Zv oine enc ¢l TV 1961, we will have spent aporeximateiv S7. 4
zil crotailletic maicsile cefencse programs, including Si.) willion
Cnogeriv Warning: ihe amount currently nleznned for TV 1G4Z e speet
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in sziie ol tnese large amounts ol money, ihe prospect of dE‘\'eloping
2 rezllv elfective aciive ceiense of our urten population zgainst 2
mass atutack {rern the USSR ie dlezk, hze zlweavs be S0, &nc there
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ituztion will markedly im-
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< outlook deoes not erice because it ig impossible o
i our terminzl defense systems
gives vs z high confidence that low-rate-
it arises because of
rztion zids (cdecoys, low
ezde) to insure our
)

kit move by increaced firepower. E:1 :—_dd:::oz:, in the zbsence of fzil-
cut sneliers, it lies within the enemy's power ¢ zanihilzate our poou-
lation by izllour even if we succeeded in cdeveloping en eiiective termineal
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3 e do not need to
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€. IFinally, the technologicz] bzse cof knowledge, technigues znd
k the znti-ICEM program is providing mezy be exiremely
imperiant in 2 changed worlé situztion, The eifectiveness of our de-

“her in 2n arme control envircnment or ageainst
1

We mezy ziso ask, whzt vaiue have we received irom the mecnev

in eanti-ICEBEM progrzams?
= =

t, we have z much cleerer understand-

2, We nzve the Ballizstic Missile Zarly Warning System (BMIWS]
sertizlly operznional. When fully operational, it will contribute sig-
nilicently 1o our Geterrent posturs zgainst rmass ICBM rzids.
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3. We have the most promising active defense systern (MNIKZ-
N
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eremyv's planning, force nim 1o tne expenciture of effcrt
nc limit the camaeage ne can Go wWith & gwven leve: of
cire chence thar chengzes in tecnnology will provice
Le celense wirich should De comtined with our clfensive
Czrartility tc rmexirmize our military effechivenecss,

Z. Qur ceterrent posture
ine eariy warning provicec z¢ part ¢f the enii-AICBM program.
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ogrern exerie on ocur owrn offensive capa-
eterrent posture. Not cnly dose the anti-
t ¥ penetration zids program, but

losely zllied to the last reason is ine fact that ocur ballistic

ssile ¢efense program provices us with z knowledge of enemy capa-
= zt is possible and fezsible, for example, enzbied
onzble zssessment of the USSR 2nti-1CEM program.

of the effectiveness ci the ceie:
vires that we maintain 2 vigecrous efiort corre-

€. Timzlly, tnhe techno‘o"ical bzse cf knowledge, technigues and
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Ve mezy ziso ask, wnzt vaiue have we recelved irom the money
elrezay soent in enti-ICEBM programs?
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he: Comiinuing
) Totza! Sille s 25
Aciive Defense K
NIFEZ-ZZUS RDTLE €3 27¢€ £72
Crzer 18 < Cemiinuing
©31 2832
47 40 Continuing
S 28 Conzinuing
56 7<
Mezsurements & Technigues
Mezsurements 224 113 Contizuing
Techniques 02 5C Continuing
Total 316 163

GRAND TOTAL 52,417 $ 780

Fy

* Cperzticnzl cost excluded., After completion, this will run zbout $87 million

Fineally, the only operationzl system beizg deploved in the entire znti-

rez is BM I-WS Deplovment of ZEXUS, a1 lezst ior the present, was
gative by not including p“ocureme.-, funds in the Xennedy defense

t. In fhe me nt;me, developmenti c¢f ZETUS is being pushed at the maximum

fir

rzte. No zctive defense system other then ZZUS is even close to the deplovment
siage. The generzl measurement and tec“m_g_t.es eifort (primarily ARPA's

3
ENDER) is being supportec azdeguately,

The r i e} Byeky: - will congist of individuzl 2ssess-~
ments of the > ivisions of :nS-ICEM efiort: Ezrlv Warning;

Active Defens
end Technigue

znd Mezsurernents
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ZARLY WARNING SUMMARY
The earliest poesidie warning of the launching of ememmy Dzlilstic missiles
:f coviouvsiv cdesirable. The guestien of how much we zre willing tc pay ior &
- AJ
: CI mZDUTes;, OT ic Efiesn & greater geogrepxicil coverage

T
ol »oesiziz tzuncning ilocations, it de endent oz the number and type of cliensive
- o:n sides, and the concest zt 1o thelr use.

45 long as our Strategic Air Ceommendé consists primerily ¢f BE>3Z long-
range DomMDErs, oDviously early - The

s warning is of the greziest imporiance,
ot s 1c become eirbcrTne

[
&nLC €SCape CEeEsITuCIiOon; e-.ough, we trusy, 1o conSTituie an elieciive deterTent
¢ the enemy, Zui, furthermore, the wa:..-.ir.g coes not cormrmis ve itrevocadly
0 2 wer, £ince 1 ii tnhe circumstences cicizie, Thnese

he Dormbers can be recelie
5

0 .,
.-

o

cempelling rezsons led to the implementation of SMEWS,

5

Assuming ICRMs completely replace our bombers, the situation is
changed. Cur ICEMs cannot be launched :-_nd then reczlled., They must be
orotecied by hardening, dispersion, mobility Doctrine must
be developec a= tc how to employ them if we are zttacked ; ;
Rl U sy R R RITESTRY £ g Hence, ezrly warning
loses some of its value, It1is sull very desirzbie irom the sizndpoint of zlerting’
our civilien lezdership and military command., It may have z smezll value for
civil defense., It is from this standpoint that future develcpoments in ezxrly werning

chonicd be viewed,

gnd redundancv

The Deallistic Missile Ezrly Warting System (BMZWSE), zlreacy partially
operziional, can meke z significant contribution to our.present deter:en. posture.
It will consist, when completed, of three large radar instellations in the far
nerih to detect enemy missiles launched zcross the North po"a: regions towerd the
Urited Stzies. It has limizztions: low angle firings caen evade its bezm and it
canno: warn zgainst submearine-launched or 'long-way-round' missiles, Buii

loes have the zdvantage of being technically feasible; the first station &t Thule
is now operztional; and the complete three stztion system will probably give
eliable warning of the most likely mode of zttack: mass ICBM raids across the
rth pole~ regions, From 10 to 40 minuites wzrning will be provided, dependirg
oz lecation aad time of fight,

2

The Missile Defense Alerm Svstem {MIDAS) cznnot be deployecd beifore .
G465 zt the earliest and is thereicre subject to the considerations presented

[

heve,

nl




' 'oIm will consier of orditing rirzred sensores
desipmed 1o cetect USSR missiles crotlems miusi, &nc
Irobelly can, e overcome. We cility ¢f MIDAS to
digvingpuiceh true targets Irom other radiating otiecis such &£ cloucs; aad

grezr effort must De exdendec on relizbilitv (o as

£sccizred costs to De supportzble. It woulsd haes &
I to 20 minutes warning time and of being
. R .
[

[\!
U]

en acditienal
rincipke, of werld-wide coverage, including

irern which submerines can attack us. Whether the additional warning

ts cepiovmen:, justifies the large expenditures which

¢ 10 ™make the sysiemn operzticnzl should be given serious
tion., rernaps MIDAS might contribute to worlé stamlity if its out-

Q
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f
. n.
o
]
2]
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+1
{
]
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¢ z
puts were commaunicated o 2l nztions, znd it may prove to be z useful
intelligence tool, particularly in a situation involving zrms control.

Another technique which is being worked on is 'over-the-horizon-radar, "

in which radaers at z relztively low ireguency bounce their bezms oiff the
ionosphere and thus overcome the line-cf-sight lirmitations of the radar horizon.

Znemy missiles would be detected over Russia from radars based in friendly
countries, with relatively simple equipment. Its disadvantage is that it would
2e completely disrupted by natural ionospheric distixbznces. Research and
cevelopment is continuing primerily beczuse of the potentizl vseiulness of the
technigue for intelligence znd a5 z complement to other technicues for early

warning.

1 with the methodés which must be devised to
rovided, except to point out that the problem is
guestion of "whyv early wazrning?! We must be prepared,

ning providecd.
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ACTIVE DEZFZNSZ SUNMMARY

v sile or warhead in
fmg Tt e e T o A, T emasn - e men S =1 e ( - Z:--—YS\I
ite Dishtd can Te &ivicded into three cleasses: el nzl cdefense {e.g., ZZTUS),
miiceerse A1CZ M, and Doost intercent (the ICEM ig desiroved in its boos:
thase--e. 5., DAMDI., The first of these is by {zr the ‘most advanced and

A n present technology. Considering mzss Soviet attzcks,
W ceniral tecnnical probdlems of terminel defense systems zre (1) the

Gzzree tc winich decovs can be discriminatec and {2} whether or not cheap
enz eifective kili mechanisms czn be deveioped which will permit the fire-
oower oI ouT bazTreries to be greztly increzsed 2t comparable cost to the
rresent svsiem., DBoth of these situations are discouraging but not hopeless.
Usz of armospheric sortiang, and particularly the combination of optical and

orzte the problem of discrimination. Improvement in
e mey 2llow non-nuclear werheads (e. g., pellets),
oblems could be overcome, it is likely (a hough by no means
TUS-tvpe system could effectively defend the phvsical plant
acilities, It should be emphesized that for protectiorn of

cn, 2 combination of active defense znd fzllout shelters are
reguired, since the enemy czn impact bursts beyond the range of the terminal
de’esnse system znd let the resultant fallout be lethal to the population.

[N

For protection of our own missiles, studies show thzt such measures
a2z 2ardening, motility, znd recdundancy are more economicel than ZEUS

o iess serious for & terminzl
hardened itself znd designed o defend only hard targets;
o c

1 =

i.e., one that can tolerate & closer approzck by an enemy traget before making
z decision to attack., More time is given foz the atmospheric discrimination
preoblem, and, the time of flight ¢f our missiles being much shorter, the fire-
power lirmitetion is much less severe, Such a svstem (known as "hard point
celence'} shows more Drc::Lse'tl-c_n most, and might be very desirzble for the
prctection of herdened commeand posis, More must be known concerning the
fec sinility of ceep- v

pen ‘*—*'cn decovs befere an zZccurate essessment of hard
e

Deployment of & ZEUS-tvpe svstem mmight be significantly more attractive’
zo 1.2 Soviets than to the U, S., sincz presumably = pre-emptive siride is not
ded vvt for them. Such & systerm might be very effective agzinst the disorgani-

"
£

zed rersnzat of our ICBM f., ce. Also, it migh? provide effective defense against
our OLALFRIS missiles,




.

Cemsidering the present situatiion with respect to decov design,
ciscrirmimeticon znc Ilrepower, neither ZEZUS nor eny otner g fer preposed
celencive svetem {or combination of sysiems; shouid be prozdly deploved in
te nope tnzl it would be elfective for the proteciion of uiztion

o
S. by tne USSR,
ZZUS-tvpe system.

ihen & much DeIler CeSe Cen be Trmzae icr 06:310':"{:"18:'.'. 01 c
Speciliceliv, ceployment of ZZUS might provide:

i, 4= eifective defense zgzinst submearine-launched missiles,
aztizCks by lesser powers, or accidentzl or limited attacks

-

2. An intzngitle but rezl contribution to our morzie and prestige.

3. TUseful experience if it should lzter prove possible to develop
cefense svstems thzt zre econo :’.‘H.Cr.l].\ competitive against
mejor threats.

4, Perhaps most importantly, ZEUS might provide the environment
in which 2n arms cortrol agreement can become more accepiable,
due to its capability against smzll zumbers cf clandestine weapons.

ZEUS can be ceployed earlier (in about {our years) than any other
bailistic missi ‘=e defense system, and rnuch ezrlier (by at lezst five vears) than
zny svstem not bezsed on terminal defense.

Tursing now 10 sysiems other then terminal defense, they lizve important
inzoreticel advanteges (“the zttack is fzr from our shore.' ''the ICBM is then
most valnerable') but unfortunately are not feasible in our present state oi
techrology due to simple techniczl and {inancial considerztions. In a2 boost
interceptesystem: (BAMBI), tens of thousands of our interceptors would have to
ze plzced in orsit, All suggestied systems use infrared homing; here the
technicel problems are substantially greater than those conlronting MIDAS.
Development of short-burning time enemy missiles might neurrzlize the system.

ost of operating the system would run into billions anc guite possibly

Trne annvaEl ©
tens of tiliicns of dollars., The system coulc be szturated by leun hing large

s o missiles irom one area {only & relatively few of our intercepiors
ulc be cve*heac at a“y cne time). Al; these conciderztions make the whole
- .
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entlv confined to & limited svstems study and & techniques
' e ecuired infrared technology.
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Satellites ao not seem to pose an bmmediate military thre:z
Uritec Stzizs, if for nc o:he:' reasorn than that the ICEBM furricshes z chezper

enc more eilective wezpon ic the enemy tnan bomb-bearing saiellites. Due
s t

to e zveliaTility of infermaeticn concerning U, S, imstzliztions, use of
reconnzissance satelilies does not seem profizable to the USSR, Nevertheles

it ie cenceicered important that:

1. We know whzat is going on, which implies zn effeciive surveillance

Detection of objects in space is currently being perfcrmed by the NORAD
Space Detection end Tracking System (SPADATS). The system consists of
two mzjor componenis, One, the Air Force Space Track System, is a facility
for cemputing satellite epbenermes using datez {rom 2 number of sensors
loczted in verioues parts of the world., ‘The other mzjor compeonent is the Navy
SPASUR svstem, which consists of 2 number of laxge radars in the scuthern
Unitecd Sietes constituting a "{ence," it is the prime sernsor ior detecting new
o-jects in space. It feeds its data i..u o SPADATS, It will shortly have 2
cazpability of detection up to 3000 nauticel miles on smeall satellites,

Since SPASUR will be trafiic-limited when large num
are in crbii, some consideration is being given to building & large radar with
a "single-pass" capability of detecting and provicding orbitel dzte on each new

atellite.

ers of satellites

o

excitamernt ».rhlcn D
the s&q as finally i
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MEASUREMENTS AND TECHENIQUZE SL‘MMARV

B

In addition to the large hardware programs and sysiems concept which
hzve been described in the prececing sections of this paper, there is z
variegated body of work going on in the measurements and techniques area
which both (1} supports the hardwzre development programs such 2s 2EUS and
MIDAS by providing new knowledge oz which to base system design (e.g.
Project DAMP supports ZEUS; TASSTONE suppcrts MIDAS), and (r.) ;ooks to
the futur: beyond the existing har d\;-"-e developments and attempis te provide
ihe tecnnological knowledge on which new svstemns, if they are te come, musi

he bzsed,

Most of these programs are centered in ARFA's Project DEFEZNDER,
eglthough the individuzl Services spcnsor a few,

-

t is convenient to distinguish between Measturements znd Techricues,




c.::T.age .

—

Dncomrollec
:sing targets oi oppo

e
rtuni

Project PRESS (Pacif
Controlle

Wallops Is
experiment

I‘I

n Alds anéd MARS (

in zdditioxn,

WOrK on re-entry phenomena planned both at

bl

I '—1

in this fielg,

'tJ
oy
tn

(2]
1

l’_fﬂ

The mzjor programs mezsuring re-entTy phenomena are:

Y n AMDZE,

full.sczie re-entry experiment

ic Range Zlectromagnetic Signature
3 full-scale re-entry

entry Physics -

EUS progrem itself has z great dezl of measurement
and Kwezjzlein,

With re.tpect to lavunch phenomensz, here the primnary interest is the

of the optical and infrarec radiztion from the missile, which
ecle app"lcable to the MIDAS znd BAMBI programs.
(Tc.rze.. zn€ Background Sigrzl-to-Noise Experime

- 2nd mid-course
experiments wsing NIKE.ZEUS target rnlss:Lles ir PMR.

Controlled model re-en
lops Island vsing Treilblazer mlss:.les.

pile Atlantic Range Station)

experiments using R&D missiles in AMR.

AME

nts) ic one of
served in their lzunch

Missiles will De ob

the neme implies, mezasurements will 2lso be mazade cf the back-

iztion irom the ezrih and clouds which makes the target cifficult

considerable effort in the MIDAS program itself to
rared launch &zné background datea.
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TmEEELrements pro 1
ream of thecreticzl enc leboretery work,

reievant te
in connection

for example, with respect

discussion here is 1a:gel\; coniined to work which

s eppiicabilirty to the AICBEM problem,

'\'\Tith'reSpect to infrzred zad other opticel resezrch, there is a
pressing neec to develop devices of grezter sensitivity and technigues that
will faciliteie resolution of missiles from spurious sources, A considerable

eifort is being soonsored, primearily by ARPA. Infrared is z promising
complement to radar, and research and development in this arez needs
vigorous support.

In the radar zrea, there are specizl problems posed which are critical
systemns and which will not be attacked in comnneciion with

s. Radar has, of course, been more exploited than infrared,

seems to be possibilities for significant improvements in

. The phased array (electronically scanned) radar seems to offer

ble promise, both for high power and hardness, and is being

Research is under way with respect to several types of kill mechanisms
ior use in AICBEM defense, including nuclear effects, hypervelocity impact
with small pariicles, charged particle beams, and RF beams. Probably the
hypervelocity impact work is the most promising area for work at this time.
There mayv be very real possibilities for developing warheads based on this
nism that have significant advantages over nuclear warheads. The

rmechznism
charged pariicle end RF beams weork must be regarded as very high risk,
cistent pavoil tvpes ¢f research,.

There ie a2 feirly substantizl eifort spresd throughout the DOD on
other technigues that might be zpplicable to AICEM defense. Examples are
R&D on LASERS, cata processing, vehicle guidance and propulsion, and fire

0

It is believed that in generel AICBM technigues work 1s
zbout the right level considering the provlems
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lezr, Alaskz; and
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r redar
tion cazpability of zbou

Present conifigurations planned for the three sites zre:

Thule:

Clear:

Fviingdzales:

4 detection radzrs covering z total of 160 degrees in
=

zzirnuth, already operztionzl {in December 1960);
and one tracking rader, operationzl Decembexr 1961,
Thris site will cover la'.mcl-:es {rcm the centreal

£ &%

-

i
ings Iirom Siberian and ZTuropean areas.

3 detection racars covering & icizi of 120 degrees in
azimuth, operational September 1961; one tracking

s: detection radars of

I deteciing ICBM ienkag

rs with perebolic antennzs Wi
e

rzcar authorized by OSD but not funded {cost, approx-

imately 520 million). It will still be possible to
at:r—.ck the entire eastern half of the US undetected,

ith 23 degree re-entry angles, providec ornly that
the micsiies zre fired from western Russ:iz.

5 tracking radars covering, for detection, zpprox-
mate 0 degrees, operationzl about July 1963.

V~ e n nis instziletion is completed, all portions

of the USSK will be essen a‘lv cover ed for tra- . ,

jectories§y

onzractor, RCA, in' 1637,

=ion of the USSR, lezvingz tme US exposed 1o launch-



TLeETWErC comniunicaticns from the three
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telvy SC00 million, exciud-

onsiruction veer, will

c
€ cosi, including military

The detection radars can furrich only cruce impact prediction (within 2
few hundrec rmiles), Much more azccuraie precicrion can de obtained from the

tracking racars (within z few miles) but here the traffic rzndling 2bility ic

-

severely limited,

The trzcking rader zi Thule, when used in the detection mode, will give .
e

partizl ¢ IC3M zporoaches lzter to be covered by the UK site.
It can be

made to furnish bzck-up to the detection radzrs, cen be used to
electec targets with more coxnficdence, and thus recuces the fzlse
r zt Clear would ziso decrezse fzlse zlarms

BMEWS czn be jermmed, either irom aircraft, into z low elevazation
or from satellites, or by putting chaffin orbit. None of these
ziternatives is rezlly easy tc do, cue to the multiplicity of beams on Gilfering
' ies, ancd 2t cifferent sites. If the enemy chose &= zll-out jermming

is attack, this in itsel! would provide ezrly warning., If he
periodicaliy, he must izke into zccount the increzased inter-
nztionz!l iensi
our part.
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€ TIm rates., There is no rezss
celieve tnat these troubles will not be satisfzciorily cvercome,

EZMIWS cen perhzpe be cverilown, zni certzinly zvoided completely oy
ICDiie fired over the Antarciic regien, both of whick would degrade the
dccuiracy ef the enemy's zmack, reduce Ris tavicad, greatly :
¢l Iiignhi, znd expose nim io.tne cha i

= inet we might o
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MISSILE DITENST 2% ARN SYSTED
(MIDAS)

NIDAS, which is under develcoment by the Air Force, is a system of

iop ensory cdevice designed to
ceiect, but not trazck, enemy ICBMs in their izunch ph*sé, thue increasing the
number of minutes of eariy '
coverage, 1he present system under design is intencded only to cetect 1aunch1ngs
:':*orn the UESR., To zccomplish this, eight MIDAS seztellites in carefully con-
olar orbits will be reguired, four in ezch of two orthogonal
::lanes gt 2000 n.m, =zltituce. (Serious consicerztion is being given to 12

andomly spaced sztellites, 6 in each of two orthogonal planes since without
o t incdividuzl satellites czn be made more relizble.)
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Sirce MIDAS will have some zpprecizble lse alarm rate, it is conceived

t0 have 115 main vzlue zgainst mass raids, In this respect it is similar to
BMEWS. .

round readout stations will be necessary, now planned for instzlla-
, Creenland, and the United Kingdom. The design of the system
e is & very high probability that at least cne satellite will always
sight 6f both the lzunch site in Russia and at least one readout

g’i
tion
Detz from the readout stations will be instentaneously sent by communica-
tion lines {(BMEWS circ ": will be utilized) tc & central computing and display
cernzer locatecd in the United States.

The ATLAS booster will be used, aleng with an AGENA second stage.
The AGENA contzins the electronic payload; hence the AGENA itself is the
MiDAS sateldite.

Two test launches have been made; the first fziled to achieve orbit; the
second azchieved orbit znd some irnfrzred datz were secured before teiemetry
iziled on the fi‘th pzss, The next launching is scheculed for May 1961,

The two most important problems facing MIDAS are reliability and
infrzared detection capability.

With respect to reliability, the design gozl is one vear average life’
per satellite. The present estimazate of the life of the next few R&D MIDAS




tellites ie¢ zoout 500 to 1000 nour seerns optimistic); hence
.

iability must be 1mdroved by at 1eas zctor of ten to reach the design

) i
gCe:. ~itnouwgh not impossible; this will be ifficuelt to achieve,

‘re mazain problem with *esmect tc infrered performance is whether
by heat radiation coming from
the earth and clouds. Various plausible discrimination circuits have been
incerporzted inte the design of the infrzred receiver, bu: until.rmore fest
availab]e, this problem will be r_nresol'\:ed. A comprehehsive
™meéasuremenls program has beern planned to extend our knowledge in this
. Some recent analysis of background a_nd target radiztion has been

get can be distinguished from the he

nemy spoofing tactics zre possible (e.g., rockets with doped fuels),

y improbeble. Since MIDAS will only be usefuel zgainst mass raids,
ion of one izrget would be of no garticular benefit to the enemy.
on of a mass attack would invite our mass retzliation,
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might become operztional in 1964 or 1965, No go-ahead
£yster: nes been granted.

R&D expenditures through FY 1961 will total about $190 million;
5200 miliion is bei ng reguested in FY 1562; and it is estimzted that an
additional 5290 million will be recuired to complete the R&D program, for
2 tetel of 2lmost $700 million., This will pay fo= & totzl of 24 R&D lazunch-
ings through ‘caléndar 1963, ) A

To attzin an operational system will require approximately $500
n more; annual operating costs will range from $100 million to $400
depending on the relizbility attazined (the lower figure assumes an
average satellite life of one year).
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orld-wide coverage is desired, for early warning against other
} end against submarine lavnched missiles, stucdies have

T showing that 12 or rmore cztellites will be reqguired, ana ¢
itionz]l rezdout stations (12 totzl) scattered around the werld. The
' investment will be about $500 million, znd additionzl znnuzl
st will range from about $100 to $300 million depending on
relizbili y. It should be noted thet the detection problems will be even more

0 their lower rzdiation
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Cver-the-Horizorn Radars depeng for their operztion on the condi-
ver provicde & seli-suificient werning

€ ric cenditions permit they will contribute
ul information on lzunchings in the USSXR. 1In addition o its corroborative
™, Cver-the-Herizor Radars may meake importzant

P

SWMIWE cperates 2zt 2 wavelength of 0.7 meters., Ilectromagnetic
rter ikan 10 meters is infrequently réfiected by the ionosphere
enc therefore the trzjectory of the waves does not bend to follow the curva-

"

ture of ine ezrth, This limits BMEWS racars to line of sight cetection.

To extend the range on the earth to distances beyond the horizon
ce hzs to be rmade of the reflections by the ionosphere. Research and
evelopment hes been conducted in Over-the-Horizon or Ionospheric Radears
whnich operate in the HF band (W¢velengLn of the orcder oi tens of meters),

D N

A system could be developed out of three éifierent technigues which
hzve been tested for the last two years. All three techniQues involve multiple
bouncing of the radar signzl between the ezrth and the F layer of the
ionosphere (zbout 250 KM zltitude}. One of the technigues consists of
reflecting the signal at the missile and trail 2nd the ionosphere is used
crnly to bounce the signzl, In the other two techniques (ground-forwara

anc¢ ground-backward scatter) the detection is not e*‘fected on the missile,
itsel but on the disturbance produced by the missile in the I laver. wmch

persicsts for minutes enc alters the radar signel.

Such a system will provide zccurate time 1'nio*‘rna’cica'1 on launchings
20C to 300 seconds ziter launch at distznces as large zs £, 000 KM or more.
Tre probability of 2 false alzarm has not been measured but it is expected
to be low enough to be useful.” The system wiil detect long-time burning
micsiles (ATLAS-type) end some short time burning missiles (MINUTEMAN.
vpe) but whether or not 2 system capzble of cdetecting POL 'JA.‘RIS missiles
will be developed depends on the outcome of experiments to be carriec out
curing the next few months

An 4m ortant limitation of zll the present technigues is thzt they
require knowledge of the lzunching site in advance. An urgent problem for

research is to fznd cut means tc survey &n extensive zrea for possible
vnknown launching sités.




¢ more ser:ious limitations of z2ll tne present Over-the-Horizon

RzCars zre cue itc the very iact that makes peossible the long range. This
! tnat the rader can be used {or

0% tc 90% of the time depending on the gedgrashy due to

soneric disturbances {such as meagnetic storms and dinrnal

{ the
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ie the vse of the ionosphere, It is doubifial
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lonospnere). With the esxisting eguinment {or ionosoheric

expicration, it is pc=siblé to make an zccuze'te estitizate of the reliability
etz simultaneously with the gathering cf the launching

informaeation. This works both ways znd it is therefore poscible to schedule

ke launchin
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the time when the radars zre out of operation,

There is a possibility of developing ionospheric radars operating
low freguency band (wavelength of the order oi 15 KM)., These
s would use the D lzyer of the Ionosphere (75 KM zltitude) which is
moere stable then the F layer and this would mzke the radar operative at
s when the ¥ 1"VEI‘ is not useful, and vice versa. More research is
needed beiore zny predictions are possibie,

Beiore z complete operationzl Over-the -Horizon Radar systemn
sheould be deploved z tactical evaluation of its usefulness must be rade.

The current level of research and development by ARPA and
the Services is considered to be zppropriate in light of the present state
cf technology and the need for specific tactical evaluation cited above,




APPENDIX 2

ACTIVE DEFENSZ




NIXZ ZZUS, under cevelopmen: by Sell onene Leberztories {or the
U5 Army, is the oniy active celense an:.-.,f; missile gystem uncer hard-

vware cevelopmment in the United States or
2t Deen bucgetec on the program througl. Y 1961, znd the toiz
m™ent cost will aporoximaeate 51.7 billion through FY 1965,

The system is z terminel delense svstem in whick the incoming targets
are detecied zné tracked bv radar, the ZZUS migeile i1s leunched zngd, by
commaeand guidance, steered to an intercept poing; and its nuclear warhead is
detonzied by ground command. A specizl radzr provides some capability of
liscriminziion between warheads and decoys. Ezch battery has 2 rmaxirmnom
range of zbout 75-1C0 nauticzl miles agzainst low-arrival rate targets; in an

ll-out mass zttzck. in which the enemv is ascr:ned to use mmultiple warheads

is range is rapidly degraded, due to the necessity of holding fire
r scrimination is effected.

>
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o

Testing of parts of the system, inclucding lirmited-range missile firings,
nzs begun at White Sznds Miscile Range. Fupure tests zre schedulec at
Ascen=ior Isiand, where a Target Track Radar will observe Atlantic Missile
Pt. Mugu, where the ZEUS missile will be tested
to its ;L.l- range; anc Kwzjelein Islend in the Pacific The latter location
: tercepts will be flown
fired 1""0:'9. V c.ndenberg These firings zre scheduled to begin

ary 1962. There are some recent indications that this program
mey slip ebour six months. -
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thet the Kwzjelein teste, in zcdition to influencing the
e

i G
cesigrn of the ZEUS system itself, will aiso provide invaluable data for our

< baiteriesg, 5i.2 billiom;

{ z decision to deploy ZEUS is meade, the first beatteries can become opera-
t10nz] in abour four yvears., ApproxXimate totzl cosis of var } ing levels of
cdevleymen: ar 12 bztieries, S2.3 dillion; 30

) ‘

z t simultaneous targers-which can
bly be expected in an all-out war w e USSR. Such targets may
le warheads or z combination ¢f warheads and sophisticated decoys.
cis six simultznecus targets

tion of ZZUS is that its fire power will .
er of

9]

r¢ two-battery configurzation can he
ztely every 30 seconds, until its missiles zre exhausted,) Since the

e
aters zre relatively soft, one enemy warhead exploded nearby will
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ZZUS cen be expected to be guite effeciive zgainst low rate~of-zrrival
tzrgets such as might be launched from enemy submarines, or from enemy
counsries (e.g., China) having only first generaticn, unsophisticzted missiles.
I: mignht elso zaC¢ cerizin intengible but rez! fzctors io civilien morzle, and
thus strengthen ouvr international posture.

One important wav in which ZEUS might help crezte world stability
is that, if zrms limiteiion negotiations are sucrassiul, ZEUS would be
ndestine missiles..

fa]

uite effective ageinst & smeall number of =

v competing system, end much
ezziier (a2t lezst five years) than any systemn not bzs2d on terminezl defense.

.

Kegy problems zs to ZEUS!'s effectiveness are the degree to which its
discriminzton technigues against decovs can be made effective, and whether
¢z not an eifective, cheap (nom-nuclezr) ZEUS rmissile can be developed

which will ellow greatly increaced firepower,




ARZFAT UIrom ARPA Terminel) is 2 terminzl- celense system concept
wricn was icrmulated in 1939 in en attempt to get zround some of the
vrobiems of target icentilicaticon that beset NIKE-ZEUS, During 1960,

aper feasidility studies were conducted oa criticzl elements of the
est. These stucy results were suificiently promising to warrant
& more intensive feasibility 1::«-=st1g¢-_tion during FY 196} 2nd 1962, Approxde
™ this progream i¢ S10 million through FY 1962,

The ARPAT concept is based on the assumption that moderately heavy
cecoys (20-200 pounds} cen be built which will defy discrimination, while
light def-ovs {20 pourds or less) may not be discriminable until they descend
to abcut 200, 000 feet zlfitude. To counter a threat with menv decoys, ARPAT
would deley finzl wezpen commitrment unti] targets have reached 150,000 -
200, 000 feer z2ititude, and emplov n‘-*e*ce*‘o:s which would be suificiently
inexpensive to justify zttacks on &ll undiscriminzted objects as a matter of
doctrine, '

o zccormplish the lzte finzl commitment, z lerge numbex (50-500) of
smzll interceptors would be lofred to 100, 000 feet zititude vpon radar warning
o) e zrez defended., These smzll interceptors (50-75 lbs.)
would be zssigned to undiscriminated targets by 2 specialized ground radar,
=d then proceed independently by heming on infrzred emitted by the zero-

Cvnamiczllveheated re-entry bodies, Kill wouid be r_ccomahchec‘. by hyaer-
velocity impact of pertions of the interceptor siructure on the ..r.*geu.

ARPAT, z terminel defense system like ZEUS, could not be used to

populaticn egainst a falleut attack, and if deploved for population defense,
e perzlieled by a Zallcut shelter progrem.
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bodying the ARPAT concept appe

Iimitecd peper s=tudies conducted sc :ar) to be capa
tzrgete zzeinst misciles accompernied by 2z fewtens of heavy decovs. However,

T mey farn out that ARPAT weuld de innererntly vulnerzbie toc other tvpes ci
couniermeasures., The FY 1961-1962 program has been planned to verily
experimentzlly the criticel new technology involved in the ARPAT concept &s

well as tc estimete system cost, e::ec.-'vene-s. ~d vulanerzbility to enemy
countermeesures,
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L g -ns out feverably, a decisicnm 1
¢plov ARPAT ceould be accomplished by eboui 1670, The cost per city
celencecd wceuld be compzreble to ZEUS projecied costs. If may also
integrete ARPAT znd ZEUS a1 2 cost niet greztly exceeding,




Delense ol the United Siztes rezaliatory fzrce (inciuding command and
ConITTl centers 1 K cezn be zcccmplished to some degre

c =3 cc
denirg, ccncealmens, and active defense,

A plausible czse cak be made to sheow that hardening plus active defense
ciiers economic and relizbility zdévartzges cver the other zliernatives {or some
imporiznt eiements cf the United Stztes eta:.a:,:v arsenzl. This claim must
De tempered, however, hv ar zpprecizticn of rechnological uncerteinties which
creveni 2 positive sizlement at this deate that zciive defense of hard points is
techriczlly fezsible at & level of deployment wihich makes it economically

v

bs irt deiencse Ig, bevend much guestion, easier and less expensive

to accemyplish than defense ¢f soft areas, Sirnce the target is hard, the incoming
micsile may be zllcwed to come within about ten theusand feet of its target prior
to interception. In ccnseguence, commitment of the AICBM weapon may be
delaved until the ICBEM is ithin ten- to-twenty miles of the target, rather than
the sixty-to-one hundred miles minimum commitment range for ZEUS, for

xample. This resulis in less expensive intercertcss and very likely reduces
the ccst cf other system elements as well, Tke cecoy preblem is 2lso

ezsed, zs deccvs to te effective must be capable of surviving the most rigorous
re~entry problems without disclosing their cherzcieristics to observing radars,
and muet heve been precisely deployed in order tc appear to immpact within ten
theusand feet of the terget, : ‘

as recently concluded eight studies {six unfunded, iwo
fcr & totzl cf £140, 000) of the means ¢f defending a hardened restricted
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zreaz zgeainet beliistic r:ﬁssil= attack, The RAND Ceorporzticn and Bell
Telephone Lazberetories have also recently concluded sirmnilar studies, These
studies indicate that reasonably geod de*en»:e of smzll sites hardened to about
100 ¢sil can be bought 2t 2 Iive-vear cost in the range cf texn -ho-—:'._a.y million
dollers, cepending upen the severity ~:’ the postulated threat.

‘-’\"'*'*??e it seems quite likely that a hard poi=nt defense system costing
Iifty million per defended gite or somewhat less couid be built with the
-:a.p:—.'bi’:izy of handling perhaps ten decocvs per missile attack, the costs

would rise almcost linearly witk increasing numbers of re-entry decoys.
As of now it is not known whether it is Do-s:ble to perfect decove which weigh
ez lexwteng of pounds cr less, and which can surivive re-eniryv while matching

medium cr large warheads in CEP and characteristics coserveble by radar.




LT.til tnis crucial uncertainty is resolved, the fezsibility of hard point celense
: t be determined,
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ZIZILNZT) 18 peing given spome consicderztion, Rether than employd
missiles Which Seek oul incoming rr:_ss_.le= anc er

ceccoying, these concents involve loftiag & barreage
cengcerous o'::iec:- would have to 1y, Warhead znd

z
cestrovec I the barrier were sufficientiv high (sc thet ztmospheric

Aoiechnicelly dilferent approzch to nerd peint'defense (for exzmpdle,
Aing an

I lewcown
nzc nel cceurre :' ac the pellets of the bzrrzge suflicienily nezvy to accemplisk

\
/

i2l:, Considering the uncertzinty of our current knowledge, the weight ¢f

oellets :equi:ec'. mav range from one million tc one hundred million pounds per

azttack for ezch ha d *get defended, Systems of this kind hazve not yei been

exeamuned closely enough to deiermine their cost or susceptbility to specific

couatermmeasures,

£nother significant uncerteinty relates to the feasibility of countering
the eiiects on defense systems of large, low-a2l@itude, nuclear bursts; or
z:ternatively, the possibility of successfully attacking with weapons which deny
the possibility of the enemy's warheads detonating,

The Penetration Aids program as well 2s the decoy discrimination
resezrch carried on in ZEUS and DEFENDER will go 2 long way towzrd
resclving the uncertainties in decoy capability, Resolving the questions rzised
by possible nuclear detonatons is not poss*ble without testlng, but theoretical
stucdies bzsed on avzilable datz mzy furnish z useful degree of knowledge,

-

The Air Force hzs estimated that about % izd would be reguired
between the start of weapon svstem developrnent nd IOC/ Some research
iz hz=d pdint defense technology is being conducted &t present, and some of
stemn problems are closely relzted to those expe;lenced in ZEUS and
ARPAT, It c*easmg the effort on technology relz to hzrd point defense
(ezpecially work or high thrust, short-burning tmme interceptors) is desirable
2% iiie time, Some limited systems work should be undertzken o pin down costs
znc prepare for possible wezpon system development.




The ZAMBI pregram is concerned with intercep: of enemy bellistic
miissiles during the lzunch or pre-burnm out par: of the trzjeciory or in some

T
cases shortly therezafter. 1Location of BANMZT interceptors on sziellites in
oroit seerns to be the only approach offering any promise of making possible
intercept during the short time period availedle: 150-t0-300 seconds burning
time for present ICBM desigrns znd even less fcr IRBEMs ard possible
agvancecd ICBMs, rose concepnts considered so far differ in detail but all
involive the placing znd maintzining of large numbers (tens of thousands) of
interceptors in orbit, Those considered to date rely primarily on infrared
radiation irom the plume of the hostile missile for detection, tracking, and
intercept and on nvpervelocuv impact with smezll pellets for kili of the hostile
missile. By operating in paris of the inirared spectrumn where water and/or
carbon dioxide molecules are strongly absorbing these systemns, like

MIDAS, use the earth's atmosphere as a natural filter so that there will not
be a response to rzdiation emanating from sources on the earth's surface.
This zlsc mezans, of course, that the BAMET svstemns can detect ballistic
missiles only after they have risen zbove the sensible atmosphere, & {actor
which cuts the total time avzilable for response well below the figures given

4 ]

above.

e attrzctions of the BAMRI.type concept is that it mey per-
mit attack whern the enemy missile is most wvulnerable, i.e., during the
powerec pa:t of te trajectory. Alsc, decov problems will be different znd
Quite pos bl'j easier 1o deal with then those with which terminal phase
AICBM syst

. :
S3AMB]l-type satellites and interceptors would be expected to burn up
2s their orbits decaved and they re-entered the ezrth's dense ztrmosphere.
Nevertheless, the politicel acceptability of such systems would undoubtedly
be cuestiongtle., Particulariy, zn effective BAMEI] sy stem would intercept
G perhaps cilier) space fligh: launchings unless special provisions,
including preznnouncement of such launchings, were made to preclude inter-

Moreover, the technical {easipbility of the BAMBI-type congepis
n th lrticn of 2 number of criticzl problems. The informaiion
ed rzdiaticn from missile plu:nes nd :’ om cloud tops is very

e : g}

ility that discrimination
lougs, andé pos=1bi er spurious sources such zs




cdecoys, may be a problemn requiring much more sophisticated inirared
and data processing equipment than some of the present concepts envisage..
It is clear that it will be very difficult to achieve reliability adequate to
permit long term operation, and this is absolutely essential. Even with
operating times of the order of a year, and even with a substantial reduction
in ccsts of boosting mass into orbif, annual costs of maintaining 2 system
that could exact a reasonable high attrition (say 75%-%0%) against plausible
enemy threats would run into billions and guite possidbly tens of billions of
dollars. Enemy countermeasures such 25 pellet attack against the BAMBI
system, development of very short burning time enemy missiles, and
really large scale synchronization of launch of ICBMs from a relatively
small area may seriously degrade the system's efiectiveness,

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

program would be grossly premature at this {ime.




An JCBM travels for 1,200 seconds or more in midzourse; i. e, ,
between the end of boost and the beginning of re-entry. This time may be
compared to 200-300 seconds spent in “oost and 100 seconds or less between
re-entry and impact.

The midcourse phase is particulariy attractive from the point cf view
of defense ior a number of reasons, inciuding:

a. Time is not as critical as in becost or terminal phase
systemns; ’

b, Local saturation of the defense is avoided:

c. The anti-missiles may be ground-bzased {(as opposed to
BAMBI systems);

d. A second shot {via a terminal system) is possible;

e. Any nuclear detonations would occur outside of the
atmosphere.
In.consequence very much thought and hope has gone into midcourse
AICBM sysizms.

In midcourse, however, the decoy problem is much more severe than
in the boost or terminal phases, Sinces missiles are in "free {21!" in mid-
rse, the trajectories of warkeads and warhead-shaped balloons are
indistinguishable. Such balloons {weighing about one pound, and requiring
w cubic inches {or stowage and launch mechanism) constitute an

alrmost insurmouniable problem for midecourse AIC3M, &s balloons can
cl | h the zppearance of warhzal

s o racdar, wvisual, or thermaealiy-

sensitive instruments,

ucleer weapons to the
ect balloons over the iong
IC3M launch may ezs
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Consicerztion has been given to loiuin
vicinily of an incoming target cloud to melt
path (200 miles or more) that elements ¢ 2 3
f{i1i, This has led to the invention »f cther midc

i or 2x
"bird cages'') which weould survive a nuclezr explosion zt 2z range of fe¢n
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Many system configurations have been explored, but to date 3 szlieat
f

al

a.

the systems examined seem: to be:

The systemns are all significantly more expensive than
the enemy force they purport to counter;

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

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

For these reasons, midcourse AICBM activities are essentially limited
to general phenomenological research, with only a ''keep alive'' trickle of

systems-criented efiort.
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SPACZ SURVIIILILLANCE R

There are now a few tens of sztellizes in earth orbits, I7 z si
cent numbszr ol satellite programs zmong those now being considered i
carried out, 2 satellite population of 25 many zs 10,000 is possible, if
not provable, in less than ten years, Frorm z military point of view,
many of the satellites placed in orbit by foreign powers may threzte:
security. Information about these satelifies must be made availasle o
approprizte militery commands. In adciticn, it is necessary to keep
track of our own military sc_tel"t 5,

The space surveillance mission is now being performed by the
NORAD Space Detection and Tracking Systemn . (SPADATS). This system,

uncer operational control of CINCNORAD, comnsists of two major com-
oonents. One, the Air Force Space Track System, is a facility for
computing satellite ephemericdes vsing datz from 2z number of sensors
located in various parts of the worid. The other mzjor component of
SPADATS is the Navy SPASUR sysitem. It is the pr;“_e sensor ior
detecting new objects in space. )

~
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At present, SPADATS has very lirmited capabiht*,' of its own.

The present cystemn in its simplest and most _ttra tive Iorm will becomse
traffic limited as the satellite pcpulation increases. SPADATS ne_::ds

capamlz;y, 2 SPASUR type sysierm: Decorzes more compiax and alizrna-
tives to it must | '

In October 1960, the Air Force was reguested by the Secretary o
Defense 'to submit a detailed davelopment ancd funding plan ior improve-
ment of the nation2l space surveillance system which czrries the
coordination of the Depariment of the Army and the Department of iae
Navy, and which will satisfy the requirerments of the Joint Chieis of Stail
and their designated operaticnal command. " This slzn is now iz preparatics.




t is felt to be desirabie that a significant increase in our space
surveiliznce capabllity be achieved, beginning immedizately. It is
estimeated that an expenditure of $30 million in §Y 1962 is needed to make
2 vigorous start toward improving SPADATS., 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., Ballistic Missile Defense). Alternatively, a
more conventional radar may well serve the SPADATS purpose. It would
take about five years and cost about 359 million to obtain an array radar,
Additional expenses of SPADATS could mzke the five year total cost
(including radar) approximately 580 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 approxirmately $50 million. However, there
will probably be no over-all saving to the Department of Defense since
additional money in the latter case would undoubtedly be spent in another
program (e.g., NIKE ZEZUS) for an arrary radar.

The cost of SPADATS and its predecessors through FY 196l has
been zpproximately $47 million.
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DOWN-RANGE ANTI-MISSILE MZASURZEMENT PROGRAM
(DAMT)

DAMP is an ARPA sponsored ﬁrog‘:?.m which was started by the
Army to make re-entry measurements on IRBM's aand ICBM's in AMR,
The principal measuring platform is the American Mariner, a Liberty-
type ship which has both radar and cptical measuring devices on beard.
The DAMP program which includes the ship and supporting land facili-
ties has cost about $10 million during FY 1961 and will cost about 58
million in FY 1962, the difference being improvements to the technical
equipment added during FY 1961. ‘

‘

The DAMP ship has provided the only radar measurements we
have ¢n re-entering IR3M and ICBM nose cones. These data have been
invaluable in verifying the theoretical and laboratory re-entry phvsics
work. Although the DAMP ship does have limitations in both range of
its radars and speed of the ship, its coatinued use is clearly indicated
a2t least until in CY 1962 when the MARS ships zre scheduled to become
available. Data nave not yet been obtained on such missiles as ihe
MINUTEMAN nor on the decoys being developed under the Penetration
Aids program. The NIKE-ZEUS target tracking vadar {TTR) on Ascen-
sion Island is now becoming available for re-entry measurements in
AMR. This radar has greater capabilities than the DAMP ship radar,
but is obviously not mobile and, therefore, is restricted to observing
firings wBich impact in the Ascension azrea. '

The continued use of the DAMP ship beyond CY 1962 is doubtful
in light of the expected availability of the two MARS ships which will
ha've significantly greater capability and the initiation of the PRISS pro-
gram which will permit fullscale controlled re-entry experiments,
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PRESS is an PARZ—:'A field experimental program to investigate the
physical effects associated with the flight of ballistic missiles from mid-
course through re-entry. The total cost of this program over a four-
year period, FY 1960 through ©Y 19063, iacluding eguipment, installation,
and operation is approximately $100 million. The amount programmed in
FY 1961 is 546 million and in FY 1962, 524 million.. The facility is being
tocated at Roi-Namur in the Kwajalein Atoll, and will be operational about
June 1962. Some limited experiments and observations will be made
several months prior to this date.

The immediate objective of the research is to learn as much as
possible about the physical interactions which take place in flight, expe-
cially during re-entry. The program has a later objective of determining
whether ICEM bodies (re-entry vezicles, cecoys or other) intrinsically.
produce observable prysical effects from which their identity can be
derived; hence, attempts will be macde eventuélly to test specific discrimi-
nation methods--in real time, if possible.

The proximity of Roi-Namur to the NIKE-ZZUS test installation on
Kwajalein Island will énable the PRESS experiments to use the 7 ATLAS
target missiles and communications provided by the ZEUS brogram. These
missiles will be controlled by the NIKZ.ZEUS system calitration aad,
demonstratisn requirements, They will serve many oi the needs of the
FRZISS orogram, but it is expectec that a few missiles with specizl paylecacs
for PRESS will be required.

Fs
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At the preseqi time, the racdar insirumentation programmesd for
PRESS is the TRADEX two-freguency (UHTF and L-Band) radar being
built by RCA. It is scheduled for emplaceme Rei.Namur in late
1961. Three aircraft basad on Zziwaiok anc i instzllztions on Roi-
:\'amur and Kwajalein will be used to make optical and inirzred measure-
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Lincoln Laoo;aLc*y has been selected to undertaks the scientific
direction of PRESS. Lincoln Laboratory also conducts the Wallops Islan
model experiments which will permit cloee correlaiion oi.tze mocdel anc’.

fullscale experirnents.




Project PRESS will be the only program of controlled fullscale
research experiments conductec cownrange with scientific personnel aad
computational facilities with the measuring instruments. As such, it is
the kxeystone to the re-entry physics and discrimination programs. The
NIXKZ-ZEUS equipment on Kwajalein will contribute to the research pro-
gram in a limited way, on a noninterierence basis with the ZEUS prime
objective, which is a system demonsiration.
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WALLOPS ISLAND RZ.ENTRY PHVYSICS

Lincoln Laboratory is conducting a re-entry physics nrogram
sponsored by ARPA with 2 major portion of its effort devoted to iield
experiments at Wallops Island using special re-entry vehicles, Trail-
blazer, designed by 'NASA. Laboratory and theoretical studies in
support of the field measurements are carried on to establish a model
for predicting the evenis 1o be observed in the field and to analyze and
interpret the results. Tke total cost of the program through FVY 1961
has been $13 million and 34 million is projected for FY 1962.

The Wallops Island firings provide controlled experiments on
special re-entry bodies of 5'' and 15' diameter at ICBM re-entry
velocities. The primary advantage and disadvantage of this program
as compared to fullscale programs are similar to any model program,
namely, inexpensive controlled experiments versus the difficulty of
scaling the model resuits. The program will provide valuable assistance
in the design of the PRESS experiments as well as permit additional
model work to examine results obtained irom PRESS.




GN

SIGNAL-TO-NOISZ ZXPERIMINTS
SSTONE)

TARGET AND BACKGROUND
(TA

Project TABSTONZ is an ARPA program designed to provide a
detailed understanding of the 0‘D|.1C2.1 and [R phenomena associated with
the launch phase and also the expected background conditions against
which detection and tracking equipments of launch tvpe systems will
have to operate. This program is just being started and is estirmnated
to'cost 35.2 million the first year and $4 million the second year, The
program includes airborne and rocketborne measurements of targets
and backgrounds and the necessary laboratory and theoretical research.

Current systern concepts such as BAMBI and weapon development
programs such as MIDAS are proceeding without a detailed understanding
of either the target or the background. Although the MIDAS system may
work in the narrow infrared region for which it is designed, the program
does not include investigation of alternatives. The BAMBI sytem concepis
involving kill durirg bSoost and not just detection as in MIDAS impose much
more stringent requirements on déta needed for the definition of targets
and background.

Although TASSTONE will obtzin information vital to MIDAS and
BAMBI, its broad objective is to learn zbout the launch phase of missiles,
it is the {irst coordinated program oi measurements ané analysis in the
launch phase. It has been preceded ty the relatively uncoordinaled Inter-
Service Racdiation Measurement Program (IRMP) which has bezn some-
thing of a disappointment, The cost oi IRMP 59-560 was approximately
S0 millien.
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PENETRATION AIDS

AND MOBILE ATLANTIC RANGCE STATION (MARS)

Although thistprogram is part of our over-all development of
offiensive capability, it is covered here because it is so closely related
to Ballistic Missile Defense. It is the existence of defense concepts
and the substantial effort in AICBM that motivates and defines the
Denezration Aids program,.

t is easy to duplicate a nose cone in all its observable charac-
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
in the atmosphere with a very light object to an uncomfortably low (for
the defense) altitude. It is not as easy to duplicate both slow-down and
signature characteristics. The Penetration Aids program is designed
to produce from study and experiment the knowledge required to:

1. Reduce the radar cross section of nose cones. This has
the twofold effect of deiaving detection of the nose cone
by the defense, and making easier the job of duplicating
the signature of the nose cone.

2. Produce lightweight decoys with re-entry characte*zsulcs

indistinguishable from those of npse cones. !

3. Modify nose cones to conirol the observables in ways
which confuse the deifense,

4, Produce integrated penetration packages making use of
decoys, electronic countermeasures, multiple warheads,
tank disposition, etc., wkere appropriate,

scal Year 1961 an

is ¢ prior efiort oa peneiration aids is $38
million; IV 1962 funding is 332 milliecx, '

L

Closzely associated with the Pexzetration Aids program is the
MARS program of mobile insirumentazion. Two ships, equipped wiia
an array of sensors {radax, IR, optical} will be positicned so as to
observe missiles equipped with various penetration aids. These obser-
vations will be used by those working on AICBM as well a's {or pene-
ration aid development, MARS ships also serve o produce firing tzbles
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for the missile designers. The fundirgz for the MARS ships is approxi-

mately 3530 million in FY 1961 and 330 million in Y 1962. Airborne
instrumentation wiil also be provicded.

The Penetration Aids program has been slow starting. While it
is the collective opinion of the scientific community that the offense has
a great potential advantage over the defense, complacency in the maiter
is not justified. A determined defense would be highly effective against
missiles employing no penetration aids. The Air Force Penetration
Aids program must not be allowed to suiier Iirom budgetary restrictions.




OBSERVATIONS OF SOVIET MISSILE

All of the major programs discussed in detail in this section are
ones in which we are observing our own and not Soviet missiles. From
the longer term research viewpoint, this is not a serious handicap since
we nope to understand the physical pnenomena well enough to predict
eifects 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 observations of Soviet missiles today.

However, we have profite‘_d-from the Soviet observations made in
January and July 1960, both {rom intelligence and research aspects.
These observations were made using aircraft and instrumentation diverted
temporarily from cbservation programs in AMR. A separate aircraft
operated by the intelligence community under the Nancy Rae Program will
be available after June 1961 for optical and infrared re-entry measure-
ments of Soviet missiles in the Kamchatka area. The potential value of
these measurements is great. In practice, we may get very little since .
the Soviets will have the capability of interfering with this aircraft operating
about 100 miles from its territory. )

Another program to obtain radar re-entry measurements on Soviet
missiles is being evzluated at this time. '




MISSILZ, SPACE AND UPPZR ATMOSPHIRIC PHYSICS RESEARCH

In addition to the specific programs such 2s DAMP, PRESS,
Wallops Island and TABSTONE, there are numerous smaller programs
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 vear range. The total cost in FY 1961 was approximately
$10 million and the amount prograrmmed for FY 1962 is approximately

S11 million,

The primary purpose of these programs is to provide 2 compre-
hensive theoretical understanding of the phenomena produced by missiles
and the environment in which the missiles operate. There is some
duplication among these programs and between these programs and the
larger ones such as Wallops Island which also includes theoretical work.,
This duplication is justified at this time in view of the present siate of
knowledge but should be expected to be reduced when the theoretical )
models of the phenomena become reasonably well accepted by the scientists
in the field. '

As part of these programs, some scientific tools are being built
which have application to basic research beyond bzallistic missile defense
research. One of these tools is the 1000-{t. radic telescope being con-
structed in Puerto Rico as the principal instrument of DODIRF (Depzart-
ment of Defense Ionospheric Research Tacility)., The cost of this
facility through FY 1962 is estimated to be $6.8 million,




Inirared - Optical Research

In addition to the effiort previously discussed to provide a better
uncerstanding of the nature of the infrared and other optical radiation
from missiles, and the transmittance through the atmosphere, there are
cerious problems, and great possibilities for improvement, in detection
devices, and devices that will facilitate discrimination of missiles from
other light sources such as sunlit clouds.

The rnajor possibilities for discriminating between missiles and
spurious sources probably are in the development of devices that:

{a) can measure and compare the intensity of radiation
from a source at two or more parts of the spectrum.

(b) can make scan-to-scan correlation of intensity and
source positions.

(¢) have appropriate optics so that very smaell fields of
view can be used.

{d} have sufficient sensitivity

Work is bemc supported in 21l these 22d other areas of technology.
Devices with improved seasitivity at longer wavelength are important and
are being investigated, particularly for deteciion and tracking of aero-
dy“.arn‘cally heated warheads {as distinct Irom boosters). For the re-entry
problem, techniques to deal with multiple targets are necessary and are
being supported. The total support in the IR -optical area for FY 1962
armounts to about $15 milliecn, Consicering that the feasibility of MIDAS

and sevaral proposed AICBM systems is zbsolutely dependent on infraread
technclegy, this level of elfort seems ncne too iarge. Ii is probabie that
technicuss 2in b

can be developed within the next Izw years that will meet most
™ 5 the levels oi

though i meany insiaxnc

of the demands of these syst

ems
sophistic tion may be far higher t' n was origizelly th 2cessary.
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Padar Techniques

While much of the general radazr technology is applicable to

a
AICBM problems, there are some areas that are being developed primarily
5

because of the demanding requirements of ballistic missile detection and
defense, o

{a} The need for detection of targets of relatively small cross
section {iractions of a square meter) at extreme ranges {thousands of
miles) has made necessary the development of high power components and
especiaily high power tubes. FIurther werk in this area is being supported
and is of great importance. The prcblems are likely to get much worse as
there now appear to be very real possibilities of developing warheads with
eifective cross sections of the order of a thousandth of a square meter,

(o} Because of the very great speeds involved, the large antennas
needed, and the necessity to handle rmultiple tracks, electronic scanning
techniques have great advantage over techniques usec in the past. A great
deal of efiort is under way to develcp technology in this area, )

(¢} The need to discriminate between decovs and warheads has
posed special problems for radars. Extremely high resolution has become
especially important, This is true, of course, because of the need to
resolve iracks of separate objects, but 2lso there is the hope that with
sufficiently high resolution it may be pcssible to measure the sizes. of
incoming cojects.

(d) Especially for defense of hardensd targets, radars that can
withstand considerable over -pressurs from a nuclear blast may be of great
importance. The electronically scanned phased array tyse radars offer
e of reaching about 100 osi hardness.
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The amount funde
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can De caarged to the AICBM - ab licn., Of this, avout
$20 million is being spent on daveloping the technology lor electronically
sczaned radars. Most of this iast armouni is supporied uncer the ZZUS oro

LASZR Research

Within the last vear the feasitility =f an optical

]

LASER, has been dernonsirzied, This mavy have scme

v 2
over conventional radars; particulariy, he energy can be concentirated inan



extreme:y narrow w2am. Development in this zrea is in its infanmzy.
byl
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A bailistic missile nose cone, capable of surviving re-eniTy into
the avmosphere, ig a2 very difficult objact o desiroy Dy means naw avail.
e s

abie. The kill 1 z vizOrous research DrograT 1o
cefiine more closely the kill capabi s oi the mechanisms now -elied on
for destruction and to discover technigues oifering greater eifectiverness,
The vulnerability efiort is concerned with side effects, such as radio and
radar interference or blackout whi
b

L I e i = Ll B-APE PSS S

e
ch meay accompany the empioyment of
N FE WV

(o) Feasibility studies of the use of charged partizle beams as a
kill mechanism show thzt many problems need more detziled study, and
several critical experimants will be reguired to check current theories.
Research is under way zimed a2t procducing 2 high ene
Seam oI elecirons or oroicns $o iavest
spreading anc tac-get damage. Thaoretica
being conducted for 2 high energy plas
can provide a relativisiic high currentd

2
2nd experimentzal werk is
which, in théory,
am. The prooability of ceveloping
systerm seems at this time to

2 feasible charged particle beam ceil
be very low. HMowever, it zas not vet been demonstrated to be
The amount of research funded for Tiscal Year 1962 is absut $2 million,

most of whnichk will be spent in complering 2xzd doing critical experiments

infeasibie,
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on cevices tzat have been under develooment for some time.




(c) Both experimental and sheorerical sfucdies are bain
conducted to determine the feasibility of using microwave electromagnetic
raciation as a Xill mechanism. The prozpects Ior an 2ifective deiens
systerm based on this mechanism are zt Ge '
the charged particle bearm. One of the m
cient transfer of energy irom the beam to
area may be justified. Other areas -bzing sxamined are propagztion and

breakdown eifects, extremely high power microwave generation, antennas,
and power sources. Much of the latter efiort may be unwarranted at this
-time considering the dim prospects and the criticality of the concent to
‘the soiution of the energy transfier problem. Some of the work iz of funda-
mental interest as physics and should perkhaps be svopoxrted as such

rather than in connection with kill mechanisms. About S5 million is being
funded for Fiscal Year 1962 {6~ radio fregquency kill work,

(d) There are mmajor disadvaniages to using nuclear warheads
in AICBM defense; need to detonate a2t high altitude to avoid damage to
one's own personnel and facilities, high cost which may be prouibitive if
one is forced to engage many cbjecis (decoys as well as warheads), and
nuclear and IR blackout effects (see below), IFor these reasons, kill .
techniaues using high velocity solid material iz_npacts nas received
increasing attention recently. Howsver, little is known about the relation-
ship of destructive effect to pellet size, velocity or compbsif:io or zbout
pessible warhead degsiruction mechazisms. For exampls, much more
needs to be learned as to how smali the damage {o a nose cone can be and
still insure its destruction during re-entry. I—vner'/e ocity
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head deveélopment is probably cne o3 Drom
improvements in ATC3M capzbility; research iz ‘:.‘r:is
forward with high priority. About 35 miilion i{s iuncecd for
1962.

(e) It is necessary to assume thzt nuclear detonations will
be significant factors in any ballistic missile or space defense system,

either in the vehicle under attack or as mart of the over-all deiense
system. There are unresolved problems regarding nuclear interiersnce

with RF, IR and oprical signals and eifscis
The efiects, such as radio or radar tizckeut, czused

by ionizaticn *
produced by high zltitude auclear bursis are being siudicd. In acdition,

damage can occur in electronic systems c¢r components irom i{ransient

racdiation pulses emitted by z nuciear exnicsio iern 1

eifects on electronics are not sufficierntiy; understood znd ext
L)

ens
theoretical end mc:enrnen..al research is being conducted to provide
definitive information.




Vehicles

Abcut 513 million is funded for T Year 1962 for research

on such problems as guidance, fire cortrol, propzlsion for vehicles

that might be used for AICBM or space defense systems. Much of the
effort here is in the nature of parametiric studies that would support
systems work on such concepts as BAMBI, There is a limited amount

oi component development and test work invelved. A significant research
and development effort in these areas is desirable, It should precede
and nave higher priority than much of the detailed systems work,
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