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bzllistic zrez BMP WS Deplovment of Z'-"US S lea t for tr'e present, was
decided in the negative by not including procurement funds in the Xennedy defense
budget. Ia fhe meantime, developmeni cf ZEUS is being pushed at the maximum
rzte. No zctive defense system other then ZZUS is even close to the deplovment
stage. The general measurement and techniques effort (primarily ARPA's '

e e
EZNDER) is being supported adeguately,

The remezining portio: Svobe s will consist of individuzl assess-
menis of the o = ivisicns of nH-ICBM efiort: Ezrlv Warning;
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ZARLY WARNING SUMMARY
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he ezrliest poseidle waruing of the lzunching of enemy

of how miucn we zve w_L_i

rt
-
0
r
H

iC ETiEaT & greazier geogrepnd
¢l possizis leunching locetions, s dependen:t oz 1he mumber znd type of cliensive
- o)

1o sides, &nd the conces: &5 10 their use,

25 our Strategic Alr Cemme=nd consisis primarily cf B3Z

b e e R . - s
A5 long ¥ long-
range DomDers, ODvViously eazrly warning is of the ¢ ; : The

2LC €sCeoe cesiTucIion; encugh, we frusi, 1o censTituie zn effeciive deterrent
enemmy, Eu-:, furihermore, the warning does not comumis us ifreve caoly
i0 &2 wer, since the bombers can De recalied if the circumsiances dictzie. These
cempelling rezsons led to the implementetion of SMEWS,
‘ .
Assumming ICBMs completely replace our bombers, the situation is
chznged. Our ICBMs cannot be launched znd then recalled, They must be
p-otected by hardening, d&ispersion, rmobility znd redundancy. Doctirine must
be ceve1oaec a= to :
—r S

.

how to emplov therm if we z2re zttackedk
PO}

1%

: Foobelid > Hence, e..-_rlv war ﬁig
loses some of its va lue, It is still very desiraole iromn the standpeint of zlertiz g
our civilizn lezdership and military command, It may have 2 smazll value for
civil defense., It is from this stazndpoint that future develcpments in ezrly warning
shounid be viewed,

The Dailistic Missiie Ezrly Warning System (BMIWS), zlready partially
operziional, caz mezke z significant contribution to our. present deterrent posture.
Iz will consis:, when completed, of three large radzr instzllztions in the far
north to detect enemy missiles launched azcross the North polarx regions toward the
Urniled Stetes. It has lirnitztions: low angle firings can evade ifs beam and it
Ca2nnoT warn 2 gdns‘ submarine-launched or '"ong-way-round' missiles, Buti
cdoes have the advantage of being technically feasible; ‘he first station at Thule
¢ now operzfionzl; znd the complete three stztion system will probably give
eliable warning of the most likely mode of attack: mass ICBM raids across the

rth polar regions., From 10 to 40 rninutes wzrning will be provided, dependirg
ox lccation aad time of flight,

7z

The Missile Defense Alerm S vstemn {MIDAS) cennot be deployec before .
165463 zt the earliest and is therefore subject to the considerations. presented




‘ "It will congist of croiting szieilizes eculzped with inirzred sensors
nezignkd i cetec: USSR missiles on lzuner.,  Twe Sericus Drotlems mus:, and
fTcbanly cazn, be overcome. We must demonsiraize the gbility ¢f MIDAS to

. . . .

c

g :
&oedle, zt lezst in principke, of werld-wide coverage, inclucl:;g the oceanic

Dmearines can zst ack us. Whether the zdditionszl warning
timse, in the erz cf itz de epiovmen:, justifies the lzrge expenditures which
wowd De recuired 1o make the System operaticnzl should be given serious

at Ferhaps MIDAS might contribute to world stzdility if its out-

Pu-& were communicated to zll nations, znd it may prove to be z useful
intelligence tool, particu ularly in 2 situeation involving arms control, '

Another te chnique which is being worked on is "over-the. horizon-razdar, "

in which radars at &z re .Lc_t‘ve'lv low irequency bounce their bezms off the
lonosphere and thus overcome the line. ~oi-sight limitations of the radar horizon.
Enemy missiles would be detected over Russia irom radars based in friendly
countries, with relztively simple equipment. Its disad vantage is that it wouid
be completely disrupted by natural 1onosnher1c distiirbances. Research and
cevelopment is continuing primerily beczuse of the potentizl usefulness of the
technigue for intelligence and as z complement to other iechniques for early
warning.

This pzper does not dezl with the methods which must be devised to
and zct on the warning prowvideg, except 10 point out that the problem is
e to t:

~

o tne cuestion of “whv rly *warning?!" We must be prepared,

wiliing 2nd 2ble 10 react to the warnin g provided,
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(oy whicgh is mezan: those Tellistic
signec to fhoo! COwWR &% eZerny mis
e gia éec into three clasgsss: termi=zl de

mizgourse A1CZ M, and boos: intercent (tne ICZM is gestrovsd in its boos:

5ANDI). Tre first of these is by fz> the 'most zévanced and
sible svsiem with present tecL_noloév Considering mass Soviet .attacks,
entrzl techniczl problems of terminal defense svstems are (1) the

€ tc wiich aecovs can be discriminzied and (2) whether or not che €EzD
eileciive Xill mechanisme can be deveioped which will permit the fire-
‘ov’er oI our bDatreries to be greztly increzsed 2t comparable cost to the
sysiern. DBoth of these situations azre ciscouraging but not hopeless.
sz of zzmospheric sorting, and part ceiarly the combination of optical and
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rzZzr datz, mey ameliorate the problem of discrimination. Improvement in
zcouracy of our missile may allow non-nuclear warheads (e.g., pellets).

If these problems could be overcome, itis likely (zlthough by no means

e ZEUS-type system could effectively defend the phvsiczal plant

of cities z v facilities, It should be emnphzsized that for protection of

the urban populzticn, 2 combination of acHve defense and fzllout shelters are
reguired, since the enemy can impact bursts beyond the range of the terminal .

de’ense system aznd let the resultant fzllout be lethal to the population.
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For protection of our own missiles, studies show thzt such measures
as ‘:ardening, mobility, and redundancy are more economiczl than ZEUS
celoyment, '

*less serious for & terminal
ent cesigned io delend only hard target S5
v an enemy traget before mzking

Deceys
celenss syeiem that i

1
i,e.;, one thzt can tolerzie 2 ¢l

& cCecision to attack, More time is given for the atmospheric discrimination
preblem, end, the time of flight of our missiles being much shorter, the fire-
power limitation is much less severe, BSuch a svstem (known as "hard point
é ‘'Y shows more promise than most, and might be very desirzble for the
)= herdenec command posis, More must be known concerning the

-

v ceep-penetrztion decove before an accuraie assessment of hard
point delerse can be made,

Derloyment of 2@ ZEUS-type system might be significently more atiractive®
te = Soviets than to the U, S., s presumzbly z pre-emptive siride is not
ruled vt for them. Such a sysfen‘: might be very effective agzainst the disorgani-
ernnznt of our ICBM force, Also, it might provide effective cefense zgainst
OLALZRIS missiles,
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DV iesser powers, Or accicdenizl or lirmited attacks

2, A=n intangible but rezl contribution to our meoraie and prestige.

3, TUseful experience if it should later prove possible to gevelop
cefiense svstemns that are econormniczlly competitive zgainst
major threzats,

4, DPerhaps most importantly, ZEUS might provide the environment
in which an arms corctrol agreement can become reore acceptable,
due to its capability against smazll numbers cf clandestine weapons,

ZEUS can be deployed eariier (in about four vears) than any other

ic miseile defense system, and much ezrlier (by at least five years) than
any svetem not bazsed on terminal defense.

Turaing now to systems other then terminzl defense, they hizve Important
most velnerable') but unfortunztely are not feasible in our present state of
techrology cue to simple techniczl and financial considerations. In 2 boost
stern (BAMBI), tens of thousands of our interceptors would have to
orbit, All suggested systems use infrared homing; here the

theoretical advantages ('the attack is fzr from our shore.' "the ICBM is then

intercepitss
e placed i

iechniczl problems are substantially greater than those conironting MIDAS.
Development of short-burning time enemy missiles might neutrzlize the system.
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The enncal cost of cperating the svstem would run into billicns and guite possibly
L ars. The sysiem could be szturated by launching large
LT s of missiles from one area {only z relatively few of our intercepiors
would be cverhead at any one time). All these conciderations make the whole
=

ccncept exiremely cubilous,




Wit respect to mid-course LICSM, no cme hes ver su
ole

™ of overcoming very simzle, lightweighs, nondic-

§C.2T.Cn 10 Lne Drool
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Satelilies dc n6t seem to pose 2n immedizie militery threz: to the
Urnitec Stztes, i for no other reasorn than that the ICEM furriches 2 chezoer
enc mcere eil y i ilites. Due

ks
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aoes no: seem proiilable to the USSR, Neverthelese,
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Detection of objects in space is currently being perfcrmed by the NORAD
Spzce Detection and Tracking System (SPADATS). The system consists of
two major components, One, the 4ir Force Space Track Svsiem, is 2 facility
for cemputing satellite ephemerides Ltsi::g catz from 2 number of sensors
loczted in various parts of the world. ‘The other major component is the Navy
SPASUR system, .which consists of 2 number of large racdars in the scuthern
Urnited States constituting 2 "fence.," it is *he prime sermsor for detecting new

o

SPADATS. It will shortly have a

(=1
objects in space. It feeds its data into SP
capabdility cf detection up to 3000 nauticz] miles on small sztellites.

Since SPASUR will be traific-limited when large numbers of satellites
are in orbit, some consideration is being given to building large radar with
2 '"single-pass' capability of detecting and providing orbital dztz on each new
£

ztellite,
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Thne need ior cepability wes dramaeatizecd by the
zgc until z Metrange' satellite in .
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MEASUREMENTS AND TECENIQUZE SUMMARY

bt et e

In addition to the large hardware programs and sysiems concept which

hzve been described in the preceding sections of this paper, there is =

r, 2
variegzated body of work going on ir the measurements and techniques area

which both (1) supports the hardware development programs such 2s ZEUS anad
MIDAS by providing new knowledge ox which to base svstem design (e.g.,
Project DAMP supports ZEUS; TARSTONE suppcrts MIDAS), and (2) looks to
the future bevond the existing hardwar developments and attempts tc provide
ihe technologiczl knowledge on which new systems, if they are to come, must
be based,

-t

Most of these programs are centered in ARFA's Project DEFENDER,
elthough the individual Services spensor a2 few,

It is convenient to distinguisk between Measurements znd Tec

-
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e '\-'E.."‘.lC.lE... IO Ivil-SCale measu

20 Carn De used io advanizge,

The mmzjor programs mezsuring re-enicy phenomensz are:

1, Project DAMP (Down Range Anti-Missile Measurement
Program) - Uncontrolled, full.sczie re-entry experiments

’,

using targets of opportunity in AMR,

2, Project PRESS (Pacific Range Ziectr O"""la.g netic Signzture
Study) - Contr "1 3 fu ll-ste re-entrv and mid-course
experiments using NIKE.ZEUS ta;get mlssﬂes ir PMR.

3. Wezllops Islend

Re-entry Physics - Controlled model re-entry
experiment Wa

10ps Island wsing Trailblazer missiles,

¢.

Penetration Aids 2nd MARS (\‘ioo_le Atlantic Range Station)
e raztion aids experiments using R&D missiles in AMR.

t"'
oo

dcéition, the ZEUS program itself has 2 great dezal of measurement
e-entry phenomena planned both 2t AMER 2nd Kwzjzlein,
With respect to launch phenomenz, here the primary interest is the
mezsurement of the optical and infrared radiation from the missile, which
d ectly applicable to the MIDAS and BAMBI programs. Project
TONE (Targel end Background Signal-to-Noise Experiments) is one of
ijcr programs in this field. Missiles will be observed in their launch

G
U’)

the nzme implies, mezasurements will zlso be made ¢f the back~
iztion from the earth and clouds which makes the target cdifficult

o N
o
‘\) -
0, w
o

There ic also 2 considerable effort in the MIDAS program itself to
ovizin relizbtle infrz-ed lzaunch znd background data,

72
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e zbove mezsurements program is suzperied dy @ mocest ARPA
sponsorec program of theoretical and leborztory work

-

g
T crward in connection
- true, for example, with respect
cer technoicgy. The z-gelvy confined to work which
is supporied principzlly beczuse of its applicabiiity to the AICBM problem.

O

'\Vir.'h'*esoect to infrzred zad other opticzl research, there is a
pressing need to develop devices of grezter sensitivity and technigues that
-i11 facilitate sesolution of missiles from spurious sources, A considerable
eifort is being sponscred, primarily by ARPA. Inirared ics 2 promising

complement to radar, and research and development in this arez needs
vigorous support.

%

In the rzdar zrez, there are specizl protlems posed which are critical
systerns and which will not te zttacked in connection with
¢. Radar has, of course, been more exploited than infrared,
still seems to be possibilities for significant improvements in
I v. The phased array (electronically scanned) radar seems to offer
considerable promise, both for high power and hardness, and is being

Research is under way with respect to several tvpec of Xiil mechanisms
for vse in AICEM aefense, including nuclear effects, hypervelocity impact
with small particles, charged particle beams, and RF beams. Probably the
hypervelocity impact work is the most promising area for work at this time.
There mav be very real possibilities for developing warheads based on this
mechanism that have significant 2dvantages over nuclear warheads. The
¢d particle and RF beams work rnust be regarded as very high risk,
gistent pavoil tvpes cf research.

¢ throughout the DOD on
o i that might be applicable to AICBM defense, Examples are
R&D on LLASERS, data processing, vehicle guidance and propulsion, and fire

It is believec that in general AICBM technigues work is gzoing forward
t 2bout the right level considering the problems and tzlents that exist.
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ction raders of the
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ilight, The latter radar can 3

Te caperle of following the missile
cennec in such 2 way a5 to provide z detection czpabiliity of 2bou

Present configurations plznned for the three sites are:

Thule: 4 detection radars cov ':'ng z total of 160 degrees in
zzirmuth, already operztionz! (in December 1060)
and one t"ckmg radar, operationzl December 1961,
.-\

- This site will cover 1:—. es frcmd the central

poriion of the USSR, leazving the US exposed to launch-
ings irom Siberian and European arezs
Clezr: 3 detecrion radars covering a2l of 120 degrees in

n
rt
o O
ct

i
azirmuth, operztional .:eptembe ¢61; one tracking
racar zuthorized by OSD but not funded (cost, approx-
imately 520 million). It will s‘*-ll be possible to
gttzack the entire eastern half of the US underected,
With 23 degree re-entry angles, providecd only that
the micsiles zre {ired from western Russiz,

Fylingdales: 3 tracking radars covering, for detection, zpprox-
irnately 90 degrees, operationz! about J\.ly 1963.
Whe n this instzilation is completed, all portions
of the USSR will '
jectories§ :

ting ICBM fznkage
olic antennzs wn
iso pe

ick



icns Irom the three

~OEC N YLIne 1o maich

eoproximaeaiely £900 million, exclied-

Txpencizures through T Y 1641 tos

ing cperztional consiruciion vear, will
teizl zomost 31 billion.  After this fime, the operating cost, including military
personnel, wiil run zbout S&7 million per vear, )

The detection radars can furnish only crude impact prediction (within 2
few hundred miles), Much more accurate precdicrion can be obtzined from the
tracking racars (Wit heret fiic kendling a2bility ig

severely limited,

hin z few miles) but here the ira

The trzcking radar zi Thule, when used in the detectio:_n mode, will give
rariizl coverage of the IC3M zpproaches later to be covered by the UK site.
It can be made to furnish back-up to the detection radzrs, czn be used to
identify selected targets with more confidence, and thus reduces the fzlse
zlarm rzte. A tracking radar zt Clear would also decrease {zlse zlarms

znd increzse vser cornfidence.
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BMEWS cazn be jammed, eithe:
zngle sicelobe, or irom saztellites, or by putt zig
ziternatives is rezlly ezsy to do, due 1o the multiplic
irequencies, and zt different sites. If the enemy chose an zll-out jamming

is attack, this in itself would provide early warning., If he
; periodicaliy, he must {zke into account the increased inter-
nztionz!l tension which would result, as well as possible countermeasures on

1257 in orbit, None of these

ity of beames on differing
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(MIDAS)

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

: 2 ;
oriining satellites, ezch ecuipped with an infrared senscory device designed to
ceiect; but nol trzck, enemy ICBMs in their lzunch phase, thus increzsing the
number of minutes of eariy warning availeble from BMIWS (10-40 minutes) by

> to 20 minutes, Altnhough studies nave been made of worldé-wide
coverage, ine present sysiem under design is intenced only to detect launchings
0 accomplish this, eight MIDAS szatellites in carefully con-
trollec circuler polar orbits will be reguirecd, four in ezch of two orthogonezl
G060 n.m. zltituce. (Serious consicerztion is being given to 12
randomly spacecd sztellites, 6 in each of two orthogonal planes since without
' ecing the incdividuzl satellites can be mzde more relizble.)

Since MIDAS will have some zppreciazble fzlse a2lzrm rate, it is conceived
to nave its mein value zgeinst mass raids, In this respect it is similar to
BMEWS, .

Three ground readout stations will be necessary, now planned for installa-
tion in Alzska, Greenland, and the United Kingdom. The design of the system
is such that there is z very high probability that at least one szatellite will always
hin line ¢f sight 6f both the launch site in Russia and at least one readout
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Dete from the readout stations will be inctanta.neously sent by communica-
ircuits will be utilized) to 2z central computing and display
nited Stzates.

The ATLAS booster will be used, zlong with an AGENA second stage.
The AGENA coutzins 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 achieved orbit and some infrzred datz were secured befcore telemetry
ziled on the fifth pass. The next launching is scheculed for May 1961,

H\

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

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




sateliites g aboutl 200 to 1000 houre (which seams opiimistic); hence
reliazbility must be imoroved by at least z {zctor of ten to reach the design
2Cel. ~linough Dot impossidle; this will be difficelt to achieve.

Ihe main problem with respect tc infrared performeance is whether
et can be dist r‘xgusbec irom the heat radiaticn coming from
louds. Varidus plausible discriminztion circuits have been
incerporzted inte the design of the infrared receiver, bui until.more fest
veilable, this problem will be unresolved. A comprehensive

ts program hae beern planned to extend our knowledge in this

. Some recent analysis of background and target radiztion has been
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zactics zre possible (e.g., rockets with doped fuels),

bui seem improbeable. Since MIDAS will only be useful zgainst mass raids,
: hy

gimulzation of one target would be of no particular benefit to the enemy.
Simulziion of a2 mass aitack would invite our mzass retzliation.

H>

The svsterm might become operzticnal in 1964 or 1965, No go-ahead

"eystem nzs bpeern granted.

R&D expenditures through FY 1961 will totzl about $190 million;
$200 miliion is being reguested in FY 1562; znd it is estirmmzted that an
acditional 5290 million will be reguired to complete the R&D preogram, for
2 teial of almost $700 million. This will pay foz & totzl of 24 R&D launch-
s tarough ‘czlzndar 1963. ) A

To attzin an operational system will reguire approximately $500
n more; annual operating costs will range {from $100 million to $400
n, depending on the reliability attained (the lower figure assumes an

average satellite life of one year).

0 O

-

world-wide coverage is desired, for early warning against other
es {e.g., Chingz) and zgzinst stbmarine latnched missiles, studies have
sen de showing that 12 or more satel ites wiil be required, and ¢
zdcéitionzl rezdout stations (12 _ot.-.l) scattered around the werld., The
zdditionzt investment will be about $500 million, znd additionzl annual
erafing cost will range from about $100 to $300 million depending on
iabiiity. It should be noted that the detection problems will be even more
ult for the submarme launched missiles, due to their lower radiation
r ign of the inirared receiver

U
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is recuired. It is not certain that this recesign can be made effective







Flacdzrs depenc for thelr operztion on the condi-
rione of the Inosphere, They will never provide z seli-sufficient warning

E e {ime ioncspheric cenditione permmit they will contribute
ul inforrmatiion on launchings'in the USSR. In zddition to its cor-oborative
S ‘arning system, Over-the-Herizor Radars may meake impor:iant
coentriputions for intelligenceypurposes.

L
Ui

¥E operates zt @ wavelength of 0.7 meters. Electromagnetic

radiztion snorter than 10 meters is infrequently réfiected by the ionosphere
zjectory of the waves does not bend to follow the curva-

ture oi the earth, This limits BMEWS racars to line of sight Getection.

To extend the range on the earth to distances beyond the horizon
use has to be made of the reflections by the ionosphere. Research and
development has been conducted in Over-the-Horizon or Ionospheric Radar

wnich operate in the HF band (\L‘:veleng h of the order of tens oi meters).

A system could be developed out of three different technigques which
have been tested for the last two years. All three techniques involve multiple
bouncing of the radar signzl between the earth and the T laver of the
ionosphere (about 250 KM zltitude}. One of the technicues consists of
rellecting the signal et the missile and irzil and the ionosphere is used
or.ly to bounce the signal, In the other two technigues {ground-forward .
ground- backward scatter) the detection is not efiected on the missile,

K but on the disturbance produced by the missile in the ¥ laver.which
persisis for minuies and alters the radar signal,

Such a system will provide azccurate time =nio*mat10 on launchings
200 to 300 seconds aiter launch at distances as large zs 4, 000 XM or more.
Tre probability of 2 false alarm has not been measured but it is expected
to be low enough to be useful.' The system will detect long-time burning
micssiles (ATLAS-type) and some short time bur: *'ng missiles (MINUTEMAN.
yvpe) but whether or not 2 system capzable of detecting POL 'jﬁ.iRIS missiles

will be developed depends on the outcome of experiments to be c—-*zec out
curing the nexi few months,

An important limitation of zll he present technigues is that they
require knowledge of the 'lzunching site in advance. An urgent problem for
research is to {find cut rneans tc survey an extensive zrez for possible
enknown launching sites.




The more serious Limitations of 21 tne Pz esent Over-the-Horizon
Rafzrs are due 1o the very fact that makes po cible the long range. This
€ use of the ionosphere, It is doubtful ihat the radar can be used for
more than 50% te 90% of the time depernding on the geogrephy due to

: o ic disturbznces (such zs '*z-.g'ue.u: storms and diurnal
onos'.mere) With the exisiing eguizmen: for lonospheric

1t is pessible to make an zccouxzite estifmate of the reliability
z simultaneously with the gathering cf the launching
information. This works both ways and it is therefore poseible to schedule

the launchings.-for the time when the radars zre out of operation.

There is a possibility of developing ionospheric radars operating
he very low freguency band (wavelength of the order of 15 KM). These
re would use the D layer of the Jonosphere (75 KM zltitude) which is
moere stable than the F layer and this would mzke the radar operative at
tirr.-es when the F ‘aver is not useful, and vice versa. More research is

neeced before any predictions are possible.

Beiore az complete operational Over-the -Horizon Radar system
should be deploved 2 tactical evaluation of its usefulness must be made.

The current level of research and development by ARPA and

tne Services is considered to be appropriate in light of the present state

I technology and the need for specific tacticz! evaluation cited above.

et §i‘~a



APPENDIX 2

ACTIVE DEFENSZ




NIRZ ZZTUS, under developmen: by Bell Teleohone Laboratories for the
TS Lrmy, s the only active defense anti-ballictie missile systermn under hard-
ware developmen: in the United Stztes or zlifed countries. Over 5900 mil-
i:on has bDeern bucgeted on the program through TV 1961, znd the totzl develop-
Tment cost wili zpproximare $1.7 billion through 'Y 1965.

The system is z terminz) cefense svstem in whick th incoming targets
are detectec zné tracked by rader; the ZZUS missile is launched znd, by
commanc guidance, siteered to an intercept »oint; and its nuclear warhead is
Getonzied by ground commeand. A specizl rzcder provides some capebility of

scriminaticon between warheads and decoys. Zach battery has a maximum

range of about 75-1C0 nautical miles agzinst low-zrrival rate targets; in an

all-out mass zttack. in which the enemv is assumed to use rmultipie warheads
i$ range is rapidly degraded, due to the necessity of holding fire

("

wn

Testing of parts of the system, including limited-range missiie firings,
nzs begun at White Sznds Missile Range. Future tests are scheduled at
Ascension lzland, where 3 Target Track Radar will observe Atlantic Missile
Kenge ICBM re-entries; Pt. Mugu, where the ZEUS missile will be tested
to its full range; and Kwzjelein Island in the Pzcific. The latter location
will hzve a2 cocmplete ZZUS system, and zciua!l intercepts will be flown
zgeinst IC3Ms fired {rom Vandenberg. These firings zre scheduled to begin
eabout January 1962. There zre some recen: indications *hat this program
mey slip zbour six months.

i ¢ that the Kwajelein tests, in addition to influencing the
cesigrn of the ZEUS system itself, will also provide invaluable data for our
own peneiration zids program.

nvenal in oz 2 e n
cdeploymen: zre: £ batteries, S1.2 billion; 12 batteries, $2.3 billion; 30
baiteries, 52,3 biliion; and 70 batteries, S& billien

The most important limitetion of ZEUS is that its fire power will

mite
vrebally not be zble 1o handle the number of simultaneous targers-which can
reasonably be expected in an all-out war with tze USSR. Such targets may
be multiple warheads or z combination of warheads and sophisticated decoys.
( ar e :

¢ two-batrery configuration can handis six simultznecus targets

s zre exhausted.) Since the

swimeately every 30 seconds, until its missi}
>



ne ilrepower limatzTion cowld be dresitiizlly imor

ellzciive, non-nuciear rmiceile could be Gevelopsd,

o
would perm::
c s

Tersec imzrovemmen:t in the ratio ¢f cosis 10 the enemy and 1o us {or ezckh
iCZ Al cestroyed, Stucdies in this zrez zTe oniv moderately encouraging.,

mscrimaizmetion capability is being designed into ZZUS which mzy De
ellective against lightweight decoyvs and tank fragments.

posul tecied zgainst mess attack
DV osuLh 2 svsiem NOYT & IREJMOr program of Izt e enemy
s

The
\ znge of the ZEZUS bettery
gnc the resultznt {zllout will be lethal zgainst tha populztion.

2= U5 can be expected to be guite effective against low rzte~of-arrival
argets such as might be Jaunched from enemy submarines, or from enemy
wuntries (e.g., China) having only first generaticn, Iunsophisticated misecgiles,
It might zlso zad cerizin intengible but rezl factors to civilian morzle, and
hus sirengthen our internatiomazl posture.

tf
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One important way in which ZEUS might helr
is thet, if arms limitztion negotiations are sucrassful, ZEUS would be

ting system, znd much
¢ on terrninel defense,
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Kgy p-oblems as to ZEUS's effectiveness are the degree to which its
discriminztion technigues against deceys can be made effective, and whether
cr not an effective, cheap (nom-rnuclear) ZETUS missile can be developed
whick will allow greatly increased firepower,




Termingl) is z terminal- celense system concepi

o : 1 16 get 2round some of the

prodiems of target identification that beser NIKE-2EUS, Draring 1950,

twelve paper feasibility studies were conducted on crirs czl elements of the

hese study results were suificient: Vv promising to warrant

moere intensive feasibi Litv izves 1ga::o*1 da:;rs TY 1961 znd 1962, Approxie
' o PY 1962,
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The ARPAT concept is based on the assumption that moderately heavy
decovs (20-200 pouncs; can be built which will de” v discrimination, while
ligh* decovs (20 pounds ox lescs) may not be discriminzble until they descend
to about 200, 000 feet altitude, To counter 2 threat w ith many decoys, ARPAT
would delay final wezapon commitment until targets kave reached 150, 000 -

200, 000 feet zititude, and employ interceptors which would be suificiently
inexpe:s*_ve “o justify attacks on all undiscriminated objects as & matter of
doctrine,

zccomplicsh the late finzl commitment, z large number (50- 500) ¢
smzll interceptors would be lofred to 100, 000 feet zi¢itude upon radar warmng
of an azttack upon the area defended. These emell interceptors (50-75 1bs, )
would be zssigned to undiscriminated t= ergets by & tDecialﬂ'zed ground radar,
and then proceed independently by heming on infrared emitted by the zero-
Cynamiczllv-heated re- entry bodies, Kill wouid be zccomplished i Dy by*oer-
velocity impact of portions of the interceptor siruciure on the LG-"QEL.

r“‘]
0

ARPAT, =z terminal defense system Lke ZEUS, could not be used to

cefernd populaticn against a fallout zt*ac k, and if deployed for population defense,

€
shouic be pzrzlieled by a fallout shelter Frogram,

ilmited paper sta¢e= cc._du.c*ed S0 "r) to be c:_-ua..ﬂe of cefeud":g locallzed
cergets zzainst missiles accompanied by & fewtens of hea 'y decoys. However,

it may turn out that ARPAT would be inrererntly vilrerzble to other tvpes ci
coniiermeasures. The FY 1961-1962 program has been planned to verify
experimentzlly the crizicel new techn nology invslved in the ARPAT concept as
well 25 te estimate system cosi, effectiveness, ard vulnerability to enemy
countermezsures, '

ns out Zaverably, a decision made in 1963 to develop
ccompliched by ebout 1970, The cost per city

€ to ZZUS projecied costs. It may also turn out

and Z"‘"S 2T 2 ¢G5t not greztly exceeding,




o

eiense of the Uriteg Stztes Teleliztory force (inclucding command zne
i 3 T attack cen be ecccmplished 1o some degree
3% inc:easing numbers, ha:—der_i::g, Cécealmens, and active defense,

A plausible czse cat be made {0 show that kardening plus active cefense
cifers economic and relizability acvantages cver he other alrernztives for some
Imporizc: eiements ¢f the United Stztes retallziory arsenal, This claim must
o€ fempered, however, bv arn eppreciaticn of techinologicel uncertzinties whicdh
Erevenl a positive Stalemernt a2 this dzze that aclive defense of Lzrd points is
~¢chrnically fezsible 2t 2 level of O¥Yment which mekes i+ economically
gllractive,

irt deferse lg, bevend much guestior, easier ang less expensive

*¢ accemplish thar deferse of scfl areas, Sirce the target is hard, <he incoming

fsile may be allcwed “0 come withiz about te= theusand feet of its target prior
tc intercention. In Censequence, commitmen: of the AICBEM weapon mav be
celaved until the ICEM is withip teh-to-twenty miles of the target, rather than
the sixiy-toeone hundred miles minimum cormnmirment range for ZEUS, for
example. This results ip less expensive intercertcrs and very likely reduces
the cost of other Svstern elements as well, T:e cecoy preblem is also
ezsec, as decovs to be effective must be capaktle of Surviving the rnost rigorous
“€-8niry problems without disclosing their charzcteristics to observing radars,
2ad must have been precisely deployed in order te appear to impact within ten
thousand feet of the terget, ) A

The Air Force has recently concluded eight studies (six uniunded, two
funded, for z totzl of §140, 000} of the mezns cf defendir:g a hardened restricted

area zgainst ballistic missile attack, The RAND Cerporaticon and Bell
ephone Leborztories Lhave also recently concluded simila~ studies. These

tiCies indicate that rezsonably geod defense of smell sites hardened to abous
: n iVe-vear cost in the Tange cf ten-to-fifty million

czllere, deperdine upcn the severity of the postulated threat,

Wrile it seems quite likely that a harg po:zt defense system costing
Ziity million per defended site or Somewhat less could be built with the
cepability cf hendling Derkhaps ten decoys per missile attack, the costs
uld rise zimest linearly with increasing numbers of re-entry decoys,
f now it is not kaown whether it ig rossible to perfect decoyvs which weigh
-2'%tezs of pounds or less, zud which can Striive re-enirv while matching
Tedlum cr lzrge werheads in CEP ar¢ cheracteristics coservable by radar.




ainty is resolved, the fezsibility of haré point cefense

[

Lntil tniz crucizl vneer

.= ¢cost cannot be determined,

A tecanicelly different zpproach to nerd opeint'defense (for exzmble,
SZLXZT) is being given some considerztion, Rather than employing ant:-
massiies which seek out incoming missiles and zre therefore vulnerzbie 1o

er
ceceying, these concenis involve lofting & barrzge of p ellets through wnich

czngercus odjects wou 1d have to vy, arnezd anc decoy zlike would be
=
i

cestroved if the barrier were sufficientiv high (sc thes ermospheric slewcown
nzC met eceur :e':I) enc the pellets of the barrzge sufficiently neavy to accemplisk
®ll, Ccmsidering the uncertainty of our curren: knowiecge, the weight of

ellets required may range fromm one million to one hundred million pounds per
arzack for each hard target defended. Systems of this kind have not vet been
exerinecd closely enou gh to determine their cost or susceptibility to specific

countermmeasures,

'L1

i

Another significant uncertainty relates to the feasibility of countering
ine eflects on defense sysiems of large, low-zlsitude, nuclear bursts; or
elternatively, the possibility of successfully zttzcking with wezapons which deny
tne possibility of the enemy's warheads detonating,

The Penetration Aids program 25 well 25 the decoy discrimination

rch carried on in ZEUS and DEFENDER will go 2 long way toward
cl\r'.ng the uncertainties in decoy capability, Resolving the questions rzised

cssible nuclear detonaticns is not possible without testing; but theoretical
tudies bzsed on available date mzy furnish z useful degree of knowledge,

(D(b
Ly

Rl would be reguired
betweexn the start of weazpon svstem 4evelon*nen nd 10& Some resezrch

in kz>d pdint defense technology is being conducted zt present, and some of

the sysiem problems are closely relzted to those experienced in ZEUS and
ARPAT, Increasing the effort on technology rela to hzrd point defense
(¢specially work or high thrust, short-burning _tzrne interceptors) is desirable

at izis time. Some limited systems work should be undertzken o pin down costis

anc prepare Ior possible weapon system development.




SALLISTIC MISSILE BOCET INTERCEDT
{2 ANE])

The ZAMEI program is concerned with intercep: of enemy pzllistic

missiles during the lzunch or pre-burn out »ert of the trzjeciory or in some
cases shortly therezfter. jLoczation of BAMEI mte*cep-‘ors con sztellites in
oroit seems to be the only zpproach oilering any promise of mzking possible
intercept during the short time period availeble: 150-10-300 seconcs ourning
time for present ICBM desigrs znd even less icfr IREMs anc poscible
advanced ICBMs. TrLose concepts considered so far differ in detail but all
involve the placing and maintaining of lar ge numbers {tens of thousands) of
intercepiors in orbit, Those considered to date rely primarily on infrared
radiation from the plume of the hostile missile for detection, tracking, znd
intercept and on m'pervelocny impact with smazll pellets for kill of the hostile
missile. By operating in paris of the infra-ed spectruwn where water and/or
carbon dioxide molecules are sirongly absorbing these systems, like
MIDAS, use the earth’s atmosphere as a natural filter so that there will not
De a response to radiation ez"nanati*:g ifrom sources on the earth's surface.
This zlso rmeans, cof cource, that the BAMSII svsterms can detect ballistic
missiles only after thevy have risen zbove the censible atmospnhere, z factor
which cuts the total time aveilable for respense well below the figures given

above,

3 the BAMEI-type concept is that it mzv per-
it atteck whern the enemsyw 1'.f:issne is most wvulnerable, i.e., during the
ae trajectory. Alsc, decov problems will be different =nd
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uite possibly easier to deal with than those with which terminal phase
AICBM systems are plagued.

3AM3I-type =a.e111 es and intercepters would be expected to burn up
as their orbits decaved an i they re-entered the earth's dense ztmosphere,

Nevertheless, the political acceptability of such systemns would undoubtedly
be questionzble, Particulariv, an effective SAMERI systermn would intercept

Soviet (and pernape cihier) space :’ligh' launchings unless special provisions,
including preannouncemernt of such launchings, were made to preciude inter-
cept.

Moreover, the technical feasibility of the BAMBI-type concepis iz
dependent on the sclution of 2 number of critizzl problems. The mforrra:ion
on infr ¢ Zrom cloucd tops is very
<

;m.\' that discrimina Llon

ared racdiation from missile pll..:“ze‘-‘ &n
inacequate, but there exists the very rez) pes

.= -

Detween misciles and clouds, and posclbf-

H

T SP‘L."I.OLS sQurces such zs




decoys, may be a problem requiring much more sophisticated infrared

anc 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 orbit, annual costs of maintaining 2 system
that could exact a reasonable high attrition (say 75%-50%) against plausible
enemy threats would run into billions and quite possibly tens of billions of
dollars. Enemy countermeasures such as pellet attack against the BAMRBI
Sysiem, development of very short bur: ing 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 BAMRI con-
cepts. These concepts continue to be sufficiently attractive so that they
may merit further research, Fowever, a development and deployment
program would be grossly premature at this time,




An JCBM travels for 1,200 seconds or rmore in midzourse; i, e, ,
between the end of boost and the beginning of re- entry. This time may be
comparecd 10 200-300 seconds spent. in boost 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 bcost or terminal phase
systermns;

b. Local saturation of the defense is avoided;

¢. The anti-missiles may be ground-bzsed (2s opposed to
BAMBI systems);

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

e. Any nuclear detonations would occur cutside of the
aimosphere.
In.consequence very much thought and hope has gone into midcours
AICBM systams,

In midcourse, however, the decoy problem is much more severe than
in t;e boost or terminal phases. Since missiles are in "free fall" in mid-
course, the {rajectories of warheads and warhea*‘-s‘ﬂaoec balloons are
indistinguishable. Such balloons {weighing about one pound, and requir ing
w cubic inches for stowage and launch mechanism) constitute an
almost insurmountable nroblem for midecourse AIC3M, as balloons can
cl ¥ match the zppearance of werheads o radar, visual, or thermaliy-

sensitive imstruments,

Consicderation has been given to lofting large nuclezr weapons to the
- : . .
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vicinily of an incoming target cloud to m
atlL (200 miles or more) that elemen
ili. This has led to the invention »f ¢

"bird cages’') which would survive a nuciear ex;
rai:es or £o; and would, to radar at ieas:, be indistinguishable from 2
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Many syste*n configurztions have been explored, but to date 3 szlient
ieatures of all the systems examined seem to be:

2. The systems are all significan tly more expensive than
the enemy force they purpert to counter;

5. 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 dafense 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 phenomenoloc*cal research, with only a "keep alive' trickle of
systems-criented efiort,
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SPACZ SURVZIILIANCE ’ )

There are now a few tens of satellizes iz earth orbits. IZ 2z si
cant number of satellite programs azmong those now being consideread
carried out, z satellite population of as many zs 10,000 is possible, i
not probable, in less than ten years. Trom z military point of view,
many of the satellites placed in orbit by foreign powers may threzte:
security. Information about these sztellites must be made availasle to
2pproprizte military commands. In zddition, it is necessary to keep
track of our own military sateliites,

The space surveillance mission is now being performed by the
NORAD Space Detection and Tracking Systern (SPADATS). This system,
under operational control of CINCNORAD, comnsists of two major com-
oonents. One, the Air Force Space Track System, is a facility for
computing satellite ephemerides using date Irom =z number of seasors
located in various parts of the world. The other major component of
SPADATS is the Navy SPASUR system. It is the prxu_e sensor ior
detecting new objects in space.

U'«I

At p‘ esent, SPADATS has very limmited ;apabﬂzty of its own.

SPASUR 2 fixed beam CW sysiem, is being upgraded so that th

The present sy stem in its simplest and most zttractive Iorm will becomse
trzific limited as the satellite pcpulation increases. SPADATS needs
o - - -~

seificiently accurate 1O avold ami . In oxcer fo provice This _ .
capability, 2 SPASUR type sysier Decorzes mmore compi2x and aliszrnza-
tives to it mus* be considered. '

In October 1960, the Air Force was reguested by the Secretary of
Defense 'to submit a detziled development and funding plan ior improve-
ment of the national space surveillance sysiem which carries the
coordination of the Depariment of the Army and the Depariment o*' i
Navy. and which will satisiy the reguiremments of the Joint Chieis of Sua:':'
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and their designated operztional command, ' This :-1"1 is new in pre




it is felt to be desirabie that a s
surveiliznce capability be achieved, beginning -L--IT‘Ldlc'.te].Y it is
estimated that an expenditure of $30 :‘:‘.-"..;on 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 make the five year total cost
(including radar) approx1mate1y 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 approximately $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 ZEUS) for an arrary radar.

The cost of SPADATS and its predecessors thrcu..ah FY 196l has
been azpproximately $47 million.
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DOWN-RANGE ANTI-MISSILT MZASUREMENT PROGRAM
(DAME)

DAMP is an ARPA sponsored ?rog:am which was started by the
Army to make re-entry measurements on IRBM's and ICBM's in AMR,
The principal measuring platform is the American Mariner, a2 Liberty-
type ship which has both radar and opticel measuring devices on board.
The DAMDP program which includes the ship and supporting land facili-
ties has cost about $10 million during FY 1961 and will cost about $38
million in FY 1962, the difference being tmprovements to the technical
equipment added during FY 1961, ‘

The DAMP ship has provided the only radar measurements we
have on re-entering IRBM and ICBM nose cones. These data have been
invaluable in verifying the theoretical and laboratory re-entry physics
work. Although the DAMP ship does have limitations in both range of
its radars and speed of the ship, its continued use is clearly indicated
at least until in CY 1962 when the MARS ships are scheduled to become .
available. Data have not yet been obtained on such missiles as iae
MINUTEMAN nor on the decoys being developed under the Penetration
Aids program. The NIKE-ZEUS target tracking radar (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 which impact in the Ascension area. '

The continued use of the DAMP ship beyond CY 19062 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 PRESS pro-
gram which will permit fullscale controlled re-entry experiments.

P




PACIZFIC RANGE LEC""":LO G.\ TIC SIGNATURE STUDY

PRESS is an ARFA field experimental program to investigate the
physical effects associatzd with the flight of ballistic missiles from mid-
course through re-entry. The total cost of this prograr over a four-
year period, FY 1960 through FY 1953, iancluding 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
located 2t Roi-Namur in the Kwajalein Atoll, and will be operational about
June 1962, Some limited experiments azd 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 cbjective of determinin&
whether ICEM bodies (re-entry vekicles, decoys or other) intrinsically.
produce observable prysical effects from which their identity can be
derived; hence, attempts will be made eventually to test specific discrimi-
nation methods--in real time, if possible.

u--\

The proximity of Rei-Namur 0 the NIKE-ZZUS test instzliation on
Kwajalein Island will énable the PRESS experiments to use the 47 ATLAS
target missiles and communications provided by the ZEUS drogrem. These
missiles will be controlled by the NIKZ.ZEUS system calibration aad,
demonsiraticn requirements, They will serve many of the needs of the
FRZSS orogram, but it is expected that a few missiles with specizl paylecacs
for PRESS will be required,
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At the presenf time, the racar ims:tr
PRESS is the TRADEX two-frequency (UHE and L.B
built by RCA. It is scheduled for emplacement on R

1961, Three aircraft basad on ZTniweatok anc ground instzliations on Roi-

1]

Namur and Kweajalein will be used to make optical and infrared measure-

joo ..-a.t =,

Lincoln Laoo;auc&y has bSeen selected to undertaks the scieatific
direction of PRESS. Lincoln Laboratory also conducts the Wallops Island

model experiments which will permit close correlation of.tne mocel and
ivllscale experiments, :




Project PRESS will be the only prograin of controlled fullscale
research experiments conducted cownrange with scientific personnel and
computational facilities with the measuring instruments. As such, it is
the keystone to the re-entry physics and discrimination programs. The
NIKZ-ZEUS equipment on Kwajalein will contribute to the research pro-
grarn in a limited way, on a noninterierence basis with the ZEUS prime
objective, which is a system demonstiration.




Lincoln Laboratory is conducting a re-entry physics program
sponsored by ARPA with 2 major portion of its eifort devoted to field
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 events to be observed in the field and to aznalyze and
interpret the results. Tke total cost of the program through Y 1961
has been $13 million and 34 million is projected for FY 1962.

The Wallops Islarnd 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 dilficulty ot
scaling the model resuits. The program will provide valuable a2ssistance
in the design of the PRESS experiments as well as permit acditional
model work to examine results obtained irom PRESS, .




TARGCET AND BACKGROUND SIGNAL-TO-NOISE ZXPERIMENTS
{(TABSTONE)

Project TABSTONZ is an ARPA program designed to provide a
detailed understancing of the opticai and IR phenomena associated with
the launch phase and also the expected packground conditions against
which detection and tracking ecuipments of launch type systems will
have to operate. This program is just being started and is estimated
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 system 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 concepts
involving kill during boost and not just detection as in MIDAS impose much
more stringent requirements on dzta needed for the definition of targets
and background.

Although TASSTONE will obtzin information vital to MIDAS and
BAMBI, its broad objective is to learn about the launch phase oi missiles.
It is the f{irst coordinated program of measurements and analysis'in the
launch phase. It has been preceded by the relatively uncoordinated Inter-
Service Radiation Measurement Program (IRMP) which has besn some-
thing of a disappointment. The cost of IRMP 53%3-50 was approximately
$10 million.




PENEZTRATION AIDS

AND MOBILE ATLANTIC RANGE STATION (MARS)

Although thistprogram is part of our over -all development of
offensive 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
Penetration Aids program.,

t is easy to duplicate a nose cone in all its observable charac-
teristics with a very light object 2s 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 uncomiortably low (for
the defense) altitude. It is not as easv 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 delaving detection of the nose cone
by the defense, and making easier the job of duplicating
the signature of the nose cone,

Z. Produce lightweight decoys with re-entry characte*:sucs
indistinguishable from those of nouse cones. ’

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

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

iscal Year 1961 and prior efiort oa peneiration aids is 338
million; IV 1962 funding is $32 riiliex, '

Closely associated with the Pezetration Aids program is the
MARS program of mobile instrumentation. Two ships, equipped with
an array of sensors (radar, IR, optical) will be positicned so 2s 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-

tration aid develocpment. MARS ships also serve to produce f‘.rlug tzbles
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f{or the missile designers. The fundirg for the MARS ships is approxi-
mately 5530 miilion in FY 1961 and 330 million in TY 1962. Airborne
instrumentation wiil also be provided,

The Peneiration 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 matter
is not justified. A determined defezse would be highly effective against
missiles employing no penetration aids. The Air Force Penetration
Aids program must not be allowed to sufier Irom budgetary restrictions.




OBSERVATIONS CF SOVIET MISSILZES

All of the major programs discussed in detail in this section are
ories 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 hope to understand the physical phenomena well enough to predict
eifects for any type of re-entry vehicle. In-fact, we must avoid the trap
of designing 2 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 from intelligence and research aspects,
These observations were made using aircreft 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 evaluated at this time. '




MISSILZ, SPACE AND UPPZR ATMOSPHZIRIC PHYSICS RESZARCH

In addition to the specific programs such as DAMP, PRESS,
Wazallops 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

S11 million.

The primary purpose of these programs is to provide a compre-
hensive theoretical tinderstanding 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 axnd the
larger ones such as Wallops Island which also includes theoretical work.
This duplication is justified at this tirme 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 ballistic missile defense
research. One of these tools is the 1000-it, ‘radic telescope being con-
structed in Puerto Rico as the principal insirument of DODIRF (Depzart-
ment of Defense Ionospheric Research Facility). The cost of this
facility throuzh FY 1962 is estimated te be $6.8 million.




Inirared - Optical Research

In addition to the effort previously discussed to provide a better
understanding of the nature of the infrared a2nd other optical radiation
from missiles, and the transmittance through the atmosphere, there are
serious problems, and great possibilities fcr improvement, in detection
devices, and devices that will faciliztate discrimination of missiles from
other iight 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 pacts of the spectrum.

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

{€) have appropriate optics so that very small fields of
view can be used.

(d) have sufficient sensitivity

Work is being supported in all these 22d other areas of technology.
Devices with improved sensitivity at longer wavelength are important and
are being investigated, particularly for detection and tracking of aero-
dynamically heated warheads {as distinct irom boosters). For the se-entry
problem, techniques to deal with multiple targets are necessary and are
being supported. The fotal support in the IR -optical area for FY 1962
armounts to about 515 million, Considering that the feasibility of MIDAS
and several proposed AICBM systems is absolutely devendent on infraread
chnclegy, this level of eliort seems ncone too large. It is probable thar
chnicuzs can be developed within the next Iew years that will meet most
ihe demands of these syst

i the levels oi
sophistication may be far hig 2
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Radar Techniques

While much of the general radax technology is applicable to
AICBM problems, there are some areas that are being developed primarily
because of the demanding requirements of ballistic missile detection and
defense, -

{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
especia:ly high power tubes. Further werk in this arez is being supported
and is of great importance. The problems are likely to get much worse as
there now appear to be very real possibilities of developing warheads with
effective cross sections of the order of a thousandth of a scuare meter,

(0} Because of the very great speeds involved, the large antennas
needed, and the necessity to handie multiple tracks, electronic scanning
techniques have great advantage over techniques used in the past. A great
deal of efiort is under wavy to develcp technology in this area. ;

{c} The need to discriminate between decovs and warheads has
posed special problems for radars. Zxtremely high resclution 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 possible to measure the sizes of
incoming cojects.

(d) Zspecially for defense of hardensd targets, radars that can
withstand considerable over-pressurs from a nuzlear blast may be of great
impertance. The electronically scanned phased array tyze radars offer
e of reaching about 100 psi hardness.

L

The amount funded for Fiscal Yaar 19562
= De charged to the AICBM s 2abo
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LASZR Research

Within the last year the feasibilizy =f an optical tvpe radar, the

P

LASER, has been cdemonsiraiad. This Tay have some very great adwvantages
cver conventional radars; particulariy, the energy can be concentrated ia an




Develeopment in this area is in {ts izfancy.

amount of reseaxch in this arez being supporied

e 5 nose ¢one, capable of surviving re-enizy into
the ztmosphere di opja2ct 0 desizoy D
The | s effort is z vigorous resea

adie. The kill mechzaisms e
ceiine more closely the kiil capabilities of the mechanisms
for cestruction and to discover technicues oifering gre

The +ulneradbility efiort is concerned with side effects
~
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raczr interference or blackout whi
nuclear wezpoons in ballistic missile czfense,

the use of charged partizle beams as a2
r
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(o} Feasibility stud {
kill mechanism show that many p
several critical experiments w 2
Research is wnder way 2imed at prod

oblems need more detaiied study, and
ed to check current theories,
aigh energy, large currcent,

S
beam oI elecizons or groisas 3o invest e probiems {n deam siability, beam
spreading anc targeti camage. Thneoreticzl and exper
being conducted for a high energy pla accelerater which, in theory,
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can provide a relativistic high cur bi

imentzl work is

ent bezrn. The prodability of ceveloping

2 feasible charged particle beam deie systern seems ai this time to
be very low. However, it has not vet n demonstrated 1o be infeasible,

Tha amount of research funded for Tisczal Year 1962 is about
exoerirmenis
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most of which will be spent in completing 22d doing critical
on devices that have been under development for some time.
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{c) Both experimental and theoretical siudies are bain
conducted to determine the feasibility
radiation as a kill mechanism. The p:ospects ior an eifeciive
sysiem based on this mechanism are =zt o
the charged particle beam. One of the most importan
cient transfer of energy from the beax '
area may be justified. Other areas bz2ing examined are propagztion and
breakdown effects, extremely high power microwave generation, antennas,
apd power sources. Much of the latter effort may be unwarranted 2t this
ime caonsidering the dim prospects and the criticality of the concngt to
'the soiution of the energy transier problem. Sorme of the work.iz of funda-
mentzal interest as physics and should perkhaps be supported as su:h
rather than in connection with kill mechanisms. Abou: S35 million is being
funded for Fiscal Year 1962 f6- radio freguency kill work,

ULIO

(d) There are major disadvan tages to using nuclear warheads
in AICBM defense; need to detonate at high altitude to avoid damage to
one's own personnel and facilities, high cost which may be prohibitive if
one is forced to engage many cbjecis (decoys as well as warheads), and
nuciear and IR blackout effects (sce below). FTor these reasons, kill .
technigues using high velocity solid material impacts has received
increasing atteation recently. However, littie is known about the relation-
ship of destructive effect to pellet si(_.e, velocity or composiiion or about
pessible warhead destruction mechaznisms. For example, much more

needs to be learned as to how smali the camage {0 a nose cone <an be and
still insure its destruction during re-entrcy, I—I_'pervemc“'y pe 'L f war-
head deve€lopment is probably one oI the most promising leads for radical
improvements in AICBM capability; research in this area shouid go
forward with high priority. About 55 miilion is funded for Fiscal Year
1962.

N

(e) It is necesszry to assume that lear detonations will

be significant factors in any ballistic missile oz sg
either in the vehicle under attack or as mart of the over-all defense
system. There are unresolved problems regarding nuclear interferesnce

U

with RF, IR and oprical signzls and siiscis
The effects, such as radio or radar nizckcut, caused
produced oy high zltitude nuclear bursis ere being siu :
damazge can occur in electronic systems or components from {ransient
radiation pulses emitted Dy a nuciezr expicsion, Transient radiation
eifects on electronics are not suificiently understood znd extensi
theoretical zand ex:enmemal research is deing conducted to provides
definitive inrformation. '




Vehicles

"

About 513 million is funded io» Ziscal Year 1962 for research

on such problems as guidance, fire corntroi, propulsion for vehicles

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

o component development and test work involved. A significant research
and development efifort in these areas 1s desirable, It should precede
and nhave higher priority than much of the detailed sysiems work,




