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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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Figure 30. Bystem Information, data displayn, and measages, (Figure classified Saumab. )

() 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
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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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