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PREFACE

This Memorandum suggests a possible means for increasing the
effectiveness obtainable from strategic missile forces per se and
from mixed forces that include such missiles. The study is a part
of an on-going examination of anticipated future needs in the strategic

missile force. The work builds upon previous RAND studies and war

games .
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SUMMARY

This Memorandum examines in some detail a possible system for
increasing the effectiveness of a strategic missile force for nuclear
exchanges, particularly those other than an all-out initial exchange.

The proposed system would use TV cameras carried piggyback on
ICBMs . Each TV camera would be fired from the ICBM at the end of
boost into a trajectory that would put it behind and above the ICEM
at the time of warhead burst. The TV-camera unit would then send
images back, via a satellite- or missile-carried relay, to command
centers in the U.S. ZI. This Assistance in Impact and Damage Evaluation
(AIDE) system provides 2 possible technique for real-time damage
assessment, thereby making possible "shoot-look-shoot' employment of

ICBMs. 1In the operational context this offers the opportunity to:

o kill more targets with a given missile force

o obtain very high confidence kills with fewer missile
firings

0 better cope with errors in estimation of missile
kill probability, and

o improve the use of a mixed strategic force.

Appendices provide technical backup data, including costs, to

indicate the feasibility of the technique.
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I. INTRCDUCTION AND RATIONAILE

A system that could supply real-time information about the location
of a missile's warhead burst and provide partial damage assessment 1is
depicted in the figure on n. 2. A TV camera would view the warhead burst
and the landscape in the vicinity of the burst and transmit the images
to the missile commander via a relay. The images would be sufficiently
accurate and detailed to permit rapid location of the warhead burst
on the target map, thus permitting rapid assessment of the probability
of target kill. This "Assistance in Impact and Damage Evaluation
(AIDE)" system and its elements will be described later in some detail.
First, we will examine benefits and penalties associated with such a
system.

Possible nuclear wars span the range from the exchange of a
single warhead of a few KT yield to the exchange of many megatons. We
assume that no one today can identify with certainty which of these
wars, if' any, is to occur. We also assume that military force will
not be used unless methods short of force fail to obtain a political
objective deemed essential. However, U.S. military forces should be
capable of responding with maximum flexibility to the demands placed
upon them, i.e., for meeting a stated demand, minimum force expenditure
with minimum side effects would be desired. As will be shown, Indirect
Bomb Damage Assessment (IBDA) can increase both the effectiveness and
the flexibility of using a missile force.

In the diplomatic arena, there may be special advantages associated
with more complete knowledge (than would be available from present

quick response information sources) of targets destroyed in a controlled
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or counterforce war. As an example, if negotiations are under way,
knowledge of the exact condition of targets previcusly attacked

could be a major advantage and could reduce the chances of mis-
judgment. (The statements concerning missiles in Cuba before and
after reconnaissance photography provide a peacetime example of the
advantages of positive information.} The proposed system, although
nq;_praviding precise information, would add greatly to the knowledge
one would otherwise exXpect to have of the targets' condition subsequent
to missile strikes against them.

Today's ICBMs can be compared to accurate, very long range
artillery. Military experts generally agree that a front line
spotter is 2 major asset in making artillery fire effective. The
spotter provides real-time damage assessment and aiming correction
as necessary. It is reasonable to postulate that gains can be made
by use of real-time damage assessment in a missile war. Several
authmrsgl’z) have investigated utilization of and techniques for damage
assessment in a 'shoot-look-shoot” employment. Table 1 compares the
number of missiles required with assignment on a pure probability
basis and those required using a2 'shoot-look-shoot" technique to
accomplish various hypothetical objectives. As can be seen from
Table 1, shoot-look-shoot offers the opportunity to (1) kill more
targets with a given missile force, (2) obtain very high confidence
of target kill with a smaller expenditurejnf missiles (Case 1 compared
to Case II), or (3) better cope with errors in estimation of missile

kill probability (it is less sensitive to these errors in terms of the

number of missiles required). For instance, 400 missiles are programmed




Table 12

FORCE SIZE BENEFIT OF SHOQT-LOOK-SHOOT TECHNLQUE
AGAINST 100-TARGET COMPLEX

Number of Missiles to Ac
Indicated Kill of 100 Ta

Hn*infurmatinnb shoot-loo
Case I
. - d
Missile Pr = 0.5
Desire: 90% probability of at 400 A 20!
least killing 90 targets (4 sa
Case 1T
Missile P, = D.5d
Desire: 997 probability of at 1000 (1023
least killing 99 targets s
Case 111
| d
Missile pk' = 0.25
Desire: 90% probability of 1600 ‘0 40
killing at least 90 targets (10 sa

a : .
The mathematics to support the cited numbers are in Appe

The '"No-information case'" is independent of missile laun
and thus permits all missiles to be launched in a single sal

c LT
Shoot ~look-shoot employs the launching of a missile at e
viving target in successive salvos.

d ..
p, = missile overall probability of kill and includes mi

readiness, the countdown and launch probabilities, probabili
penetration, the probabilities of fuzing and detonation, and
single-shot probability of kill based on CEP and weapon radi

=
Number of salvos cited is the maximum needed to meet the
cribed cases; the actual number may be smaller.




for the no-information situation, based on an assumed 0.5 single-shot

probability of kill. With shoot ~look -shoot, even if the actuai single-

shot probability of kill dropped to .25, the desired lecvel of cffective-
ness would be maintained. With no information, 30 targets on the average
would survive and the mission objective would not be met .

The remainder of this Memorandum will describe sources of errors,
possible IBDA systems, the enviromment in the vicinity of warhead

burst, bomb and weather interaction, the elements of the proposed

System, and conclusions. Appendices provide technical details and

calculations.
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II. SOURCES OF ERRORS IN MISSILE STRIKES AND POSSIRBLE REMEDIES,
INCLUDING IRDA SYSTEMS

Tirst, let us look broadly at pussible sources of error i missile
strikes and, secondly, at some of the techniques that have been propased
for minimizing their effects. Failure to kill the target can result

from any of a multiplicity of difficulties.

CATEGORTIES QF DIFFICULTY

e
Intelliggnce Inaccuracies

According to Air Force intelligence sources, errors exist in the
designated location of some fixed targets. The accuracy with which the
location is known depends upoa the source of the targeting information.
Normally, the information is quite accurate, however on a few occasions
it has been necessary to shift target locations by several miles. Esg-
pecially for hard targets, errors in location would permit the target
to survive an otherwise perfect missile flight.

i

Mapping'ErrﬂrsJ

Major portions of the Sino-Soviet land mass have not been accurately
located in the DoD geodetic system.(a) Reference 3 shows potential
erraors of up to eight miles for approximately the western one-third
of China, and one-half to two-mile potential errors for approximately
three-fourths of the USSR.

Delivery System Failures

In this category are included failures during launch, boost,

penetration of enemy defeases, and detonation. Other sources

La

"It is possible that intelligence and mapping errors may be reduced,
perhaps through satellite photography, within the next decade. However,
they still presumably will remain large relative to the errors in the pro-

LR e B T Y
paosed sSystem. L 451?§%@
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of inaccuracies can be introduced by variations in reentry condi -
tions.

Next we will look at some possible appreaches [fur increasing
knowledge of missile conditions (and therefore effectiveness). These

are listed in order of time of occurrence.

CATEGORIES OF POTENTIAL REMEDIES

From Initiation of Launch Attempt to Warhead Detonation

A Signal that the Missile Has Been Launched SuccessfulIE, This

could be used as an input to a scheme for replacement of missiles

that fail prior to launch. This approach could permit replacement

with a very small loss of time, cﬁnceptually on the order of 30 seconds.
To do this, and to implement all other schemes suggested, a command

control system (at least among the missile control centers) and missiles

with more than one target capability would be necessary; these are

assumed to exist.

A éignal from the Missile at the End of Boost. This would inform

the commander of the missile's boost reliability (or that the booster
and guidance system have performed within specifications). This signal
could be used to estimate the missile's prnjeﬁted effectiveness against
its assigned target and where the estimated effectiveness is below that
desired, another missile could be launched against this target. Since
the boost phase takes less than five minutes, even after adding the
necessary countdown and retargeting time, the replacement could be
launched within five to seven minutes of the first launch.

The Detonating Signal to the Warhead. When the warhead is

triggered milliseconds prier to detonation, this signal could be




_§-

relayed, along with appropriate missile identification, to the missile
force commander. Such a signal would ensure that the warhead had pene-
trated. Its absence would indicate that at least one more warhead Iy
needed against this target. The delay between successive shots now
could be as much as 30 to 40 minutes because of the missile's £light
Lime.

Following Warhead Detonation

Sensing Detonation Qutputs. There are a number of possible schemes

for this, including the sensing of the electromagnetic output, the heat
nulse shape, or other radiations from the warhead. Generally these
techniques would provide additional information over that supplied by

the last scheme mentioned above, in that they permit an estimate of the

Do g

b({3)

ﬂJjSurface or sub-

- L

surface methods of warhead detonation detecticon can also be used in

some cases, but they generally cannot measure yield and locate the

(2)

detonation accurately.

Sensing Detonation Output Reflections from Nearby Topographical

Features. For this, the use of visible light output appears feasible,

and will be described in detail in Sec. IITI. Close-in sensing would be
desirable for accuracy, resolution, and reduction of probable interference
from cloud cover. On the other hand, satellite observation of the light
or heat energy output of the warhead (assuming a surface burst) would be
heavily dependent upon cloud location, altitude, and moisture content.
Cloud conditions that would obscure direct visible light observation by

a satellite can be expected more than 70 per cent of the time;, therclore,

§ g
N - e b3
[ |
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satellite observation is considered not reliable enough (Appendix C).
Observation of electromagnetic signals by a satellite would not permit
accurate location of the dzateonation site or 7leld determination because
of the attenuating and scattering of ionized material. Accuracy in such
an application would call for either large antennas or long baselines
for triangulation, neither practicable with a small, light satellita.*
All the post-detonation schemes could supply partial assessment
of ;il three sources of error or failure: intelligence, mapping, and
delivery, as well as providing a coarse measure of yield. Further,
1f the data were transmitted immediately to the commanders in the U.S.
ZI, these ''systems" would permit replacements at the same rate as would

the detonation signal technique, that is, 30 to 40 minutes.

Target Area Observation After Clearing. Observation after the

detonation effects have tleared appears to be possible using manned
alrcraft or satellites. 1If this could be accomplished it would permit
MOLE accurate examination of the extent of target damage than wouid

any prev;ausly mentioned appreach. With aircraft, the majér problems
appear to be penetration and survival over enemy territory and possibly
the rapid communication of results. For satellites, the problems of
positioning, atmospheric interference, etﬁ.,;prnbably would delay receipt
of information and replacement launchings by at least 24 hours. TFor

counterforce targets, replacement speed is considered critical.

However, delayed but accurate observation results would be especially

t

“There dppear to be three possible techniques for performing BDA
from satellites: (1) Use of 8-12 micron infrared, except during con-
ditions of dense cloudiness or cover by heavy dust clouds, (2) use of
radiometry in the 3-10 cm band, and finally, (3) use of side-locking
radar, which may now permit 20-ft resolution from a satellite (Ref. 4).
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worthwhile for confirmation and correction of the outputs of any IBDA
system used.

The preceding examination was designed as a quiek look at the
general feasibility of various approaches. To summarize, it would
be desirable to have a2 continuous intelligence stream. The initial
lift -off information and good-guidance signals would be appropriate
as the first and easiest data. Also, an examination of the target
ared well after detonation (by aircraft or satellite using optics or
radar) would be useful for follow-up and perhaps for hunter-killer

operations. This work describes a technique for obtaining real time

information by use of an optical sensor close to the warhead detonation.

A Note on Timing

In each situation discussed previously, the time delay between
the first launch attempt and a replacement was emphasized. This is
because the associated time loss is the major penaity in shoot-look-
shoot or IBDA schemes. During the seconds or minutes between successive
launch attempts, several things can occur. For example, if the targets
are weapons, they may be fired against us: the missiles we hold back
for the follow-up shots may be damaged or destroyed by enemy action.
Therefore, the delay between successivg shots should be minimized,
consistent with good missile utilization and the objectives of the
particular encounter. The use of missiles held in reserve to kill
surviving high priority targets is assumed to be desirable, even in

the massive exchange case.
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WARHEAD DETONATION AND ITS ENVIRONMENT

Now, let us look at the environment in which the proposed AIDE
system 1s to work; that is, (a) the available knowledge of the targets,
(b) possible sources of information as to where the warhead detonated
with respect to the target, and (c) the characteristics of the weather
in the target area and the detonation-weather interaction.

It is assumed that the t&rget's gross physical characteristics
;né-its surrounding topography are supplied in a target map such as
those in a strike aircraft's target package.

The missile delivers a warhead to the vicinity of the target,
where the warhead is detonated. :he warhead burst provides, momentarily,
levels of light much in excess of other ligﬁt sources. This light is
brighter than bright sunlight and its spectral distribution is similar
to that of unfiltered sunlight.(s} Without atmospheric losses, the
light level from a one-megaton warhead would be greater than bright
sunlight out to more than 11.0 n mi (Appendix B) . |

Cloud cover occurs frequently over a major portion of the Soviet

(6)

Union. However, the thermal energy of a nuclear burst will evaporate

4 large amount of cloud, the amount varying with weapon yield and cloud
%
density. In the Moscow area, at least 95 per cent of the time the
: . : : 3 (6)
molsture density in clouds is less than .30 gm/m’. A 1-MT warhead

Wwill evaporate cloud of this density out to about two nmi. A 2.5 gmfm3

Or greater density cloud cover is extremely rare, but even it would be

This area appears to have a cloud cover and associated weather
problems as bad as or worse than most of the other parts of Eurasia.
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evaporated out to about one n mi (Appendix C). Therefore, if images
were recorded a few seconds following a 1-MT burst, within two n mi
the target area should be clear 95 per cent of the time and within
one n mi essentially all of the time.

Under some conditions dust may obscure the view during later shots
in a series. However, this is not a likely event (Appendix D) if the

shots are separated by at least 30 minutes.
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III. AN ASSISTANCE IN';ﬂPACT AND DAMAGE EVALUATION (AIDE) SYSTEM

The ATDF svatam wonld ronsigr of -

1. a TV camera and transmitter package boosted piggyback
with the warhead into the vicinity of the detonation

2. relays located so that they can retransmit the images
from a wave of missiles back to the United States

3. ground receivers, recorders, and processors at the
missile command centers in the ZJ.

The warhead burst would supply both light energy for illumination
and energy for clearing the atmosphere in the vicinity of the deto-
nation, so that a camera located 10,000 to 15,000 feet above and
3,000 to 4,000 feet short in range at the time of detonation could
view the detonation and the surrounding topography as illuminated
by the burst. 1If the TV package is sent along a separate trajectory
from missile burnout and has a slower reentry velocity, it can be
placed in the correct location. A slower velocity after reentry is
desired to obtain the better viewing position as well as to prevent
aerodynamic heating from interfering with the lenses during camera
use. The missile and camera trajectories have the detonation
location in common. Therefore, the camera package could be aero-
dynamically stabilized along its fFlight path and thus view the warhead
burst essentially directly ahead of its position.

As envisaged, the camera package would be ejected into a lower
altitude, higher velocity trajectory so that at the beginning of re-
entry (at the top of the atmosphere) it would be 10 miles further in
range and 50 seconds ahead of the warhead. This would permit the
camera to employ a lower ballistic coefficient and to reenter much

slower than the warhead. Sensitivity to errors in camera paosition
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due to propulsion or alignment errors are discussed in Appendix E. The
camera package starts with the velocity of the warhead and the incremental
change in velocity is small; a lO0-per cent error im the amount of the in-
cremental propulsion given the camera package represents 1 n mi in range
(maximum} or 5 sec in timing (maximum) or some combination of lesser
amounts of each. The angle of thrust application is controlled by the
missile guidance system so that precision can be expected in this aligaoment.
If the TV camera had a 2-n mi.by 2-n mi field of view from 15,000 ft,
and commercial TV camera resolution were used, the picture would permit the
detection of 60-ft-square objects of medium or high contrast (large buildings,
hills, etc.) and identification of objects perhaps 3 to 4 times the detection
minimum size.* If the scanning rate were 10 pictures per second, the trans-
mitter power requirement would be approximately 2500 watts (Appendix F). ~
A timer can be used to coatrol the period of picture taking and transmission
to minimizZe battery power requirements.
A?pendix G presents aireraft photography of the Redwing series of

(7)

nuclear tests. These photos provide a rough analogy to what might be
obtained from the AIDE system. The first set (Dakota) and its corresponding
map are of a 1.1-MF shot and are presented at approximately 10 photos per
sec, with a 2.5-by-4-mile field of view. The second set is another shot of
the same location viewed from a different angle. The third set is of speciatl
note because it illustrates how photographs taken when the camera is mis-
located (but still showing the shock wave) can bé used to determine the

burst point. The fourth set illustrates closer frame spacing (64 frames per

sec); the reader can see that the incremental increase in information is small.

o

‘LDng objects such as roads, railway roadbeds, of high contrast will also
be detected even if their width is considerably below the 60-ft dimension.
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For the AIDE system, the interactions among warhead, weather, and
camera trajectory are of special importance. During clear weather,
the pictures taken a few milliseconds after detonation would be best
(Appendix G, first set), but as the camera proceeds toward the detona-
tion, the thermal energy of the bomb may destroy it. During cloudy
weather, the initial pictures may be useless, but during the time of
the camera's approach the warhead continues to release thermal enargy
tu-;issipate the clouds, so the photos should improve. The duration
of high-level light energy is 10 sec, as previously noted. During this
time the camera would travel about 10,000 ft toward the detonation.
Therefore, a 10-sec picture-taking period would greatly increase the

probability of obtaining the desired information (Table 2) over the

spectrum of possible weather.

Table 2

TIME RELATIONSHIP OF BURST, CAMERA RANGE, AND CLOUD DISSIPATION
FOR 1-MT YIELD

¥

Time {sec)

Detonation Event 0 2 & 6 8 10
Cumulative percentage of
thermal energy released 0 47 .65 72 .78 B2
Camerd range, nom,
(x 107£€) + 5000 £t max 15 13 11 9°
Vertical cloud digsipation
(x 103 ft) at least 95 per
cent of time (includes
fireball rise) G 7.5 8.3 9
Horizontal cloud dissipation - |
(x 10° ft) 0o 7.5 7.8 8

aﬂppruximate edge of fireball.
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To make the comparison of the TV picture and the target map easier,
the TV picture could be identified by missile number, and the north
direction (to within + 5 deg) could be identified on the picture, A
simple coder for missile identification and a coarse north reference
are suggested for incorporation into the package for this purpuset*

The sensitivity of the camera package to bomb effects is discussed
in Appendix H, which shows thaf if the camera package can withstand
reentry, the initial bomb effects will not disrupt its proper function-
ing.

A further note to support the feasibility of the propesed camera
package 1s the successful design, fabrication, and test of a similar
camera package for a short-range ballistic missile.(a)

As shown in Appendix I, the proposed camera package would haﬁe a
total weight of about 50 Ib, and it is visualized to be approximately
a l-ft diameter come with an 18-in. length. The amount of propellant

is estimated to be 4 to 6 lb and the control of this propulsion after

initial alignment can be coarse (Appendix E).

RELAY STATION

The relay station(s) would be a package of transceivers locared
so that line-of-sight communication is possible with both ends of the
system. If the transceiver ﬁere near 2500-mi altitude and near mid-

range, 1t would meet tha necessary physical relationships.

f

"A number of schemes have been proposed. The simplest scheme is
a magnetic compass driving a pointer in the camera field of view.
Because a compass may not function satisfactorily in this envircnment,
4 gyro spun up at separation {rom the guidance system might be uged

JEALACLIHEN
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A 3-min duration, or greater, of line of sight to both terminals
(the camera and ground CP) is desired so that the time regulations are
NOL to0 strict. Simple calculations show an 8-min duration for a single
satellite at 2500-n mi altitude and mid-range, with an orbit inclination
approximately parallel to the missile Lrajectory. More complex com-
putations show that a ballistic Lrajectory for the relay would permit
about a l14-min duration (Appendix E).

 With a 10-sec message from each warhead and a 10-min dispersion
of warhead detonations, each relay device can handle several warheads
Sequentially. With 10 transmitters working into ome relay, the proba-
bility of two or more messages occurring simultaneously, assuming
random distribution over 10 min, is 0.16 and.the probability of 90 per
cent blockage of one message is 0.015. (If lower probabilities are
required, fewer warheads can be assigned per relay.) This relay package
would transmit S00Q watts and, based on the IV analysis, would require
dpproximately 21 1b per channel assuming no transmitting except when
a signa£ is present (Appendix I).

The relay station, as indicated earlier, can be in orbit or on a
high ballistic trajectory. With increases in power outputs and provisions
to avoid ringing (continuous retransmission of the same message), several
relays could be used, one over the target area at 2500 n mi altitude and
onte midrange; or a method providing 100 per cent redundancy would be tp
place relays at the target area,'half;ay Eu.thertafget drea, and over
the ground station. If the latter scheme ware used, eight relays would
provide continucous coverage (spaced 45 apart) until the line of sight

between the relays and the target or ZI terminal passes over the horizon

due to earth rotation (approximately six hours).
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There are a number of methods of obtaining the desired relay.
A military communication satellite could conceivably be used if it
were in the right time-place relationship, or a special relay(s} for
this purpose could be used; this special relay could alse be used for
other purposes. For this discussion, we will consider the special
purpose relay(s). If the Minuteman boosters were assigned to deliver
the-relays, each could deliver approximately 50C 1lb into the 2500-n mi
apogee ballistic trajectory. One relay package of this type could

handle approximately 240 missile warheads maximum (Appendix I).

ZI COMMAND POST

At the missile contrel centers, a station suitably hardened or
mobile could intercept, display, and record the relayed signals.
Conceptually these signals could be displayed directly to a targeting
officer, permitting him to work with information in real time (since
the pictures are identified by missile warhead, north identified, amd
presumably he has target maps). He could assess kills and misses as
the information is received. Of course, the data should be recorded
for analysis later as required.

In practice one can readily visualize that the amount of data
coming in from, let us say, a 240-missile strike would require 24 simul-
taneous displays. High-speed photography can be used to handle this
amount of data. 1If the pictures are received, recorded by photography,
and placed into a computer controlled display system, the photographs

can be sorted, oviented, and displayed adjacent to the appropriate

target map. A viewer could then compare the burst photos with the
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target map and assess miss distances and damage information. (The

reader is urged to try his hand at the former, using the photographs and
maps in Appendix G, Set 1. Either distance or angle scaling techniques
can be used.) If the inputs are the miss distance, yield, height of
burst, and target number, including vulnerability number, the computer
can calculate the probability of kill. This procedure would allow the
rapid scanning of the phntugr&phs and target maps so that two such
display consoles would permit processing of the strike within minutes.

As misses become kﬁnwn, missiles can be targeted (or the missile selected
with this target stored) and the second wave prepared.

The signal from the relay would be sent out on a2 broad beam and
therefore could be intercepted at a number of locations, such as
intelligence centers, airborne or ground command posts, and at any
other desired location in the United States. Note that this information
feedback can advise the SAC commander of the effectiveness of his missile
force qithaut the existence of other communication media, and may permit
better coordination of missile-aircraft strike forces.

As an example: let us assume that a portion of the missile force
is allecated to knocking out air defenses to aid bomber penetration.
After each wave the command structure is aware of which air defense
installations have been destroyed and which defenses remain. Even if
a4s many as three waves (assuming one hour required for each shot) are
used and communication with the hcmber_fdrte exis£s, the command center

could possibly reroute the bomber force to avoid the remaining defenses.

This aspect could magnify bomber effectiveness.




COSTS

The five-year costs for equipping 1000 Minuteman and 54 Tiran II

missiles with AIDE and providing relays, ground stations, etc., is esti-

mated to be approximately $625 million (Including R&D costs). This

overall cost is comparable with the five-year cost of 100 pre-wing VI

Minuteman missiles (Appendix J).

ENEMY COUNTERMEASURES

The enemy could destroy the AIDE system by:

1.

Jamming the relay. The proposed system is highly susceptible
o enemy jamming. A repeater located near the target area
looks particularly attractive. Counter-countermeasures
appear to also be possible. This area warrants further
study. |

Using the advance motice given by the camera as a warning

of the following warhead. The 50-sec time differential
affords some advance warning. If the camera appears to be

a decoy, this warning may not be significant. Again, further

study is suggested.

Shooting down each camera when it is reentering. (The camera
here is a decoy.) This method would also be effective, but
of course would attract defensive fire away from the warhead.

A high-altitude blast could provide attenuation between
camera and relay or between relay and ground station. This
effect lasts for minutes out to ranges of 50 mi and may be

a good counter against communication near known target areas,

Destroying communications within the ZI. This is the command
control problem, but the proposed system is limited to the links
between the missile commander to missiles and to the ground
station antennas. o
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IV. CONCLUSIONS

A sizable gain in missile force effectiveness during war-fiehting
periods appears attainable with the proposed AIDE system over much of
Lhe spectrum of possible nuclear wars. Combined use of IBDA techniques,
of missile-away signals, good guidance signals at the end of boost,
the proposed AIDE system, and later post-attack reconnaissance appear
to offer the elements of a good system mix.

The proposed AIDE system described here consists of a piggyback
IV camera package for each missile, a specially launched relay package
for each wave of missiles, and augmented command installations that
can receive, sort, match with target maps, and then display the TV
pictures and maps together. Use of Appendix G maps and:PhDﬁﬁgggphs
and crude graphical techniques provides location accuracies within
1000 ft. Appropriately designed techniques could offer large im-
provements in accuracy.

The proposed AIDE system would provide a technique for real-time
damage assessment and for "shoot-look-shoot" employment of ICBMs. The
entire missile force could be equipped and operated for five years at a

cost of about $600 million. Operationally, the system would permit:

o killing more targets with a given missile force
0 obtaining very high confidence kills with fewer missiles

o coping better with errors in estimation of missile kill
probability, and

o0 improviag the effectiveness of a mixed strategic force.




e —
SECRET

23 -

Appendix A

COMPARISON OF SALVO AND SHOOT -LOOK -SHOOT TECHNIQUES

CASE T

Desire: At least 90 per cent of the targets to be killed with

probability 0.9.

A. No-information (Salvo) Situation

~ No damage assessment. Salvo nT missiles. How many missiles
are required to satisfy the condition P(x > 0.9T) = 0.97?
Where x number targets killed, x has a binominal probability density
function
£{x) =(:) px' (1 - p)T_g x=0,1,2...T
T number Df targets
single-shot kill probability (includes missile reliability,
penetration, and target damage)
n number missiles per target
D multiple-shot kill probability
p=1-(l - pkﬁs)ﬂ
p(l-p)T variance of number of targets killed
If one uses the normal probability density function as an approxi-

mation to the binominal, the value of p that satisfied the condition

P(x > 0.9T) = 0.9 can be found from the equation

0.9T = pT - 1.28 Jp(15p)T

If T = 100; p = 0.932

- . = - .25' = lD.
If PkSS 0.5, I 4, If PkES 0, y [
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Thus , 400 and 1000 missiles are required when Pras — 0.3 and 0.25

respectively.

B. Shoot-look=-shoot Situation

Perfect damage assessment. How many missiles are required to
satisfy the condition P{n < N; 0.9T) = 0.97
Where N total number of missiles required
"7 n  shot on which the (G.QT)th target is killed, has the

following probability density function

f(n;U.QT)<€) “'11) 0T e, 30T g o ,0.9Te .

9T -1)Prssg kss
0.9T average number of shots needed to kill 0.9T targets
Prss |
0.9T(1-pk551
5 variance of n
pkss

If one uses the normal probability density function as an approximation
to £(n;0.9T), the value of N that satisfies the condition P(n<N;0.9T) = 0.9

can be found from the equation

0.9T(l-p, )
N=22T 4 10 —
Prss P
kss

If T = 100 and Prec = 0.5; N o 200

If T

100 and Pres ~ 0.25; N o, 400
Thus, 200 and 400 missiles are required when Preg = 0.5 and Q.25 re-
spectively.

The number of salvos required to kill in the shoot ~look -shoot

sttuation is equal to the number of missiles per target in the no-

Information situation.
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CASE I1I

Desire: At least 39 petr cent of the targets to be killed with

probability 0.99.

A. No-information (Salvo) Situation

With no damage assessment, how many missiles are needed to

satisfy the condition P{x » 0.99T) = 0.997

~ Using the binominal probability distribution (where T = 100},
the value of p that satisfies the condition P{x = 99 or 100) = 0.99
can be found from the equation

100 p99 (1L - p) + plUO = (.99

In this case |
D &= 0.9985
If Pres = 0.5; n = 10.

Thus, 1000 missiles are required.

B. Shopt-look-shoot Situation

With perfect damage assessment, how many missiles are required
Lo satisfy the condition P(n « N; 0.99T) = 0.997 Again, if one uses

the normal approximation to £(N;0.99T), the value of N can be found

from the equation

N = 0-99T + 2.33 kss
Py 2
58 pkss
I£f T = 100 and Proe = 0.9; N ~ 230

Thus about 230 missiles are required.
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Appendix B

WARHEAD BURST EFFECTS

LIGHT ENERGY AND RANGE CALCULATION FOR A ONE-MEGATON WARHEAD

A 1-MT bomb releases energy equivalent to approximately 1015

(5)

calories, of which from 35 per cent to as much as 49 per cent(5’9}

is thermal energy. The thermal radiation is located mostly in visible
and infrared wavelength regions. The visible light region contains

conservatively 30 per cent of the thermal energy. The effective rate

()

of thermal energy for a 1-MT detonation is 127 KT/sec maximum, or

127 x 1012 calories/sec, or 38 x 1012 calories of visible light. Over

the region of 1 to 10 seconds, the rate varies from 100 to 5 per cent
(5) 12

of the maximum, giving a minimum rate of 1.9 x 10 calories of

visible tight per secend. The sun pruvides..033 caluriesfcmzfsec(lﬂ)
above the atmosphere when overhead. 1If one computes the range in clear

air for lighting equivalent to direct sunlight overhead,

¥

12
033 calfcmzfsec = 1.9 x %Q cal/sec

4TTR
2 _ 1.9 x 1012

A24 .

R

R ﬁdﬁ%ﬁg bt 1012 approx. 2.1 x L06 cm

i

R > ES,SDO_ft or appfdximafely 11 o mi. .

- £ |
gim) BT




Appendix C

EVAPORATION OF CLOUD AND FOG BY NUCLEAR DETONATION

%
Reference 9 1is a detailed discussion of the amount of radiant

energy delivered to a target at a distance, d, from ground zero and

a height,

H, above the surface. As a first approximation, however,

the amount of energy available to evaporate cloud and fog droplets

may be expressed as

where Qa

£

The

where Qr

Q, = £F_Wr (1)

Ls the available energy for the evaporation of clowd droplets,
is the fraction of the tﬁermal energy that can be absorbed

by water drops and is not seriously attenuated by water wvapor,
is the fraction of the bomb energy available for thermal
radiation,

is the yield of the weapon expressed in calories, and

l1s the transmission of the atmosphere.

energy required to evaporate the clouds will be given by
Qr=“(§m3‘§lm§b) 2

s the energy required to evaporate a cloud of thickness, R,

i1s the latent heat of vaporization of water,

is the liquid water content per unit volume of air, and

is the radial distance from the center of the fireball in

melers,

be i.s the radius of the fireball in meters.

Reference 9 assumes that the detonation of the bomb does not,
change atmospheric transmission. This discussion shows that the

atmosphere will be changed lﬁLw lmﬂ"}ﬁﬂé* ﬁt:?mlt}r of the burst.

Rt TR T
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If it is assumed that the cloud is uniform in the space about the
detonation, the energy reaching a distance, say R', from the detonation
Will be given by the radiant energy minus the energy absorbed by the
water. Thus, at some distance R, where the energy has been reduced
to zero, no further evaporation will be possible (no atmospheric heating
is assumed from the energy spectrum used for evaporation). Seéting

Q, = Qr and solving for R we find

3 3 £F W
R= A% ¥ o )

The wavelength region in which water droplets are good absorbers

1s in the infrared beyond about 1.51. The fraction of the thermal

(3)

pulse In this region is about 10 per cent. We will assume, there-

fore, that £ = 0.1. According to Ref. 9, Ft is about one-third. If
a 1-MT device is to be considered, W = 1015 calories. For a first
approximation it will be assumed that vt = 1. The constant £ will he

of the order of 600 cal/gram. When thesa values are substituted into

the equation for R

& 3
R=3.5km fork= .3 gm/m

R =1.7 km for k = 2.5 gmme

Next , we will look at the weather characteristics over European
Russia. The area of interest is clear (less than 20 per cent cloud
cover over a location) below 15,000 ft approximatély 15 per cent of

(6)

the time. The remaining 85 per cent of the time there is cloud

cover at some altitude within this range.

‘There is experimental evidence of an increase in this avaporation
during the first 2-4 sec (for a L-MT burst) due to 2ir heating by the
shack front. The negative portion of th r?ﬁfst wave, which follows in

4 to 7 sec, causes a cnmlﬂﬁ &M& tf" n that ma;,r obscure the fire-

ball at later times. M e
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These clouds are not solid but rather in layers of varying thick-
ness, surrounded by clear air. OQOver a given location, the total
thickness of cleoud cover on a cloudy day is usually less than Lwo
kilometers. In general, the liquid moisture concentrated in clouds
decreases rapidly with altitude.(ll) The cloud evaporation capability
decreases as the third power of the distance. The probability of the
bomb's energy penetrating clouds up to an altitude of 2 to 3 kilometers
1s therafore quite high. Horizontal clearing will also occur, but
the area will be less since the moisture content cannot be expected
to reduce with distance from the fireball, as is likely in the vertical
direction.

Now let us examine some '"worst case" conditions, to clarify the
minimum'eﬁtentjuf clearing likely. 1In general, the average liqeaid
water content of clouds in the lower 3 km over European Russia can be
expected to be less than 0.30 gmfm3 more than 95 per cent of the time,
with clouds containing 2.5 gm!m3 (a thunderstorm) or more for con-
siderably less than 1/2 per cent of the time.(ﬁj Assuming (worst
case) these clouds are continuous in all directions at these densities,
for 0.3 gmfm3 thé cleared distance is dpproximately 3.5 km or about
11,000 ft and for 2.5 gmfm3 the cleared distance is 6000 ft. Of these
cleared radii, the inside 3000 to 3600 ft 1s occupied by the fireball.

This analysis is a conservative approximation of the conditions;
for more exact evaluationm a detrailed analysis must be conducted con-
sidering the environments pf specific targets at particular times of
the day and month. Since the weather varies in amn irregular cyclic

manner, this would result in a probabilistic statement. With knowledge
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of the weather conditions on a given day, the nature of the statement
could be improved in its accuracy and clarity, and this approeach
might be used to advantage on the specific days of system employment.
Appendix G photography shows cloud ewvaporation in the vicinity of the
burst. The second set (Flathead) clearly shows cloud evaporation
ahead of the shock wave in frames 23, 30, 37, and 44 {(upper right of

frame) .
In the event of snow on the ground in the target viecinity, most
of the time the bomb will melt the snow for two or more thousand ft

beyond the fireball. This will enhance the photographic contrast during
the melting process., The following calculations show this effect, using
likely values.

Assume a maximum melting radius and fireball location such that
the line between the maximum melting radius and the mean fireball height
is 30 deg above the horizontal. The thickness of snow rarely exceeds

35 cm, which contains 3.5 cm of water_cﬁ) The quantity of enetgy per

2 :
cm o, g, to melt the snow is

q = kf = 3.5 x 80 = 280 cal

where £ = latent heat of melting

I!

k thickness of equivalent water.

The energy incident on this cmz useful for melting snow, q; is

given by
q, = {(1-a) Ft W T sin o
G
where a = the albedo of snow
&« = the angle of incidence of the energy (30°), and

R, T, Ft’ W as previously defined for the cloud case.

Falallattaly

| el e oy
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Setting 4, = 9., and solving for R

R == 5000 ft for

=1, F

e 2.33, anud a = 0.5
The albedo of snow varies between 0.4 £for snow that has been on

the ground for a while to 0.8 for freshly fallen snow. It is assumed

that the former is the more likely case.
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Appendix D

POST-BURST DUST CLOUDS

A surface burst of a large nuclear explosion generates a dust cloud
by the surface shock wave wind and the heat energy released. The dust
cloud appears to form within 10-15 seconds and grows in size and density
for the first several minutes. Initially, the dust-laden air is drawn
lnto the stem, but after a few minutes this air is too heavy for the
stem to support, and the air flow reverses, with the dust cloud
speading ocut to the 5 to 10 psi reginn.(lz) This is 15,000 to 10,000
tt for a 1-ML surface burst. After spreading out over the area, the
dust-laden air moves in accordance with normal gravitational-climatological
forces,

For twelwve typical locations in European Russia, the smallest
wind raose for any quarter of the year is at Strigino. At this location
there is at least a 6-knot wind 80 per cent of the time.(13)* This
means that for 80 per cent of the time, after one-half hour, the dust
cloud will have moved at least 3 n mi, completely clearing the burst
point. Observation of the dust cloud in movie films taken in a
desert location show the cloud is not opaque, but semi-transparent
and observation of major topographical features is possible, except
perhaps for a few minutes shortly after the burst. These considerations
and observations permit the conclusion that the post-burst dust cloud
will not be a serious problem (if a prmbleﬁ at all) in observing nuclear
detonations near the same point if there fs a one-half hour separation

in time between successive snots.

=
Lesser speed winds are shcwn in th% sus area and much higher
speed winds are common to thigibhkR 2] SSR. (13)
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Appendix E

DELLVERY CALCULATIONS

The amount and direction of the thrust required to place the
camera inte the proper location has been computed for 3 target ranges,

using a minimum energy trajectory.

CAMERA PACKAGE

Angle of Thrust
with Resgpect to

Target Range Line of Flight at Burnout A Velocity
4100 n mi - 75° 861.00 fps
4800 n mi - - 80° 723 .00 fps
5500 n mi - 84° 605.74 £ps

;-

These incremental velocities computed for a 50-1b package represent

4 to 6 1b of 250 Isp propellant and a total >-to 7-1b propulsion systenm.

-AY | |

!

[ gl -1

Eﬂ=l-e Pl -ee™ =1 - 905 = .095 ~ .1

o

Mags of propellant _ AV 800 - 1
Initial mass of object gl 32 x 25¢ "¢

=’
'

or giﬂ ib of propellant. =
Since the camera must travel 10 miles farther before reentry,

a 10 per cent error in propulsion amount , by simple ratio, represents

a change of approximately 10 x .1 = 1 n mi in range. Again, the camera

must arrive >0 seconds early; a 10 per cent error in propulsion amount

éagain by simple ratios represents 50 x .1 or 5 sec in timing. Five

seconds in time represents 3,000 to 5,000 ft in camera warhead burst

range at time of burst,

g
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Since the initial angle of the velocity increment is to be coatrolled by
the missile guidance system, better than one-hundredth of one degree accuracy
could reasonably be expected for that portion of the trajectary. This po-
tential initial error would represent approximately 0.1 mi in range or 300 to
500 fr in altitude. Other errors in the angle of the velocity vector are

considered to be second-order effects and are not examined further here.

RELAY PACKAGE

Given:

A. The range of a ballistic trajectory is 5500 n mi
and the apogee of the trajectory is 2500 n mi
above the earth's surface.

B. A satellite is in orbit 2500 n mi above the earth's
gurface. '

To find:

1. For what interval of time will the launch site
and the target both be visible from a point along
the trajectory near the apogee?

2. Yor what interval of time would the same two
points be visible from a satellite in a circular
' orbit of radius (2500 n mi altitude)?




At

235 -

5500 _ o
@ = 3735 % 57.3 = 91.6 (L
3 = 180° - = 180° - 45.8° = 134.2° (2)

point A on the ellipse,using the standard polar coordinate

ellipse equation, we write
a(l - 2)
r=3438 =20 -¢ D (3)
I+e cos 134.2
where a is the semi-major axis and e is the eccentricity; and at
point P on the ellispe we write
a(l 2
r = 3438 + 2500 = —2. - e ) (4)
l+e cos (1800)
Dividing (3) by (4), we obtain
3438 _ 1 - e
5938 1 - .696 e
3438 - (.696) (3438) e = 5938 - 5938e
[5938 - (.696) (3438)]e = 5938 - 3438 = 2500
_ 2500
¢ = 7= = 708 (5)
From {4}, we write
a = £L - .708) 5928 ~ 3450 n mi or 6390 km  (6)
L - (.708)
In A OAC we can write
. vy o R
cos (2 + YY) = = (7)
and from the equation of the ellipse we write
2
]-
r = a( e ) (8)

L +e cos (T + %)
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Substitute (8) into (7) and get
o .o . _ K. -
Cos = €08 v= sin < sin vy = [L - e cos ~T
2 2 s 2
afl-e )
cas%+ R; EDS"{-Siﬂ%SiH‘Y= Rz (9)
| a(l-e”) | a(l-e™)
3438 (.708) _ . - 3438
698+ 25 (imLsy [ o5 ¥ - <716 sin v = gte——

2,11 cos v - 716 sin vy = 1,992,
Hence y'g:BD.

Now get the period for the satellite in elliptical orbit:

7 3/2 6.3/2

(0)°'° = 3.147 x 1077 [6.390 x 10%7
9

3,147 x 1077 x 16.15 x 107 = 5080 sec = 84.7 min.

e -
P = 3,147 «x 10

It

From Ref, 14 we can read fraction of period to get from perigee to
point B. This is 0.415 P. So time to go from B to C will be
2(0,5 - 0,415) = 2(0.085) = 0,17P, or 0.17 (84.7) = 14,4 min for the
1CBM tr;jectury.

For a satellite in circular orbit of radius 3438 + 2500 n i
= 3938 n mi = 10,980 km, the period will be

3.147 x 107 [10.98 x 1057372

P =
= 3.147 = 1077 (36.4 x 10%) = 11,410 sec = 190 min.
w '? _ 2” - I ’ v
3.147 x 10 ° = —  vyhere K is the earth's gravitational constant
7 :
and is 3.9862 x 101‘{F MBZ .
s58C




in /& ODF, cos &

Time to go from E to

2(8.8)
- 36

F

37 -
R 3438
R+h - 5038 - U-279
54 .6°

5 - §-= 54.6 - 45.8 = 8.8°,

in circular orbit will be

x 190 = 9.3 min for satellite trajectory.




=18 .

Appendix F

CMMUNICATION CALCULATIONS

The two communication links, each 5000 n mi in length, are

iliustrated on p. 2. The links are assumed to operate at a

frequency of 1200 Mc () = L fr) on the camera-to-relay leg, at a

frequency of 4800 Mc (} = 0.25 ft) on the relay-to-ground leg, and to
employ wide-band FM with frequemcy feedback detection. Antenna gains
of 10 db are assumed at the camera capsule and in both directions
from the relay. The ground receiving antenna is taken as a parabolic
dish with a gain of 24 db.

The system noise temperaturé is assumed to be 600°K at the relay
and 200° to 300°K at the ground station. Most communication relay
designs use a simple hegérudyne repeater. 1In this case, the FM
signal is demodulated at the relay in order to realize the feedback
improvement on the up-link and thus reduce the power requirement

at. the camerxa capsule. The television video signal is assumed to be

of the conventional broadcast type with a reduction of one-third in
picture frequency (a bandwidth of 1.33 Mc),.

Assume that feedback demodulation can reduce the threshold by

I
‘s p
W
«

6 db. The required power at the relay thea becomes

C

(ﬁz x KTB x L | 17
Preq = hreshI = 0.88 x 10 watts (1)

wihere

r

¢ . .
(jg = carrler-to-noise ratio at threshold = 12 db
nresh

=

h

v
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I = feedback improvement = 6 db

K = Boltzmann's constant = 1,38 x 10-23 jculestK
T = effective noise tewperature = 600K

*
B = RF bandwidth = 10 x 1.33 Mc = 13.3 Mc

L = losses = 2 (3 db).

The transmitter power required at the camera capsule is

T lGWZRZP
-~ Treq

PT = e 3 = 1286 watts (2)
T A

R = range = 5000 n mi
12

Preq = power required at relay = 0.88 x 10 watts
Gp = camera capsule transmitting antenna gain = 10 (10 db)
Gp = relay receiving antenna gain = 10 (10 db)

A = wavelength = 1 ft.
However, ,2500 watts is used since it offers an additional safety
factor. The received power required at the ground station is just
half that required at the relay because of the lower system noise
temperature assumed. The transmitter power required at the relay is

given by Eq. (2) but with

PrEq = power required at ground station = 0.22 x 10-12 watts
GT = relay transmitting antenna gain = 10 (10 db)
GR = ground Statiﬂﬂ.receiving antenna gain = 250 (24 db)
A\ = wavelength = 0.25 (frequency = 4800 me )
A modulation index of 4 is used. This results in an FM improvement

of 3 (47) = 48 (17 db), thus yielding a picture signal-to-noise ratio of
17+ 6 +7 = 30 db where the sum of 6 + / = 13 db represents the feedback-
reduced thresheld (1?2 db threshold -6 db reduction) referred to twice the
baseband (13.33 Mc to 2.67 I}ﬁnmigl}'.cqrr?spnnds to 7 db).

R Y ¥
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Appendix G

NOCLEAR TEST PHOTOGRAPHS

(15)

The Redwing series of nuclear test shots provides some
excellent photographs of nuclear detonations for indicating the
usefulness of IV photography to locate the point of burst of a
nuclear device. The examples in this Appendix were selected to
ilTustrate the potential for this quality of photography.
The series was conducted at the Eniwetok Proving Grounds
(Eniwetok and Bikini atolls) where the bulk of the surface is ocean,
with small islands and reefs as essentially the only peoints of visual
reference. The film was taken in.l956; the maps are dated 1962,
The first and fﬁurth sets of photographs are of the Dakota shut,(lﬁ)
a L.1-MT barge-mounted detonation. The first set is made up of
approximately every seventh frame of a 64-frame-per-second film. The
fourth set shows the first 16 frames in uncut 64-frame~per-second sequence.
The second set illustrates the Flathead Ehnt,(l?) a 380-KT
detonation at the same location but photographed from a different angle.
The reader is encouraged to use the Photographs and maps to
estimate the point of burst, and then to compare that with the point
marked on the maps. Even using crude megsures, one ¢an locate the
burst point with an error of less than 1000 ft.
1f the camera were so mislocated or misaligned that it covered
only some of the lighting and the later shockwave, the burst point

could still be located with reasonable accuracy. The third set of

photographs illustrates this point, using Huron, a 265-KT shot,
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(A) Photograph taken during initial
flosh from the burst.

(B) Map of illuminated areaq.

(C) Photograph taken gbout five
seconds after burst — positioned
approximately with respect to
map C of roughly the same
scale, and a compass used to
locate the burst point.

The maps represent the burst areo as of

1962, and the photographs were taken
in 1954,

Burst point as
located by film.

Actual burst point
(based on Ref.18).

Location error = 500 ft
(within 1-MT crater).

Scale: 147 in. = 1 n mi

The use of offset photography to focate burst point
Set 3
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Appendix H

CAMERA SENSITIVITY TO WARHEAD BURST EFFECTS

RADIATTION

The serious-degradation threshold of electronic components to
radiaticn is given as:clg)
104 roentgens /second
- lﬂlzneutrunsfcmz second
A safe level, at least for short-duration missions, is indicated(lg) as
being two orders of magnitude lower.

The initial gamma radiation at 15,000 ft from a 1-MT nuclear
blast is givencﬁ) as (.0008 x 6000 = 4.8 roentgens total, or well
below the limit.

The initial neutron radiation from the blast (30 R)(E) can be
converted approximately by assuming 14 MEV neutrons and full absorption
(worst case)

‘ 1 R=7x 108 neutrun}cm? sec

2 x 1010 nEutan/cmz sec, which is well below

or

30 R

the danger level.

THERMAL PUISE

At 15,000 ft the thermal radiation is

15
Thermal Energy _ 0.4 x 10 ~ 130 cal/cmz

4H(R2} 4t (3 x 1.6 x 105)2

1500 BTU;’ft2 = 460 caliﬂmz, which is the melting point for 1/8 inch

thick ceramics (camera lens) and % or 230 calfcmz is the point of loss

of strength.(zg) The total thermal radiation is 130 cal/cmz distributed
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over more than 10 sec and is within the safe region by a factor of

Lwo.
BLAST WAVE
The blast wave time of arrival at 15,000 ftcﬁ)is
E = ¢t x'wlf3
o)
where tm = 1 kt reférence case
at
d =d x W1{3
o
where du = 1 KT reference case
W = 1l-MT

where d = 2.5 n mi and 1-MT yield dn = 0.3 miles and t, = 0.8 sec
%
t = .8x 10 = 8§ sec.
and act 1 2/3 n mi
L =5 sec.
The magnitude of the overpressure at 1-2/3 n mi is 9 psi. The package
can be designed to withstand this amount of pressure and resulting

(21)

furbulence.

f

"Surface burst effects may cause this time to decrease to
approximately 6 sec.
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Appendix T

CAMERA PACKAGE AND RELAY PACKAGE WEICHTS

A TV camera and 2.5-kw L-band Cransmitter and power for 10
seconds of operation can be packaged in a reentry vehicle for a total
vehicle weight of about 50 1b. A lighthouse transmitter tube at
L-band similar to RCA A2737 or A2587 would provide this output .

(22,23) have proposed development of a 2- to 4 -KW,

geveral companies
30-second operation TWT (90,000 watt -second output) that is less than
23 inches long, weighs less than 8 b, and has a greater than 30-db gain,
to be packaged for reentry. Under one contract a package has been de-
veloped with a gross weight of ?Gllb.(23) IV pictures would be trang-
mittéd for 10 sec using 2500 watt of transmitted power, compared to
90,000 watt-seconds for these proposed packages. Assuming weight
proporfional to radiated energy to the 0.6 power , and with a minimum
weight of 10 1b for zero power, (10-1b offset) 25,000 watt-seconds
represents 38 1lb. Forty 1b allows a safety factor in case the prnpﬂsed.
weights are too optimistic and/or the scaling does not apply exactly.

Based on the watt-second computations for the camera package,

the relay weight would be 21 1b.

Minuteman at 2500 or 2000 n mi AEGEEE

From Reference 24 we obtain the following data:

3rd stage weight = 3033 1b with R/V
R/YV weight = 828 1b
Isp = 245 sec

i

Load ratio

0.88




il

Burnout velocity 23,000 fps

2nd stage B.O. 14,300 fps

The velocity added by 2 normal third stage is 23,000 - 14,300 =
8700 f£ps + losses. Using the data given, the total velocity added is
computed to be the 10,400 fps, which includes 1700 fps losses.

From Ref. 14 the velocity requirements for lofted trajectories

are astimated to be:

Case 1 Case 2
Apogee 2000 n mi 2500 n mi
43° 46.5°
o 24400 fps 25100 fps
less -23000 -23000
velocity added 1400 fés 2100 fps
Using Ref. 25:
2000-n mi 2500-n mi
* case case
+1400 2100
+10400 10400
11300 required 12500 required
528
5933 " 16.4% payload at .88 LF, for 10400 fps added.
Going now to 11800 fps reﬁuired 12500
The payload is 12% : 10%
~600 1b ~ 500 1b

This 500 1b for the 2500-n mi apogee case represents 24 relay packages.




Appendix J

SYSTEM COST ESTIMATE

This Appendix, developed by The RAND Cost Analysis Department,
provides the supporting detail for the System cost estimates given in
the text. The estimates are intended to give the dpproximate financial
implication of the proposed system for planning purposes. All costs
are_in millions of current dollars.

The cost of the AIDE system is summarized as follows:

($ million)

Research and Development $250.0
Initial Investment | 125 .0
Annual Operating (5 year) 250.0

Total Acquisition and 5 -year
Operating (including R&D ) 625.¢

Research and Development costs are estimated to be:

($ million)

Design and Development $75.0 - 100.0
System Test 100.0 - 125.p0
System Management 20.0 - 25,0

Total 195.0 - 250.0

The Design and Development category includes the cost of engineering,
fabrication, and in-plant testing associated with the Separate components

and subsystems. Included also is the design effort for modification of
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The System Test category includes the cost of testing the mission

hardware individually and as a2 system. Such costs include producing
and assembling the test nardware and constructing test facilitiaes,
installing ground equipment, operating the test facility, and evaluating
the results. For this system, the use of missiles scheduled for crew
training or quality assurance launches is not assumed. Utilization of
these missiles would of course result in a decrease of flight test cost
ﬂf“;pprnximately $25 - 30 million. The test operation part of this
category includes the cost of the support and operatiocnal personnel,
logistic supplies and equipment, data analysis, and the preparation of
handbooks and technical descriptions for various items of equipment.
The third category, System Management, is considered separately
as 4 matter of convenience in estimating rather than as a major cost-
generating function. This cost includes the program management , system
engineering, and technical direction (to associate contractors) for the
subsystems as well as for the complete system. The effort is divided
betweentsubsystem development and system test. The cost for comparable
Air Force development programs has been about ten per cent of the sum
of Design and Development and the test operation effort of System Test.
Initial Investment can be broken down into three items:

($ million)

Sensor Package 64 .8
Communication Relay Package 30.3
Ground Receiving Station 31.1

Total 126 .2
The Initial Investment includes the cost of equipping the Minuteman

and Titan II forces with the sensor package or with the communication
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relay package. Ground receiving stations are costed asg additiong to
the facilities at each headquarters. Existing communications between
the giound recelving stations and launcl Contrul cenlers are utilized.
The total forces assumed are 1000 Minuteman missiles, 54 Titan II missiles,
and nine ground receiving stations. One missile per squadron is equipped
with the communication relay package, for a total of 26 missiles.

In addition to mission hardware cost, the Tnitial Investment in-
El;&es Lransportation, spares, installation and checkout, training,
site activation, stocks, and supplies. The same elements of cost are
included for the ground recelving stations, A facilities modification
to the wing headquarters facility is provided for the ground receiving
station,

The Annual Operating Cost for the proposed system is estimated to
be $50.0 wmillion. This includes maintenance persounel over and above
the usual missile squadron comp lement .. For the sensor and communication
relay equipment, a total of four per squadron is required. For the ground
receiving station, four per shift is required, or a total of 20 per station
For 24 -hour manning. Spares are provided at the level of 20 per cent per
year for mission equipment. The_ﬁnnual Gperating Cost also includes a
charge for maintenance of the missiles uéed for communication relay. This
is approximately half of the totai operating cost for this system. This
cost is included as a cost to the AIDE system because the communication

relay missile does not function as a firepower missile whosa maintenance

cost is part of the missile system.
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