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(U) Tha machanisma and Umlitations of the yse of infrared radlation detection xa a means

of candueting surveillance for the pu
is dlscussad,

tion to w deseription of the Defense Support Program.
Bome poasible directions for furt

‘with that ayatem are describad.

e of giving warning of the launch of ballistic mlsailea
e threat, tha sbservableg, and the detector are briely treated as an introdue-

The capabllities and & 2ncea
t development sre indi-

cated. Figurea ilustrative of the threat, the phenomenology, sensor conafruction, and system

capability are included.

INTRODTUCTION

(U} The U.S. Air Force has In operation a spaca
satellite system to eonduct surveillance of very
nearly the entirs globe to get early warning of
attecks by enemy ballistic missiles. Surveillance
entails closs and continuous observation, and the
continuous aspect differentiates this activity from
reconneissanca,

(U) Spaca satellitea constitute deeirable plat-
forms for the conduct of observation, bacause o
large fraction of the enemy’s territory cap be
surveyed at gll jnatanta. The observable in tha
case of attack by balllatie missiles is the hot plume
from the rocket, which radiates in the visible
and infrared portions of the elsctromagnetic
spectrum. An appropriats sensor/detector ia

" necessary; for example, s telescope with calls,

responsive to-infrared light, stationed at the focal
plane. .

(U) At the outsat, it should be recognized that
genuine information may be corrupted by real
signals from nonmissiled and that the information
may be suppressad or distorted by several phenonm-
enological effacta,

(U) The object here is to discuss the mechanisms,
limitations, and potential for gystems ef this
nature. ;

COPYRIGHT LAW (TITLE 17, U.S. GODE)
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THE THREAT

J& For the near future, the objects of intareat are

the intercontinental end submarine-launched bal-
listic missiles in the Soviet and Chinese inventaries,
The number and kinds of rockets, the distribution
of launchk complex, the typical ailo distribution
within & complex, and the ocsania aress from which
attacks may be mounted are illustrated in Fig. 1.
These constitute the threat: 1,500 or more
1wonM’a; 600 or more sLpM's; somewhat more than
20 complexes, with 40 or so missiles each, dis-
tributed acrozs much of the Soviet land mass;
and an oceanic region for submearine Jaunch
operations comprising one-fourth tha area of the
globa, The implication of this distribution is that
suitable surveillancs systsms must have at least
hemispheric—and preferably a global-—coverage
capability,

THE OBSERVABLES

(U) The rocket plume intensity, the apparent
position of the plume, and time ars the cbaervables.
A more or leas typical “apparent" intensity
history is illustrated in Fig. 2 with scales that are
typical of the intensitiea of the various burn
stages - of rockets, The intensity signature is
characterizad by & peak resulting from the com-
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pating effects of reduction in atmospheric attenua-
tion and diminished concentration of atmospheric
oxygen (to burn the excess of fuel over oxidizer in
the frec plums) as the missile rises. The trough
corresponds roughly to the radiation from the hot
core of the plume in sn atmosphere so rarified
that afterbuming is negligible, and the rise to a
second meximum is attributed to a radiation that
is ephanced by fluid dynemical effects at very
high speeds. For warning alone, it ia sufficient that
tha detection inatrument be respansive to signals
varying over two to three decades. For other
purposes, it would be desirable that the range of
response encompass {our or more decades.

(U) Figure 3 illustrates the family of ballistic
trajectories atteinable by a rocket. The region in
which observations may be conducted by detecting
hot plumes i3 confined to that small area to the
left of the termination of buming line (cutoff).
The plume is visible only over a small fraction of

its flight path,

Some further characteristics of plumes are
indicated by the collection in Fig. 4, where it is
seen that the pluma itself is of emormous extent,
with linear dimensions of the order of & helf-mile,
The radiance is greatest near the rocket nozzle,
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Figure 3. Tha infrared observable—time. (Figure
uaclasaified.}

frding - off with distances elong the plume. At
obsgervation distances of the order of six or so
earth radii, the synchronous-altitude satellites
station, all of the radiance can impinge on =
single detector c¢ell with an intensity that is
perceptible and sensible. The intensity of ¢he signal
correlates with thrust and with fuel type, pro-
viding signatures that differ somewhat among
types of rockets (with reapect to peak intensity,
signal duration and signsture shape).

(U) The attenuating effect of any stmospbers
Intervening between the rocket plume and the
observing station is shown in Fig. 5, While the
atmosphere ia generally transparent, it is more or
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Figure 6. Deteoctor gell arraye. (Figure unclagsified.)

less opaque to radiation in the infrared in the
vicinity of the 2.7-, 4.3-, and 6.3-micron-
wavelength regions, whara strong absorption banda
of COy and H;O exist. While the products of com-
bustion are thess kinds of molecules, thay are
strong enough radistors to be seen despite the
ettenuation, the degree of which is strongly de-
pendent upon the length of path through the
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Figure 7. Generatlon of coveraga in the defenss luppon‘.
program. (Flgure olassified Sewset.)

stmosphera and the water content in this path,
Precise determination of the attsanuation requires
an intimate knowledge of the intensity-wavalangth
characteristica of the radiating signal, as well as
the atmospheric composition. The right-hand por-
tion of Fig. 5 portrays the approxmets state of
affnirs attributable to the predominating at-
mospheric and geometric paramatars,
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THE DETECTOR

# Many substances exhibit o peculiar response
to exposure to infrared light, the characteristic
measure of performance of which, D* has the
significance of signal to noise-per-unit-{frequency
ratio when one wait is incident on one squere
centimeter of detecting substance. The parameter
D* is intimately related to the knee of the curve
of output versus radiant input; and D* values of
the order 2X 10 em-hertz!2-watt (in lead sulfide)
are achievable for the 2.7-micron band at fem-
peratures attainable in space by pessive tem-
perature control scbemes. Other characteristics of
importance are the speed of response, the re-
sponsivity, and a measure of the inherent noise
generating characteristic. £

The detector cells can be variously arrayed,
with the feld of view being scenned either by
the cells themselves, threugh the motion of an
oscillating mirror, or by continuously staring at
the scene with a vary large number of celld. The
Defense Suppert Program (psp) semsor uses a
line scanmer that surveys the scene, virtually =
hemisphere, through a continuous, slow rotation
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Figure 8, Telescope field of view. (Figute ¢lana{ficd Semmt:)

(6 rpm) of the entire safellite. Figure 6 illustrates
general scanning meathods, Figures 7 and 8
illustrate the pap method. The general arrenge-
ment for the osr sensor is shown in Fig. 9, that
sensor using a 24-in eperture, J/1.5 Schridt
optical system having somewhat more than 2,000
detectors in an erray situated at the foeal plane.
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Figure 9. Dafansa support program infrared telescope, (Figure classified Sesssd)
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Figure 12, Bun interference. (Figure classified Seoret.)

The array, shown in Fig. 10, comprises 128
modules bearing 16 detectors each, the individual
detestor dimensions being about 0.001 X 0.003
in. (The large open rectangles in the portion of
the figure labeled “Focal Flane'’ are apertures for
the wire leads, the detector madules being the
small, salid black rectangles.) The sensor has an
ability to detect a lighted match at 100 to 200
miles, which attests pertly to tha state of the
telescope and detector art and partly to the magni-
tude of the energy released in combustion.

(U) The signals genaratad by the paessags of
infrared light (optical filters confine the passband

INCLASSIHED
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Figure 17, Bangor data proceasing. (Figure clasnified -Hesest.)
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riga to _'-'#QM: n typical one of
whiéhi 15 shiown In Fig. 14. Such tracks ara cher-
scterized by neerly coustant intensity and a
stationarity that persists for time intervals that
ars large compared to the durations of real missile-
gtage burns (missile tracks are characterized by
an jntensity-veriation history and, generally, a
perceptible and recogmzable motion). The appear-
anes of interferonce in the scene depends upon the
time of day, as illustrated by Fig. 15, and the
geason. In the psp system, particularly intense
intarference can generate such huge quantities
of data as to swamp the computational facilities,
meking it necassary to discard the information
raceived from certasin portions of the scene at
certain times by “blanking.” Typical blanks are
indicatad in Fig. 16. Blanking, it should be noted,
ocours in the data processing, not in the scquisition
of the information by the sensor. It is possible to
produce sutomatic data handling procedures in
which the blanking is self-adaptive to the local
morentary scene. Such logic, of course, must also
not institute a blank on the signals occasionad by
& large set of mnenrly simultansous rocket
lavinches—a conceivable attack scenario.

J04-4dd ~Q =Tk = &

(®) The passage of infrared light—for example,
radiation from a rocket or from interference—over
the detactor cell produces a continuous signal. Tha
transroission of all the information contained in
such “analog” signals is ponderous, but it tums
out.to be adequate to report only the signal peak
and the time and place of its occurrenca. (More
than this” information is of course desirable.)
The scheme followed by pse for this reduction in
the total quantity of data is indicated by Fig.
17. The data link is sized to accommodats 0.5 10
bits/sec from the infrared focel plane, even
though the total quantity of real sighals from s
massive attack by 1,000 missiles in a l-min
interval amounts, roughly, to about 0.2310* bits.

THE DATA REDUCTION

#) The observations acquired by the sensors
aboard the safellite (in psp the infrared telescope
is but one of sevaral senaing instruments) must be
rendered intelligible by some form of data reduc-
tion. The process must include decryption snd
decommutation (aboard the satellite information
from perallel data streams is serialized), The data
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o must be corrected for calibrations and must be

= Juiace oata ] e acted vpon by algorithms that conform to « Jogic
ol t structure capable, first, of differentiating rocket
i —— > v i Jreronn signals f.rom noize n.nd.. tl.len, of ordering the
O e ireca [*otcEton [ i ¥ ailviee information for determination of rocket lzunch

] K time, launch point,.heading, and rocket type

r ke o - (probable point of impsct and arrival time are

RSN | [ [MmEme | e | important, but are beyond determipation from
TRAWLF ORLAL THOH Tilers ATES . - . . *

I data with quentization intervals in the present

|
Lty J psp). The rocket obsarvations and information

relative to the condition of the instruments and
aatellite must also be organized [or display, con-
Figure 19. Data fiow i the procassing for detestors  trol, and distribution of messages to the ultimate

iLmeony
PROCEISING

and reporting. (Figure clasaified Gonfdoatial.) users. Additional apcillary corputation is neces-
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sary for the maintenance of star catalogs (to
determine quite precisely where the sensor is
pointed), and information is needed (or main-
tenance of the sensor and spacecraft systems.
There must be a capability for computation of
commands on the basis of the kind and quslities
of the sensor information received, and there also
must be e capability for the recording of data.
There must be provision for communicetion
between the data-reduction computer and the
computers serving the recipients of the message.
At appropriate points in this network, there must
be provision for bumean roonitoring end inter-
vention.

() The genersl flow of information in the psra
computing scheme is indicated in Fig. 18, end
the principal elements of the computation are
shown in Figure 19, The computer itself has a
capability for execution of a million instructions
per second, and it is assisted by & “preprocessor,”
algo a large computer, which performs the largely
repetitive operations associated with organizing
the incoming information. Logical operations sre
conducted within the main computer. The process
is one of discrimination between noise snd "‘real”
signals; of search for further subsequent (in time)
real signals in the geographical vicimity of that
gignal initiating the process; of assembly of
collections of observations into tentative tracks;
of testing of these tracks agaipst apalytical and
pragmatic eriteria; and, upon establishment of
validity, of detarmination of the launch coordi-
nates, direction, time, and type of missile. For
the Jast, comparisons are mede with stored
catalogs of the characteristics of a number of
rockets. The computations also involve compari-
sons between star sightings and predictions of
star sightings, information which is used for
computating the instantaneous attitude of the
satellite. (The pep satellite attitude is controlled
rather cosrsely—to one or two tenths of a degree
with an oscillation period of about 20 min; but
the instantaneous attitude is determined quite
precisely to within about 3 or 4 sec of arc). Bore-
sighting corrections, to aceount for the distortions
due to the diumelly varying solar heating, are
also made. A completa track involves as few as
three independent observation points and as

*Rurnishad by the Aarajet Electro-Systems Corp.

UNCLASSIFED

many as ten, so the time fo .
inl’o_rmation is 20 to 90 sec, ';‘}:: ?1::: ‘:;;‘ii‘g? » 9{
rapid, ar}d it complies with 4 spcciﬁcatjanu:‘]g.l N
calls for issuance of & message 120 sec after luy ag
of an 1cBM and 65 sec after laupch of an 3:::“
The Defense Support Program software hag
demonstratad e capability for accomplishing this
processing in simulations of situations typified b;-
more than 250 simultaneous launch events.

(U) Missile motion is an important characteristic
vis o vis data reduction. Figure 20 shows & typical
racket ascent trajectory and the appearance that
successive abservations of such trajectories would
make in “telescope coordinates. The shapes of
the curves connecting the successive observations,
cubics approximately, are dependent upon their
location in the telescope field of view, that is, the
earth central angle. Once the processing has
winnowed the true rocket observations from the
poise—the major data processing task—the col-
lected information would appear sy shown in
Fig. 21, in which the tabulation indicates the
intensity and time ({rame number) of obssrvation.
The construction of & track and the associated
launch point and launch time then follow. The
estimation of azimuth requires more information
than is acquired by ohservations made from a
single satellits, The geometrical situation is
illustrated in Fig. 22, from which it can be ssen
that launch ascents having different headings,
but identical projections on the I1r telescope
picture plane, are indistinguishable. There are
several ways in which sufficient information can
be obtained to produce azimuth: binocular view-
ing; monocular viewing with an instrument
capeble of measuring range to the observed point;
and, the use of information from other sources to
supply the data that are missing in ordinary
monocular observation. The last ia used by
pge, the needed information being taken from
the stored catalogs of standard ascent trajectories
in the form of rocket eltitude versus time.

# The wartime situstion may be characterized
by tbe more or less simulteneous launch of 2
large number of ballistic missiles. Even in peace
time there are oceasional multiple launchings, and
Fig. 23 indicates the appesrance of the final
collected tebular information within the computer,
the geometric appearance of the tracks, and the

JDE 179
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Figure 23, Bimultansouy launch of two rockets, (Figure clzasified Soered.)

geography, There is & limit, imposed by the

granulerity of the observations and the formule-

tion of the logie, to hiow well the individual
a'-— . events may bhe resolved. The present status of
1 psp in this regard is shown in Fig. 24.

: , (@) For good estimates of the probable point of
8l— , impact of & missile, it is necessary to determine
quite accurately the missile velocity and flight-
path anple at some point along the trajectory
either at, or subsequent to, the terminsation of all
thrusting. The present nse eannot do this. But it
can, and does, supply en estimate of the width
= of the trajectory corridor. The wvalues of this
~width depend—upsi the Tdunch location relative
to the observing satellite, the direction of launch,
and the type of missile, es illustrated by Fig. 25.

MERGED THE DEFENSE SUPPORT PROGRAM
| | SYSTEM

0% 2 4 6 8 10
) The preceding sketch of the salient prapertias
7 TIME, seconds of ‘infrared snd the limitations of technological
mesans ostablishes a position from which one may
appreciate the Defenze Support Program. Tha
Figure 24. Event resolution. (Figure classified Sewswd)  principal elements of the system are indicated
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TanLE 1. System characteristics. (Table classified

Supwni.)
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in Fig. 26, and general charactaristics are given
in Table 1. The satellite used, Fig. 27, weighs
about 2,400 Ib and is 22 ft long and 8 ft in diameter
before deployment of the solar array paddles.
Its present operational coverage is approximately
as shown in Fig. 28. The satellites are deployed in
synchronous orbit: one views the Chinase and
Soviet land mass, and two others are deployed to
cover the axds from which submsrine-launched
ballistic mizsiles might threaten.* At present,
the operation of the satellites and reduction of
the data pertaining to operation and to the
mjssion take placs at two ground stations, one in
the Eastern Hemisphere (Australin) and one in
the United States (Denver), Messages relating
to the warning mission are transmitted ovar an
extensive ground communications network as
toxt teletype and es digital messages directly to
. the computars of several users.

(%) The satellites also carry a complement of in-
struments to detect, characterize, snd supply
information relevent to the diagnostic study of
nuclear events (Table 2).

@ The first satellits was leunched in Novem-
ber 1870, and in four years of operation the system
hag observed more than 1,600 ballistic missile
lavnchings and 22 nuclear detonationms. It hes
also observed many other events, ranging from
refinery gas fires in Arabie to midair eollisions, to
military engagements. During the October 1973

*The eatellites can bs repositioned at will by ground
command,
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Figure 27. Defenge Support Program watellite. (Figure
classified Baminet.)
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Figure 28, Geographical coverage by tha nar 1974 deploy-
ment of thres aatellitea. {(Figure classifod Pemmt.)
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war in the Middle East, daily summaries of the 1R~ Tanwp 2, N . .

obsecvations were assembled. Large fires were ing ::nz:ot’; dz?;";"fw" dﬂf_tcﬁon and monilor-

identified, and there were numerous observations ' le classificd Summct.)

indicative of sAM activity. SEDGALPHIC, LOCATION 5 DRI AL o ot o e

@ The establishment of the system represents an " IMOAERRCE LTt | et

expenditure in excess of a billion dollars and the TIUE OF Bowat E*.#T?.f:':?‘:?”“‘“‘

efforts of roughly 2,000 people, both civilian and > i R e

military. Four principal industrisl contreetors . AT BONEY LOCA o

were engaged in this undertaking for three years R

prior to the firat satellite launch, and to varying + PROVST CALALA BUTECTOR

degraes they are still so engsged. Four satellites DUBNETE im0 < o<cAvED diark BETECTON

have been launched, and eight ere in various RO 30430

stages of assermbly. Two ground stations were drioss L PO Shiad Pesditncs b recion

built and are dedicated to the operation of the OFTICAL TRAJuITORY v AHOTOOKDEE

system. A ground and MILCOMSAT communicak SHUEUT LOWTOL. + GEIRIRAATICLE POETER nloarvme

tions network was astablishad, and special displays

were installed at the three principal using com-

mands. The system includes a {acility for training  (U) Cloze examinetion of the many time-intensity

people for operations and maintenance and a  histories (see Figs. 4 and 5) reveals that the voria-

Jaboratory for  data processing and analysis. tion in the peak intensity, due presumsbly to all

@) The demonstrated capability is the continuous 21583 (missile-to-missile variation in propeliant,

surveillance of ell regions (except for points propellant utilization system operation, flight

north of latitude 81° N) from which missile profile, and variation in atmospheric attenuation),

attacks against the United Statss can be launched, oceurs to _the extent of o fact:or of BbOUt. bwo.

giving 1caM/Pon’s waming information within 2 The variation when the rocket is still deep in the

min sfter launch a.n“ dl greport.u of submarine- atmosphere is much gl:ea.ter-—perl.mpa by e factor

launched ballistic missile Jaunchings within 65 9f ten. ':.l"hu atmoapherie attenuation computation

ses aftar launch, if these occur closer than 1,700 itself still leaves much to be desired. Similerly,

nmi off the Continental United States. Reports of t’h.e m}enai ty varation m't.h viewing aspect
_ nuclear detonation, giving time, place, and esti- (side view, or nose-on or tail-on viewing of the
i mated yield are made within minutes of the event. plume) is not altoge‘t.har resolved. A number of
The probabibity of launch detection is in excess of fa.c_to rs_confound thls.latter effect; fuel typ o
; 96 percent, and the system js available mare than which helRa to ”estabhsh_ \:r'b.ether the plume is
I 08 percent of the time; the false report rate for  optically "thiek” or “thin"—rocket speed, end
i 1ceM/ror’s is virtually nil, and the false report ocket altitude. A reductlon in apperent intonsity
l rate of sLBM’s is of the order of several per weel ~ Accompanies nose-on vlewing for most first stages,
i under unfavorable solar conditions (Northern &nd an imcrease in intenslty sccompanies such

Homisphere summer). viewing for some second stages at high eltitudes

. end high speads. The snalog signel accompenying

: SOME NOTES the traverse of the plume by the per detectors
i . . -
; (U) The quantity of rr signature information ;-:nily ;j.s:élf :ﬁ:ﬂ ow;a, for : nlzy til:‘?e];re:éc ey
! acquired i3 very large, even though restricted to °p ’ ress maust be )

the passband interval 2.69 to 2.95 microns. The (¥ Despite considerable measurement and study,
ry principel threat missiles have heen seem re-. the explanation for a curions phenomenon has
- peatedly, from several sites, under conditions 1ot beev foynd;and the effacts are of some iraport-

gimilar to thoss that might prevail at the onset  ance for prolonged use of the sensor system. The

of hostilities, Some techmica]l questions still re-  detector cells are cocled by s specisl radiator, a

main, someé unexplaibed phenomena have been  device consisting of second-surfece mirrors that

encountered, ‘and some information of a scientific  generally radiate to deep space, but are inter-

neture has been obtainad. wmittently exposed to the sun. Cereful, long-term
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measurements on four satellites have establigshed
that there is a slow, long-term increase in the
absorptivity of these mirrors. The best hypothesis,
in suppart of which there iz some evidence, is &
contamination from outgassing which reacts to
exposura to the solar ultraviolat. The long-term
effect is apprecisble—a 25° K warming of the
focal plane over a period somewhsat longer than
three years,

(U) The 1= telescope does oceasionally see infra-
red radisting stars. Advantage is teken of thesa
sightings to “boresight” the telescope and to
calibrate the variation of the boresight angle with
the diurnal variation of spacecraff temparsture.
The sightings of the 1= stars has jncreazed the
known catalog of such stars—about one-fifth of the
celeatial sphere is swept over the course of & yert—
and, uncovared & cyclical veriation in the infrared
intensities of some of thess stars. The variation in
infrared intensity is not in phese with variation
in the visible spectrum.

SOME DiSCUSSION

@ The why for surveillance for early warning
saoms clear, The survivability of the bomber force
is strongly dependent upon s warning thet pre-
cedes missile impact by sbout 7 min. Wearning,
plus perhaps more detailed information regarding
the sizs and constitution of the attack, can assist
in the determination of the appropriate response
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from our Minuteman and Poseidon forces. These
are military considerations. There is also a civil
consideration, neglected for almost two decades:
ghelter, The civil defense effort of the 1850°s,
greeted with indifference by the general populstion,

_might be revived on a sounder basis. In the sgrlier

era, a credible warning system did not exist.

@h The success of the system js attributable to &
lengthy period of detailed phenomenalogical and
technological research and to conservaiism in
design. The beginnings of infrared go back over
nearly two centuries; but the technical evalution of
the surveillance satellite took place in & period of
slightly more than o decade, and some milestones
in this svolution are shown in Fig. 29. From this
work there emerged a design intanded for further
research and development, and direction apecify-
ing an intent to employ the design operationally
camae early in that development. The conservatism
that characterized this development is reflected
in the performance. The device, intended for
operation against rockets rediating st intensities
of the order of 1 Mw/sterad in the operating band-
width, is used operationslly (end has been
demanstrated to be successful) against rockets
radisting st inteusities of less thap 100 kw/
starad, and the specification for useful lifetime on
orbit, 15 months, has been exceeded by a factor
approaching three. This attests to the design
conservatism, redundancy, and reiteratad thorough

ground check-out testing.
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() The system has limitations. It seems that solar
interfarence cannot be obviatad entirely by soft-

ware, and in synchronous equatorial deployment, .

& region near the poles is not covered. Also, the
overall ‘system performance under conditions
simulating masaive raids is scenario dependent.

(@ Some exploratory research indicates that the
4.3-micron wavelength region may be & desirable
future copyideration, since the solar-reflection
problem is much diminished and the plumes from
soms, although not all, rocket fuels are bright in
this band. The staring mosaic has been offered as
snother possibility to defeat solar interference.
The detection principle hare is response to a change
in the scene; but to get rejection of the background
simultaneously with response to & massive raid
may necessitate & very large number of detectors,
perhaps two to three orders of magpitude more
than in the existing design. The geographical-
coverage limitation in the existing design can be
overcome by deploying the satellites in an inclined
elliptic orbit so that they would simultsneounsly
view the Chinese and Soviet land masses and the

UNCLACEE

Continental United States, (A& number of the
current psp design aatallites have been constructed .
to incorporats & capability for inclined elliptic, es
well as synchronous equatorisl, deployment.) At
least two satellites, then, are needed to continu-
ously view the Chinese and Soviet areas. A virtue
of the synchronous equatorial deployment is that
while its aresl coverags is not much different from
that in inclined elliptic, the particular geographic
sres that is covered is slways the same, Another
possibility—and an experiment is now ready to
verify the feasibility of this—is to observe palar
launches by expanding the field of view to look
above the horizon,

(# The whither for surveillance by satellite, at
least for the early waming mission, also seems
clear. Outage-frea coverage, now echieved by
multiple-satellite deployment, is a recognizable
goal for individual satellites. True global coverags
by the entire system is another. 4 reduction in the
quentity of information that must be processed
and then later rejected as noise is a third. Future
systems also should be harder in the nuclear sense.
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(§) Not so clear is the case for seoing ever dimmer
targats. About a decade ago there was appreben-
sion thet by using additives, or by other means,
the intensity of plumes might be so reduced as to
preclude detection. A considerable experimental
effort in this connection was planued, but it was
abandoned because of the contention that the
necessery modificetions to the rockets would
considerably reduce the throw weight andfor
range. Such penalties in throw weight and range
(and retrofit expense) may be tolerable to the
Soviets, who seem to have an excess of both,
However, there seems to be a theoretical limit to
the reduction in intensity that can be achieved,
end this may not be too far below the capability
of the present sensor design. Nevertheless, recon-
gideration of the possibilities is indicated.

(U) Figure 30 illustrates the status of surveillance
by satellite as currently perceived. The improve-
ment in the state of the art since the time the nge
design was laid down is thought to be one to two
orders of magnitudc, which would admit advancing
from & 10-ssc-scan-time, 20-kw/sterad threshold
device to & ¥-sec-scan-time, 2-kw/aterad threshold
devica. The kinds of events that would beceme
visible to such & device are depicted in the figure.

@ The military necessity for observing such
events, in the face of the costs that the develop-
ment of sueh systems would entail, ia not clear.
It may be that the strategic requirements for the
control or disposition of forces may necessitate
the acquisition of more detailed information than
thet naeded only for warning. Perhaps coupling of
a gurveillance system with a weapon, now for-
bidden by sart, will drive & need for & quantum
jump in surveillance by satellite.
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(B) No discussion of surveillance cen be complate
without at laast some reference to radars, which
atill constitute part of the nationel overall sur-
veillanca system. For attacks st very long range,
some facts of geometry and ballistics bacome
awkward for radars: the earth is round, but elee-
tromagnetic waves propagate linearly, and so
detection along the ballistic path becomes either
very difficult at very loug rauge or too late when
resumed at short range. Ballistically, it is also
possible to force the radar to detection only at
short range by employving ‘‘depressed” (that is,
nonoptimura for range) trajectories. Depressed
trajactories are not in use, and & limit to depres-
sim}_ may be imposed by serodynamic heating,
range, and reantry considerations. Nevertheless,
it is an interesting tactic, with considerable
significance for surveillance by radar. It does not
affect surveillance by satellite. The possible use of
both systems simultaneously has been justified
by the arpument that coverage by dual phenom-
enology offers confirmation and wards off defeat
of both systems either by a new countermeasurs
or the occurrence of some unanticipated phenom-
enon. But this is true only if both systems do
indeed cover in such s way that the warning
message is timely.

@) The axistence of surveillance-by-gatellite sys-
tems poses some global military-political ques-
tions. Ara they stabilizing (thet is, almost as
deterrent as the existence of the Triad)? Would it
be desirable that the opponents haves their system,
too? What are the consequences of a presumptive
decision on their part not to fleld a system?
An even more diligent search for the Achilles'
heel {n our defensive posture? Overt espousal of
retaliation only, but with a covert intent to attack
first?
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