1962 
ar::ounts to about $15 million. ConsiC.er~r,g tl:at the feasibility of ?v!IDAS 
and several ?reposed. _-\.ICBM syste!":ls is a.~solutely d.e?e!lcient or.. i:1£ra:-eci 
tee~~: logy, t!':is le..,.el of e.:fo:-t seer:1.s no~e too la:-ge. It is ?:::-obable :!J.a~ 

tec~'"l:.c_t:::s ca:1 be cieveloped ~;:it~L-: tl:e ::ex: :ew yea::s ~hat ·will :::-:ee~· r::..ost 
oi t:-:e de:-r.ancis of t~ese systew.z;, thct:.g:-: i:: r:.a:-:.y ins:c.~ces the levels oi 
sophistication r::;.ay be £ar hig~er ~ha!". was o:-:gi::ally t!:.oug!'l.t ~ecessa::y. 



H. ada r Techniques 

·~~lhile much o£ t~e general :rad2.:: tech.!lology is applicable to 
AlCBM problems, there are so::oe a:-eas tha: are bei:1g developed pror.o.arily 
because of the demanding requirements of ballistic missile detection and 
• f c.e_ens e. 

{a) 1 r.e :1eed for detection oi ta:-gets of relatively small cross 
s e ctio:1 {fractions of a square meter) at extreme :ranges (thousands of 
miles) h2.s m2.de necessary the development of high power com?onents a.:1d 
especiai..ly high power tubes. Fu:-ther ·..vcrk in this area is being suppo~teci 
2.:2ci is of great importance. Tfle proble:ns are likely to get much worse as 
the:-e now appear to be ve:-y real possibilities of developi:1g warheads with 
effective eros s sections of the order of a thousandth of a square meter. 

{b) Because of the very great speeds involved, 6e large anten1·1as 
needed, and the necessity to handle multiple tracks, electronic scanning 
techr1iques have great advantage eve:- techniques usee in the past. A great 
cleal of effort is lLT'lder v.tay to develop technology in this area. 

{c) The need to discrL-ninate between decoys and warheads has 
posed special p::-oblems fa:-. radars. Extr e:nely high :resolution has become 
especially ir::1.portant. Tb.is is true, of cou:-se, because of -che need to 
resolve t:-acks of separate objects, but also there is the hope that with 
sufficiently high resolution it may be possible to measure tne sizes. of 
:...:..cor::i:ig o-ojects. 

{d) E:3pecially fo:- C.e!ense o£ ha:-ciened :a:- gets I :rada:-s that ca~ 
withstand considerable over-pressure iror:1. a nuclea:- blast may be of great 
i~portance. T~e elect:ronically sca:L"'led phased array ty?e =adars offer 
hope oi reaching about .100 psi hardness. 

The 2.mot.:.nt funded io-r Fiscal Year 1962 £or- r-adar development that 
ca:::. ~e charged to the ... ~ICB!vf :-esea:-::~ is abo1.:t .530 million. Of this~ about 
~2.0 :::;.~:.lLon is bei:1o- soe:-.. t 0:1 d·:=veloo~:2g t~e ::ec!-_:·.'lolos:v £o::: elect::o::i..:ally 

~ ~ . - -'' . 
scz.:1neci :-aC.a:-s. ?viost of tbi3 last a:-:-_ot:.::!: i:5 sup?o::-ted "J.....'"lrier :;he Z.!:US ?rogrc.n-,. 

Li~ ... SZ.K Research 

VV'ithi..-rl the last yea::- the feasibili:y -:1 a:-1 optical :y?e ~ada:-, t~e 

L-_,_,~R. ·.~-as "ee~_. a'emo~s..;.-;-ec: -r-..._,~::::: -av 1...ave so:-nc. vp.-~1• ':J-P'=:r a,...;va~ta~es v- ".J "" -- ·- ..... -~ • .!. •• -- ·-- • ... • ..... _... ,:,- ._,_w ...... --~ ,:) 

ov-e::- co:1ver:tional rada:-s; pa:-t!.cula:-l·.r 1 :::.e e~e:-gy can ~e cor~centrateci i..:1 aa 



. ' ,. 

The::-e .:.s~ 
L'"1cicie~~a.lly, a large::.- c.mou.:.;.t o£ resea:-ch in tr..is area bei:1g su?pc:-:eC. 
by co:-po::a'<; f=.ds .. 1 

Kill )...fe cha:1.iS-::1s a::.d \·"ulnerability 

~!~_ballistic missile nose co::e, ca-aable of st.:.:-vivi~g =e-e:-.::-y L"'lto 
:."'"le a::-:1·::-JS?!:e:-e, is a ve.=y difiic·..:.i.t a·ojec: :o C.es~:-oy by r:1ea::s =-~;.;: 2.v::..i~­

a"o~e. T~e kill ':':'lecha.:l!sns ei.forr. :s ~·.rigorous resea:-ch p::.-og-::-a.::-~ to 
cie:fL"'le w.ore closely t:he kill capabilities oi the ::1.echanisms now :-elieC. on 
io:- C.estruction and to.ciiscove= tec~ni:;ues offering greate:-. e£ie_cti· .. ·e.::ess. 
The ·.rulnera.bility effort is concerned wit:""l s!.de e£fects, such as ra=io a::d 
raC:a= ir.terfe:rence o:- blackout-which ~ay accompany :~e employ:::ent 0£ 
~uclear '-vea?ons L-, ballistic missile C.e£e~se. 

(b) Feasibility studies of the use of cha:-ged pa:-ti:le bea:ns as a 
kill mechanism show 6a: many :;>robleos :1eed more cietailed st-.:.C.y, and 
se·veral c:-ltical expe::i::r~er..~s ·Nill be :-eqt:.i:ed to c~eck cur:-e:1t theories. 
P::osea- ......... is ·- ... c.~-- w-''/ .. ;_,or-..:; at -.-oci,·c;-~- ·,_:,_h e-,;.-- .. r la-~c cu--anr •\.- ,;, '-'•• ....:..... .. C:::.. G. c,,...._.,.,_\..1. :-• - •-~:;:o C:. ~.1..1.5 "'"-"-:; I .., ::;- .., ., ._,.1,. .' 

"ea~ ~r· Qle..-r-on- o.,. ---. .:. ..... _.., "'-c ~----=-.::•: ..... ::> -o',....=.a......,- f ... ·· ......... -.:. · ... ,~~·-- • ..... .. .... ...., . -- --- - ::~ - :--- .................. ~--·--~·"'.:a;.. .... ?·· .... :..-. ........ ;:)-·- oca ....... ~ .. a ........... "J'", oear:1 
su:-eaci!:1g a:1ci t.2.:-get da::1age. Theo=e~ic2.l and ex?e:-:_'ne::."ta.l work· is 
b~i..""lg co:ld'..:.cted ior a b.igh e:1.ergy plas::1a a·ccele:-ato:- which, L~ t..~eory, 
can provide a :' elativis~ic high cu.::-re:1~ beam. The p::obability of developing 
2.. feasible cha:ro--:!d oa:-ticle beam C.eie!"'..se syster:1 seems a: this ti...-::e to " . 
be ve-:v low. However, it Cas not vet been demonstrated to be i:1ieasi":>le ~ 

' ' 
The a:noc..."'lt of resea.=ch =~~ded fo~ ?isc:al Ye.a-: !962 i.s a~cut $2 ::1.:.llion, 
most of which will be spe:1' in com?leti::g a::d doing :::::~:cal expe=i:::-:.en~s 

0:1 C.evir:es !~at have been U....'"lde:- dev·e:loo:ne!'!t :fo:- sor:le !i::1e. 

- ' 



(c) Both experi.~ental a::d :::--..eor~=ticc.l st'..!dies a::e be~::g 
conducted to determine t...~e fea.sibi~::y oi -..:s:ng :nic:-ov.:ave elect::or:1ag~etic 
r-aC.ic..tion as a kill mecha:1ism. The ?=o.=pec~s fo;: a..:"! eiiect:\·e C.e£ense 

. - ~;::. . - d th. - ~ -;..., ; - - .=. - •• ,;:;. -- ' -0 - ~ -; ..... (j ...... - : -s; => ........ :-:1 oa::.e on .. 1::. ..... e~... . .~.an.=>T:l a ...... ~ ... u ... .::~ ... no mo ... ._ p .... om.:::..~-~ L.~c.:l .o .. 
the cha:-geci particle be2.!':'1. One of t~e rr.ost i:r..pc::-ta!'.t questions i:: eifi­

cient tra.r..sfe:r of energy from the bea::l to the target: Some •.;;ork in this 
area may be justified. Other areas -beir...g exami~ed ar~ propag::.tior! and 
br-ea..~dov-.ln effects, extre!Tl.ely high pov.-er micro~.•.:ave generatior.., ante:1:1as, 
and power sources. Much of the latte:- effort may be unwarra:J.ted at this 
time cansideri:1g the dim p:-ospects 2...:."'ld the c:-i.ticality of.. the cor..cept to 
~the sorution oi the ene:-gy t:-a..T],sfer ?roblem. Some of the ·"v6:rk. i: Q£ "ft.:.nda­
mental interest as physics a.:1.d should ?e::-haps be suppo:::-t.ed as S:.lch 
~ather than in connection with kill ~ec!-l~;.isms .. .:\bout $5 miliio!! is bei!"lg 
fu..'"1ded for Fiscal Year 1962 fo::- radio frequency kill work. 

(d) There are major disadva..""l~age_s to using nuclear warheads 
in AICBM defense; need to detonate at high altitude to avoid da.rr:age to 
one's own personnel and facilities, high cost w1--.ich may be prohibitive if 
one is forced to engage many cbjec~s (decoys as well as warheads), and 
nuclear and IR blackout effects (see belo·.v). For these reasons, kill 
techniques using high velocity solid rr..ate::-ial iz_npacts. has received 
increasing attention recently. HoWever, little is L"'1own about the relation­
ship of destructive effect to pellet size, veloci:y or com?osi:ion or about 
possible warhead de:st:-uctior.. mecha..-:.isms. For example, m'..lcl:. wore 
needs to be lea:-:1ed as to how small t=:'= C.amage to a nose cor..e ca..-, be d.J.'1.d 
still insure its destruction durir..g re-ent:-y. Eyper-relocity pellet \var­
head. ~ieveio?r::1ent is ?robably one oi. :::e :-nost- prvmisi::g leads £or radical 
improve::ne:1ts in . ..!UCB!vf capability; re:;ea:rc~ i.:: tl:is a.:.:-ea s:'"lo:.lld go 
forwa::-d wit!-1 high prio=:ty. jl_bout 55 :-nillio:1 is fu..~deG. for ?iscal ""[ea!" 
1962. 

(e) It is necessary to assu:r::e t:!:lo.t nuclear deto!'.atio:J.s will 
be signific2-..:.:t factors in a..T1y ballistic :-:1issile O'!' space C.eiense system, 
either in the vt:!-licle under attack or a:; ?art of the over-all de£er:..se 
system. The:-e are u..""lresolved proble:ris ::-egard:.!lg nt!Clea::- i::..teri'erence 
wi:h .:tF, IR and optical si.g~a.ls and eiiec:s 0n elec:::-o::ic <:O~?or..en.ts. 
The effects, .st:ch as !"aC..i.o or :-aC.ar Clackcut, cause.:i by ionization 
?rociu(:eci by h:.gh altitude :n.uclea= burs~s a=e bei.::g stud:.c~. Ir: acici.ition, 
damage ca...-, occur in electronic systems or compone~ts f:-o:h t:ra.nsiei~t 
:-aCiation ?Ulses emitfed by a nuclea:- ex?L6sion. Trar1sier:t radiation 
effects on elt::!C:ronics a~e r!Ot suificier:tl~,~ understood 2..:.~-:. exte::-_siv·e 
theo::-etical c..nd experi=nental resea!"'c~ is bei:1g conducted to p:-O\~cie 

definitive ir.ior :nat: on. 



Vel:.icles 

.~':>cu:: 513 :-:-..illio:;. is fc....-:C.eci io:= ?!.seal Year 1962 fo= :-esea:-ch 
on such problems as guidance, fire cor:t!"o:, propulsion for vehicles 
~hat might be usee! fpr AICBM or space ciefe!lse systems. Much of tile 
effort here is in the. :1a!:ure of parar:'.etric studies t!:at would suooort 
systems work on such concepts as BAN13I. Th~re is a limited amoun: 
of co:npone:1t develo?ment and test v.·ork ·involved. _A.. signi.iicant research 
and developmeut effort L~ these areas is desLrable. It should precede 
a:1d have higher priority than nucll of t!:e detailed systems work. 




